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Preface

The SH7055 is asingle-chip RISC (reduced instruction set computer) microcomputer that has an
original Hitachi RISC type CPU asits core, and also includes peripheral functions necessary for
system configuration.

The CPU of the SH7055 has a RISC type instruction set, with basic instructions executed in one
system clock cycle, for a higher instruction execution speed. It employs an internal 32-bit
configuration, and offers enhanced data processing performance. The CPU of the SH7055 makes
it possible to create high-performance, high-functionality systems at low cost, even for
applications requiring high speed such as real-time control, which could not be realized with
conventional microcomputers.

The SH7055 is also equipped with on-chip peripheral functions necessary for system
configuration, including afloating-point unit (FPU), large-capacity ROM and RAM, adirect
memory access controller (DMAC), timers, aserial communication interface (SCI), Hitachi
controller area network (HCAN), A/D converter, interrupt controller (INTC), and /O ports.

In addition, an external memory access support function allows direct connection of ROM and
SRAM, enabling system costs to be greatly reduced.

The SH7055 isan F-ZTAT™ (Flexible Zero Turn-Around Time) version with flash memory asits
on-chip ROM. Flash memory programs can be written with a programmer that supports SH7055
programming, and the flash memory can also be programmed and erased by software. This allows
reprogramming to be carried out by the user with the chip mounted on a board.

This Hardware Manual describes the hardware of the SH7055. Details of instructions can be found
in the Programming Manual.
Related Manual

Covering SH7055 execution instructions:
SH-2E Programming Manual

Please consult your Hitachi sales representative for details of the devel opment environment
system.
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Main Revisions and Additionsin this Edition

Page Iltem Revisions (See Manual for Details)
368 11.3.9 PWM Timer Function Description amended:
“..., and H'0002, H'0003, H'0004 (100%), and H'0000
(0%) in BFRGA.”
419 Writing to ROM Area Immediately New description added
after ATU Register Write
526,528 Table 16.3 HCAN Registers RFPR register name amended
IMR initial value amended
534 16.2.3 Bit Configuration Register BCR setting constraints amended
(BCR) Table note added
541 16.2.11 Interrupt Register (IRR) Initial value of bits 10 and 9 amended
543 Description of bit 9 amended
561 Table 16.5 BCR Setting Limits  Description amended:
“Bits” and “Initial Value” deleted
“Min. Value” and “Max. Value” amended
“Unit” added
565 Figure 16.9 Transmission Description amended:
Flowchart “TXACK = 1?" added
572 Figure 16.11 Reception Description amended:
Flowchart “‘RXPR = 1?" added
576 Figure 16.13 HCAN Sleep Mode Description amended:
Flowchart “No (automatic)”
“Yes (manual)”
“MCR5 = 0" is settings by user
578 Figure 16.14 HCAN Halt Mode  Description amended:
Flowchart “GSR2 = 1? (Wait until transmission is completed if in
progress), Bus idle?”
586 17.1.3 Pin Configuration Description amended:
“The ADTRGO and ADTRG1 pins are used to ..., or
A/D2 starts conversion.”
597 17.2.3 A/D Control Registers 0  Description amended:
to 2 (ADCRO to ADCR2) “When external triggering is used,... at least 1.5 P@
clock cycles in width.”
612 17.4.4 External Triggering of Description amended
A/D Conversion
640 19.5.3 ROM Area Writes New section added
776 22.10 Note on Flash Memory Description added:

Programming/Erasing

“Do not perform... in section 11.7, Usage Notes.”
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Page

Item

Revisions (See Manual for Details)

800

24.3.1 Transition to Hardware
Standby Mode

Description added:
“...when the HSTBY and RES pins go low.”

819, 821, Table 25.4 DC Characteristics

822

Amended and added to :

Maximum value of input high-level voltage for RES,
NMI, FWE, MD2-MDO, and HSTBY pins amended to
5.8V

“When memory is expanded externally” amended to
“When in MCU expansion mode”.

Characteristic values of input high-level voltage, input
leak current, output high-level voltage, and output
low-level voltage for PE15-PEO, PF15-PF0, and
PH15-PHO (when in MCU expansion mode) added.
Minimum value of input high-level voltage for
AUDRST and AUDMD pins amended to V.—0.5.
Measurement conditions of input leak current for
D15-D0, WAIT, and BREQ pins amended
(Vin=0.5V to PV.1-0.5V).

BACK pin added to the three-state leak current (while
OFF) and content regarding the minimum value
removed.

BACK pin added to the output high-level voltage

825

25.3 AC Characteristics

25.3.1 Timing for swicthing the power supply on/off
added.

Table 25.6 Timing for swicthing the power supply
on/off added.

Figure 25.1 Power-On/Off Timing added

Hence the following sections, clause numbers table
numbers, and figure numbers have been changed
(section 25).

849

Figure 25.28 Output Test Circuit

Directions of diodes in the figure depiching an output
test circuit have been amended

HITACHI



SECHON L OVEIVIBW ...ttt 1
R LU PP PR 1
O 2 1 [ Tv: T | o 1P 7
1.3 PIN DESCITPIION ...ttt ettt e b se et e et et aeeaesbeeb e b e e 8
R . [ N 4 =T 1= 01T o | RPN 8

I 2 . T o I Vo o] 1T 9

1.3.3 PN ASSIONMENES.....ciiitirieieiieerieeries ettt 16
SECHON 2 CPU...oo sttt 25
21 RegiSter CONFIQUIBLION .....cueivieiieeeeeee ettt ettt sb e s sbe b 25
211  General REGISIErS (RN) ..ottt sttt b s seesne s 25

212 CONrOl REGISIEIS. ... itieeteieetereet ettt e b e srenes 26

213 SYSIEM REGISIEIS ...ttt bbb 27

214  Floating-Point REQISIEIS.......cccoirireresire e sesesee e e saese e e se e sse e snesresresaesnenes 28

215 Floating-Point SysStemM REQISLErS.......cccieieiriie et re e 29

216  Initidl Values Of REJISIEIS......c.oierieieireeeeteriere sttt s 29

2.2 DEIBFOIMELS.......eeiieeiiieeeie ettt b et b e e st ae e s ae e seesaeesee s e e beennenreea 30
221 DataFormat in REJISIEIS......coci ittt 30

222  DataFormatSin MEMOIY .......ccooiiriririeirieerieesiees et 30

223  Immediate Data FOrMEL .........ccooiirieirieireerieeseen et 30

2.3 INSTUCLION FEAIUINES......c.ceuiieeiirieeeiee sttt sttt sttt et 31
231 RISC-TYPEINSIIUCIION SEL.....coiiiiiiiieiirie e 31

2.3.2  AJdressing MOOES........cceiueiuiriiniereeeeeeeee ettt sttt sttt e be bbb 34

2.3.3  INSLUCHION FOMMBL ........iiteieeieeiesie ettt sttt ene e see e 38

24 Instruction Set by ClasSifiCation .........cccoevrenrinnenre e e 40
24.1 Instruction Set by ClassifiCation ........cccceeeeirieriesesiese e 40

AT 001> 110 = = TP 56
251 SHALE TrANSITIONS. ...c.eeieeeeieeeeecei ettt b et sb e b e sre s 56
Section 3 Floating-Point UNit (FPU) ... 59
00 R © V= 4= P 59
3.2  FHoating-Point Registers and Floating-Point System RegiStErS.......covvveevreeeerievieneseseneens 60
321 Floating-Point REGISIEr FilE.......cccoiiiiiieiecese et 60

3.22  Floating-Point Communication Register (FPUL) .........ccooeienineinieenincnc e 60

3.2.3 Floating-Point Status/Control Register (FPSCR).........ccoeoeerierienireneeese e 60

3.3 Floating-POiNt FOMMEL .......ccceiiieirieiiieesiee ettt 63
3.3 1 Floating-PoiNt FOMMEL .........cociiiiiiiriiirieeeereee e 63

3.3.2  NON-NUMDBEFS (NAN) ....cceiieieiieierieeeeeeee s e st st e e e e e seesessesnesrense e 64

3.3.3 Denormalized NUMDBEr VEIUES.........ccooeirieiriere e 64

|

HITACHI



3.34  Other Special VAUES......ccccovieere ettt st e srenne e 65

34  Foating-Point EXCEPtiON MOCEL .........ccoeiieieeececeeee st 66
341 ENnable State EXCEPLIONS.......ccccoirireeeriererie sttt s 66
3.4.2 Disable State EXCEPLIONS.......cceieieeieeereeeeeeere sttt sttt 66
3.4.3 FPU Exception Event and COE...........cccruiiriiiiniiniiieeeesee e 66
3.4.4  Floating-Point Data Arrangement in MemOry .........coeoreirieieneesenese e 66
3.4.5 Arithmetic Operations Involving Special Operands.........ccccveverereereererieseseneen 66
35  Synchronization With CPU ..........ccceieieiieicieeseeec et sttt 67
3.6 USAGE INOLES..... .ottt ettt sttt sttt et e b e b e eb e e st s seeseesaeeseeeaeesheennesneennenreans 67
Section 4 Operaling MOUES ...t 69
4.1 Operating MOOe SEIECION.......ccccireirieirieere st sbe e 69
Section5  Clock Pulse Generator (CPG).........cccveievevoeieeeeieesseessses s 71
D1 OVEIVIBIW ottt sttt e et a et bt R et bbb e e s 71
o300 S R = o o [ B "o = 10 SRR 71
512 Pin ConfigUIation........ccoiirieirieirieesieesieesieesi et 72
5.2 FreQUENCY RANGES .....ceiuiiiiietieie sttt sttt r e sn e e e srennenneas 72
5.3 ClOCK SOUICE .....oceiiereiiiresie et 73
5.3.1 Connecting aCrystal OSCIHIBLON ..........cccccviiiiiieiicese e 73
5.3.2 External Clock Input MEthOd..........cccoriiiiiiiiiiiee s 74
B4 USAQE NOLES......coeeeieetieee ittt sttt sttt sttt b e aeesb e e b e sbe e st e aeeabeeaeeseeeanesaeennesaeenneseeans 75
Section 6 EXCEPLION PrOCESSING ........vvuiererriieeeeeiseeiseieeeseessesesssseessssesssesesesen 77
6.1 OVEIVIBW ..ottt pen et ner et n s 77
6.1.1 Typesof Exception Processing and Priority ........cccccocvvevevevesesesecceeeceee e 77
6.1.2 EXception Processing OPEralions.........ccocureeereruireseseeseesieseesesessesesessessesaesseseas 78
6.1.3 Exception Processing Vector Table........cocoiiiiiiiine e 79
ST S == TSRS 82
B.2.1  TYPESOf RESEL.....cuiictiecte e 82
6.2.2  POWEI-ON RESEL .....ovieiieeieee e e 82
6.2.3  MaANUE RESEL ..ottt 83
6.3 AGAIrESS EITOIS......oiciieciiieiriees et 84
6.3.1  AJUreSS EITOr SOUICES .....coeieiieiireeicniere sttt st sb e s sne e 84
6.3.2 Address Error EXCeption PrOCESSING........coererieririereeiereeiesieiesieie s 85
B.4  INEEITUDES ...ttt n e e rennenre 85
B.4.1  INLEITUPL SOUICES ....c.eieeeeeeeeeseeeeesteesesteesessee e ssee e eseesseeneesseeneesseensesseessesseensensenns 85
6.4.2  INtErruPt Priority LEVEL ..ot 86
6.4.3  Interrupt EXCEPLion PrOCESSING ......coueveieieeirere sttt 86
6.5 Exceptions Triggered by INSITUCLIONS .........cocoiiiiieiiiine et 87
6.5.1 Typesof Exceptions Triggered by INSLrUCLIONS........ccooiiveirieineineereeseeeeeee 87
6.5.2  Trap INSIIUCHIONS ...c.ccviiieireetereet ettt 87
6.5.3  lllegal SIOt INSITUCLIONS ......ocvveieiesecieeeeeeee et nre e 88
1

HITACHI



6.5.4 General lllegal INSLUCLIONS.......cccoeeeieiee e 88

6.5.5 Floating-Point INSIIUCLIONS.........ccccciiiiireiecese ettt sre s 88

6.6  When Exception Sources Are NOt ACCEPLEM........cceiiririreiierierie et 89
6.7  Stack Status after Exception Processing ENAS..........coeiiiiiiniieneneeeerceesese e 90
6.8 USAGE NOLES........oiiiiiiecieee ettt ettt renre e 91
6.8.1 Value of Stack POINLEr (SP) .....ccuveriririeirieeriecriere e e 91

6.8.2 Vaueof Vector Base REGISEr (VBR) ...cvivverieirreereseceeeeeee st 91

6.8.3 Address Errors Caused by Stacking of Address Error Exception Processing ...... 91
Section 7 Interrupt Controller (INTC)......oreeee e 93
B8 R © V= 4 1= PR 93
T 0L FEAIUMNES ...ttt ettt b e b e be e st e e sne e sabe e naeennne s 93

45 B = o o [ "o = %!

5 G T = 1 @0 1o U= 4o o [ 95

7.14  Register CONfIQUIAION......cccooiiirireiestere st sb e s s see s 96

7.2 INTEITUPE SOUICES ... ettt ettt sttt st eae e b s ae e sbe e s e s ae e e saeeseesaeesbesnnesbesnnasreans 97
721 NMIINEEITUDES.....coviiiiieieterie sttt re e 97

7.2.2  USEr Break INEEITUPL.......coiieriseee e 97

7.2.3  H-UDI INEEITUDL ..e.eeeeteeeiee et e s et sse e sneeessneeneesneensesnees 97

A | (@ N 1= ¢ U o =PSRRI 97

7.25 On-Chip Peripheral Module INtEITUPLS ........coeiiiinirie i 98

7.2.6 Interrupt Exception Vectors and Priority Rankings........ccccooeeronnininnencnenn, 99

7.3  DeSCription Of REJISIEIS ......cuiiieiirieirieerie ettt 108
7.3.1 Interrupt Priority Registers A—L (IPRA—IPRL) ...cccoiviiiirireeceeeese e 108

7.3.2 Interrupt Control REQISLEr (ICR) ....ceeeeeeeieeerere st sre e 109

7.33  IRQ StAUS REISIEr (ISR) ..vcveierrereieirisieiere sttt 110

T4 INEETUPE OPEIEIION ...ttt bbbt e e e e e e e e e se et e aesbeeaesaesbe b 112
TAL  INEITUPE SEQUENCE ...ttt sttt sttt e b e b e sae e e saeeneesneas 112

7.4.2  Stack after Interrupt EXCEption ProCESSING ......cccoveeriereriireeerieie e 114

7.5  INETUPL RESPONSE TIME ..ottt sttt sttt sttt 115
7.6 DataTransfer with Interrupt ReQUESt SIgNalS........ccovvererieierere e 117
7.6.1 Handling CPU Interrupt Sources, but Not DMAC Activating Sources................ 117

7.6.2 Handling DMAC Activating Sources but Not CPU Interrupt Sources................ 117
Section8  User Break Controller (UBC) ... 119
S 00 R © V= 4= TSR 119
B.LL  FEAUMNES ..ottt 119

ST = o o S DL o =0 120

8.1.3 Register CONfIQUIAiON.......cooiiiriireieestire et sne s 121

8.2 REQIStEr DESCIIPLIONS......couiiuiitirieiterteie ettt ettt sttt see st e e e e e et s e enesbesaesaesbesbeseens 121
8.2.1 User Break Address Register (UBAR).......coieiiiirierenteee e 121

8.2.2 User Break Address Mask Register (UBAMR) ......cooiiininireneeneeseesie e 122

8.2.3 User Break Bus Cycle Register (UBBR) ......cccevvvieieniereeieeeeeestese s 124

1

HITACHI



8.24 User Break Control Register (UBCR) .....cccociviviivene s 126

LG T @ o= (o] o TSP 127
8.3.1 Flow of the User Break Operation ..........ccoeeeieririenenieseeieee e 127
8.3.2 Break on On-Chip Memory Instruction Fetch Cycle..........cccooeoiiinininien, 129
8.3.3  Program Counter (PC) ValUES SAVEM.........ccvuiiiriiiriieiieesees e 129
8.4 EXAMPIES OF USE.....iiiiiiciiriiiiie ettt 130
8.4.1 Break on CPU Instruction FEtCh CyCle.......cooviviiverivine e 130
8.4.2 Break on CPU Data ACCESS CYCIE ..ot 131
8.4.3 Break ON DMA CYCIE... .ottt 131
8.5 USAGE NOLES. ...ttt sttt sttt bttt e b e e b e s b e e bt e heenbeeaeeseeeaeesaeaneesaeennesreans 132
85.1 Simultaneous Fetching of TWO INSIIUCLIONS.........cccvirieirieiiecreee e 132
8.5.2 Instruction Fetches at BranChes..........ccoovvveereiinenie s 132
8.5.3 Contention between User Break and Exception Processing ........ccocceevvveeeenenennn 133
8.5.4 Break at Non-Delay Branch Instruction Jump Destination...........cccccevveeeeeevennen 133
8.5.5 User Break Trigger OULPUL.........ccceierererieeniesie sttt sse e sre s 133
8.5.6  MOAUIE SEANADY ..ot e 134
Section9  Bus State Controller (BSC) .......vvvereeeneneseeneessseeseseessssessesssseees 135
LN R @ = 4 1= PSP 135
.11 FEAIUIES ...ttt et n s 135
0.1.2  BlOCK DIBGIAM ...cviii ittt sttt sttt sb e b sae b e 136
9.1.3  Pin ConfigUIation ........cceoueieeeeieieeeeetere st sb b sre s 137
9.1.4 Register CONfIQUIELION.........coueuieeiirieierieerieere et 137
.15 AdUrESS M@ ..ottt e e bbb 138
9.2 DeSCription Of REGISLEIS ......ciiiiiieveiieereereeee e e st e e e e ene e srenre e 140
9.21 BusControl REGISLEr L (BCRL) ...cccvcueeiiieiecesiestestes et see e e et snesre s 140
9.22 BusControl Register 2 (BCR2) ......ccceiiiiriiiriesiesiese e 141
9.23  Wait Control RegiSter (WECR) .....couoieieieeeirere et 144
9.24 RAM Emulation Register (RAMER).......cccoiiiiiinieieeee e 146
9.3 ACCESSING EXLErNal SPACE ..ot e 148
LS G 00 R = - Lo I 2o 148
0.3.2  Walt StAte CONIOl ....cveeeeiieeieriee ettt sttt sre e 149
9.3.3  CS ASSErt Periof EXIENSION ....oouivreereeseeeieeeeseeessseessssessssssssssssesssssssssssssssssanes 151
9.4 WaitSDEtWEEN ACCESS CYCIES....cuiiiieieieeieie ettt st s se e e b b e e 152
9.4.1 Prevention of Data Bus CONflICES.........ccooiriiiiiiinie e 152
9.4.2 Simplification of Bus Cycle Start DeteCtion...........ccoveereereenecniecneesenesieen 153
0.5 BUSATIDITIAHON ...ccvieciieetee ettt 154
9.6 Memory ConNECtion EXAMPIES........ccivieiieiieieeceeeee e st snens 155
Section 10 Direct Memory Access Controller (DMAQC) ... 157
O @ Y= = 157
O O = - PR 157
0 50 2 =1 o Tox QI 1T o[- o S 158
v

HITACHI



10.2

10.3

104

105

10.1.3 Register CoNfigUIatioN ........ccccoeieeeeirisesesesese e ee s e e e e snesee e snens
[ S [ L= =S o ] o) 0] P
10.2.1 DMA Source Address Registers 0—-3 (SARO-SARS3) ......coceiriiririenenereneeeie
10.2.2 DMA Destination Address Registers 0—3 (DARO-DARS3) ......ccccrververienienennnnens
10.2.3 DMA Transfer Count Registers 0-3 (DMATCRO-DMATCR3) .....ccooevvvrerieenn
10.2.4 DMA Channel Control Registers 0—-3 (CHCRO-CHCRS3).........ccocvvrirrinircneenes
10.25 DMAC Operation Register (DMAOR) ......ccovviererererieriereeseeeeeseeessesessessesse e
L@ o7 = (o) o
10.3.1 DMA Transfer FIOW......cccooeeiieeeieeee et
10.3.2 DMA Transfer REQUESES.......coorerireresiesie et s sae e sae e s snen
10.3.3  ChannEl Priofity ....coocerieerieirieirieesieesi st
10.3.4 DMA TranSfer TYPES..c.oieuirieirieirieesteesie sttt eenas
10.3.5 Dual AAAreSSIMOTE ......cccuerieierieiiriiiries e
10.3.6 BUSMOUES.......cceeuirieieiieieitee ettt ettt sttt ettt sttt
10.3.7 Relationship between Request Modes and Bus Modes

DY DMA Transfer Cal@QOIY .......ccoererereriereriisiesieseeseeseeseeseeesese e sse s saesreseeseens
10.3.8 BusMode and Channel Priorities.........ccceeiirinene e
10.3.9 Source Address Reload FUNCLION.........ccviriiriinieere s
10.3.10 DMA Transfer Ending Conditions..........c.ccvvvirerierenenieseeseeesiesiesesese e seeseeseens
10.3.11 DMAC ACCESSTIOM CPU ......ccooiiiiiieeie ettt s s
EXAMPIES OF USE.....eiieiieieee ettt ettt b bbb
10.4.1 Example of DMA Transfer between On-Chip SCI and Externa Memory...........
10.4.2 Example of DMA Transfer between A/D Converter and On-Chip Memory

(AAdress REIOAO ON)......oviuiiriiirierieerieer bbbt
10.4.3 Example of DMA Transfer between External Memory and

SCI1 Transmitting Side (Indirect ADdress on).........ccccevveveveveereeescesceeese e
USBOE NOLES......eeeee ettt st s e e bt et e s b e e b e eae e e e eae e sne e e e sneenesnean

Section 11 Advanced Timer Unit-11 (ATU-T) ..o

111

11.2

L@ a1 TS
1111 FEAIUMES ..o
11.1.2 Pin ConfigUuration.......cccoiueeueieieeieieesesese e steste s e see e e sae e esaese e ssesressesnesressesnens
11.1.3 Register CONfIQUIELION ........ccuiieeeeiriere ettt e be e
11.1.4 BIOCK DIGQEaIMS. ... cceeeeieieieiieeeie sttt sttt st st se e s se e e se e sae b saesae st b
11.1.5 Inter-Channel and Inter-Module Signal Communication Diagram ...............c......
11.1.6 Prescaler DIagraM . ..ottt et st
(RS [ L= D= o ] o) 0] TS
11.2.1 Timer Start REGISLErS (TSTR) wovecveciiceiecteee ettt st sre
11.2.2 Prescaler REGISIErS (PSCR) .....coeiiririiiiniene sttt s
11.2.3 Timer Control REGISLErS (TCR) ..c.eoeriiiriereriesie et
11.2.4 Timer 1/O Control RegIStErS (TIOR) .....covereruireeiirieierieerieeriee e
11.25 Timer Status REGISLErS (TSR) ..ccveieeiereriererie ettt
11.2.6 Timer Interrupt Enable RegiSters (TIER)........coivvieiererereeeeeeeee s se e

HITACHI



11.3

114

115

vi

11.2.7 Interva Interrupt Request ReGISLErS (ITVRR) ....ccvieeerieveeeeceeeeese e 301

11.2.8 Trigger Mode Register (TRGMDR) .......ccocoiiiiiieie e see e 306
11.2.9 Timer Mode Register (TMDR) .....ccoiiiiiiriiisieniesee e 306
11.2.10 PWM Mode Register (PMDR).......ccoeeuiriirieiirrinieie s 308
11.2.11 Down-Count Start Register (DSTR) ........ccureirieirieienieneseesie e 310
11.2.12 Timer Connection Register (TCNR) .....covvriireireiere e 316
11.2.13 One-Shot Pulse Terminate Register (OTR) .....vvvveieerereviereeeeseeeeesese e se e e 321
11.2.14 Reload Enable Register (RLDENR) .......cooeveirnieieinrieeeseseeeeses s 325
11.2.15 Free-RuNNing Counters (TCNT) ...cc.eieiiiinire e 326
11.2.16 DOWN-COUNErS (DONT) ...ttt sttt e sbe s 328
11.2.17 Event Counters (ECNT) ...c.coiiiiriireeetereeie e 330
11.2.18 Output Compare REgIStErS (OCR) .....c.ooveverieririeirieerieesieesieesee s 330
11.2.19 Input Capture REGISLErS (ICR) ....eeveeeeeeeeere e se e e seee s e ssese e e e snens 331
11.2.20 General REGISLErS (GR) ...cuvcuveieicecieece ettt renre e 332
11.2.21 Offset Base RegiSters (OSBR) ...t e 335
11.2.22 Cycle REGISLErS (CYLR) ...coiiiiieieiiririeieeresieie ettt 335
11.2.23 Buffer REQISErS (BFR) .....cccoiiueeeieririeee ettt 336
11.2.24 Duty REGISLEIS (DTR) ....eiveirierieieneeie sttt sttt st s 337
11.2.25 Reload ReQIStEr (RLDR) .....cviririierriereeresrereeses s 338
11.2.26 Channel 10 REQISIES ....ccuiiveieieceeeeeeeeee sttt e e s sa e ese e s e snesresnennens 338
L@ o7 ¢ 1 [o] o RSOSSN 353
S R @ V= oY T YOS 353
11.3.2 Free-Running Counter Operation and Cyclic Counter Operation.............cc.ceue 360
11.3.3 Compare-MatCh FUNCLION ......c.coirieiiriiirieeniee et 361
11.3.4 Input Capture FUNCLION........ccereeeeeeeeeeeee e e e see e e s e e ese s e snesresnesnens 362
11.3.5 One-Shot PUISE FUNCLION .....oooviveiiiiieietese e 363
11.3.6 Offset One-Shot Pulse Function and Output Cutoff FUNction............ccceeeveevenenne 364
11.3.7 Interval TImMer OPEIratioN .......cccoeeoerierieeirere ettt s se e e e e saesee e saeas 365
11.3.8 TWin-Capture FUNCLION .......ccooiiiirieiereeie sttt 366
11.3.9 PWM Timer FUNCLION ..ottt sre e 367
11.3.10 Channel 3105 PWM FUNCLION........ccoiririierenrcreeresereeses e 369
11.3.11 Event Count Function and Event Cycle Measurement ...........ccccceveeveeerceseereneenn 370
11.3.12 Channel 10 FUNCLIONS.........cciveriierrieerineeieseesese s 372
I TUPES ettt b bbb e bt e e e e ae e bt e ae e see e e e seeeeesheenrenreen 380
11.4.1 Status Flag Setting TimMiNG......cceoceererrereeerieereeerieieseeessee e eese e seenes 380
11.4.2 StatuS Flag ClEANNG ......coveereeireiiriieetereete ettt 385
(O W 010 g "o SRS 387
11.5.1 Registers Requiring 32-Bit ACCESS ......cccvviiiiicese et 387
11.5.2 Registers Permitting 8-Bit, 16-Bit, OF 32-Bit ACCESS........ccccerurreriererirenenenenaens 389
11.5.3 Registers Requiring 16-Bit ACCESS .......ccoiririririririesee e 390
11.5.4 8-Bit or 16-Bit ACCeSSIDIe REQISIENS. .......ccoiveuirieirieierieeseese e 391
1155 Registers Requiring 8-Bit ACCESS .......ccoveiriiirieirieiesie e 392

HITACHI



11.6  Sample SEtUP PrOCEAUIES .........eivireereeeeeee ettt e e enesresnesre e 392

A O E-= o o N o 1= PSPPSR 407
11.8 ATU-I ReQISLErS AN PINS.......oiuiiiieieeieeeeeeeeeen ettt st s 420
Section 12 Advanced Pulse Controller (APC) ... 423
2N R @ Y VT PSS 423
T2.1.1 FEAIUMES ..ottt e s et 423
12.1.2 BIOCK DIaQram .....cccecuiiieieeieieieeeeteee st te e s se e sa e e e e sneeresnesnestesaesnens 424
12.1.3  Pin CONfiQUIBLTION....c..oitiieiieieeeeeeieieee ettt e sae b b snens 425
12.1.4 Register CONfIQUIELION ........ccueieeieieieie ettt s sen 425

12.2 REQISIEr DESCIIPIIONS......cveuereeeiteiirieesie ettt bbb 426
12.2.1 Pulse Output Port Control Register (POPCR) .......cccoeerrerieerieeriiesieseeseeeseenes 426

D220 T @ = 1 o P 427
12.3. 1 OVEIVIEW .ottt bbbt b et n e en e 427
12.3.2 Advanced Pulse Controller Output Operation ............ccoeeeeeeeerierienesiesesesesieseens 428

12,4 USAOE NOLES.....cceiieeeiee ettt b ettt e e st e et st e sae e e e sheeabesbeenbesbeenbesbe e b e eaeaneeaes 431
Section 13 Watchdog Timer (WDT) ....c.rneeneeneesseessessesesessesssssssssessssseeen 433
P31 OVEIVIBW oottt r ettt n e r e 433
L1311 FEAIUIES ...ttt et n e en e 433
13.1.2 BIOCK DIGOIEIM ..ottt et sae b e b b e 434
13.1.3  PiN CONfigUIaLION.......iiueieiieieieeeeicecee ettt be e e b s nnens 434
13.1.4 Register CONfIQUIALION........coueireiirieirteert et 435

13.2 REQISIEr DESCIIPLIONS. . ...evitirieiirieirte ettt sttt 435
13.2.1 Timer CoUNEr (TCNT) cueeoeeeceeeee e ste e ste s e e se e e e sressesnesre s 435
13.2.2 Timer Control/Status RegiSter (TCSR) ......cccviviererieseeesieeeee et 436
13.2.3 Reset Control/Status Register (RSTCSR) ....ccoviiiierieieieeeeereeeeesesese e 438
13.2.4 REQISIEN ACCESS ...ceieeueeieeeuieueeeeieetestestestesbestesbesbeseese e s asse e et e e sseeneebesbesbesaesbesbe e 439

HEC RS I @ o1 = 1o o OSSOSO PRPR P 440
13.3.1 Watchdog Timer MOOE .......coeviiiirrienire et s 440
13.3.2 Interval TIMEr MOUE ..o 442
13.3.3 Clearing Software Standby MOdE..........ccceeivveiiieie e 442
13.3.4 Timing of Setting the Overflow Flag (OVF) ..o 443
13.3.,5 Timing of Setting the Watchdog Timer Overflow Flag (WOVF) ......c.ccccviineene 443

134 USAOE NOES.....cceeieiieireiee ettt e ettt r e renaesneerennennea 444
13.4.1 TCNT Write and Increment CONteNtioN. ...........coureerieerieerieerieesieeseeeseeseeeseenes 444
13.4.2 Changing CKS2t0 CKSO Bit VAIUES........cccceieirierierierieereeeeeeese s sese e see e 444
13.4.3 Changing between Watchdog Timer/Interval Timer MOES .......ccoevvvvvivneiennns 444
13.4.4 System Reset by WDTOVE SIgnal ........cooiiiiiiiiinieneereeie e 445
13.4.5 Interna Reset in Watchdog Timer MOdE.........coooieieireeneieeenereeesese e 445
13.4.6 Manua Reset in Watchdog TimEr .......cccoeveririeenieerecreereeereeesieesee s 445

vii

HITACHI



Section 14 Compare Match Timer (CMT) ... 447

TA.D OVEIVIBIW oottt bbbttt bbb bt e et 447
L4011 FEAIUMES ..ttt bbbttt skttt se b bt 447
14.1.2 BIOCK DIGQIAIM .....evitiiie ittt sttt e et saesbesaesnens 448
14.1.3 Register CONfIQUIBLION.......couiiriiiriiieieeet ettt 449

14.2 ReGiSIEr DESCITPIIONS ... .cuiieeiieeiirieirteert ettt b et b et 450
14.2.1 Compare Match Timer Start Register (CMSTR) ......ccovvevvvereieeeeesese e 450
14.2.2 Compare Match Timer Control/Status Register (CMCSR) ......ccccceevevevieeienieiennens 451
14.2.3 Compare Match Timer Counter (CMCNT) .....ooeiiiinire e 452
14.2.4 Compare Match Timer Constant Register (CMCOR) .......ccooeiririninienenenene 453

I B @ 1< - 1 o] [OOSR SRS 453
14.3.1 Cyclic CouNt OPEraiON .....ccceeriiiriiirtiieiereeie et b e seens 453
14.3.2 CMCNT COUNt TIMING c.vevereereeeeieereseeereseseesreseseessessessessessssessesssesessessessessessenn 454

s 1= 1o £ RO TR 454
14.4.1 Interrupt Sources and DTC ACHVALTION.......cccooereriiiree e 454
14.4.2 Compare Match Flag Set TimiNg......cceereririniere e 454
14.4.3 Compare Match Flag Clear TiMiNg ........cccoeereeerieerieirieesieeseeesieseseeseeeeseee s 455

T4.5 USBGE NOLES........oieiiiiieteeee e r e re e e nn e nre s 456
14.5.1 Contention between CMCNT Write and Compare Match...........cccceevevecvnivinnnns 456
14.5.2 Contention between CMCNT Word Write and Incrementation .............coveeveenn 457
14.5.3 Contention between CMCNT Byte Write and Incrementation.............cccceceeenen 458

Section 15 Serial Communication Interface (SCI) ... 459

TN @ Y= = 459
I5. 1.1 FEALUIMES ...ttt ettt e e 459
15.1.2 BIOCK DIaQram .....ccecveiieieiiieieseeieeeee e e es e s e sreste st st te e sae e sse e e esessessesnesresaesnens 460
15.1.3  Pin CONfigQUIaLION.......coueieiieieieeeeee ettt e sae b e sne s 461
15.1.4 Register CONFIQUIHION ........couiieeeeeeereeeeee et b e sn 462

15.2 ReGiSIEr DESCIIPIIONS ... .cuieeeireeiirieierteirt ettt b st 463
15.2.1 Receive Shift RegiSter (RSR).......ccouveiriirieiriieriereseeseese s 463
15.2.2 Receive Data REGISLEr (RDR) ....ccveuireereeiereresese s seestesieseesesaeseseesessessessessesse e 464
15.2.3 Transmit Shift REGISIEr (TSR) ..cecieeeieieire e se e snens 464
15.24 Transmit Data Register (TDR) .....cccvoiiiririiiiesese e 465
15.25 Serid Mode RegIStEr (SMR) .....ccioiiiriiiiririeieeresie e 465
15.2.6 Serial Control REQISLEr (SCR).....coveerieiririerieeriee ettt 468
15.2.7 Serial Status REGISIEr (SSR)....cc.eoriiriririirieerieereere e 472
15.2.8 Bit Rale RegiSter (BRR)......ccovrireeirirrierireres e 476
15.2.9 Serial Direction Control Register (SDCR)......ccovveieeesiesieieieseeeeeeese e snens 483
15.2.10 Inversion of SCK PiN SIgNal ........ccccoiiiiriniiiienere e 484

R @0 1< - 1 o o HO TR 484
T R @ V= o= Y 484
15.3.2 Operation in ASynchronouS MOE ... s 486
15.3.3 Multiprocessor COMMUNICALION..........cccevrerereseseseeseseseeseeeeseeseesesesessessessessens 496

VIl

HITACHI



15.3.4 SynchronOUS OPEratioN .........cccceeeeerereeseseseseeseseseessesseseeseesesessessessessessessessenn 504

15.4 SCI Interrupt Sources and the DMAC.........cccoiiiiie et 515
15,5 USAOE NOLES.....cceicieeie ettt e e e s bt e bt e e e s bt e be s b e e b e ereenresneeneeaes 516
155.1 TDRWriteand TDRE FIag ......ccioiiriiiierinieieeerie et 516
15.5.2 Simultaneous Multiple RECEIVE EITOIS ......c..cvreirieiriee st 516
15.5.3 Break Detection and ProCESSING. .......coureririeirieirieierieesieesieeseeesieesse e seenes 517
1554 Sending aBreak SIgnal .........cccceeririeii s 517
15.5.5 Receive Error Flags and Transmitter Operation (Synchronous Mode Only)........ 517
15.5.6 Receive Data Sampling Timing and Receive Margin in Asynchronous Mode.... 517

155.7 ConstraintS 0N DMAC USE .....coiiiiiiiiiiniene et sbe s s s 519
15.5.8 Cautions on Synchronous External Clock Mode..........ccooeeeoeenienenieneneneieene 519
15.5.9 Caution on Synchronous Internal Clock MOdE........ccoveeeereereeeeireeeeesese e 519
Section 16 Hitachi Controller Area Network (HCAN) ..o 521
L6.1  OVEIVIEW .otttk b et st b bbb b bt e bkt st b ket b b b et se bbb s 521
16.1.1 FEAIUMES ...ttt ettt sttt b bt st b bkt b bttt ene e 521
16.1.2 BIOCK DIBOIaIM ....c.eiviiitiieeiirieiereeese ettt 523
16.1.3 Pin CONfIQUIBLION. ....cecvirieiirieiirieiriecsieesie sttt 525
16.1.4 Register CONfigUIAtioN ........ccceieeieieire s see e e sre s e 526

16.2 REQISIEr DESCIIPLIONS......cveieeieeeeeeieeee ettt ste e este e te e se e e e e e e e eseeseeseerestesaesresreseeseens 530
16.2.1 Master Control Register (MCR)......cccooiriririiisierie st 530
16.2.2 General Status REgiStEr (GSR).....ccccoererereriniesie et see s 531
16.2.3 Bit Configuration RegiSter (BCR) .......ccoereririeirieirieirieerieeseeeseeesee e 532
16.2.4 Mailbox Configuration Register (MBCR) ........ccveireirieirinerienieesieeseeeeeeeas 536
16.2.5 Transmit Wait RegiSter (TXPR) ...ccovcviiiereriesieseseseeseeeeseeseeesese e ssessessessesse e 536
16.2.6 Transmit Wait Cancel Register (TXCR) ....ccocvveieverieseceeeeeee e 537
16.2.7 Transmit Acknowledge Register (TXACK) ..o 538
16.2.8 Abort Acknowledge Register (ABACK) ......ooiiiieiieiee e 539
16.2.9 Receive Complete Register (RXPR) .....cociriiriiiriceree e 540
16.2.10 Remote Request Register (RFPR) ........coovirrireire e 541
16.2.11 Interrupt REGISLEr (IRR) ..cuveeeeeeeeeeeeee st ee e re e nnens 541
16.2.12 Mailbox Interrupt Mask Register (MBIMR) ........ccovieievieeeieeeeeeee e 545
16.2.13 Interrupt Mask Register (IMR) .....ccooiiiiiiiie e 546
16.2.14 Receive Error Counter (REC) ......ccoeveiiriiriie e s 548
16.2.15 Transmit Error Counter (TEC) ..ot 549
16.2.16 Unread Message Status Register (UMSR)......c.coivieireineirieriesiesieseeeeesenes 549
16.2.17 Local Acceptance Filter Masks (LAFML, LAFMH)......oooeiieeceve e 550
16.2.18 Message Control (MCO t0 MCLD5) .....cccccveeiiiiieieiesiesie e seeeeee et snens 551
16.2.19 Message Data (MDO t0 MD15) ....ccoviiuieiiirinieieenesieieee s 555

SR @1 - 1o o H RS SURRTRPRRRI 556
16.3.1 Hardware Reset and SOftware RESEL .........cocvveieriere e 556
16.3.2 Initidization after aHardware RESEL...........ccccvvvrerereereeeree e 559
16.3.3 TranSMit MOOE........coovireereirreeee s 563

IX

HITACHI



16.3.4 RECEIVE MOUE........coeeeieiiicteeeei ettt s e st s b sae e b e s st e e beesabe s sbessaeeesres 570

16.3.5 HCAN SIEEP MOUE ..ottt et 576
16.3.6  HCAN Halt MOUE .....ccuoieieieeseee ettt 578
16.3.7  INtErTUPL INTEITACE.......i i e 578
16.3.8 DMAC INTEITACE.....ceiiiitieetiieeetese et se e s s sessens 580
L OF A NI 2] g1 1= g = ot R 581
16.5 USBOE NOLES.......ceieeieriesiecies et ste et e e st e sae s e seesae e aseesteeseesteensesseensesseesesneensesneensesneas 582
SECHION 17 A/D CONVEITES ...ttt 583
A R O Y= VL= SRR 583
N R = 0 =S 583
17.1.2 BlOCK DIBGIaM ..ottt 584
5 C T = T W@ q T U o o 586
17.1.4 Register CoNfigUIation ........cccciueiueiieeeieeieese e s se e st snens 589
17.2 REQISIEr DESCITPLIONS ... ccueitiieiteiereeeeee ettt sttt st st et se e et aesbe b b sbe e e 591
17.2.1 A/D DataRegisters 0t0 31 (ADDRO t0 ADDRS31)....cccvviiriererriniiinienieeseeeseens 591
17.2.2 A/D Control/Status Registers 0 and 1 (ADCSRO, ADCSRL).......ccoovvirerererinnnnn 592
17.2.3 A/D Control Registers 0t0 2 (ADCRO to ADCR2).........ccvirriininiinneneenieenienes 597
17.2.4 A/D Control/Status Register 2 (ADCSR2).......ccccviviirieriereeneeeneeseeessesseseseseseens 599
17.2.5 A/D Trigger Registers0to 2 (ADTRGROt0 ADTRGRY2) .......ccoovvvererinerieieenn 602
17.3  CPU INEEITACE ...ttt bbb e bbb e et ae b i nae 603
A @0 1< - 1 o o FO SRR 604
1741 SINGIEIMOUE ...ttt b e 604
S o 1 11V o [ T 606
17.4.3 Analog Input Sampling and A/D Conversion TiME.......ccceeveruereeveeeriesreseseseneens 610
17.4.4 Externa Triggering of A/D CONVEISION........cccecieieieseseseeseeseeseeseeesesesessessessens 612
17.4.5 A/D Converter Activation by ATU-I ..o 613
17.4.6 ADEND OUIPUL PiN ..ot 613
17.5 Interrupt Sources and DMA Transfer REQUESES .........ccuvveirieereieneeseresie e 614
176 USBOENOLES.......ooviiieriiitiete sttt bt e s e et b e b s nenrenre s 614
17.6.1 A/D conversion accuraCy definitions.........coccoovverieienienieseneeseese e 616
Section 18 Hitachi User Debug Interface (H-UDI) ..o, 617
ST R O Y= VL= SRR 617
ST = 0 (= TSE 617
18.1.2 BIOCK DIBGIaM ....cecuiiiiiiieiirierierte ettt 618
ST RGN = 1 W @do ) 1o 0= o o S 619
18.1.4 Register CoNfigUIAtioN ........ccceiueieeiieieieeeeise e s e e re e snens 619
18.2  EXEEINAl SIQNAIS....ccueiuiitiiteiie ettt sttt st ettt a e bbb b e 620
18.2.1 TSt CIOCK (TCK) uuiuiiieeiiieiesierisieisties et sasie s e sae e sse e ssesssese s sesessesessesessens 620
18.2.2 Test MOde SEIECE (TIMS) ...oiciieeieiee ettt sttt s 620
18.2.3 Test DatalNpuL (TDI)....coioiiieriiririerierereeiereeeree e 620
18.2.4 Test Data OutPUL (TDO) ..uecueeueeeeeeriirieseetestesieste e see et e s esaeae e e eseesessessesresse e 620

HITACHI



18.2.5 TESE RESEL (TRST) eeeeeeeeeeseeeesesesessssessessessessssssssssesssssssssssssssssseessssesssssssesssseees 620

18.3 REQISIEr DESCIIPLIONS......cveieiieeeeetieeee ettt te e sre e et esr e e e e e e e e s seesessestesaesaesteseesrens 621
18.3.1 Instruction ReGISEr (SDIR) ....eeiiirerereriere sttt 621
18.3.2 Status REGIStEr (SDSR) .....ceoiririeiiiririeieeresieie ettt s 623
18.3.3 Data RegiSter (SDDR) .....cuciiierieeiirerieieie sttt e 624
18.3.4 Bypass Register (SDBPR) ......coucoiriiiriiiriineeeeseee st 624

G R @ = 1 o SRS 625
18.4.1 H-UDI INEITUPL .....vveeirieeretesiesiet et 625
18.4.2 BYPASSIMOUE.......eeeiieiiiieeeieieee ettt sttt ettt et b b bbb 628
18.4.3 H-UDI RESEL.....ccoiuiteuiiriieiee ittt 628

185 USAOE NOES.....ccveieiieitetee ettt ettt r e r e aesn e rennenrea 628

Section 19 Advanced User Debugger (AUD) ... 631

TO. 1 OVEIVIBW .ottt b et b et e bt r et 631
LO.1.1 FEAIUMES ...ttt ettt bbb e b ettt b ettt se st ene e 631
19.1.2 BIOCK DIGQI8IM ..ottt et ae b sae st e e 632

19.2  PiN CONFIQUIBLION ....vuiiiiiitieeteeete ettt eb e e b e b et se e e nnenes 632
19.2.1 PiN DESCIIPLIONS .....cuiictirieiirieierieerieesi et sb et 633

19.3 BranCh TraCe MOUE.........cciirrireiere e 635
1O.3. 1 OVEIVIEW .ttt b et n e eb e 635
19.3.2  OPEIBLION....c.eieeeeeeeeieee ettt ettt b et e et b e e se e s et e et e st et bt b bt e b b 635

19.4 RAM MONIEOTr MOOE ...ttt ettt sbe b e e b e e 637
R @ V= 4= Y 637
19.4.2 CommuniCation ProtOCOI ........ccoueiririeeesieseseseseseesee e seeseeseeeseesessesneseeseeseeseens 637
RS G T @ o (o o 638

JO.5  USAQE NOLES.....eeitiiiiiesite ettt sttt sttt sttt st be e it et e s aee et e e s abeebe e sabe e beesbe e et e e naeennts 639
1951 INIGEIIZAION ...ttt bbb 639
19.5.2 Operation in Software Standby MOGE..........ccoceveriererierieee e 639
19.5.3 ROM ATEAWWIITES ....ccueiieieeeeeeee ettt sttt neeseebesaesneseesee e 640

Section 20 Pin Function Controller (PFC) ... 641

201 OVEIVIBW ..ottt b ettt e b bt e bt 641

20.2 RegiSter CONFIQUIBLION .....cviieieiiereeeeie ettt et sb e sbe b 646

20.3  REQIStEr DESCIIPLIONS......couiitiitirteitertiie ettt eie sttt st st see e be e e e e e e e e e eaesbesaesaesbesaeseens 647
20.3.1 Port A 10 RegiSter (PAIOR) ....cccoueuiierenieieneresieie ettt e 647
20.3.2 Port A Control RegistersH and L (PACRH, PACRL) ......ccooeireiniineerncniee 648
20.3.3 Port B 1O Register (PBIOR)........couireiirrrrerierereereresese s sesneneenennns 652
20.3.4 Port B Control RegistersH and L (PBCRH, PBCRL)........cccccevenvrviecece e 653
20.3.5 Port B Invert Register (PBIR) .......ceiiiiirieienirisieienesesisie st 659
20.3.6 Port C 1O RegiSter (PCIOR)......cccouiueiiiiirieiieserisisie st 660
20.3.7 Port C Control Register (PCCR) .......cciueerieerieirieesieresie st seee e 661
20.3.8 Port D 10 RegiSter (PDIOR) ....ccoveuiuirereeereeneresieienesesieeeeseseseesenesessesesesessesssesessnsen 663
20.3.9 Port D Control RegistersH and L (PDCRH, PDCRL) .......ccccevveiieieerenerene e 664

XI

HITACHI



20.3.10 POrt E 1O REGISIET (PEIOR) c.vvvvvveveeeeeeeeeeseesesseseesssesssssssssssssssseeseesessssssssssssssesessenes 668

20.3.11 Port E Control RegiSter (PECR).......ccccovviiieeie e ses e e et 669
20.3.12 Port F 1O Register (PFIOR) ......covueieiriririeiesirieiee s 674
20.3.13 Port F Control RegistersH and L (PFCRH, PFCRL) .......cccovetiviriererinieenerenieeen 675
20.3.14 Port G 10 RegiSter (PGIOR) ....c..cueuiiereeieererieieie sttt s sessene 681
20.3.15 Port G Control Register (PGCR) .....c.coeivieirieiriireeeeieese e 682
20.3.16 Port H 10O Register (PHIOR) ....c.ccveuiirerreirenereereeseses s 684
20.3.17 Port H Control Register (PHCR) .....cccviiiieese e 685
20.3.18 Port J 10 RegIiSter (PHOR)......ccvrueueiririeieiresisieieie sttt 691
20.3.19 Port J Control Registers H and L (PICRH, PICRL) ......ccoeuiviirinierereneenereeiee 692
20.3.20 Port K 10 RegiSter (PKIOR) ....cccucuirirereeieererieieie st sesesesesessesesessenem 696
20.3.21 Port K Control RegistersH and L (PKCRH, PKCRL) ......ccvevriiniiireerierenieen 697
20.3.22 Port K Invert RegISter (PKIR) ...cvovceriiece st 701
20.3.23 Port L 10 RegiSter (PLIOR) ......coiueieireriereitesinieiee st 702
20.3.24 Port L Control RegistersH and L (PLCRH, PLCRL) ......oooeuiiiniieirinerniecnenenas 703
20.3.25 Port L Invert REGISLEr (PLIR).......c.ceiiirieiiririeiee st 708
SeCtioN 21 [/O POIS (I/0) oottt ssseees 709
211 OVEIVIBW .ottt e et per et rer e n s 709
212 PO A ottt R et 710
21.21 Register CONfIQUIAiON. .....ccueieeiiirerieriere ettt b b sre s 710
21.2.2 Port A Data RegiSter (PADR) .......ciiiiirieiieririeieie sttt 711
P2 T = o 4 = TSRS 712
21.3.1 Register CONfiQUIaLION.......couruireeerieerieerieesieesi ettt 712
21.3.2 Port B Data RegiSter (PBDR)........cceirrrereeiirmrrcreeneseereseseses s sssesesesnesesenesnas 713
214 POI Coeeeetet ettt R et 714
2141 Register CONfIQUIAiON. .....coueiiiiiirereeriere et sb e sne s 714
21.4.2 Port C Data RegiSter (PCDR).......oucririirieiinenirieieiesesesisieseses e seses e e sssassesesesnas 714
P2 T o 5 I TSRS 716
2151 Register CONfiQUIaLiON.......ccoueuirieirieerieerieesieesiee et 716
21.5.2 Port D Data Register (PDDR) .......cvoirvrrereirereereenesesre s sesnene 717
218 PO E...ooeiieceeeieete ettt bbb 718
21.6.1 Register CONfIQUIAiON. .....ccucoieirirerieriere ettt sb s sre s 718
21.6.2 Port E Data RegiSter (PEDR).......c.cocoiiirieieririeiee s 719
P2 A o 4 TSRS 721
21.7.1 Register CONfIQUIaLION........couruirieirieierieerieesieesiee sttt 721
21.7.2 Port F Data Register (PFDR) .......oceirriereiirnieeeseses s 722
218 PO Gttt bRt 724
21.8.1 Register CONfIQUIAiON. .....ccueiieirireeiertere st sb s sre s 724
21.8.2 Port G Data RegiSter (PGDR) .......cccouiuiuruiereririeiesesesieiese s 724
P2 T o4 ST 726
21.9.1 Register CONfiQUIaLION.......coueuirieirieerieerieerieesi et 727
21.9.2 Port H Data Register (PHDR) .......cvoiriireriirereercenere e 727
X

HITACHI



D22 O I o S PRSP 729

21.10.1 Register CONfiQUIAtiON.........ccceiieirieecese e st e e e ettt snesnenas 729
21.10.2 Port JData RegiSter (PIDR)......couueueuiriirieiieririsieie sttt 730
2011 PO K ettt ettt b ek £ b bR bbbt bt n e 731
21.11.1 Register CONfIQUIELION.........ccurviereieeeerieiesieierie st 731
21.11.2 Port K Data ReGIStEr (PKDR) ........vverveeeeeeeeereessesiesessssssssssssesssssssssssnsssssesnseo 732
P2 o o S SRS 733
21.12.1 Register CONfiQUIAtiON......c..ccveieirieieese ettt st snesne s 733
21.12.2 Port L Data Register (PLDR) ......cc.ceiriirieiterrisieiesesesie et 734
21.13 POD (Port Output Disabl€) CONLrol ..........ccooereriririre e s 735
SECHON 22 ROM ...ttt 737
N R = 1 == ST S TP 737
22,2 OVEIVIBIW ..ottt bbbt st e b bt e bt 738
22.2.1 BlOCK DIGGIAIM ...ttt st sb et sb e b e sne e 738
22.2.2 MOOE TraNSITIONS .....ceeeeeeeieeeicetere ettt st sb e sae b sbesae e eas 739
22.2.3 On-Board Programming MOES............ccurueirieirieiriieniesierisesee e 740
22.2.4 Flash Memory Emulation in RAM........cccocoriinnineeee e 742
22.2.5 Differences between Boot Mode and User Program Mode........cccocevevvvvereenennnn. 743
2 T =Y oo [ o) 1To 0= 1 o o 744
22.3  PiN CONFIQUIBLION ..ottt st s se et e e et sbesae bbb 745
224 RegiSter CONFIQUIBLION .....c.iieieiieseeeeee ettt et sb e s sbe b 745
225 REQIStEr DESCIIPLIONS......ecuieeiireeiereeertee sttt sttt sttt st se et b et b et bbbt sbe s 746
2251 Flash Memory Control Register 1 (FLMCRL).....ccovvviririnirinieeneese e 746
22.5.2 Flash Memory Control Register 2 (FLMCR2)........cccooeveveeeeieeeeesesesese e seeeas 749
22.5.3 EraseBlock Register 1 (EBRL) ....cocceciviiicece ettt 752
2254 EraseBlock Register 2 (EBR2) ......cccooiiiiiiineeecee e 752
2255 RAM Emulation Register (RAMER).......cccooiiiiiriiiee e 754
22.6 On-Board Programming MOOES..........ccoueeruiririinirenieiseeiesees e 756
P27 S R = T o 1Y oo T 756
22.6.2 USer Program MOE.......cccooueeeeeire et e st see e se e se e sse s sre st snesneneas 761
22.7 Programming/Erasing Flash MEMONY .......cccoeeeiriniiece e ee et snens 762
22.7.1 Program Mode (n = 1 for Addresses H'0000 to H'3FFFF,
n =2 for Addresses H'40000 t0 H'7FFFF) ..o 762
22.7.2 Program-Verify Mode (n = 1 for Addresses H'00000 to H'3FFFF,
n =2 for Addresses H'40000 tO H'7FFFF) ........ccooeoiinniinnineenee e 763
22.7.3 Erase Mode (n =1 for Addresses H'0000 to H'3FFFF,
n =2 for Addresses H'40000 t0 H'7FFFF) ..o 766
22.74 Erase-Verify Mode (n =1 for Addresses H'00000 to H'3FFFF,
n =2 for Addresses H'40000 t0 H'7FFFF) ..o 767
78 T o)1= o (o] 1P 770
22.8.1 Hardware ProteCliON.......cceiueeeeeiee sttt see e 770
22.8.2 SOftWEre PrOIECION......coceercriiesierce s 771
X1

HITACHI



TG T 4 (0 gl (0] () 1 [ 772

22,9 Flash Memory Emulation iNn RAM .......cociiiieceeeeeeee et 774
22.10 Note on Flash Memory Programming/Erasing ...........cccoevererereneeneeieeieeesesesesesie e 776
22.11 Flash Memory Programmer MOOE ..ottt s s 776
22.11.1 Socket Adapter Pin Correspondence Diagram..........cccoeeeereeneenieneniesesieneseesens 777
22.11.2 Programmer MOde OPEratioN...........ccurueerieerieririeniseeseseee st 779
22.11.3 MemOry REA MOGE.......cceieeeeeeieeceeee st r e sre e 780
22.11.4 AULO-Program MOE........c.coueeeieieeeecese ettt sttt se e r e sne s 783
22.11.5 AULO-Erase MOGE........ccveriieiiieireeese e 785
22.11.6 StAUS READ MOTE........ecuiieieiet ettt 787
22.10.7 SEAUS POHTNG ...t 788
22.11.8 Programmer Mode Transition TiME........cueererrireerieeseesieese e 788
22.11.9 Notes on Memory Programming........cccoeeeeeeererreeesessessesessessessessessesessessessessessenn 789
SECHION 23 RAM ..ottt 791
PG T R @Y V1= T OSSP 791
232 OPEIBHION ..ottt bbb e bbb h £ R E et bbb e 792
SeCtion 24 POWEr-DOWN SEALE..........c.orvrerireeeieeieeeseesesesesi s ssesssssesessssssssssesssssssnees 793
4.1 OVEIVIBW .ottt h bbbt e bkt p bt e e en 793
24.1.1 POWEr-DOWN SEALES.......ceiviieiiiiie e 793
24.1.2 Pin CoNfigUIELION ........couieeeeeeeeeeeeeeete et b e s sre s 795
24.1.3 Related REGISIEIS. ....ccuiiiereeieeerereeietee sttt sttt bbb e se et b se e ebene 795
24.2 REQISIEr DESCIIPLIONS......cviieiinirtiirieieies ettt bbbt bbb 796
24.2.1 Standby Control Register (SBY CR) ....ocveveerereeerereseesieseeseesaesseseeessesessessesse e 796
24.2.2 System Control ReGIStEr (SYSCR) ...cvcveeeirereeesese st sve e sre e 797
24.2.3 Module Standby Control Register (MSTCR).......cccoierereieieeeeeereeeeiese e 798
24.2.4 INOLES ON REJISIEr ACCESS.....ceeueruirieruerteriestesteste e ste e see e e saeseese e e ese s e saesbesbesaesneseas 799
24.3 Hardware Standby MOE. .........coiiuiiiiieeriee e 800
24.3.1 Transition to Hardware Standby MOde............cooeiriinninceneeeeeeseeie e 800
24.3.2 Canceling Hardware Standby MOde .......ccccvvererevire e 800
24.3.3 Hardware Standby Mode TIMiNG........ccceeviiiieiieieiese e seesesee e 800
24.4  Software Standby MOOE ........couoiiiiiiiieee e et 801
2441 Transition to Software Standby Mode ..., 801
24.4.2 Canceling Software Standby MOdE..........coeoiiriirienne e 803
24.4.3 Software Standby Mode Application EXample.........ccocoveiniienecneineicnenenienen 804
P SRS 1= = o 1Y/ o o L= 805
2451 Transition t0 SIEEP MOGE........ccvcieicieicece et 805
24.5.2 Canceling SIEEP MOE ......ccoiiiieeeeire b 805
Section 25 Electrical CharaCteriStiCs... ..o 807
25.1 Absolute Maximum REIINGS.......cccruevireierieirieesieesie et seebe s sb e see et sbe e 807
25.2 DC CharaCteliStiCS. ... .covrrrereererrereiresiereee s nes 808
XIvV

HITACHI



SR T Y O @ g - Tot < 1 1 o 825

25.3.1 Timing for swicthing the power supply On/off.........ccccceveveiieieeininisce e 825

25.3.2 ClOCK tIMING....cititiieieeeeieee ettt st sb e sae b sbe b sre e 826
25.3.3 Control Signal TiMING ......occeeeeerireneeese e sb e sb e b e e 828
25.3.4 BUS TIMING...cuitirieiirieiirieiriiisi ettt b e sne s 831
25.3.5 Advanced Timer Unit Timing and Advance Pulse Controller Timing ................ 835
25.3.6  1/O POIt TIMINQG ...ccvieieieesieieisiesieseeseeeeesesreseesesre e seeseesse e saeeeseeneesessessessessessese 837
25.3.7 Watchdog Timer TiMINQG......ccceeereereeeeieeeesese e e ste st este e saesaeaesee e esessessesressesn 838
25.3.8 Serial Communication Interface TimiNg........ccocererererirerenereeeeeeere e 839
PSR I (@7 NI T 0113 OO 841
25.3.10 A/D CONVEITEr TiMING .....coeereeereiieierieesieeseeesieessee st 842
25.3.11 H-UDI TiMiNG..ccteiieriserieseeriesieseeseeeeeeessessessessessesssssessessesssssesssssesessessessessessene 844
25.3.12 AUD TIMING weeveetiitirieitisiesieseesiesieseeseeseeeeeesessessessessessessensessesssssssssssesessessessessensene 846
25.3.13 UBC Trigger TiMING......ceeieiuesrerteseeeeeeeeeesessessessessessessessessessessessessesessessessessessenn 848
25.3.14 Measuring Conditions for AC CharaCteristiCs........coervereeierierierienerere e 849

25.4  A/D Converter CharaCteriSliCS ........coueeriirieririsereeie sttt sae e sre e 850
Appendix A On-Chip Supporting Module REGISIENS..........coconrrereeneenrireeseenne. 851
AL AGUMESS. ..ot 851
A.2 Register Statesin Reset and POWEr-DOWN SEALES .........ccceveiieieveeiieieeeeeee s 892
APPENTIX B PiN SEAES.........ooceicceeec ettt 897
ApPendix C ProduCt LINGUP ...t ssesssssssssssssen 900
Appendix D Package DIMENSIONS............cc.cocuieueicieeieiieseessse e 901
XV

HITACHI



XVi

HITACHI



Section 1 Overview

11 Features

The SH7055 is asingle-chip RISC microcontroller that integrates a RISC CPU core using an
original Hitachi architecture with peripheral functions required for system configuration.

The CPU has a RISC-type instruction set. Basic instructions can be executed in one state (one
system clock cycle), which greatly improves instruction execution speed. In addition, the 32-bit
internal architecture enhances data processing power. With this CPU, it has become possible to
assembl e low-cost, high-performance/high-functionality systems even for applications such as
real-time control, which could not previously be handled by microcontrollers because of their
high-speed processing requirements.

In addition, the SH7055 includes on-chip peripheral functions necessary for system configuration,
such as afloating-point unit (FPU) , ROM , RAM, adirect memory access controller (DMAC),
timers, aserial communication interface (SCI), Hitachi controller area network (HCAN), A/D
converter, interrupt controller (INTC), and 1/O ports.

ROM and SRAM can be directly connected by means of an external memory access support
function, greatly reducing system cost.

On-chip ROM is available as flash memory in the F-ZTAT™* (Flexible Zero Turn Around Time)
version. The flash memory can be programmed with a programmer that supports SH7055
programming, and can also be programmed and erased by software. This enables the chip to be
programmed at the user site while mounted on a board.

The features of the SH7055 are summarized in table 1.1.

Note: * F-ZTAT isatrademark of Hitachi, Ltd.
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Tablel.1 SH7055 Features

Iltem Features

CPU « Maximum operating frequency: 40 MHz
¢ Original Hitachi SH-2E CPU
e 32-bit internal architecture
¢ General register machine
0 Sixteen 32-bit general registers
O Three 32-bit control registers
O Four 32-bit system registers

¢ Instruction execution time: Basic instructions execute in one state
(25 ns/instruction at 40 MHz operation)

« Address space: Architecture supports 4 Ghytes
« Five-stage pipeline

Operating states  « Operating modes
0 Single-chip mode
0 8/16-bit bus expanded mode
* Mode with on-chip ROM
* Mode with no on-chip ROM
e Processing states
Reset state
Program execution state
Exception handling state
Bus-released state

O o ooao

Power-down state

¢ Power-down state
0 Sleep mode
0 Software standby mode
0 Hardware standby mode
O Module standby

Multiplier » 32 x32 -, 64 multiply operations executed in two to four cycles

32 x 32 + 64 -~ 64 multiply-and-accumulate operations executed in two to
four cycles
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Tablel.1l SH7055 Features(cont)

Iltem

Features

Floating-point
unit

SuperH architecture coprocessor
Supports single-precision floating-point operations
Supports a subset of the data types specified by the IEEE standard

Supports invalid operation and division-by-zero exception detection (subset
of IEEE standard)

Supports Round to Zero as the rounding mode (subset of IEEE standard)
Sixteen 32-bit floating-point data registers

Supports the FMAC instruction (multiply-and-accumulate instruction)
Supports the FDIV instruction (divide instruction)

Supports the FLDIO/FLDI1 instructions (constant 0/1 load instructions)

Instruction delay time: Two cycles for each of FMAC, FADD, FSUB, and
FMUL instructions

Execution pitch: One cycle for each of FMAC, FADD, FSUB, and FMUL
instructions

Clock pulse «  On-chip clock pulse generator (maximum operating frequency: 40 MHz)
?g;gf;ﬂ) * Independent generation of CPU system clock and peripheral clock for
peripheral modules
e On-chip clock-multiplication PLL circuit (x4)
Internal clock frequency range: 5 to 10 MHz
Interrupt + Nine external interrupt pins (NMI, TRQO to TRQ7)

controller (INTC)

115 internal interrupt sources

(ATU-II x 75, SCI x 20, DMAC x 4, A/D x 3, WDT x 1, UBC x 1, CMT % 2,
HCAN x 8, H-UDI x 1)
16 programmable priority levels

User break
controller (UBC)

Requests an interrupt when the CPU or DMAC generates a bus cycle with
specified conditions (interrupt can also be masked)

Trigger pulse output (UBCTRG) on break condition
O Selection of trigger pulse width (¢ x1, x4, x8, x16)
Simplifies configuration of an on-chip debugger
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Tablel.1 SH7055 Features(cont)

Iltem

Features

Bus state
controller (BSC)

Supports external memory access (SRAM and ROM directly connectable)
O 8/16-hit bus space
3.3V bus interface

16 MB address space divided into four areas, with the following parameters
settable for each area:

0 Bus size (8 or 16 bits)

O Number of wait cycles

O Chip select signals (CS0 to CS3) output for each area
Wait cycles can be inserted using an external WAIT signal
External access in minimum of two cycles

Provision for idle cycle insertion to prevent bus collisions

Direct memory
access controller
(DMAC)

(4 channels)

DMA transfer possible for the following devices:

O External memory, on-chip memory, on-chip peripheral modules
(excluding DMAC, UBC, BSC)

DMA transfer requests by on-chip modules
0 SCI, A/D converter, ATU-1I, HCAN
Cycle steal or burst mode transfer

Dual address mode

O Direct transfer mode

O Indirect transfer mode (channel 3 only)
Address reload function (channel 2 only)
Transfer data width: Byte/word/longword

Advanced timer
unit-1l (ATU-11)

Maximum 65 inputs or outputs can be processed

Four 32-bit input capture inputs

Thirty 16-bit input capture inputs/output compare outputs
Sixteen 16-bit one-shot pulse outputs

Eight 16-bit PWM outputs

Six 8-bit event counters

O 0o oo o

O One gap detection function
I/O pin output inversion function

Advanced pulse
controller (APC)

Maximum eight pulse outputs on reception of ATU-II (channel 11) compare-
match signal
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Tablel.1l SH7055 Features(cont)

Iltem Features

Watchdog timer ~ « Can be switched between watchdog timer and interval timer function
(WDT)

* Internal reset, external signal, or interrupt generated by counter overflow
(1 channel) 9 Ptg y

¢ Two kinds of internal reset
O Power-on reset
0 Manual reset

Compare-match  «  Selection of 4 counter input clocks
timer (CMT)

* A compare-match interrupt can be requested independently for each
(2 channels) P P q P y

channel

Serial » Selection of asynchronous or synchronous mode
communication
interface (SCI)
(5 channels) + Serial data communication possible between multiple processors

(asynchronous mode)

e Simultaneous transmission/reception (full-duplex) capability

¢ Clock inversion function
* LSB-/MSB-first selection function for transmission

Hitachi controller « CAN version: Bosch 2.0B active compatible

area network « Buffer size (per channel): Transmit/receive x 15, receive-only x 1

(HCAN)
(2 channels) * Receive message filtering capability
A/D converter e Thirty-two channels
e Three sample-and-hold circuits
O Independent operation of 12 channels x 2 and 8 channels x 1
* Selection of two conversion modes
O Single conversion mode
O Scan mode
« Continuous scan mode
« Single-cycle scan mode
¢ Can be activated by external trigger or ATU-Il compare-match
* 10-bit resolution
e Accuracy: 2 LSB
Hitachi user « Five dedicated pins
?ﬁf)&gli)nterface * Bypass mode (test mode compliant with IEEE1149.1)

e H-UDI interrupt
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Tablel.1 SH7055 Features(cont)

Iltem Features

Advanced user » Eight dedicated pins
debugger (AUD) RAM monitor mode
0 Data input/output frequency: @/4 or less

O Possible to read/write to a module connected to the internal/external
bus

¢ Branch address output mode

I/O ports ¢ Dual-function input/output pins: 149
(including timer

. e Schmitt input pins: NMI, IRQn, RES, HSTBY, FWE, TCLK, IC, IC/OC, SCK,
I/O pins, address I
and data buses) ADTRG
e Input port protection
ROM « 512-kbyte flash memory

e 512 kbytes divided into 16 blocks

O Small blocks: 4 kB x 8

O Medium block: 32 kB x 1

O Large blocks: 64 kB x 7
¢ RAM emulation function (using 4 KB small block)
¢ Flash memory programming methods

O Boot mode

O User program mode

O Programmer mode

RAM * 32kB SRAM
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Block Diagram

RES
HSTBY
FWE
MD2
MD1
MDO

NMI
WDTOVF

Vee (x11)
PVcel (x4)
PVce2 (x6)

Vss (x21)
AVref (x2)

Avce (x2)

AVss (x2)

AN31-0
AUDRST
AUDMD
AUDATA3-0

PDO/TIO1A ~—
PDUTIO1B ~—
PD2/TIO1C ~—

[~—~ PF15/BREQ

[+— PF14/BACK
[~— PF8/WAIT

[~—~ PF7/WRH

[~— PF6/WRL

[~—~ PF9/RD

[+— PF5/A21/POD
[~— PF4/A20
[~— PF3/A19
[+~ PF2/A18
== PF1/A17
[~— PFO/A16
[~— PE15/A15
[+~ PE14/A14
== PE13/A13
[~— PE12/A12
[~— PE11/A11
[+~ PE10/A10
|+ PE9/A9
[~— PEB/A8
[~— PE7/A7
[~— PE6/A6
|« PE5/A5
|~ PE4/A4
[~— PE3/A3
[~ PE2/A2

[+~ PF13/CS3

[~— PF12/CS2

[~—~ PF11/CS1

[+~— PF10/CSO

[~—~ PE1/Al
|~—~ PEO/AO

| Port/control signals |

Port/address signals

ROM (flash)

512 kB

Clock pulse

generator

Port/data signals

FPU me| (4 channels)

DMAC

Multiplier 1

]

Interrupt
controller

W ( converter|

PD3/TIOID ~—

PD4/TIO1E ~—

PD5/TIO1F ~—

PD6/TIO1G ~—~

PD7/TIOIH ~—

PD8/PULSO ~—

PDY/PULS1 ~—

PD10/PULS2 ~—

PD11/PULS3 ~—

PD12/PULS4 ~—
PD13/PULS6/HTXDO/HTXD1 =—
PLO/TIL0 ~—

PLUTIO11A/IRQ6 ~—
PL2/TIO11B/IRQ7 ~—
PL3/TCLKB «—

PL4/ADTRGO ~—

PL5/ADTRG1 ~—

PL6/ADEND ~—

PL7/SCK2 <—

PL8/SCK3 ~—

PLY/SCK4/IRQ5 ~—=
PL10/HTXDO/HTXD1/HTXDO & HTXD1 ~—=
PL11/HRXDO/HRXD1/HRXDO & HRxD1 ~—
PL12/IRQ4 ~—

PL13/IRQOUT =—

Port

bl
o
a

bl
o
=3

PK15/TO8P ~—*
PK14/TO80~*
PK13/TO8N =~

PK12/TO8M=~—*
PK11/TO8L <—*
PK10/TO8K =~
PK9/TO8) ~=~—*
PK8/TO8I

PK7/TO8H ~=~—*
PK6/TO8G ~—*
PK5/TO8F =~
PK4/TOBE ~+—*

@ : Feripheral address bus (9 bits)
() : Peripheral data bus (16 bits)
: Internal address bus (32 bits)

oD
L]
[a—

PK3/TO8D ~—*

: Internal upper data bus (16 bits)
: Internal lower data bus (16 bits)

PK2/TO8C ~—~|
PK1/TO8B ~—~|
PKO/TOBA ~—~|

/T|

|

|

|

|

|

|

|

|

|

|

Port

PH15/D15
PH14/D14
PH13/D13
PH12/D12
PH11/D11
PH10/D10
PH9/D9
PH8/D8
PH7/D7
PH6/D6
PH5/D5
PH4/D4
PH3/D3
PH2/D2
PH1/D1
PHO/DO

PAO/TIOA

PAL/TIOB

PA2/TIOC

PA3/TIOD

PA4/TIO3A

PAS5/TIO3B
PAB/TIO3C
PA7/TIO3D
PAB8/TIO4A

PA9/TIOAB
PA10/TIO4C
PA11/TIOAD
PA12/TIO5A
PA13/TIO5B
PA14/TxDO
PA15/RxDO0

PBO/TO6A

PB1/TO6B

PB2/TO6C

PB3/TO6D
PB4/TO7A/TO8A
PB5/TO7B/TO8B
PB6/TO7C/TO8C
PB7/TO7D/TO8D
PB8/TxD3/TO8E
PB9/RxD3/TO8F
PB10/TxD4/HTxD0/TO8G
PB11/RxD4/HRXDO/TO8H
PB12/TCLKA/UBCTRG
PB13/SCKO
PB14/SCK1/TCLKB/TI10
PB15/PULS5/SCK2
PCO/TxD1

PC1/RxD1

PC2/TxD2

PC3/RxD2

PC4/IRQ0
PGO/PULS7/HRXDO/HRXD1
PGL/IRQ1
PG2/IRQ2/ADEND
PG3/IRQ3/ADTRGO

Figurel.1 Block Diagram
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1.3.2 Pin Functions

Table 1.2 summarizes the pin functions.

Table1.2 Pin Functions
Type Symbol Pin No. /0 Name Function
Power supply V¢ 11, 30,49, Input Power supply  Power supply for chip-internal
52, 75, 139, and system ports (RES, MD2—
161, 187, MDO, FWE, HSTBY, NMI, CK,
203, 225, EXTAL, XTAL, H-UDI port).
237 Connect all V. pins to the
system power supply. The
chip will not operate if there
are any open pins.
PV .1 20, 39, 70, Input Port power Power supply for bus ports
83 supply 1 (ports E, F, and H). Connect
all PV .1 pins to the system
bus power supply. The chip
will not operate if there are
any open pins.
PV .2 128, 148, Input Port power Power supply for peripheral
172, 194, supply 2 module ports (ports A, B, C,
212, 247 D, G, J, K, and L, the AUD
port, and WDTOVF). Connect
all PV .2 pins to the system
peripheral module power
supply. The chip will not
operate if there are any open
pins.
Vs 13, 22,32, Input Ground For connection to ground.
41,47, 54, Connect all V4 pins to the
72,77, 85, system ground. The chip will
126, 141, not operate if there are any
150, 163, open pins.
174, 185,
196, 205,
214, 227,
239, 249
Flash memory FWE 56 Input Flash write Connected to ground in
enable normal operation.

Apply V. during on-board
programming.
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Table1.2 Pin Functions (cont)

Type Symbol Pin No. I/10 Name Function
Clock PLLV . 60 Input PLL power On-chip PLL oscillator power
supply supply.
For power supply connection,
see section 5, Clock Pulse
Generator.

PLLV¢ 62 Input PLL ground On-chip PLL oscillator ground.
For power supply connection,
see section 5, Clock Pulse
Generator.

PLLCAP 61 Input PLL On-chip PLL oscillator

capacitance external capacitance
connection pin.
For external capacitance
connection, see section 5,
Clock Pulse Generator.

EXTAL 51 Input External clock For connection to a crystal
resonator. An external clock
source can also be connected
to the EXTAL pin.

XTAL 53 Input Crystal For connection to a crystal
resonator.

CK 48 Output System clock  Supplies the system clock to
peripheral devices.

System control RES 58 Input Power-on Executes a power-on reset
reset when driven low.

WDTOVF 124 Output Watchdog WDT overflow output signal.

timer overflow

BREQ 46 Input Bus request Driven low when an external
device requests the bus.

BACK 45 Output Bus request Indicates that the bus has

acknowledge

been granted to an external
device. The device that output
the BREQ signal recognizes
that the bus has been
acquired when it receives the
BACK signal.

10
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Tablel1.2

Pin Functions (cont)

Type Symbol Pin No. /0 Name Function
Operating MDO to 59,55,50 Input Mode setting  These pins determine the
mode control  MD2 operating mode. Do not
change the input values
during operation.
HSTBY 57 Input Hardware When driven low, this pin
standby forces a transition to hardware
standby mode.
Interrupts NMI 84 Input Nonmaskable  Nonmaskable interrupt
interrupt request pin.
Acceptance on the rising edge
or falling edge can be
selected.
IRQO to 169, 171, Input Interrupt Maskable interrupt request
IRQ7 173, 175, requests pins.
230, 226, Oto7 Level input or edge input can
217,218 be selected.
IRQOUT 231 Output  Interrupt Indicates that an interrupt has
request been generated.
output Enables interrupt generation
to be recognized in the bus-
released state.
Address bus  A0-A21 7-10, 12, Output  Address bus Address output pins.
14-19, 21,
23-29, 31,
33,34
Data bus D0-D15 63-69, 71, Input/  Data bus 16-bit bidirectional data bus
73,74,76, output pins.
78-82
Bus control S0-CS3 40, 42-44  Output Chip select Chip select signals for
Oto3 external memory or devices.
RD 38 Output Read Indicates reading from an
external device.
WRH 36 Output  Upper write Indicates writing of the upper
8 bits of external data.
WRL 35 Output  Lower write Indicates writing of the lower 8
bits of external data.
WAIT 37 Input Wait Input for wait cycle insertion in

bus cycles during external
space access.

HITACHI
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Table1.2

Pin Functions (cont)

Type Symbol Pin No. I/0 Name Function
Advanced TCLKA 159, 162, Input ATU-II timer ATU-II counter external clock
timer unit-11 TCLKB 219 clock input Input pins.
(ATU-1I) TIOA-TIOD 125,127, Input ATU-llinput  Channel O input capture input
129, 130 capture pins.
(channel 0)
TIO1A- 248, Input/ ATU-Il input Channel 1 input capture
TIO1H 250-256 output capture/output input/output compare output
compare pins.
(channel 1)
TIO2A—- 176-183 Input/  ATU-Il input Channel 2 input capture
TIO2H output  capture/output input/output compare output
compare pins.
(channel 2)
TIO3A—- 131-134 Input/  ATU-Il input Channel 3 input capture
TIO3D output  capture/output input/output compare/PWM
compare/ output pins.
PWM output
(channel 3)
TIO4A—- 135-138 Input/  ATU-Il input Channel 4 input capture
TIO4D output  capture/output input/output compare/PWM
compare/ output pins.
PWM output
(channel 4)
TIO5A— 140, 142, Input/  ATU-Il input Channel 5 input capture
TIO5D 184, 186 output  capture/output input/output compare/PWM
compare/ output pins.
PWM output
(channel 5)
TO6A—- 145-147, Output  ATU-Il PWM Channel 6 PWM output pins.
TO6D 149 output
(channel 6)
TO7A- 151-154 Output  ATU-Il PWM Channel 7 PWM output pins.
TO7D output
(channel 7)
TO8A- 151-158, Output  ATU-II Channel 8 down-counter one-
TO8P 195, one-shot pulse shot pulse output pins.
197-202, (channel 8)
204,
206-211,
213, 215
12
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Table1.2 Pin Functions(cont)

Type Symbol Pin No. 110 Name Function
Advanced TI9A- 188-193 Input ATU-Il event Channel 9 event counter input
timer unit-1 TIOF input pins.
(ATU-II) (channel 9)
TI10 162, 216 Input ATU-II Channel 10 external clock
multiplied clock input pin.
generation
(channel 10)
TIO11A, 217, 218 Input/  ATU-Il input Channel 11 input capture
TIO11B output  capture/output input/output compare output
compare pins.
Advanced PULSO- 1-6, 164, Output APC pulse APC pulse output pins.
pulse controller PULS7 170 outputs 0to 7
(APC)
Serial TxDO— 143, 165, Output Transmit data  SCIO to SCI4 transmit data
communication TxD4 167, 155, (channels output pins.
interface (SCI) 157 0to 4)
RxDO- 144, 166, Input Receive data  SCIO0 to SCl4 receive data
RxD4 168, 156, (channels input pins.
158 0to 4)
SCKO- 160, 162, Input/  Serial clock SCI0 to SCI4 clock
SCK4 223, 224, output  (channels input/output pins.
226, 164 0to 4)
Hitachi HTxDO, 157, 228,6 Output Transmitdata CAN bus transmit data output
controller area HTxD1 pins.
network HRxDO, 158,229, input Receive data CAN bus receive data input
(HCAN) HRxD1 170 pins.
A/D converter AV . 101, 119 Input Analog power  A/D converter power supply.
supply
AV 99, 121 Input Analog ground A/D converter power supply.
AV 100, 120 Input  Analog Analog reference power
reference supply input pins.
power supply
ANO-AN31 86-98, Input Analog input Analog signal input pins.
102-118,
122, 123
ADTRGO, 175, 220, Input  A/D conversion External trigger input pins for
ADTRG1 221 trigger input starting A/D conversion.
ADEND 173, 222 Output ADEND output A/D2 channel 31 conversion

timing monitor output pins.

HITACHI

13



Table1.2 Pin Functions (cont)

Type Symbol Pin No. I/0 Name Function
User break UBCTRG 159 Output User break UBC condition match trigger
controller (UBC) trigger output  output pin.
Hitachi user TCK 236 Input Test clock Test clock input pin.
debug interface TMS 232 Input Test mode Test mode select signal input
(R-UDI) select pin.
TDI 234 Input Test data Instruction/data serial input
input pin.
TDO 235 Output Test data Instruction/data serial output
output pin.
TRST 233 Input Test reset Initialization signal input pin.
Advanced AUDATAO- 241-244 Input/  AUD data Realtime trace mode: Branch
user debugger AUDATA3 output destination address output
(AUD) pins.
RAM monitor mode: Monitor
address input / data
input/output pins.
AUDRST 238 Input  AUD reset Reset signal input pin.
AUDMD 240 Input  AUD mode Mode select signal input pin.
Realtime trace mode: Low
RAM monitor mode: High
AUDCK 245 Input/  AUD clock Realtime trace mode: Serial
output clock output pin.
RAM monitor mode: Serial
clock input pin.
AUDSYNC 246 Input/  AUD Realtime trace mode: Data
output  synchronization start position identification
signal signal output pin.
RAM monitor mode: Data start
position identification signal
input pin.
I/O ports POD 34 Input Port output Input pin for port pin drive
disable control when general port is
set for output.
PAO-PA15 125, 127, Input/ Port A General input/output port pins.
129-138,  output Input or output can be
140, specified bit by bit.
142-144
14
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Table1.2 Pin Functions(cont)

Type Symbol Pin No. 110 Name Function
I/O ports PB0-PB15 145-147, Input/  Port B General input/output port pins.
149, output

Input or output can be

151-160, specified bit by bit.
162, 164
PCO-PC4 165-169 Input/  PortC General input/output port pins.
output Input or output can be
specified bit by bit.
PDO-PD13 248, Input/  Port D General input/output port pins.
250-256,  output Input or output can be
1-6 specified bit by bit.
PEO-PE15 7-10, 12, Input/  Port E General input/output port pins.
14-19,21,  output Input or output can be
23-26 specified bit by bit.
PFO-PF15 27-29,31, Input/ PortF General input/output port pins.
33-38,40, output Input or output can be
42-46

specified bit by bit.

PGO-PG3 170, 171, Input/  Port G General input/output port pins.

173,175 output Input or output can be

specified bit by bit.

PHO-PH15 63-69, 71, Input/ PortH General input/output port pins.
73,74,76, output Input or output can be
78-82 specified bit by bit.

PJO-PJ15 176-184, Input/  Port | General input/output port pins.
186, output Input or output can be
188-193 specified bit by bit.

PK0O-PK15 195, Input/  PortJ General input/output port pins.
197-202,  output Input or output can be
204, specified bit by bit.
206-211,
213, 215

PLO-PL13 216-224, Input/  Port K General input/output port pins.
226, output Input or output can be
228-231

specified bit by bit.

15
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133

Pin Assignments

Table1.3 Pin Assignments

Pin No. MCU Mode Programmer Mode
1 PD8/PULSO N.C
2 PD9/PULS1 N.C
3 PD10/PULS2 N.C
4 PD11/PULS3 N.C
5 PD12/PULS4 N.C
6 PD13/PULS6/HTXDO/HTxD1 N.C
7 PEO/AO A0
8 PE1/A1 Al
9 PE2/A2 A2
10 PE3/A3 A3
11 Vcce Vcc
12 PE4/A4 A4
13 Vss Vss
14 PES/A5 A5
15 PEG6/A6 A6
16 PE7/A7 A7
17 PES8/A8 A8
18 PE9/A9 A9
19 PE10/A10 Al0
20 PVccl Vce
21 PE11/A11 All
22 Vss Vss
23 PE12/A12 Al12
24 PE13/A13 Al3
25 PE14/A14 Al4d
26 PE15/A15 Al5
27 PFO/AL16 Al6
28 PF1/A17 Al7
29 PF2/A18 Al18
30 Vce Vce
16
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Table1.3 Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
31 PF3/A19 N.C.
32 Vss Vss

33 PF4/A20 N.C.
34 PF5/A21/POD N.C.
35 PF6/WRL N.C.
36 PF7/WRH N.C.
37 PFS/WAIT N.C.
38 PF9/RD N.C.
39 PVccl Vcc

40 PF10/CSO N.C.
41 Vss Vss

42 PF11/CS1 Vcee

43 PF12/CS2 Vce

44 PF13/CS3 Vss

45 PF14/BACK N.C.
46 PF15/BREQ Vcee

47 Vss Vss

48 CK N.C.
49 Vcc Vcc

50 MD2 Vss

51 EXTAL EXTAL
52 Vcc Vcc

53 XTAL XTAL
54 Vss Vss

55 MD1 Vce

56 FWE FWE
57 HSTBY Vee

58 RES RES
59 MDO Vcce

60 PLLVcc PLLVcc
61 PLLCAP PLLCAP
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Table1.3 Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
62 PLLVss PLLVss
63 PHO/DO DO
64 PH1/D1 D1
65 PH2/D2 D2
66 PH3/D3 D3
67 PH4/D4 D4
68 PH5/D5 D5
69 PH6/D6 D6
70 PVccl Vce
71 PH7/D7 D7
72 Vss Vss
73 PH8/D8 N.C.
74 PH9/D9 N.C.
75 Vcce Vcce
76 PH10/D10 N.C.
7 Vss Vss
78 PH11/D11 N.C.
79 PH12/D12 N.C.
80 PH13/D13 N.C.
81 PH14/D14 N.C.
82 PH15/D15 N.C.
83 PVccl Vce
84 NMI Vss
85 Vss Vss
86 ANO N.C.
87 AN1 N.C.
88 AN2 N.C.
89 AN3 N.C.
90 AN4 N.C.
91 ANS N.C.
92 ANG N.C.
18
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
93 AN7 N.C.
94 AN8 N.C.
95 AN9 N.C.
96 AN10 N.C.
97 AN11 N.C.
98 AN12 N.C.
99 AVss Vss
100 AVref Vce
101 AVcc Vce
102 AN13 N.C.
103 AN14 N.C.
104 AN15 N.C.
105 AN16 N.C.
106 AN17 N.C.
107 AN18 N.C.
108 AN19 N.C.
109 AN20 N.C.
110 AN21 N.C.
111 AN22 N.C.
112 AN23 N.C.
113 AN24 N.C.
114 AN25 N.C.
115 AN26 N.C.
116 AN27 N.C.
117 AN28 N.C.
118 AN29 N.C.
119 AVcc Vce
120 AVref Vcc
121 AVss Vss
122 AN30 N.C.
123 AN31 N.C.

HITACHI
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
124 WDTOVF N.C.
125 PAO/TIOA N.C.
126 Vss Vss
127 PA1/TIOB N.C.
128 PVcc2 Vce
129 PA2/TIOC N.C.
130 PA3/TIOD N.C.
131 PA4/TIO3A N.C.
132 PA5/TIO3B N.C.
133 PAG6/TIO3C N.C.
134 PA7/TIO3D N.C.
135 PAS8/TIO4A N.C.
136 PA9/TIO4B N.C.
137 PA10/TIO4C N.C.
138 PA11/TIO4D N.C.
139 Vcce Vcc
140 PA12/TIO5A N.C.
141 Vss Vss
142 PA13/TIO5B N.C.
143 PA14/TxD0O N.C.
144 PA15/RxD0O N.C.
145 PBO/TO6A N.C.
146 PB1/TO6B N.C.
147 PB2/TO6C N.C.
148 PVcc2 Vcc
149 PB3/TO6D N.C.
150 Vss Vss
151 PB4/TO7A/TO8A N.C.
152 PB5/TO7B/TO8B N.C.
153 PB6/TO7C/TO8C N.C.
154 PB7/TO7D/TO8D N.C.
20
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
155 PB8/TxD3/TOSE N.C.
156 PB9/RxD3/TO8F N.C.
157 PB10/TxD4/HTXDO/TO8G N.C.
158 PB11/RxD4/HRxDO/TO8H N.C.
159 PB12/TCLKA/UBCTRG N.C.
160 PB13/SCKO N.C.
161 Vcc Vcc
162 PB14/SCK1/TCLKB/TI10 N.C.
163 Vss Vss
164 PB15/PULS5/SCK2 N.C.
165 PCO/TxD1 N.C.
166 PC1/RxD1 N.C.
167 PC2/TxD2 N.C.
168 PC3/RxD2 N.C.
169 PC4/IRQ0 N.C.
170 PGO/PULS7/HRXDO/HRxD1 N.C.
171 PG1/IRQT N.C.
172 PVcc2 Vee
173 PG2/IRQ2/ADEND N.C.
174 Vss Vss
175 PG3/IRQ3/ADTRGO N.C.
176 PJO/TIO2A N.C.
177 PJ1/TIO2B N.C.
178 PJ2/TIO2C N.C.
179 PJ3/TIO2D N.C.
180 PJ4/TIO2E N.C.
181 PJ5/TIO2F N.C.
182 PJ6/TIO2G N.C.
183 PJ7/TIO2H N.C.
184 PJ8/TIOSC N.C.
185 Vss Vss

HITACHI
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
186 PJ9/TIO5D N.C.
187 Vce Vce
188 PJ10/TI9A N.C.
189 PJ11/TI9B N.C.
190 PJ12/TI9C N.C.
191 PJ13/TI9D N.C.
192 PJ14/TIOE N.C.
193 PJ15/TI9F N.C.
194 PVcc2 Vce
195 PKO/TO8A N.C.
196 Vss Vss
197 PK1/TO8B N.C.
198 PK2/TO8C N.C.
199 PK3/TO8D N.C.
200 PK4/TO8E N.C.
201 PK5/TO8F N.C.
202 PK6/TO8G N.C.
203 Vcce Vce
204 PK7/TO8H N.C.
205 Vss Vss
206 PK8/TO8I N.C.
207 PK9/TO8J N.C.
208 PK10/TO8K N.C.
209 PK11/TO8L N.C
210 PK12/TO8M N.C.
211 PK13/TO8N N.C.
212 PVcc2 Vce
213 PK14/TO80 N.C.
214 Vss Vss
215 PK15/TO8P N.C.
216 PLO/TI1O0 N.C.
22
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
217 PL1/TIO11A/IRQ6 N.C.
218 PL2/TIO11B/IRQ7 CE
219 PL3/TCLKB N.C.
220 PL4/ADTRGO N.C.
221 PLS/ADTRG1T N.C.
222 PL6/ADEND N.C.
223 PL7/SCK2 N.C.
224 PL8/SCK3 N.C.
225 Vcc Vcc
226 PL9/SCK4/IRQ5 WE
227 Vss Vss
228 PL10/HTXDO/HTXD1/HTXDO & HTxD1 N.C.
229 PL11/HRxDO/HRxD1/HRxDO & HRxD1 ~ N.C.
230 PL12/IRQ4 OE
231 PL13/IRQOUT N.C.
232 T™S N.C.
233 TRST N.C.
234 TDI N.C.
235 TDO N.C.
236 TCK N.C.
237 Vcc Vcc
238 AUDRST N.C.
239 Vss Vss
240 AUDMD N.C.
241 AUDATAO N.C.
242 AUDATAL N.C.
243 AUDATA2 N.C.
244 AUDATA3 N.C.
245 AUDCK N.C.
246 AUDSYNC N.C.
247 PVcc2 Vcc

HITACHI
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Table1.3

Pin Assignments (cont)

Pin No. MCU Mode Programmer Mode
248 PDO/TIO1A N.C.
249 Vss Vss
250 PD1/TIO1B N.C.
251 PD2/TIO1C N.C.
252 PD3/TIO1D N.C.
253 PD4/TIO1E N.C.
254 PD5/TIO1F N.C.
255 PD6/TIO1G N.C.
256 PD7/TIO1H N.C.
24
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Section2 CPU

2.1 Register Configuration

The register set consists of sixteen 32-hit general registers, three 32-bit control registers and four
32-bit system registers.

In addition, the FPU has eighteen internal registers. sixteen 32-bit floating-point registers and two
32-bit floating-point system registers.

211 General Registers (Rn)

The sixteen 32-bit general registers (Rn) are numbered RO-R15. General registers are used for
data processing and address calculation. RO is also used as an index register. Several instructions
have RO fixed astheir only usable register. R15 is used as the hardware stack pointer (SP). Saving
and recovering the status register (SR) and program counter (PC) in exception processing is
accomplished by referencing the stack using R15. Figure 2.1 shows the general registers.

31 0
Ro*l
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15, SP (hardware stack pointer)*2

Notes: 1. RO functions as an index register in the indirect indexed register addressing
mode and indirect indexed GBR addressing mode. In some instructions, RO
functions as a fixed source register or destination register.

2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.1 General Registers

25
HITACHI




212 Control Registers

The 32-bit control registers consist of the 32-bit status register (SR), global base register (GBR),
and vector base register (VBR). The status register indicates processing states. The global base
register functions as a base address for the indirect GBR addressing mode to transfer data to the
registers of on-chip peripheral modules. The vector base register functions as the base address of
the exception processing vector area (including interrupts). Figure 2.2 shows the control registers.

31 98 76543210
SR| - ———————- MQI3I2 1110 -- ST | SR: Status register

T T |_> T bit: The MOVT, CMP/cond, TAS, TST,

BT (BT/S), BF (BF/S), SETT, CLRT, and
FCMP/cond instructions use the T bit to
indicate true (1) or false (0). The ADDV,
ADDC, SUBV, SUBC, NEGC, DIVOU,
DIVOS, DIV1, SHAR, SHAL, SHLR, SHLL,
ROTR, ROTL, ROTCR, and ROTCL
instructions also use the T bit to indicate
carry/borrow or overflow/underflow.

— S bit: Used by the MAC instruction.

—» Reserved bits. These bits always read 0.
The write value should always be 0.

——» Bits 13-10: Interrupt mask bits.
» M and Q bits: Used by the DIVOU, DIVOS,
and DIV1 instructions.

» Reserved bits. These bits always read 0.
The write value should always be 0.

31

o

Global base register (GBR):

GBR Indicates the base address of the indirect
GBR addressing mode. The indirect GBR
addressing mode is used in data transfer
for on-chip peripheral module register
areas and in logic operations.

31 Vector base register (VBR):
VBR Stores the base address of the exception

processing vector area.

—O

Figure2.2 Control Register Configuration
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213

System Registers

System registers consist of four 32-hit registers: high and low multiply and accumulate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC). The multiply-
and-accumul ate registers store the results of multiply-and-accumulate operations. The procedure
register stores the return address from a subroutine procedure. The program counter stores
program addresses to control the flow of the processing. Figure 2.3 shows the system registers.

Multiply-and-accumulate (MAC)
registers high and low (MACH,

MACL): Store the results of

multiply-and-accumulate operations.

0 Procedure register (PR): Stores

the return address from a

subroutine procedure.

0  Program counter (PC): Indicates

31 0
MACH
MACL

31

| PR

31

| PC

the fourth byte (second instruction)

after the current instruction.

Figure2.3 System Register Configuration

HITACHI
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214 Floating-Point Registers

There are sixteen 32-bit floating-point registers, designated FRO to FR15, which are used by
floating-point instructions. FRO functions as the index register for the FMAC instruction. These
registers are incorporated into the floating-point unit (FPU). For details, see section 3, Floating-
Point Unit.

31 0
FRO
FR1
FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14

FRO functions as the index register
for the FMAC instruction.

FR15

Figure2.4 Floating-Point Registers
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215 Floating-Point System Registers

There are two 32-bit floating-point system registers: the floating-point communication register
(FPUL) and the floating-point status/control register (FPSCR). FPUL is used for communication
between the CPU and the floating-point unit (FPU). FPSCR indicates and stores status/control
information relating to FPU exceptions.

These registers are incorporated into the floating-point unit (FPU). For details, see section 3,

Floating-Point Unit.

31

FPUL

FPUL:

31

FPSCR

FPSCR:

Floating-point communication register
Used for communication between
the CPU and the FPU.

Floating-point status/control register
Indicates and stores status/control
information relating to FPU exceptions.

Figure2.5 Floating-Point System Registers

216 Initial Values of Registers

Table 2.1 lists the values of the registers after reset.

Table2.1 Initial Valuesof Registers

Classification Register Initial Value
General registers RO-R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits 13—10 are 1111 (H'F), reserved bits are
0, and other bits are undefined
GBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined

PC

Value of the program counter in the vector
address table

Floating-point registers FRO-FR15 Undefined
Floating-point system registers FPUL Undefined
FPSCR H'00040001

HITACHI
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits). When the memory operand is only a byte (8
bits) or aword (16 bits), it is sign-extended into alongword when loaded into aregister (figure
2.6).

| Longword

Figure2.6 DataFormat in Registers

222 Data Formatsin Memory

Memory data formats are classified into bytes, words, and longwords. Byte data can be accessed
from any address, but an address error will occur if an attempt is made to access word data starting
from an address other than 2n or longword data starting from an address other than 4n. In such
cases, the data accessed cannot be guaranteed. The hardware stack area, referred to by the
hardware stack pointer (SP, R15), uses only longword data starting from address 4n because this
area holds the program counter and status register (figure 2.7).

Addressm+1  Addressm + 3
Address m Address m + 2
Ta1 l 23 15 l 7 0
Byte | Byte | Byte | Byte
Address 2n —»| Word Word
Address 4n —»| Longword

§

Figure2.7 DataFormatsin Memory

2.2.3 Immediate Data For mat

Byte (8 bit) immediate data resides in an instruction code. Immediate data accessed by the MOV,
ADD, and CMP/EQ instructions is sign-extended and handled in registers as longword data.
Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 bits of the destination register.

30
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Word or longword immediate data is not located in the instruction code, but instead is stored in a
memory table. An immediate data transfer instruction (MOV) accesses the memory table using the
PC relative addressing mode with displacement.

2.3 I nstruction Features

231 RISC-Type Instruction Set
All instructions are RISC type. This section details their functions.
16-Bit Fixed Length: All instructions are 16 bits long, increasing program code efficiency.

Onelnstruction per Cycle: The microprocessor can execute basic instructions in one cycle using
the pipeline system. Instructions are executed in 25 ns at 40 MHz.

Data L ength: Longword is the standard data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations. It also is handled as longword data (table 2.2).

Table2.2  Sign Extension of Word Data

SH7055 CPU Description Example of Conventional CPU
MOV. W @disp, PO, RL Data is sign-extended to 32 ADD. W #H 1234, RO
ADD RL, RO bits, and R1 becomes

H'00001234. It is next
"""""" operated upon by an ADD
.DATAW H 1234 instruction.

Note: @(disp, PC) accesses the immediate data.

L oad-Stor e Architecture: Basic operations are executed between registers. For operations that
involve memory access, datais loaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed branch instructions.
With adelayed branch instruction, the branch is taken after execution of the instruction following
the delayed branch instruction. There are two types of conditional branch instructions: delayed
branch instructions and ordinary branch instructions.

31
HITACHI



Table2.3 Delayed Branch Instructions

SH7055 CPU Description Example of Conventional CPU
BRA TRGET Executes the ADD before ADDW RL, RO
ADD RL, RO branching to TRGET. BRA TRCET

Multiply/Multiply-and-Accumulate Operations: 16-bit x 16-bit — 32-bit multiply operations
are executed in one to two cycles. 16-bit x 16-bit + 64-bit - 64-bit multiply-and-accumulate
operations are executed in two to three cycles. 32-bit x 32-bit - 64-bit multiply and 32-bit x 32-
bit + 64bit — 64-bit multiply-and-accumulate operations are executed in two to four cycles.

T Bit: The T bit in the status register changes according to the result of the comparison, and in
turn is the condition (true/false) that determinesif the program will branch. The number of
instructions that change the T hit is kept to a minimum to improve the processing speed (table
2.4).

Table24 T Bit

SH7055 CPU Description Example of Conventional CPU
OWCGE RL,RO T bit is set when RO = R1. The aOWw. W RL, RO
BT TRCETO program branches to TRGETO BCE TRGETO
when RO = R1 and to TRGET1
BF TRGET1 when RO < R1. BLT TRGET1
ADD #1, RO T bit is not changed by ADD. SUB. W #1, R0
CW/ EQ #0, RO T bit is set when RO = 0. The BEQ TRCET

program branches if RO = 0.
BT TRCET

Immediate Data: Byte (8-bit) immediate data residesin the instruction code. Word or longword
immediate datais not input viainstruction codes but is stored in amemory table. An immediate
data transfer instruction (MOV) accesses the memory table using the PC relative addressing mode
with displacement (table 2.5).
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Table25 Immediate Data Accessing

Classification SH7055 CPU

Example of Conventional CPU

8-bit immediate MOV #H 12, R0

MV.B #H 12, RO

16-bit immediate  MOV. W @disp, PO, RO

. DATA' W H 1234

MOV. W #H 1234, RO

32-bit immediate  MOV. L @di sp, PO, RO

.DATA L H 12345678

MOV. L #H 12345678, RO

Note: @(disp, PC) accesses the immediate data.

Absolute Address: When datais accessed by absolute address, the value already in the absolute
addressis placed in the memory table. Loading the immediate data when the instruction is
executed transfers that value to the register and the datais accessed in the indirect register

addressing mode (table 2.6).
Table2.6 Absolute Address Accessing

Classification SH7055 CPU

Example of Conventional CPU

Absolute address MOV. L @disp, PO, RL
MOV. B @1, RO

.DATA'L H 12345678

MOV. B @1 12345678, RO

Note: @(disp,PC) accesses the immediate data.

16-Bit/32-Bit Displacement: When datais accessed by 16-bit or 32-bit displacement, the pre-
existing displacement value is placed in the memory table. Loading the immediate data when the
instruction is executed transfers that value to the register and the data is accessed in the indirect

indexed register addressing mode (table 2.7).
Table2.7 Displacement Accessing

Classification SH7055 CPU

Example of Conventional CPU

16-bit displacement  MOV. W @di sp, PO, RO
MOV. W @RO,R1),R2

.DATA W H 1234

MOV. W @H 1234, Rl1), R2

Note: @(disp,PC) accesses the immediate data.
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2.3.2 Addressing M odes

Table 2.8 describes addressing modes and effective address cal cul ation.

Table2.8 Addressing Modes and Effective Addresses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Direct register R The effective address is register Rn. (The operand —
addressing is the contents of register Rn.)
Indirect register @ The effective address is the contents of register Rn. Rn
addressing
| R |
Post-increment @+ The effective address is the contents of register Rn. Rn
indirect register A constant is added to the content of Rn after the (After the
addressing instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a executes)
longword operation.
Byte: Rn + 1
- Rn
Word: Rn + 2
- Rn
Longword:
Rn+4 - Rn
Pre-decrement @R The effective address is the value obtained by Byte: Rn—1
indirect register subtracting a constant from Rn. 1 is subtracted for - Rn
addressing a byte operation, 2 for a word operation, and 4 for Word: Rn — 2
a longword operation. . Rn'
Longword:
Rn—-4 - Rn
Rn —1/2/4 (Instruction
executed with
Rn after
calculation)
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Table2.8 Addressing Modes and Effective Addresses (cont)

Addressing Instruction

Mode Format Effective Address Calculation Equation

Indirect register @di sp: 4, The effective address is Rn plus a 4-bit Byte: Rn +

addressing with  Rn) displacement (disp). The value of disp is zero- disp

displacement extended, and remains the same for a byte Word: Rn +
operation, is doubled for a word operation, and is disp x 2

guadrupled for a longword operation.

Longword: Rn

+ disp x 4
disp Rn + disp x 1/2/4
(zero-extended)
1/2/4
Indirect indexed @R0O, Rn) The effective address is the Rn value plus RO. Rn + RO
register
addressing
()
Indirect GBR @di sp: 8, The effective address is the GBR value plus an Byte: GBR +
addressing with GBR) 8-bit displacement (disp). The value of disp is zero- disp
displacement extended, and remains the same for a byte opera-  \y0/q: GBR +
tion, is doubled for a word operation, and is disp x 2
quadrupled for a longword operation.
Longword:
GBR + disp x
4

disp

(zero-extended)

GBR
+ disp x 1/2/4

HITACHI
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Table2.8

Addressing
Mode

Effective Address Calculation

Addressing M odes and Effective Addr esses (cont)

Equation

Indirect indexed @RO, @BR) The effective address is the GBR value plus RO.
GBR addressing

GBR + RO

GBR + RO

Indirect PC

addressing with  PQ)

displacement

HFFFFFFFC

(zero-extended)

The effective address is the PC value plus an 8-bit
displacement (disp). The value of disp is zero-
extended, and is doubled for a word operation, and
quadrupled for a longword operation. For a
longword operation, the lowest two bits of the PC
value are masked.

@ (for longword)

PC + disp x 2
or

PC & HFFFFFFFC

+ disp x 4

Word: PC +
disp x 2
Longword:
PC &
H'FFFFFFFC
+ disp x 4
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Table2.8

Addressing M odes and Effective Addr esses (cont)

Addressing Instruction
Mode Format Effective Addresses Calculation Equation
PC relative di sp: 8 The effective address is the PC value sign-extended PC + disp x 2
addressing with an 8-bit displacement (disp), doubled, and
added to the PC value.
~ disp PC + disp x 2
(sign-extended)
disp: 12  The effective address is the PC value sign-extended PC + disp x 2
with a 12-bit displacement (disp), doubled, and
added to the PC value.
disp PC + disp x 2
(sign-extended)
R The effective address is the register PC value PC +Rn
plus Rn.
Immediate #i nm 8 The 8-bit immediate data (imm) for the TST, AND, —
addressing OR, and XOR instructions is zero-extended.
#inm 8 The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions is sign-extended.
#nm 8 The 8-bit immediate data (imm) for the TRAPA —

instruction is zero-extended and quadrupled.
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2.3.3 Instruction Format

Table 2.9 lists the instruction formats for the source operand and the destination operand. The
meaning of the operand depends on the instruction code. The symbols used are as follows:

e XXxX: Instruction code

e mmmm: Source register

« nnnn: Destination register
e iiii: Immediate data

e dddd: Displacement

Table2.9 Instruction Formats
Source Destination
Instruction Formats Operand Operand Example
0 format — — NP
15 0
XXXX  XXXX  XXXX  XXXX
n format — nnnn: Direct MOVT Rn
register
15 Control register nnnn: Direct STS MACH Rn
| XXXX | nnnn | XXXX  XXXX or system register
register
Control register nnnn: Indirect pre- STC. L SR @Rn
or system decrement register
register

m format

15 0
| XXXX |mmmm| XXXX  XXXX

mmmm: Direct
register

Control register or

system register

LDC Rm SR

mmmm: Indirect
post-increment
register

Control register or

system register

LDC. L @mt, SR

mmmm: Direct — JW  @n
register
mmmm: PC — BRAF Rm

relative using Rm
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Table2.9

Instruction Formats (cont)

Destination
Instruction Formats Source Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm R
register register
15 0 mmmm: Direct nnnn: Indirect MOV.L Rm @n
| XXXX | nnnn |mmmm| XXXX register register
mmmm: Indirect MACH, MACL MAC W
post-increment @+, @+
register (multiply-
and-accumulate)
nnnn*: Indirect
post-increment
register (multiply-
and-accumulate)
mmmm: Indirect  nnnn: Direct M. L @, Rn
post-increment register
register
mmmm: Direct nnnn: Indirect pre- MOV.L Rm @Rn
register decrement
register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @R, Rn)
md format mmmmdddd: RO (Direct MDV. B
15 Indirect register register) @di sp, R1), RO
| XXXX  XXXX |mmmm| dddd W_'th
displacement
nd4 format RO (Direct nnnndddd: MOV. B
15 0 register) Indirect register RO, @di sp, Rn)
| XXXX | XXXX | nnnn | dddd with displacement
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
register register with Rm @di sp, Rn)
| XXXX | nnnn |mmmm| ddad displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register register @di sp, R, R

with
displacement

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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Table2.9

Instruction Formats (cont)

Destination
Instruction Formats Source Operand Operand Example
d format dddddddd: RO (Direct register) MOV. L
15 0 Indirect GBR @di sp, BR, R0
XXXX  XxXxXX | dddd dddd W.Ith
displacement
RO (Direct dddddddd: Indirect MOV. L
register) GBR with RO, @di sp, GBBR
displacement
dddddddd: PC RO (Direct register) MOVA
relative with @disp, PO, RO
displacement
— dddddddd: PC BF | abel
relative
d12 format — dddddddddddd: BRA | abel
15 0 PC relative (label = disp +
| %0 | dddd  dddd  dddd PO
nd8 format dddddddd: PC nnnn: Direct MOV. L
0 relative with register @di sp, PO, R
| 00 | nnnn | dddd  dddd displacement
i format iiiiiiii: Immediate Indirect indexed AND. B
GBR # mm @ RO, GBR)
15 0 iiiiiiii: Immediate RO (Direct register) AND # nm RO
| XXXX  XXXX | piii i
iiiiiiii: Immediate = — TRAPA #i mm
ni format iiiiiiii: Immediate nnnn: Direct ADD #i mm Rn
15 0 register
| XXXX | nnnn| Pl i
24 Instruction Set by Classification
24.1 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.
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Table2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39
peripheral module data transfer, structure data
transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Swap of upper and lower bytes
XTRCT Extraction of the middle of registers connected
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry
ADDV Binary addition with overflow check
CMP/cond Comparison
DIV1 Division
DIVOS Initialization of signed division
DIVoU Initialization of unsigned division
DMULS Signed double-length multiplication
DMULU Unsigned double-length multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
MAC Multiply-and-accumulate, double-length
multiply-and-accumulate operation
MUL Double-length multiply operation
MULS Signed multiplication
MULU Unsigned multiplication
NEG Negation
NEGC Negation with borrow
SUB Binary subtraction
SUBC Binary subtraction with borrow
SUBV Binary subtraction with underflow

HITACHI
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Table2.10 Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR  One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRnN n-bit logical right shift
Branch 9 BF Conditional branch, conditional branch with 11

delay (Branch when T = 0)

BT Conditional branch, conditional branch with
delay (Branch when T = 1)
BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure
BSRF Branch to subroutine procedure
JMP Unconditional branch

JSR Branch to subroutine procedure
RTS Return from subroutine procedure
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Table2.10 Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
System 11 CLRT T bit clear 31
control CLRMAC MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Transition to power-down mode

STC Store control register data

STS Store system register data

TRAPA Trap exception handling
Floating-point 15 FABS Floating-point absolute value 22
instructions FADD Floating-point addition

FCMP Floating-point comparison

FDIV Floating-point division

FLDIO Floating-point load immediate O

FLDI1 Floating-point load immediate 1

FLDS Floating-point load into system register FPUL

FLOAT Integer-to-floating-point conversion

FMAC Floating-point multiply-and-accumulate operation

FMOV Floating-point data transfer

FMUL Floating-point multiplication

FNEG Floating-point sign inversion

FSTS Floating-point store from system register FPUL

FSUB Floating-point subtraction

FTRC Floating-point conversion with rounding to

integer
FPU-related 2 LDS Load into floating-point system register 8
,CPU ) STS Store from floating-point system register
instructions
Total: 79 172
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Table 2.11 shows the format used in tables 2.12 to 2.19, which list instruction codes, operation,
and execution statesin order by classification.

Table2.11 Instruction Code For mat

Item Format Explanation

Instruction CP. Sz SRC, DEST OP: Operation code
Sz: Size (B: byte, W: word, or L: longword)
SRC: Source
DEST: Destination
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*!

Instruction code MSB . LSB mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
0
0
0
1111: R15
iii: Immediate data
dddd: Displacement

Operation o, e Direction of transfer
(xx) Memory operand
M/QIT Flag bits in the SR
& Logical AND of each hit
[ Logical OR of each bit
A Exclusive OR of each bit
~ Logical NOT of each bit
<<n n-bit left shift
>>n n-bit right shift
Execution — Value when no wait states are inserted*2
cycles
T bit — Value of T bit after instruction is executed. An em-dash (—)

in the column means no change.

Notes: 1. Depending on the operand size, displacement is scaled x1, x2, or x4. For details, see
the SH-2E Programming Manual.
2. Instruction execution cycles: The execution cycles shown in the table are minimums.
The actual number of cycles may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) and the register used by the next instruction are the
same.
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Table2.12 Data Transfer Instructions

Execu-
tion T
Instruction Instruction Code Operation Cycles Bit
MO/ #immRn 1110nnnniiiiiiii #imm - Sign extension » 1 —
Rn
M. W @di sp, PO, Rn 1001nnnndddddddd (disp x 2 + PC) - Sign 1 —
extension - Rn
MWV. L @disp, PO, R 1101nnnndddddddd (disp x4 +PC) - Rn 1 —
MOV Rm Rn 0110nnnnmMmmO011 Rm - Rn 1 —
MOV. B Rm @n 0010NnNnNnnMmm®000 Rm - (Rn) 1 —
M. W Rm @ 0010nnNnmMmm0001 Rm - (Rn) 1 —
MOV.L Rm @n 0010nnNNMM®O010 Rm - (Rn) 1 —
MOV. B @m Rn 0110nnNnmMmmO000 (Rm) - Sign extension - 1 —
Rn
MOV. W @M Rn 0110nnnNnmMmmO001 (Rm) - Sign extension - 1 —
Rn
MOV.L @RmRn 0110nnnnmmm9010 (Rm) - Rn 1 —
MYV. B Rm @Rn 0010nNNnmMmmMO100 Rn-1 - Rn, Rm - (Rn) 1 —
MOV. W Rm @Rn 0010nnnnMMMO101 Rn-2 - Rn, Rm - (Rn) 1 —
MOV.L Rm @Rn 0010nnnnmmMmm®110 Rn—4 - Rn, Rm - (Rn) 1 —
MOV. B @+, R 0110nnnnmMMmmO100 (Rm) - Sign extension - 1 —
Rn,Rm+1 - Rm
MOV. W @, Rn 0110nnnnmmmO101 (Rm) - Sign extension - 1 —
Rn,Rm+2 -~ Rm
MOV.L @+, Rn 0110nnnnmMmmO110 (Rm) - Rn,RmM+4 - Rm 1 —
MOV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —
MV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 —
M. L Rm @di sp, Rn) 0001nnnnmmmdddd Rm - (disp x4 + Rn) 1 —
MOV. B @disp, RM, RO 10000100mmmdddd (disp + Rm) - Sign 1 —
extension - RO
MOV. W @di sp, Ry, RO 10000101 mmmdddd (disp x2 + Rm) - Sign 1 —
extension - RO
MOV.L @disp, Ry, R 0101nnnnmmmdddd (disp x4 + Rm) - Rn 1 —
MOV. B Rm @ RO, Rn) 0000NNNNMMMO100 Rm - (RO + Rn) 1 —
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Table2.12 Data Transfer Instructions (cont)

Execu-
tion T
Instruction Instruction Code Operation Cycles  Bit
MV. W Rm @RO, Rn) 0000nNNNMMO101 Rm - (RO + Rn) 1 —
MOV.L Rm @RO, Rn) 0000nnnNMMMO110 Rm - (RO + Rn) 1 —
MV.B @RO,RY),Rn 0000nnNNMMM1100 (RO + Rm) - Sign 1 —
extension - Rn
MV. W @RO, R, R 0000nnnnmMM1101 (RO + Rm) - Sign 1 —
extension - Rn
MV.L @RO,RY),Rn 0000nnnnNMMM1110 (RO+Rm) - Rn 1 —
MOV. B RO, @di sp, GBR) 11000000dddddddd RO - (disp + GBR) 1 —
MOV. W RO, @di sp, 3BR) 11000001dddddddd RO - (disp x2 + GBR) 1 —
MOV.L RO, @disp, GBBR) 11000010dddddddd RO - (disp x4 + GBR) 1 —
MOV. B @disp, GBR), R0 11000100dddddddd (disp + GBR) - Sign 1 —
extension - RO
MOV. W @di sp, BBR), R0 11000101dddddddd (disp x 2 + GBR) - Sign 1 —
extension - RO
MOV.L @disp, GBR, R0 11000110dddddddd (disp x4 + GBR) - RO 1 —
MOVA  @disp, PO, RO 11000111dddddddd disp x4 + PC - RO 1 —
MOVT R 0000nnNnn00101001 T > Rn 1 —
SWAP. B Rm Rn 0110nnnNnmmmrl000 Rm - Swap bottom two 1 —
bytes -~ Rn
SWAP. W Rn Rn 0110nnnnmmmi001 Rm - Swap two 1 —
consecutive words — Rn
XTRCT RmRn 0010nnnnmMM 1101 Rm: Middle 32 bits of 1 —
Rn - Rn
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Table2.13 Arithmetic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
ADD Rm R 0011nnnnmmmi100 Rn+Rm - Rn 1 —
ADD #i mm Rn O11lnnnniiiiiiii Rn +imm - Rn 1 —
ADDC RM 0011nnnnnmmil110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV RMm R 0011nnnnmmmillll Rn+Rm - Rn, 1 Overflow
Overflow - T
OW/ EQ #immRO 10001000iiiiiiii IfRO=imm,1 - T 1 Comparison
result
OW EQ RmRn 0011nnnnmmm©000 fRn=Rm,1 - T 1 Comparison
result
CW/ HS RmRn 0011nnnnmmm©O010 If Rn=Rm with unsigned 1 Comparison
data,1 - T result
OW/ GE RmkR 0011nnnnmmmoO011 If Rn = Rm with signed 1 Comparison
data,1 - T result
oW/ H Rm R 0011nnnnnmmm®110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
OW/ GI' RmRn 0011nnnnmmmo111 If Rn > Rm with signed 1 Comparison
data,1 - T result
OW PL R 0100nnnn00010101 IfRn>0,1-T 1 Comparison
result
QW PZ R 0100nnnn00010001 fRn=20,1-T 1 Comparison
result
OW/ STR Rm R 0010nnnnnmmmi.100 If Rn and Rm have 1 Comparison
an equivalent byte, result
1-T
D vi Rm R 0011nnnnmmm0100 Single-step division 1 Calculation
(Rn + Rm) result
D VOS Rm R 0010nnnnmm0111 MSB of Rn - Q, MSB 1 Calculation
of Rm - M,M*"Q - T result
D VoU 0000000000011001 0 - M/QIT 1 0
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Table2.13 Arithmetic Operation I nstructions (cont)

Execu-
tion

Instruction Instruction Code Operation Cycles T Bit

DMLS.L RmRn 0011nnnnmmmil0l Signed operation of Rn  2to 4* —
x Rm - MACH, MACL
32 x32 - 64 bits

DMLU L RmRn 0011nnnnmmmO101 Unsigned operation of  2to4* —
Rn xRm - MACH,
MACL 32 x 32 - 64 bits

Dor R 0100nnnn00010000 Rn—-1 - Rn,whenRn 1 Comparison
is0,1 - T.WhenRnis result
nonzero,0 -~ T

EXTS.B RmRn 0110nnnnmmmil10 Byte in Rm is sign- 1 —
extended - Rn

EXTSSW RmRn 0110nnnnmmmi111 Word in Rm is sign- 1 —
extended - Rn

EXTUB RmRn 0110nnnnmmmi1l00 Byte in Rm is zero- 1 —
extended - Rn

EXTUW RmPRn 0110nnnnmmmi101 Word in Rm is zero- 1 —
extended - Rn

MAC. L @, @G+ 0000NnNnnnmM1L111 Signed operation of 3/[Qto —
(Rn) x (Rm) +MAC - 4)*
MAC 32 x32 +64 -
64 bits

MAC. W  @Rm+, @+ 0100nnnnmmmmil1ll Signed operation of 3/(2)* —
(Rn) x (Rm) + MAC -
MAC 16 x 16 + 64 -
64 bits

ML. L Rm R 0000NnNNNMMMO111 Rn xRm - MACL, 2to4* —
32 x32 - 32 bits

MLS. W RmRn 0010nnnnmmmilll Signed operation of lto3* —
Rn xRm - MACL 16 x
16 - 32 bits

MLU W Rm R 0010nnnnmmm1.110 Unsigned operation of l1to3* —
Rn xRm - MACL 16 x
16 - 32 bits

NEG RM R 0110nnnnnmmi011 0-Rm - Rn 1 —

NEGC Rn R 0110nnnnmmmi010 0-Rm-T - Rn, 1 Borrow
Borrow - T
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Table2.13 Arithmetic Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
SUB Rm Rn 0011nnnnnMmi000 Rn—Rm - Rn 1 —
SUBC RMm R 0011nnnnmmmil010 Rn—-Rm-T - Rn, 1 Borrow
Borrow - T
SUBV R R 0011nnnnmmmil011 Rn—-Rm - Rn, 1 Overflow

Underflow - T

Note: * The normal minimum number of execution cycles. (The number in parentheses is the
number of cycles when there is contention with following instructions.)
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Table2.14 Logic Operation Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
AND Rm R 0010nnnnnMmMmL001 Rn & Rm - Rn 1 —
AND #i mm RO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #i mm @R0, GBR 1100110%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm R 0110nnnnmmm®D111 ~Rm - Rn 1 —
R Rm 0010nnnnmMmi011 Rn|Rm - Rn 1 —
xR #i mm RO 1100102%iiiiiiii RO | imm - RO 1 —
CRB # mm @R), BR 1100122%iiiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS.B @ 0100nnnn00011011 If(Rn)is0,1 - T;1 -5 4 Test
MSB of (Rn) result
TST Rm R 0010nnnnmmmri000 Rn & Rm; if the resultis 1 Test
0,1 T result
TST #i mm RO 11001000iiiiiiii RO & imm; if the resultis 1 Test
0,1-T result
TST.B #imm @RO, BR 11001100iiiiiiii (RO + GBR) & imm; ifthe 3 Test
resultis0,1 - T result
XR Rm 0010nnNnnnmMm1010 Rn~"Rm - Rn 1 —
XR #i mm RO 11001010iiiiiiii RO~ imm - RO 1 —
XCR B #i mm @RO, BR) 11001110iiiiiiii (RO + GBR) " imm - 3 —
(RO + GBR)
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Table2.15 Shift Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
ROTL R 0100nnnn00000100 T « Rn -~ MSB 1 MSB
ROTR R 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL R 0100nnnNn00100100 T<Rn T 1 MSB
ROTCR Rn 0100nnnn00100101 T-Rn T 1 LSB
SHAL R 0100nnnn00100000 T<Rn<0 1 MSB
SHAR R 0100nnnn00100001 MSB - Rn - T 1 LSB
SHL R 0100nnnNn00000000 T<Rn-0 1 MSB
SHR R 0100nnNN00000001 0-Rn-T 1 LSB
SH L2 R 0100nnnNn00001000 Rn<<2 - Rn 1 —
SH R2 R 0100nnnn00001001 Rn>>2 - Rn 1 —
SH L8 R 0100nnnNn00011000 Rn<<8 - Rn 1 —
SH.R8 R 0100nnnNn00011001 Rn>>8 - Rn 1 —
SHL16 R 0100nnnn00101000 Rn<<16 - Rn 1 —
SHRI6 R 0100nnNn00101001 Rn>>16 - Rn 1 —

51

HITACHI



Table2.16 Branch Instructions

Execu-
tion

Instruction Instruction Code Operation Cycles T Bit

BF | abel 10001011dddddddd IfT=0,dispx2+PC - PC;ifT= 3/1* —
1, nop

BF/ S | abel 10001111dddddddd Delayed branch, if T =0, disp x 2 + 3/1* —
PC - PC;if T =1, nop

BT | abel 10001001dddddddd IfT=1,dispx2+PC - PC;ifT= 3/1* —
0, nop

BT/ S | abel 10001101dddddddd Delayed branch, if T =1, disp x2 + 2/1* —
PC - PC;if T =0, nop

BRA | abel 1010dddddddddddd Delayed branch, disp x2 + PC - 2 —
PC

BRAF Rm 0000mMmMM00100011 Delayed branch, Rm + PC - PC 2 —

BSR | abel 1011dddddddddddd Delayed branch, PC - PR, disp x2 2 —
+PC - PC

BSRF Rm 0000MM®D0000011 Delayed branch, PC - PR, 2 —
Rm + PC - PC

IJMP  @m 0100mMmmM®D0101011 Delayed branch, Rm - PC 2 —

JSR @m 0100mMmmM®D0001011 Delayed branch, PC - PR, 2 —
Rm - PC

RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note: * One state when the program does not branch.
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Table2.17 System Control Instructions

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit
Q.RT 0000000000001000 0-T 1 0
CLRVAC 0000000000101000 0 —» MACH, MACL 1 —
LDC Rm SR 0100mmMmM®O0001110 Rm - SR 1 LSB
LDC Rm GBR 0100mmMm©00011110 Rm - GBR 1 —
LDC Rm VBR 0100mmMmM®©0101110 Rm - VBR 1 —
LDC L @, SR 0100mmMO0000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDC L @m+, BR 0100mmr00010111 (Rm) - GBR,Rm+4 - Rm 3 —
LDC L @mt, VBR 0100mMmmMD0100111 (Rm) - VBR,Rm+4 - Rm 3 —
LES Rm MACH 0100mMmmM®O0001010 Rm - MACH 1 —
LDS Rm MACL 0100mmMm©O0011010 Rm - MACL 1 —
LDS Rm PR 0100mmMmM®©0101010 Rm - PR 1 —
LDS. L @+, MACH 0100mmMmM®O0000110 (Rm) - MACH,Rm+4 -~ Rm 1 —
LDS. L @+, NACL 0100mmm©0010110 (Rm) - MACL,Rm+4 - Rm 1 —
LDS. L @m, PR 0100mMmmr00100110 (Rm) - PR,Rm+4 - Rm 1 —
NCP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —
- PC/SR

SETT 0000000000011000 1T 1 1
SLEEP 0000000000011011 Sleep 3* —
STC SR Rn 0000nnNN00000010 SR - Rn 1 —
STC GBR R 0000nnNN00010010 GBR - Rn 1 —
STC VBR Rn 0000nNnNn00100010 VBR - Rn 1 —
STCL SR @R 0100nnnNn00000011 Rn—-4 - Rn, SR - (Rn) 2 —
STCL GBR @Rn 0100nnnn00010011 Rn—-4 - Rn, GBR - (Rn) 2 —
STC L VBR @Rn 0100nnnn00100011 Rn—-4 - Rn,BR - (Rn) 2 —
STS MACH, Rn 0000nnNN00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnnNn00011010 MACL - Rn 1 —
STS PR Rn 0000nnNnn00101010 PR - Rn 1 —
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Table2.17 System Controal Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation Cycles T Bit

STS.L  MACH @Rn 0100nnnNn00000010 Rn—-4 - Rn, MACH - (Rn) 1 —

STS.L  MACL, @Rn 0100nnnn00010010 Rn—-4 - Rn, MACL - (Rn) 1 —

SIS L PR @R 0100nnnn00100010 Rn—-4 - Rn, PR - (Rn) 1 —
TRAPA  #i mm 1100001%iiiiiiii PC/SR - stack area, (imm x4 8 —
+VBR) - PC

Note: * The number of execution cycles before the chip enters sleep mode: The execution cycles
shown in the table are minimums. The actual number of cycles may be increased when (1)
contention occurs between instruction fetches and data access, or (2) when the destination
register of the load instruction (memory - register) and the register used by the next
instruction are the same.
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Table2.18 Floating-Point I nstructions

Execu-
tion

Instruction Instruction Code Operation Cycles T Bit
FABS FRh 1111nnnn01011101 [FRn| - FRn 1 —
FADD FRm FRn 1111nnnnmmmmr0000 FRn + FRm - FRn 1 —
FOW/ EQ FRm FRn 1111nnnnmmm0100 (FRn=FRm)?1.0 - T 1 Comparison

result
FOW/ GT FRm FRn 1111pnnnmMmm©0101  (FRn>FRm)? 1.0 - T 1 Comparison

result
FDO VvV FRm FRn 1111nnnnmmmmo011 FRn/FRm - FRn 13 —
FLD O FRh 1111nnnn10001101 0x00000000 - FRn 1 —
FLD 1 FRn 1111nnnn10011101 0x3F800000 - FRn 1 —
FLDS FRm FPUL 1111nmmm©00011101 FRm - FPUL 1 —
FLOAT FPUL, FRn 1111nnnn00101101 (float) FPUL - FRn 1 —
FMAC FRO, FRm FRn 1111nnnnmmml110 FRO x FRm + FRn - 1 —

FRn

FMOV FRm FRn 1111nnnnmmmmi100 FRm - FRn 1 —
FMOV. S @RO,RM),FRr  111lnnnnmmm®0110 (RO + Rm) - FRn 1 —
FMOV. S @Rm+, FRn 1111nnnnmmil001 (Rm) - FRn,Rm+=4 1 —
FMOV. S @m FRn 1112nnnnmmml000  (Rm) - FRn 1 —
FMOV. S FRm @ RO, Rn) 1111nnnnmmmo111 FRm - (RO + Rn) 1 —
FMOV. S FRm @Rn 1111nnnnmmmi011 Rn—-=4,FRm - (Rn) 1 —
FMOV. S  FRm @ 11121nnnnmmmm1010 FRm - (Rn) 1 —
FMLL FRm FR 1112nnnnmmm©O010  FRn xFRm - FRn 1 —
FNEG FRn 1111nnnn01001101 —-FRn - FRn 1 —
FSTS FPUL, FRn 1111nnnn00001101 FPUL - FRn 1 —
FSUB FRm FR 1111nnnnmmm0001 FRn—FRm - FRn 1 —
FTRC FRm FPUL 1111nmmm©00111101 (long) FRm - FPUL 1 —
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Table2.19 FPU-Related CPU Instructions

Execu-

tion
Instruction Instruction Code Operation Cycles T Bit
LDS Rm FPSCR 0100mmMm©1101010 Rm - FPSCR 1 —
LDS Rm FPUL 0100mmmM©1011010 Rm - FPUL 1 —
LDS. L @Rm+, FPSCR 0100mMmM®O1100110 @Rm - FPSCR,Rm+=4 1 —
LDS. L @, FPUL 0100mmMm©1010110 @Rm - FPUL, Rm+=4 1 —
STS FPSCR Rn 0000nnnNn01101010 FPSCR - Rn 1 —
STS FPUL, Rn 0000nnnNn01011010 FPUL - Rn 1 —
STS. L FPSCR @ Rn 0100nnnn01100010 Rn-=4, FPCSR - @Rn 1 —
STS. L FPUL, @ R 0100nnnn01010010 Rn—=4, FPUL - @Rn 1 —

25 Processing States

251 State Transitions

The CPU has five processing states: power-on reset, exception processing, bus release, program
execution and power-down. Figure 2.8 shows the transitions between the states.
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From any state

when RES =0
and HSTBY =1
h 4 RES =0
HSTBY =1
Power-on w: \
RES=1
When an interrupt source \4

or DMA address error occurs
Exception processing state

Bus request
cleared

NMI interrupt

Bus request
source occurs

generated

, Exception Exception
Bus release state _~- processing processing
> source occurs ends

Bus request
generated

Bus request
cleared

Bus request
cleared

Bus request
generated

Program execution state

SBY bit SBY bit set
cleared for SLEEP
for SLEEP

) k instruction
instruction

Sleep mode Software standby mode

Hardware standby mode

Power-down state

From any state when
RES =0 and HSTBY =0

Note: An internal reset due to the WDT causes a transition from the program execution state

or sleep mode to the exception processing state.

Figure2.8 Transitionsbetween Processing States
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Power-On Reset State: The CPU resetsin the reset state. When the HSTBY pinisdriven high
and the RES pin level goes low, the power-on reset state is entered.

Exception Processing State: The exception processing state is atransient state that occurs when
exception processing sources such as resets or interrupts alter the CPU'’ s processing state flow.

For areset, theinitial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception processing vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start addressis fetched
from the exception processing vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the
program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the sleep mode or the software standby mode.
If the HSTBY pin is driven low when the RES pin is low, the CPU will enter the hardware
standby mode.

Bus Release State: In the bus release state, the CPU releases access rights to the bus to the device
that has requested them.
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Section 3 Floating-Point Unit (FPU)

3.1 Overview

The SH7055 has an on-chip floating-point unit (FPU), The FPU’ s register configuration is shown
infigure 3.1.

Floating-point registers

31 0
FRO FRO functions as the index register
FR1 for the FMAC instruction.

FR2
FR3
FR4
FR5
FR6
FR7
FR8
FR9
FR10
FR11
FR12
FR13
FR14
FR15

Floating-point system registers

31 0 Floating-point communication register

| FPUL | Specifies buffer as communication register between CPU
and FPU*.

31 0 Floating-point status/control register

| FPSCR |

Indicates status/control information relating to FPU
exceptions*.

Note: * For details, see section 3.2, Floating-Point Registers and Floating-Point System Registers.

Figure3.1 Overview of Register Configuration
(Floating-Point Registers and Floating-Point System Registers)
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3.2 Floating-Point Register s and Floating-Point System Registers

321 Floating-Point Register File

The SH7055 has sixteen 32-bit single-precision floating-point registers. Register specifications are
aways made as 4 bits. In assembly language, the floating-point registers are specified as FRO,
FR1, FR2, and so on. FRO functions as the index register for the FMAC instruction.

322 Floating-Point Communication Register (FPUL)

Information for transfer between the FPU and the CPU is transferred viathe FPUL communication
register, which resembles MACL and MACH in the integer unit. The SH7055 is provided with
this communication register since the integer and floating-point formats are different. The 32-bit
FPUL isasystem register, and is accessed by the CPU by means of LDS and STS instructions.

323 Floating-Point Status/Control Register (FPSCR)

The SH7055 has a floating-point status/control register (FPSCR) that functions as a system
register accessed by means of LDS and STS instructions (figure 3.2). FPSCR can be written to by
auser program. Thisregister is part of the process context, and must be saved when the context is
switched. It may also be necessary to save this register when a procedure call is made.

FPSCR is a 32-bit register that controls the storage of detailed information relating to the rounding
mode, asymptotic underflow (denormalized numbers), and FPU exceptions. The module stop bit
that disablesthe FPU itself is provided in the module standby control register (MSTCR). For
details, see section 24, Power-Down State. After areset start, the FPU is enabled.

Table 3.1 shows the flags corresponding the five kinds of FPU exception. A sixth flag isaso
provided as an FPU error flag that indicates an floating-point unit error state not covered by the
other five flags.

Table3.1 Floating-Point Exception Flags

Flag Meaning Support in SH7055
E FPU error —

\% Invalid operation Yes

z Division by zero Yes

(0] Overflow (value not expressed) —

U Underflow (value not expressed) —

I Inexact (result not expressed) —
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The bitsin the cause field indicate the exception cause for the instruction executing at the time.
The cause bits are modified by a floating-point instruction. These bits are set to 1 or cleared to 0
according to whether or not an exception state occurred during execution of a single instruction.

The bitsin the enable field specify the kinds of exception to be enabled, allowing the flow to be
changed to exception processing. If the cause bit corresponding to an enable bit is set by the
currently executing instruction, an exception occurs.

The bitsin the flag field are used to keep atally of al exceptions that occur during a series of
instructions. Once one of these bits is set by an instruction, it is not reset by a subsequent
instruction. The bitsin thisfield can only be reset by the explicit execution of a store operation on
FPSCR.
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31

1918171615 14 13121110 9 8 7 6 5 4 3 210

Cause field Enable field Flag field

Reserved
D

=
ey

M

CE|CV|CZ|CO|CU|CI EV|EZ|EO|EU| El|Fv|Fz|Folru| Fi

DN:

CV:

Cz:

EV:

EZ:

FV:

FZ:

RM:

Denormalized bit

In the SH7055 this bit is always set to 1, and the source or destination operand
of a denormalized number is 0. This bit cannot be modified even by an LDS
instruction.

Invalid operation cause bit

When 1: Indicates that an invalid operation exception occurred during execution
of the current instruction.

When 0: Indicates that an invalid operation exception has not occurred.

Division-by-zero cause bit

When 1: Indicates that a division-by-zero exception occurred during execution
of the current instruction.

When 0: Indicates that a division-by-zero exception has not occurred.

Invalid operation exception enable

When 1: Enables invalid operation exception generation.

When 0: An invalid operation exception is not generated, and a gNAN is returned
as the result.

Division-by-zero exception enable

When 1: Enables exception generation due to division-by-zero during execution
of the current instruction.

When 0: A division-by-zero exception is not generated, and infinity with the sign
(+ or —) of the current expression is returned as the result.

Invalid operation exception flag bit

When 1: Indicates that an invalid operation exception occurred during instruction
execution.

When 0: Indicates that an invalid operation exception has not occurred.

Division-by-zero exception flag bit

When 1: Indicates that a division-by-zero exception occurred during instruction

execution.
When 0: Indicates that a division-by-zero exception has not occurred.
Rounding bit.

In the SH7055, the value of these bits is always 01, meaning that rounding to zero
(RZ mode) is being used. These bits cannot be modified even by an LDS
instruction.

In the SH7055, the cause field EOUI bits (CE, CO, CU, and Cl), enable field OUI bits
(EO, EU, and El), and flag field OUI bits (FO, FU, and Fl), and the reserved area, are
preset to 0, and cannot be modified even by using an LDS instruction.
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3.3 Floating-Point Format

331 Floating-Point Format

The SH7055 supports single-precision floating-point operations, and fully complies with the
|EEE754 floating-point standard.

A floating-point number consists of the following three fields:

e Sign(s)
» Exponent (€)
e Fraction (f)

The exponent is expressed in biased form, as follows:
e=E + bias

The range of unbiased exponent EisE,,,—1to E,, + 1. ThetwovauesE,,,—1and E, + 1are
distinguished as follows. E,;;, — 1 indicates zero (both positive and negative sign) and a
denormalized number, and E,,, + 1 indicates positive or negative infinity or a non-number (NaN).
In asingle-precision operation, the biasvalueis 127, E,,, is—126, and E,,,, is 127.

31 30 23 22 0

Figure 3.3 Floating-Point Number Format
Floating-point number value v is determined as follows:

If E=E,+ 1andfl =0, visanon-number (NaN) irrespective of sign s
If E=E,t+1landf=0,v=(-1)(infinity) [positive or negative infinity]
If B <= E <= E i, V = (-1)°2F (1L.f) [normalized number]

If E=E,;,—1andf! =0, v = (-1)25""(0.f) [denormalized number]

If E=E,,—1andf=0,v=(-1)% positive or negative zero]
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332 Non-Numbers (NaN)

With non-number (NaN) representation in a single-precision operation value, at least one of hits
22to O isset. If bit 22 is set, thisindicates asignaling NaN (sNaN). If bit 22 isreset, the valueisa
quiet NaN (gNaN).

The bit pattern of a non-number (NaN) is shown in the figure below. Bit N in the figure is set for a
signaling NaN and reset for aquiet NaN. x indicates adon’t care hit (with the proviso that at |east
one of bits 22 to 0 is set). In anon-number (NaN), the sign bit isa don’t care bit.

31 30 23 22 0

X 11111111 NXXXXXXXXXXXKXXXXXXXKXX

N = 1: sNaN
N = 0: gNaN

Figure3.4 NaN Bit Pattern
If anon-number (sNaN) isinput in an operation that generates a floating-point value:

*  Whenthe EV bit in the FPSCR register is reset, the operation result (output) isaquiet NaN
(gNaN).

« WhentheEV bitinthe FPSCR register is set, an invalid operation exception will be generated.
In this case, the contents of the operation destination register do not change.

If aquiet NaN isinput in an operation that generates a floating-point value, and asignaling NaN
has not been input in that operation, the output will always be a quiet NaN irrespective of the
setting of the EV hit in the FPSCR register. An exception will not be generated in this case.

Refer to the SH-2E Programming Manual for details of floating-point operations when a non-
number (NaN) isinput.

3.33 Denor malized Number Values

For a denormalized number floating-point value, the biased exponent is expressed as 0, the
fraction as a non-zero value, and the hidden bit as 0. In the SH7055’ s floating-point unit, a
denormalized number (operand source or operation result) is always flushed to 0 in a floating-
point operation that generates a value (an operation other than copy).
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334 Other Special Values

Floating-point value representations include the seven different kinds of special values shown in

table 3.2.

Table3.2 Representation of Special Valuesin Single-Precision Floating-Point Operations
Specified by IEEE754 Standard

Value Representation

+0.0 0x00000000

-0.0 0x80000000

Denormalized number As described in 3.3.3, Denormalized Number Values
+INF 0x7F800000

—INF OxFF800000

gNaN (quiet NaN)

As described in 3.3.2, Non-Numbers (NaN)

sNaN (signaling NaN)

As described in 3.3.2, Non-Numbers (NaN)

65
HITACHI



34 Floating-Point Exception M odel

341 Enable State Exceptions

Invalid operation and division-by-zero exceptions are both placed in the enable state by setting the
enable bit. All exceptions generated by the FPU are mapped as the same exception event. The
meaning of a particular exception is determined by software by reading system register FPSCR
and analyzing the information held there.

34.2 Disable State Exceptions

If the EV enable bit is not set, agNaN will be generated as the result of an invalid operation
(except for FCMP and FTRC). If the EZ enable hit is not set, division-by-zero will return infinity
with the sign (+ or —) of the current expression. Overflow will generate a finite number which is
the largest value that can be expressed by an absolute value in the format, with the correct sign.
Underflow will generate zero with the correct sign. If the operation result is inexact, the
destination register will store that inexact result.

343 FPU Exception Event and Code

All FPU exceptions have a vector table address offset in address H'00000034 as the same general
exception event; that is, an FPU exception.

344 Floating-Point Data Arrangement in Memory

Single-precision floating-point datais located in memory at a 4-byte boundary; that is, it is
arranged in the same form as an SH7055 long integer.

345 Arithmetic Operations I nvolving Special Operands

All arithmetic operations involving special operands (gNaN, sNaN, +INF, —INF, +0, —0) comply
with the specifications of the IEEE754 standard. Refer to the SH-2E Programming Manual for
details.
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35 Synchronization with CPU

Synchronization with CPU: Floating-point instructions and CPU instructions are executed in
turn, according to their order in the program, but in some cases operations may not be completed
in the program order due to a difference in execution cycles. When a floating-point instruction
accesses only FPU resources, there is no need for synchronization with the CPU, and a CPU
instruction following an FPU instruction can finish its operation before completion of the FPU
operation. Conseguently, in an optimized program, it is possible to effectively conceal the
execution cycle of afloating-point instruction that requires along execution cycle, such asadivide
instruction. On the other hand, a floating-point instruction that accesses CPU resources, such asa
compare instruction, must be synchronized to ensure that the program order is observed.

Floating-Point Instructions That Require Synchronization: Load, store, and compare
instructions, and instructions that access the FPUL or FPSCR register, must be synchronized
because they access CPU resources. Load and store instructions access a general register. Post-
increment load and pre-decrement store instructions change the contents of a general register. A
compare instruction modifiesthe T bit. An FPUL or FPSCR access instruction references or
changes the contents of the FPUL or FPSCR register. These references and changes must all be
synchronized with the CPU.

3.6 Usage Notes

1. When using the FPU (using FPU instructions or FPU-related CPU instructions)
a. Usethe BT/S and BF/Sinstructionsinstead of the BT and BF instructions.

b. The branch destination of TRAP instruction and interrupt/exception handling must be
located at a4n address. In this case, do not place an FPU instruction or FPU-related CPU
instruction at address 4n or 4n+2.

2. When not using the FPU (not using FPU instructions or FPU-related CPU instructions)

After apower-on reset, the FPU should be placed in the module standby state until a DMAC or
AUD buscycleis generated.

Specifically, write 1 to bit 1 in the module standby control register.
This operation is also effective in reducing current dissipation.

When the FPU enters the module standby state, any subsequent FPU instruction or FPU-
related CPU instruction will be subjected to exception handling as an illegal instruction.
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Section4 Operating Modes

4.1 Operating Mode Selection

The SH7055 has five operating modes that are selected by pins MD2 to MDO and FWE. The mode
setting pins should not be changed during operation of the SH7055, and only the setting
combinations shown in table 4.1 should be used.

The PV .1 power supply voltage must be within the range shown in table 4.1.

Table4.1 Operating Mode Selection

) ] Area 0
Operating Pin Settings On-Chip Bus
Mode No. FWE MD2 MD1 MDO  Mode Name ROM width  PV..1 Voltage
Mode 0 0 1 0 0 MCU expanded Disabled 8bits 3.3V 0.3V
Model O 1 0 1 mode 16 bits
Mode 2 0 1 1 0 Enabled Sethby
BCR1
Mode 3 0 1 1 1 MCU single-chip Enabled — 50V 05V
mode
Mode 4 1 1 0 0 Boot mode Enabled Setby 3.3V 0.3V
BCR1
Mode 5 1 1 0 1 — 50v05V
Mode 6 1 1 1 0 User program Enabled Setby 3.3V 0.3V
mode BCR1
Mode 7 1 1 1 1 — 50V 05V
— 0/1 0 1 1 Programmer mode — — 3.3Vv0.3V

There are two MCU operating modes: MCU single-chip mode and MCU expanded mode.

Modes in which the flash memory can be programmed are boot mode and user program mode (the
two on-board programming modes) and programmer mode in which programming is performed
with an EPROM programmer (atype which supports programming of this device).

For details, see section 22, ROM.
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Section 5 Clock Pulse Generator (CPG)

51 Overview

The clock pulse generator (CPG) supplies clock pulses inside the SH7055 chip and to external

devices. The SH7055 CPG consists of an oscillator circuit and a PLL multiplier circuit. There are
two methods of generating a clock with the CPG: by connecting a crystal resonator, or by

inputting an external clock. The oscillator circuit oscillates at the same frequency as the input
clock. A chip operating frequency of 4 times the oscillator frequency is generated by the PLL

multiplier circuit.

The CPG is halted in software standby mode and hardware standby mode.

511 Block Diagram

A block diagram of the clock pulse generator is shown in figure 5.1.

EXTAL

XTAL

PLLVcc

PLLVss

PLLCAP

CK =

v

Oscillator circuit

A\

PLL multiplier circuit

A 4

(system clock)

1 Internal clock

Figure5.1 Block Diagram of Clock Pulse Generator
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51.2 Pin Configuration
The pins relating to the clock pulse generator are shown in table 5.1.

Table5.1 CPG Pins

Pin Name Abbreviation 1/0 Description

External clock EXTAL Input Crystal resonator or external clock input
Crystal XTAL Input Crystal resonator connection

System clock CK Output System clock output

PLL power supply PLLV . Input PLL multiplier circuit power supply

PLL ground PLLV¢ Input PLL multiplier circuit ground

PLL capacitance PLLCAP Input PLL multiplier circuit oscillation external

capacitance pin

5.2 Frequency Ranges
The input frequency and operating frequency ranges are shown in table 5.2.

Table5.2 Input Frequency and Operating Frequency

Input Frequency Range Operating Frequency Range
(MHz) PLL Multiplication Factor (MHz)
5-10 x4 20-40

Note: Crystal resonator and external clock input

For the chip operating frequency, a frequency of 4 times the input frequency (EXTAL pin) is
generated asthe internal clock () by the on-chip PLL circuit. The system clock (CK pin) output
frequency isthe same as that of the internal clock (¢).

Some on-chip peripheral modules operate on a peripheral clock (Pg) obtained by dividing the
internal clock () by 2. Figure 5.2 shows the relationship between the various clocks. As regards
the system clock, since the input clock is multiplied by the PLL multiplier circuit, the phases of
both clocks are not determined uniformly.
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Input clock (EXTAL pin) _,—\J
System clock (CK pin) _,_\_,_\_,_\_,_\_,_\_
Internal clock () _,_\_,_\_,_\_,_\_,_\_
Peripheral clock (Pg) J I_, |_,7

Figure5.2 Input Clock and System Clock

53 Clock Source

Clock pulses can be supplied from a connected crystal resonator or an external clock.

531 Connecting a Crystal Oscillator

Circuit Configuration: Figure 5.3 shows an example of connecting a crystal resonator. Use the
damping resistance (Rd) shown in table 5.3. An AT-cut parallel-resonance type crystal resonator
should be used. Load capacitors (CL1, CL2) must be connected as shown in the figure.

The clock pulses generated by the crystal resonator and internal oscillator are sent to the PLL
multiplier circuit, where amultiplied frequency is selected and supplied inside the SH7055 chip
and to external devices.

The crystal oscillator manufacturer should be consulted concerning the compatibility between the
crystal oscillator and the chip.

EXTAL * i
-

XTAL w || ,J,

CL1 =CL2 =18 to 22 pF (recommended value)

Figure5.3 Connection of Crystal Oscillator (Example)
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Table5.3 Damping Resistance Values (Recommended Values)

Frequency (MHz)

Parameter 5 10

Rd (Q) 500 0

Crystal Oscillator: Figure 5.4 shows an equivalent circuit of the crystal oscillator. Use a crystal
oscillator with the characteristics listed in table 5.4.

EXTAL <—¢ —>» XTAL

Figure5.4 Crystal Oscillator Equivalent Circuit
Table5.4 Crystal Oscillator Parameter s (Recommended Values)

Frequency (MHz)

Parameter 5 10
Rs max (Q) 100 50
CO0 max (pF) 7 7

The crystal oscillator manufacturer should be consulted concerning the compatibility between the
crystal oscillator and the chip.

53.2 External Clock Input Method
An example of external clock input connection is shown in figure 5.5.
When the XTAL pinis placed in the open state, the parasitic capacitance should be 10 pF or less.

Even when an external clock isinput, provide for await of at |east the oscillation settling time
when powering on or exiting standby mode in order to secure the PLL settling time.

74
HITACHI



Open X—

External clock input —>

XTAL

EXTAL

Figure5.5 External Clock Input Method (Example)

5.4 Usage Notes

Notes on Board Design: When connecting a crystal oscillator, observe the following precautions:

» To prevent induction from interfering with correct oscillation, do not route any signal lines

near the oscillator circuitry (figure 5.6).

« When designing the board, place the crystal oscillator and its load capacitors as close as

possibleto the XTAL and EXTAL pins.

Figure 5.6 shows the precautions regarding oscillator circuit system board design.

Crossing of signal
lines prohibited

P

J7::
;::

XTAL

EXTAL

Figure5.6 Precautionsfor Oscillator Circuit System Board Design

PLL Oscillation Power Supply: Place oscillation capacitor C1 and resistor R1 close to the
PLLCAP pins, and ensure that no other signal lines cross this line. Supply the C1 ground from

PLLV.

Separate PLLV . and PLLV  from the other V. and Vg lines at the board power supply source,

and be sure to insert bypass capacitors Cps and Cg close to the pins.
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R1 c1
PLLCAP —AAN, |}
Rp
PLLVcc T NN
T Ces
PLLVss
Vee T .. 1
Vss 1 7J7

Recommended values

CPB’ CB: 0.1 HF

Rp: 200 Q

R1: 3 kQ

C1: 470 pF (laminated ceramic)

Figure5.7 Pointsfor Caution in PLL Power Supply Connection

RN

PLLVss
Tt
PLLCAP ]—/\/\/\,—TT
PLLVcc [ —AN/N o
XTAL [ ] ' || o

Vee

L1 [:j] L
I

EXTAL

O

W

Vss
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Figure5.8 Actual Example of Board Design
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Section 6 Exception Processing

6.1 Overview

6.1.1 Types of Exception Processing and Priority

Exception processing is started by four sources: resets, address errors, interrupts and instructions
and have the priority shown in table 6.1. When several exception processing sources occur at once,
they are processed according to the priority shown.

Table6.1 Typesof Exception Processing and Priority Order

Exception Source Priority

Reset Power-on reset High
Manual reset A

Address CPU address error

error DMAC address error

Instructions FPU exception

Interrupt NMI

User break
H-UDI
IRQ
On-chip peripheral modules:  « Direct memory access controller (DMAC)
e Advanced timer unit-1l (ATU-II)
» Compare match timer 0 (CMTO)
« A/D converter channel 0 (A/DO)
» Compare match timer 1 (CMT1)
« A/D converter channel 1 (A/D1)
* A/D converter channel 2 (A/D2)
» Serial communication interface (SCI)

» Hitachi controller area network 0O

(HCANO)

e Watchdog timer (WDT)

» Hitachi controller area network 1 4
(HCAN 1) Low

i
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Table6.1 Typesof Exception Processing and Priority Order (cont)

Exception Source Priority
Instructions Trap instruction (TRAPA instruction) High
General illegal instructions (undefined code) ¢

lllegal slot instructions (undefined code placed directly after a delay branch Low
instruction** or instructions that rewrite the PC*?)

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,

BRAF.

2. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF.

6.1.2 Exception Processing Operations

The exception processing sources are detected and begin processing according to the timing

shown in table 6.2.

Table6.2 Timing of Exception Source Detection and Start of Exception Processing

Exception  Source

Timing of Source Detection and Start of Processing

Reset Power-on reset

Starts when the RES pin changes from low to high or when the
WDT overflows.

Manual reset

Starts when the WDT overflows.

Address error

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Interrupts

Detected when instruction is decoded and starts when the
previous executing instruction finishes executing.

Instructions  Trap instruction

Starts from the execution of a TRAPA instruction.

General illegal
instructions

Starts from the decoding of undefined code anytime except after
a delayed branch instruction (delay slot).

lllegal slot
instructions

Starts from the decoding of undefined code placed in a delayed
branch instruction (delay slot) or of instructions that rewrite the
PC.

Floating point
instructions

Starts when a floating-point instruction causes an invalid
operation exception (IEEE754 specification) or division-by-zero
exception.
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When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:
Theinitial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and
H'00000004 addresses for power-on resets and the H'00000008 and H'0000000C addresses for
manual resets). See section 6.1.3, Exception Processing Vector Table, for more information.
H'00000000 is then written to the vector base register (VBR) and H'F (1111) is written to the
interrupt mask bits (13-10) of the status register (SR). The program begins running from the PC
address fetched from the exception processing vector table.

2. Exception processing triggered by address errors, interrupts and instructions:
SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level iswritten to the SR’ sinterrupt mask bits (13-10). For address error and
instruction exception processing, the 130 bits are not affected. The start addressis then
fetched from the exception processing vector table and the program begins running from that
address.

6.1.3 Exception Processing Vector Table

Before exception processing begins running, the exception processing vector table must be set in
memory. The exception processing vector table stores the start addresses of exception service
routines. (The reset exception processing table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets, from
which the vector table addresses are calculated. During exception processing, the start addresses of
the exception service routines are fetched from the exception processing vector table, which is
indicated by this vector table address.

Table 6.3 shows the vector numbers and vector table address offsets. Table 6.4 shows how vector
table addresses are calculated.

Table6.3 Exception Processing Vector Table

Vector

Exception Sources Numbers Vector Table Address Offset
Power-on reset PC 0 H'00000000—H'00000003

SP 1 H'00000004—-H'00000007
Manual reset PC 2 H'00000008—-H'0000000B

SP 3 H'0000000C—-H'0000000F
General illegal instruction 4 H'00000010-H'00000013
(Reserved by system) 5 H'00000014-H'00000017
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Table6.3 Exception Processing Vector Table (cont)

Vector
Exception Sources Numbers Vector Table Address Offset
Slot illegal instruction 6 H'00000018-H'0000001B
(Reserved by system) 7 H'0000001C-H'0000001F
8 H'00000020—H'00000023
CPU address error 9 H'00000024—-H'00000027
DMAC address error 10 H'00000028—-H'0000002B
Interrupts NMI 11 H'0000002C—-H'0000002F
User break 12 H'00000030—-H'00000033
FPU exception 13 H'00000034—H'00000037
H-UDI 14 H'00000038-H'0000003B
(Reserved by system) 15 H'0000003C-H'0000003F
31 H'0000007C-H'0000007F
Trap instruction (user vector) 32 H'00000080—-H'00000083
63 H'000000FC—H'000000FF
Interrupts IRQO 64 H'00000100-H'00000103
IRQ1 65 H'00000104—H'00000107
IRQ2 66 H'00000108-H'0000010B
IRQ3 67 H'0000010C—-H'0000010F
IRQ4 68 H'00000110-H'00000113
IRQ5 69 H'00000114-H'00000117
IRQ6 70 H'00000118-H'0000011B
IRQ7 71 H'0000011C-H'0000011F
On-chip peripheral module* 72 H'00000120-H'00000124
255 H'000003FC—-H'000003FF

Note: * The vector numbers and vector table address offsets for each on-chip peripheral module
interrupt are given in table 7.3, Interrupt Exception Processing Vectors and Priorities, in
section 7, Interrupt Controller.
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Table6.4 Calculating Exception Processing Vector Table Addresses

Exception Source Vector Table Address Calculation
Resets Vector table address = (vector table address offset)
= (vector number) x 4
Address errors, interrupts, Vector table address = VBR + (vector table address offset)
instructions = VBR + (vector number) x 4

Notes: 1. VBR: Vector base register
2. Vector table address offset: See table 6.3.
3. Vector number: See table 6.3.
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6.2 Resets

6.2.1 Types of Reset

A reset is the highest-priority exception processing source. There are two kinds of reset, power-on
and manual. As shown in table 6.5, the CPU state isinitialized in both a power-on reset and a
manual reset. On-chip peripheral module registers are also initialized by a power-on reset, but not
by amanual reset.

Table6.5 Exception Source Detection and Exception Processing Start Timing

Conditions for Transition

to Reset State Internal States
On-Chip
WDT CPU/MULT/  Peripheral
Type RES Overflow FPU/INTC Modules PFC, IO Port
Power-on reset Low — Initialized Initialized Initialized
High Power-on reset Initialized Initialized Not initialized
Manual reset High Manual reset Initialized Not initialized  Not initialized

6.2.2 Power-On Reset

Power-On Reset by M eans of RES Pin: When the RES pin is driven low, the chip enters the
power-on reset state. To reliably reset the chip, the RES pin should be kept at the low level for at
least the duration of the oscillation settling time at power-on or when in standby mode (when the
clock ishalted), or at least 20 . when the clock is running. In the power-on reset state, the CPU’s
internal state and al the on-chip peripheral module registers are initialized. See Appendix B, Pin
States, for the state of individual pinsin the power-on reset state.

In the power-on reset state, power-on reset exception processing starts when the RES pin isfirst
driven low for aset period of time and then returned to high. The CPU operates as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitial value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

4. The valuesfetched from the exception processing vector table are set in the PC and SP, and the
program begins executing.

Be certain to aways perform power-on reset processing when turning the system power on.
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Power-On Reset Initiated by WDT: When a setting is made for a power-on reset to be generated
in the WDT’ s watchdog timer mode, and the WDT’'s TCNT overflows, the chip enters the power-
on reset state.

The pin function controller (PFC) registers and I/O port registers are not initialized by the reset
signal generated by the WDT (these registers are only initialized by a power-on reset from off-
chip).

If reset caused by the input signal at the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bit in RSTCSR is cleared to O.
When WDT-initiated power-on reset processing is started, the CPU operates as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitial value of the stack pointer (SP) is fetched from the exception processing vector table.
3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

4. The valuesfetched from the exception processing vector table are set in the PC and SP, and the
program begins executing.

6.2.3 Manual Reset

When a setting is made for a manual reset to be generated in the WDT’ s watchdog timer mode,
and the WDT's TCNT overflows, the chip enters the power-on reset state.

When WDT-initiated manual reset processing is started, the CPU operates as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitial value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (1111).

4. The values fetched from the exception processing vector table are set in the PC and SP, and the
program begins executing.

When amanual reset is generated, the bus cycle is retained, but if a manual reset occurs while the
busisreleased or during DMAC burst transfer, manual reset exception processing will be deferred
until the CPU acquires the bus. However, if the interval from generation of the manual reset until
the end of the bus cycleis equal to or longer than the internal manual reset interval of 512 cycles,
the internal manual reset sourceisignored instead of being deferred, and manual reset exception
processing is not executed.
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6.3 AddressErrors

6.3.1 AddressError Sources

Address errors occur when instructions are fetched or data read or written, as shown in table 6.6.

Table6.6 BusCyclesand AddressErrors
Bus Cycle
Bus

Type Master Bus Cycle Description Address Errors

Instruction CPU Instruction fetched from even address None (normal)

fetch Instruction fetched from odd address Address error occurs
Instruction fetched from other than on-chip None (normal)
peripheral module space*
Instruction fetched from on-chip peripheral Address error occurs
module space*
Instruction fetched from external memory Address error occurs
space when in single chip mode

Data CPU or Word data accessed from even address None (normal)

read/write DMAC

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword
boundary

None (normal)

Longword data accessed from other than a
long-word boundary

Address error occurs

Byte or word data accessed in on-chip
peripheral module space*

None (normal)

Longword data accessed in 16-bit on-chip
peripheral module space*

None (normal)

Longword data accessed in 8-bit on-chip
peripheral module space*

Address error occurs

External memory space accessed when in
single chip mode

Address error occurs

Note: * See section 9, Bus State Controller, for details of the on-chip peripheral module space.
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6.3.2 Address Error Exception Processing

When an address error occurs, the bus cycle in which the address error occurred ends. When the
executing instruction then finishes, address error exception processing starts up. The CPU operates

asfollows:

1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

3. The exception service routine start address is fetched from the exception processing vector
table that corresponds to the address error that occurred and the program starts executing from
that address. The jJump that occursis not a delayed branch.

6.4 Interrupts

6.4.1 Interrupt Sources

Table 6.7 shows the sources that start up interrupt exception processing. These are divided into
NMI, user breaks, H-UDI, IRQ and on-chip peripheral modules.

Table6.7 Interrupt Sources

Number of
Type Request Source Sources
NMI NMI pin (external input) 1
User break User break controller 1
H-UDI Hitachi user debug interface 1
IRQ TRQO-IRQ7 (external input) 8
On-chip peripheral module Direct memory access controller (DMAC) 4
Advanced timer unit (ATU-II) 75
Compare match timer (CMT) 2
A/D converter 3
Serial communication interface (SCI) 20
Watchdog timer (WDT)
Hitachi controller area network (HCAN) 8

Each interrupt source is allocated a different vector number and vector table offset. See table 7.3,
Interrupt Exception Processing Vectors and Priorities, in section 7, Interrupt Controller, for more
information on vector numbers and vector table address offsets.
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6.4.2 Interrupt Priority Level

Theinterrupt priority order is predetermined. When multiple interrupts occur simultaneously
(overlap), the interrupt controller (INTC) determines their relative priorities and starts up
processing according to the results.

The priority order of interruptsis expressed as priority levels 0-16, with priority O the lowest and
priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, so it is always
accepted. The user break interrupt and H-UDI interrupt priority level is 15. IRQ interrupts and on-
chip peripheral module interrupt priority levels can be set freely using the INTC’ sinterrupt
priority registers A through L (IPRA to IPRL) as shown in table 6.8. The priority levels that can be
set are 0-15. Level 16 cannot be set. See section 7.3.1, Interrupt Priority Registers A-L, for details
of the interrupt priority registers.

Table6.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ 0-15 Set with interrupt priority level setting registers A
through L (IPRA to IPRL).

On-chip peripheral module 0-15 Set with interrupt priority level setting registers A

through L (IPRA to IPRL).

6.4.3 I nterrupt Exception Processing

When an interrupt occurs, its priority level is ascertained by the interrupt controller (INTC). NMI
is aways accepted, but other interrupts are only accepted if they have a priority level higher than
the priority level set in the interrupt mask bits (13-0) of the status register (SR).

When an interrupt is accepted, exception processing begins. In interrupt exception processing, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits I3-10. For NMI, however, the priority level is 16, but the value set in
13-10isH'F (level 15). Next, the start address of the exception service routine is fetched from the
exception processing vector table for the accepted interrupt, that addressis jumped to and
execution begins. See section 7.4, Interrupt Operation, for further details.
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6.5 Exceptions Triggered by Instructions

6.5.1 Types of Exceptions Triggered by Instructions

Exception processing can be triggered by trap instructions, general illegal instructions, and illegal
dlot instructions, and floating-point instructions, as shown in table 6.9.

Table6.9 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment
Trap instructions TRAPA

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot) BRAF
and instructions that rewrite Instructions that rewrite the PC: JMP, JSR,
the PC BRA, BSR, RTS, RTE, BT, BF, TRAPA,

BF/S, BT/S, BSRF, BRAF

General illegal Undefined code anywhere

instructions besides in a delay slot
Floating-point Instruction causing an invalid FADD, FSUB, FMUL, FDIV, FMAC,
instructions operation exception defined in FCMP/EQ, FCMP/GT, FNEG, FABS, FTRC

the IEEE754 standard or a
division-by-zero exception

6.5.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception processing starts up. The CPU
operates as follows:

1. Thestatusregister (SR) is saved to the stack.
2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

3. The exception service routine start address is fetched from the exception processing vector
table that corresponds to the vector number specified in the TRAPA instruction. That address
isjumped to and the program starts executing. The jump that occursis not a delayed branch.
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6.5.3 Illegal Slot Instructions

An instruction placed immediately after adelayed branch instruction is said to be placed in adelay
slot. When the instruction placed in the delay slot is undefined code, illegal slot exception
processing starts up when that undefined code is decoded. Illegal slot exception processing also
starts up when an instruction that rewrites the program counter (PC) is placed in adelay slot. The
processing starts when the instruction is decoded. The CPU handles an illegal slot instruction as
follows:

1. Thestatusregister (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the jump address of the
delayed branch instruction immediately before the undefined code or the instruction that
rewrites the PC.

3. The exception service routine start address is fetched from the exception processing vector
table that corresponds to the exception that occurred. That address is jumped to and the
program starts executing. The jump that occurs is not a delayed branch.

6.5.4 General Illegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., inadelay dot) is decoded, general illegal instruction exception processing starts up. The
CPU handles generd illegal instructions in the same way asillegal slot instructions. Unlike
processing of illegal slot instructions, however, the program counter value stored is the start
address of the undefined code.

When the FPU has been stopped by means of the module stop bit, floating-point instructions and
FPU-related CPU instructions are treated asillegal instructions.

6.5.5 Floating-Point Instructions

Whenthe V or Z hit is set in the enable field of the FPSCR register, an FPU exception occurs.
This indicates that a floating-point instruction has caused an invalid operation exception defined in
the |IEEE754 standard or a division-by-zero exception. Floating-point instructions which can cause
an exception are as follows:

FADD, FSUB, FMUL, FDIV, FMAC, FCMP/EQ, FCMP/GT, FNEG,
FABS, FTRC

An FPU exception occurs only if the corresponding enable bit is set. When the FPU detects an
exception source, FPU operation is suspended and the occurrence of the exception is reported to
the CPU. When exception processing is started, the CPU saves the SR and PC contents to the
stack (the PC value saved is the start address of the instruction following the last instruction
executed), and branches to VBR + H'00000034.
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The exception flag bits in the FPSCR are always updated, regardless of whether or not an FPU
exception is accepted, and remain set until the user clears them explicitly with an instruction.
FPSCR cause hits change each time an FPU instruction is executed.

Exception events other than those defined in the IEEE754 standard (i.e., underflow, overflow, and

inexact exceptions) are detected by the FPU but do not result in the generation of any kind of
exception. Neither is an FPU exception generated by a floating-point instruction relating to data
transfer, such as FLOAT.

6.6 When Exception Sources Are Not Accepted

When an address error or interrupt is generated after a delayed branch instruction or interrupt-
disabled instruction, it is sometimes not accepted immediately but stored instead, as shown in
table 6.10. When this happens, it will be accepted when an instruction that can accept the
exception is decoded.

Table6.10 Generation of Exception Sources | mmediately after a Delayed Branch
Instruction or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Bus Error Interrupt FPU Exception

Immediately after a delayed branch Not accepted Not accepted  Not accepted

instruction*!

Immediately after an interrupt-disabled Not accepted*™ Not accepted  Accepted

instruction*2

Immediately after an FPU instruction™3 Not accepted Not accepted  Accepted

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
BRAF

2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, STS.L

3. FPU instructions: Table 2.18, Floating-Point Instructions, and table 2.19, FPU-Related

CPU Instructions, in section 2.4.1, Instruction Set by Classification.
4. Inthe SH-2 a bus error is accepted.
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6.7 Stack Status after Exception Processing Ends

The status of the stack after exception processing endsis as shown in table 6.11.

Table6.11 Stack Status After Exception Processing Ends

Exception Type

Stack Status

Address error = I~
Address of instruction .
SP> after executed instruction 32 bits
SR 32 bits
Trap instruction T .
Address of instruction :
SP > after TRAPA instruction 32 bits
SR 32 bits
General illegal instruction “Add Py — iy
ress of instruction after . , .
SP > general illegal instruction 32 bits
SR 32 bits
Interrupt F " f T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
lllegal slot instruction “,] — .
ump destination address .
SP > of delay branch instruction 32 Pits
SR 32 bits
FPU exception F _ _ ]
SP»] Address of instruction after32 bits

FPU exception instruction

SR 32 bits
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6.8 Usage Notes

6.8.1 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception processing.

6.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception processing.

6.8.3 AddressErrors Caused by Stacking of Address Error Exception Processing

When the stack pointer is not a multiple of four, an address error will occur during stacking of the
exception processing (interrupts, etc.) and address error exception processing will start up as soon
asthefirst exception processing is ended. Address errors will then also occur in the stacking for
this address error exception processing. To ensure that address error exception processing does not
go into an endless loop, no address errors are accepted at that point. This allows program control
to be shifted to the address error exception service routine and enables error processing.

When an address error occurs during exception processing stacking, the stacking bus cycle (write)
is executed. During stacking of the status register (SR) and program counter (PC), the SPis
decremented by 4 for both, so the value of SP will not be a multiple of four after the stacking
either. The address value output during stacking is the SP value, so the address where the error
occurred isitself output. This means the write data stacked will be undefined.
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Section 7 Interrupt Controller (INTC)

7.1 Overview

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controlsinterrupt
requests to the CPU. The INTC has registers for setting the priority of each interrupt which can be
used by the user to order the priorities in which the interrupt requests are processed.

711 Features
The INTC has the following features:

e 16 levelsof interrupt priority
By setting the twelve interrupt-priority level registers, the priorities of IRQ interrupts and on-
chip peripheral module interrupts can be set in 16 levels for different request sources.

* NMI noise canceler function
NMI input level bitsindicate the NMI pin status. By reading these bits with the interrupt
exception service routine, the pin status can be confirmed, enabling it to be used as anoise
canceler.

+ Notification of interrupt occurrence can be reported externally (IRQOUT pin)
For example, it is possible to request the busif an external bus master isinformed that a
peripheral module interrupt has occurred when the chip has released the bus.
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7.1.2

Block Diagram

Figure 7.1 isablock diagram of the INTC.

IRQOUT <4
NMI —————»] ) >
RQO T > >
_ |
IRQ1 —:—> > ]
IRQ2 ——» —> —>
RaE —. Input | [} CPU/ | | Priority
——> )
| control DMAC ranking
IRQ4 — > ™ request [ | judg-
IRQ5 —:—» —» judg- | ment Interrupt
IRQ6 —:—» » ment |—p request
1IRQ7 ——” > —>
i 4 SR
|
UBC ' (Interrupt request) _ L, m
+ |
H-UDI ' (Interrupt request) _ L, | cPU
- > |
DMAG ! (Interrupt request) _ L !
ATUAI ! (Interrupt request) : L, :
CMT ! (Interrupt request) : -, !
AID ! (Interrupt request) : L, !
sc| | (Interrupt request) : . !
WDT | (Interrupt request) : L, !
| (Interrupt request) | | !
HCAN —; > —» :
! |
| ' i :
! |
: PR _Jj :
: ISR || l
l :
I IPRA-IPRL |
= O oy
l N
Bus =
I IS
! Module bus interface g
' £
e i INTC----=-=-==—————————-— ¥
UBC: User break controller SCI: Serial communication interface
H-UDI: Hitachi user debug interface WDT: Watchdog timer
DMAC: Direct memory access controller HCAN: Hitachi controller area network
ATU-II: Advanced timer unit ICR: Interrupt control register
CMT: Compare match timer ISR: IRQ status register
A/D: A/D converter IPRA-IPRL: Interrupt priority level setting registers A to L
SR: Status register
Figure7.1 INTC Block Diagram
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7.1.3 Pin Configuration
Table 7.1 shows the INTC pin configuration.
Table7.1 Pin Configuration

Name Abbreviation /O

Function

Non-maskable interrupt input pin ~ NMI |

Input of non-maskable interrupt
request signal

Interrupt request input pins IRQO-IRQ7 |

Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT (o]

Output of notification signal when an
interrupt has occurred

HITACHI
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714 Register Configuration

The INTC has the 14 registers shown in table 7.2. These registers set the priority of the interrupts
and control external interrupt input signal detection.

Table7.2 Register Configuration

Name Abbr. R/W Initial Value Address Access Sizes
Interrupt priority register A IPRA R/W H'0000 H'FFFF EDOO 8, 16, 32
Interrupt priority register B IPRB R/W H'0000 H'FFFF EDO2 8,16, 32
Interrupt priority register C IPRC R/W H'0000 H'FFFF EDO4 8, 16, 32
Interrupt priority register D IPRD R/W H'0000 H'FFFF EDO6 8, 16, 32
Interrupt priority register E IPRE R/W H'0000 H'FFFF EDO8 8,16, 32
Interrupt priority register F IPRF R/W H'0000 H'FFFF EDOA 8, 16, 32
Interrupt priority register G IPRG R/W H'0000 H'FFFF EDOC 8, 16, 32
Interrupt priority register H IPRH R/W H'0000 H'FFFF EDOE 8, 16, 32
Interrupt priority register | IPRI R/W H'0000 H'FFFF ED10 8, 16, 32
Interrupt priority register J IPRJ R/W H'0000 H'FFFF ED12 8, 16, 32
Interrupt priority register K IPRK R/W H'0000 H'FFFF ED14 8,16, 32
Interrupt priority register L IPRL R/W H'0000 H'FFFF ED16 8, 16, 32
Interrupt control register ICR R/W *1 H'FFFF ED18 8, 16, 32
IRQ status register ISR R(W)*?> H'0000 HFFFF ED1A 8, 16, 32

Notes: Three access cycles are required for byte access and word access, and six cycles for
longword access.

1. The value when the NMI pin is high is H'8000; when the NMI pin is low, it is H'0000.
2. Only 0 can be written, in order to clear flags.
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7.2 Interrupt Sources

There are five types of interrupt sources. NMI, user breaks, H-UDI, IRQ, and on-chip peripheral
modules. Each interrupt has a priority expressed as a priority level (0 to 16, with O the lowest and
16 the highest). Giving an interrupt a priority level of 0 masksiit.

721 NMI Interrupts

The NMI interrupt has priority 16 and is aways accepted. Input at the NMI pin is detected by
edge. Use the NMI edge select bit (NMIE) in the interrupt control register (ICR) to select either
therising or falling edge. NMI interrupt exception processing sets the interrupt mask level bits
(13H0) in the status register (SR) to level 15.

722 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and are
held until accepted. User break interrupt exception processing sets the interrupt mask level bits
(13H0) in the status register (SR) to level 15. For more information about the user break interrupt,
see section 8, User Break Controller.

723 H-UDI Interrupt

A serial debug interface (H-UDI) interrupt has a priority level of 15, and occurs when an H-UDI
interrupt instruction is serially input. H-UDI interrupt requests are detected by edge and are held
until accepted. H-UDI exception processing sets the interrupt mask level bits (13-10) in the status
register (SR) to level 15. For more information about the H-UDI interrupt, see section 18, Hitachi
User Debug Interface.

724 IRQ Interrupts

IRQ interrupts are requested by input from pins IRQO-IRQ7. Set the IRQ sense select bits
(IRQOSHRQY7S) of the interrupt control register (ICR) to select low level detection or falling edge
detection for each pin. The priority level can be set from 0 to 15 for each pin using interrupt
priority registers A and B (IPRA— PRB).

When IRQ interrupts are set to low level detection, an interrupt request signal is sent to the INTC
during the period the IRQ pinis low. Interrupt request signals are not sent to the INTC when the
IRQ pin becomes high. Interrupt request levels can be confirmed by reading the IRQ flags
(IRQOF RQYF) of the IRQ status register (ISR).
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When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the
INTC upon detecting a change on the IRQ pin from high to low level. IRQ interrupt request
detection results are maintained until the interrupt request is accepted. Confirmation that IRQ
interrupt requests have been detected is possible by reading the IRQ flags (IRQOF-IRQ7F) of the
IRQ status register (ISR), and by writing a 0 after reading a 1, IRQ interrupt request detection
results can be withdrawn.

In IRQ interrupt exception processing, the interrupt mask bits (13-10) of the status register (SR)
are set to the priority level value of the accepted IRQ interrupt.

7.25 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are interrupts generated by the following on-chip peripheral
modules:

< Direct memory access controller (DMAC)
e Advanced timer unit (ATU-I1)

e Compare match timer (CMT)

e A/D converter (A/D)

»  Serial communication interface (SCI)

* Watchdog timer (WDT)

» Hitachi controller area network (HCAN)

A different interrupt vector is assigned to each interrupt source, so the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers C-L (IPRC—
IPRL).

On-chip peripheral module interrupt exception processing sets the interrupt mask level bits (13-10)
in the status register (SR) to the priority level value of the on-chip peripheral module interrupt that
was accepted.
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7.2.6 Interrupt Exception Vectorsand Priority Rankings

Table 7.3 lists interrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt source is allocated a different vector number and vector table address offset. Vector
table addresses are calculated from vector numbers and address offsets. In interrupt exception
processing, the exception service routine start address is fetched from the vector table indicated by
the vector table address. See table 6.4, Calculating Exception Processing Vector Table Addresses,
in section 6, Exception Processing.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0 and
15 for each pin or module by setting interrupt priority registers A—L (IPRA—-PRL). The ranking of
interrupt sources for IPRC-IPRL, however, must be the order listed under Priority within IPR
Setting Range in table 7.3 and cannot be changed. A power-on reset assigns priority level 0to IRQ
interrupts and on-chip peripheral module interrupts. If the same priority level is assigned to two or
more interrupt sources and interrupts from those sources occur simultaneously, their priority order
isthe default priority order indicated at the right in table 7.3.
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Table7.3

Interrupt Exception Processing Vectorsand Priorities

Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
NMI 11 H'0000002C to 16 — — High
H'0000002F A
UBC 12 H'00000030 to 15 — —
H'00000033
H-UDI 14 H'00000038to 15 — —
H'00000038
IRQO 64 H'00000100to Oto 15 (0) IPRA —
H'00000103 (15-12)
IRQ1 65 H'00000104 to 0to 15 (0) IPRA —
H'00000107 (11-8)
IRQ2 66 H'00000108 to 0Oto 15 (0) IPRA —
H'0000010B (7-4)
IRQ3 67 H'0000010C to Oto 15 (0) IPRA —
H'0000010F (3-0)
IRQ4 68 H'00000110to Oto 15 (0) IPRB —
H'00000113 (15-12)
IRQ5 69 H'00000114 to 0to 15 (0) IPRB —
H'00000117 (11-8)
IRQ6 70 H'00000118to Oto 15 (0) IPRB —
H'0000011B (7-4)
IRQ7 71 H'0000011Cto Oto 15 (0) IPRB —
H'0000011F (3-0)
DMACO DEIO 72 H'00000120to Oto 15 (0) IPRC ) 1
H'00000123 (15-12)
DMAC1 DEIl 74 H'00000128 to 0 to 15 (0) ! 2
H'0000012B
DMAC2 DEI2 76 H'00000130to Oto 15 (0) IPRC ) 1
H'00000133 (11-8) Y
DMAC3 DEI3 78 H'00000138to 0 to 15 (0) ! 2 Low
H'0000013B
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Table7.3

Interrupt Vector

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATUO ATUO1 ITV1l/ 80 H'00000140to 0to 15 (0) IPRC High
ITV2A/ H'00000143 (7-4) A
ITV2B
ATUO2 ICIOA 84 H'00000150to Oto 15 (0) IPRC ) 1
H'00000153 (3-0)
ICIOB 86 H'00000158 to ! 2
H'0000015B
ATUO3 ICIOC 88 H'00000160 to 0Oto 15 (0) IPRD ) 1
H'00000163 (15-12)
ICIOD 90 H'00000168 to ! 2
H'0000016B
ATUO04 OVIO 92 H'00000170to Oto 15 (0) IPRD
H'00000173 (11-8)
ATU1l ATU11 IMI1A/ 96 H'00000180to Oto 15 (0) IPRD 1 1
CMI1 H'00000183 (7-4)
IMILB 97 H'00000184 to 2
H'00000187
IMILC 98 H'00000188 to 3
H'0000018B
IMILD 99 H'0000018C to ! 4
H'0000018F
ATU12 IMI1IE 100 H'00000190to Oto 15 (0) IPRD 1 1
H'00000193 (3-0)
IMILF 101 H'00000194 to 2
H'00000197
IMILG 102 H'00000198 to 3
H'0000019B
IMITH 103 H'0000019C to ! 4
H'0000019F Y
ATU13 OVI1A/ 104 H'000001A0to Oto 15 (0) IPRE Low
OVIlB H'000001A3 (15-12)
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Table7.3

Interrupt Vector

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU2 ATU21 IMI2A/ 108 H'000001BOto Oto 15 (0) IPRE i 1 High
CMI2A H'000001B3 (11-8) A
IMI2B/ 109 H'000001B4 to 2
CMI2B H'000001B7
IMI2C/ 110 H'000001B8 to 3
CMI2C H'000001BB
IMI2D/ 111 H'000001BC to ! 4
CMI2D H'000001BF
ATU22 IMI2E/ 112 H'000001COto Oto 15(0) IPRE 1 1
CMI2E H'000001C3 (7-4)
IMI2F/ 113 H'000001C4 to 2
CMI2F H'000001C7
IMI2G/ 114 H'000001C8 to 3
CMI2G H'000001CB
IMI2H/ 115 H'000001CC to ! 4
CMI2H H'000001CF
ATU23 OVI2A/ 116 H'000001D0to Oto 15 (0) IPRE
oVvi2B H'000001D3 (3-0)
ATU3 ATU31 IMI3A 120 H'000001EO0to Oto 15(0) IPRF 1 1
H'000001E3 (15-12)
IMIBB 121 H'000001E4 to 2
H'000001E7
IMIBC 122 H'000001ES8 to 3
H'000001EB
IMIBD 123 H'000001EC to ! 4
H'000001EF v
ATU32 OVI3 124 H'000001F0Oto Oto 15(0) IPRF Low
H'000001F3 (11-8)
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Table7.3

Interrupt Vector

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU4 ATU41 IMI4A 128 H'00000200to Oto 15 (0) IPRF i 1 High
H'00000203 (7-4) A
IMI4AB 129 H'00000204 to 2
H'00000207
IMIAC 130 H'00000208 to 3
H'0000020B
IMI4AD 131 H'0000020C to ! 4
H'0000020F
ATU42 O0OVi4 132 H'00000210to Oto 15 (0) IPRF
H'00000213 (3-0)
ATU5 ATU51 IMISA 136 H'00000220to 0Oto 15(0) IPRG 1 1
H'00000223 (15-12)
IMI5SB 137 H'00000224 to 2
H'00000227
IMI5SC 138 H'00000228 to 3
H'0000022B
IMISD 139 H'0000022C to ! 4
H'0000022F
ATU52 O0OVI5 140 H'00000230to 0Oto 15(0) IPRG
H'00000233 (11-8)
ATUG6 CMIBA 144 H'00000240to 0to 15 (0) IPRG 1 1
H'00000243 (7-4)
CMI6B 145 H'00000244 to 2
H'00000247
CMI6C 146 H'00000248 to 3
H'0000024B 1 ]
CMI6D 147 H'0000024C to ! 4 Low
H'0000024F
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Table7.3

Interrupt Vector

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU7 CMI7A 148 H'00000250to Oto 15 (0) IPRG 1 1 High
H'00000253 (3-0) A
CMI7B 149 H'00000254 to 2
H'00000257
CMI7C 150 H'00000258 to 3
H'0000025B
CMI7TD 151 H'0000025C to ! 4
H'0000025F
ATU8 ATU81 OSI8A 152 H'00000260to Oto 15 (0) IPRH 0 1
H'00000263 (15-12)
OSI8B 153 H'00000264 to 2
H'00000267
OSI8C 154 H'00000268 to 3
H'0000026B
OSI8D 155 H'0000026C to ! 4
H'0000026F
ATU82 OSI8BE 156 H'00000270to Oto 15 (0) IPRH 1 1
H'00000273 (11-8)
OSI8F 157 H'00000274 to 2
H'00000277
OSI8G 158 H'00000278 to 3
H'0000027B
OSI8H 159 H'0000027C to ! 4
H'0000027F
ATU83 OSI8I 160 H'00000280to Oto 15 (0) IPRH 1 1
H'00000283 (7-4)
0SI8) 161 H'00000284 to 2
H'00000287
OSI8K 162 H'00000288 to 3
H'0000028B \i
OSI8L 163 H'0000028C to ! 4 Low
H'0000028F
104

HITACHI



Table7.3

Interrupt Vector

Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
ATU8 ATU84 OSI8M 164 H'00000290to Oto 15 (0) IPRH i 1 High
H'00000293 (3-0) A
OSI8N 165 H'00000294 to 2
H'00000297
0OSI8O 166 H'00000298 to 3
H'0000029B
OSI8P 167 H'0000029C to ! 4
H'0000029F
ATU9 ATU91 CMI9A 168 H'000002A0to Oto 15 (0) IPRI i 1
H'000002A3 (15-12)
CMI9B 169 H'000002A4 to 2
H'000002A7
CMI9C 170 H'000002A8 to 3
H'000002AB
CMI9D 171 H'000002AC to ! 4
H'000002AF
ATU92 CMI9E 172 H'000002B0 to Oto 15 (0) IPRI i 1
H'000002B3 (11-8)
CMI9F 174 H'000002B8 to ! 2
H'000002BB
ATU10 ATU101 CMI10A 176 H'000002C0to Oto 15 (0) IPRI 1 1
H'000002C3 (7-4)
CMI10B 178 H'000002C8 to ! 2
H'000002CB
ATU102 ICI10A/ 180 H'000002D0 to O to 15(0) IPRI
CMI10G H'000002D3 (3-0)
ATU11 IMI11A 184 H'000002E0to Oto 15(0) IPRJ 1 1
H'000002E3 (15-12)
IMI11B 186 H'000002ES8 to 2
H'000002EB Y
ovilil 187 H'000002EC to ! 3 Low
H'000002EF
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Table7.3 Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
CMTO CMTIO 188 H'000002F0to 0Oto 15(0) |IPRJ 1 1 High
H'000002F3 (11-8) A
A/DO ADIO 190 H'000002F8 to ! 2
H'000002FB
CMT1 CMTI1 192 H'00000300to Oto 15 (0) IPRJ 1 1
H'00000303 (7-4)
A/D1 ADI1 194 H'00000308 to ! 2
H'0000030B
A/D2 ADI2 196 H'00000310to Oto 15 (0) IPRJ
H'00000313 (3-0)
SCIOo ERIO 200 H'00000320to Oto 15 (0) IPRK ) 1
H'00000323 (15-12)
RXI0 201 H'00000324 to 2
H'00000327
TXIO 202 H'00000328 to 3
H'0000032B
TEIO 203 H'0000032C to ! 4
H'0000032F
SCI1 ERI1 204 H'00000330to Oto 15 (0) IPRK ) 1
H'00000333 (11-8)
RXI1 205 H'00000334 to 2
H'00000337
TXI1 206 H'00000338 to 3
H'0000033B
TEI1 207 H'0000033C to ! 4
H'0000033F
SCI2 ERI2 208 H'00000340to Oto 15 (0) IPRK ) 1
H'00000343 (7-4)
RXI12 209 H'00000344 to 2
H'00000347
TXI2 210 H'00000348 to 3
H'0000034B ]
TEI2 211 H'0000034C to ! 4 Low
H'0000034F
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Table7.3 Interrupt Exception Processing Vectorsand Priorities (cont)

Interrupt Vector

Interrupt Priority
Vector Table  Priority Corre- within IPR
Vector Address (Initial sponding Setting Default
Interrupt Source No. Offset Value) IPR (Bits) Range Priority
SCI3 ERI3 212 H'00000350to Oto 15 (0) IPRK i 1 High
H'00000353 (3-0) A
RXI3 213 H'00000354 to 2
H'00000357
TXI3 214 H'00000358 to 3
H'0000035B
TEI3 215 H'0000035C to ! 4
H'0000035F
SCl4 ERI4 216 H'00000360to Oto 15 (0) IPRL 1 1
H'00000363 (15-12)
RXI14 217 H'00000364 to 2
H'00000367
TXI4 218 H'00000368 to 3
H'0000036B
TEI4 219 H'0000036C to ! 4
H'0000036F
HCANO ERSO 220 H'00000370to Oto 15 (0) IPRL 1 1
H'00000373 (11-8)
OVRO 221 H'00000374 to 2
H'00000377
RMO 222 H'00000378 to 3
H'0000037B
SLEO 223 H'0000037C to ! 4
H'0000037F
WDT ITI 224 H'00000380to Oto 15 (0) IPRL
H'00000383 (7-4)
HCAN1 ERS1 228 H'00000390to Oto15(0) IPRL 1 1
H'00000393 (3-0)
OVR1 229 H'00000394 to 2
H'00000397
RM1 230 H'00000398 to 3
H'0000039B ]
SLE1 231 H'0000039C to ! 4 Low
H'0000039F
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7.3 Description of Registers

731 Interrupt Priority RegistersA-L (IPRA-PRL)

Interrupt priority registers A—L (IPRA-IPRL) are 16-bit readable/writable registers that set
priority levels from 0 to 15 for IRQ interrupts and on-chip peripheral module interrupts.
Correspondence between interrupt request sources and each of the IPRA-IPRL bitsis shown in

table 7.4.
Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W:  R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Table7.4 Interrupt Request Sourcesand |PRA- PRL
Bits

Register 15-12 11-8 -4 3-0
Interrupt priority register A IRQO IRQ1 IRQ2 IRQ3
Interrupt priority register B IRQ4 IRQ5 IRQ6 IRQ7
Interrupt priority register C DMACO, 1 DMAC2, 3 ATUO1 ATUO2
Interrupt priority register D ATUO3 ATUO4 ATU11 ATU12
Interrupt priority register E ATU13 ATU21 ATU22 ATU23
Interrupt priority register F ATU31 ATU32 ATU41 ATU42
Interrupt priority register G ATU51 ATUS2 ATU6 ATU7
Interrupt priority register H ATU81 ATU82 ATU83 ATU84
Interrupt priority register | ATU91 ATU92 ATU101 ATU102
Interrupt priority register J ATU11 CMTO, A/DO CMT1, A/D1 A/D2
Interrupt priority register K SCIO SCI1 SCI2 SCI3
Interrupt priority register L SCl4 HCANO WDT HCAN1
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Asindicated in table 7.4, four IRQ pins or groups of 4 on-chip peripheral modules are allocated to
each register. Each of the corresponding interrupt priority ranks are established by setting avalue
from H'0 (0000) to H'F (1111) in each of the four-bit groups 15-12, 11-8, 74 and 3-0. Interrupt
priority rank becomeslevel 0 (lowest) by setting H'0, and level 15 (highest) by setting H'F. If
multiple on-chip peripheral modules are assigned to the same bit (DMACO0 and DMAC1, DMAC2
and DMAC3, CMTO0 and A/DO, and CMT1 and A/D1), those multiple modules are set to the same
priority rank.

IPRA-IPRL areinitiaized to H'0000 by areset and in hardware standby mode. They are not
initialized in software standby mode.

732 Interrupt Control Register (ICR)

ICR isa16-hit register that sets the input signal detection mode of the external interrupt input pin
NMI and IRQO —-IRQ7 and indicates the input signal level at the NMI pin. A reset and hardware
standby mode initialize ICR but the software standby mode does not.

Bit. 15 14 13 12 11 10 9 8
N e e e e T
Initial value: * 0 0 0 0 0 0 0
RW: R R R R R R R RIW
Bit. 7 6 5 4 3 2 1 0
\ IRQOS \ IRQ1S \ IRQ2S \ IRQ3S \ IRQ4S \ IRQ5S \ IRQ6S \ IRQ7S \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * When NMI input is high: 1; when NMI input is low: 0

e Bit 15—NMI Input Level (NMIL): Setsthe level of the signal input at the NMI pin. This bit
can be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description
0 NMI input level is low
1 NMI input level is high

e Bits 14 to 9—Reserved: These bits alwaysread 0. The write value should aways be 0.
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. Bit 8—NMI Edge Select (NMIE)

Bit 8: NMIE Description
0 Interrupt request is detected on falling edge of NMI input (Initial value)
1 Interrupt request is detected on rising edge of NMI input

* Bits 7 to 0—IRQO-RQ7 Sense Select (IRQOSHRQ7S): These hits set the IRQO-RQ7
interrupt request detection mode.

Bits 7-0: IRQOS-IRQ7S  Description

0 Interrupt request is detected on low level of IRQ input  (Initial value)

1 Interrupt request is detected on falling edge of IRQ input

7.3.3 IRQ Status Register (ISR)

ISR isa16-hit register that indicates the interrupt request status of the external interrupt input pins
IRQO-IRQ7. When IRQ interrupts are set to edge detection, held interrupt requests can be
withdrawn by writing 0 to IRQnF after reading IRQnF = 1.

A reset and hardware standby mode initialize | SR but software standby mode does not.

Bitt 15 14 13 12 11 10 9 8
-l -1l -] -1T-1=-71T=17-
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ IRQOF \ IRQlF‘ IRQ2F \ IRQSF‘ IRQ4F \ IRQ5F \ IRQGF‘ IRQ7F \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.
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e Bits 7 to 0—IRQO-1RQ7 Flags (IRQOF-IRQ7F): These bits display the IRQ0O-IRQ7 interrupt

request status.

Bits 7-0:
IRQOF-IRQ7F

Detection Setting

Description

0

Level detection

No IRQn interrupt request exists
[Clearing condition]
When IRQn input is high

Edge detection

No IRQn interrupt request was detected (Initial value)
[Clearing conditions]
« When 0 is written after reading IRQnF =1

* When IRQn interrupt exception processing has been
executed

Level detection

An IRQn interrupt request exists
Setting condition: When IRQn input is low

Edge detection

An IRQn interrupt request was detected

Setting condition: When a falling edge occurs at an IRQn
input

n=7to0
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74 Interrupt Operation

74.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 7.2 is a flowchart of the
operations.

1
2.

Theinterrupt request sources send interrupt request signalsto the interrupt controller.

Theinterrupt controller selects the highest priority interrupt in the interrupt requests sent,
following the priority levels set in interrupt priority registers A—L (IPRA—IPRL). Lower-
priority interrupts are ignored. They are held pending until interrupt requests designated as
edge-detect type are accepted. For IRQ interrupts, however, withdrawal is possible by
accessing the IRQ status register (ISR). See section 7.2.4, IRQ Interrupts, for details. Interrupts
held pending due to edge detection are cleared by a power-on reset or amanual reset. If two of
these interrupts have the same priority level or if multiple interrupts occur within asingle
module, the interrupt with the highest default priority or the highest priority within its IPR
setting range (asindicated in table 7.3) is selected.

Theinterrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13-10) in the CPU’ s status register (SR). If the request priority level is
equal to or lessthan the level set in 13- 0, the request isignored. If the request priority level is
higher than the level in bits 1310, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt, alow level is output from the IRQOUT pin.
The CPU detects the interrupt request sent from the interrupt controller when it decodes the
next instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception processing (figure 7.4).

SR and PC are saved onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (I3to 10) in
the status register (SR).

When the accepted interrupt is sensed by level or isfrom an on-chip peripheral module, a high
level is output from the IRQOUT pin. When the accepted interrupt is sensed by edge, a high
level isoutput from the IRQOUT pin at the point when the CPU startsinterrupt exception
processing instead of instruction execution as noted in 5 above. However, if the interrupt
controller accepts an interrupt with a higher priority than oneit isin the process of accepting,
the IRQOUT pin will remain low.

The CPU reads the start address of the exception service routine from the exception vector
table for the accepted interrupt, jumps to that address, and starts executing the program there.
Thisjumpis not adelay branch.
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v A

Program
execution state

User break?

H-UDI
interrupt?

Level 15
interrupt?

<
<

| IRQOUT = low level*1 |
v Level 14 No
| Save SR to stack | Yes interrupt?
1I3to 10 <
Y level 14? No
| Save PC to stack | interrupt?
v 1I3to 10 <

Copy accept-interrupt
level to I3 to 10

level 13?

v

13to 10 =

| TRQOUT =

level 0?

high level*2

Read exception
vector table

v

Branch to exception
service routine

13 to 10: Interrupt mask bits of status register

Notes: 1.

IRQOUT is the same signal as the interrupt request signal to the CPU (see figure 7.1).
Thus, it is output when there is a higher priority interrupt request than the one in the I3 to 10
bits of SR.

When the accepted interrupt is sensed by edge, the IRQOUT pin becomes high level at the
point when the CPU starts interrupt exception processing instead of instruction execution
(before SR is saved to the stack).

If the interrupt controller has accepted another interrupt with a higher priority and has
output an interrupt request to the CPU, the IRQOUT pin will remain low.

Figure7.2 Interrupt Sequence Flowchart
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7.4.2 Stack after Interrupt Exception Processing

Figure 7.3 shows the stack after interrupt exception processing.

Address

4n-8

4n-4

4n

PC*1

32 bits

<] sp*2

SR

32 hits

Notes: 1. PC: Start address of the next instruction (return destination instruction)
after the executing instruction

2. Always be certain that SP is a multiple of 4

Figure7.3 Stack after Interrupt Exception Processing
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75 Interrupt Response Time

Table 7.5 indicates the interrupt response time, which is the time from the occurrence of an
interrupt request until the interrupt exception processing starts and fetching of the first instruction
of the interrupt service routine begins. Figure 7.4 shows an example of pipeline operation when an

IRQ interrupt is accepted.

Table7.5 Interrupt Response Time
Number of States
NMI, Peripheral

Iltem Module IRQ Notes

DMAC activation judgment 0 or 1 0 1 state required for interrupt
signals for which DMAC
activation is possible

Compare identified inter- 2 3

rupt priority with SR mask
level

Wait for completion of
sequence currently being
executed by CPU

X (2 0)

The longest sequence is for
interrupt or address-error
exception processing (X = 4
+ml+m2+m3+m4).lfan
interrupt-masking instruction
follows, however, the time
may be even longer.

Time from start of interrupt 5+ m1 + m2 + m3
exception processing until
fetch of first instruction of

exception service routine

Performs the PC and SR
saves and vector address
fetch.

starts
Interrupt Total: (7 or8)+ml+ 8+ml+m2+
response m2 + m3 + X m3 + X
time Minimum: 10 11 0.25 to 0.28 s at 40 MHz
Maximum: 12+2(ml1+m2+ 12+2(mM1+m2+ 0.48 pys at 40 MHz*
m3) + m4 m3) + m4

Note: *Whenml=m2=m3=m4=1

m1-m4 are the number of states needed for the following memory accesses.

ml: SR save (longword write)
m2: PC save (longword write)

m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine

HITACHI

115



| Interrupt acceptance|

L 5+ml+m2+m3
3 mim2 1 m3 1

RQ |

Instruction (instruction

|
|
|
l
F|D
|
|
|
|

|
|
- EIE[M|IM|E|M|E|E
replaced by interrupt [E] ! |
exception processing) I
|
Overrun fetch i
|
|
Interrupt service routine '
P | F[D[E
|

start instruction

. Instruction fetch (instruction fetched from memory where program is stored).

. Instruction decoding (fetched instruction is decoded).

. Instruction execution (data operation and address calculation is performed
according to the results of decoding).

M: Memory access (data in memory is accessed).

mO m
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7.6 Data Transfer with Interrupt Request Signals
The following data transfer can be carried out using interrupt request signals:
« Activate DMAC only, without generating CPU interrupt

Among interrupt sources, those designated as DMAC activating sources are masked and not input
to the INTC. The masking condition is as follows:

Mask condition = DME « (DEO « source selection 0 + DE1 « source selection 1 + DE2 «
source selection 2 + DE3 « source selection 3)

7.6.1 Handling CPU Interrupt Sources, but Not DMAC Activating Sour ces

1. Either do not select the DMAC as a source, or clear the DME bit to 0.
2. Activating sources are applied to the CPU when interrupts occur.

3. The CPU clearsinterrupt sources with its interrupt processing routine and performsthe
necessary processing.

7.6.2 Handling DMAC Activating Sour ces but Not CPU Interrupt Sources

1. Select the DMAC as a source and set the DME hit to 1. CPU interrupt sources are masked
regardless of the interrupt priority level register settings.

2. Activating sources are applied to the DMAC when interrupts occur.
3. The DMAC clears activating sources at the time of data transfer.
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8.1

Section 8 User Break Controller (UBC)

Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break interrupt is generated according to the conditions of
the bus cycle generated by the CPU or DMAC. This function makes it easy to design an effective
self-monitoring debugger, enabling the chip to easily debug programs without using alarge in-
circuit emulator.

811

Features

The features of the user break controller are:

* Thefollowing break compare conditions can be set:

g
g
g
g
g

Address

CPU cycle/DMA cycle

Instruction fetch or data access
Read or write

Operand size: byte/word/longword

» User break interrupt generated upon satisfying break conditions
A user-designed user break interrupt exception processing routine can be run.

» Select either to break in the CPU instruction fetch cycle before the instruction is executed or
after.

» Satisfaction of abreak condition can be output to the UBCTRG pin.
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8.1.2 Block Diagram

Figure 8.1 shows a block diagram of the UBC.

Module bus . Bus |
interface [ N—4—

| UBCR || UBBR |UBAMRH UBARH

Internal bus

UBAMRL| | UBARL

U U

Break condition

comparator
User break
> interrupt
» generating > Interrupt request
circuit
. Interrupt controller
»| Trigger output

generating

» UBCTRG pin output
> circuit

UBARH, UBARL: User break address registers H, L
UBAMRH, UBAMRL: User break address mask registers H, L
UBBR: User break bus cycle register
UBCR: User break control register

Figure8.1 User Break Controller Block Diagram
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8.1.3 Register Configuration

The UBC has the six registers shown in table 8.1. Break conditions are established using these

registers.

Table8.1 Register Configuration

Initial Access

Name Abbr. R/W  Value  Address* Size

User break address register H UBARH R/W  H'0000 H'FFFFECO00 8, 16, 32
User break address register L UBARL R/W  H'0000 HFFFFEC02 8,16, 32
User break address mask registerH UBAMRH R/W  H'0000 HFFFFEC04 8, 16, 32
User break address mask register L UBAMRL R/W H'0000 H'FFFFEC06 8, 16, 32
User break bus cycle register UBBR R/W  H'0000 H'FFFFEC08 8, 16, 32
User break control register UBCR R/W  H'0000 H'FFFFECOA 8,16, 32

Note: * In register access, three cycles are required for byte access and word access,

cycles for longword access.

8.2 Register Descriptions

8.21 User Break Address Register (UBAR)

and six

UBARH:
Bit: 15 14 13 12 11 10 9 8
\ UBA31 \ UBA30‘ UBA29 \ UBA28‘ UBA27 \ UBA26 \ UBA25 \ UBA24 \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW
Bitt 7 6 5 4 3 2 1 0
\ UBA23 \ UBA22 \ UBA21 \ UBAZO‘ UBA19 \ UBA18 \ UBA17 \ UBA16 \
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW RW RW

HITACHI
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UBARL:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8

| UBA15 | UBA14 | UBAI3 | UBA12 | UBALL | UBALO | UBA9 | UBAS |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0

| UBA7 | UBAG | UBA5 | UBA4 | UBA3 | UBA2 | UBAL | UBAO |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW

The user break address register (UBAR) consists of user break addressregister H (UBARH) and
user break address register L (UBARL). Both are 16-bit readable/writable registers. UBARH
stores the upper bits (bits 31 to 16) of the address of the break condition, while UBARL stores the
lower bits (bits 15 to 0). UBARH and UBARL are initialized to H'0000 by a power-on reset and in
module standby mode. They are not initialized in software standby mode.

« UBARH Bits 15 to 0—User Break Address 31 to 16 (UBA31 to UBA16): These bits store the
upper bit values (bits 31 to 16) of the address of the break condition.

e UBARL Bits 15 to 0—User Break Address 15 to 0 (UBA15 to UBAO): These bits store the
lower bit values (bits 15 to 0) of the address of the break condition.

8.2.2 User Break Address Mask Register (UBAMR)

UBAMRH:

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

122

15 14 13 12 11 10 9 8

| UBM31| UBM30| UBM29 | UBM28 | UBM27 | UBM26 | UBM25 | UBM24 |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW
7 6 5 4 3 2 1 0

| UBM23 | UBM22| UBM21 | UBM20 | UBM19 | UBM18 | UBM17 | UBMI6 |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW
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UBAMRL:

Bitt 15 14 13 12 11 10 9 8
‘UBMlS‘UBM14‘UBMlS‘UBMlZ‘UBMll‘UBMlO‘ UBMQ‘ UBMS‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ UBM7‘ UBMG‘ UBMS‘ UBM4‘ UBMS‘ UBMZ‘ UBMl‘ UBMO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The user break address mask register (UBAMR) consists of user break address mask register H
(UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit

readabl e/writable registers. UBAMRH designates whether to mask any of the break address bits
established in UBARH, and UBAMRL designates whether to mask any of the break address bits
established in UBARL. UBAMRH and UBAMRL areinitialized to H'0000 by a power-on reset
and in module standby mode. They are not initialized in software standby mode.

+ UBAMRH Bits 15 to 0—User Break Address Mask 31 to 16 (UBM31 to UBM16): These bits
designate whether to mask the corresponding break address 31 to 16 bits (UBA31 to UBA16)
established in UBARH.

* UBAMRL Bits 15 to 0—User Break Address Mask 15 to 0 (UBM 15 to UBMO): These bits
designate whether to mask the corresponding break address 15 to 0 bits (UBA15 to UBADO)
established in UBARL.

Bit 15-0: UBMn Description
0 Break address UBAnN is included in the break conditions (Initial value)
1 Break address UBAnN is not included in the break conditions

Note: n=31to0
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8.2.3 User Break Bus Cycle Register (UBBR)

Bitt 15 14 13 12 11 10 9 8
-l -1 -71T-7T-=-7T-=-T=-17=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit 7 6 5 4 3 2 1 0
\ CP1 \ CPO \ ID1 \ IDO \ RW1 \ RWO \ sz1 \ SZ0
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The user break bus cycle register (UBBR) is a 16-hit readable/writable register that selects from
among the following four break conditions:

CPU cycle/DMA cycle

Instruction fetch/data access
Read/write

Operand size (byte, word, longword)

A w DN PR

UBBR isinitialized to H'0000 by a power on reset and in module standby mode. It is not
initialized in software standby mode.

« Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.

e Bits7 and 6—CPU Cycle/DMA Cycle Select (CP1, CP0): These hits designate break
conditions for CPU cycles or DMA cycles.

Bit 7: CP1 Bit 6: CPO Description

0 0 No user break interrupt occurs (Initial value)

Break on CPU cycles

1
1 0 Break on DMA cycles
1 Break on both CPU and DMA cycles
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e Bits5 and 4—Instruction Fetch/Data Access Select (ID1, 1DO0): These bits select whether to
break on instruction fetch and/or data access cycles.

Bit 5: ID1 Bit 4: IDO Description

0 0 No user break interrupt occurs (Initial value)
1 Break on instruction fetch cycles

1 0 Break on data access cycles
1 Break on both instruction fetch and data access cycles

* Bits3 and 2—Read/Write Select (RW1, RWO0): These bits select whether to break on read

and/or write cycles.

Bit 3: RW1 Bit 2: RWO Description

0 0 No user break interrupt occurs (Initial value)
1 Break on read cycles

1 0 Break on write cycles
1 Break on both read and write cycles

» Bits1and 0—Operand Size Select (SZ1, SZ0): These bits select operand size as a break

condition.
Bit 1: SZ1 Bit 0: SZ0 Description
0 0 Operand size is not a break condition (Initial value)
1 Break on byte access
1 0 Break on word access
1 Break on longword access

Note: When breaking on an instruction fetch, clear the SZO0 bit to 0. All instructions are considered
to be word-size accesses (even when there are instructions in on-chip memory and two
instruction fetches are performed simultaneously in one bus cycle).

Operand size is word for instructions or determined by the operand size specified for the
CPU/DMAC data access. It is not determined by the bus width of the space being

accessed.
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824 User Break Control Register (UBCR)

Bit: 15 14 13 12 11 10 9 8
-l -] -] -] =-]T=-]T =17
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit; 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ CKS1 \ CKSO‘ UBID \
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R/W R/W R/W

The user break control register (UBCR) is a 16-bit readable/writable register that (1) enables or
disables user break interrupts and (2) sets the pulse width of the UBCTRG signal output in the
event of abreak condition match.

UBCRisinitialized to H'0000 by a power-on reset and in module standby mode. It is not
initialized in software standby mode.

e Bits 15 to 3—Reserved: These bits always read 0. The write value should always be 0.

e Bits2and 1—Clock Select 1 and 0 (CKS1, CKS0): These bits specify the pulse width of the
UBCTRG signa output in the event of a condition match.

Bit 2: CKS1 Bit 1: CKSO Description

0 0 UBCTRG pulse width is ¢ (Initial value)
1 UBCTRG pulse width is ¢/4

1 0 UBCTRG pulse width is ¢/8
1 UBCTRG pulse width is ¢/16

Note: @: Internal clock

e Bit 0—User Break Disable (UBID): Enables or disables user break interrupt request generation
in the event of auser break condition match.

Bit 0: UBID Description

0 User break interrupt request is enabled (Initial value)
1 User break interrupt request is disabled
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8.3 Operation

831 Flow of the User Break Operation

The flow from setting of break conditionsto user break interrupt exception processing is described
below:

1.

The user break addresses are set in the user break address register (UBAR), the desired masked
bits in the addresses are set in the user break address mask register (UBAMR) and the breaking
bus cycletypeis set in the user break bus cycle register (UBBR). If even one of the three
groups of the UBBR’s CPU cycle/DMA cycle select bits (CP1, CP0), instruction fetch/data
access salect hits (ID1, ID0), and read/write select bits (RW1, RWO) is set to 00 (no user break
generated), no user break interrupt will be generated even if all other conditions arein
agreement. When using user break interrupts, always be certain to establish bit conditions for
all of these three groups.

The UBC uses the method shown in figure 8.2 to judge whether set conditions have been
fulfilled. When the set conditions are satisfied, the UBC sends a user break interrupt request
signal to the interrupt controller (INTC). At the same time, a condition match signal is output
at the UBCTRG pin with the pulse width set in bits CKS1 and CKS0.

Theinterrupt controller checks the accepted user break interrupt request signal’s priority level.
The user break interrupt has priority level 15, so it is accepted only if the interrupt mask level
in bits 13-0 in the status register (SR) is 14 or lower. When the 130 bit level is 15, the user
break interrupt cannot be accepted but it is held pending until user break interrupt exception
processing can be carried out. Consequently, user break interrupts within NMI exception
service routines cannot be accepted, since the I3-10 bit level is 15. However, if the 13- 0 bit
level is changed to 14 or lower at the start of the NMI exception service routine, user break
interrupts become acceptabl e thereafter. Section 7, Interrupt Controller, describes the handling
of priority levelsin greater detail.

The INTC sends the user break interrupt request signal to the CPU, which begins user break
interrupt exception processing upon receipt. See Section 7.4, Interrupt Operation, for details on
interrupt exception processing.
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| UBARH/UBARL| | UBAMRH/UBAMRL

32
Internal address 32 ) 32
bits 31-0 32 / 32

CPU cycle

DMA cycle

DL | 100 |
Instruction fetch User
break
interrupt

Data access
R

Read cycle

Write cycle

SZ1 | SZ0

-

Byte size

Word size

Longword size }

UBID

Figure8.2 Break Condition Judgment Method
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8.3.2 Break on On-Chip Memory Instruction Fetch Cycle

On-chip memory (on-chip ROM and/or RAM) is always accessed as 32 bitsin one bus cycle.
Therefore, two instructions can be retrieved in one bus cycle when fetching instructions from on-
chip memory. At such times, only one bus cycle is generated, but by setting the start addresses of
both instructions in the user break address register (UBAR) it is possible to cause independent
breaks. In other words, when wanting to effect a break using the latter of two addresses retrieved
in one bus cycle, set the start address of that instruction in UBAR. The break will occur after
execution of the former instruction.

8.3.3 Program Counter (PC) Values Saved

Break on Instruction Fetch: The program counter (PC) value saved to the stack in user break
interrupt exception processing is the address that matches the break condition. The user break
interrupt is generated before the fetched instruction is executed. If a break conditionissetin an
instruction fetch cycle placed immediately after a delayed branch instruction (delay slot), or on an
instruction that follows an interrupt-disabled instruction, however, the user break interrupt is not
accepted immediately, but the break condition establishing instruction is executed. The user break
interrupt is accepted after execution of the instruction that has accepted the interrupt. In this case,
the PC value saved is the start address of the instruction that will be executed after the instruction
that has accepted the interrupt.

Break on Data Access (CPU/DMA): The program counter (PC) value is the top address of the
next instruction after the last instruction executed before the user break exception processing
started. When data access (CPU/DMA) is set as a break condition, the place where the break will
occur cannot be specified exactly. The break will occur at the instruction fetched close to where
the data access that is to receive the break occurs.
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8.4 Examples of Use

84.1 Break on CPU Instruction Fetch Cycle

1. Register settings:

Conditions set:

UBARH = H'0000

UBARL = H'0404

UBBR = H'0054

UBCR = H'0000

Address: H'00000404

Bus cycle: CPU, instruction fetch, read
(operand size not included in conditions)
Interrupt requests enabled

A user break interrupt will occur before the instruction at address H'00000404. If it is possible
for the instruction at H'00000402 to accept an interrupt, the user break exception processing
will be executed after execution of that instruction. The instruction at H'00000404 is not
executed. The PC value saved is H'00000404.

2. Register settings:

Conditions set:

UBARH = H'0015

UBARL =H'389C

UBBR = H'0058

UBCR = H'0000

Address; H'0015389C

Bus cycle: CPU, instruction fetch, write
(operand size not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because the instruction fetch cycleis not awrite cycle.

3. Register settings:

Conditions set:

UBARH = H'0003

UBARL = H'0147

UBBR = H'0054

UBCR = H'0000

Address; H'00030147

Bus cycle: CPU, instruction fetch, read
(operand size not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because the instruction fetch was performed for an even
address. However, if the first instruction fetch address after the branch is an odd address set by
these conditions, user break interrupt exception processing will be carried out after address
error exception processing.
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8.4.2 Break on CPU Data Access Cycle

1. Register settings: UBARH = H'0012
UBARL = H'3456
UBBR = H'006A
UBCR = H'0000
Conditions set: Address: H'00123456
Bus cycle: CPU, data access, write, word
Interrupt requests enabled

A user break interrupt occurs when word data is written into address H'00123456.

2. Register settings: UBARH = H'00A8
UBARL =H'0391
UBBR = H'0066
UBCR = H'0000
Conditions set: Address: H'00A80391
Bus cycle: CPU, data access, read, word
Interrupt requests enabled
A user break interrupt does not occur because the word access was performed on an even
address.

8.4.3 Break on DMA Cycle

1. Register settings: UBARH = H'0076
UBARL =H'BCDC
UBBR = H'00A7
UBCR = H'0000
Conditions set: Address: H'0076BCDC
Buscyclee DMA, data access, read, longword
Interrupt requests enabled

A user break interrupt occurs when longword datais read from address H'0076BCDC.

2. Register settings: UBARH = H'0023
UBARL = H'45C8
UBBR = H'0094
UBCR = H'0000
Conditions set: Address: H'002345C8
Buscycle: DMA, instruction fetch, read
(operand size not included in conditions)
Interrupt requests enabled
A user break interrupt does not occur because no instruction fetch is performed in the DMA
cycle.
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8.5 Usage Notes

85.1 Simultaneous Fetching of Two I nstructions

Two instructions may be simultaneously fetched from on-chip memory. If abreak condition is set
on the second of these two instructions but the contents of the UBC break condition registers are
changed so asto alter the break condition immediately after the first of the two instructionsis
fetched, a user break interrupt will still occur when the second instruction is fetched.

85.2 Instruction Fetches at Branches

When a conditional branch instruction or TRAPA instruction causes a branch, the order of
instruction fetching and execution is as follows:

1. When branching with a conditional branch instruction: BT and BF instructions
When branching with a TRAPA instruction: TRAPA instruction
Instruction fetch order: Branch instruction fetch — next instruction overrun fetch -
overrun fetch of instruction after next — branch destination
instruction fetch
Instruction execution order: Branch instruction execution — branch destination instruction
execution

2. When branching with a delayed conditional branch instruction: BT/S and BF/S instructions

Instruction fetch order: Branch instruction fetch — next instruction fetch (delay slot) —
overrun fetch of instruction after next — branch destination
instruction fetch

Instruction execution order:  Branch instruction execution — delay slot instruction execution
- branch destination instruction execution

Thus, when a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination instruction will be fetched after an overrun fetch of the next instruction or the
instruction after next. However, as the instruction that is the object of the break does not break
until fetching and execution of the instruction have been confirmed, the overrun fetches described
above do not become objects of a break.

If data accesses are also included as break conditions in addition to instruction fetch breaks, a
break will occur because the instruction overrun fetch is also regarded as satisfying the data break
condition.
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8.5.3 Contention between User Break and Exception Processing

If auser break is set for the fetch of a particular instruction, and exception processing with higher
priority than auser break isin contention and is accepted in the decode stage for that instruction
(or the next instruction), user break exception processing may not be performed after completion
of the higher-priority exception service routine (on return by RTE).

Thus, if auser break condition is applied to the branch destination instruction fetch after abranch
(BRA, BRAF, BT, BF, BT/S, BF/S, BSR, BSRF, IMP, JSR, RTS, RTE, exception processing),
and that branch instruction accepts exception processing with higher priority than a user break
interrupt, user break exception processing is not performed after compl etion of the higher-priority
exception service routine.

Therefore, auser break condition should not be set for the fetch of the branch destination
instruction after a branch.

854 Break at Non-Delay Branch Instruction Jump Destination

When a branch instruction with no delay slot (including exception processing) jumps to the jump
destination instruction on execution of the branch, a user break will not be generated even if auser
break condition has been set for the first jump destination instruction fetch.

855 User Break Trigger Output

Information on internal bus condition matches monitored by the UBC is output as UBCTRG. The
trigger width can be set with clock select bits 1 and 0 (CKS1, CKSO0) in the user break control
register (UBCR).

If a condition matches occurs again during trigger output, the UBCTRG pin continues to output a
low level, and outputs a pulse of the length set in bits CKS1 and CK SO from the cycle in which the
last condition match occurs.

The trigger output conditions differ from those in the case of a user break interrupt when a CPU
instruction fetch condition is satisfied. When a condition occursin an overrun fetch instruction as
described in section 8.5.2, Instruction Fetch at Branches, a user break interrupt is not requested but
atrigger is output from the UBCTRG pin.

In other CPU data accesses and DMAC bus cycles, pulse output is performed under conditions
similar to user break interrupt conditions.

Setting the user break interrupt disable (UBID) hit to 1 in UBCR enables trigger output to be
monitored externally without requesting a user break interrupt.
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8.5.6 M odule Standby

After apower-on reset the UBC isin the module standby state, in which the clock supply is halted.
When using the UBC, the module standby state must be cleared before making UBC register
settings. Module standby is controlled by the module standby control register (MSTCR). See
section 24.2.3, Module Standby Control Register, for further details.
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9.1

Section 9 Bus State Controller (BSC)

Overview

The bus state controller (BSC) divides up the address spaces and outputs control for various types
of memory. This enables memories like SRAM and ROM to be linked directly to the chip without
externa circuitry, simplifying system design and enabling high-speed data transfer to be achieved
in a compact system.

911

Features

The BSC has the following features:

e Address space is divided into four spaces

O

g
ad
g
ad
g

A maximum linear 2 Mbytes for on-chip ROM effective mode, and a maximum 4 Mbytes
for on-chip ROM disabled mode, for address space CS0O

A maximum linear 4 Mbytes for each of address spaces CS1-CS3

Bus width can be selected for each space (8 or 16 bits)

Wait states can be inserted by software for each space

Wait state insertion with WAIT pin in external memory space access

Outputs control signals for each space according to the type of memory connected

e On-chip ROM and RAM interfaces

O

On-chip ROM and RAM access of 32 bitsin 1 state
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9.1.2 Block Diagram

Figure 9.1 shows the BSC block diagram.

___________________________________________ |
i L
: Bus interface |
| s
| |
- |
' | [ Onchip | i !
ro memory | RAMER !
| ! control unit | !
: ! : |
- | |
- | |
- | |
- | |
| : | :
b Wait ! |
—|—|—> ! 2]
WAIT ' | controlunit | | WCR 3 |
- : [} !
- | = I
- | o !
- | o) |
! : | = :
: ! : |
| : | |
b -t BCR1 |
| : A | :
[ — |
CS0-CSB «+—L—| "\ | | '
! : control unit I !
|
| P BCR2 |
| |
: ! : |
- | |
o : | |
RD <—:—:— ~— |
by I I
| ! Memory | |
|1 | control unit | ! |
- | |
RH, WRL < - !
o | l
| : | |
bl _____1 |
D BSC——————mm o !
WCR:  Wait control register BCR1: Bus control register 1

RAMER: RAM emulation register BCR2: Bus control register 2

Figure9.1 BSC Block Diagram
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9.1.3 Pin Configuration

Table 9.1 shows the bus state controller pin configuration.

Table9.1 Pin Configuration

Name Abbr. I/0 Description

Address bus A21-A0 (0] Address output

Data bus D15-D0 I/0 16-bit data bus

Chip select CS0-CS3 O Chip select signals indicating the area being
accessed

Read RD o} Strobe that indicates the read cycle for ordinary
space/multiplex /O

Upper write RH (0] Strobe that indicates a write cycle to the upper 8 bits
(D15-D8)

Lower write WRL (0] Strobe that indicates a write cycle to the lower 8 bits
(D7-DO0)

Wait WAIT I Wait state request signal

Bus request BREQ I Bus release request input

Bus acknowledge BACK (0] Bus use enable output

Note: When an 8-bit bus width is selected for external space, WRL is enabled.
When a 16-bit bus width is selected for external space, WRH and WRL are enabled.

9.14 Register Configuration

The BSC has four registers. These registers are used to control wait states, bus width, and
interfaces with memories like ROM and SRAM, aswell as refresh control. The register

configurations are listed in table 9.2.

All registers are 16 bits. All BSC registersare al initialized by a power-on reset and in hardware
standby mode. Values are retained in amanual reset and in software standby mode.
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Table9.2 Register Configuration

Name Abbr. R/W Initial Value Address Access Size
Bus control register 1 BCR1 R/W H'O00F H'FFFFEC20 8, 16, 32
Bus control register 2 BCR2 R/W HFFFF H'FFFFEC22 8, 16, 32
Wait state control register WCR R/W H'FFFF H'FFFFEC24 8, 16, 32
RAM emulation register RAMER R/W H'0000 H'FFFFEC26 8, 16, 32

Note: In register access, three cycles are required for byte access and word access, and six

cycles for longword access.

9.15 AddressMap

Figure 9.2 shows the address format used by the SH7055.

A31-A24 A23, A22 A21

AO

A
Y
A
Y
A

L Space selection:

Not output externally; used to select the type of space

CS space selection:
Decoded, outputs CS0 to CS3 when A31 to A24 = 00000000

L Output address:
Output from the address pins

On-chip ROM space or CS0 to CS3 space when 00000000 (H'00)
Reserved (do not access) when 00000001 to 11111110 (H'01 to H'FE)
On-chip peripheral module space or on-chip RAM space when 11111111 (H'FF)

Figure9.2 AddressFormat

This chip uses 32-hit addresses:

e BitsA31to A24 are used to select the type of space and are not output externally.

+ Bits A23 and A22 are decoded and output as chip select signals (CSO to CS3) for the
corresponding areas when bits A31 to A24 are 00000000.

e A21to A0 are output externally.
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Table 9.3 shows the address map.

Table9.3 AddressMap

*  On-chip ROM enabled mode

Address Space Memory Size Bus Width

H'0000 0000 to H'0007 FFFF  On-chip ROM On-chip ROM 512 kB 32 bits

H'0008 0000 to H'001F FFFF  Reserved Reserved

H'0020 0000 to H'003F FFFF  CSO space External space 2 MB 8, 16 bits**

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 bits**

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 bits*"

H'00CO0 0000 to H'0OOFF FFFF  CS3 space External space 4 MB 8, 16 bits**

H'0100 0000 to H'FFFF 5FFF  Reserved* Reserved

H'FFFF 6000 to H'FFFF DFFF  On-chip RAM On-chip RAM 32 kB 32 bits

H'FFFF E0QO to H'FFFF FFFF  On-chip peripheral  On-chip peripheral 8 kB 8, 16 bits
module module

e On-chip ROM disabled mode

Address Space Memory Size Bus Width

H'0000 0000 to H'003F FFFF  CSO space External space 4 MB 8, 16 bits*®

H'0040 0000 to H'007F FFFF  CS1 space External space 4 MB 8, 16 bits**

H'0080 0000 to H'00BF FFFF  CS2 space External space 4 MB 8, 16 bits**

H'00CO0 0000 to H'0O0OFF FFFF  CS3 space External space 4 MB 8, 16 bits**

H'0100 0000 to H'FFFF 5FFF  Reserved* Reserved

H'FFFF 6000 to H'FFFF FFFF  On-chip RAM On-chip RAM 32 kB 32 bits

H'FFFF FOO0O to H'FFFF FFFF  On-chip peripheral  On-chip peripheral 8 kB 8, 16 bhits

module

module

Notes: 1. Selected by on-chip register (BCR1) settings.
2. Do not access reserved spaces. Operation cannot be guaranteed if they are accessed.
3. Selected by the mode pin.
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9.2 Description of Registers

9.21 Bus Control Register 1 (BCR1)

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-1=-7T=-1=-1-=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ A3SZ \ A2SZ \ A1SZ \ AOSZ
Initial value: 0 0 0 0 1 1 1 1
RW: R R R R RW RW RW  RW

BCRL1 isa16-hit readable/writable register that specifies the bus size of the CS spaces.

Write bits 15-0 of BCRL1 during the initialization stage after a power-on reset, and do not change
the values thereafter. In on-chip ROM enabled mode, do not access any of the CS spaces until
after completion of register initialization. In on-chip ROM disabled mode, do not access any CS
space other than CSO until after completion of register initialization.

BCRL1lisinitialized to H'000F by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

» Bits 15-4—Reserved: These hits always read 0. Operation cannot be guaranteed if 1 iswritten
to these hits.

» Bit 3—CS3 Space Size Specification (A3SZ): Specifies the CS3 space bus size. A 0 setting
specifies byte (8-bit) size, and a 1 setting specifies word (16-hit) size.

Bit 3: A3SZ Description
0 Byte (8-bit) size
1 Word (16-bit) size (Initial value)

e Bit 2—CS2 Space Size Specification (A2SZ): Specifies the CS2 space bus size. A 0 setting
specifies byte (8-bit) size, and a 1 setting specifies word (16-hit) size.

Bit 2: A2SZ Description

0 Byte (8-bit) size

1 Word (16-bit) size (Initial value)
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e Bit 1—CSl1 Space Size Specification (A1SZ): Specifies the CS1 space bus size. A 0 setting
specifies byte (8-hit) size, and a 1 setting specifies word (16-bit) size.

Bit 1: A1SZ Description
0 Byte (8-bit) size
1 Word (16-bit) size (Initial value)

» Bit 0—CS0 Space Size Specification (A0SZ): Specifies the CS0O space bus size A 0 setting
specifies byte (8-hit) size, and a 1 setting specifies word (16-bit) size.

Bit 0: A0Sz Description
0 Byte (8-bit) size
1 Word (16-bit) size (Initial value)

Note: AOQSZ is valid only in on-chip ROM enabled mode. In on-chip ROM disabled mode, the CS0
space bus size is specified by the mode pin.

9.2.2 Bus Control Register 2 (BCR2)

Bitt 15 14 13 12 11 10 9 8
\ IW31 \ IW30 \ W21 \ W20 \ W11 \ IW10 \ W01 \ IW00 \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
\ cw3 \ cw2 \ cwi \ CWO \ SwW3 \ sSw2 \ SW1 \ SWO \
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

BCR2 is a 16-hit readable/writable register that specifies the number of idle cycles and CS signal
assert extension of each CS space.

BCR2 isinitialized to H'FFFF by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset or in software standby mode.

» Bits 15-8—Idles between Cycles (IW31, IW30, IW21, IW20, IW11, IW10, IW01, IWQ00):
These bits specify idle cyclesinserted between consecutive accesses when the second oneisto
adifferent CS area after aread. Idles are used to prevent data conflict between ROM (and
other memories, which are slow to turn the read data buffer off), fast memories, and 1/0
interfaces. Even when access is to the same area, idle cycles must be inserted when aread
accessis followed immediately by awrite access. Theidle cycles to be inserted comply with

141
HITACHI



the area specification of the previous access. Refer to section 9.4, Waits between Access

Cycles, for details.

IW31, IW30 specify the idle between cycles for CS3 space; IW21, IW20 specify the idle
between cyclesfor CS2 space; IW11, IW10 specify the idle between cycles for CS1 space and
IWO01, IWQO specify the idle between cycles for CS0 space.

Bit 15: IW31 Bit 14: IW30 Description
0 0 No CS3 space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)
Bit 13: IW21 Bit 12: IW20 Description
0 0 No CS2 space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)
Bit 11: IW11 Bit 10: IW10 Description
0 0 No CS1 space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)
Bit 9: IW01 Bit 8: IW00 Description
0 0 No CSO0 space idle cycle
1 Inserts one idle cycle
1 0 Inserts two idle cycles
1 Inserts three idle cycles (Initial value)

» Bits 7-4—Idle Specification for Continuous Access (CW3, CW2, CW1, CW0): The
continuous access idle specification makes insertions to clearly delineate the bus intervals by
once negating the CSn signal when performing consecutive accesses to the same CS space.
When awriteimmediately follows aread, the number of idle cyclesinserted isthe larger of the
two values specified by IW and CW. Refer to section 9.4, Waits between Access Cycles, for

details.
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CW3 specifies the continuous access idles for CS3 space; CW2 specifies the continuous access
idles for CS2 space; CW1 specifies the continuous access idles for CS1 space and CWO0
specifies the continuous access idles for CS0 space.

Bit 7: CW3 Description

0 No CS3 space continuous access idle cycles

1 One CS3 space continuous access idle cycle (Initial value)
Bit 6: CW2 Description

0 No CS2 space continuous access idle cycles

1 One CS2 space continuous access idle cycle (Initial value)
Bit 5: CW1 Description

0 No CS1 space continuous access idle cycles

1 One CS1 space continuous access idle cycle (Initial value)
Bit 4: CWO Description

0 No CSO space continuous access idle cycles

1 One CSO0 space continuous access idle cycle (Initial value)

+ Bits3-0—CS Assert Extension Specification (SW3, SW2, SW1, SWO0): The CS assert cycle
extension specification is for making insertions to prevent extension of the RD signal, WRH
signal, or WRL signal assert period beyond the length of the CSn signal assert period.
Extended cyclesinsert one cycle before and after each bus cycle, which simplifies interfaces
with external devices and also has the effect of extending the write data hold time. Refer to
section 9.3.3, CS Assert Period Extension, for details.
SW3 specifies the CS assert extension for CS3 space access;, SW2 specifies the CS assert
extension for CS2 space access, SW1 specifies the CS assert extension for CS1 space access
and SWO specifies the CS assert extension for CSO space access.

Bit 3: SW3 Description

0 No CS3 space CS assert extension

1 CS3 space CS assert extension (Initial value)

Bit 2: SW2 Description

0 No CS2 space CS assert extension

1 CS2 space CS assert extension (Initial value)
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Bit 1: SW1 Description

0 No CS1 space CS assert extension

1 CS1 space CS assert extension (Initial value)
Bit 0: SWO Description

0 No CSO0 space CS assert extension

1 CSO0 space CS assert extension (Initial value)

9.2.3 Wait Control Register (WCR)

Bitt 15 14 13 12 11 10 9 8
\ W33 \ W32 \ W31 \ W30 \ w23 \ W22 \ w21 \ W20
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
\ W13 \ W12 \ w11 \ W10 \ W03 \ W02 \ Wo1 \ W00
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

WCR is a 16-bit readable/writable register that specifies the number of wait cycles for each CS
space.

WCR1 isinitialized to H'FFFF by a power-on reset and in hardware standby mode. It is not
initialized by amanual reset or in software standby mode.

e Bits 15-12—CS3 Space Wait Specification (W33, W32, W31, W30): These bits specify the
number of waits for CS3 space access.

Bit 15: Bit14: Bit13: Bit12:
W33 W32 w31 W30 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
i
1 1 1 1 15 wait external wait input enabled (Initial value)
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e Bits 11-8—CS2 Space Wait Specification (W23, W22, W21, W20): These hits specify the
number of waits for CS2 space access.

Bit11: Bit10: Bit9: Bit 8:
w23 w22 w21 w20 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
m
1 1 1 1 15 wait external wait input enabled (Initial value)

* Bits 7-4—CS1 Space Wait Specification (W13, W12, W11, W10): These hits specify the
number of waits for CS1 space access.

Bit 7: Bit 6: Bit 5: Bit 4:
w13 w12 w11l w10 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
m
1 1 1 1 15 wait external wait input enabled (Initial value)

* Bits3-0—CS0 Space Wait Specification (W03, W02, W01, W00): These bits specify the
number of waits for CS0O space access.

Bit 3: Bit 2: Bit 1: Bit 0:
w03 w02 wo1 w00 Description

0 0 0 0 No wait (external wait input disabled)
0 0 0 1 1 wait external wait input enabled
m
1 1 1 1 15 wait external wait input enabled (Initial value)
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9.24 RAM Emulation Register (RAMER)

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
-l -1 -71T-7T-=-7T-=-T=-17=1
0 0 0 0 0 0 0 0

R R
7 6 5 4 3 2 1 0

‘ _ _ — ‘ — \ RAMS‘ RAM2 \ RAMl‘ RAMO \
0 0 0 0 0 0 0 0
R R RW RW RW  RW

The RAM emulation register (RAMER) is a 16-bit readable/writable register that selects the RAM
area to be used when emulating realtime programming of flash memory.

RAMER isinitialized to H'0000 by a power-on reset and in hardware standby mode. It is not

initialized by amanual reset or in software standby mode.

Note: To ensure correct operation of the RAM emulation function, the ROM for which RAM
emulation is performed should not be accessed immediately after this register has been
modified. Operation cannot be guaranteed if such an accessis made.

e Bits 15 to 4—Reserved: Only 0 should be written to these bits. Operation cannot be guaranteed

if 1iswritten.

e Bit 3—RAM Select (RAMS): Used together with bits 2 to 0 to select or deselect flash memory
emulation by RAM (table 9.4).

When 1 iswritten to this bit, al flash memory blocks are write/erase-protected.
Thishit isignored in modes with on-chip ROM disabled.

e Bits2to 0—RAM Area Specification (RAM2 to RAMO): These bits are used together with the
RAMS bit to designate the flash memory areato be overlapped onto RAM (table 9.4).
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Table9.4 RAM Area Setting Method

RAM Area Bit 3: RAMS Bit 2: RAM2 Bit 1: RAM1 Bit 0: RAMO
H'FFFF6000 to H'FFFF6FFF 0 * * *
H'00000000 to H'00000FFF 1 0 0 0
H'00001000 to H'00001FFF 1 0 0 1
H'00002000 to H'00002FFF 1 0 1 0
H'00003000 to H'00003FFF 1 0 1 1
H'00004000 to H'00004FFF 1 1 0 0
H'00005000 to H'00005FFF 1 1 0 1
H'00006000 to H'00006FFF 1 1 1 0
H'00007000 to H'00007FFF 1 1 1 1

*: Don't care
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9.3 Accessing External Space

A strobe signal is output in external space accesses to provide primarily for SRAM or ROM direct
connections.

931 Basic Timing

Figure 9.3 shows the basic timing of external space access. External access bus cycles are
performed in 2 states.

CKW

Address

CSn \

Read

Figure9.3 Basic Timing of External Space Access
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Wait State Control

932

The number of wait statesinserted into external space access states can be controlled using the
WCR settings (figure 9.4). The specified number of T,, cycles are inserted as software cycles at

the timing shown in figure 9.4.

Read
Write

Figure9.4 Wait State Timing of External Space Access (Software Wait Only)

149

HITACHI



When the wait is specified by software using WCR, the wait input WAIT signal from outside is

waits, use a WCR setting of 1 state or more when extending CS assertion, and 2 states or more

otherwise.

sampled. Figure 9.5 shows the WAIT signal sampling. The WAIT signal is sampled at the clock

rise one cycle before the clock rise when the T, state shifts to the T, state. When using external

\\\\\\ Xﬁﬁ ?/
0 [ A B @. ““““““““
sl S\l
= -
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ mW\\\
=3[ I A AN N (SN N A ™
C ~
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ mW\
= I I R ! N N N il
T
P S N R R R R IR AR R N
X )] c =) © — o] -
S 4 & B & E £ ‘l
m 70 a = a AWn
< T
=

Read
Write

Figure9.5 Wait State Timing of External Space Access (Two Software Wait States + WAIT
Signal Wait State)
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933  CS Assert Period Extension

Idle cycles can be inserted to prevent extension of the RD, WRH, or WRL signal assert period

beyond the length of the CSn signal assert period by setting the SW3-SWO bits of BCR2. This
alowsfor flexible interfaces with external circuitry. Thetiming is shown in figure 9.6. Ty, and T
cycles are added respectively before and after the ordinary cycle. Only CSn is asserted in these
cycles; RD, WRH, and WRL signals are not. Further, data is extended up to the T; cycle, whichis
effective for gate arrays and the like, which have dlower write operations.

|
m ./

Read i |

Data i i

| |

WRH, WRL \ /

Write i ‘

|

Figure9.6 CS Assert Period Extension Function
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94 Waits between Access Cycles

When aread from a slow device is completed, data buffers may not go off in time to prevent data
conflicts with the next access. If there is adata conflict during memory access, the problem can be
solved by inserting await in the access cycle.

To enable detection of bus cycle starts, waits can be inserted between access cycles during
continuous accesses of the same CS space by negating the CSn signal once.

9.4.1 Prevention of Data Bus Conflicts

For the two cases of write cycles after read cycles, and read cycles for a different area after read
cycles, waits are inserted so that the number of idle cycles specified by the IW31 to W00 bits of
BCR2 occur. When idle cycles aready exist between access cycles, only the number of empty
cycles remaining beyond the specified number of idle cycles are inserted.

Figure 9.7 shows an example of idles between cycles. In this example, one idle between CSn
space cycles has been specified, so when a CSm space write immediately follows a CSn space
read cycle, oneidle cycleisinserted.

|
|

csm |
|
|

RD i \
|
RH,WRL | L_ﬁ

| |
|

owa — <
|
| | ‘ ‘
|
|

CSn space read CSm space write

Figure9.7 ldle Cyclelnsertion Example
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IW31 and IW30 specify the number of idle cycles required after a CS3 space read either to read
other external spaces, or for this chip, to perform write accesses. In the same manner, IW21 and
IW20 specify the number of idle cycles after a CS2 space read, IW11 and IW10, the number after
a CS1 space read, and IWO01 and W00, the number after a CS0O space read. 0 to 3 idle cycles can
be specified.

9.4.2 Simplification of Bus Cycle Start Detection

For consecutive accesses to the same CS space, waits are inserted to provide the number of idle
cycles designated by bits CW3 to CWO0 in BCR2. However, in the case of awrite cycle after a
read, the number of idle cyclesinserted will be the larger of the two values designated by the IW
and CW bits. When idle cycles aready exist between access cycles, waits are not inserted. Figure
9.8 shows an example. A continuous access idle is specified for CSn space, and CSn spaceis
consecutively write-accessed.

SO o U an U an U an U o U an

Address

Figure9.8 Same Space Consecutive Access I dle Cycle I nsertion Example
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95 Bus Arbitration

The SH7055 has a bus arbitration function that, when a bus release request is received from an
external device, releases the busto that device. It also has three internal bus masters, the CPU,
DMAC, and AUD. The priority ranking for determining bus right transfer between these bus
mastersis:

Bus right request from external device > AUD > DMAC > CPU

Therefore, an external device that generates a bus request is given priority even if the request is
made during a DMAC burst transfer.

The AUD does not acquire the bus during DMAC burst transfer, but at the end of the transfer.
When the CPU has possession of the bus, the AUD has higher priority than the DMAC for bus
acquisition.

A bus request by an external device should be input at the BREQ pin. The signal indicating that
the bus has been released is output from the BACK pin.

Figure 9.9 shows the bus right rel ease procedure.

C SH7055 ) C External device >

| BREQ accepted

Strobe pin:
high-level output

Address, data, BACK confirmation
strobe pin:

high impedance

BREQ = Low .
I: Q I Bus right request |

- | BACK = Low
Bus right release

response

Bus right release status Bus right acquisition

Figure9.9 BusRight Release Procedure
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9.6 Memory Connection Examples

Figures 9.10-9.13 show examples of the memory connections.

32 k x 8-hit
SH7055 ROM
CSn CE
RD OE
AO-Al4 A0-Al4
DO-D7 1/00-1/07

Figure9.10 Example of 8-Bit Data Bus Width ROM Connection

256 k x 16-bit
SH7055 ROM
CSn CE
RD OE
A0 —
A1-A18 AO-A17
D0-D15 1/00-1/015

Figure9.11 Example of 16-Bit Data Bus Width ROM Connection

128 k x 8-bit
SH7055 SRAM
CSn CE
RD OE
AO-A16 AO-A16
WRL WE
DO-D7 1/00-1/07

Figure9.12 Example of 8-Bit Data Bus Width SRAM Connection
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128 k x 8-bit

SH7055 SRAM
CSn Ccs
RD OE
A0 —
Al1-Al17 AO0-A16
WRH WE
D8-D15 I/00-1/07
WRL
DO-D7 —
CS
OE
L AO0-Al6
WE
1/00-1/07

Figure9.13 Example of 16-Bit Data Bus Width SRAM Connection
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Section 10 Direct Memory Access Controller (DMAC)

10.1 Overview

The SH7055 includes an on-chip four-channel direct memory access controller (DMAC). The
DMAC can be used in place of the CPU to perform high-speed data transfers among external
memories, memory-mapped external devices, and on-chip peripheral modules (except for the
DMAC, BSC, and UBC). Using the DMAC reduces the burden on the CPU and increases the
operating efficiency of the chip as awhole.

10.1.1  Features
The DMAC has the following features:

* Four channels

» 4-Gbyte address space in the architecture

e 8-, 16-, or 32-hit selectable data transfer length
e Maximum of 16 M (6,777,216) transfers

e Address modes

Both the transfer source and transfer destination are accessed by address. There are two

transfer modes: direct address and indirect address.

O Direct address transfer mode: Values set inaDMAC internal register indicate the accessed
address for both the transfer source and transfer destination. Two bus cycles are required
for one data transfer.

O Indirect address transfer mode: The value stored at the location pointed to by the address
set inthe DMAC internal transfer source register is used as the address. Operation is
otherwise the same as for direct access. This function can only be set for channel 3. Four
bus cycles are required for one data transfer.

e Channel function: Dual address mode is supported on all channels.

Channel 2 has a source address reload function that rel oads the source address every fourth

transfer. Direct address transfer mode or indirect address transfer mode can be specified for

channel 3.

* Reload function
Enables automatic reloading of the value set in the first source address register every fourth
DMA transfer. This function can be executed on channel 2 only.

e Transfer requests

There are two DMAC transfer activation requests, as indicated below.

0 Requests from on-chip peripheral modules: Transfer requests from on-chip modules such as
the SCI or A/D. These can be received by al channels.

O Auto-request: The transfer request is generated automatically within the DMAC.
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« Selectable bus modes. Cycle-steal mode or burst mode
» Fixed DMAC channel priority ranking
e CPU can beinterrupted when the specified number of data transfers are complete.

10.1.2 Block Diagram

Figure 10.1 isablock diagram of the DMAC.

|
[ ] N DMAC module N !
|
| . . - |
_ | Circuit > <:> [
On-chip ROM ! control |« SARN :
: l
: Register ad DAR <:> :
. n I
On-chip RAM i control !
! /Y |
-chi -
On-chip Sl ol ! DMATCRn <:> l
peripheral 2 21 Activation | I
module I 3 | clivation :
o S| control | ¢ - i
= 9 : A A CHCRn <:> |
o =N > I
o | I
| |
| L :
: v DMAOR <:> |
HCANO —1 B !
| - -«
ATU-I ™| Request !
SCI0-SCl4 — ™ priority |
A/D converter 0-2 — control |
DEIn = : !
! l
| |
! l
N : X :
External (1) !
| |
ROM <:> D ™ | Bus interface !
(2]
> | |
External 2 ! |
RAM ) g i .
ey L e !
Q
b
External I/O <:> SARn: DMA source address register
ErTaemg(rj))/ DARnN: DMA destination address register
pp (L DMATCRnN: DMA transfer count register
Bus state CHCRnN: DMA channel control register
controller DMAOR: DMA operation register

n:0,1,2,3

Figure10.1 DMAC Block Diagram
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10.1.3

Register Configuration

Table 10.1 summarizes the DMAC registers. The DMAC has atotal of 17 registers. Each channel
has four registers, and one overall DMAC control register is shared by all channels.

Table10.1 DMAC Registers

Initial Register Access
Channel Name Abbr. R/W  Value Address Size Size
0 DMA source SARO R/W  Undefined H'FFFFECCO 32 bits 16, 32*2
address register 0
DMA destination DARO R/W  Undefined H'FFFFECC4 32 bits 16, 32**
address register 0
DMA transfer DMATCRO R/W  Undefined HFFFFECCS8 32 bits 16, 32*?
count register 0
DMA channel CHCRO R/W*' H'00000000 H'FFFFECCC 32 bits 16, 32**
control register 0
1 DMA source SAR1 R/W  Undefined H'FFFFECDO 32 bits 16, 32*2
address register 1
DMA destination DAR1 R/W  Undefined H'FFFFECD4 32 bits 16, 32*?
address register 1
DMA transfer DMATCR1 R/W  Undefined HFFFFECDS 32 bits 16, 32*°
count register 1
DMA channel CHCR1 R/W*' H'00000000 H'FFFFECDC 32 bits 16, 32**
control register 1
2 DMA source SAR2 R/W  Undefined H'FFFFECEO 32 bits 16, 32*2
address register 2
DMA destination DAR2 R/W  Undefined H'FFFFECE4 32 bits 16, 32*?
address register 2
DMA transfer DMATCR2 R/W Undefined HFFFFECES 32 bits 16, 32*°
count register 2
DMA channel CHCR2 R/W*' H'00000000 H'FFFFECEC 32 bits 16, 32**
control register 2
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Table10.1 DMAC Registers(cont)

Initial Register Access
Channel Name Abbr. R/W  Value Address Size Size
3 DMA source SAR3 R/W  Undefined HFFFFECFO 32 bits 16, 32*2

address register 3

DMA destination DAR3 R/W  Undefined H'FFFFECF4 32 bits 16, 32*2
address register 3

DMA transfer DMATCR3 R/W  Undefined H'FFFFECF8 32 bits 16, 32*°
count register 3
DMA channel CHCR3 R/W#*" H'00000000 H'FFFFECFC 32 bits 16, 32*?
control register 3

Shared  DMA operation DMAOR  R/W*' H'0000 H'FFFFECBO 16 bits  16**
register

Notes: Word access to a register takes 3 cycles, and longword access 6 cycles.

1. Write O after reading 1 in bit 1 of CHCRO—CHCR3 and in bits 1 and 2 of DMAOR to
clear flags. No other writes are allowed.

2. For 16-bit access of SARO-SAR3, DARO-DARS3, and CHCR0O-CHCRS3, the 16-bit value
on the side not accessed is held.

3. DMATCR has a 24-bit configuration: bits 0-23. Writing to the upper 8 bits (bits 24—-31)
is invalid, and these bits always read 0.

4. Do not use 32-bit access on DMAOR.

5. Do not attempt to access an empty address, as operation canot be guaranteed if this is
done.

10.2 Register Descriptions

10.21 DMA Source Address Registers 0-3 (SARO-SAR3)

DMA source address registers 0-3 (SAR0-SAR3) are 32-hit readable/writable registers that
specify the source address of aDMA transfer. These registers have a count function, and during a
DMA transfer, they indicate the next source address.

Specify a 16-bit boundary when performing 16-bit data transfers, and a 32-bit boundary when
performing 32-bit data transfers. Operation cannot be guaranteed if any other addresses are set.

Theinitial value after a power-on reset and in standby mode is undefined.
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Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

10.2.2 DMA Destination Address Registers 0-3 (DARO-DAR3)

31 30 29 28 27 26 25 24
R/W R/W R/W R/W R/W R/W R/W R/W

23 22 21 2 1 0
R/W R/W R/W R/W R/W R/W

DMA destination address registers 0-3 (DARO-DARS3) are 32-hit readable/writable registers that
specify the destination address of a DMA transfer. These registers have a count function, and
during aDMA transfer, they indicate the next destination address.

Specify a 16-bit boundary when performing 16-bit data transfers, and a 32-bit boundary when
performing 32-bit data transfers. Operation cannot be guaranteed if any other addresses are set.

The value after a power-on reset and in standby mode is undefined.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

31 30 29 28 27 26 25 24
R/W R/W R/W R/W R/W R/W R/W R/W
23 22 21 2 1 0
R/W R/W R/W R/W R/W R/W
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10.23 DMA Transfer Count Registers 0-3 (DMATCRO-DMATCR3)

DMA transfer count registers 0-3 (DMATCRO-DMATCRB3) are 24-bit read/write registers that
specify the transfer count for the channel (byte count, word count, or longword count) in bits 23 to
0. Specifying H'000001 gives atransfer count of 1, while H'000000 gives the maximum setting,
16,777,216 transfers. During DMAC operation, these registers indicate the remaining number of
transfers.

The upper 8 bits of DMATCR aways read 0. The write value, aso, should always be 0.

The value after a power-on reset and in standby mode is undefined.

Bit: 31 30 29 28 27 26 25 24
T

R/W:

Bit: 23 22 21 20 19 18 17 16
570 A N N -

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 15 14 13 12 11 10 9 8

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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10.24 DMA Channé Control Registers -3 (CHCRO-CHCR3)

DMA channel control registers 0-3 (CHCRO-CHCR3) are 32-bit readable/writable registers that
designate the operation and transmission of each channel. CHCR register bits are initialized to
H'00000000 by a power-on reset and in standby mode.

Bitt 31 30 29 28 27 26 25 24
T -1 -Tlw

Initial value: 0 0 0 0 0 0 0 0
RW: R R R RIW*2 R R R RW®

Bitt 23 22 21 20 19 18 17 16
\ — \ — \ — \ RS4 \ RS3 \ RS2 \ RS1 \ RSO \

Initial value: 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW RW

Bitt 15 14 13 12 11 10 9 8
\ — \ — \ SM1 \ SMO \ — \ — \ DM1 \ DMO \

Initial value: 0 0 0 0 0 0 0 0
RW: R R RW  RW R R RW  RW

Bt 7 6 5 4 3 2 1 0
\ — \ — \ TS1 \ TS0 \ ™ \ IE \ TE \ DE \

Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW R(W" RW

Notes: 1. TE bit: Allows only a 0 write after reading 1.
2. The DI and RO bits may be absent, depending on the channel.
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e Bits31-29, 27-25, 23-21, 15, 14, 11, 10, 7, 6—Reserved: These bits are always read as 0, and
should only be written with O.

e Bit 28—Direct/Indirect Select (DI): Specifies either direct address mode operation or indirect
address mode operation for the channel 3 source address. This bit isvalid only in CHCR3. It
always reads 0 in CHCRO-CHCR?2, and should always be written with O.

Bit 28: DI Description
0 Direct access mode operation for channel 3 (Initial value)
1 Indirect access mode operation for channel 3

e Bit 24—Source Address Reload (RO): Selects whether to reload the source address initial
value during channel 2 transfer. Thisbit isvalid only for channel 2. It alwaysreads0in
CHCRO, CHCR1, and CHCR3, and should always be written with 0.

Bit 24: RO Description

0 Does not reload source address (Initial value)
1 Reloads source address
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Bits 20—-16—Resource Select 4-0 (RS4-RS0): These hits specify the transfer request source.

Bit 20: RS4 Bit 19: RS3 Bit 18: RS2 Bit17: RS1 Bit 16: RSO Description

0 0 0 0 0 No request (Initial value)
1 SCIO transmission
1 0 SCIO0 reception
1 SCI1 transmission
1 0 0 SCI1 reception
1 SCI2 transmission
1 0 SCI2 reception
1 SCI3 transmission
1 0 0 0 SCI3 reception
1 SCI4 transmission
1 0 SCI4 reception
1 On-chip A/DO
1 0 0 On-chip A/D1
1 On-chip A/D2
1 0 No request
1 HCANO (RMO)
1 0 0 0 0 No request
1 ATU-II (ICIOA)
1 0 ATU-II (ICIOB)
1 ATU-II (ICIOC)
1 0 0 ATU-II (ICIOD)
1 ATU-II (CMI6A)
1 0 ATU-II (CMI6B)
1 ATU-II (CMI6C)
1 0 0 0 ATU-II (CMIED)
1 ATU-II (CMI7A)
1 0 ATU-Il (CMI7B)
1 ATU-II (CMI7C)
1 0 0 ATU-II (CMI7D)
1 No request
1 0 No request
1

Auto-request

HITACHI

165



e Bits 13 and 12—Source Address Mode 1, 0 (SM1, SMO0): These bits specify
increment/decrement of the DMA transfer source address.

Bit 13: SM1 Bit 12: SMO Description

0 0 Source address fixed (Initial value)

0 1 Source address incremented (+1 during 8-bit transfer, +2
during 16-bit transfer, +4 during 32-bit transfer)

1 0 Source address decremented (-1 during 8-bit transfer, —2
during 16-bit transfer, —4 during 32-bit transfer)

1 1 Setting prohibited

When the transfer source is specified at an indirect address, specify in source address register 3
(SARB3) the actual storage address of the data to be transferred as the data storage address (indirect
address).

During indirect address mode, SAR3 obeys the SM1/SMO setting for increment/decrement. In this
case, SAR3' sincrement/decrement is fixed at +4/—4 or O, irrespective of the transfer data size
specified by TS1 and TSO.

e Bits9and 8—Destination Address Mode 1, 0 (DM 1, DMOQ): These hits specify
increment/decrement of the DMA transfer source address.

Bit 9: DM1 Bit 8: DMO Description

0 0 Destination address fixed (Initial value)

0 1 Destination address incremented (+1 during 8-bit transfer, +2
during 16-bit transfer, +4 during 32-bit transfer)

1 0 Destination address decremented (-1 during 8-bit transfer, —2
during 16-bit transfer, —4 during 32-bit transfer)

1 1 Setting prohibited

e Bits5and 4—Transfer Size 1, 0 (TS1, TS0): These bits specify the size of the data for transfer.

Bit5: TS1 Bit4: TSO Description

0 0 Specifies byte size (8 bits) (Initial value)
0 1 Specifies word size (16 bits)

1 0 Specifies longword size (32 bits)

1 1 Setting prohibited
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e Bit 3—Transfer Mode (TM): Specifies the bus mode for data transfer.

Bit 3: TM Description
0 Cycle-steal mode (Initial value)
1 Burst mode

* Bit 2—Interrupt Enable (IE): When thisbit is set to 1, interrupt requests are generated after the
number of data transfers specified in DMATCR (when TE = 1).

Bit 2: IE Description

0 Interrupt request not generated on completion of DMATCR-specified
number of transfers (Initial value)

1 Interrupt request enabled on completion of DMATCR-specified number
of transfers

e Bit 1—Transfer End (TE): Thishit is set to 1 after the number of data transfers specified by
DMATCR. At thistime, if the IE bit is set to 1, an interrupt request is generated.
If datatransfer ends before TE is set to 1 (for example, due to an NMI or address error, or
clearing of the DE bit or DME bit of DMAOR) TE is hot set to 1. With this bit set to 1, data
transfer is disabled even if the DE bit is set to 1.

Bit 1: TE Description

0 DMATCR-specified number of transfers not completed (Initial value)
[Clearing condition]

0 write after TE = 1 read, power-on reset, standby mode

1 DMATCR-specified number of transfers completed

* Bit 0—DMAC Enable (DE): DE enables operation in the corresponding channel.

Bit 0: DE Description
0 Operation of the corresponding channel disabled (Initial value)
1 Operation of the corresponding channel enabled

Transfer isinitiated if thisbit is set to 1 when auto-request is specified (RS4-RS0 settings). With
an on-chip module request, when atransfer request occurs after thisbit is set to 1, transfer is
initiated. If thisbit is cleared during a data transfer, transfer is suspended.

If the DE bit has been set, but TE = 1, then if the DME bit of DMAOR is 0, and the NMIF or AE
bit of DMAOR is 1, the transfer enable state is not entered.
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10.25 DMAC Operation Register (DMAOR)

DMAOR is a 16-hit readable/writable register that controls the overall operation of the DMAC.

Register values are initialized to H'0000 by a power-on reset and in standby mode.

Bit: 15 14 13 12 11 10 9 8
[T -1 -T-T-T-T-T-]
Initial value: 0 0 0 0 0 0 0 0
R/W: R
Bit: 7 6 5 4 3 2 1 0
-] - — —_ — | AE | NMIF | DME |
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R R RI(W)*  RI(W)*  RIW

Note: * O write only is valid after 1 is read at the AE and NMIF bits.

e Bits 15-3—Reserved: These bits are always read 0 and should always be written with O.

e Bit 2—Address Error Flag (AE): Indicates that an address error has occurred during DMA
transfer. If thisbit is set during a data transfer, transfers on all channels are suspended. The
CPU cannot write a 1 to the AE bit. Clearing is effected by a 0 write after a1 read.

Bit 2: AE

Description

0

No address error, DMA transfer enabled
[Clearing condition]
Write AE = 0 after reading AE = 1

(Initial value)

Address error, DMA transfer disabled

[Setting condition]
Address error due to DMAC
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e Bit 1—NMI Flag (NMIF): Indicates input of an NMI. This bit is set irrespective of whether the
DMAC is operating or suspended. If thishit is set during a data transfer, transfers on al
channels are suspended. The CPU isunableto write a1 to the NMIF. Clearing is effected by a
0 write after a1 read.

Bit 1: NMIF Description
0 No NMI interrupt, DMA transfer enabled (Initial value)

[Clearing condition]
Write NMIF = 0 after reading NMIF = 1

1 NMI has occurred, DMC transfer disabled
[Setting condition]

NMI interrupt occurrence

* Bit0—DMAC Master Enable (DME): This hit enables activation of the entire DMAC. When
the DME hit and DE bit of the CHCR register for the corresponding channel are set to 1, that
channel istransfer-enabled. If thisbit is cleared during a data transfer, transfers on all channels
are suspended.

Even when the DME bit is set, when the TE bit of CHCR is 1, or its DE hit is 0, transfer is
disabled if the NMIF or AE bitin DMAOR isset to 1.

Bit 0: DME Description
0 Operation disabled on all channels (Initial value)
1 Operation enabled on all channels
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10.3  Operation

When thereis a DMA transfer request, the DMAC starts the transfer according to the channel
priority order; when the transfer end conditions are satisfied, it ends the transfer. Transfers can be
reguested in two modes: auto-request and on-chip peripheral module request. Transfer is
performed only in dual address mode, and either direct or indirect address transfer mode can be
used. The bus mode can be either burst or cycle-steal.

10.3.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count register (DMATCR), DMA channel control registers (CHCR), and DMA operation
register (DMAOR) are set to the desired transfer conditions, the DMAC transfers data according
to the following procedure:

1. The DMAC checksto seeif transfer isenabled (DE=1, DME =1, TE=0, NMIF =0,
AE=0).

2. When atransfer request comes and transfer has been enabled, the DMAC transfers 1 transfer
unit of data (determined by the TS0 and TS1 setting). For an auto-request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 upon each transfer. The actual transfer flows vary by address mode and bus
mode.

3. When the specified number of transfers have been completed (when DMATCR reaches 0), the
transfer ends normally. If the IE bit of CHCR is set to 1 at thistime, a DEI interrupt is sent to
the CPU.

4. When an address error occursin the DMAC or an NMI interrupt is generated, the transfer is
aborted. Transfer is aso aborted when the DE bit of CHCR or the DME bit of DMAOR is
cleared to O.
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Figure 10.2 is a flowchart of this procedure.

( Start )
I
Initial settings
(SAR, DAR, DMATCR, CHCR,
DMAOR)

[

L A A

DE, DME =1 and
NMIF, AE, TE = 0?

Transfer request
occurs?*1

*3

Transfer (1 transfer unit);
DMATCR - 1 -~ DMATCR, SAR and DAR
updated

Does
NMIF =1, AE =1,
DE =0, or DME

DMATCR = 0?

DEI interrupt request (when IE = 1) | ( Transfer aborted >

Does
NMIF =1, AE=1,
DE =0, or DME

No

v
( Transfer ends ) ( Normal end )

and the DE and DME bits are set to 1.
2. Cycle-steal mode
3. Burst mode

*2

Bus mode

Notes: 1. In auto-request mode, transfer begins when NMIF, AE, and TE are all O,

Figure10.2 DMAC Transfer Flowchart
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10.3.2 DMA Transfer Requests

DMA transfer requests are generated in either the data transfer source or destination. Transfers can
be requested in two modes: auto-request and on-chip peripheral module request. The request mode
is selected in the RS4-RS0 bits of DMA channel control registers 0-3 (CHCRO-CHCRS3).

Auto-Request Mode: When there is no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request atransfer, the auto-request mode alows the DMAC to automatically generate a
transfer request signal internally. When the DE bits of CHCRO-CHCRS and the DME bit of
DMAOR are set to 1, the transfer begins (so long as the TE hits of CHCRO-CHCR3 and the
NMIF and AE bits of DMAOR are dl 0).

On-Chip Peripheral Module Request Mode: In this mode atransfer is performed at the transfer
request signal (interrupt request signal) of an on-chip peripheral module. Asindicated in table
10.2, there are 26 transfer request signals: 12 from the advanced timer unit (ATU-I11), which are
compare match or input capture interrupts; the receive data full interrupts (RX1) and transmit data
empty interrupts (TXI) of the five serial communication interfaces (SCI); the receive interrupt of
HCANO; and the A/D conversion end interrupts (ADI) of the three A/D converters. When DMA
transfers are enabled (DE =1, DME =1, TE=0, NMIF = 0, AE = 0), atransfer is performed upon
the input of atransfer request signal.

When the transfer request is set to RX| (transfer request because the SCI’ sreceive dataregister is
full), the transfer source must be the SCI’ sreceive data register (RDR). When the transfer request
isset to TXI (transfer request because the SCI’ s transmit data register is empty), the transfer
destination must be the SCI’ s transmit dataregister (TDR). If the transfer request is set to the A/D
converter, the data transfer source must be the A/D converter register; if set to HCANO, the
transfer source must be HCANO message data.
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Table10.2 Selecting On-Chip Peripheral M odule Request Modes with the RS Bits

DMAC
Transfer
Request DMAC Transfer Transfer Transfer
RS4 RS3 RS2 RS1 RSO Source Request Signal Source Destination Bus Mode
0 0 0 0 1 SCI0 TXIO (SCIO transmit- Don’t care* TDRO Burst/cycle-
transmit data-empty transfer steal
block request)
1 0 SCIO RXI0 (SCIO receive- RDRO Don't care*  Burst/cycle-
receive data-full transfer steal
block request)
1 SCI1 TXI1 (SCI1 transmit- Don’t care* TDR1 Burst/cycle-
transmit data-empty transfer steal
block request)
1 0 0 SCi1 RXI1 (SCI1 receive- RDR1 Don't care*  Burst/cycle-
receive data-full transfer steal
block request)

1 SCI2 TXI2 (SCI2 transmit- Don't care* TDR2 Burst/cycle-

transmit data-empty transfer steal
block request)
1 0 SCI2 RXI2 (SCI2 receive- RDR2 Don't care*  Burst/cycle-
receive data-full transfer steal
block request)
1 SCI3 TXI3 (SCI3 transmit- Don't care* TDR3 Burst/cycle-
transmit data-empty transfer steal
block request)
1 0 0 0 SCI3 RXI3 (SCI3 receive- RDR3 Don’t care*  Burst/cycle-
receive data-full transfer steal
block request)
1 SCl4 TXI4 (SCl4 transmit- Don't care* TDR4 Burst/cycle-
transmit data-empty transfer steal
block request)
1 0 SCl4 RXI14 (SCl4 receive- RDR4 Don't care*  Burst/cycle-
receive data-full transfer steal
block request)

1 A/DO ADIO (A/DO ADDRO- Don't care*  Burst/cycle-
conversion end ADDR11 steal
interrupt)

1 0 0 A/D1 ADI1 (A/D1 ADDR12-  Don't care*  Burst/cycle-
conversion end ADDR23 steal
interrupt)

1 A/D2 ADI2 (A/D2 ADDR24-  Don'tcare*  Burst/cycle-
conversion end ADDR31 steal
interrupt)

1 1 HCANO RMO (HCANO MDO0-MD15 Don't care*  Burst/cycle-
receive interrupt) steal
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Table10.2 Selecting On-Chip Peripheral Module Request M odes with the RS Bits (cont)

DMAC
Transfer
Request DMAC Transfer Transfer Transfer
RS4 RS3 RS2 RS1 RSO Source Request Signal Source Destination Bus Mode
1 0 0 0 1 ATU-II ICIOA (ICROA input  Don'tcare* Don'tcare*  Burst/cycle-
capture generation) steal

1 0 ATU-II ICIOB (ICROB input  Don’t care* Don't care*  Burst/cycle-
capture generation) steal

1 ATU-II ICIOC (ICROC input  Don't care* Don't care*  Burst/cycle-
capture generation) steal

1 0 0 ATU-II ICIOD (ICROD input  Don't care* Don't care*  Burst/cycle-
capture generation) steal

1 ATU-II CMIBA (CYLR6A Don’t care* Don't care*  Burst/cycle-
compare-match steal
generation)

1 0 ATU-II CMI6B (CYLR6B Don't care* Don't care*  Burst/cycle-
compare-match steal
generation)

1 ATU-II CMI6C (CYLR6C Don't care* Don't care*  Burst/cycle-
compare-match steal
generation)

1 0 0 0 ATU-II CMI6D (CYLR6D Don't care* Don't care*  Burst/cycle-
compare-match steal
generation)

1 ATU-II CMI7A (CYLR7A Don't care* Don'tcare*  Burst/cycle-
compare-match steal
generation)

1 0 ATU-II CMI7B (CYLR7B Don't care* Don't care*  Burst/cycle-
compare-match steal
generation)

1 ATU-II CMI7C (CYLR7C Don’t care* Don't care*  Burst/cycle-
compare-match steal
generation)

1 0 0 ATU-II CMI7D (CYLR7D Don't care* Don't care*  Burst/cycle-
compare-match steal

generation)

SCI0, SCI1, SCI2, SCI3, SCl4:
A/DO, A/D1, A/D2:

HCANO:

ATU-II:

TDRO, TDR1, TDR2, TDR3, TDR4:
RDRO, RDR1, RDR2, RDR3, RDR4:

ADDRO-ADDR11:
ADDR12-ADDR23:
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Serial communication interface channels 0—4
A/D converter channels 0-2
Hitachi controller area network channel O

Advanced timer unit

SCI0-SCI4 transmit data registers
SCI0-SCIl4 receive data registers

A/DO data registers
A/D1 data registers
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ADDR24-ADDR31: A/D2 data registers
MDO-MD15: HCANO message data

Note: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, BSC, and UBC)

10.3.3 Channd Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selectsa
channel according to the following priority order:

e CHO>CH1>CH2>CH3

10.34 DMA Transfer Types

The DMAC supports the transfers shown in table 10.3. It operates in dual address mode, in which
both the transfer source and destination addresses are output. The dual address mode consists of a
direct address mode, in which the output address value is the object of adirect data transfer, and
an indirect address mode, in which the output address value is not the object of the data transfer,
but the value stored at the output address becomes the transfer object address. The actual transfer
operation timing varies with the bus mode. The DMAC has two bus modes: cycle-steal mode and
burst mode.

Table10.3 Supported DMA Transfers

Transfer Destination

External Memory-Mapped On-Chip On-Chip
Transfer Source Memory External Device Memory Peripheral Module
External memory Supported Supported Supported Supported
Memory-mapped Supported Supported Supported Supported
external device
On-chip memory Supported Supported Supported Supported
On-chip peripheral Supported Supported Supported Supported

module

10.3.5 Dual Address Mode

Dual address mode is used for access of both the transfer source and destination by address.
Transfer source and destination can be accessed either internally or externally. Dual address mode
is subdivided into two other modes: direct address transfer mode and indirect address transfer
mode.
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Direct Address Transfer Mode: Datais read from the transfer source during the data read cycle,
and written to the transfer destination during the write cycle, so transfer is conducted in two bus
cycles. At thistime, the transfer data is temporarily stored in the DMAC. With the kind of external
memory transfer shown in figure 10.3, datais read from one of the memories by the DMAC
during aread cycle, then written to the other external memory during the subsequent write cycle.
Figure 10.4 shows the timing for this operation.

1st bus cycle

-- DMAC --
: PN N
SAR > Memory
DAR
> Transfer source

module

Data|bus

Address bus

Transfer destination

Data buffer |« module

~— >~

The SAR value is taken as the address, and data is read from the transfer source
module and stored temporarily in the DMAC.

2nd bus cycle

oo DMAC -

| : PN N

: SAR I Memory
|

| RE

| DAR Ly & 3

| e 2 Transfer source
| I} g

[ |5 = module

| | e} [a)]

| | <

! I » Transfer destination

! Data buffer — > >

| L e module

|

The DAR value is taken as the address, and data stored in the DMAC's data
buffer is written to the transfer destination module.

Figure10.3 Direct Address Operation in Dual Address M ode
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CK

|
|

A21-AQ | Transfer source
| address

Transfer destination
address ‘

WRH, WRL

Figure10.4 Direct Address Transfer Timingin Dual AddressMode

Indirect Address Transfer Mode: In this mode the memory address storing the data actually to
be transferred is specified in the DMAC internal transfer source address register (SAR3).
Therefore, inindirect address transfer mode, the DMAC internal transfer source address register
valueisread first. Thisvalueisfirst stored in the DMAC. Next, the read value is output as the
address, and the value stored at that addressis again stored in the DMAC. Finally, the subsequent
read value is written to the address specified by the transfer destination address register, ending
one cycle of DMAC transfer.

In indirect address mode (figure 10.5), the transfer destination, transfer source, and indirect
address storage destination are all 16-bit external memory locations, and transfer in this example is
conducted in 16-bit or 8-bit units. Timing for this transfer example is shown in figure 10.6.

In indirect address mode, one NOP cycle (figure 10.6) is required until the data read as the indirect
address is output to the address bus. When transfer data is 32-bit, the third and fourth bus cycles
each need to be doubled, giving arequired total of six bus cycles and one NOP cycle for the whole
operation.
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1st and 2nd bus
cycles

Memory

Transfer source
module

-  DMAC -
: N N
SAR3 > -
| ) -
| 2
DAR3 | | | & 9
| ) 2
Temporary | ! | 5 %
buffer ! 2 a
Data |
buffer |
NG N~

Transfer destination
module

The SAR3 value is taken as the address, memory data is read, and the value is stored in the
temporary buffer. Since the value read at this time is used as the address, it must be 32 bits. If data
bus is 16 bits wide when accessed to an external memory space, two bus cycles are necessary.

3rd bus cycle i—-  DMAC -~
: [ N
|
: SAR3 : Memory
| L9
! pAR3 | | |2
: ! % a2 | Transfer source
| |[Temporary | I | 5 s | module
: buffer |2 g
! Data : Transfer destination
: buffer - module
| | N~ ~

The value in the temporary buffer is taken as the address, and data is read from the transfer source
module to the data buffer.

4th bus cycle r— DMAC --
: : N N
| SAR3 | Memory
| | ”
| | a
| DAR3 Ly 2
! I § g Transfer source
| [Temporary | | | 5 = module
| buffer L2 s
I » . .
: Data : . > Transfer ddesltlnatlon
I buffer | module
! N ~—

The DAR3 value is taken as the address, and the value in the data buffer is written to the transfer
destination module.

Memory, transfer source, and transfer destination modules are shown here.
In practice, any connection can be made as long as it is within the address space.

Note:

Figure10.5 Dual Address Mode and Indirect Address Operation (16-Bit-Width External
Memory Space)
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CK

| | | | |
‘ | | | | |
: Transfer ! Transfer ! ! ) ! Transfer '
A21-A0 | source : source : : Ir(;‘(jj'reCt : destination :
‘ address (H) i/ \ address (L) | aqdress | address |
| | | |
‘ r [ [ [
‘ [ [ | [ [
CSn : [ [ [ | |
| | | | |
I |
| | I
D15-D0 : Indrrect Indirect \ ! Transfer Transfer :
- r address (H) address (L}/ ‘ data | data ,/
! | / \ | |
| | | |
Internal -
‘ \/ Transfer source Indirect : :
address ! \ NOPr r !
bus | . address Dl address | |
\ \ | A ‘ \
Internal | : : Y | ‘ Transfer Transfer
i |
data bus : Indrrect/ad\dress | ‘ data data |
| | 2 V ! |
DMAC | r
indirect | | : ' Indirect : |
address ! ‘ | | address !
buffer : : ! : J / r
| | . ‘ |
DMAC ! | | | Transfer
data | } ! | | data :
buffer | | \ : r
== | | | ! |
R | |
1 1 | | | 1
- |
RH, | | | | |
RL | } } ! | |
! | | ! |
! Address read cycle . NOP | Data | Data
: : : cycle | read cycle r write cycle |
u—bﬂ—ﬂd—V%—bﬂ—ﬂ
| |
r (1st) ' (2nd) Co@d | @)
[ | [ | [ ‘
| | | | !
Notes: 1. The internal address bus is controlled by the port and does not change.

2. The DMAC does not latch the value until 32-bit data is read from the internal
data bus.

Figure10.6 Dual Address Mode and Indirect Address Transfer Timing Example 1
External Memory Space — External Memory Space
(External memory space has 16-bit width)
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Figure 10.7 shows an example of timing in indirect address mode when transfer source and
indirect address storage locations are in internal memory, the transfer destination is an on-chip
peripheral module with 2-cycle access space, and transfer data is 8-bit.

Since the indirect address storage destination and the transfer source are in internal memory, these
can be accessed in one cycle. The transfer destination is 2-cycle access space, so two data write
cycles are required. One NOP cycle is required until the data read as the indirect address is output
to the address bus.

s

|
X

CK

|
Internal Transfer indirect | Transfer
address source NOP ad dlress '\ destination
bus address /'\__address

| |
; :
\/ Indirect |
//\ address |

i i

| |

| |

NOP | Transfer | Transfer data
‘ data |

‘Pt Pt PP

|
l
Internal |
data |
bus |
| \ | \ \ ‘
| | | | | |
DMAC | | | |
indirect | | | Indirect | } }
address | | | address | } |
buffer ; : ; ; ; i
|
1: | RV
DMAC | } [ \ [ [
data | | } } ! Transfer data
buffer | i } 1 } }
i | i ‘ | :
| |
! ! Address ! NOP ! Data | !
|
i } read cycle i cycle i read cycle i Data write ?ycle (4th)
| o@sy | @nd) 1 @rd) |
| |
| |
| |
| |

Figure10.7 Dual Address Mode and Indirect Address Transfer Timing Example 2
Internal Memory Space — Internal Memory Space
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10.3.6 BusModes

Select the appropriate bus mode in the TM bits of CHCRO-CHCRS. There are two bus modes:
cycle-steal and burst.

Cycle-Steal Mode: In cycle-steal mode, the busright is given to another bus master after each
one-transfer-unit (8-bit, 16-hit, or 32-bit) DMAC transfer. When the next transfer request occurs,
the busright is obtained from the other bus master and a transfer is performed for one transfer
unit. When that transfer ends, the busright is passed to the other bus master. Thisis repeated until
the transfer end conditions are satisfied.

Cycle-steal mode can be used with all categories of transfer destination, transfer source and
transfer request. Figure 10.8 shows an example of DMA transfer timing in cycle-steal mode.

Bus control returned to CPU

—N
Bus cycle X cPU X cPU X cPU XDMACXDMACX cPU XDMACKDMACK cPu X cPu X

Read/Write Read/Write

Figure 10.8 DMA Transfer Timing Examplein Cycle-Steal Mode

Burst Mode: Once the bus right is obtained, transfer is performed continuously until the transfer
end condition is satisfied.

Figure 10.9 shows an example of DMA transfer timing in burst mode.

Bus cycle X cpu X cpu X cpu XpMACKDMACKDMACKDMACKDMACYDMACK CPU X

Read/Write Read/Write Read/Write

Figure10.9 DMA Transfer Timing Examplein Burst Mode
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10.3.7 Relationship between Request M odes and Bus Modes by DMA Transfer Category

Table 10.4 shows the relationship between request modes and bus modes by DMA transfer

category.
Table10.4 Relationship between Request M odes and Bus Modes by DMA Transfer
Category
Address Request Bus** Transfer Usable
Mode  Transfer Category Mode Mode Size (Bits) Channels
Dual External memory and external memory Any*' B/C 8/16/32 0-3
External memory and memory-mapped Any** B/C 8/16/32 0-3
external device
Memory-mapped external device and ~ Any*' B/C 8/16/32 0-3
memory-mapped external device
External memory and on-chip memory  Any* B/C 8/16/32 0-3
External memory and on-chip Any*? B/C**  8/16/32** 0-3
peripheral module
Memory-mapped external device and  Any** B/C 8/16/32 0-3
on-chip memory
Memory-mapped external device and ~ Any*? B/C*®  8/16/32** 0-3
on-chip peripheral module
On-chip memory and on-chip memory  Any** B/C 8/16/32 0-3
On-chip memory and on-chip Any*? B/C**  8/16/32** 0-3
peripheral module
On-chip peripheral module and on- Any*? B/C**  8/16/32** 0-3

chip peripheral module

B: Burst, C: Cycle-steal

Notes: 1. Auto-request or on-chip peripheral module request enabled. However, in the case of an
on-chip peripheral module request, it is not possible to specify the SCI, HCANO, or A/D

converter for the transfer request source.

2. Auto-request or on-chip peripheral module request possible. However, if the transfer
request source is also the SCI, HCANO, or A/D converter, the transfer source or transfer

destination must be same as the transfer source.

3. When the transfer request source is the SCI, only cycle-steal mode is possible.
4. Access size permitted by the on-chip peripheral module register that is the transfer

source or transfer destination.
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10.3.8 BusMode and Channel Priorities

If, for example, atransfer request isissued for channel 0 while transfer isin progress on lower-
priority channel 1 in burst mode, transfer is started immediately on channel 0.

Inthis case, if channel 0 is set to burst mode, channel 1 transfer is continued after completion of
all transfers on channel 0. If channel 0 is set to cycle-steal mode, channel 1 transfer is continued
only if achannel O transfer request has not been issued; if atransfer request isissued, channel 0
transfer is started immediately.

10.3.9  Source Address Reload Function

Channel 2 has a source address reload function. This returns to the first value set in the source
address register (SAR2) every four transfers by setting the RO bit of CHCR2 to 1. Figure 10.10
illustrates this operation. Figure 10.11 is atiming chart for use of channel 2 only with the
following transfer conditions set: burst mode, auto-request, 16-bit transfer data size, SAR2
incremented, DAR2 fixed, reload function on.

=== =DMAC-——— - - - - - - o mm oo N

| |

|

| DMAC control block |

| RO bit=1 !

| m e m——— - < CHCR2 :

|

I : :
Transfer : ! Count signal |
request | i T __________ - > DMATCRZ | , @

I ! | Il a

| | v | &

I ! Reload signal ! Qo

! ' Reload control |- - —» » SARZ s

| : (initial value) : 3

|

[ | + Reload |

| | signal SAR2 |

| ' — — — » 4th count " !

: —

|

| |

|
IL ______________________________________ N
Figure10.10 Source Address Reload Function
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Internal X sARr2 X DAR2 IXSAR2+2x DAR2 XSAR2+4X DAR2 XSAR2+6X DAR?2 ! X SAR2 X DARZX
address bus / : : : : / :

Internal X SAR? data X SAR2+2 data X SAR2+4 data X SAR2+6 data X ; XSARZ data
data bus . i . i : .
3 1st channel 2 ‘ 2nd channel 2 ‘ 3rd channel 2 ‘ 4th channel 2 ‘ ‘ 5th channel 2
; transfer transfer transfer transfer transfer ;
>t > >
SAR2 output | SAR2+2output | SAR2+4output i SAR2+6 output | ' SAR2 output
DAR2 output | DAR2output | DAR2output | DAR2output | ,\ i DAR2 output
After SAR2+6 output, SAR2 is reloaded Bus right is returned one time in four

Figure10.11 Source Address Reload Function Timing Chart
The reload function can be executed whether the transfer datasizeis 8, 16, or 32 bits.

DMATCR2, which specifies the number of transfers, is decremented by 1 at the end of every
single-transfer-unit transfer, regardless of whether the reload function is on or off. Therefore,
when using the reload function in the on state, a multiple of 4 must be specified in DMATCR2.
Operation will not be guaranteed if any other value is set. Also, the counter which counts the
occurrence of four transfers for address reloading is reset by clearing of the DME bit in DMAOR
or the DE hit in CHCR?2, setting of the transfer end flag (the TE bit in CHCR2), NMI input, and
setting of the AE flag (address error generation in DMAC transfer), aswell asby areset and in
software standby mode, but SAR2, DAR2, DMATCRZ, and other registers are not reset.
Consequently, when one of these sources occurs, there isamixture of initialized counters and
uninitialized registersin the DMAC, and incorrect operation may result if arestart is executed in
this state. Therefore, when one of the above sources, other than TE setting, occurs during use of
the address reload function, SAR, DAR2, and DMATCR2 settings must be carried out before re-
execution.

10.3.10 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and for all channels
ending together.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel’s DMA transfer count register (DMATCR) is0, or when the DE bit of the
channel’s CHCR is cleared to O.
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When DMATCR is 0: When the DMATCR value becomes 0 and the corresponding channel's
DMA transfer ends, the transfer end flag bit (TE) is set in CHCR. If the | E (interrupt enable)
bit has been set, aDMAC interrupt (DEI) request is sent to the CPU.

When DE of CHCR is 0: Software can halt a DMA transfer by clearing the DE bit in the
channel’s CHCR. The TE bit is not set when this happens.

Conditionsfor Ending on All Channels Simultaneously: Transferson al channels end when
the NMIF (NMI flag) bit or AE (address error flag) bit isset to 1in DMAOR, or when the DME
bitin DMAOR iscleared to O.

When the NMIF or AE bitissetto 1 in DMAOR: When an NMI interrupt or DMAC address
error occurs, the NMIF or AE bitissetto 1in DMAOR and all channels stop their transfers.
The DMAC obtains the busright, and if these flags are set to 1 during execution of atransfer,
DMAC halts operation when the transfer processing currently being executed ends, and
transfers the bus right to the other bus master. Consequently, even if the NMIF or AE bit is set
to 1 during atransfer, the DMA source address register (SAR), designation address register
(DAR), and transfer count register (DMATCR) are al updated. The TE bit isnot set. To
resume the transfers after NMI interrupt or address error processing, the NMIF or AE flag
must be cleared. To avoid restarting atransfer on a particular channel, clear itsDE bitto O in
CHCR.

When the processing of a one-unit transfer is complete: In adual address mode direct address
transfer, even if an address error occurs or the NMI flag is set during read processing, the
transfer will not be halted until after completion of the following write processing. In such a
case, SAR, DAR, and DMATCR values are updated. In the same manner, the transfer is not
halted in indirect address transfers until after the final write processing has ended.

When DME iscleared to 0 in DMAOR: Clearing the DME bit to 0 in DMAOR aborts the
transfers on all channels. The TE bit is not set.

10.3.11 DMAC Accessfrom CPU

The space addressed by the DMAC is 3-cycle space. Therefore, when the CPU becomes the bus
master and accesses the DMAC, aminimum of three basic clock cycles are required for one bus
cycle. Also, sincethe DMAC islocated in word space, while aword-size accessto the DMAC is
completed in one bus cycle, alongword-size access is automatically divided into two word
accesses, requiring two bus cycles (six basic clock cycles). These two bus cycles are executed
consecutively; adifferent bus cycleis never inserted between the two word accesses. This applies
to both write accesses and read accesses.
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104 Examplesof Use

1041 Exampleof DMA Transfer between On-Chip SCI and External Memory

In this example, on-chip serial communication interface channel 0 (SCIO0) receive datais
transferred to external memory using DMAC channel 0.

Table 10.5 indicates the transfer conditions and the set values of each of the registers.

Table10.5 Transfer Conditionsand Register Set Valuesfor Transfer between On-chip SCI
and External Memory

Transfer Conditions Register Value

Transfer source: RDRO of on-chip SCIO SARO H'FFFFF005
Transfer destination: external memory DARO H'00400000
Transfer count: 64 times DMATCRO H'00000040
Transfer source address: fixed CHCRO H'00020105

Transfer destination address: incremented

Transfer request source: SCI0 (RDRO)

Bus mode: cycle-steal

Transfer unit: byte

Interrupt request generation at end of transfer

DMAC master enable on DMAOR H'0001

10.4.2 Example of DMA Transfer between A/D Converter and On-Chip Memory
(Address Reload On)

In this example, on-chip A/D converter channel 0 is the transfer source and on-chip memory isthe
transfer destination, and the address reload function is on.

Table 10.6 indicates the transfer conditions and the set values of each of the registers.
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Table10.6 Transfer Conditions and Register Set Valuesfor Transfer between A/D
Converter and On-Chip Memory

Transfer Conditions Register Value

Transfer source: on-chip A/D converter chl (A/D1) SAR2 H'FFFFF820
Transfer destination: on-chip memory DAR2 H'FFFF6000
Transfer count: 128 times (reload count 32 times) DMATCR2 H'00000080
Transfer source address: incremented CHCR2 H'010C110D

Transfer destination address: incremented

Transfer request source: A/D converter chl (A/D1)

Bus mode: burst

Transfer unit: byte

Interrupt request generation at end of transfer
DMAC master enable on DMAOR H'0001

When address reload is on, the SAR2 value returns to itsinitially set value every four transfers. In
the above example, when atransfer request isinput from the A/D1, the byte-size dataisfirst read
in from the H'FFFFF820 register of on-chip A/D1 and that data is written to internal address
H'FFFF6000. Because a byte-size transfer was performed, the SAR2 and DAR2 values at this
point are H'FFFFF821 and H'FFFF6001, respectively. Also, because thisis a burst transfer, the
bus right remains secured, so continuous data transfer is possible.

When four transfers are completed, if address reload is off, execution continues with the fifth and
sixth transfers and the SAR2 value continues to increment from H'FFFFF824 to H'FFFFF825 to
H'FFFFF826 and so on. However, when address reload is on, DMAC transfer is halted upon
completion of the fourth transfer and the bus right request signal to the CPU iscleared. At this
time, the value stored in SAR2 is not H'FFFFF823 - H'FFFFF824, but H'FFFFF823 -
H'FFFFF820, areturn to the initially set address. The DAR2 value always continues to be
decremented regardless of whether address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fourth transfer, is
indicated in table 10.7 for both address reload on and off.
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Table 10.7

DMAC Internal Status

Item Address Reload On Address Reload Off
SAR2 H'FFFFF820 H'FFFFF824

DAR2 H'FFFF6004 H'FFFF6004
DMATCR2 H'0000007C H'0000007C

Bus right Released Retained

DMAC operation Halted Processing continues
Interrupts Not issued Not issued

Transfer request source flag clear Executed

Not executed

Notes: 1.

Interrupts are executed until the DMATCR?2 value becomes 0, and if the IE bit of
CHCR2 is set to 1, are issued regardless of whether address reload is on or off.

If transfer request source flag clears are executed until the DMATCR2 value becomes
0, they are executed regardless of whether address reload is on or off.

Designate burst mode when using the address reload function. There are cases where
abnormal operation will result if it is used in cycle-steal mode.

Designate a multiple of four for the DMATCR2 value when using the address reload
function. There are cases where abnormal operation will result if anything else is

designated.

To execute transfers after the fifth transfer when address reload is on, have the transfer request
source issue another transfer request signal.

10.4.3 Example of DMA Transfer between External Memory and SCI1 Transmitting Side
(Indirect Addresson)

In this example, DMAC channel 3 isused, indirect address designated external memory isthe
transfer source, and the SCI 1 transmitting side is the transfer destination.

Table 10.8 indicates the transfer conditions and the set values of each of the registers.
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Table10.8 Transfer Conditions and Register Set Valuesfor Transfer between External
Memory and SCI1 Transmitting Side

Transfer Conditions Register Value
Transfer source: external memory SAR3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'00450000 — H'55
Transfer destination: on-chip SCI TDR1 DAR3 H'FFFFFO0B
Transfer count: 10 times DMATCR3 H'0000000A
Transfer source address: incremented CHCRS3 H'10031001

Transfer destination address: fixed

Transfer request source: SCI1 (TDR1)

Bus mode: cycle-steal

Transfer unit: byte

Interrupt request not generated at end of transfer
DMAC master enable on DMAOR H'0001

When indirect address mode is on, the data stored in the address set in SAR is not used as the
transfer source data. In the case of indirect addressing, the value stored in the SAR address is read,
then that value is used as the address and the data read from that address is used as the transfer
source data, then that datais stored in the address designated by DAR.

In the table 10.8 example, when atransfer request from TDR1 of SCI1 is generated, aread of the
address located at H'00400000, which isthe value set in SARS, is performed first. The data
H'00450000 is stored at this H'00400000 address, and the DMAC first reads this H'00450000
value. It then uses this read value of H'00450000 as an address and reads the value of H'55 that is
stored in the H'00450000 address. It then writes the value H'55 to address H'FFFFFOOB designated
by DARS3 to complete one indirect address transfer.

With indirect addressing, the first executed data read from the address set in SAR3 always results
in alongword size transfer regardless of the TS0 and TS1 bit designations for transfer data size.
However, the transfer source address fixed and increment or decrement designations are according
to the SM0O and SM 1 bits. Consequently, despite the fact that the transfer data size designation is
byte in this example, the SAR3 value at the end of one transfer is H'00400004. The write operation
is exactly the same as an ordinary dual address transfer write operation.

189
HITACHI



10.5 Usage Notes

1

Only word (16-hit) access can be used on the DMA operation register (DMAOR). All other
registers can be accessed in word (16-bit) or longword (32-bit) units.

When rewriting the RSO—R4 bits of CHCRO-CHCRS, first clear the DE bit to O (clear the DE
bit to 0 before modifying CHCR).

When an NMI interrupt is input, the NMIF bit of DMAOR is set even when the DMAC is hot
operating.

Clear the DME bit of DMAOR to 0 and make certain that any transfer request processing
accepted by the DMAC has been completed before entering standby mode.

Do not access the DMAC, BSC, or UBC on-chip peripheral modules from the DMAC.

When activating the DMAC, make the CHCR settings as the final step. Abnormal operation
may result if any other registers are set last.

After the DMATCR count becomes 0 and the DMA transfer ends normally, always write O to
DMATCR, even when executing the maximum number of transfers on the same channel.
Abnormal operation may result if thisis not done.

Designate burst mode as the transfer mode when using the address reload function. Abnormal
operation may result in cycle-steal mode.

Designate a multiple of four for the DMATCR value when using the address reload function,
otherwise abnormal operation may result.

10. Do not access empty DMAC register addresses. Operation cannot be guaranteed when empty

addresses are accessed.

11.1f DMAC transfer is aborted by NMIF or AE setting, or DME or DE clearing, during DMAC

execution with address reload on, the SAR2, DAR2, and DMATCR2 settings should be made
before re-executing the transfer. The DMAC may not operate correctly if thisis not done.

12. Do not set the DE bit to 1 while bits RSO to RS4 in CHCRO to CHCR3 are still set to “no

request.”
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Section 11 Advanced Timer Unit-11 (ATU-II)

11.1 Overview

The SH7055 has an on-chip advanced timer unit-11 (ATU-I1) with one 32-bit timer channel and
eleven 16-bit timer channels.

11.1.1 Features
ATU-II features are summarized below.

» Capability to process up to 65 pulse inputs and outputs
e Prescaler

O Input clock to channels 0 and 10 scaled in 1 stage, input clock to channels 1to 8 and 11
scaled in 2 stages

0 1/1to 1/32 clock scaling possible in initial stage for all channels
0 /1, 1/2,1/4, 1/8, 1/16, or 1/32 scaling possible in second stage for channels 1 to 8 and 11
O External clock TCLKA, TCLKB selection also possible for channels 1to 5 and 11
e Channel 0 hasfour 32-bit input capture lines, allowing the following operations:
O Rising-edge, falling-edge, or both-edge detection selectable
0 DMAC can be activated at capture timing
0 Channel 10 compare-match signal can be captured as a trigger
O

Interval interrupt generation function generates three interval interrupts as selected. CPU
interruption or A/D converter (ADO, 1, 2) activation possible

O Captureinterrupt and counter overflow interrupt can be generated

e Channel 1 has one 16-hit output compare register, eight general registers, and one dedicated
input capture register. The output compare register can also be selected for one-shot pulse
offset in combination with the channel 8 down-counter.

O General registers (GR1A—H) can be used asinput capture or output compare registers

O Waveform output by means of compare-match: Selection of 0 output, 1 output, or toggle
output

Input capture function: Rising-edge, falling-edge, or both-edge detection
Channel 0 input signal (TI0A) can be captured as trigger
Provision for forcible cutoff of channel 8 down-counters (DCNT8A-H)

Compare-match interrupts/capture interrupts and counter overflow interrupts can be
generated

g
O
g
O
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e Channel 2 has eight 16-bit output compare registers, eight general registers, and one dedicated
input capture register. The output compare registers can also be selected for one-shot pulse
offset in combination with the channel 8 down-counter.

O General registers (GR2A—H) can be used as input capture or output compare registers

O Waveform output by means of compare-match: Selection of O output, 1 output, or toggle
output

Input capture function: Rising-edge, falling-edge, or both-edge detection
Channel 0 input signal (TI10A) can be captured as trigger
Provision for forcible cutoff of channel 8 down-counters (DCNT8A-H)

Compare-match interrupts/capture interrupts and counter overflow interrupts can be
generated

e Channels 3 to 5 each have four general registers, allowing the following operations:
O Selection of input capture, output compare, PWM mode

O Waveform output by means of compare-match: Selection of 0 output, 1 output, or toggle
output

O Input capture function: Rising-edge, falling-edge, or both-edge detection
O Channel 9 compare-match signal can be captured as trigger (channel 3 only)
O Compare-match interrupts/capture interrupts can be generated

» Channels 6 and 7 have four 16-bit duty registers, four cycle registers, and four buffer registers,
allowing the following operations:

O Any cycle and duty from 0 to 100% can be set

O Duty buffer register value transferred to duty register every cycle
O Interrupts can be generated every cycle

0 Complementary PWM output can be set (channel 6 only)

e Channel 8 has sixteen 16-bit down-counters for one-shot pulse output, alowing the following
operations:

0 One-shot pulse generation by down-counter

0 Down-counter can be rewritten during count

O Interrupt can be generated at end of down-count
O

O

U
g
U
g

Offset one-shot pulse function available
Can belinked to channel 1 and 2 output compare functions

« Channel 9 has six event counters and six output compare registers, allowing the following
operations:

0 Event counters can be cleared by compare-match
O Rising-edge, falling-edge, or both-edge detection available for external input
0 Compare-match signal can be input to channel 3
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Channel 10 has a 32-bit output compare and input capture register, free-running counter, 16-bit
free-running counter, output compare/input capture register, reload register, 8-hit event
counter, and output compare register, and four 16-bit reload counters, allowing the following
operations:

O Capture on external input pin edge input

0 Reload count possible with 32, 64, 128, or 256 times the captured value

O Internal clock generated by reload counter underflow can be used as 16-bit free-running
counter input

0 Channel 1 and 2 free-running counter clearing capability

Channel 11 has one 16-bit free-running counter and two 16-bit general registers, allowing the
following operations:

O Two general registers can be used for input capture/output compare
O Compare-match signal can be output to APC
High-speed access to internal 16-bit bus

O High-speed accessto 16-bit bus for 16-bit registers: timer counters, compare registers, and
capture registers

75 interrupt sources

O Four input capture interrupt requests, one overflow interrupt request, and one interval
interrupt request for channel 0

0 Sixteen dua input capture/compare-match interrupt requests and two counter overflow
interrupt requests for channels 1 and 2

O Twelvedual input capture/compare-match interrupt requests and three overflow interrupt
requests for channels3to 5

Eight compare-match interrupts for channels 6 and 7
Sixteen one-shot end interrupt requests for channel 8
Six compare-match interrupts for channel 9

Two compare-match interrupts and one dual-function input capture/compare-match
interrupt for channel 10

0 Two dual input capture/compare-match interrupt requests and one overflow interrupt
request for channel 11

Direct memory access controller (DMAC) activation

0 The DMAC can be activated by achannel 0 input capture interrupt (ICI0A-D)

0 The DMAC can be activated by achannel 6 cycle register 6 compare-match interrupt
(CMIBA-D)

0 The DMAC can be activated by achannel 7 cycle register 7 compare-match interrupt
(CMI7A-D)

A/D converter activation

O TheA/D converter can be activated by detection of 1 in bits ITVA6-13 of the channel 0
interval interrupt request registers (ITVRRL, ITVRR2A, ITVRR2B)

Ooo0Ood
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Table 11.1 lists the functions of the ATU-II.

Table11.1 ATU-II Functions

Item Channel 0 Channel 1 Channel 2 Channels 3-5
Counter  Clock @32 (@-@/'32) x (1/2n) (@-@/'32) x (1/2n) (@-@/'32) x (1/2n)
f;’trl‘gf“ sources (n=0-5) (n=0-5) (n=0-5)
TCLKA, TCLKB TCLKA, TCLKB TCLKA, TCLKB
Counters  TCNTOH, TCNTOL TCNT1A, TCNT1B TCNT2A, TCNT2B TCNT3-5
General — GR1A-H GR2A-H GR3A-D, GR4A-D,
registers GR5A-D
Dedicated ICROAH, ICROAL, OSBR1 OSBR2 —
input ICROBH, ICROBL,
capture ICROCH, ICROCL,
ICRODH, ICRODL
Dedicated — OCR1 OCR2A-2H —
output
compare
PWM — — — Duty: GR3A-C,
output GR4A-C, GR5A-C
Cycle: GR3D, GR4D,
GR5D
Input pins TIOA-D — — —
I/0 pins — TIO1A-H TIO2A-H TIO3A-D, TIO4A-D,
TIO5A-D
Output pins — — — —
Counter clearing — — — O
function
Interrupt sources 6 sources 9 sources 9 sources 15 sources
Interval x 1, Dual input capture/  Dual input capture/  Dual input capture/
input capture x 4, compare-match x 8, compare-match x 8, compare-match x 12,
overflow x 1 overflow x 1 overflow x 1* overflow x 3

(* Same vector)

Inter-channel and
inter-module
connection signals

A/D converter
activation by interval
interrupt request,
DMAC activation by
input capture
interrupt, channel 10
compare-match
signal capture trigger
input

Compare-maitch
signal trigger output
to channel 8
one-shot pulse

output down-counter output down-counter

Channel 10 compare- Channel 10 compare-
match signal counter match signal counter

clear input

Compare-maitch
signal trigger output
to channel 8
one-shot pulse

clear input

Channel 9 compare-
match signal input to
capture trigger

(Channel 3 only)
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Table11.1 ATU-II Functions (cont)

Item Channels 6,7 Channel 8 Channel 9 Channel 10 Channel 11
Counter  Clock (p-@/32) x (@p-@/32) x — (p-@/32) (p-@/32) x
configu-  sources (2/2n) (1/2n) (2/2n)
ration (n = 0-5) (n = 0-5) (n=0-5)
TCLKA, TCLKB
Counters  TCNT6A-D, DCNT8A-P ECNT9A-F TCNT10AH, TCNT11
TCNT7A-D TCNT10AL,
TCNT10B-H
General — — — — GR11A, GR11B
registers
Dedicated — — — ICR10AH, —
input ICR10AL
capture
Dedicated — — GR9A-F GR10G —
output
compare
PWM CYLR6A-D, — — — —
output CYLR7A-D,
DTR6A-D,
DTR7A-D,
BFR6A-D,
BFR7A-D
Input pins — — TI9A-F TI10 —
1/0 pins — — — — TIO11A, TIO11B
Output pins TO6A-D, TO8A-P — — —
TO7A-D
Counter clearing (@) — (@) (0] —
function
Interrupt sources 8 sources 16 sources 6 sources 3 sources 3 sources
Compare-match Underflow x 16 Compare-match Compare-match Dual input
x 8 x 6 x 2, dual input  capture/compare-

capture/compare-match x 2,

match x 1

overflow x 1

Inter-channel and
inter-module
connection signals

DMAC activation
compare-match
signal output

Channel 1 and 2 Compare-match
compare-match signal channel 3
capture trigger
input to one-shot output

signal trigger

pulse output
down-counter

Compare-match
signal channel 0
capture trigger
output

Channel 1 and 2
counter clear
output

Compare-match
signal output to
APC

O: Available
—: Not available
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11.1.2

Pin Configuration

Table 11.2 shows the pin configuration of the ATU-I1. When these external pin functions are used,
the pin function controller (PFC) should also be set in accordance with the ATU-I1 settings. If
there are a number of pins with the same function, make settings so that only one of the pinsis
used. For details, see section 20, Pin Function Controller.

Table11.2 ATU-II Pins

Channel Name Abbreviation 1/O Function
Common  Clock input A TCLKA Input External clock A input pin
Clock input B TCLKB Input External clock B input pin
0 Input capture 0A TIOA Input ICROAH, ICROAL input capture input
pin
Input capture OB TIOB Input ICROBH, ICROBL input capture input
pin
Input capture 0C TIOC Input ICROCH, ICROCL input capture input
pin
Input capture 0D TIOD Input ICRODH, ICRODL input capture input
pin
1 Input capture/output  TIO1A Input/ GR1A output compare output/input
compare 1A output  capture input
Input capture/output  TIO1B Input/ GR1B output compare output/input
compare 1B output  capture input
Input capture/output  TIO1C Input/ GR1C output compare output/input
compare 1C output  capture input
Input capture/output  TIO1D Input/ GR1D output compare output/input
compare 1D output  capture input
Input capture/output  TIO1E Input/ GR1E output compare output/input
compare 1E output  capture input
Input capture/output  TIO1F Input/ GR1F output compare output/input
compare 1F output  capture input
Input capture/output  TIO1G Input/ GR1G output compare output/input
compare 1G output  capture input
Input capture/output  TIO1H Input/ GR1H output compare output/input
compare 1H output  capture input
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Table11.2 ATU-II Pins(cont)

Channel  Name Abbreviation 1/O Function
2 Input capture/output  TIO2A Input/ GR2A output compare output/input
compare 2A output  capture input
Input capture/output  TIO2B Input/ GR2B output compare output/input
compare 2B output  capture input
Input capture/output  TIO2C Input/ GR2C output compare output/input
compare 2C output  capture input
Input capture/output  TIO2D Input/ GR2D output compare output/input
compare 2D output  capture input
Input capture/output  TIO2E Input/ GR2E output compare output/input
compare 2E output  capture input
Input capture/output  TIO2F Input/ GR2F output compare output/input
compare 2F output  capture input
Input capture/output  TIO2G Input/ GR2G output compare output/input
compare 2G output  capture input
Input capture/output  TIO2H Input/ GR2H output compare output/input
compare 2H output  capture input
3 Input capture/output  TIO3A Input/ GRS3A output compare output/input
compare 3A output  capture input/PWM output pin (PWM
mode)
Input capture/output TIO3B Input/ GR3B output compare output/input
compare 3B output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO3C Input/ GR3C output compare output/input
compare 3C output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO3D Input/ GR3D output compare output/input
compare 3D output  capture input
4 Input capture/output  TIO4A Input/ GRA4A output compare output/input
compare 4A output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO4B Input/ GR4B output compare output/input
compare 4B output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO4C Input/ GRA4C output compare output/input
compare 4C output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO4D Input/ GRA4D output compare output/input
compare 4D output  capture input
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Table11.2 ATU-II Pins(cont)

Channel  Name Abbreviation /O Function
5 Input capture/output  TIO5A Input/ GR5A output compare output/input
compare 5A output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO5B Input/ GR5B output compare output/input
compare 5B output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO5C Input/ GR5C output compare output/input
compare 5C output  capture input/PWM output pin (PWM
mode)
Input capture/output  TIO5D Input/ GR5D output compare output/input
compare 5D output  capture input
6 Output compare 6A TOG6A Output  PWM output pin
Output compare 6B TO6B Output PWM output pin
Output compare 6C TO6C Output  PWM output pin
Output compare 6D TOG6D Output  PWM output pin
7 Output compare 7A  TO7A Output PWM output pin
Output compare 7B TO7B Output  PWM output pin
Output compare 7C  TO7C Output PWM output pin
Output compare 7D TO7D Output PWM output pin
8 One-shot pulse 8A  TO8A Output  One-shot pulse output pin
One-shot pulse 8B TO8B Output  One-shot pulse output pin
One-shot pulse 8C  TO8C Output  One-shot pulse output pin
One-shot pulse 8D  TO8D Output  One-shot pulse output pin
One-shot pulse 8E  TO8E Output  One-shot pulse output pin
One-shot pulse 8F  TO8F Output  One-shot pulse output pin
One-shot pulse 8G  TO8G Output  One-shot pulse output pin
One-shot pulse 8H  TO8H Output  One-shot pulse output pin
One-shot pulse 8l TOS8I Output  One-shot pulse output pin
One-shot pulse 8J TO8J Output  One-shot pulse output pin
One-shot pulse 8K TO8K Output  One-shot pulse output pin
One-shot pulse 8L TO8L Output  One-shot pulse output pin
One-shot pulse 8M  TO8M Output  One-shot pulse output pin
One-shot pulse 8N TO8N Output  One-shot pulse output pin
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Table11.2 ATU-II Pins(cont)

Channel  Name Abbreviation 1/O Function
8 One-shot pulse 80  TO8O Output  One-shot pulse output pin
One-shot pulse 8P  TO8P Output  One-shot pulse output pin
9 Event input 9A TI9A Input GR9A event input
Event input 9B TIOB Input GR9B event input
Event input 9C TI9C Input GRIC event input
Event input 9D TISD Input GR9D event input
Event input 9E TIOE Input GRO9E event input
Event input 9F TIOF Input GR9F event input
10 Input capture TI10 Input ICR10AH, ICR10AL input capture
input
11 Input capture/output  TIO11A Input/ GR11A output compare output/input
compare 11A output  capture input
Input capture/output TIO11B Input/ GR11B output compare output/input
compare 11B output  capture input
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11.1.3

Register Configuration

Table 11.3 summarizes the ATU-II registers.

Table11.3 ATU-II Registers

Abbrevia- Initial Access Section

Channel Name tion R/W  Value Address Size (Bits) No.
Common Timer start register 1  TSTR1 R/W  H'00 H'FFFFF401 8,16,32 11.2.1

Timer start register 2 ~ TSTR2 R/W  H'00 H'FFFFF400

Timer start register 3 ~ TSTR3 R/W  H'00 H'FFFFF402

Prescaler register 1 PSCR1 W H'00 H'FFFFF404 8 11.2.2

Prescaler register 2 PSCR2 w H'00 H'FFFFF406

Prescaler register 3 PSCR3 W H'00 H'FFFFF408

Prescaler register 4 PSCR4 W H'00 H'FFFFF40A
0 Free-running counter TCNTOH R/W H0000 H'FFFFF430 32 11.2.15

OH

Free-running counter ~ TCNTOL R/W  H'0000

oL

Input capture register ICROAH R H'0000 H'FFFFF434 11.2.19

0AH

Input capture register  ICROAL R H'0000

OAL

Input capture register ICROBH R H'0000 H'FFFFF438

0BH

Input capture register  ICROBL R H'0000

OBL

Input capture register ICROCH R H'0000 H'FFFFF43C

OCH

Input capture register ICROCL R H'0000

0oCL

Input capture register ICRODH R H'0000 H'FFFFF420

ODH

Input capture register ICRODL R H'0000

oDL

Timer interval interrupt ITVRR1 R/W  H'00 H'FFFFF424 8 11.2.7

request register 1

Timer interval interrupt ITVRR2A R/W  H'00 H'FFFFF426

request register 2A
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section
Channel Name tion R/W  Value Address Size (Bits) No.
0 Timer interval interrupt  ITVRR2B  R/W  H'00 H'FFFFF428 8 11.2.7
request register 2B
Timer I/O control TIORO R/W  H00 H'FFFFF42A 11.2.4
register
Timer status register 0 TSRO R/(W)* H'0000 H'FFFFF42C 16 11.2.5
Timer interrupt enable TIERO R/W  H0000 H'FFFFF42E 11.2.6
register O
1 Free-running counter ~TCNT1A R/W H0000 H'FFFFF440 16 11.2.15
1A
Free-running counter TCNT1B R/W H0000 H'FFFFF442
1B
General register 1A GR1A R/W  HFFFF HFFFFF444 11.2.20
General register 1B GR1B R/W  HFFFF H'FFFFF446
General register 1C GR1C R/W  HFFFF HFFFFF448
General register 1D GR1D R/W  HFFFF H'FFFFF44A
General register 1E GR1E R/W  HFFFF H'FFFFF44C
General register 1F GR1F R/W  HFFFF HFFFFF44E
General register 1G GR1G R/W  HFFFF H'FFFFF450
General register 1H GR1H R/W  HFFFF H'FFFFF452
Output compare OCR1 R/W  HFFFF HFFFFF454 11.2.18
register 1
Offset base register 1 OSBR1 R H'0000 H'FFFFF456 11.2.21
Timer I/O control TIOR1A R/W  H'00 H'FFFFF459 8, 16 11.2.4
register 1A
Timer 1/O control TIOR1B R/W  H00 H'FFFFF458
register 1B
Timer I/O control TIOR1C R/W  H'00 H'FFFFF45B
register 1C
Timer 1/O control TIOR1D R/W  H00 H'FFFFF45A
register 1D
Timer control register TCR1A R/W  H'00 H'FFFFF45D 11.2.3
1A
Timer control register TCR1B R/W  H'00 H'FFFFF45C
1B
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section

Channel Name tion R/W  Value Address Size (Bits) No.
1 Timer status register  TSR1A R/(W)* H'0000 H'FFFFF45E 16 11.2.5

1A

Timer status register  TSR1B R/(W)* H'0000 H'FFFFF460

1B

Timer interrupt enable TIER1A R/W  H'0000 H'FFFFF462 11.2.6

register 1A

Timer interrupt enable TIER1B R/W  H'0000 H'FFFFF464

register 1B

Trigger mode register TRGMDR R/W  H'00 H'FFFFF466 8 11.2.8
2 Free-running counter TCNT2A R/W H'0000 H'FFFFF600 16 11.2.15

2A

Free-running counter TCNT2B R/W H0000 H'FFFFF602

2B

General register 2A GR2A R/W  HFFFF H'FFFFF604 11.2.20

General register 2B GR2B R/W  HFFFF H'FFFFF606

General register 2C GR2C R/W HFFFF HFFFFF608

General register 2D GR2D R/W  H'FFFF H'FFFFF60A

General register 2E GR2E R/W  HFFFF HFFFFF60C

General register 2F GR2F R/W  HFFFF H'FFFFFE60E

General register 2G GR2G R/W  HFFFF H'FFFFF610

General register 2H GR2H R/W  HFFFF HFFFFF612

Output compare OCR2A R/W  HFFFF HFFFFF614 11.2.18

register 2A

Output compare OCR2B R/W  HFFFF H'FFFFF616

register 2B

Output compare OCR2C R/W HFFFF HFFFFF618

register 2C

Output compare OCR2D R/W  HFFFF HFFFFF61A

register 2D

Output compare OCR2E R/W  HFFFF HFFFFF61C

register 2E

Output compare OCR2F R/W  HFFFF H'FFFFF61E

register 2F
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section
Channel Name tion R/W  Value Address Size (Bits) No.
2 Output compare OCR2G R/W  HFFFF H'FFFFF620 16 11.2.18
register 2G
Output compare OCR2H R/W  HFFFF H'FFFFF622
register 2H
Offset base register 2 OSBR2 R H'0000 H'FFFFF624 11.2.21
Timer I/O control TIOR2A R/W  H00 H'FFFFF627 8, 16 11.2.4
register 2A
Timer 1/O control TIOR2B R/W  HO00 H'FFFFF626
register 2B
Timer I/O control TIOR2C R/W  H00 H'FFFFF629
register 2C
Timer 1/O control TIOR2D R/W  HO00 H'FFFFF628
register 2D
Timer control register TCR2A R/W  H'00 H'FFFFF62B 11.2.3
2A
Timer control register TCR2B R/W  H'00 H'FFFFF62A
2B
Timer status register  TSR2A R/(W)* H'0000 H'FFFFF62C 16 11.2.5
2A
Timer status register  TSR2B R/(W)* H'0000 H'FFFFF62E
2B
Timer interrupt enable TIER2A R/W  H'0000 H'FFFFF630 11.2.6
register 2A
Timer interrupt enable TIER2B R/W  H0000 H'FFFFF632
register 2B
3-5 Timer status register 3 TSR3 R/(W)* H'0000 H'FFFFF480 16 11.2.5
Timer interrupt enable TIER3 R/W  H0000 H'FFFFF482 11.2.6
register 3
Timer mode register TMDR R/W  H'00 H'FFFFF484 8 11.2.9
3 Free-running counter 3 TCNT3 R/W  H0000 HFFFFF4A0 16 11.2.15
General register 3A GR3A R/W  HFFFF HFFFFF4A2 11.2.20
General register 3B GR3B R/W  HFFFF H'FFFFF4A4
General register 3C GR3C R/W  HFFFF H'FFFFF4A6
General register 3D GR3D R/W  HFFFF H'FFFFF4A8
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section

Channel Name tion R/W  Value Address Size (Bits) No.
3 Timer 1/O control TIOR3A R/W  H'00 H'FFFFF4AB 8, 16 11.2.4

register 3A

Timer 1/O control TIOR3B R/W  H'00 H'FFFFF4AA

register 3B

Timer control register 3 TCR3 R/W  H'00 H'FFFFF4AC 8 11.2.3
4 Free-running counter 4 TCNT4 R/W  H'0000 H'FFFFF4CO 16 11.2.15

General register 4A GR4A R/W  HFFFF H'FFFFF4C2 11.2.20

General register 4B GR4B R/W  H'FFFF H'FFFFF4C4

General register 4C GR4C R/W  H'FFFF H'FFFFF4C6

General register 4D GR4D R/W  H'FFFF HFFFFF4C8

Timer 1/O control TIOR4A R/W  H'00 H'FFFFF4CB 8, 16 11.2.4

register 4A

Timer I/O control TIOR4B R/W  H'00 H'FFFFFACA

register 4B

Timer control register 4 TCR4 R/W  H'00 H'FFFFF4CC 8 11.2.3
5 Free-running counter 5 TCNT5 R/W  H'0000 HFFFFF4EO 16 11.2.15

General register 5A GR5A R/W  H'FFFF HFFFFF4E2 11.2.20

General register 5B GR5B R/W  H'FFFF H'FFFFF4E4

General register 5C GR5C R/W  H'FFFF HFFFFF4E6

General register 5D GR5D R/W  H'FFFF HFFFFF4E8

Timer 1/O control TIOR5A R/W  H'00 H'FFFFF4EB 8, 16 11.2.4

register 5A

Timer 1/O control TIOR5B R/W  H'00 H'FFFFF4EA

register 5B

Timer control register 5 TCR5 R/W  H'00 H'FFFFF4EC 8 11.2.3
6 Free-running counter TCNT6A R/W H'0001 H'FFFFF500 16 11.2.15

6A

Free-running counter TCNT6B R/W H0001 H'FFFFF502

6B

Free-running counter TCNT6C R/W H'0001 H'FFFFF504

6C

Free-running counter TCNT6D R/W H0001 H'FFFFF506

6D
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section
Channel Name tion R/W  Value Address Size (Bits) No.
6 Cycle register 6A CYLR6A R/W HFFFF HFFFFF508 16 11.2.22
Cycle register 6B CYLR6B R/W HFFFF HFFFFF50A
Cycle register 6C CYLR6C R/W HFFFF HFFFFF50C
Cycle register 6D CYLR6D R/W HFFFF HFFFFF50E
Buffer register 6A BFR6A R/W  HFFFF H'FFFFF510 11.2.23
Buffer register 6B BFR6B R/W  HFFFF H'FFFFF512
Buffer register 6C BFR6C R/W  HFFFF HFFFFF514
Buffer register 6D BFR6D R/W  HFFFF H'FFFFF516
Duty register 6A DTR6A R/W HFFFF H'FFFFF518 11.2.24
Duty register 6B DTR6B R/W  HFFFF HFFFFF51A
Duty register 6C DTR6C R/W  HFFFF H'FFFFF51C
Duty register 6D DTR6D R/W HFFFF H'FFFFF51E
Timer control register TCRG6A R/W  H'00 H'FFFFF521 8, 16 11.2.3
6A
Timer control register TCR6B R/W  H00 H'FFFFF520
6B
Timer status register 6 TSR6 R/(W)* H'0000 H'FFFFF522 16 11.2.5
Timer interrupt enable TIER6 R/W  H'0000 H'FFFFF524 11.2.6
register 6
PWM mode register PMDR R/W  H00 H'FFFFF526 8 11.2.10
7 Free-running counter TCNT7A R/W H0001 H'FFFFF580 16 11.2.15
TA
Free-running counter TCNT7B R/W H0001 H'FFFFF582
7B
Free-running counter TCNT7C R/W H'0001 H'FFFFF584
7C
Free-running counter TCNT7D R/W H0001 H'FFFFF586
7D
Cycle register 7A CYLR7A R/W HFFFF H'FFFFF588 11.2.22
Cycle register 7B CYLR7B R/W HFFFF HFFFFF58A
Cycle register 7C CYLR7C R/W HFFFF HFFFFF58C
Cycle register 7D CYLR7D R/W HFFFF HFFFFF58E
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section
Channel Name tion R/W  Value Address Size (Bits) No.
7 Buffer register 7A BFR7A R/W  H'FFFF HFFFFF590 16 11.2.23
Buffer register 7B BFR7B R/W HFFFF HFFFFF592
Buffer register 7C BFR7C RW HFFFF HFFFFF594
Buffer register 7D BFR7D R/W  HFFFF H'FFFFF596
Duty register 7A DTR7A RW HFFFF H'FFFFF598 11.2.24
Duty register 7B DTR7B RW HFFFF HFFFFF59A
Duty register 7C DTR7C  RMW HFFFF HFFFFF59C
Duty register 7D DTR7D RW HFFFF HFFFFF59E
Timer control register TCR7A R/W  H'00 H'FFFFF5A1 8, 16 11.2.3
7A
Timer control register TCR7B R/W HO00  HFFFFF5A0
7B
Timer status register ~ TSR7 R/(W)* H'0000 H'FFFFF5A2 16 11.2.5
7
Timer interrupt enable  TIER7 RW HO0000 HFFFFF5A4 1126
register 7
8 Down-counter 8A DCNT8A R/W H0000 H'FFFFF640 16 11.2.16
Down-counter 8B DCNT8B R/W H'0000 H'FFFFF642
Down-counter 8C DCNT8C R/W H'0000 H'FFFFF644
Down-counter 8D DCNT8D R/W H0000 H'FFFFF646
Down-counter 8E DCNT8E R/W H'0000 H'FFFFF648
Down-counter 8F DCNT8F R/W HO0000 HFFFFF64A
Down-counter 8G DCNT8G R/W H0000 H'FFFFF64C
Down-counter 8H DCNT8H R/W H'0000 HFFFFF64E
Down-counter 8l DCNT8I  R/W H'0000 HFFFFF650
Down-counter 8J DCNT8J R/W HO0000 HFFFFF652
Down-counter 8K DCNT8K R/W HO0000 HFFFFF654
Down-counter 8L DCNT8L R/W HO0000 HFFFFF656
Down-counter 8M DCNT8M R/W H0000 H'FFFFF658
Down-counter 8N DCNT8N R/W HO0000 HFFFFF65A
Down-counter 80 DCNT80 R/W H'0000 HFFFFF65C
Down-counter 8P DCNT8P R/W H0000 H'FFFFF65E
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section

Channel Name tion R/W  Value Address Size (Bits) No.

8 Reload register 8 RLDR8 R/W  H0000 H'FFFFF660 16 11.2.25
Timer connection TCNR R/W  H0000 HFFFFF662 11.2.12
register
One-shot pulse OTR R/W  H0000 H'FFFFF664 11.2.13
terminate register
Down-count start DSTR R/W  H'0000 H'FFFFF666 11.2.11
register
Timer control register 8 TCR8 R/W  H'00 H'FFFFF668 8 11.2.3
Timer status register 8 TSR8 R/(W)* H'0000 H'FFFFF66A 16 11.2.5
Timer interrupt enable TIER8 R/W  H0000 H'FFFFF66C 11.2.6
register 8
Reload enable register RLDENR R/W  H'00 H'FFFFF66E 8 11.2.14

9 Event counter 9A ECNT9A R/W H'00 H'FFFFF680 8 11.2.17
Event counter 9B ECNT9B R/W H'00 H'FFFFF682
Event counter 9C ECNT9C R/W H'00 H'FFFFF684
Event counter 9D ECNT9D R/W H'00 H'FFFFF686
Event counter 9E ECNT9E R/W H'00 H'FFFFF688
Event counter 9F ECNTO9F R/W H'00 H'FFFFFG68A
General register 9A GR9A R/W HFF  H'FFFFF68C 11.2.20
General register 9B GR9B R/W HFF  H'FFFFF68E
General register 9C GROC R/W HFF  H'FFFFF690
General register 9D GR9D RW HFF  H'FFFFF692
General register 9E GR9E R/W HFF  H'FFFFF694
General register 9F GR9F R/W HFF  H'FFFFF696
Timer control register TCR9A R/W  H'00 H'FFFFF698 11.2.3
9A
Timer control register TCR9B R/W  H00 H'FFFFF69A
9B
Timer control register TCR9C R/W  H'00 H'FFFFF69C
9C
Timer status register 9 TSR9 R/(W)* H'0000 H'FFFFF69E 16 11.2.5
Timer interrupt enable TIER9 R/W  H'0000 H'FFFFF6A0 11.2.6
register 9
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section
Channel Name tion R/W  Value Address Size (Bits) No.
10 Free-running counter TCNT10AH R/W  H'0000 H'FFFFF6CO 32 11.2.26
10AH
Free-running counter ~ TCNT10AL R/W H'0001
10AL
Event counter 10B TCNT10B R/W H'00 H'FFFFF6C4 8
Reload counter 10C TCNT10C R/W H'0001 HFFFFF6C6 16
Correction counter TCNT10D R/W H'00 H'FFFFF6C8 8
10D
Correction angle TCNT10E R/W H'0000 HFFFFF6CA 16
counter 10E
Correction angle TCNT10F R/W H'0001 H'FFFFF6CC
counter 10F
Free-running counter TCNT10G R/W H'0000 H'FFFFF6CE
10G
Input capture register ICR10AH R H'0000 H'FFFFF6DO0 32
10AH
Input capture register ICR10AL R H'0000
10AL
Output compare OCR10AH R/W HFFFF HFFFFF6D4
register 10AH
Output compare OCR10AL R/W HFFFF
register 10AL
Output compare OCR10B R/W HFF H'FFFFF6D8 8
register 10B
Reload register 10C RLD10C R/W H0000 H'FFFFF6DA 16
General register 106 GR10G R/W  H'FFFF H'FFFFF6DC
Noise canceler TCNT10H R/W H'00 H'FFFFFEDE 8
counter 10H
Noise canceler NCR10 RW H'FF  HFFFFF6EO
register 10
Timer 1/O control TIOR10 R/W  H'00 H'FFFFF6E2
register 10
Timer control register TCR10 R/W  H'00 H'FFFFF6E4
10
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Table11.3 ATU-II Registers(cont)

Abbrevia- Initial Access Section
Channel Name tion R/W  Value Address Size (Bits) No.
10 Correction counter TCCLR10 R/W H'0000 HFFFFF6E6 16 11.2.26
clear register 10
Timer status register ~ TSR10 R/(W)* H'0000 H'FFFFF6ES8
10
Timer interrupt enable TIER10 R/W  H0000 H'FFFFF6EA
register 10
11 Free-running counter  TCNT11 R/W  H0000 H'FFFFF5CO 16 11.2.15
11
General register 11A  GR11A R/W  HFFFF H'FFFFF5C2 11.2.20
General register 11B GR11B R/W  HFFFF H'FFFFF5C4
Timer I/O control TIOR11 R/W  H'00 H'FFFFF5C6 8 11.2.4
register 11
Timer control register TCR11 R/W  H'00 H'FFFFF5C8 11.2.3
11
Timer status register ~ TSR11 R/(W)* H'0000 H'FFFFF5CA 16 11.2.5
11
Timer interrupt enable TIER11 R/W  H0000 H'FFFFF5CC 11.2.6
register 11
Note: * O write after a read
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11.1.4 Block Diagrams

Overall Block Diagram of ATU-II: Figure 11.1 shows an overall block diagram of the ATU-II.

! |
|
I I Interrupts
TCLKA I:’: . !
TCLKB L 5 IC/OC control 1o |nterr:th ! Inter-module
g contro ! connection
e ! signals
~ .
§ Counter and register control, @ External pins
© and comparator ! Inter-module
CD address bus

KD
KD

000

K> .
K>

|
|
|
|
ol [ . |
R 2 |
5| |E| |2 al & |
o 2| |< I8 =g 1y (2] | o |
c| |o| | o o o || || |x| |8 !
8 - P c o [ [ = © |
al el |2 Sl lg| [n] |0 |0 |<€ I
=| |E £ < S = = = Q !
“ELE S| |2 AR
ol |9 o a |
Pg Qo : 3
E:. SHE 8 @
|
|
| L Inter-module
| |
: Module data bus : data bus
| |

Legend:
TSTR1, 2, 3: Timer start registers (8 bits)

Interrupts:

ITVO-ITV2, OVIO, OVI1A, OVI1B, OVI2A, OVI2B, OVI3-0VI5, OVI11, ICIOA-ICIOD, IMI1A-IMI1H,
CMI1, IMI2A-IMI2H, CMI2A-CMI2H, IMI3A-IMI3D, IMI4A-IMI4D, IMISA-IMI5D, CMI6A-CMIED,
CMI7A-CMI7D, OSI8A-0OSI8P, CMI9A-CMI9F, CMI10A, CMI10B, ICI10A, CMI10G, IMI11A,
IMI11B

External pins:
TIOA-TIOD, TIO1A-TIO1H, TIO2A-TIO2H, TIO3A-TIO3D, TIO4A-TIO4D, TIO5A-TIOS5D,
TOB6A-TO6D, TO7TA-TO7D, TO8A-TOS8P, TI9A-TI9F, TI10, TIO11A-TIO11B

Inter-module connection signals:
Signals to A/D converter, signals to direct memory access controller (DMAC),
signals to advanced pulse controller (APC)

Figure11.1 Overall Block Diagram of ATU-I1
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Block Diagram of Channel 0: Figure 11.2 shows a block diagram of ATU-II channel 0.
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HITACHI

Figure11.2 Block Diagram of Channel 0
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Block Diagram of Channel 1: Figure 11.3 shows a block diagram of ATU-II channel 1.
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Block Diagram of Channel 2: Figure 11.4 shows a block diagram of ATU-II channel 2.
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Figure11.4 Block Diagram of Channel 2
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Block Diagram of Channels3to 5: Figure 11.5 shows a block diagram of ATU-I1 channels 3, 4,

and 5.
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Figure11.5 Block Diagram of Channels3to 5
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Block Diagram of Channels 6 and 7: Figure 11.6 shows a block diagram of ATU-II channels 6

and 7.
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Figure11.6 Block Diagram of Channel 6 (Same Configuration for Channel 7)
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Block Diagram of Channel 8: Figure 11.7 shows a block diagram of ATU-II channel 8.
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Block Diagram of Channel 9: Figure 11.8 shows a block diagram of ATU-II channel 9.
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Figure11.8 Block Diagram of Channel 9
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Block Diagram of Channel 10: Figure 11.9 shows ablock diagram of ATU-II channel 10.
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Block Diagram of Channel 11: Figure 11.10 shows a block diagram of ATU-II channel 11.
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Figure11.10 Block Diagram of Channe 11
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11.1.5 Inter-Channel and Inter-M odule Signal Communication Diagram

Figure 11.11 shows the connections between channels and between modulesin the ATU-II.

Channel 0 TTVRRL
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Figure11.11 Inter-Module Communication Signals
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11.1.6

Prescaler Diagram

Figure 11.12 shows a diagram of the ATU-II prescalers.
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Figure11.12 Prescaler Diagram
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11.2  Register Descriptions

1121 Timer Start Registers(TSTR)

Thetimer start registers (TSTR) are 8-bit registers. The ATU-II hasthree TSTR registers.

Channel Abbreviation Function

0,1,2,3,4,5,10 TSTR1 Free-running counter operation/stop setting
6,7 TSTR2

11 TSTR3

Timer Start Register 1 (TSTR1)

Bit: 7 6 5 4 3 2 1 0
STR10 STR5 STR4 STR3 | STR1B, | STR2A | STR1A | STRO
2B
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
TSTR1 isan 8-hit readable/writable register that starts and stops the free-running counter (TCNT)
in channels O to 5 and 10.

TSTR1isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

e Bit 7—Counter Start 10 (STR10): Starts and stops channel 10 counters (TCNT10A, 10C, 10D,
10E, 10F, and 10G). TCNT10B and 10H are not stopped.

Bit 7: STR10 Description
0 TCNT10 is halted (Initial value)
1 TCNT10 counts

* Bit 6—Counter Start 5 (STR5): Starts and stops free-running counter 5 (TCNT5).

Bit 6: STR5 Description

0 TCNT5 is halted (Initial value)
1 TCNTS5 counts
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e Bit 5—Counter Start 4 (STR4): Starts and stops free-running counter 4 (TCNT4).

Bit 5: STR4 Description
0 TCNT4 is halted (Initial value)
1 TCNT4 counts

» Bit 4—Counter Start 3 (STR3): Starts and stops free-running counter 3 (TCNT3).

Bit 4: STR3 Description
0 TCNT3 is halted (Initial value)
1 TCNT3 counts

« Bit 3—Counter Start 1B, 2B (STR1B, STR2B): Starts and stops free-running counters 1B and
2B (TCNT1B, TCNT2B).

Bit 3:

STR1B, STR2B Description

0 TCNT1B and TCNT2B are halted (Initial value)
1 TCNT1B and TCNT2B count

e Bit 2—Counter Start 2A (STR2A): Starts and stops free-running counter 2A (TCNT2A).

Bit 2: STR2A Description
0 TCNT2A is halted (Initial value)
1 TCNT2A counts

e Bit 1—Counter Start 1A (STR1A): Starts and stops free-running counter 1A (TCNT1A).

Bit 1: STR1A Description
0 TCNT1A is halted (Initial value)
1 TCNT1A counts

» Bit 0—Counter Start 0 (STRO0): Starts and stops free-running counter 0 (TCNTO).

Bit 0: STRO Description
0 TCNTO is halted (Initial value)
1 TCNTO counts
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Timer Start Register 2 (TSTR2)

Bit 7 6 5 4 3 2 1 0
\ STR?D‘ STR7C‘ STR7B \ STR7A‘ STR6D \ STR6C‘ STRGB‘ STR6A \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TSTR2 is an 8-hit readable/writable register that starts and stops the free-running counter (TCNT)
in channels 6 and 7.

TSTR2 isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

e Bit 7—Counter Start 7D (STR7D): Starts and stops free-running counter 7D (TCNT7D).

Bit 7: STR7D Description
0 TCNT7D is halted (Initial value)
1 TCNT7D counts

e Bit 6—Counter Start 7C (STR7C): Starts and stops free-running counter 7C (TCNT7C).

Bit 6: STR7C Description
0 TCNT7C is halted (Initial value)
1 TCNT7C counts

« Bit 5—Counter Start 7B (STR7B): Starts and stops free-running counter 7B (TCNT7B).

Bit 5: STR7B Description
0 TCNT7B is halted (Initial value)
1 TCNT7B counts

e Bit4—Counter Start 7A (STR7A): Starts and stops free-running counter 7A (TCNT7A).

Bit 4: STR7A Description

0 TCNT7A is halted (Initial value)
1 TCNT7A counts
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e Bit 3—Counter Start 6D (STR6D): Starts and stops free-running counter 6D (TCNT6D).

Bit 3: STR6D Description
0 TCNT6D is halted (Initial value)
1 TCNT6D counts

» Bit 2—Counter Start 6C (STR6C): Starts and stops free-running counter 6C (TCNT6EC).

Bit 2: STR6C Description
0 TCNT6C is halted (Initial value)
1 TCNTG6C counts

« Bit 1—Counter Start 6B (STR6B): Starts and stops free-running counter 6B (TCNT6EB).

Bit 1: STR6B Description
0 TCNTEB is halted (Initial value)
1 TCNT6B counts

e Bit 0—Counter Start 6A (STR6A): Starts and stops free-running counter 6A (TCNT6A).

Bit 0: STR6A Description
0 TCNT6A is halted (Initial value)
1 TCNTG6A counts

Timer Start Register 3 (TSTR3)

Bit: 7 6 5 4 3 2 1 0
T I R R e R Lt

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

TSTR3 isan 8-hit readable/writable register that starts and stops the free-running counter
(TCNT11) in channel 11.

TSTR3isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

e Bits7to 1—Reserved: These bits always read 0. The write value should always be O.
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e Bit 0—Counter Start 11 (STR11): Starts and stops free-running counter 11 (TCNT11).

Bit 0: STR11 Description
0 TCNT11 is halted (Initial value)
1 TCNT11 counts

11.2.2 Prescaler Registers (PSCR)

The prescaler registers (PSCR) are 8-bit registers. The ATU-I1 has four PSCR registers.

Channel Abbreviation Function

0,1,2,3,4,5,8,11 PSCR1 Prescaler setting for respective channels
6 PSCR2

7 PSCR3

10 PSCR4

PSCRXx is an 8-hit writable register that enables the first-stage counter clock ¢ input to each
channel to be set to any value from Pg/1 to P@/32.

Bitt 7 6 5 4 3 2 1 0

| — | — | — | PSCxE| PSCxD | PSCXC | PSCxB | PSCxA |
Initial value: — — — 0 0 0 0 0
RW:  — — — W w w W w

x=1to4

Input counter clock ¢ is determined by setting PSCxA to PSCXE: @ is P@/1 when the set valueis
H'00, and Pg/32 when H'1F.

PSCRx isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Theinternal clock ¢ set with thisregister can undergo further second-stage scaling to create clock
@' for channels 1 to 8 and 11, the setting being made in the timer control register (TCR).

* Bits 7 to 5—Reserved: These bits cannot be modified.

e Bits4to 0—Prescaler (PSCXE, PSCxD, PSCxC, PSCxB, PSCxA): These bits specify
frequency division of first-stage counter clock @' input to the corresponding channel.
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11.23 Timer Control Registers (TCR)

The timer control registers (TCR) are 8-hit registers. The ATU-II has 16 TCR registers: two each
for channels 1 and 2, one each for channels 3, 4, 5, 8, and 11, two each for channels 6 and 7, and
three for channel 9. For details of channel 10, see section 11.2.26, Channel 10 Registers.

Channel Abbreviation Function

1 TCR1A, TCR1B Internal clock/external clock/TI10 input clock selection

2 TCR2A, TCR2B

3 TCR3

4 TCR4

5 TCR5

6 TCR6A, TCR6B Internal clock selection

7 TCR7A, TCR7B

8 TCRS8

9 TCR9A, TCR9B, External clock selection/setting of channel 3 trigger in event of
TCR9C compare-match

11 TCR11 Internal clock/external clock selection

Each TCR is an 8-bit readable/writable register that selects whether an internal clock or external
clock isused for channels 1 to 5 and 11. For channels 6 to 8, TCR selects an internal clock, and for
channel 9, an external clock.

When an internal clock is selected, TCR selects the value of @' further scaled from clock ¢ scaled
with prescaler register (PSCR). Scaled clock @' can be selected, for channels 1 to 8 and 11 only,
from @, @/2, @/4, @/8, ¢/16, and @/32 (only ¢ isavailable for channel 0). Edge detection is
performed on the rising edge.

When an external clock is selected, TCR selects whether TCLKA, TCLKB (channels1to 5 and 11
only), T110 pin input (channels 1 to 5 only), or a TI10 pin input multiplied clock (channels1to 5
only) is used, and a so performs edge selection.

Each TCRisinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

227
HITACHI



Timer Control Registers 1A, 1B, 2A, 2B (TCR1A, TCR1B, TCR2A, TCR2B)

TCR1A, TCR2A

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ CKEGAl ‘ CKEGAO ‘ CKSELAS‘ CKSELAZ‘ CKSELAl‘ CKSELAO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W R/W R/W R/W R/W

TCRI1B, TCR2B

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ CKEGB1 ‘ CKEGBO ‘ CKSELB3‘ CKSELBZ‘ CKSELBl‘ CKSELBO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W R/W R/W R/W R/W

« Bits 7 and 6—Reserved: These hits always read 0. The write value should always be 0.

e Bits5and 4—Clock Edge 1 and 0 (CKEGx1, CKEGxO0): These bits select the count edge(s)
for external clock TCLKA and TCLKB input.

Bit 5: CKEGx1 Bit 4: CKEGx0 Description

0 0 Rising edges counted (Initial value)
1 Falling edges counted

1 0 Both rising and falling edges counted
1 Count disabled

x=AorB

e Bits3to 0—Clock Select A3to A0, B3to BO (CKSELA3to CKSELAO, CKSELB3 to
CKSELBO): These hits select whether an internal clock or external clock is used.
When an internal clock is selected, scaled clock @' is selected from @, @/2, ¢/4, ¢/8, ¢/16, and
@/32.
When an external clock is selected, TCLKA, TCLKB, TI10 pin input, or a TI110 pin input
multiplied clock is selected.
When T110 pin input and T110 pin input clock multiplication are selected, set CKEGL1 and
CKEGO in TCR10 so that TI110 input is possible.
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Bit 3: Bit 2: Bit 1: Bit O:
CKSELXx3 CKSELx2 CKSELx1 CKSELx0 Description

0 0 0 0 Internal clock @": counting on @ (Initial value)
1 Internal clock @": counting on ¢/2
1 0 Internal clock @": counting on ¢/4
1 Internal clock @": counting on /8
1 0 0 Internal clock ¢@": counting on ¢/16
1 Internal clock @": counting on ¢/32
1 0 External clock: counting on TCLKA pin input
1 External clock: counting on TCLKB pin input
1 0 0 0 Counting on TI10 pin input (AGCK)
1 Counting on multiplied (corrected)(AGCKM) TI10
pin input clock
1 * Setting prohibited
1 * * Setting prohibited
Xx=AorB
*: Don’t care

Timer Control Registers3to 5 (TCR3, TCR4, TCR5)

Bit. 7 6 5 4 3 2 1 0
| — | — | CKEGL| CKEGO | CKSEL3|CKSEL2| CKSEL1 CKSELO|
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

« Bits 7 and 6—Reserved: These bits always read 0. The write value should aways be 0.

» Bits5and 4—Clock Edge 1 and 0 (CKEG1, CKEGO0): These bits select the count edge(s) for
external clock TCLKA and TCLKB input.

Bit 5: CKEG1 Bit 4: CKEGO Description

0 0 Rising edges counted (Initial value)
1 Falling edges counted

1 0 Both rising and falling edges counted
1 Count disabled
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e Bits3to 0—Clock Select 3to 0 (CKSEL3 to CKSELO0): These bits select whether an internal

clock or external clock is used.

When an internal clock is selected, scaled clock @' is selected from @, @/2, ¢/4, ¢/8, ¢/16, and

@/32.

When an external clock is selected, TCLKA, TCLKB, TI10 pin input, or a TI110 pin input
multiplied clock is selected.

When T110 pin input and T110 pin input clock multiplication are selected, set CKEG1 and
CKEGO in TCR10 so that TI110 input is possible.

Bit 3: Bit 2: Bit 1: Bit O:
CKSEL3 CKSEL2 CKSEL1 CKSELO Description
0 0 0 0 Internal clock @": countingon ¢ (Initial value)
1 Internal clock @": counting on /2
1 0 Internal clock @": counting on @/4
1 Internal clock @": counting on ¢/8
1 0 0 Internal clock @": counting on /16
1 Internal clock ¢": counting on ¢/32
1 0 External clock: counting on TCLKA pin input
1 External clock: counting on TCLKB pin input
1 0 0 0 Counting on TI10 pin input (AGCK)
1 Counting on multiplied (corrected)(AGCKM) TI110
pin input clock
1 * Setting prohibited
1 * * Setting prohibited

*: Don't care
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Timer Control Registers6A, 6B, 7A, 7B (TCR6A, TCR6B, TCR7A, TCR7B)

TCR6A, TCR7A

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ CKSELBZ‘ CKSELBl‘ CKSELBO‘ — ‘ CKSELAZ‘ CKSELAl‘ CKSELAO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R R/W R/W R/W

TCR6B, TCR7B

Bit: 7 6 5 4 3 2 1 0
‘ — ‘ CKSELDZ‘ CKSELDl‘ CKSELDO‘ — ‘ CKSELCZ‘ CKSELCl‘ CKSELCO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R R/W R/W R/W

e Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

» Bits6to4—Clock Select B2 to BO, D2 to DO (CKSELB2 to CKSELBO, CKSELD2 to
CKSELDO): These hits select clock @', scaled from the internal clock source, from @, @/2,
@4, @I8, ¢/16, and ¢/32.

Bit 6: Bit 5: Bit 4:
CKSELx2 CKSELx1 CKSELX0 Description
0 0 0 Internal clock @": counting on ¢ (Initial value)
1 Internal clock @": counting on @/2
1 0 Internal clock @": counting on @/4
1 Internal clock @": counting on ¢/8
1 0 0 Internal clock ¢": counting on /16
1 Internal clock ¢@": counting on /32
1 0 Setting prohibited
1 Setting prohibited

Xx=BorD

* Bit 3—Reserved: This bit always reads 0. The write value should always be 0.
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e Bits2to 0—Clock Select A2 to A0, C2to CO (CKSELAZ2 to CKSELAO, CKSELC2 to
CKSELC0): These hits select clock @', scaled from the internal clock source, from ¢, @/2,

@14, @8, /16, and @/32.

Bit 2: Bit 1 Bit 0
CKSELx2 CKSELx1 CKSELX0 Description
0 0 0 Internal clock @": counting on ¢ (Initial value)
1 Internal clock @": counting on ¢/2
1 0 Internal clock @": counting on ¢/4
1 Internal clock @": counting on /8
1 0 0 Internal clock @": counting on ¢/16
1 Internal clock @": counting on /32
1 0 Setting prohibited
1 Setting prohibited
x=AorB

Timer Control Register 8 (TCRS)

Bit: 7 6 4 3 2 1 0
‘ — ‘ CKSELBZ‘ CKSELBl‘ CKSELBO‘ — ‘ CKSELAZ‘ CKSELAl‘ CKSELAO‘
Initial value: 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R R/W R/W R/W

The CKSELAX hitsrelate to DCNT8A to DCNT8H, and the CKSELBX bits relate to DCNT8I to

DCNT8P.

» Bit 7—Reserved: Thisbit always reads 0. The write value should always be 0.
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» Bits6to4—Clock Select B2 to BO (CKSELB2 to CKSELBOQ): These hits, relating to counters
DCNT8I to DCNT8P, select clock ¢, scaled from the internal clock source, from @, @/2, /4,
@/8, /16, and @/32.

Bit 6: Bit 5: Bit 4:
CKSELB2 CKSELB1 CKSELBO Description
0 0 0 Internal clock @": counting on ¢ (Initial value)
1 Internal clock @": counting on @/2
1 0 Internal clock @": counting on @/4
1 Internal clock @": counting on ¢/8
1 0 0 Internal clock ¢": counting on /16
1 Internal clock ¢@": counting on /32
1 0 Setting prohibited
1 Setting prohibited

» Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

» Bits2to 0—Clock Select A2 to A0 (CKSELAZ2 to CKSELAQ): These bits, relating to counters
DCNTB8A to DCNT8H, select clock ¢, scaled from theinternal clock source, from ¢, @/2,
@/4, @/8, ¢/16, and @/32.

Bit 2: Bit 1: Bit O:
CKSELA2 CKSELA1 CKSELAO Description
0 0 0 Internal clock @": counting on ¢ (Initial value)
1 Internal clock @": counting on ¢/2
1 0 Internal clock @": counting on @/4
1 Internal clock @": counting on ¢/8
1 0 0 Internal clock @": counting on /16
1 Internal clock ¢": counting on /32
1 0 Setting prohibited
1 Setting prohibited
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Timer Control Registers9A, 9B, 9C (TCR9A, TCR9B, TCR9C)

TCROA
Bit: 7 6 5 4 3 2 1 0
‘ —_ ‘TRGSBEN‘ EGSELBl‘ EGSELBO‘ —_ ‘TRGBAEN‘ EGSELAl‘ EGSELAO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R R/W R/W R/W
TCR9B
Bit: 7 6 5 4 3 2 1 0
‘ — ‘TRG3DEN‘ EGSELDl‘ EGSELDO‘ — ‘TRG?,CEN‘ EGSELCl‘ EGSELCO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R R/W R/W R/W
TCROC
Bit: 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ EGSELFl‘ EGSELFO‘ — ‘ — ‘ EGSELEl‘ EGSELEO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R R R/W R/W

¢ Bit 7—Reserved:

This bit always reads 0. The write value should always be 0.

« Bit 6—Trigger Channel 3BEN, 3DEN (TRG3BEN, TRG3DEN): These hits select the channel
9 event counter compare-match signal channel 3 input capture trigger.

Bit 6: TRG3xEN

Description

0

Channel 3 input capture trigger in event of channel 9 compare-match
(ECNT9x = GR9x) is disabled (Initial value)

1 Channel 3 input capture trigger in event of channel 9 compare-match
(ECNT9x = GR9x) is enabled

x=BorD
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« Bits5and 4—Edge Select B1, BO, D1, DO, F1, FO (EGSELB1, EGSELBO, EGSELD1,
EGSELDO, EGSELF1, EGSEL F0): These hits select the event counter counted edge(s).

Bit 5: EGSELx1 Bit 4: EGSELxO0 Description

0 0 Count disabled (Initial value)
1 Rising edges counted

1 0 Falling edges counted
1 Both rising and falling edges counted

x=B,D,orF

« Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 2—Trigger Channel 3AEN, 3CEN (TRG3AEN, TRG3CEN): These bits select the channel
9 event counter compare-match signal channel 3 input capture trigger.

Bit 2: TRG3xEN Description

0 Channel 3 input capture trigger in event of channel 9 compare-match
(ECNT9x = GR9Xx) is disabled (Initial value)
1 Channel 3 input capture trigger in event of channel 9 compare-match

(ECNT9x = GR9x) is enabled

x=AorC

« Bits1and 0—Edge Select A1, AQ, C1, CO, E1, EO (EGSELA1, EGSELAO, EGSELC1,
EGSEL CO, EGSELE1, EGSEL EQ): These bits select the event counter counted edge(s).

Bit 1. EGSELx1 Bit 0: EGSELx0 Description

0 0 Count disabled (Initial value)
1 Rising edges counted

1 0 Falling edges counted
1 Both rising and falling edges counted

x=A,C,orE
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Timer Control Register 11 (TCR11)

Bit: 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CKEG1 ‘ CKEGO ‘ — ‘CKSELAZ‘ CKSELAl‘ CKSELAO‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W R R/W R/W R/W

e Bits7, 6, and 3—Reserved: These bits always read 0. The write value should always be 0.

» Bits5 and 4—Edge Select: These bits select the event counter counted edge(s).

Bit 5: CKEG1 Bit 4: CKEGO Description

0 0 Rising edges counted (Initial value)
1 Falling edges counted

1 0 Both rising and falling edges counted
1 Count disabled

e Bits2to 0—Clock Select A2to A0 (CKSELA2 to CKSELADO): These bits select clock @',
scaled from the internal clock source, from @, @/2, @/4, @/8, @/16, and @/32.

Bit 2: Bit 1: Bit O:
CKSELA2 CKSELA1 CKSELAO Description
0 0 0 Internal clock @": counting on ¢ (Initial value)
1 Internal clock @": counting on ¢/2
1 0 Internal clock @": counting on ¢/4
1 Internal clock @": counting on /8
1 0 0 Internal clock @": counting on ¢/16
1 Internal clock @": counting on /32
1 0 External clock: counting on TCLKA pin input
1 External clock: counting on TCLKB pin input
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11.24 Timer I/O Control Registers (TIOR)

Thetimer 1/0 control registers (TIOR) are 8-hit registers. The ATU-II has 16 TIOR registers: one
for channel O, four each for channels 1 and 2, two each for channels 3 to 5, and one for channel 11.
For details of channel 10, see section 11.2.26, Channel 10 Registers.

Channel Abbreviation Function

0 TIORO ICRO edge detection setting

1 TIOR1A-1D GR input capture/compare-match switching, edge detection/

2 TIOR2A—-2D output value setting

3 TIOR3A, TIOR3B GR input capture/compare-match switching, edge detection/

4 TIOR4A. TIOR4B Output value setting, TCNT3 to TCNT5 clear enable/disable
setting

5 TIOR5A, TIOR5B

11 TIOR11 GR input capture/compare-match switching, edge
detection/output value setting

Each TIOR is an 8-bit readable/writable register used to select the functions of dedicated input
capture registers and general registers.

For dedicated input capture registers (ICR), TIOR performs edge detection setting.

For general registers (GR), TIOR selects use as an input capture register or output compare
register, and performs edge detection setting. For channels 3to 5, TIOR also selects enabling or
disabling of free-running counter (TCNT) clearing in the event of a compare-match.

Timer 1/O Control Register 0 (TIOROQ)

Bitt 7 6 5 4 3 2 1 0
\ 100D1 \ |oooo\ 100C1 \ |ooco\ I00B1 \ 100BO \ I00A1 \ I00AQ \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TIORO specifies edge detection for input capture registers ICROA to ICROD.

TIORO isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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e Bits7 and 6—I1/O Control 0D1 and 0DO (I00D1, I00DQ): These hits select TIOD pin input

capture signal edge detection.

Bit 7: 1I00D1 Bit 6: I00D0O Description
0 0 Input capture disabled (input capture possible in TCNT10B
compare-match) (Initial value)
1 Input capture in ICROD on rising edge
1 0 Input capture in ICROD on falling edge

Input capture in ICROD on both rising and falling edges

e Bits5and 4—I1/O Control 0C1 and 0CO (I00C1, I00C0): These bits select TIOC pin input

capture signal edge detection.

Bit 5: I00C1 Bit 4: 100CO Description

0 0 Input capture disabled (Initial value)
1 Input capture in ICROC on rising edge

1 0 Input capture in ICROC on falling edge
1 Input capture in ICROC on both rising and falling edges

« Bits3 and 2—I/O Control 0B1 and 0BO (I00B1, IO0B0): These bits select TIOB pin input

capture signal edge detection.

Bit 3: I00B1 Bit 2: 100B0O Description

0 0 Input capture disabled (Initial value)
1 Input capture in ICROB on rising edge

1 0 Input capture in ICROB on falling edge
1 Input capture in ICROB on both rising and falling edges

e Bits1and 0—I/O Control 0A1 and 0AO (IO0A1, IO0AOQ): These bits select TIOA pin input

capture signal edge detection.

Bit 1: IO0A1 Bit 0: IO0A0 Description
0 0 Input capture disabled (Initial value)
1 Input capture in ICROA on rising edge
1 0 Input capture in ICROA on falling edge
1 Input capture in ICROA on both rising and falling edges
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Timer |/O Control Registers 1A to 1D (TIOR1A to TIOR1D)

TIOR1A
Bit: 7 6 5 4 3 2 1 0
\ — \ I01B2 \ 101B1 \ IOlBO‘ — \ I01A2 \ I01A1 \ I01A0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RW R RW  RW  RMW
TIOR1B
Bitt 7 6 5 4 3 2 1 0
\ — \ IOlDZ‘ 101D1 \ IOlDO‘ — \ 101C2 \ IOlCl‘ 101C0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RW R RW  RW  RMW
TIORIC
Bit: 7 6 5 4 3 2 1 0
\ — \ IO1F2 \ I01F1 \ I01FO \ — \ IO1E2 \ IOlEl‘ IO1EO \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RW R RW  RW  RW
TIORID
Bit: 7 6 5 4 3 2 1 0
\ — \ IOlHZ‘ I01H1 \ IOlHO‘ — \ 101G2 \ 101G1 \ 101G0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RW R RW  RW  RMW

Registers TIOR1A to TIOR1D specify whether general registers GR1A to GR1H are used as input
capture or compare-match registers, and also perform edge detection and output val ue setting.

Each TIOR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.
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e Bits6to4—I/O Control 1B2 to 1B0, 1D2 to 1D0, 1F2 to 1F0, 1H2 to 1HO (101B2 to I01BO,
101D2 to 101D0, IOF12 to I01F0, I01H2 to I01HO0): These bits select the general register

(GR) function.
Bit 6: Bit 5: Bit 4:
101x2 101x1 101x0 Description
0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is an input Input capture disabled (GR cannot be
capture register written to)
1 Input capture in GR on rising edge at
TIO1x pin (GR cannot be written to)
1 0 Input capture in GR on falling edge at
TIO1x pin (GR cannot be written to)
1 Input capture in GR on both rising and

falling edges at TIO1x pin (GR cannot be
written to)

x=B,D,F, orH

e Bit 3—Reserved: Thisbit always reads 0. The write value should always be 0.
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e Bits2to 0—I/O Control 1A2to 1A0, 1C2to 1C0, 1E2 to 1E0, 1G2 to 1G0 (I01A2 to I01AOQ,
101C2 to 101CO0, I0O1E2 to IO1EQ, 101G2 to I01G0): These hits select the general register

(GR) function.
Bit 2: Bit 1: Bit O:
101x2 101x1 101x0 Description
0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is an input Input capture disabled
capture register
1 Input capture in GR on rising edge at
TIO1x pin (GR cannot be written to)
1 0 Input capture in GR on falling edge at
TIO1x pin (GR cannot be written to)
1 Input capture in GR on both rising and

falling edges at TIO1x pin (GR cannot be
written to)

HITACHI

241



Timer I/O Control Registers 2A to 2D (TIOR2A to TIOR2D)

TIOR2A
Bitt 7 6 5 4 3 2 1 0
\ — \ 102B2 \ 102B1 \ |0230\ — \ 102A2 \ 102A1 \ 102A0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RMW R RW  RW  RW
TIOR2B
Bitt 7 6 5 4 3 2 1 0
\ — \ IOZDZ‘ 102D1 \ IOZDO‘ _ \ 102C2 \ IOZCl‘ 102C0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RW R RW  RW  RW
TIOR2C
Bitt 7 6 5 4 3 2 1 0
\ — \ I02F2 \ I02F1 \ I02F0 \ _ \ I02E2 \ IOZEl‘ I02E0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RW R RW  RW  RMW
TIOR2D
Bitt 7 6 5 4 3 2 1 0
\ — \ IOZHZ‘ I02H1 \ IOZHO‘ — \ 102G2 \ 102G1 \ 102G0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RMW R RW  RW  RMW

Registers TIOR2A to TIOR2D specify whether general registers GR2A to GR2H are used as input
capture or compare-match registers, and also perform edge detection and output val ue setting.

Each TIOR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

Bits 6 to 4—I/O Control 2B2 to 2B0, 2D2 to 2D0, 2F2 to 2F0, 2H2 to 2HO0 (102B2 to 102B0,
102D2 to 102D0, 102F2 to |02F0, I02H2 to I02H0): These hits select the general register

(GR) function.
Bit 6: Bit 5: Bit 4:
102x2 102x1 102x0 Description
0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is an input Input capture disabled
capture register
1 Input capture in GR on rising edge at
TIO2x pin (GR cannot be written to)
1 0 Input capture in GR on falling edge at
TIO2x pin (GR cannot be written to)
1 Input capture in GR on both rising and

falling edges at TIO2x pin (GR cannot be
written to)

x=B,D,F,orH

Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

HITACHI
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« Bits2to 0—I/O Control 2A2 to 2A0, 2C2 to 2C0, 2E2 to 2E0, 2G2 to 2G0 (I02A2 to I02A0,
102C2 to 102C0, I02E2 to I02EOQ, 102G2 to 102G0): These bits select the general register

(GR) function.
Bit 2: Bit 1: Bit O:
102x2 102x1 102x0 Description
0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is an input Input capture disabled
capture register
1 Input capture in GR on rising edge at
TIO2x pin (GR cannot be written to)
1 0 Input capture in GR on falling edge at
TIO2x pin (GR cannot be written to)
1 Input capture in GR on both rising and

falling edges at TIO2x pin (GR cannot be
written to)

Xx=AC,E,orG
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Timer |/O Control Registers 3A, 3B, 4A, 4B, 5A, 5B
(TIOR3A, TIOR3B, TIOR4A, TIOR4B, TIOR5A, TIORSB)

TIOR3A, TIOR4A, TIOR5A

Bt 7 6 5 4 3 2 1 0
\ CCIxB \ IOXB2 \ IOXB1 \ IOXBO \ CCIXA‘ IOXA2 \ IOXAL \ IOXAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
x=3t05

TIOR3B, TIOR4B, TIORS5B

Bt 7 6 5 4 3 2 1 0
\ CCIXD \ IOXD2 \ IOXD1 \ IOxDO‘ ccmc\ IOXC2 \ IOXC1 \ IOXCO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
x=3t05

TIORS3A, TIOR3B, TIOR4A, TIOR4B, TIOR5A, and TIOR5B specify whether general registers
GR3A to GR3D, GR4A to GR4D, and GR5A to GR5D are used as input capture or compare-
match registers, and also perform edge detection and output value setting. They also select
enabling or disabling of free-running counter (TCNT3 to TCNT5) clearing.

Each TIOR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

» Bit 7—Clear Counter Enable Flag 3B, 4B, 5B, 3D, 4D, 5D (CCI3B, CCI4B, CCI5B, CCI3D,
CCl4D, CCI5D): These hits select enabling or disabling of free-running counter (TCNT)
clearing.

Bit 7: CClxx Description
0 TCNT clearing disabled (Initial value)
1 TCNT cleared on GR compare-match

xx = 3B, 4B, 5B, 3D, 4D, or 5D

TCNT is cleared on compare-match only when GR is functioning as an output compare
register.
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* Bits6to 4—I/O Control 3B2 to 3B0, 4B2 to 4B0, 5B2 to 5B0, 3D2 to 3D0, 4D2 to 4D0, 5D2
to 5D0 (103B2 to 103B0, 104B2 to 104B0, 105B2 to |05B0, 103D2 to 103D0, 104D2 to
104D0, 105D2 to I05D0): These hits select the general register (GR) function.

Bit 6: Bit 5: Bit 4:
10xx2 10xx1 IOxx0 Description
0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is an input Input capture disabled (input capture by
capture register channel 3 and 9 compare-match
enabled) (In channel 3 only, GR cannot
be written to)
1 Input capture in GR on rising edge at
TIOxx pin (GR cannot be written to)
1 0 Input capture in GR on falling edge at
TIOxx pin (GR cannot be written to)
1 Input capture in GR on both rising and

falling edges at TIOxx pin (GR cannot be
written to)

xx = 3B, 4B, 5B, 3D, 4D, or 5D

» Bit 3—Clear Counter Enable Flag 3A, 4A, 5A, 3C, 4C, 5C (CCI3A, CCI4A, CCI5A, CCI3C,
CCl4C, CCISC): These bits select enabling or disabling of free-running counter (TCNT)

clearing.
Bit 3: CClxx Description
0 TCNT clearing disabled (Initial value)
1 TCNT cleared on GR compare-match

xx = 3A, 4A, 5A, 3C, 4C, or 5C

TCNT is cleared on compare-match only when GR is functioning as an output compare

register.
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* Bits2to 0—I/O Control 3A2to 3A0, 4A2 to 4A0, 5A2 to 5A0, 3C2 to 3CO0, 4C2 to 4C0, 5C2
to 5CO (I03A21to I03A0, I04A2 to I04A0, IO5A2 to I05A0, I03C2 to 103CO, 104C2 to
104C0, 105C2 to I0O5C0): These bits select the general register (GR) function.

Bit 2: Bit 1: Bit 0:
I0Oxx2 10xx1 10xx0 Description
0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is an input Input capture disabled (input capture by
capture register channel 3 and 9 compare-match
enabled) (In channel 3 only, GR cannot
be written to)
1 Input capture in GR on rising edge at
TIOxx pin (GR connot be written to)
1 0 Input capture in GR on falling edge at
TIOxx pin (GR connot be written to)
1 Input capture in GR on both rising and

falling edges at TIOxx pin (GR connot be
written to)

xx = 3A, 4A, 5A, 3C, 4C, or 5C
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Timer I/O Control Register 11 (TIOR11)

TIOR11
Bitt 7 6 5 4 3 2 1 0
\ — \ |01152\ I011B1 \ |011an\ — \ I011A2 \ IOllAl‘ I011A0 \
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW  RMW R RW  RW  RW

TIOR11 specifies whether general registers GR11A and GR11B are used as input capture or
compare-match registers, and also performs edge detection and output value setting.

TIOR11 isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

* Bit 7—Reserved: Thisbit always reads 0. The write value should always be 0.

¢ Bits6to4—I/O Control 11B2 to 11B0 (1011B2 to I011B0): These bits select the general
register (GR) function.

Bit 6: Bit 5: Bit 4:

1011B2 1011B1 1011B0O Description

0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)

1 0 output on GR compare-match

1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GRis an input Input capture disabled
capture register

1 Input capture in GR on rising edge at
TIO11B pin (GR cannot be written to)

1 0 Input capture in GR on falling edge at
TIO11B pin (GR cannot be written to)

1 Input capture in GR on both rising and
falling edges at TIO11B pin (GR cannot
be written to)
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« Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

e Bits2to 0—I/O Control 11A2 to 11A0 (I011A2 to IO011A0): These bits select the general
register (GR) function.

Bit 2: Bit 1: Bit O:
I011A2 I011A1 1011A0 Description
0 0 0 GR is an output Compare-match disabled; pin output
compare register  undefined (Initial value)
1 0 output on GR compare-match
1 0 1 output on GR compare-match
1 Toggle output on GR compare-match
1 0 0 GR is an input Input capture disabled
capture register
1 Input capture in GR on rising edge at
TIO11A pin (GR cannot be written to)
1 0 Input capture in GR on falling edge at

TIO11A pin (GR cannot be written to)

1 Input capture in GR on both rising and
falling edges at TIO11A pin (GR cannot
be written to)
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11.25 Timer Status Registers(TSR)

Thetimer status registers (TSR) are 16-bit registers. The ATU-II has 11 TSR registers: one each
for channels 0, 6 to 9, and 11, two each for channels 1 and 2, and one for channels 3 to 5. For
details of channel 10, see section 11.2.26, Channel 10 Registers.

Channel Abbreviation Function

0 TSRO Indicates input capture, interval interrupt, and overflow status
1 TSR1A, TSR1B Indicate input capture, compare-match, and overflow status
2 TSR2A, TSR2B

3 TSR3 Indicates input capture, compare-match, and overflow status
4

5

6 TSR6 Indicate cycle register compare-match status

7 TSR7

8 TSR8 Indicates down-counter output end (low) status

9 TSR9 Indicates event counter compare-match status

11 TSR11 Indicates input capture, compare-match, and overflow status

The TSR registers are 16-bit readabl e/writabl e registers containing flags that indicate free-running
counter (TCNT) overflow, channel O input capture or interval interrupt generation, channel 3, 4, 5,
and 11 general register input capture or compare-match, channel 6 and 7 compare-matches,
channel 8 down-counter output end, and channel 9 event counter compare-matches.

Each flag is an interrupt source, and issues an interrupt request to the CPU if the interrupt is
enabled by the corresponding bit in the timer interrupt enable register (TIER).

Each TSR isinitialized to H'0000 by a power-on reset, and in hardware standby mode and
software standby mode.
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Timer Status Register 0 (TSRO)

TSRO indicates the status of channel 0 interval interrupts, input capture, and overflow.

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-71T-7T-=-1-=-7T=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ IIF2B \ IIF2A \ IIF1 \ OVFO \ ICFOD‘ ICFOC‘ ICFOB‘ ICFOA‘
Initial value: 0 0 0 0 0 0 0 0

RIW: RIW)* RIW)* RIAW)* RIW)* RIAW)* RIW)* RIAW)* RI(W)*

Note: * Only O can be written, to clear the flag.

» Bits 15 to 8—Reserved: These bits alwaysread 0. The write value should aways be 0.

« Bit 7—Interval Interrupt Flag 2B (I1F2B): Status flag that indicates the generation of an
interval interrupt.

Bit 7: 1IF2B Description

0 [Clearing condition] (Initial value)
When IIF2B is read while set to 1, then 0 is written to IIF2B

1 [Setting condition]
When interval interrupt selected by ITVRR2B is generated

« Bit 6—Interval Interrupt Flag 2A (1IF2A): Status flag that indicates the generation of an
interval interrupt.

Bit 6: lIF2A Description

0 [Clearing condition] (Initial value)
When IIF2A is read while set to 1, then O is written to [IF2A

1 [Setting condition]
When interval interrupt selected by ITVRR2A is generated
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e Bit 5—lInterval Interrupt Flag 1 (I1F1): Status flag that indicates the generation of an interval

interrupt.
Bit 5: IIF1 Description
0 [Clearing condition] (Initial value)
When IIF1 is read while set to 1, then 0 is written to IIF1
1 [Setting condition]

When interval interrupt selected by ITVRR1 is generated

* Bit 4—Overflow Flag 0 (OVF0): Status flag that indicates TCNTO overflow.

Bit 4: OVFO Description

0 [Clearing condition] (Initial value)
When OVFO is read while set to 1, then 0 is written to OVFO

1 [Setting condition]

When the TCNTO value overflows (from H'FFFFFFFF to H'00000000)

* Bit 3—Input Capture Flag OD (ICFOD): Status flag that indicates ICROD input capture.

Bit 3: ICFOD Description

0 [Clearing condition] (Initial value)
When ICFOD is read while set to 1, then 0 is written to ICFOD

1 [Setting condition]

When the TCNTO value is transferred to the input capture register by an input
capture signal. Also set by input capture with a channel 10 compare match as
the trigger

* Bit 2—Input Capture Flag OC (ICFOC): Status flag that indicates ICROC input capture.

Bit 2: ICFOC Description

0 [Clearing condition] (Initial value)
When ICFOC is read while set to 1, then 0 is written to ICFOC

1 [Setting condition]
When the TCNTO value is transferred to the input capture register by an input
capture signal
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« Bit 1—Input Capture Flag OB (ICFOB): Status flag that indicates ICROB input capture.

Bit 1: ICFOB Description

0 [Clearing condition] (Initial value)
When ICFOB is read while set to 1, then 0 is written to ICFOB

1 [Setting condition]
When the TCNTO value is transferred to the input capture register by an input
capture signal

e Bit O—Input Capture Flag OA (ICFOA): Status flag that indicates |CROA input capture.

Bit 0: ICFOA Description

0 [Clearing condition] (Initial value)
When ICFOA is read while set to 1, then O is written to ICFOA

1 [Setting condition]
When the TCNTO value is transferred to the input capture register by an input
capture signal

Timer Status Registers 1A and 1B (TSR1A, TSR1B)

TSR1A: TSR1A indicates the status of channel 1 input capture, compare-match, and overflow.

Bit: 15 14 13 12 11 10 9 8
- -] -] -] =1 =1 = o
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW)*
Bitt 7 6 5 4 3 2 1 0
\ IMF1H \ IMFlG‘ IMF1F \ IMFlE‘ IMF1D \ IMF1C \ IMFlB‘ IMFlA‘
Initial value: 0 0 0 0 0 0 0 0

RIW: RIW)* RIW)* RIAW)* RIW)* RIW)* RIW)* RIW)* RI(W)*

Note: * Only O can be written, to clear the flag.

« Bits 15 to 9—Reserved: These bits alwaysread 0. The write value should aways be 0.
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e Bit 8—Overflow Flag 1A (OVF1A): Status flag that indicates TCNT1A overflow.

Bit 8: OVF1A Description

0 [Clearing condition] (Initial value)
When OVF1A is read while set to 1, then 0 is written to OVF1A

1 [Setting condition]

When the TCNT1A value overflows (from H'FFFF to H'0000)

* Bit 7—Input Capture/Compare-Match Flag 1H (IMF1H): Status flag that indicates GR1H
input capture or compare-match.

Bit 7: IMF1H Description

0 [Clearing condition] (Initial value)
When IMF1H is read while set to 1, then 0 is written to IMF1H

1 [Setting conditions]

¢ When the TCNT1A value is transferred to GR1H by an input capture
signal while GR1H is functioning as an input capture register

* When TCNT1A = GR1H while GR1H is functioning as an output compare
register

* Bit 6—Input Capture/Compare-Match Flag 1G (IMF1G): Status flag that indicates GR1G
input capture or compare-match.

Bit 6: IMF1G Description
0 [Clearing condition] (Initial value)
When IMF1G is read while set to 1, then 0 is written to IMF1G
1 [Setting conditions]
¢ When the TCNT1A value is transferred to GR1G by an input capture
signal while GR1G is functioning as an input capture register
*«  When TCNT1A = GR1G while GR1G is functioning as an output compare
register
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e Bit 5—Input Capture/Compare-Match Flag 1F (IMF1F): Status flag that indicates GR1F input
capture or compare-match.

Bit 5: IMF1F Description

0 [Clearing condition] (Initial value)
When IMF1F is read while set to 1, then 0 is written to IMF1F

1 [Setting conditions]

* When the TCNT1A value is transferred to GR1F by an input capture
signal while GR1F is functioning as an input capture register

« When TCNT1A = GR1F while GR1F is functioning as an output compare
register

e Bit 4—Input Capture/Compare-Match Flag 1E (IMF1E): Status flag that indicates GR1E input
capture or compare-match.

Bit 4: IMF1E Description

0 [Clearing condition] (Initial value)
When IMF1E is read while set to 1, then O is written to IMF1E

1 [Setting conditions]

* When the TCNT1A value is transferred to GR1E by an input capture
signal while GRL1E is functioning as an input capture register

« When TCNT1A = GR1E while GR1E is functioning as an output compare
register

e Bit 3—Input Capture/Compare-Match Flag 1D (IMF1D): Status flag that indicates GR1D
input capture or compare-match.

Bit 3: IMF1D Description

0 [Clearing condition] (Initial value)
When IMF1D is read while set to 1, then O is written to IMF1D

1 [Setting conditions]

* When the TCNT1A value is transferred to GR1D by an input capture
signal while GR1D is functioning as an input capture register

«  When TCNT1A = GR1D while GR1D is functioning as an output compare
register
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e Bit 2—Input Capture/Compare-Match Flag 1C (IMF1C): Status flag that indicates GR1C input
capture or compare-match.

Bit 2: IMF1C Description

0 [Clearing condition] (Initial value)
When IMF1C is read while set to 1, then O is written to IMF1C

1 [Setting conditions]

« When the TCNT1A value is transferred to GR1C by an input capture
signal while GR1C is functioning as an input capture register

¢ When TCNT1A = GR1C while GR1C is functioning as an output compare
register

e Bit 1—Input Capture/Compare-Match Flag 1B (IMF1B): Status flag that indicates GR1B input
capture or compare-match.

Bit 1: IMF1B Description

0 [Clearing condition] (Initial value)
When IMF1B is read while set to 1, then O is written to IMF1B

1 [Setting conditions]

e When the TCNT1A value is transferred to GR1B by an input capture
signal while GR1B is functioning as an input capture register

e When TCNT1A = GR1B while GR1B is functioning as an output compare
register

e Bit O—lInput Capture/Compare-Match Flag 1A (IMF1A): Status flag that indicates GR1A
input capture or compare-match.

Bit 0: IMF1A Description
0 [Clearing condition] (Initial value)
When IMF1A is read while set to 1, then O is written to IMF1A
1 [Setting conditions]
¢ When the TCNT1A value is transferred to GR1A by an input capture
signal while GR1A is functioning as an input capture register
«  When TCNT1A = GR1A while GR1A is functioning as an output compare
register
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TSR1B: TSR1B indicates the status of channel 1 compare-match and overflow.

Bit: 15 14 13 12 11 10 9 8
| - — — — — — — | ovFiB |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/(W)*
Bit: 7 6 5 4 3 2 1 0
| — _ — — — — — | cMF1 |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/(W)*
Note: * Only O can be written, to clear the flag.
« Bits 15 to 9—Reserved: These bits alwaysread 0. The write value should aways be 0.
* Bit 8—Overflow Flag 1B (OVF1B): Status flag that indicates TCNT1B overflow.
Bit 8: OVF1B Description
0 [Clearing condition] (Initial value)
When OVF1B is read while set to 1, then O is written to OVF1B
1 [Setting condition]

When the TCNT1B value overflows (from H'FFFF to H'0000)

e Bits7to 1—Reserved: These hits always read 0. The write value should always be 0.

* Bit 0—Compare-Match Flag 1 (CMF1): Status flag that indicates OCR1 compare-match.

Bit 0: CMF1 Description
0 [Clearing condition] (Initial value)
When CMF1 is read while set to 1, then 0 is written to CMF1
1 [Setting condition]
When TCNT1B = OCR1
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Timer Status Registers 2A and 2B (TSR2A, TSR2B)

TSR2A: TSR2A indicates the status of channel 2 input capture, compare-match, and overflow.

Bitt 15 14 13 12 11 10 9 8
- -l =1 =] =] =1 = Jovwe
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW)*
Bitt 7 6 5 4 3 2 1 0
\ IMF2H \ IMFZG‘ IMF2F \ IMFZE‘ IMF2D \ IMF2C \ IMF2B‘ IMFZA‘
Initial value: 0 0 0 0 0 0 0 0

RIW: RIW)* RIW)* RIAW)* RIW)* RIAW)* RIW)* RIAW)* RI(W)*

Note: * Only O can be written, to clear the flag.

e Bits 15 to 9—Reserved: These bits always read 0. The write value should always be 0.
* Bit 8—Overflow Flag 2A (OVF2A): Status flag that indicates TCNT2A overflow.

Bit 8: OVF2A Description

0 [Clearing condition] (Initial value)
When OVF2A is read while set to 1, then 0 is written to OVF2A

1 [Setting condition]
When the TCNT2A value overflows (from H'FFFF to H'0000)

e Bit 7—Input Capture/Compare-Match Flag 2H (IMF2H): Status flag that indicates GR2H
input capture or compare-match.

Bit 7: IMF2H Description

0 [Clearing condition] (Initial value)
When IMF2H is read while set to 1, then 0 is written to IMF2H

1 [Setting conditions]
* When the TCNT2A value is transferred to GR2H by an input capture
signal while GR2H is functioning as an input capture register
«  When TCNT2A = GR2H while GR2H is functioning as an output compare
register
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e Bit 6—Input Capture/Compare-Match Flag 2G (IMF2G): Status flag that indicates GR2G
input capture or compare-match.

Bit 6: IMF2G Description

0 [Clearing condition] (Initial value)
When IMF2G is read while set to 1, then 0 is written to IMF2G

1 [Setting conditions]

* When the TCNT2A value is transferred to GR2G by an input capture
signal while GR2G is functioning as an input capture register

«  When TCNT2A = GR2G while GR2G is functioning as an output compare
register

« Bit 5—Input Capture/Compare-Match Flag 2F (IMF2F): Status flag that indicates GR2F input
capture or compare-match.

Bit 5: IMF2F Description

0 [Clearing condition] (Initial value)
When IMF2F is read while set to 1, then 0 is written to IMF2F

1 [Setting conditions]

* When the TCNT2A value is transferred to GR2F by an input capture
signal while GR2F is functioning as an input capture register

*  When TCNT2A = GR2F while GR2F is functioning as an output compare
register

e Bit 4—Input Capture/Compare-Match Flag 2E (IMF2E): Status flag that indicates GR2E input
capture or compare-match.

Bit 4: IMF2E Description

0 [Clearing condition] (Initial value)
When IMF2E is read while set to 1, then O is written to IMF2E

1 [Setting conditions]

* When the TCNT2A value is transferred to GR2E by an input capture
signal while GR2E is functioning as an input capture register

«  When TCNT2A = GR2E while GR2E is functioning as an output compare
register
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e Bit 3—Input Capture/Compare-Match Flag 2D (IMF2D): Status flag that indicates GR2D
input capture or compare-match.

Bit 3: IMF2D Description

0 [Clearing condition] (Initial value)
When IMF2D is read while set to 1, then 0 is written to IMF2D

1 [Setting conditions]

« When the TCNT2A value is transferred to GR2D by an input capture
signal while GR2D is functioning as an input capture register

«  When TCNT2A = GR2D while GR2D is functioning as an output compare
register

e Bit 2—Input Capture/Compare-Match Flag 2C (IMF2C): Status flag that indicates GR2C input
capture or compare-match.

Bit 2: IMF2C Description

0 [Clearing condition] (Initial value)
When IMF2C is read while set to 1, then 0 is written to IMF2C

1 [Setting conditions]

« When the TCNT2A value is transferred to GR2C by an input capture
signal while GR2C is functioning as an input capture register

«  When TCNT2A = GR2C while GR2C is functioning as an output compare
register

e Bit 1—Input Capture/Compare-Match Flag 2B (IMF2B): Status flag that indicates GR2B input
capture or compare-match.

Bit 1: IMF2B Description
0 [Clearing condition] (Initial value)
When IMF2B is read while set to 1, then O is written to IMF2B
1 [Setting conditions]
e When the TCNT2A value is transferred to GR2B by an input capture
signal while GR2B is functioning as an input capture register
*«  When TCNT2A = GR2B while GR2B is functioning as an output compare
register
260

HITACHI



e Bit O—Input Capture/Compare-Match Flag 2A (IMF2A): Status flag that indicates GR2A
input capture or compare-match.

Bit 0: IMF2A Description

0 [Clearing condition] (Initial value)
When IMF2A is read while set to 1, then O is written to IMF2A

1 [Setting conditions]

« When the TCNT2A value is transferred to GR2A by an input capture
signal while GR2A is functioning as an input capture register

«  When TCNT2A = GR2A while GR2A is functioning as an output compare
register

TSR2B: TSR2B indicates the status of channel 2 compare-match and overflow.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
- -] -] -1 -1 -1 — [ovs]
0 0 0 0 0 0 0 0
R RI(W)*
7 6 5 4 3 2 1 0

\ CMF2H \ CMFZG‘ CMFZF‘ CMFZE‘ CMFZD‘ CMFZC‘ CMFZB‘ CMFZA\

0 0 0 0 0 0 0 0
RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RIW)* RIW)*  RI(W)*

Note: * Only O can be written, to clear the flag.

« Bits 15 to 9—Reserved: These bits alwaysread 0. The write value should aways be 0.

» Bit 8—Overflow Flag 2B (OVF2B): Status flag that indicates TCNT2B overflow.

Bit 8: OVF2B Description

0 [Clearing condition] (Initial value)
When OVF2B is read while set to 1, then 0 is written to OVF2B

1 [Setting condition]

When the TCNT2B value overflows (from H'FFFF to H'0000)
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e Bit 7—Compare-Match Flag 2H (CMF2H): Status flag that indicates OCR2H compare-match.

Bit 7: CMF2H Description

0 [Clearing condition] (Initial value)
When CMF2H is read while set to 1, then 0 is written to CMF2H

1 [Setting condition]

When TCNT2B = OCR2H

» Bit 6—Compare-Match Flag 2G (CMF2G): Status flag that indicates OCR2G compare-match.

Bit 6: CMF2G Description

0 [Clearing condition] (Initial value)
When CMF2G is read while set to 1, then 0 is written to CMF2G

1 [Setting condition]

When TCNT2B = OCR2G

* Bit 5—Compare-Match Flag 2F (CMF2F): Status flag that indicates OCR2F compare-match.

Bit 5: CMF2F Description

0 [Clearing condition] (Initial value)
When CMF2F is read while set to 1, then 0 is written to CMF2F

1 [Setting condition]

When TCNT2B = OCR2F

e Bit 4—Compare-Match Flag 2E (CMF2E): Status flag that indicates OCR2E compare-match.

Bit 4: CMF2E Description

0 [Clearing condition] (Initial value)
When CMF2E is read while set to 1, then O is written to CMF2E

1 [Setting condition]

When TCNT2B = OCR2E

e Bit 3—Compare-Match Flag 2D (CMF2D): Status flag that indicates OCR2D compare-match.

Bit 3: CMF2D Description

0 [Clearing condition] (Initial value)
When CMF2D is read while set to 1, then 0 is written to CMF2D

1 [Setting condition]
When TCNT2B = OCR2D
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e Bit 2—Compare-Match Flag 2C (CMF2C): Status flag that indicates OCR2C compare-match.

Bit 2: CMF2C Description

0 [Clearing condition] (Initial value)
When CMF2C is read while set to 1, then 0 is written to CMF2C

1 [Setting condition]

When TCNT2B = OCR2C

» Bit 1—Compare-Match Flag 2B (CMF2B): Status flag that indicates OCR2B compare-match.

Bit 1: CMF2B Description

0 [Clearing condition] (Initial value)
When CMF2B is read while set to 1, then 0 is written to CMF2B

1 [Setting condition]

When TCNT2B = OCR2B

* Bit 0—Compare-Match Flag 2A (CMF2A): Status flag that indicates OCR2A compare-match.

Bit 0: CMF2A Description

0 [Clearing condition] (Initial value)
When CMF2A is read while set to 1, then 0 is written to CMF2A

1 [Setting condition]

When TCNT2B = OCR2A

Timer Status Register 3 (TSR3)

TSR3 indicates the status of channel 3 to 5 input capture, compare-match, and overflow.

Initial value:

Initial value:

15 14 13 12 11 10 9 8
— \ OVF5 \ IMF5D \ IMFSC‘ IMF5B \ IMFSA‘ OVF4 \ IMF4D \
0 0 0 0 0 0 0 0

R RAW)* RIW)* RIW)* RIW)* RIW)* RIW)* RI(W)*

7 6 5 4 3 2 1 0
\ IMF4C \ IMF4B‘ IMF4A‘ OVF3 \ IMF3D \ IMF3C \ IMF3B‘ IMF3A‘
0 0 0 0 0 0 0 0

RIW)*  RIW)*  RIW)*  RIW)*  RIW)*  RIAW)*  RIW)*  RIW)*

Note: * Only 0 can be written, to clear the flag.
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e Bit 15—Reserved: Thisbit aways reads 0. The write value should always be 0.
* Bit 14—Overflow Flag 5 (OVF5): Status flag that indicates TCNTS5 overflow.

Bit 14: OVF5 Description

0 [Clearing condition] (Initial value)
When OVFS5 is read while set to 1, then 0 is written to OVF5

1 [Setting condition]
When the TCNT5 value overflows (from H'FFFF to H'0000)

e Bit 13—Input Capture/Compare-Match Flag 5D (IMF5D): Status flag that indicates GR5D
input capture or compare-match.

Bit 13: IMF5D Description

0 [Clearing condition] (Initial value)
When IMF5D is read while set to 1, then 0 is written to IMF5D

1 [Setting conditions]
¢ When the TCNT5 value is transferred to GR5D by an input capture signal
while GR5D is functioning as an input capture register
«  When TCNT5 = GR5D while GR5D is functioning as an output compare
register
*  When TCNT5 = GR5D while GR5D is functioning as a cycle register in
PWM mode

e Bit 12—Input Capture/Compare-Match Flag 5C (IMF5C): Status flag that indicates GR5C
input capture or compare-match. The flag is not set in PWM mode.

Bit 12: IMF5C Description

0 [Clearing condition] (Initial value)
When IMF5C is read while set to 1, then 0 is written to IMF5C

1 [Setting conditions]
« When the TCNT5 value is transferred to GR5C by an input capture signal
while GR5C is functioning as an input capture register
*  When TCNT5 = GR5C while GR5C is functioning as an output compare
register
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e Bit 11—Input Capture/Compare-Match Flag 5B (IMF5B): Status flag that indicates GR5B
input capture or compare-match. The flag is not set in PWM mode.

Bit 11: IMF5B Description

0 [Clearing condition] (Initial value)
When IMF5B is read while set to 1, then O is written to IMF5B

1 [Setting conditions]
« When the TCNT5 value is transferred to GR5B by an input capture signal
while GR5B is functioning as an input capture register
*  When TCNT5 = GR5B while GR5B is functioning as an output compare
register

e Bit 10—Input Capture/Compare-Match Flag 5A (IMF5A): Status flag that indicates GR5A
input capture or compare-match. The flag is not set in PWM mode.

Bit 10: IMF5A Description

0 [Clearing condition] (Initial value)
When IMF5A is read while set to 1, then 0 is written to IMF5A

1 [Setting conditions]
* When the TCNT5 value is transferred to GR5A by an input capture signal
while GR5A is functioning as an input capture register
*  When TCNT5 = GR5A while GR5A is functioning as an output compare
register

* Bit 9—Overflow Flag 4 (OVF4): Status flag that indicates TCNT4 overflow.

Bit 9: OVF4 Description

0 [Clearing condition] (Initial value)
When OVF4 is read while set to 1, then 0 is written to OVF4

1 [Setting condition]
When the TCNT4 value overflows (from H'FFFF to H'0000)
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e Bit 8—Input Capture/Compare-Match Flag 4D (IMF4D): Status flag that indicates GR4D
input capture or compare-match.

Bit 8: IMF4AD Description

0 [Clearing condition] (Initial value)
When IMF4D is read while set to 1, then 0 is written to IMF4D

1 [Setting conditions]
« When the TCNT4 value is transferred to GR4D by an input capture signal
while GR4D is functioning as an input capture register
*«  When TCNT4 = GR4D while GR4D is functioning as an output compare
register
*«  When TCNT4 = GR4D while GR4D is functioning as a PWM mode
synchronous register

e Bit 7—Input Capture/Compare-Match Flag 4C (IMF4C): Status flag that indicates GRAC input
capture or compare-match. The flag is not set in PWM mode.

Bit 7: IMFAC Description

0 [Clearing condition] (Initial value)
When IMFA4C is read while set to 1, then 0 is written to IMF4C

1 [Setting conditions]
e When the TCNT4 value is transferred to GR4C by an input capture signal
while GR4C is functioning as an input capture register
*  When TCNT4 = GR4C while GRA4C is functioning as an output compare
register

e Bit 6—Input Capture/Compare-Match Flag 4B (IMF4B): Status flag that indicates GR4B input
capture or compare-match. The flag is not set in PWM mode.

Bit 6: IMF4B Description

0 [Clearing condition] (Initial value)
When IMF4B is read while set to 1, then 0 is written to IMF4B

1 [Setting conditions]
e When the TCNT4 value is transferred to GR4B by an input capture signal
while GR4B is functioning as an input capture register
«  When TCNT4 = GR4B while GR4B is functioning as an output compare
register
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e Bit 5—Input Capture/Compare-Match Flag 4A (IMF4A): Status flag that indicates GR4A
input capture or compare-match. The flag is not set in PWM mode.

Bit 5: IMF4A Description

0 [Clearing condition] (Initial value)
When IMF4A is read while set to 1, then O is written to IMF4A

1 [Setting conditions]
« When the TCNT4 value is transferred to GR4A by an input capture signal
while GR4A is functioning as an input capture register
*  When TCNT4 = GR4A while GR4A is functioning as an output compare
register

» Bit 4—Overflow Flag 3 (OVF3): Status flag that indicates TCNT3 input capture or compare-
match.

Bit 4: OVF3 Description

0 [Clearing condition] (Initial value)
When OVF3 is read while set to 1, then 0 is written to OVF3

1 [Setting condition]
When the TCNT3 value overflows (from H'FFFF to H'0000)

e Bit 3—Input Capture/Compare-Match Flag 3D (IMF3D): Status flag that indicates GR5D
input capture or compare-match.

Bit 3: IMF3D Description

0 [Clearing condition] (Initial value)
When IMF3D is read while set to 1, then 0 is written to IMF3D

1 [Setting conditions]

*  When the TCNT3 value is transferred to GR3D by an input capture signal
while GR3D is functioning as an input capture register. However, IMF3D
is not set by input capture with a channel 9 compare match as the trigger

*  When TCNT3 = GR3D while GR3D is functioning as an output compare
register

*  When TCNT3 = GR3D while GR3D is functioning as a synchronous
register in PWM mode
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e Bit 2—Input Capture/Compare-Match Flag 3C (IMF3C): Status flag that indicates GR3C input
capture or compare-match. The flag is not set in PWM maode.

Bit 2: IMF3C Description

0 [Clearing condition] (Initial value)
When IMF3C is read while set to 1, then 0 is written to IMF3C

1 [Setting conditions]

« When the TCNT3 value is transferred to GR3C by an input capture signal
while GR3C is functioning as an input capture register. However, IMF3C
is not set by input capture with a channel 9 compare match as the trigger

*  When TCNT3 = GR3C while GR3C is functioning as an output compare
register

e Bit 1—Input Capture/Compare-Match Flag 3B (IMF3B): Status flag that indicates GR3B input
capture or compare-match. The flag is not set in PWM mode.

Bit 1: IMF3B Description

0 [Clearing condition] (Initial value)
When IMF3B is read while set to 1, then 0 is written to IMF3B

1 [Setting conditions]

e When the TCNT3 value is transferred to GR3B by an input capture signal
while GR3B is functioning as an input capture register. However, IMF3B is
not set by input capture with a channel 9 compare match as the trigger

«  When TCNT3 = GR3B while GR3B is functioning as an output compare
register

e Bit O—Input Capture/Compare-Match Flag 3A (IMF3A): Status flag that indicates GR3A
input capture or compare-match. The flag is not set in PWM mode.

Bit 0: IMF3A Description

0 [Clearing condition] (Initial value)
When IMF3A is read while set to 1, then 0O is written to IMF3A

1 [Setting conditions]

« When the TCNT3 value is transferred to GR3A by an input capture signal
while GR3A is functioning as an input capture register. However, IMF3A is
not set by input capture with a channel 9 compare match as the trigger

*  When TCNT3 = GR3A while GR3A is functioning as an output compare
register
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Timer Status Registers6 and 7 (TSR6, TSR7)

TSR6 and TRSY indicate the channel 6 and 7 free-running counter up-count and down-count
status, and cycle register compare status.

Bitt 15 14 13 12 11 10 9 8
-l -1 -1T-T-=-71T=-7T=717=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ UDXD \ UDXC \ UDXB \ UDXA \ CMFXD‘ CMFXC‘ CMFXB‘ CMFXA‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R RIWY* RIW)* RIW)* RIW)*

Note: * Only O can be written, to clear the flag.
x=6or7

UDXA to UDxD relate to TSR6 only. Bitsrelating to TSR7 awaysread 0.
« Bits 15 to 8—Reserved: These bits alwaysread 0. The write value should aways be 0.

e Bit 7—Count-Up/Count-Down Flag 6D (UD6D): Status flag that indicates the TCNT6D count
operation.

Bit 7: UD6D Description
0 Free-running counter TCNT6D operates as an up-counter
1 Free-running counter TCNT6D operates as a down-counter

e Bit 6—Count-Up/Count-Down Flag 6C (UD6C): Status flag that indicates the TCNT6C count
operation.

Bit 6: UD6C Description
0 Free-running counter TCNT6C operates as an up-counter
1 Free-running counter TCNT6C operates as a down-counter
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e Bit 5—Count-Up/Count-Down Flag 6B (UD6B): Status flag that indicates the TCNT6B count
operation.

Bit 5: UD6B Description
0 Free-running counter TCNT6B operates as an up-counter
1 Free-running counter TCNTEB operates as a down-counter

¢ Bit 4—Count-Up/Count-Down Flag 6A (UDG6A): Status flag that indicates the TCNT6A count
operation.

Bit 4: UD6A Description
0 Free-running counter TCNT6A operates as an up-counter
1 Free-running counter TCNT6A operates as a down-counter

e Bit 3—Cycle Register Compare-Match Flag 6D/7D (CMF6D/CMF7D): Status flag that
indicates CYLRxD compare-match.

Bit 3: CMFxD Description

0 [Clearing condition] (Initial value)
When CMFxD is read while set to 1, then O is written to CMFxD

1 [Setting conditions]
e« When TCNTxD = CYLRXD (in non-complementary PWM mode)
e When TCNT6D = H'0000 in a down-count (in complementary PWM mode)

Xx=6o0r7

« Bit 2—Cycle Register Compare-Match Flag 6C/7C (CMF6C/CMF7C): Status flag that
indicates CY LRxC compare-match.

Bit 2: CMFxC Description

0 [Clearing condition] (Initial value)
When CMFxC is read while set to 1, then 0 is written to CMFxC

1 [Setting conditions]
¢ When TCNTxC = CYLRXC (in non-complementary PWM mode)
e When TCNT6C = H'0000 in a down-count (in complementary PWM mode)

XxX=6o0r7

270
HITACHI



« Bit 1—Cycle Register Compare-Match Flag 6B/7B (CMF6B/CMF7B): Status flag that
indicates CY LRxB compare-match.

Bit 1: CMFxB Description

0 [Clearing condition] (Initial value)
When CMFxB is read while set to 1, then 0 is written to CMFxB

1 [Setting conditions]
«  When TCNTxB = CYLRXB (in non-complementary PWM mode)
e« When TCNT6B = H'0000 in a down-count (in complementary PWM mode)

x=6o0r7

» Bit 0—Cycle Register Compare-Match Flag 6A/7A (CMF6A/CMFT7A): Status flag that
indicates CYLRXA compare-match.

Bit 0: CMFxA Description

0 [Clearing condition] (Initial value)
When CMFXA is read while set to 1, then 0 is written to CMFxA

1 [Setting conditions]
e When TCNTxA = CYLRXA (in non-complementary PWM mode)
e« When TCNT6A = H'0000 in a down-count (in complementary PWM mode)

XxX=6o0r7

Timer Status Register 8 (TSR8)

TSR8 indicates the channel 8 one-shot pulse status.

Bitt 15 14 13 12 11 10 9 8
\ OSF8P \ OSFSO‘ OSF8N \ OSFSM‘ OSF8L \ OSFSK‘ OSF8J \ OSFa8l \
Initial value: 0 0 0 0 0 0 0 0

RIW:  RIW)* RIW)* RIAW)* RIW)* RIW)* RIW)* RIW)* RI(W)*

Bit: 7 6 5 4 3 2 1 0
\ OSF8H \ OSFSG‘ OSF8F \ OSFSE‘ OSFSD‘ OSFSC‘ OSFBB‘ OSFSA\
Initial value: 0 0 0 0 0 0 0 0

RIW: RIW)* RIW)* RAW)* RIW)* RIW)* RIW)* RIW)* RI(W)*

Note: * Only O can be written, to clear the flag.
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e Bit 15—0ne-Shot Pulse Flag 8P (OSF8P): Status flag that indicates a DCNT8P one-shot

pulse.
Bit 15: OSF8P Description
0 [Clearing condition] (Initial value)
When OSF8P is read while set to 1, then 0 is written to OSF8P
1 [Setting condition]

When DCNT8P underflows

* Bit 14—One-Shot Pulse Flag 80 (OSF80): Status flag that indicates a DCNT8O one-shot

pulse.
Bit 14: OSF80 Description
0 [Clearing condition] (Initial value)
When OSF80 is read while set to 1, then 0 is written to OSF80
1 [Setting condition]

When DCNT80 underflows

e Bit 13—0One-Shot Pulse Flag 8N (OSF8N): Status flag that indicatesa DCNT8N one-shot

pulse.
Bit 13: OSF8N Description
0 [Clearing condition] (Initial value)
When OSF8N is read while set to 1, then 0 is written to OSF8N
1 [Setting condition]

When DCNT8N underflows

e Bit 12—One-Shot Pulse Flag 8M (OSF8M): Status flag that indicates a DCNT8M one-shot

pulse.
Bit 12: OSF8M Description
0 [Clearing condition] (Initial value)
When OSF8M is read while set to 1, then 0 is written to OSF8M
1 [Setting condition]
When DCNT8M underflows
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e Bit 11—One-Shot Pulse Flag 8L (OSF8L): Status flag that indicates a DCNT8L one-shot

pulse.
Bit 11: OSF8L Description
0 [Clearing condition] (Initial value)
When OSF8L is read while set to 1, then 0 is written to OSF8L
1 [Setting condition]

When DCNTS8L underflows

* Bit 10—One-Shot Pulse Flag 8K (OSF8K): Status flag that indicatesa DCNT8K one-shot

pulse.
Bit 10: OSF8K Description
0 [Clearing condition] (Initial value)
When OSF8K is read while set to 1, then 0 is written to OSF8K
1 [Setting condition]

When DCNTB8K underflows

e Bit 9—One-Shot Pulse Flag 8] (OSF8J): Status flag that indicates a DCNT8J one-shot pulse.

Bit 9: OSF8J Description

0 [Clearing condition] (Initial value)
When OSF8J is read while set to 1, then 0 is written to OSF8J

1 [Setting condition]

When DCNT8J underflows

* Bit 8—One-Shot Pulse Flag 81 (OSF8l): Status flag that indicates a DCNT8I one-shot pulse.

Bit 8: OSF8lI Description

0 [Clearing condition] (Initial value)
When OSF8I is read while set to 1, then 0 is written to OSF8I

1 [Setting condition]

When DCNT8I underflows
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e Bit 7—One-Shot Pulse Flag 8H (OSF8H): Status flag that indicates a DCNT8H one-shot

pulse.
Bit 7: OSF8H Description
0 [Clearing condition] (Initial value)
When OSF8H is read while set to 1, then 0 is written to OSF8H
1 [Setting condition]

When DCNT8H underflows

* Bit 6—One-Shot Pulse Flag 8G (OSF8G): Status flag that indicates a DCNT8G one-shot

pulse.
Bit 6: OSF8G Description
0 [Clearing condition] (Initial value)
When OSF8G is read while set to 1, then 0 is written to OSF8G
1 [Setting condition]

When DCNT8G underflows

e Bit 5—One-Shot Pulse Flag 8F (OSF8F): Status flag that indicates a DCNT8F one-shot pulse.

Bit 5: OSF8F Description

0 [Clearing condition] (Initial value)
When OSF8F is read while set to 1, then 0 is written to OSF8F

1 [Setting condition]

When DCNT8F underflows

* Bit 4—One-Shot Pulse Flag 8E (OSF8E): Status flag that indicates a DCNT8E one-shot pulse.

Bit 4: OSF8E Description

0 [Clearing condition] (Initial value)
When OSF8E is read while set to 1, then 0 is written to OSF8E

1 [Setting condition]
When DCNTBS8E underflows
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e Bit 3—One-Shot Pulse Flag 8D (OSF8D): Status flag that indicates a DCNT8D one-shot

pulse.
Bit 3: OSF8D Description
0 [Clearing condition] (Initial value)
When OSF8D is read while set to 1, then 0 is written to OSF8D
1 [Setting condition]

When DCNTS8D underflows

e Bit 2—One-Shot Pulse Flag 8C (OSF8C): Status flag that indicates a DCNT8C one-shot pulse.

Bit 2: OSF8C Description

0 [Clearing condition] (Initial value)
When OSF8C is read while set to 1, then 0 is written to OSF8C

1 [Setting condition]

When DCNT8C underflows

e Bit 1—One-Shot Pulse Flag 8B (OSF8B): Status flag that indicates a DCNT8B one-shot pulse.

Bit 1: OSF8B Description

0 [Clearing condition] (Initial value)
When OSF8B is read while set to 1, then 0 is written to OSF8B

1 [Setting condition]

When DCNT8B underflows

e Bit 0—One-Shot Pulse Flag 8A (OSF8A): Status flag that indicates a DCNT8A one-shot

pulse.
Bit 0: OSF8A Description
0 [Clearing condition] (Initial value)
When OSF8A is read while set to 1, then 0 is written to OSF8A
1 [Setting condition]

When DCNTB8A underflows
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Timer Status Register 9 (TSR9)

TSR9 indicates the channel 9 event counter compare-match status.

Bitt 15 14 13 12 11 10 9 8
-l -1-1-7T-7T-=-7T-=-7T7="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ — \ — \ CMFQF‘ CMFgE\ CMF9D \ CMFQC‘ CMFQB‘ CMFQA‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R RIW) RIW* RIW)* RIW)* RIWY* RI(W)*

Note: * Only O can be written, to clear the flag.

e Bits 15 to 6—Reserved: These bits always read 0. The write value should always be 0.

¢ Bit 5—Compare-Match Flag 9F (CMF9F): Status flag that indicates GR9F compare-match.

Bit 5: CMF9F Description

0 [Clearing condition]

(Initial value)

When CMF9F is read while set to 1, then 0 is written to CMF9F

1 [Setting condition]
When the next edge is input while ECNT9F = GR9F

* Bit 4—Compare-Match Flag 9E (CMF9E): Status flag that indicates GROE compare-match.

Bit 4: CMF9E Description

0 [Clearing condition]

(Initial value)

When CMF9E is read while set to 1, then 0 is written to CMFOE

1 [Setting condition]
When the next edge is input while ECNT9E = GR9E
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e Bit 3—Compare-Match Flag 9D (CMF9D): Status flag that indicates GROD compare-match.

Bit 3: CMF9D Description

0 [Clearing condition] (Initial value)
When CMF9AD is read while set to 1, then 0 is written to CMF9D

1 [Setting condition]

When the next edge is input while ECNT9D = GR9D

* Bit 2—Compare-Match Flag 9C (CMFOC): Status flag that indicates GR9C compare-match.

Bit 2. CMF9C Description

0 [Clearing condition] (Initial value)
When CMF9C is read while set to 1, then 0 is written to CMF9C

1 [Setting condition]

When the next edge is input while ECNT9C = GR9C

* Bit 1—Compare-Match Flag 9B (CMF9B): Status flag that indicates GR9B compare-match.

Bit 1: CMF9B Description

0 [Clearing condition] (Initial value)
When CMF9B is read while set to 1, then 0 is written to CMF9B

1 [Setting condition]

When the next edge is input while ECNT9B = GR9B

e Bit 0—Compare-Match Flag 9A (CMF9A): Status flag that indicates GR9A compare-match.

Bit 0: CMF9A Description

0 [Clearing condition] (Initial value)
When CMF9A is read while set to 1, then O is written to CMF9A

1 [Setting condition]

When the next edge is input while ECNT9A = GR9A

277
HITACHI



Timer Status Register 11 (TSR11)

TSR11 indicates the status of channel 11 input capture, compare-match, and overflow.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
- - -1 =] =] =1 = Jow
0 0 0 0 0 0 0 0
R RIW*
7 6 5 4 3 2 1 0
‘ _ ‘ _ ‘ _ ‘ _ \ _ \ — ‘IMFllB‘IMFllA‘
0 0 0 0 0 0 0 0

R RAW)* RIW)*

Note: * Only O can be written, to clear the flag.

e Bits 15 to 9—Reserved: These bits always read 0. The write value should always be 0.

« Bit 8—Overflow Flag 11 (OVF11): Status flag that indicates TCNT11 overflow.

Bit 8: OVF11 Description

0 [Clearing condition] (Initial value)
When OVF11 is read while set to 1, then 0 is written to OVF11

1 [Setting condition]

When the TCNT11 value overflows (from H'FFFF to H'0000)

e Bits 7 to 2—Reserved: These hits always read 0. The write value should always be 0.

* Bit 1—Input Capture/Compare-Match Flag 11B (IMF11B): Status flag that indicates GR11B
input capture or compare-match.

Bit 1: IMF11B Description
0 [Clearing condition] (Initial value)
When IMF11B is read while set to 1, then 0 is written to IMF11B
1 [Setting conditions]
¢ When the TCNT11 value is transferred to GR11B by an input capture
signal while GR11B is functioning as an input capture register
¢ When TCNT11 = GR11B while GR11B is functioning as an output
compare register
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e Bit O—Input Capture/Compare-Match Flag 11A (IMF11A): Status flag that indicates GR11A
input capture or compare-match.

Bit 0: IMF11A Description

0 [Clearing condition] (Initial value)
When IMF11A is read while set to 1, then 0 is written to IMF11A

1 [Setting conditions]
e When the TCNT11 value is transferred to GR11A by an input capture
signal while GR11A is functioning as an input capture register
*  When TCNT11 = GR11A while GR11A is functioning as an output
compare register

11.2.6  Timer Interrupt Enable Registers(TIER)

The timer interrupt enable registers (TIER) are 16-bit registers. The ATU-II has 11 TIER registers:
one each for channels 0, 6 t0 9, and 11, two each for channels 1 and 2, and one for channels 3 to 5.
For details of channel 10, see section 11.2.26, Channel 10 Registers.

Channel Abbreviation Function

0 TIERO Controls input capture, and overflow interrupt request
enabling/disabling.

1 TIER1A, TIER1B Control input capture, compare-match, and overflow interrupt

2 TIER2A. TIER2B  "€duest enabling/disabling.

3 TIER3 Controls input capture, compare-match, and overflow interrupt

4 request enabling/disabling.

5

6 TIER6 Control cycle register compare-match interrupt request

7 TIER7 enabling/disabling.

8 TIERS8 Controls down-counter output end (low) interrupt request
enabling/disabling.

9 TIER9 Controls event counter compare-match interrupt request
enabling/disabling.

11 TIER11 Controls input capture, compare-match, and overflow interrupt

request enabling/disabling.

The TIER registers are 16-bit readable/writable registers that control enabling/disabling of free-
running counter (TCNT) overflow interrupt requests, channel 0 input capture interrupt requests,
channel 1to 5 and 11 general register input capture/compare-match interrupt requests, channel 6
and 7 compare-match interrupt requests, channel 8 down-counter output end interrupt requests,
and channel 9 event counter compare-match interrupt requests.
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Each TIER isinitialized to H'0000 by a power-on reset, and in hardware standby mode and
software standby mode.

Timer Interrupt Enable Register 0 (TIERQ)

TIERO controls enabling/disabling of channel 0 input capture and overflow interrupt requests.

Bitt 15 14 13 12 11 10 9 8
-l -1-1-7T-=-7T-=-7T-=-7T7="1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ OVEO \ ICEOD \ ICEOC \ ICEOB‘ ICEOA \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW  RW

« Bits 15 to 5—Reserved: These bits always read 0. The write value should always be 0.

e Bit 4—Overflow Interrupt Enable 0 (OVEQ): Enables or disables interrupt requests by the
overflow flag (OVFO) in TSRO when OVFO is set to 1.

Bit 4: OVEO Description
0 OVIO0 interrupt requested by OVFO is disabled (Initial value)
1 OVI0 interrupt requested by OVFO is enabled

e Bit 3—Input Capture Interrupt Enable OD (ICEOD): Enables or disables interrupt requests by
the input capture flag (ICFOD) in TSRO when ICFOD is set to 1. Setting the DMAC while
interrupt requests are enabled allows the DMAC to be activated by an interrupt request.

Bit 3: ICEOD Description

0 ICIOD interrupt requested by ICFOD is disabled (Initial value)
1 ICIOD interrupt requested by ICFOD is enabled
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e Bit 2—Input Capture Interrupt Enable OC (ICEOC): Enables or disables interrupt requests by
the input capture flag (ICFOC) in TSRO when ICFOC is set to 1. Setting the DMAC while
interrupt requests are enabled allows the DMAC to be activated by an interrupt request.

Bit 2: ICEOC Description
0 ICIOC interrupt requested by ICFOC is disabled (Initial value)
1 ICIOC interrupt requested by ICFOC is enabled

* Bit 1—Input Capture Interrupt Enable OB (ICEOB): Enables or disablesinterrupt requests by
the input capture flag (ICFOB) in TSRO when ICFOB is set to 1. Setting the DMAC while
interrupt requests are enabled allows the DMAC to be activated by an interrupt request.

Bit 1: ICEOB Description
0 ICIOB interrupt requested by ICFOB is disabled (Initial value)
1 ICIOB interrupt requested by ICFOB is enabled

* Bit O—Input Capture Interrupt Enable OA (ICEOA): Enables or disables interrupt requests by
the input capture flag (ICFOA) in TSRO when ICFOA is set to 1. Setting the DMAC while
interrupt requests are enabled allows the DMAC to be activated by an interrupt request.

Bit 0: ICEOA Description
0 ICIOA interrupt requested by ICFOA is disabled (Initial value)
1 ICIOA interrupt requested by ICFOA is enabled

Timer Interrupt Enable Registers 1A and 1B (TIER1A, TIER1B)

TIER1A: TIER1A controls enabling/disabling of channel 1 input capture, compare-match, and
overflow interrupt requests.

Bit. 15 14 13 12 11 10 9 8
Bitname:| — | — | — | — | — | — | — |OVEIA|
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW
Bit. 7 6 5 4 3 2 1 0
Bit name: | IMEIH | IMELG | IMEIF | IMELE | IMEID | IMELC | IME1B | IME1A |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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e Bits 15 to 9—Reserved: These bits always read 0. The write value should always be 0.

e Bit 8—Overflow Interrupt Enable 1A (OVE1A): Enables or disables interrupt requests by
OVF1A in TSR1A when OVF1A isset to 1.

Bit 8: OVE1A Description
0 OVI1A interrupt requested by OVF1A is disabled (Initial value)
1 OVI1A interrupt requested by OVF1A is enabled

e Bit 7—Input Capture/Compare-Match Interrupt Enable 1H (IME1H): Enables or disables
interrupt requests by IMF1H in TSR1A when IMF1H is set to 1.

Bit 7: IME1H Description
0 IMI1H interrupt requested by IMF1H is disabled (Initial value)
1 IMI1H interrupt requested by IMF1H is enabled

* Bit 6—Input Capture/Compare-Match Interrupt Enable 1G (IMELG): Enables or disables
interrupt requests by IMF1G in TSR1A when IMF1G isset to 1.

Bit 6: IME1G Description
0 IMI1G interrupt requested by IMF1G is disabled (Initial value)
1 IMI1G interrupt requested by IMF1G is enabled

* Bit 5—Input Capture/Compare-Match Interrupt Enable 1F (IMELF): Enables or disables
interrupt requests by IMF1F in TSR1A when IMF1F isset to 1.

Bit 5: IME1F Description
0 IMILF interrupt requested by IMF1F is disabled (Initial value)
1 IMI1F interrupt requested by IMF1F is enabled

* Bit 4—Input Capture/Compare-Match Interrupt Enable 1E (IMELE): Enables or disables
interrupt requests by IMF1E in TSR1A when IMF1E isset to 1.

Bit 4: IME1E Description

0 IMI1E interrupt requested by IMF1E is disabled (Initial value)
1 IMILE interrupt requested by IMF1E is enabled
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e Bit 3—Input Capture/Compare-Match Interrupt Enable 1D (IMELD): Enables or disables
interrupt requests by IMF1D in TSR1A when IMF1D isset to 1.

Bit 3: IME1D Description
0 IMI1D interrupt requested by IMF1D is disabled (Initial value)
1 IMI1D interrupt requested by IMF1D is enabled

e Bit 2—Input Capture/Compare-Match Interrupt Enable 1C (IME1C): Enables or disables
interrupt requests by IMF1C in TSR1A when IMF1C isset to 1.

Bit 2: IME1C Description
0 IMI1C interrupt requested by IMF1C is disabled (Initial value)
1 IMI1C interrupt requested by IMF1C is enabled

e Bit 1—Input Capture/Compare-Match Interrupt Enable 1B (IME1B): Enables or disables
interrupt requests by IMF1B in TSR1A when IMF1B isset to 1.

Bit 1: IME1B Description
0 IMI1B interrupt requested by IMF1B is disabled (Initial value)
1 IMI1B interrupt requested by IMF1B is enabled

e Bit O—Input Capture/Compare-Match Interrupt Enable 1A (IME1A): Enables or disables
interrupt requests by IMF1A in TSR1A when IMF1A isset to 1.

Bit 0: IME1A Description
0 IMI1A interrupt requested by IMF1A is disabled (Initial value)
1 IMI1A interrupt requested by IMF1A is enabled
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TIER1B: TIER1B controls enabling/disabling of channel 1 compare-match and overflow interrupt
requests.

Bit: 15 14 13 12 11 10 9 8
- - = =] =] = - lovs]

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

Bit: 7 6 5 4 3 2 1 0
I i R e e

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R/W

e Bits 15 to 9—Reserved: These bits always read 0. The write value should always be 0.

« Bit 83—Overflow Interrupt Enable 1B (OVELB): Enables or disables interrupt requests by
OVF1B in TSR1B when OVF1B isset to 1.

Bit 8: OVE1B Description
0 QOVI1B interrupt requested by OVF1B is disabled (Initial value)
1 OVI1B interrupt requested by OVF1B is enabled

e Bits7to 1—Reserved: These hits always read 0. The write value should always be O.

e Bit 0—Compare-Match Interrupt Enable 1 (CMEL): Enables or disables interrupt requests by
CMF1in TSR1B when CMFlisset to 1.

Bit 0: CME1 Description

0 CMI1 interrupt requested by CMF1 is disabled (Initial value)
1 CMI1 interrupt requested by CMF1 is enabled
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Timer Interrupt Enable Registers 2A and 2B (TIER2A, TIER2B)

TIER2A: TIER2A controls enabling/disabling of channel 2 input capture, compare-match, and
overflow interrupt requests.

Bitt 15 14 13 12 11 10 9 8
- - -] -] -1 -1 — |ovea
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW
Bitt 7 6 5 4 3 2 1 0
\ IME2H \ IMEZG‘ IME2F \ IME2E \ IME2D \ IME2C \ IME2B \ IME2A \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

« Bits 15 to 9—Reserved: These bits alwaysread 0. The write value should aways be 0.

« Bit 8—Overflow Interrupt Enable 2A (OVE2A): Enables or disables interrupt requests by
OVF2A in TSR2A when OVF2A isset to 1.

Bit 8: OVE2A Description
0 OVI2A interrupt requested by OVF2A is disabled (Initial value)
1 OVI2A interrupt requested by OVF2A is enabled

* Bit 7—Input Capture/Compare-Match Interrupt Enable 2H (IME2H): Enables or disables
interrupt requests by IMF2H in TSR2A when IMF2H is set to 1.

Bit 7: IME2H Description
0 IMI2H interrupt requested by IMF2H is disabled (Initial value)
1 IMI2H interrupt requested by IMF2H is enabled

* Bit 6—Input Capture/Compare-Match Interrupt Enable 2G (IME2G): Enables or disables
interrupt requests by IMF2G in TSR2A when IMF2G isset to 1.

Bit 6: IME2G Description
0 IMI2G interrupt requested by IMF2G is disabled (Initial value)
1 IMI2G interrupt requested by IMF2G is enabled
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e Bit 5—Input Capture/Compare-Match Interrupt Enable 2F (IME2F): Enables or disables
interrupt requests by IMF2F in TSR2A when IMF2F is set to 1.

Bit 5: IME2F Description
0 IMI2F interrupt requested by IMF2F is disabled (Initial value)
1 IMI2F interrupt requested by IMF2F is enabled

e Bit 4—Input Capture/Compare-Match Interrupt Enable 2E (IMEZ2E): Enables or disables
interrupt requests by IMF2E in TSR2A when IMF2E is set to 1.

Bit 4: IME2E Description
0 IMI2E interrupt requested by IMF2E is disabled (Initial value)
1 IMI2E interrupt requested by IMF2E is enabled

e Bit 3—Input Capture/Compare-Match Interrupt Enable 2D (IME2D): Enables or disables
interrupt requests by IMF2D in TSR2A when IMF2D isset to 1.

Bit 3: IME2D Description
0 IMI2D interrupt requested by IMF2D is disabled (Initial value)
1 IMI2D interrupt requested by IMF2D is enabled

e Bit 2—Input Capture/Compare-Match Interrupt Enable 2C (IME2C): Enables or disables
interrupt requests by IMF2C in TSR2A when IMF2C is set to 1.

Bit 2: IME2C Description
0 IMI2C interrupt requested by IMF2C is disabled (Initial value)
1 IMI2C interrupt requested by IMF2C is enabled

e Bit 1—Input Capture/Compare-Match Interrupt Enable 2B (IME2B): Enables or disables
interrupt requests by IMF2B in TSR2A when IMF2B is set to 1.

Bit 1: IME2B Description

0 IMI2B interrupt requested by IMF2B is disabled (Initial value)
1 IMI2B interrupt requested by IMF2B is enabled
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e Bit O—Input Capture/Compare-Match Interrupt Enable 2A (IME2A): Enables or disables
interrupt requests by IMF2A in TSR2A when IMF2A isset to 1.

Bit 0: IME2A Description
0 IMI2A interrupt requested by IMF2A is disabled (Initial value)
1 IMI2A interrupt requested by IMF2A is enabled

TIER2B: TIER2B controls enabling/disabling of channel 2 compare-match and overflow interrupt
requests.

Bitt 15 14 13 12 11 10 9 8
- - - = = = | — [oves]
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW
Bitt 7 6 5 4 3 2 1 0
\ CME2H \ CMEZG‘ CME2F \ CME2E \ CME2D \ CME2C \ CME2B \ CME2A \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

« Bits 15 to 9—Reserved: These bits alwaysread 0. The write value should aways be 0.

* Bit 8—Overflow Interrupt Enable 2B (OVE2B): Enables or disables interrupt requests by
OVF2B in TSR2B when OVF2B isset to 1.

Bit 8: OVE2B Description
0 OVI2B interrupt requested by OVF2B is disabled (Initial value)
1 QVI2B interrupt requested by OVF2B is enabled

e Bit 7—Compare-Match Interrupt Enable 2H (CME2H): Enables or disables interrupt requests
by CMF2F in TSR2B when CMF2H is set to 1.

Bit 7: CME2H Description
0 CMI2H interrupt requested by CMF2H is disabled (Initial value)
1 CMI2H interrupt requested by CMF2H is enabled
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e Bit 6—Compare-Match Interrupt Enable 2G (CME2G): Enables or disables interrupt requests
by CMF2G in TSR2B when CMF2G is set to 1.

Bit 6: CME2G Description
0 CMI2G interrupt requested by CMF2G is disabled (Initial value)
1 CMI2G interrupt requested by CMF2G is enabled

« Bit 5—Compare-Match Interrupt Enable 2F (CME2F): Enables or disables interrupt requests
by CMF2F in TSR2B when CMF2F is set to 1.

Bit 5: CME2F Description
0 CMI2F interrupt requested by CMF2F is disabled (Initial value)
1 CMI2F interrupt requested by CMF2F is enabled

e Bit 4—Compare-Match Interrupt Enable 2E (CMEZ2E): Enables or disables interrupt requests
by CMF2E in TSR2B when CMF2E isset to 1.

Bit 4: CME2E Description
0 CMIZ2E interrupt requested by CMF2E is disabled (Initial value)
1 CMIZ2E interrupt requested by CMF2E is enabled

* Bit 3—Compare-Match Interrupt Enable 2D (CMEZ2D): Enables or disables interrupt requests
by CMF2D in TSR2B when CMF2D isset to 1.

Bit 3: CME2D Description
0 CMI2D interrupt requested by CMF2D is disabled (Initial value)
1 CMI2D interrupt requested by CMF2D is enabled

e Bit 2—Compare-Match Interrupt Enable 2C (CME2C): Enables or disables interrupt requests
by CMF2C in TSR2B when CMF2C isset to 1.

Bit 2: CME2C Description

0 CMI2C interrupt requested by CMF2C is disabled (Initial value)
1 CMI2C interrupt requested by CMF2C is enabled

288

HITACHI



e Bit 1—Compare-Match Interrupt Enable 2B (CME2BB): Enables or disables interrupt requests
by CMF2B in TSR2B when CMF2B is set to 1.

Bit 1: CME2B Description
0 CMI2B interrupt requested by CMF2B is disabled (Initial value)
1 CMI2B interrupt requested by CMF2B is enabled

» Bit 0—Compare-Match Interrupt Enable 2A (CME2A): Enables or disables interrupt requests
by CMF2A in TSR2B when CMF2A isset to 1.

Bit 0: CME2A Description
0 CMI2A interrupt requested by CMF2A is disabled (Initial value)
1 CMI2A interrupt requested by CMF2A is enabled

Timer Interrupt Enable Register 3 (TIER3)

TIER3 controls enabling/disabling of channel 3 to 5 input capture, compare-match, and overflow
interrupt requests.

Bit. 15 14 13 12 11 10 9 8
| — | OVE5 | IMESD | IMESC | IMESB | IMESA | OVE4 | IME4D |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW
Bit. 7 6 5 4 3 2 1 0
| IMEAC | IME4B | IME4A | OVE3 | IME3D | IMESC | IME3B | IME3A |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

» Bit 15—Reserved: Thisbit awaysreads 0. The write value should always be 0.

e Bit 14—Overflow Interrupt Enable 5 (OVES): Enables or disables interrupt requests by OVF5
in TSR3when OVF5isset to 1.

Bit 14: OVE5 Description
0 OVI5 interrupt requested by OVF5 is disabled (Initial value)
1 OVI5 interrupt requested by OVF5 is enabled
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e Bit 13—Input Capture/Compare-Match Interrupt Enable 5D (IME5D): Enables or disables
interrupt requests by IMF5D in TSR3 when IMF5D is set to 1.

Bit 13: IME5D Description
0 IMISD interrupt requested by IMF5D is disabled (Initial value)
1 IMI5D interrupt requested by IMF5D is enabled

e Bit 12—Input Capture/Compare-Match Interrupt Enable 5C (IMESC): Enables or disables
interrupt requests by IMF5C in TSR3 when IMF5C is set to 1.

Bit 12: IME5SC Description
0 IMI5C interrupt requested by IMF5C is disabled (Initial value)
1 IMISC interrupt requested by IMF5C is enabled

e Bit 11—Input Capture/Compare-Match Interrupt Enable 5B (IMESB): Enables or disables
interrupt requests by IMF5B in TSR3 when IMF5B is set to 1.

Bit 11: IME5B Description
0 IMI5B interrupt requested by IMF5B is disabled (Initial value)
1 IMI5B interrupt requested by IMF5B is enabled

e Bit 10—Input Capture/Compare-Match Interrupt Enable 5A (IME5A): Enables or disables
interrupt requests by IMF5A in TSR3 when IMF5A is set to 1.

Bit 10: IME5A Description
0 IMI5A interrupt requested by IMF5A is disabled (Initial value)
1 IMI5A interrupt requested by IMF5A is enabled

e Bit 9—Overflow Interrupt Enable 4 (OVE4): Enables or disables interrupt requests by OVF4
in TSR3 when OVF4 isset to 1.

Bit 9: OVE4 Description

0 OVI4 interrupt requested by OVF4 is disabled (Initial value)
1 OVI4 interrupt requested by OVF4 is enabled
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e Bit 8—Input Capture/Compare-Match Interrupt Enable 4D (IMEA4D): Enables or disables
interrupt requests by IMF4D in TSR3 when IMF4D isset to 1.

Bit 8: IME4D Description
0 IMI4D interrupt requested by IMF4D is disabled (Initial value)
1 IMI4D interrupt requested by IMF4D is enabled

e Bit 7—Input Capture/Compare-Match Interrupt Enable 4C (IMEA4C): Enables or disables
interrupt requests by IMFAC in TSR3 when IMFAC is set to 1.

Bit 7: IME4C Description
0 IMI4C interrupt requested by IMF4C is disabled (Initial value)
1 IMI4C interrupt requested by IMFAC is enabled

e Bit 6—Input Capture/Compare-Match Interrupt Enable 4B (IME4B): Enables or disables
interrupt requests by IMF4B in TSR3 when IMF4B isset to 1.

Bit 6: IME4B Description
0 IMI4B interrupt requested by IMF4B is disabled (Initial value)
1 IMI4B interrupt requested by IMF4B is enabled

e Bit 5—Input Capture/Compare-Match Interrupt Enable 4A (IME4A): Enables or disables
interrupt requests by IMF4A in TSR3 when IMF4A is set to 1.

Bit 5: IME4A Description
0 IMI4A interrupt requested by IMF4A is disabled (Initial value)
1 IMI4A interrupt requested by IMF4A is enabled

« Bit 4—Overflow Interrupt Enable 3 (OVE3): Enables or disables interrupt requests by OVF3
in TSR3 when OVF3isset to 1.

Bit 4: OVE3 Description
0 OVI3 interrupt requested by OVF3 is disabled (Initial value)
1 OVI3 interrupt requested by OVF3 is enabled
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e Bit 3—Input Capture/Compare-Match Interrupt Enable 3D (IME3D): Enables or disables
interrupt requests by IMF3D in TSR3 when IMF3D isset to 1.

Bit 3: IME3D Description
0 IMI3D interrupt requested by IMF3D is disabled (Initial value)
1 IMI3D interrupt requested by IMF3D is enabled

e Bit 2—Input Capture/Compare-Match Interrupt Enable 3C (IME3C): Enables or disables
interrupt requests by IMF3C in TSR3 when IMF3C is set to 1.

Bit 2: IME3C Description
0 IMI3C interrupt requested by IMF3C is disabled (Initial value)
1 IMI3C interrupt requested by IMF3C is enabled

e Bit 1—Input Capture/Compare-Match Interrupt Enable 3B (IME3B): Enables or disables
interrupt requests by IMF3B in TSR3 when IMF3B isset to 1.

Bit 1: IME3B Description
0 IMI3B interrupt requested by IMF3B is disabled (Initial value)
1 IMI3B interrupt requested by IMF3B is enabled

* Bit O—Input Capture/Compare-Match Interrupt Enable 3A (IME3A): Enables or disables
interrupt requests by IMF3A in TSR3 when IMF3A is set to 1.

Bit 0: IME3A Description

0 IMI3A interrupt requested by IMF3A is disabled (Initial value)
1 IMI3A interrupt requested by IMF3A is enabled
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Timer Interrupt Enable Registers6and 7 (TIER6, TIER7)

TIER6 and TIERY control enabling/disabling of channel 6 and 7 cycle register compare interrupt
requests.

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
— — — — \ CMEXD‘ CMEXC‘ CMEXB‘ CMEXA‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R R RIW RIW R/W RIW

XxX=6o0r7

» Bits 15 to 4—Reserved: These bits alwaysread 0. The write value should aways be 0.

» Bit 3—Cycle Register Compare-Match Interrupt Enable 6D/7D (CME6G6D/CMETD): Enables or
disables interrupt requests by CMFxD in TSR6 or TSR7 when CMFxD is set to 1. Setting the
DMAC while interrupt requests are enabled allows the DMAC to be activated by an interrupt
request.

Bit 3: CMExD Description

0 CMIXD interrupt requested by CMFxD is disabled (Initial value)
1 CMIXD interrupt requested by CMFxD is enabled

x=6or7

» Bit 2—Cycle Register Compare-Match Interrupt Enable 6C/7C (CMEG6C/CME7C): Enables or
disables interrupt requests by CMFxC in TSR6 or TSR7 when CMFxC is set to 1. Setting the
DMAC while interrupt requests are enabled allows the DMAC to be activated by an interrupt
request.

Bit 2: CMExC Description

0 CMIXC interrupt requested by CMFxC is disabled (Initial value)
1 CMIXC interrupt requested by CMFxC is enabled

x=6or7
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e Bit 1—Cycle Register Compare-Match Interrupt Enable 6B/7B (CME6B/CME7B): Enables or
disables interrupt requests by CMFxB in TSR6 or TSR7 when CMFxB is set to 1. Setting the
DMAC whileinterrupt requests are enabled allows the DMAC to be activated by an interrupt
request.

Bit 1: CMExB Description

0 CMIxB interrupt requested by CMFxB is disabled (Initial value)
1 CMIxB interrupt requested by CMFxB is enabled

Xx=6or7

e Bit 0—Cycle Register Compare-Match Interrupt Enable 6A/7A (CMEGA/CMETA): Enables or
disables interrupt requests by CMFxA in TSR6 or TSR7 when CMFXA is set to 1. Setting the
DMAC while interrupt requests are enabled allows the DMAC to be activated by an interrupt
request.

Bit 0: CMEXA Description

0 CMIXA interrupt requested by CMFxA is disabled (Initial value)
1 CMIXA interrupt requested by CMFxA is enabled

Xx=6or7

Timer Interrupt Enable Register 8 (TIERS)

TIERS controls enabling/disabling of channel 8 one-shot pulse interrupt requests.

Bitt 15 14 13 12 11 10 9 8
\ OSESP‘ OSE80‘ OSESN \ OSESM‘ OSESL \ OSEBK‘ OSES8J \ OSEsl \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ OSE8H \ OSESG\ OSESF \ OSESE\ OSESD \ OSE8C \ OSEBB‘ OSEsA\
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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e Bit 15—0ne-Shot Pulse Interrupt Enable 8P (OSE8P): Enables or disables interrupt requests
by OSF8P in TSR8 when OSF8P is set to 1.

Bit 15: OSE8P Description
0 OSI8P interrupt requested by OSF8P is disabled (Initial value)
1 OSI8P interrupt requested by OSF8P is enabled

e Bit 14—One-Shot Pulse Interrupt Enable 80 (OSE80): Enables or disablesinterrupt requests
by OSF80 in TSR8 when OSF80 is set to 1.

Bit 14: OSE8O Description
0 OSI80 interrupt requested by OSF80 is disabled (Initial value)
1 OSI80 interrupt requested by OSF80 is enabled

e Bit 13—0ne-Shot Pulse Interrupt Enable 8N (OSESN): Enables or disablesinterrupt requests
by OSF8N in TSR8 when OSF8N is set to 1.

Bit 13: OSE8N Description
0 OSI8N interrupt requested by OSF8N is disabled (Initial value)
1 OSI8N interrupt requested by OSF8N is enabled

e Bit 12—One-Shot Pulse Interrupt Enable 8M (OSE8M): Enables or disables interrupt requests
by OSF8M in TSR8 when OSF8M isset to 1.

Bit 12: OSE8M Description
0 OSI8M interrupt requested by OSF8M is disabled (Initial value)

1 OSI8M interrupt requested by OSF8M is enabled

e Bit 11—One-Shot Pulse Interrupt Enable 8L (OSE8L): Enables or disables interrupt requests
by OSF8L in TSR8 when OSF8L isset to 1.

Bit 11: OSES8L Description
0 OSI8L interrupt requested by OSF8L is disabled (Initial value)
1 OSI8L interrupt requested by OSF8L is enabled
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e Bit 10—0One-Shot Pulse Interrupt Enable 8K (OSES8K): Enables or disablesinterrupt requests
by OSF8K in TSR8 when OSF8K is set to 1.

Bit 10: OSE8K Description
0 OSI8K interrupt requested by OSF8K is disabled (Initial value)
1 OSI8K interrupt requested by OSF8K is enabled

* Bit 9—One-Shot Pulse Interrupt Enable 8J (OSE8J): Enables or disables interrupt requests by
OSF8Jin TSR8 when OSF8Jis set to 1.

Bit 9: OSE8J Description
0 OSI8J interrupt requested by OSF8J is disabled (Initial value)
1 OSI8J interrupt requested by OSF8J is enabled

e Bit 8—0One-Shot Pulse Interrupt Enable 8l (OSES8I): Enables or disables interrupt requests by
OSF8I in TSR8 when OSF8I isset to 1.

Bit 8: OSESI Description
0 OSiI8l interrupt requested by OSFS8I is disabled (Initial value)
1 OSI8I interrupt requested by OSF8I is enabled

¢ Bit 7—One-Shot Pulse Interrupt Enable 8H (OSE8H): Enables or disables interrupt requests
by OSF8H in TSR8 when OSF8H isset to 1.

Bit 7: OSE8H Description
0 OSI8H interrupt requested by OSF8H is disabled (Initial value)
1 OSI8H interrupt requested by OSF8H is enabled

e Bit 6—One-Shot Pulse Interrupt Enable 8G (OSE8G): Enables or disables interrupt requests
by OSF8G in TSR8 when OSF8G is set to 1.

Bit 6: OSE8G Description

0 OSI8G interrupt requested by OSF8G is disabled (Initial value)
1 OSI8G interrupt requested by OSF8G is enabled
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e Bit 5—One-Shot Pulse Interrupt Enable 8F (OSE8F): Enables or disables interrupt requests by
OSF8F in TSR8 when OSF8F is set to 1.

Bit 5: OSE8F Description
0 OSI8F interrupt requested by OSF8F is disabled (Initial value)
1 OSI8F interrupt requested by OSF8F is enabled

e Bit 4—One-Shot Pulse Interrupt Enable 8E (OSE8E): Enables or disables interrupt requests by
OSF8E in TSR8 when OSF8E is set to 1.

Bit 4: OSE8SE Description
0 OSI8E interrupt requested by OSF8E is disabled (Initial value)
1 OSI8E interrupt requested by OSF8E is enabled

e Bit 3—One-Shot Pulse Interrupt Enable 8D (OSE8D): Enables or disables interrupt requests
by OSF8D in TSR8 when OSF8D is set to 1.

Bit 3: OSE8D Description
0 OSI8D interrupt requested by OSF8D is disabled (Initial value)
1 OSI8D interrupt requested by OSF8D is enabled

* Bit 2—One-Shot Pulse Interrupt Enable 8C (OSESC): Enables or disables interrupt requests by
OSF8C in TSR8 when OSF8C is set to 1.

Bit 2: OSE8C Description
0 OSI8C interrupt requested by OSF8C is disabled (Initial value)
1 OSI8C interrupt requested by OSF8C is enabled

e Bit 1—One-Shot Pulse Interrupt Enable 8B (OSESB): Enables or disables interrupt requests by
OSF8B in TSR8 when OSF8B is set to 1.

Bit 1: OSE8B Description
0 OSI8B interrupt requested by OSF8B is disabled (Initial value)
1 OSI8B interrupt requested by OSF8B is enabled
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e Bit 0—One-Shot Pulse Interrupt Enable 8A (OSE8A): Enables or disables interrupt requests
by OSF8A in TSR8 when OSF8A isset to 1.

Bit 0: OSE8A Description
0 OSI8A interrupt requested by OSF8A is disabled (Initial value)
1 OSIB8A interrupt requested by OSF8A is enabled

Timer Interrupt Enable Register 9 (TIER9)

TIER9 controls enabling/disabling of channel 9 event counter compare-match interrupt requests.

Bit 15 14 13 12 11 10 9 8
- - T-T-T-T-T-_
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ — \ — \ CMEQF‘ CMEQE‘ CMEQD‘ CMEQC‘ CMEQB‘ CMEQA‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

e Bits 15 to 6—Reserved: These bits always read 0. The write value should always be 0.

« Bit 5—Compare-Match Interrupt Enable 9F (CMEOSF): Enables or disables interrupt requests
by CMF9F in TSR9 when CMF9F is set to 1.

Bit 5: CME9F Description
0 CMI9F interrupt requested by CMF9F is disabled (Initial value)
1 CMI9F interrupt requested by CMF9F is enabled

e Bit 4—Compare-Match Interrupt Enable 9E (CMESE): Enables or disables interrupt requests
by CMF9E in TSR9 when CMFOE is set to 1.

Bit 4: CME9E Description

0 CMI9E interrupt requested by CMF9E is disabled (Initial value)
1 CMIQE interrupt requested by CMF9E is enabled
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e Bit 3—Compare-Match Interrupt Enable 9D (CME9D): Enables or disables interrupt requests
by CMF9D in TSRO when CMF9D is set to 1.

Bit 3: CME9D Description
0 CMI9D interrupt requested by CMF9D is disabled (Initial value)
1 CMI9D interrupt requested by CMF9D is enabled

e Bit 2—Compare-Match Interrupt Enable 9C (CME9C): Enables or disables interrupt requests
by CMFOC in TSR9 when CMFOC issetto 1.

Bit 2: CME9C Description
0 CMI9C interrupt requested by CMF9C is disabled (Initial value)
1 CMI9C interrupt requested by CMF9C is enabled

e Bit 1—Compare-Match Interrupt Enable 9B (CME9B): Enables or disables interrupt requests
by CMF9B in TSR9 when CMF9B is set to 1.

Bit 1: CME9B Description
0 CMI9B interrupt requested by CMF9B is disabled (Initial value)
1 CMI9B interrupt requested by CMF9B is enabled

» Bit 0—Compare-Match Interrupt Enable 9A (CME9A): Enables or disables interrupt requests
by CMF9A in TSR9 when CMF9A isset to 1.

Bit 0: CME9A Description
0 CMI9A interrupt requested by CMF9A is disabled (Initial value)
1 CMI9A interrupt requested by CMF9A is enabled

299
HITACHI



Timer Interrupt Enable Register 11 (TIER11)

TIER11 controls enabling/disabling of channel 11 input capture, compare-match, and overflow
interrupt requests.

Bitt 15 14 13 12 11 10 9 8
- - -] -] =] =1 — Joen
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ — \ IMEllB‘ IMEllA‘

Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  RW

» Bits 15 to 9—Reserved: These bits always read 0. The write value should aways be 0.

* Bit 8&—Overflow Interrupt Enable 11 (OVE11): Enables or disables interrupt requests by
OVF11in TSR11 when OVF11lisset to 1.

Bit 8: OVE11l Description
0 OVI11 interrupt requested by OVF11 is disabled (Initial value)
1 OVI11 interrupt requested by OVF11 is enabled

e Bits 7 to 2—Reserved: These hits always read 0. The write value should always be 0.

e Bit 1—Input Capture/Compare-Match Interrupt Enable 11B (IME11B): Enables or disables
interrupt requests by IMF11B in TSR11 when IMF11B is set to 1.

Bit 1: IME11B Description
0 IMI11B interrupt requested by IMF11B is disabled (Initial value)
1 IMI11B interrupt requested by IMF11B is enabled

e Bit O—Input Capture/Compare-Match Interrupt Enable 11A (IME11A): Enables or disables
interrupt requests by IMF11A in TSR11 when IMF11A isset to 1.

Bit 0: IME11A Description

0 IMI11A interrupt requested by IMF11A is disabled (Initial value)
1 IMI11A interrupt requested by IMF11A is enabled
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11.2.7 Interval Interrupt Request Registers (ITVRR)

Theinterval interrupt request registers (ITVRR) are 8-bit registers. The ATU-II hasthree ITVRR
registersin channel O.

Channel Abbreviation Function
0 ITVRR1 TCNTO bit 6 to 9 interval interrupt generation and A/D2
converter activation
ITVRR2A TCNTO bit 10 to 13 interval interrupt generation and A/DO
converter activation
ITVRR2B TCNTO bit 10 to 13 interval interrupt generation and A/D1

converter activation

Interval Interrupt Request Register 1 (ITVRR1)

Bt 7 6 5 4 3 2 1 0
ITVAQ \ ITVAS \ ITVA7 \ ITVAG \ ITVEQ \ ITVES \ ITVE7 \ ITVE6 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

ITVRRL1 is an 8-bit readable/writable register that detects the rise of bits corresponding to the
channel 0 free-running counter (TCNTO) and controls cyclic interrupt output and A/D2 converter
activation.

ITVRR1 isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

* Bit 7—A/D2 Converter Interval Activation Bit 9 (ITVA9): A/D2 converter activation setting
bit corresponding to bit 9in TCNTO. Therise of bit 9in TCNTO isANDed with ITVA9, and
the result is output to the A/D2 converter as an activation signal .

Bit 7: ITVA9 Description
0 A/D2 converter activation by rise of TCNTO bit 9 is disabled (Initial value)
1 A/D2 converter activation by rise of TCNTO bit 9 is enabled
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e Bit 6—A/D2 Converter Interval Activation Bit 8 (ITVAS8): A/D2 converter activation setting
bit corresponding to bit 8in TCNTO. Therise of bit 8in TCNTO is ANDed with ITVAS8, and
the result is output to the A/D2 converter as an activation signal .

Bit 6: ITVA8 Description
0 A/D2 converter activation by rise of TCNTO bit 8 is disabled (Initial value)
1 A/D2 converter activation by rise of TCNTO bit 8 is enabled

* Bit 5—A/D2 Converter Interval Activation Bit 7 (ITVA7): A/D2 converter activation setting
bit corresponding to bit 7in TCNTO. Therise of bit 7in TCNTO is ANDed with ITVA7, and
the result is output to the A/D2 converter as an activation signal .

Bit 5: ITVA7 Description
0 A/D2 converter activation by rise of TCNTO bit 7 is disabled (Initial value)
1 A/D2 converter activation by rise of TCNTO bit 7 is enabled

« Bit4—A/D2 Converter Interval Activation Bit 6 (ITVA6): A/D2 converter activation setting
bit corresponding to bit 6 in TCNTO. Therise of bit 6in TCNTO is ANDed with ITVA6, and
the result is output to the A/D2 converter as an activation signal.

Bit 4: ITVAG6 Description
0 A/D2 converter activation by rise of TCNTO bit 6 is disabled (Initial value)
1 A/D2 converter activation by rise of TCNTO bit 6 is enabled

e Bit 3—Interval Interrupt Bit 9 (ITVE9): INTC interval interrupt setting bit corresponding to bit
9in TCNTO. Theriseof bit 9in TCNTO is ANDed with ITVEY, theresult isstored in [IFLin
TSRO, and an interrupt request is sent to the CPU.

Bit 3: ITVE9 Description
0 Interrupt request (ITV1) by rise of TCNTO bit 9 is disabled (Initial value)
1 Interrupt request (ITV1) by rise of TCNTO bit 9 is enabled

e Bit 2—lInterval Interrupt Bit 8 (ITVES): INTC interval interrupt setting bit corresponding to bit
8in TCNTO. Therise of bit 8in TCNTO is ANDed with ITVES, theresultisstored in [IF1in
TSRO, and an interrupt request is sent to the CPU.

Bit 2: ITVE8 Description

0 Interrupt request (ITV1) by rise of TCNTO bit 8 is disabled (Initial value)
1 Interrupt request (ITV1) by rise of TCNTO bit 8 is enabled
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e Bit 1—Interval Interrupt Bit 7 (ITVEY): INTC interval interrupt setting bit corresponding to bit
7in TCNTO. Theriseof bit 7in TCNTO is ANDed with ITVE7, theresult isstored in [IFL in
TSRO, and an interrupt request is sent to the CPU.

Bit 1: ITVE7 Description
0 Interrupt request (ITV1) by rise of TCNTO bit 7 is disabled (Initial value)
1 Interrupt request (ITV1) by rise of TCNTO bit 7 is enabled

« Bit O—lInterval Interrupt Bit 6 (ITVEG): INTC interval interrupt setting bit corresponding to hit
6in TCNTO. Therise of bit 6in TCNTO is ANDed with ITVES, theresultisstored in [IFLin
TSRO, and an interrupt request is sent to the CPU.

Bit 0: ITVE6 Description
0 Interrupt request (ITV1) by rise of TCNTO bit 6 is disabled (Initial value)
1 Interrupt request (ITV1) by rise of TCNTO bit 6 is enabled

Interval Interrupt Request Registers 2A and 2B (ITVRR2A, ITVRR2B)

Bit: 7 6 5 4 3 2 1 0
\ ITVA13X‘ ITVA12X‘ ITVAllx‘ ITVAle‘ ITVEle‘ ITVEle‘ ITVEllx‘ ITVEle‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
x=AorB

« Bit7—A/D0O/ A/D1 Converter Interval Activation Bit 13A/13B (ITVA13A/ITVA13B): A/DO
or A/D1 (ITVRR2A: A/DO; ITVRR2B: A/D1) converter activation setting bit corresponding to
bit 13in TCNTO. Therise of bit 13in TCNTO is ANDed with ITVA13x, and the result is
output to the A/DO or A/D1 converter as an activation signal.

Bit 7: ITVA13x Description
0 A/DO or A/D1 converter activation by rise of TCNTO bit 13 is disabled
(Initial value)
1 A/DO or A/D1 converter activation by rise of TCNTO bit 13 is enabled
Xx=AorB
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Bit 6—A/D0/ A/D1 Converter Interval Activation Bit 12A/12B (ITVA12A/ITVA12B): A/DO
or A/D1 (ITVRR2A: A/DO; ITVRR2B: A/D1) converter activation setting bit corresponding to
bit 12in TCNTO. Therise of bit 12in TCNTO is ANDed with ITVA12x, and theresult is
output to the A/DO or A/D1 converter as an activation signal.

Bit 6: ITVA12x Description

0

A/DO or A/D1 converter activation by rise of TCNTO bit 12 is disabled
(Initial value)

1

A/DO or A/D1 converter activation by rise of TCNTO bit 12 is enabled

X =

AorB

Bit 5—A/D0/ A/D1 Converter Interval Activation Bit 11A/11B (ITVA11A/ITVA11B): A/DO
or A/D1 (ITVRR2A: A/DO; ITVRR2B: A/D1) converter activation setting bit corresponding to
bit 11in TCNTO. Therise of bit 11 in TCNTO is ANDed with ITVA11x, and the result is
output to the A/DO or A/D1 converter as an activation signal.

Bit 5: ITVA11x Description

0

A/DO or A/D1 converter activation by rise of TCNTO bit 11 is disabled
(Initial value)

1

A/DO or A/D1 converter activation by rise of TCNTO bit 11 is enabled

X =

AorB

Bit 4—A/D0/ A/D1 Converter Interval Activation Bit 10A/10B (ITVA10A/ITVA10B): A/DO
or A/D1 (ITVRR2A: A/DO; ITVRR2B: A/D1) converter activation setting bit corresponding to
bit 10in TCNTO. Therise of bit 10 in TCNTO is ANDed with ITVA10x, and the result is
output to the A/DO or A/D1 converter as an activation signal.

Bit 4: ITVA10x Description

0

A/DO or A/D1 converter activation by rise of TCNTO bit 10 is disabled
(Initial value)

A/DO or A/D1 converter activation by rise of TCNTO bit 10 is enabled

X =

AorB
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e Bit 3—Interval Interrupt Bit 13A/13B (ITVEL3A/ITVE13B): INTC interval interrupt setting
bit corresponding to bit 13in TCNTO. Therise of bit 13in TCNTOis ANDed with ITVE13X,
the result is stored in 11F2x in TSRO, and an interrupt request is sent to the CPU.

Bit 3: ITVE13x Description

0 Interrupt request (ITV2x) by rise of TCNTO bit 13 is disabled (Initial value)
1 Interrupt request (ITV2x) by rise of TCNTO bit 13 is enabled

x=AorB

* Bit 2—lInterval Interrupt Bit 12A/12B (ITVE12A/ITVE12B): INTC interval interrupt setting
bit corresponding to bit 12in TCNTO. Therise of bit 12 in TCNTO is ANDed with ITVE12x,
the result is stored in 11F2x in TSRO, and an interrupt request is sent to the CPU.

Bit 2: ITVE12x Description

0 Interrupt request (ITV2x) by rise of TCNTO bit 12 is disabled (Initial value)
1 Interrupt request (ITV2x) by rise of TCNTO bit 12 is enabled

x=AorB

* Bit 1—Interval Interrupt Bit 11A/11B (ITVE11A/ITVEL1B): INTC interval interrupt setting
bit corresponding to bit 11in TCNTO. Therise of bit 11 in TCNTOis ANDed with ITVE11x,
the result is stored in 11F2x in TSRO, and an interrupt request is sent to the CPU.

Bit 1: ITVE11x Description

0 Interrupt request (ITV2x) by rise of TCNTO bit 11 is disabled (Initial value)
1 Interrupt request (ITV2x) by rise of TCNTO bit 11 is enabled

x=AorB

« Bit O—lInterval Interrupt Bit 10 (ITVE10): INTC interval interrupt setting bit corresponding to
bit 10in TCNTO. Therise of bit 10in TCNTO is ANDed with ITVE10x, the result is stored in
IIF2x in TSRO, and an interrupt request is sent to the CPU.

Bit 0: ITVE10x Description

0 Interrupt request (ITV2x) by rise of TCNTO bit 10 is disabled (Initial value)
1 Interrupt request (ITV2x) by rise of TCNTO bit 10 is enabled

x=AorB

For details, see section 11.3.7, Interval Timer Operation.
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11.28 Trigger Mode Register (TRGMDR)

The trigger mode register (TRGMDR) is an 8-hit register. The ATU-II has one TRGMDR register.

Bit: 7 6 5 4 3 2 1 0
Remo| — | — | — | = [ = | — | — |
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W

TRGMDR is an 8-bit readable/writable register that selects whether achannel 1 compare-match is
used as a channel 8 one-shot pulse start trigger or as a one-shot pulse terminate trigger when
channel 1 and channel 8 are used in combination.

TRGMDR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

e Bit 7—Trigger Mode Selection Register (TRGMD): Selects the channel 8 one-shot pulse start
trigger/one-shot pulse terminate trigger setting.

Bit 7: TRGMD Description

0 One-shot pulse start trigger (TCNT1B = OCR1) (Initial value)
One-shot pulse terminate trigger (TCNT1A = GR1A-GR1H)

1 One-shot pulse start trigger (TCNT1A = GR1A-GR1H)

One-shot pulse terminate trigger (TCNT1B = OCR1)

* Bits6to 0—Reserved: These bits always read 0. The write value should always be O.

11.29 Timer Mode Register (TMDR)

The timer mode register (TMDR) is an 8-hit register. The ATU-1I has one TDR register.

Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ — \ — \ T5PWM‘ T4PWM‘ T3PWM‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R RW  RW  RW

TMDR is an 8-hit readabl e/writable register that specifies whether channels3to 5 areused in
input capture/output compare mode or PWM mode.

TMDRisinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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e Bits 7 to 3—Reserved: These hits always read 0. The write value should always be 0.

e Bit2—PWM Mode 5 (T5PWM): Selects whether channel 5 operatesin input capture/output
compare mode or PWM mode.

Bit 2: TSPWM Description
0 Channel 5 operates in input capture/output compare mode (Initial value)
1 Channel 5 operates in PWM mode

When bit TSPWM is set to 1 to select PWM mode, pins TIO5A to TIO5C become PWM
output pins, general register 5D (GR5D) functions as a cycle register, and general registers 5A
to 5C (GR5A to GR5C) function as duty registers. Settings in the timer 1/0O control registers
(TIOR5A, TIORSB) areinvalid, and general registers 5A to 5D (GR5A to GR5D) can be
written to. Do not use the TIO5D pin as atimer output.

e Bit 1—PWM Mode 4 (T4PWM): Selects whether channel 4 operatesin input capture/output
compare mode or PWM mode.

Bit 1: TAPWM Description
0 Channel 4 operates in input capture/output compare mode (Initial value)
1 Channel 4 operates in PWM mode

When bit TAPWM is set to 1 to select PWM mode, pins TIO4A to TIO4C become PWM
output pins, general register 4D (GR4D) functions as a cycle register, and general registers 4A
to 4C (GR4A to GR4C) function as duty registers. Settings in the timer 1/0O control registers
(TIOR4A, TIOR4B) areinvalid, and general registers 4A to 4D (GR4A to GR4D) can be
written to. Do not use the TIO4D pin as atimer output.

e Bit 0—PWM Mode 3 (T3PWM): Selects whether channel 3 operatesin input capture/output
compare mode or PWM mode.

Bit 0: T3PWM Description
0 Channel 3 operates in input capture/output compare mode (Initial value)
1 Channel 3 operates in PWM mode

When bit T3PWM is set to 1 to select PWM mode, pins TIO3A to TIO3C become PWM
output pins, general register 3D (GR3D) functions as a cycle register, and general registers 3A
to 3C (GR3A to GR3C) function as duty registers. Settings in the timer 1/0O control registers
(TIOR3A, TIOR3B) areinvalid, and general registers 3A to 3D (GR3A to GR3D) can be
written to. Do not use the TIO3D pin as atimer output.
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11.2.10 PWM Mode Register (PMDR)

The PWM mode register (PMDR) is an 8-bit register. The ATU-II has one PMDR register.

Bit: 7 6 5 4 3 2 1 0
‘ DTSELD ‘ DTSELC ‘ DTSELB ‘ DTSELA ‘CNTSELD‘CNTSELC‘CNTSELB‘CNTSELA‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
PMDR is an 8-hit readable/writable register that selects whether channel 6 PWM output is set to
on-duty/off-duty, or to non-complementary PWM mode/complementary PWM mode.

PMDR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

* Bit 7—Duty Selection Register D (DTSELD): Selects whether channel 6D TO6D output PWM
is set to on-duty or to off-duty.

Bit 7: DTSELD Description
0 TO6D PWM output is on-duty (Initial value)
1 TO6D PWM output is off-duty

« Bit 6—Duty Selection Register C (DTSELC): Selects whether channel 6C TO6C output PWM
is set to on-duty or to off-duty.

Bit 6: DTSELC Description
0 TO6C PWM output is on-duty (Initial value)
1 TO6C PWM output is off-duty

* Bit 5—Duty Selection Register B (DTSELB): Selects whether channel 6B TO6B output PWM
is set to on-duty or to off-duty.

Bit 5: DTSELB Description

0 TO6B PWM output is on-duty (Initial value)
1 TO6B PWM output is off-duty
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e Bit 4—Duty Selection Register A (DTSELA): Selects whether channel 6A TO6A output PWM
is set to on-duty or to off-duty.

Bit 4: DTSELA Description
0 TO6A PWM output is on-duty (Initial value)
1 TO6A PWM output is off-duty

» Bit 3—Counter Selection Register D (CNTSELD): Selects whether channel 6D PWM is set to
non-complementary PWM mode or to complementary PWM mode.

Bit 3: CNTSELD Description

0 TCNTED is set to non-complementary PWM mode (Initial value)

1 TCNTED is set to complementary PWM mode

« Bit 2—Counter Selection Register C (CNTSELC): Selects whether channel 6C PWM is set to
non-complementary PWM mode or to complementary PWM mode.

Bit 2: CNTSELC Description

0 TCNT6C is set to hon-complementary PWM mode (Initial value)

1 TCNT6C is set to complementary PWM mode

« Bit 1—Counter Selection Register B (CNTSELB): Selects whether channel 6B PWM is set to
non-complementary PWM mode or to complementary PWM mode.

Bit 1: CNTSELB Description

0 TCNTGEB is set to non-complementary PWM mode (Initial value)

1 TCNTEB is set to complementary PWM mode

« Bit 0—Counter Selection Register A (CNTSELA): Selects whether channel 6A PWM is set to
non-complementary PWM mode or to complementary PWM mode.

Bit 0: CNTSELA Description

0 TCNT6A is set to non-complementary PWM mode (Initial value)

1 TCNT6A is set to complementary PWM mode
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11.2.11 Down-Count Start Register (DSTR)

The down-count start register (DSTR) is a 16-bit register. The ATU-II has one DSTR register in
channel 8.

Bitt 15 14 13 12 11 10 9 8
\ DSTSP‘ DSTSO‘ DSTSN‘ DSTBM‘ DST8L‘ DSTSK‘ DSTSJ‘ DST8I‘
Initial value: 0 0 0 0 0 0 0 0

R/W:  R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

Bit 7 6 5 4 3 2 1 0
\ DSTSH‘ DSTSG‘ DSTSF‘ DSTSE‘ DSTSD‘ DSTSC‘ DST8B‘ DSTSA‘
Initial value: 0 0 0 0 0 0 0 0

R/W:  R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

Note: * Only 1 can be written.

DSTR is a 16-hit readable/writable register that starts the channel 8 down-counter (DCNT).

When the one-shot pulse function is used, avalue of 1 can be setin aDST8x bit at any time by the
user program, except when the corresponding DCNT8x value is H'0000. The DST8x bits are
cleared to O automatically when the DCNT value overflows.

When the offset one-shot pulse function is used, DST8x is automatically set to 1 (except when the
DCNT8x vaueis H'0000) when a compare-match occurs between the channel 1 or 2 free-running
counter (TCNT) and a general register (GR) or the output compare register (OCR1) while the
corresponding timer connection register (TCNR) bit isset to 1. Asregards DST8I to DST8P, if the
RLDEN bit in the reload enable register (RLDENR) is set to 1 and the reload register (RLDR8)
value is not H'0000, areload is performed into the corresponding DCNT8x, and the DST8x hit is
set to 1. DST8x is automatically cleared to 0 when the DCNT8x vaue underflows, or by input of a
channel 1 or 2 one-shot terminate trigger signal set in the trigger mode register (TRGMDR) while
the corresponding one-shot pulse terminate register (OTR) hit is set to 1, whichever occurs first.

DCNT8X is cleared to H'0000 when underflow occurs.

DSTRisinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

For details, see sections 11.3.5, One-Shot Pulse Function, and 11.3.6, Offset One-Shot Pulse
Function and Output Cutoff Function.
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e Bit 15—Down-Count Start 8P (DST8P): Starts down-counter 8P (DCNT8P).

Bit 15: DST8P Description
0 DCNT8P is halted (Initial value)

[Clearing conditions]
When the DCNT8P value underflows, or on channel 2 (GR2H) compare-
match

1 DCNT8P counts

[Setting conditions]

« One-shot pulse function: Set by user program (DCNT8P # H'0000)

» Offset one-shot pulse function: Set on OCR2H compare-match (DCNT8P
# H'0000 or reload possible) or by user program (DCNT8P # H'0000)

e Bit 14—Down-Count Start 80 (DST80): Starts down-counter 80 (DCNTB80).

Bit 14: DST80 Description
0 DCNT8O is halted (Initial value)

[Clearing conditions]
When the DCNT8O value underflows, or on channel 2 (GR2G) compare-
match

1 DCNT8O counts

[Setting conditions]

* One-shot pulse function: Set by user program (DCNT80O # H'0000)

« Offset one-shot pulse function: Set on OCR2G compare-match (DCNT80
# H'0000 or reload possible) or by user program (DCNT8O # H'0000)

e Bit 13—Down-Count Start 8N (DST8N): Starts down-counter 8N (DCNT8N).

Bit 13: DST8N Description
0 DCNTS8N is halted (Initial value)

[Clearing conditions]
When the DCNT8N value underflows, or on channel 2 (GR2F) compare-
match

1 DCNT8N counts

[Setting conditions]

« One-shot pulse function: Set by user program (DCNT8N # H'0000)

« Offset one-shot pulse function: Set on OCR2F compare-match (DCNT8N
# H'0000 or reload possible) or by user program (DCNT8N # H'0000)
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e Bit 12—Down-Count Start 8M (DST8M): Starts down-counter 8M (DCNT8M).

Bit 12: DST8M Description

0 DCNT8M is halted (Initial value)

[Clearing conditions]
When the DCNT8M value underflows, or on channel 2 (GR2E) compare-
match

1 DCNT8M counts

[Setting conditions]

« One-shot pulse function: Set by user program (DCNT8M # H'0000)

« Offset one-shot pulse function: Set on OCR2E compare-match (DCNT8M
# H'0000 or reload possible) or by user program (DCNT8M # H'0000)

e Bit 11—Down-Count Start 8L (DST8L): Starts down-counter 8L (DCNT8L).

Bit 11: DST8L Description

0 DCNT8L is halted (Initial value)

[Clearing conditions]
When the DCNTS8L value underflows, or on channel 2 (GR2D) compare-
match

1 DCNTB8L counts

[Setting conditions]

e One-shot pulse function: Set by user program (DCNTS8L # H'0000)

e Offset one-shot pulse function: Set on OCR2D compare-match (DCNT8L
# H'0000 or reload possible) or by user program (DCNT8L # H'0000)

e Bit 10—Down-Count Start 8K (DST8K): Starts down-counter 8K (DCNT8K).

Bit 10: DST8K Description

0 DCNT8K is halted (Initial value)

[Clearing conditions]
When the DCNT8K value underflows, or on channel 2 (GR2C) compare-
match

1 DCNT8K counts

[Setting conditions]

« One-shot pulse function: Set by user program (DCNT8K # H'0000)

« Offset one-shot pulse function: Set on OCR2C compare-match (DCNT8K
# H'0000 or reload possible) or by user program (DCNT8K # H'0000)
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e Bit 9—Down-Count Start 8] (DST8J): Starts down-counter 8J (DCNT8J).

Bit 9: DST8J Description
0 DCNT8J is halted (Initial value)

[Clearing conditions]
When the DCNT8J value underflows, or on channel 2 (GR2B) compare-
match

1 DCNT8J counts

[Setting conditions]

e One-shot pulse function: Set by user program (DCNT8J # H'0000)

« Offset one-shot pulse function: Set on OCR2B compare-match (DCNT8J
# H'0000 or reload possible) or by user program (DCNT8J # H'0000)

« Bit 83—Down-Count Start 81 (DST8I): Starts down-counter 81 (DCNT8I).

Bit 8: DST8I Description
0 DCNTS8I is halted (Initial value)

[Clearing conditions]
When the DCNTS8I value underflows, or on channel 2 (GR2A) compare-match

1 DCNTS8I counts

[Setting conditions]

* One-shot pulse function: Set by user program (DCNT8I # H'0000)

« Offset one-shot pulse function: Set on OCR2A compare-match (DCNT8I #
H'0000 or reload possible) or by user program (DCNT8I # H'0000)

* Bit 7—Down-Count Start 8H (DST8H): Starts down-counter 8H (DCNT8H).

Bit 7: DST8H Description
0 DCNT8H is halted (Initial value)

[Clearing conditions]
When the DCNT8H value underflows, or on channel 1 (GR1H or OCR1)
compare-match

1 DCNT8H counts

[Setting conditions]

* One-shot pulse function: Set by user program (DCNT8H # H'0000)

« Offset one-shot pulse function: Set on OCR1 compare-match or GR1H
compare-match, or by user program (DCNT8H # H'0000)
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e Bit 6—Down-Count Start 8G (DST8G): Starts down-counter 8G (DCNT8G).

Bit 6: DST8G Description

0 DCNTS8G is halted (Initial value)

[Clearing conditions]
When the DCNT8G value underflows, or on channel 1 (GR1G or OCR1)
compare-match

1 DCNT8G counts

[Setting conditions]

« One-shot pulse function: Set by user program (DCNT8G # H'0000)

« Offset one-shot pulse function: Set on OCR1 compare-match or GR1G
compare-match, or by user program (DCNT8G # H'0000)

* Bit 5—Down-Count Start 8F (DST8F): Starts down-counter 8F (DCNT8F).

Bit 5: DST8F Description

0 DCNTS8F is halted (Initial value)

[Clearing conditions]
When the DCNT8F value underflows, or on channel 1 (GR1F or OCR1)
compare-match

1 DCNTB8F counts

[Setting conditions]

e One-shot pulse function: Set by user program (DCNT8F # H'0000)

e Offset one-shot pulse function: Set on OCR1 compare-match or GR1F
compare-match, or by user program (DCNT8F # H'0000)

e Bit 4—Down-Count Start 8E (DST8E): Starts down-counter 8E (DCNTS8E).

Bit 4: DST8E Description

0 DCNTS8E is halted (Initial value)

[Clearing conditions]
When the DCNTS8E value underflows, or on channel 1 (GR1E or OCR1)
compare-match

1 DCNTBS8E counts

[Setting conditions]

< One-shot pulse function: Set by user program (DCNT8E # H'0000)

» Offset one-shot pulse function: Set on OCR1 compare-match or GR1E
compare-match, or by user program (DCNTS8E # H'0000)
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e Bit 3—Down-Count Start 8D (DST8D): Starts down-counter 8D (DCNT8D).

Bit 3: DST8D Description
0 DCNT8D is halted (Initial value)

[Clearing conditions]
When the DCNT8D value underflows, or on channel 1 (GR1D or OCR1)
compare-match

1 DCNT8D counts
[Setting conditions]
« One-shot pulse function: Set by user program (DCNT8D # H'0000)

» Offset one-shot pulse function: Set on OCR1 compare-match or GR1D
compare-match, or by user program (DCNT8D # H'0000)

e Bit 2—Down-Count Start 8C (DST8C): Starts down-counter 8C (DCNTS8C).

Bit 2: DST8C Description
0 DCNT8C is halted (Initial value)

[Clearing conditions]
When the DCNT8C value underflows, or on channel 1 (GR1C or OCR1)
compare-match

1 DCNT8C counts

[Setting conditions]

* One-shot pulse function: Set by user program (DCNT8C # H'0000)

« Offset one-shot pulse function: Set on OCR1 compare-match or GR1C
compare-match, or by user program (DCNT8C # H'0000)

« Bit 1—Down-Count Start 8B (DST8B): Starts down-counter 8B (DCNT8B).

Bit 1: DST8B Description
0 DCNT8B is halted (Initial value)

[Clearing conditions]
When the DCNT8B value underflows, or on channel 1 (GR1B or OCR1)
compare-match

1 DCNTB8B counts

[Setting conditions]

« One-shot pulse function: Set by user program (DCNT8B # H'0000)

» Offset one-shot pulse function: Set on OCR1 compare-match or GR1B
compare-match, or by user program (DCNT8B # H'0000)
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e Bit 0—Down-Count Start 8A (DST8A): Starts down-counter 8A (DCNTB8A).

Bit 0: DST8A Description
0 DCNTB8A is halted (Initial value)

[Clearing conditions]
When the DCNTB8A value underflows, or on channel 1 (GR1A or OCR1)
compare-match

1 DCNTB8A counts

[Setting conditions]

« One-shot pulse function: Set by user program (DCNT8A # H'0000)

« Offset one-shot pulse function: Set on OCR1 compare-match or GR1A
compare-match, or by user program (DCNT8A # H'0000)

11.2.12 Timer Connection Register (TCNR)

The timer connection register (TCNR) is a 16-bit register. The ATU-II has one TCNR register in
channel 8.

Bitt 15 14 13 12 11 10 9 8
\ CN8P \ CNSO‘ CNB8N \ CNBM\ CNSL \ CN8K \ CN8J \ CN8l \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ CNB8H \ CN8G \ CNS8F \ CNSE \ CN8D \ CN8C \ CN8B \ CNB8A \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TCNR is a 16-bit readable/writable register that enables or disables connection between the
channel 8 down-count start register (DSTR) and channel 1 and 2 compare-match signal's (down-
count start triggers). Channel 1 down-count start triggers A to H are channel 1 OCR1 compare-
match signals or GR1x compare-match signals (set in TRGMDR). Channel 2 down-count start
triggers A to H are channel 2 OCR2x compare-match signals. When GR1x compare-matches are
used, set TIOR1A to TIOR1D to allow compare-matches.

TCNRisinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

For details, see sections 11.3.5, One-Shot Pulse Function, and 11.3.6, Offset One-Shot Pulse
Function and Output Cutoff Function.
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« Bit 15—Connection Flag 8P (CN8P): Enables or disables connection between DST8P and the
channel 2 down-count start trigger.

Bit 15: CN8P Description

0 Connection between DST8P and channel 2 down-count start trigger H is
disabled (Initial value)

1 Connection between DST8P and channel 2 down-count start trigger H is

enabled

e Bit 14—Connection Flag 80 (CN8O): Enables or disables connection between DST80 and the
channel 2 down-count start trigger.

Bit 14: CN8O Description

0 Connection between DST80 and channel 2 down-count start trigger G is
disabled (Initial value)

1 Connection between DST80 and channel 2 down-count start trigger G is

enabled

« Bit 13—Connection Flag 8N (CN8N): Enables or disables connection between DST8N and the
channel 2 down-count start trigger.

Bit 13: CN8N Description

0 Connection between DST8N and channel 2 down-count start trigger F is
disabled (Initial value)

1 Connection between DST8N and channel 2 down-count start trigger F is

enabled

e Bit 12—Connection Flag 8M (CN8M): Enables or disables connection between DST8M and
the channel 2 down-count start trigger.

Bit 12: CN8M Description

0 Connection between DST8M and channel 2 down-count start trigger E is
disabled (Initial value)

1 Connection between DST8M and channel 2 down-count start trigger E is

enabled
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e Bit 11—Connection Flag 8L (CN8L): Enables or disables connection between DST8L and the
channel 2 down-count start trigger.

Bit 11: CN8L Description

0 Connection between DST8L and channel 2 down-count start trigger D is
disabled (Initial value)

1 Connection between DST8L and channel 2 down-count start trigger D is

enabled

« Bit 10—Connection Flag 8K (CN8K): Enables or disables connection between DST8K and the
channel 2 down-count start trigger.

Bit 10: CN8K Description

0 Connection between DST8K and channel 2 down-count start trigger C is
disabled (Initial value)

1 Connection between DST8K and channel 2 down-count start trigger C is

enabled

* Bit 9—Connection Flag 8] (CN8J): Enables or disables connection between DST8J and the
channel 2 down-count start trigger.

Bit 9: CN8J Description

0 Connection between DST8J and channel 2 down-count start trigger B is
disabled (Initial value)

1 Connection between DST8J and channel 2 down-count start trigger B is

enabled

« Bit 8—Connection Flag 8l (CN8I): Enables or disables connection between DST8I and the
channel 2 down-count start trigger.

Bit 8: CN8I Description

0 Connection between DST8I and channel 2 down-count start trigger A is
disabled (Initial value)

1 Connection between DST8I and channel 2 down-count start trigger A is
enabled
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e Bit 7—Connection Flag 8H (CN8H): Enables or disables connection between DST8H and the
channel 1 down-count start trigger.

Bit 7: CN8H Description

0 Connection between DST8H and channel 1 down-count start trigger H is
disabled (Initial value)

1 Connection between DST8H and channel 1 down-count start trigger H is

enabled

» Bit 6—Connection Flag 8G (CN8G): Enables or disables connection between DST8G and the
channel 1 down-count start trigger.

Bit 6: CN8G Description

0 Connection between DST8G and channel 1 down-count start trigger G is
disabled (Initial value)

1 Connection between DST8G and channel 1 down-count start trigger G is

enabled

» Bit 5—Connection Flag 8F (CN8F): Enables or disables connection between DST8F and the
channel 1 down-count start trigger.

Bit 5: CN8F Description

0 Connection between DST8F and channel 1 down-count start trigger F is
disabled (Initial value)

1 Connection between DST8F and channel 1 down-count start trigger F is

enabled

» Bit 4—Connection Flag 8E (CN8E): Enables or disables connection between DST8E and the
channel 1 down-count start trigger.

Bit 4: CN8E Description

0 Connection between DST8E and channel 1 down-count start trigger E is
disabled (Initial value)

1 Connection between DST8E and channel 1 down-count start trigger E is

enabled
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e Bit 3—Connection Flag 8D (CN8D): Enables or disables connection between DST8D and the
channel 1 down-count start trigger.

Bit 3: CN8D Description

0 Connection between DST8D and channel 1 down-count start trigger D is
disabled (Initial value)

1 Connection between DST8D and channel 1 down-count start trigger D is

enabled

« Bit 2—Connection Flag 8C (CN8C): Enables or disables connection between DST8C and the
channel 1 down-count start trigger.

Bit 2: CN8C Description

0 Connection between DST8C and channel 1 down-count start trigger C is
disabled (Initial value)

1 Connection between DST8C and channel 1 down-count start trigger C is

enabled

« Bit 1—Connection Flag 8B (CN8B): Enables or disables connection between DST8B and the
channel 1 down-count start trigger.

Bit 1: CN8B Description

0 Connection between DST8B and channel 1 down-count start trigger B is
disabled (Initial value)

1 Connection between DST8B and channel 1 down-count start trigger B is

enabled

« Bit 0—Connection Flag 8A (CN8A): Enables or disables connection between DST8A and the
channel 1 down-count start trigger.

Bit 0: CN8A Description

0 Connection between DST8A and channel 1 down-count start trigger A is
disabled (Initial value)

1 Connection between DST8A and channel 1 down-count start trigger A is
enabled
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11.2.13 One-Shot Pulse Terminate Register (OTR)

The one-shot pulse terminate register (OTR) is a 16-hbit register. The ATU-II has one OTR register
in channel 8.

Bitt 15 14 13 12 11 10 9 8
\ OTEP \ OTEO‘ OTEN \ OTEM‘ OTEL \ OTEK \ OTEJ \ OTEI \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
\ OTEH \ OTEG \ OTEF \ OTEE \ OTED \ OTEC \ OTEB \ OTEA \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

OTR isa16-hit readable/writable register that enables or disables forced termination of channel 8
one-shot pulse output by channel 1 and 2 compare-match signals. When one-shot pulse output is
forcibly terminated, the corresponding DSTR bit and down-counter are cleared, and the
corresponding TSR8 bit is set. The channel 1 one-shot pulse terminate signal is generated by
GR1A to GR1H compare-matches and OCR1 compare-match (see TRGMDR). The channel 2
one-shot pulse terminate signal is generated by GR2A to GR2H compare-matches. To generate the
terminate signal with GR1A to GR1H and GR2A to GR2H, select the respective compare-matches
in TIOR1A to TIOR1D.

OTRisinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

* Bit 15—0One-Shot Pulse Terminate Enable P (OTEP): Enables or disables forced termination
of output by channel 2 down-counter terminate trigger H.

Bit 15: OTEP Description
0 Forced termination of TO8P by down-counter terminate trigger is disabled
(Initial value)
1 Forced termination of TO8P by down-counter terminate trigger is enabled
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e Bit 14—One-Shot Pulse Terminate Enable O (OTEOQ): Enables or disables forced termination
of output by channel 2 down-counter terminate trigger G.

Bit 14: OTEO Description

0 Forced termination of TO80 by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO80 by down-counter terminate trigger is enabled

¢ Bit 13—One-Shot Pulse Terminate Enable N (OTEN): Enables or disables forced termination
of output by channel 2 down-counter terminate trigger F.

Bit 13: OTEN Description

0 Forced termination of TO8N by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8N by down-counter terminate trigger is enabled

* Bit 12—One-Shot Pulse Terminate Enable M (OTEM): Enables or disables forced termination
of output by channel 2 down-counter terminate trigger E.

Bit 12: OTEM Description

0 Forced termination of TO8M by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8M by down-counter terminate trigger is enabled

e Bit 11—One-Shot Pulse Terminate Enable L (OTEL): Enables or disables forced termination
of output by channel 2 down-counter terminate trigger D.

Bit 11: OTEL Description

0 Forced termination of TO8L by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8L by down-counter terminate trigger is enabled

¢ Bit 10—One-Shot Pulse Terminate Enable K (OTEK): Enables or disables forced termination
of output by channel 2 down-counter terminate trigger C.

Bit 10: OTEK Description

0 Forced termination of TO8K by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8K by down-counter terminate trigger is enabled
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e Bit 9—One-Shot Pulse Terminate Enable J (OTEJ): Enables or disables forced termination of
output by channel 2 down-counter terminate trigger B.

Bit 9: OTEJ Description

0 Forced termination of TO8J by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8J by down-counter terminate trigger is enabled

* Bit 8—One-Shot Pulse Terminate Enable | (OTEI): Enables or disables forced termination of
output by channel 2 down-counter terminate trigger A.

Bit 8: OTEI Description

0 Forced termination of TO8I by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8I by down-counter terminate trigger is enabled

* Bit 7—One-Shot Pulse Terminate Enable H (OTEH): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger H.

Bit 7: OTEH Description

0 Forced termination of TO8H by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8H by down-counter terminate trigger is enabled

e Bit 6—One-Shot Pulse Terminate Enable G (OTEG): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger G.

Bit 6: OTEG Description

0 Forced termination of TO8G by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8G by down-counter terminate trigger is enabled

¢ Bit 5—One-Shot Pulse Terminate Enable F (OTEF): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger F.

Bit 5: OTEF Description
0 Forced termination of TO8F by down-counter terminate trigger is disabled
(Initial value)
1 Forced termination of TO8F by down-counter terminate trigger is enabled
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e Bit 4—One-Shot Pulse Terminate Enable E (OTEE): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger E.

Bit 4: OTEE Description

0 Forced termination of TO8E by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8E by down-counter terminate trigger is enabled

¢ Bit 3—One-Shot Pulse Terminate Enable D (OTED): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger D.

Bit 3: OTED Description

0 Forced termination of TO8D by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8D by down-counter terminate trigger is enabled

e Bit 2—One-Shot Pulse Terminate Enable C (OTEC): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger C.

Bit 2: OTEC Description

0 Forced termination of TO8C by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8C by down-counter terminate trigger is enabled

e Bit 1—One-Shot Pulse Terminate Enable B (OTEB): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger B.

Bit 1: OTEB Description

0 Forced termination of TO8B by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8B by down-counter terminate trigger is enabled

¢ Bit 0—One-Shot Pulse Terminate Enable A (OTEA): Enables or disables forced termination of
output by channel 1 down-counter terminate trigger A.

Bit 0: OTEA Description

0 Forced termination of TO8A by down-counter terminate trigger is disabled
(Initial value)

1 Forced termination of TO8A by down-counter terminate trigger is enabled
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11.2.14 Reload Enable Register (RLDENR)

Thereload enable register (RLDENR) is an 8-bit register. The ATU-II has one RLDENR register
in channel 8.

Bit: 7 6 5 4 3 2 1 0
ROEN| — | — | — | — | — | — | = |
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W

RLDENR is an 8-hit readabl e/writable register that enables or disables loading of the reload
register8 (RLDRS8) value into the down-counters (DCNT8I to DCNT8P). Loading is performed on
generation of achannel 2 compare-match signal one-shot pulse start trigger. Reloading is not
performed if there is no linkage with channel 2 (one-shot pulse function), or while the down-
counter (DCNT8I to DCNT8P) is running.

RLDENR isinitialized to H'00 by a power-on reset and in hardware standby mode and software
standby mode.

» Bit 7—Reload Enable (RLDEN): Enables or disables loading of the RLDR value into DCNT8I
to DCNT8P.

Bit 7: RLDEN Description
0 Loading of reload register value into down-counters is disabled (Initial value)
1 Loading of reload register value into down-counters is enabled

» Bits6to 0—Reserved: These hits always read 0. The write value should always be 0.
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11.2.15 Free-Running Counters (TCNT)

The free-running counters (TCNT) are 32- or 16-bit up- or up/down-counters. The ATU-II has 17
TCNT counters: one 32-bit TCNT in channel 0, and sixteen 16-bit TCNTs in each of channels 1 to
7 and 11. For details of the channel 10 free-running counters, see section 11.2.26, Channel 10
Registers.

Channel Abbreviation Function

0 TCNTOH, TCNTOL 32-bit up-counter (initial value H'00000000)

1 TCNT1A, TCNT1B 16-bit up-counters (initial value H'0000)

2 TCNT2A, TCNT2B

3 TCNT3

4 TCNT4

5 TCNT5

6 TCNT6A-D 16-hit up/down-counters (initial value H'0001)
7 TCNT7A-D 16-bit up-counters (initial value H'0001)

11 TCNT11 16-bit up-counter (initial value H'0000)

Free-Running Counter O (TCNTOH, TCNTOL): Free-running counter O (comprising TCNTOH
and TCNTOL ) is a 32-bit readable/writable register that counts on an input clock. The counter is
started when the corresponding bit in the timer start register (TSTR1) isset to 1. Theinput clock is
selected with prescaler register 1 (PSCRL1).

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0O O 0 o 0 o 0 O 0 O 0 O 0 O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 O 0 O 0 0O 0 O 0 O 0 O 0 O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W

When TCNTO overflows (from H'FFFFFFFF to H'00000000), the OV FO overflow flag in the
timer status register (TSRO) isset to 1.

TCNTO can only be accessed by alongword read or write. Word reads or writes cannot be used.
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TCNTO isinitialized to H'00000000 by a power-on reset, and in hardware standby mode and
software standby mode.

Free-Running Counters 1A, 1B, 2A, 2B, 3,4, 5, 11 (TCNT1A, TCNT1B, TCNT2A, TCNT2B,
TCNT3, TCNT4, TCNT5, TCNT11): Free-running counters 1A, 1B, 2A, 2B, 3,4, 5, and 11
(TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3, TCNT4, TCNT5, TCNT11) are 16-hit
readabl e/writable registers that count on an input clock. Counting is started when the
corresponding bit in the timer start register (TSTR1 or TSTR3) isset to 1. Theinput clock is
selected with prescaler register 1 (PSCR1) and the timer control register (TCR).

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
gname:| [ [ [ [ | | [ [ [ [ | [ [ [ [ ]

Initialvalue: 0 0 O O 0O O 0O O O O O O O 0 0 O
R/W: R/W RW RW R/W RMW R/W RIW R/W RW R/W R/W RW RW RMW RW RIW

The TCNT1A, TCNT1B, TCNT2A, and TCNT2B counters are cleared if incremented during
counter clear trigger input from channel 10.

TCNT3to TCNTS5 counter clearing is performed by a compare-match with the corresponding
general register, according to the setting in TIOR.

When one of counters TCNT1A/1B/2A/2B/3/4/5/11 overflows (from H'FFFF to H'0000), the
overflow flag (OVF) for the corresponding channel in the timer status register (TSR) isset to 1.

TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3, TCNT4, TCNT5, and TCNT11 can only be
accessed by aword read or write.

TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3, TCNT4, TCNT5, and TCNT11 areinitialized
to H'0000 by a power-on reset, and in hardware standby mode and software standby mode.

TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3, TCNT4, and TCNT5 can count on external
clock (TCLKA or TCLKB) input.

TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3, TCNT4, and TCNTS5 can count on an external
interrupt clock (T110) (AGCK) generated in channel 10 and on a channel 10 multiplied clock
(AGCKM).
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Free-Running Counters 6A to 6D and 7A to 7D (TCNT6A to TCNT6ED, TCNT7A to
TCNT7D): Free-running counters 6A to 6D and 7A to 7D (TCNT6A to TCNT6D, TCNT7A to
TCNT7D) are 16-bit readable/writable registers. Channel 6 and 7 counts are started by the timer
start register (TSTR2).

The clock input to channels 6 and 7 is selected with prescaler registers 2 and 3 (PSCR2, PSCR3)
and timer control registers 6 and 7 (TCR6, TCR7).

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

TCNT6A to TCNT6ED (in non-complementary PWM mode) and TCNT7A to TCNT7D are cleared
by a compare-match with the cycle register (CYLR).

TCNT6A to TCNT6ED (in complementary PWM mode) count up and down between zero and the
cycleregister value.

TCNT6A to TCNT6D and TCNT7A to TCNT7D are connected to the CPU by an internal 16-bit
bus, and can only be accessed by aword read or write.

TCNT6A to TCNT6D and TCNT7A to TCNT7D areinitialized to H'0001 by a power-on reset,
and in hardware standby mode and software standby mode.

11.2.16 Down-Counters (DCNT)

The DCNT registers are 16-bit down-counters. The ATU-11 has 16 DCNT counters in channel 8.

Channel Abbreviation Function

8 DCNTS8A, DCNTS8B, 16-bit down-counters

DCNT8C, DCNT8D,
DCNTS8E, DCNTSF,
DCNT8G, DCNTS8H,
DCNTS8I, DCNT8J,

DCNT8K, DCNTS8L,
DCNT8M, DCNT8N,
DCNT80O, DCNT8P
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Down-Counters 8A to 8P (DCNT8A to DCNT8P): Down-counters 8A to 8P (DCNTB8A to
DCNT8P) are 16-hit readable/writable registers that count on an input clock. The input clock is
selected with prescaler register 1 (PSCR1) and the timer control register (TCR).

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
sitnarne: ||| [ [ | [ L [ [

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW

When the one-shot pulse function is used, DCNT8x starts counting down when the corresponding

DSTR hit is set to 1 by the user program after the DCNT8x value has been set. When the DCNT8x
value underflows, DSTR and DCNT8x are automatically cleared to 0, and the count is stopped. At
the same time, the corresponding channel 8 timer status register 8 (TSR8) status flag is set to 1.

When the offset one-shot pulse function is used, on compare-match with a channel 1 or 2 general
register (GR) or output compare register (OCR) (the compare-match setting being made in the
trigger mode register (TRGMDR) (for channel 1 only) ) when the corresponding timer connection
register (TCNR) bit is 1, the corresponding down-count start register (DSTR) bit is automatically
set to 1 and the down-count is started. When the DCNT8x value underflows, the corresponding
DSTR bit and DCNT8x are automatically cleared to 0, the count is stopped, and the output is
inverted, or, if aone-shot terminate register (OTR) setting has been made to forcibly terminate
output by means of atrigger, DSTR is cleared to O by a channel 1 or 2 compare-match between
GR and OCR, the count is forcibly terminated, and the output is inverted. The output is inverted
for whichever isfirst. When the output is inverted, the corresponding channel 8 TSR8 statusflagis
setto 1.

The DCNT8x counters can only be accessed by aword read or write.

The DCNT8x counters are initialized to H'0000 by a power-on reset, and in hardware standby
mode and software standby mode.

For details, see sections 11.3.5, One-Shot Pulse Function, and 11.3.6, Offset One-Shot Pulse
Function and Output Cutoff Function.
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11.2.17 Event Counters(ECNT)

The event counters (ECNT) are 8-hit up-counters. The ATU-II has six ECNT counters in channel
9.

Channel Abbreviation Function

9 ECNTO9A, ECNT9B, 8-bit event counters
ECNT9C, ECNTID,
ECNT9E, ECNT9F

The ECNT counters are 8-bit readable/writable registers that count on detection of an input signal
from input pins TI9A to TI9F. Rising edge, falling edge, or both rising and falling edges can be
selected for edge detection.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

When a compare-match with GR9 corresponding to an ECNT9x counter occurs, the compare-
match flag (CMF9) in the timer status register (TSR9) is set to 1. When a compare-match with GR
occurs, the ECNT9x counter is cleared automatically.

The ECNT9x counters can only be accessed by a byte read or write.

The ECNT9x counters are initialized to H'00 by a power-on reset, and in hardware standby mode
and software standby mode.

11.2.18 Output Compare Registers (OCR)

The output compare registers (OCR) are 16-bit registers. The ATU-II has nine OCR registers. one
in channel 1 and eight in channel 2. For details of the channel 10 free-running counters, see
section 11.2.26, Channel 10 Registers.

Channel Abbreviation Function
1 OCR1 Output compare registers
2 OCR2A, OCR2B,

OCR2C, OCR2D,
OCRZ2E, OCRZ2F,
OCR2G, OCR2H
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Output Compare Registers 1 and 2A to 2H (OCR1, OCR2A to OCR2H)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The OCR registers are 16-bit readable/writable registers that have an output compare register
function.

The OCR and free-running counter (TCNT1B, TCNT2B) values are constantly compared, and if
the two values match, the CMF bit in the timer status register (TSR) is set to 1. If channels 1 and 2
and channel 8 are linked by the timer connection register (TCNR), the corresponding channel 8
down-counter (DCNT) is started at the same time.

The OCR registers can only be accessed by aword read.

The OCR registers areinitialized to H'FFFF by a power-on reset, and in hardware standby mode
and software standby mode.

11.2.19 Input Capture Registers (ICR)

The input capture registers (ICR) are 32-hit registers. The ATU-II has four 32-bit ICR registersin
channel 0. For details of the channel 10 free-running counters, see section 11.2.26, Channel 10
Registers.

Channel Abbreviation Function

0 ICROAH, ICROAL, Dedicated input capture registers
ICROBH, ICROBL,
ICROCH, ICROCL,
ICRODH, ICRODL

331
HITACHI



Input Capture Registers0AH, OAL to ODH, ODL (ICROAH, ICROAL to ICRODH, ICRODL)

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0O O 0 o 0 o 0 O 0 O 0 O 0 O 0
RW: R R

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 O 0 O 0 0O 0 O 0 O 0 O 0 O 0
RW: R R

The ICR registers are 32-bit read-only registers used exclusively for input capture.

These dedicated input capture registers store the TCNTO value on detection of an input capture
signal from an external source. The corresponding TSRO hit is set to 1 at thistime. The input
capture signal edge to be detected is specified by timer 1/0O control register TIORO. By setting the
TRGODEN bit in TCR10, ICRODH and ICRODL can also be used for input capture in acompare
match between TCNT10B and OCR10B.

The ICR registers can only be accessed by alongword read. Word reads cannot be used.

The ICR registers areinitialized to H'00000000 by a power-on reset, and in hardware standby
mode and software standby mode.

11.2.20 General Registers (GR)

The genera registers (GR) are 16-bit registers. The ATU-II has 36 general registers: eight each in
channels 1 and 2, four each in channels 3to 5, six in channel 9, and two in channel 11. For details
of the channel 10 free-running counters, see section 11.2.26, Channel 10 Registers.

Channel Abbreviation Function

1 GR1A-GR1H Dual-purpose input capture and output compare registers
2 GR2A-GR2H

3 GR3A-GR3D

4 GR4A-GR4D

5 GR5A-GR5D

9 GR9A-GR9F Dedicated output compare registers

11 GR11A, GR11B Dual-purpose input capture and output compare registers
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General Registers 1A to 1H and 2A to 2H (GR1A to GR1H, GR2A to GR2H)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

These GR registers are 16-hit readable/writable registers with both input capture and output
compare functions. Function switching is performed by means of the timer 1/0O control registers
(TIOR).

When a general register isused for input capture, it storesthe TCNT1A or TCNT2A value on
detection of an input capture signal from an external source. The corresponding IMF bitin TSR is
set to 1 at thistime. The input capture signal edge to be detected is specified by the corresponding
TIOR.

When ageneral register is used for output compare, the GR value and free-running counter
(TCNT1A, TCNT2A) value are constantly compared, and when both values match, the IMF bit in
the timer status register (TSR) isset to 1. If connection of channels 1 and 2 and channel 8 is
specified in the timer connection register (TCNR), the corresponding channel 8 down-counter
(DCNT) is started. Compare-match output is specified by the corresponding TIOR.

The GR registers can only be accessed by aword read or write.

The GR registers areinitialized to H'FFFF by a power-on reset, and in hardware standby mode and
software standby mode.

General Registers 3A to 3D, 4A to 4D, 5A to 5D, 11A and 11B
(GR3A to GR3D, GR4A to GR4D, GR5A to GR5D, GR11A and GR11B)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

These GR registers are 16-bit readable/writable registers with both input capture and output
compare functions. Function switching is performed by means of the timer 1/O control registers
(TIOR).

When a general register is used for input capture, it stores the corresponding TCNT value on
detection of an input capture signal from an external source. The corresponding IMF bitin TSR is
set to 1 at thistime. The input capture signal edge to be detected is specified by the corresponding
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TIOR. GR3A to GR3D can aso be used for input capture with a channel 9 compare-match as the
trigger. Inthis case, the corresponding IMF bitin TSR is not set.

When ageneral register is used for output compare, the GR value and free-running counter
(TCNT) value are constantly compared, and when both values match, the IMF bit in the timer
status register (TSR) is set to 1. Compare-match output is specified by the corresponding TIOR.

GRIIA and GR11B compare-match signals are transmitted to the advanced pulse controller
(APC). For details, see section 12, Advanced Pulse Controller (APC).

The GR registers can only be accessed by aword read or write.

The GR registers areinitialized to H'FFFF by a power-on reset, and in hardware standby mode and
software standby mode.

General Registers 9A to 9F (GR9A to GR9F)

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

These GR registers are 8-bit readabl e/writable registers with a compare-match function.

The GR value and event counter (ECNT) value are constantly compared, and when both values
match a compare-match signal is generated and the next edge is input, the corresponding CMF bit
inTSRissetto 1.

In addition, channel 3 (GR3A to GR3D) input capture can be generated by GR9A to GRID
compare-matches. This function is set by TRG3XEN in the timer control register (TCR).

The GR registers can be accessed by a byte read or write.

The GR registers areinitialized to H'FF by a power-on reset, and in hardware standby mode and
software standby mode.
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11.2.21 Offset Base Registers (OSBR)

The offset base registers (OSBR) are 16-hit registers. The ATU-1I has two OSBR registers, one
each in channels 1 and 2.

Channel Abbreviation Function
1 OSBR1 Dedicated input capture registers with signal from channel 0
2 OSBR2 ICROA as input trigger

Offset Base Registers 1 and 2 (OSBR1, OSBR2)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW:. R R R R R R R R R R R R R R R R

OSBR1 and OSBR2 are 16-hit read-only registers used exclusively for input capture. OSBR1 and
OSBR2 use the channel 0 ICROA input capture register input as their trigger signal, and store the
TCNT1A or TCNT2A value on detection of an edge.

The OSBR registers can only be accessed by aword read.

The OSBR registers areinitialized to H'0000 by a power-on reset, and in hardware standby mode
and software standby mode.

For details, see sections 11.3.8, Twin Capture Function.

11.2.22 CycleRegisters(CYLR)

The cycleregisters (CYLR) are 16-bit registers. The ATU-II has eight cycle registers, four each in
channels6 and 7.

Channel Abbreviation Function

6 CYLR6A- 16-bit PWM cycle registers
CYLR6D

7 CYLR7A-
CYLR7D
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Cycle Registers (CYLR6A to CYLR6D, CYLR7A to CYLR7D)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The CYLR registers are 16-bit readabl e/writable registers used for PWM cycle storage.

The CYLR valueis constantly compared with the corresponding free-running counter (TCNT6A
to TCNT6D, TCNT7A to TCNT7D) value, and when the two values match, the corresponding
timer start register (TSR) bit (CMF6A to CMF6D, CMF7A to CMF7D) isset to 1, and the free-
running counter (TCNT6A to TCNT6D, TCNT7A to TCNT7D) is cleared. At the sametime, the
buffer register (BFR) valueistransferred to the duty register (DTR).

The CYLR registers can only be accessed by aword read or write.

The CYLR registers are initialized to H'FFFF by a power-on reset, and in hardware standby mode
and software standby mode.

For details of the CYLR, BFR, and DTR registers, see section 11.3.9, PWM Timer Function.

11.2.23 Buffer Registers (BFR)

The buffer registers (BFR) are 16-bit registers. The ATU-II has eight buffer registers, four each in
channels 6 and 7.

Channel Abbreviation Function

6 BFR6A-BFR6D 16-bit PWM buffer registers

Buffer register (BFR) value is transferred to duty register (DTR)
on compare-match of corresponding cycle register (CYLR)

7 BFR7A-BFR7D

Buffer Registers (BFR6A to BFR6D, BFR7A to BFR7D)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/W
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The BFR registers are 16-bit readable/writable registers that store the value to be transferred to the
duty register (DTR) in the event of a cycleregister (CYLR) compare-match.

The BFR registers can only be accessed by aword read or write.

The BFR registers areinitialized to H'FFFF by a power-on reset, and in hardware standby mode
and software standby mode.

11.2.24 Duty Registers (DTR)

The duty registers (DTR) are 16-bit registers. The ATU-II has eight duty registers, four each in
channels6 and 7.

Channel Abbreviation Function
6 DTR6A-DTR6D  16-bit PWM duty registers
7 DTR7A-DTR7D

Duty Registers (DTR6A to DTR6D, DTR7A to DTR7D)

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW

The DTR registers are 16-hit readabl e/writable registers used for PWM duty storage.

The DTR value is constantly compared with the corresponding free-running counter (TCNT6A to
TCNT6D, TCNT7A to TCNT7D) vaue, and when the two values match, the corresponding
channel output pin (TOBA to TO6D, TO7A to TO7D) goesto 0 output. Also, when CYLR and the
corresponding the free-running counter match, the corresponding BFR value isloaded. Set avalue
intherange0to CYLR for DTR; do not set avalue greater than CYLR.

The DTR registers can only be accessed by aword read or write.

The DTR registers are initialized to H'FFFF by a power-on reset, and in hardware standby mode
and software standby mode.
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11.2.25 Reload Register (RLDR)
Thereload register is a 16-bit register. The ATU-II has one RLDR register in channel 8.

Reload Register 8 (RLDR8)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0O O 0 o 0 o 0 O 0 O 0 O 0 O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W

RLDR8 isa 16-bit readable/writable register. When reload is enabled (by a setting in RLDENR)
and DSTR8I to DSTR8P are set to 1 by the channel 2 compare-match signal one-shot pulse start
trigger, the reload register value is transferred to DCNT8I to DCNT8P before the down-count is
started. The reload register value is not transferred when the one-shot pulse function is used
independently, without linkage to channel 2, or when down-counters DCNT8I to DCNT8P are
running.

RLDRS8 can only be accessed by aword read or write.

RLDR isinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

11.2.26 Channel 10 Registers
Counters(TCNT)

Channel 10 has seven TCNT counters: one 32-bit TCNT, four 16-bit TCNTSs, and two 8-bit
TCNTs.

Theinput clock is selected with prescaler register 4 (PSCR4). Count operations are performed by
setting STR10 to 1 in timer start register 1 (TSTR1).

Channel Abbreviation Function

10 TCNT10AH, AL 32-bit free-running counter (initial value H'00000001)
TCNT10B 8-bit event counter (initial value H'00)
TCNT10C 16-hit reload counter (initial value H'0001)
TCNT10D 8-bit correction counter (initial value H'00)
TCNT10E 16-bit correction counter (initial value H'0000)
TCNT10F 16-hit correction counter (initial value H'0001)
TCNT10G 16-bit free-running counter (initial value H'0000)
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Free-Running Counter 10AH, AL (TCNT10AH, TCNT10AL): Free-running counter 10AH,
AL (comprising TCNT10AH and TCNT10AL) is a 32-hit readable/writable register that counts on
an input clock and is cleared by input capture input (T110) (AGCK).

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 O 0O o 0O O 0 O 0 O 0 O 0 O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W R/IW R/W

TCNT10A can only be accessed by alongword read or write. Word reads or writes cannot be
used.

TCNT10A isinitialized to H'00000001 by a power-on reset, and in hardware standby mode and
software standby mode.

Event Counter 10B (TCNT10B): Event counter 10B (TCNT10B) is an 8-bit readable/writable
register that counts on external clock input (T110) (AGCK). For this operation, TI110 input must be
set with bits CKEG1 and CKEGO in TCR10. TI110 input will be counted even if halting of the
count operation is specified by bit STR10 in TSTR1.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
TCNT10B can only be accessed by a byte read or write.

TCNT10B isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Reload Counter 10C (TCNT10C): Reload counter 10C (TCNT10C) is a 16-bit readable/writable
register.

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 o 0O o 0 O 0 O 0 O 0 O 0 o 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W

When TCNT210C = H'0001 in the down-count operation, the value in the rel oad register
(RLD10C) istransferred to TCNT10C, and a multiplied clock (AGCK1) is generated.

TCNT10C is connected to the CPU viaan internal 16-bit bus, and can only be accessed by aword
read or write.

TCNT10C isinitialized to H'0001 by a power-on reset, and in hardware standby mode and
software standby mode.

Correction Counter 10D (TCNT10D): Correction counter 10D (TCNT10D) is an 8-hit

readabl e/writable register that counts on external clock input (T110) after transfer of the counter
value to correction counter E (TCNT10E). Set TI110 input with bits CKEG1 and CKEGO in
TCR10. Transfer and counting will not be performed on T110 input unless the count operation is
enabled by bit STR10in TSTR1.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

At the external clock input (T110) (AGCK) timing, the value in this counter is shifted according to
the multiplication factor set by bits PIM1 and PIMO in timer 1/O control register 10 (TIOR10) and
transferred to correction counter E (TCNT10E).

TCNT10D can only be accessed by a byte read or write.

TCNT10D isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Correction Counter 10E (TCNT10E): Correction counter 10E (TCNT10E) is a 16-bit
readable/writable register that loads the TCNT10D shift value at the external input (T110) timing,
and counts on the multiplied clock (AGCK1) output by reload counter 10C (TCNT210C).
However, if CCSintimer 1/0O control register 10 (TIOR10) is set to 1, when the TCNT10D shifted
valueis reached the count is halted.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 O 0 O 0 O 0 0 0 O 0 O 0 O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/IW R/W R/W

TCNT10E can only be accessed by aword read or write.

TCNTI1OE isinitialized to H'0000 by a power-on reset, and in hardware standby mode and
software standby mode.

Correction Counter 10F (TCNT10F): Correction counter 10F (TCNT10F) is a 16-hit

readabl e/writable register that counts up on P clock cyclesif the counter value is smaller than the
correction counter 10E (TCNT10E) value when the STR10 bit in TSTR1 has been set for counter
operation. The count is halted by a match with the correction counter clear register (TCCLR10). If
TI110 isinput when TCNT10D = H'00, TCNT10F isinitialized and correction is carried out. When
TCNT10F = TCCLR10, TCNT10F is cleared to H'0001. While TCNT10F # TCCLR10,
TCNT10F isincremented automatically until it reaches the TCCLR10 value, and is then cleared to
H'0001.

A corrected clock (AGCKM) is output following correction each time this counter isincremented.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 O 0 o 0O O 0 O 0 O 0 O 0 O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/IW R/W R/IW R/W

TCNT10F is can only be accessed by aword read or write.

TCNT10F isinitialized to H'0001 by a power-on reset, and in hardware standby mode and
software standby mode.
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Free-Running Counter 10G (TCNT10G): Free-running counter 10G (TCNT10G) is a 16-hit
readabl e/writable register that counts up on the multiplied clock (AGCK1). TCNT10G is
initialized to H'0000 by input from external input (T110) (AGCK).

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/IW R/W R/W R/W
TCNT10G can only be accessed by aword read or write.

TCNT10G isinitialized to H'0000 by a power-on reset, and in hardware standby mode and
software standby mode.

Registers

There are six registersin channel 10: a 32-bit ICR, 32-bit OCR, 16-bit GR, 16-bit RLD, 16-bit
TCCLR, and 8-bit OCR.

Channel Abbreviation Function
10 ICR10AH, AL 32-bit input capture register (initial value H'00000000)
OCR10AH, AL 32-bit output compare register (initial value H'FFFFFFFF)
OCR10B 8-bit output compare register (initial value H'FF)
RLD10C 16-bit reload register (initial value H'0000)
GR10G 16-bit general register (initial value H'FFFF)
TCCLR10 16-hit correction counter clear register (initial value H'0000)
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Input Capture Register 10AH, AL (ICR10AH, ICR10AL): Input capture register 10AH, AL
(comprising ICR10AH and ICR10AL) is a 32-bit read-only register to which the TCNT10AH, AL
value istransferred on external input (T110) (AGCK). At the sametime, ICF10A in timer status
register 10 (TCR10) isset to 1.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W:

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W:

ICR10A isinitialized to H'00000000 by a power-on reset, and in hardware standby mode and
software standby mode.

Output Compare Register 10AH, AL (OCR10AH, OCR10AL): Output compare register
10AH, AL (comprising OCR10AH and OCR10AL) is a 32-bit readable/writable register that is
constantly compared with free-running counter 10AH, AL (TCNT10AH, TCNT10AL). When
both values match, CMF10A in timer status register 10 (TSR10) is set to 1.

Bitt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW

OCRI10A isinitialized to H'FFFFFFFF by a power-on reset, and in hardware standby mode and
software standby mode.
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Output Compare Register 10B (OCR10B): Output compare register 10B (OCR10B) is an 8-hit
readabl e/writable register that is constantly compared with free-running counter 10B (TCNT10B).
When AGCK isinput with both values matching, CMF10B in timer status register 10 (TSR10) is
setto 1.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

OCRI10B isinitialized to H'FF by a power-on reset, and in hardware standby mode and software
standby mode.

Reload Register 10C (RLD10C): Reload register 10C (RLD10C) is a 16-hit readable/writable
register. When STR10 in timer start register 1 (TSTR1) is1 and RLDEN in the timer 1/O control
register (TIOR10) is 0, and the value of TCNT10A is captured into input capture register 10A
(ICR10A), the ICR10A capture value is shifted according to the multiplication factor set by bits
PIM1 and PIMO in TIOR10 before being transferred to RLD10C. The contents of reload register
10C (RLD10C) are loaded when reload counter 10C (TCNT10C) reaches H'0001.

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0O O 0 o 0 o 0 O 0 O 0 O 0 O 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W

RLD10C isinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

General Register 10G (GR10G): General register 10G (GR10G) is a 16-bit readable/writable
register with an output compare function. Function switching is performed by means of timer 1/0
control register 10 (TIOR10). The GR10G value and free-running counter 10G (TCNT10G) value
are constantly compared, and when AGCK isinput with both values matching, CMF10G in timer
status register 10 (TSR10) isset to 1.

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

GR10G isinitialized to H'FFFF by a power-on reset, and in hardware standby mode and software
standby mode.
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Correction Counter Clear Register 10 (TCCLR10): Correction counter clear register 10
(TCCLR10) is a 16-hit readable/writable register.

TCCLR10 is constantly compared with TCNT10F, and when the two values match, TCNT10F
halts. TCNTxx can be cleared at thistime by setting TRGXXEN (xx = 1A, 1B, 2A, 2B) in TCR10.
Then, when TCNT10D isH'00 and TI110 isinput, TCNT10F is cleared to H'0001.

Bitt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW

TCCLR1Oisinitialized to H'0000 by a power-on reset, and in hardware standby mode and
software standby mode.

Noise Canceler Registers

There are two 8-bit noise canceler registersin channel 10: TCNT10H and NCR10.

Channel Abbreviation Function
10 TCNT10H Noise canceler counter (Initial value H'00)
NCR10 Noise canceler compare-match register (Initial value H'FF)

Noise Canceler Counter 10H (TCNT10H): Noise canceler counter 10H (TCNT10H) is an 8-hit
readabl e/writable register. When the noise canceler function is enabled, TCNT10H starts counting
up on P x 10, with the signal from external input (T110) (AGCK) as atrigger. The counter
operates even if STR10 iscleared to O in the timer start register (TSTRZ1). T110 input is masked
while the counter is running. When the count matches the noise canceler register (NCR10) value,
the counter is cleared and T110 input masking is released.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TCNT10H isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Noise Canceler Register 10 (NCR10): Noise canceler register 10 (NCR10) is an 8-bit
readabl e/writable register used to set the upper count limit of noise canceler counter 10H
(TCNT210H). TCNT10H is constantly compared with NCR10 during the count, and when a
compare-match occurs the TCNT10H counter is halted and input signal masking is released.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

NCR10 isinitialized to H'FF by a power-on reset, and in hardware standby mode and software
standby mode.

Channel 10 Control Registers

There are four control registersin channel 10.

Channel Abbreviation Function
10 TIOR10 Reload setting, counter correction setting, external input (T110)
edge interval multiplier setting
GR compare-match setting (Initial value H'00)
TCR10 TCCLR10 counter clear source
Noise canceler function enabling/disabling selection
External input (T110) edge selection (Initial value H'00)
TSR10 Input capture/compare-match status (Initial value H'0000)
TIER10 Input capture/compare-match interrupt request
enabling/disabling selection (Initial value H'0000)
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Timer |/O Control Register 10 (TIOR10): TIOR10 is an 8-hit readable/writable register that
selects the value for multiplication of the external input (T110) edge interval. It also makes a
setting for using the general register (GR10G) for output compare, and makes the edge detection
setting.

TIOR10 isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Bit: 7 6 5 4 3 2 1 0

| RLDEN| cCS | PIM1 | PIMO | — |1010G2|010G1| 1010GO|
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW RW  — RW  RW  RW

» Bit 7—Reload Enable (RLDEN): Enables or disables transfer of the input capture register 10A
(ICR10A) value to reload register 10C (RLD10C).

Bit 7: RLDEN Description
0 Transfer of ICR10A value to RLD10C on input capture is enabled

(Initial value)
1 Transfer of ICR10A value to RLD10C on input capture is disabled

» Bit 6—Counter Clock Select (CCS): Selects the operation of correction counter 10E
(TCNT10E). Set the multiplication factor with bits PIM1 and PIMO.

Bit 6: CCS Description
0 TCNT10E count is not halted when TCNT10D x multiplication factor =
TCNT10E* (Initial value)
1 TCNT10E count is halted when TCNT10D x multiplication factor = TCNT10E*
Note: * When [TCNT10D x multiplication factor] matches the value of TCNT10E with bits 8 to 0
masked

e Bits5and 4—Pulse Interval Multiplier (PIM1, PIMO): These bits select the external input
(T110) cycle multiplier.

Bit 5: PIM1 Bit 4: PIMO Description

0 0 Counting on external input cycle x 32 (Initial value)
1 Counting on external input cycle x 64

1 0 Counting on external input cycle x 128
1 Counting on external input cycle x 256
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e Bit 3—Reserved: Thisbit always reads 0. The write value should always be 0.

e Bits2to 0—I/O Control 10G2 to 10G0 (1010G2 to 1010G0): These hits select the function of
genera register 10G (GR10G).

Bit 2: Bit 1: Bit O:
1010G2 1010G1 1010G0 Description
0 0 0 GR is an output Compare-match disabled (Initial value)
compare register
1 GR10G = TCNT10G compare-match
1 * Cannot be used
1 * * Cannot be used

*: Don't care

Timer Control Register 10 (TCR10): TCR10 is an 8-bit readable/writable register that selects
the correction counter clear register (TCCLR10) compare-match counter clear source, enables or
disables the noise canceler function, and selects the external input (T110) edge.

TCR1O0isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.

Bit: 7 6 5 4 3 2 1 0
‘ TRG2BEN ‘ TRG1BEN ‘ TRGZAEN‘ TRG1AEN ‘ TRGODEN‘ NCE ‘ CKEG1 ‘ CKEGO ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bit 7—Trigger 2B Enable (TRG2BEN): Enables or disables counter clearing for channel 2
TCNT2B. When clearing is enabled, set the correction angle clock (AGCKM) asthe TCNT2B
count clock. If TCNT2B counts while clearing is enabled, TCNT2B will be cleared.

Bit 7: TRG2BEN Description

0 Channel 2 counter B (TCNT2B) clearing when correction counter clear
register (TCCLR10) = correction counter (TCNT10F) is disabled (Initial value)

1 Channel 2 counter B (TCNT2B) clearing when correction counter clear
register (TCCLR10) = correction counter (TCNT10F) is enabled
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e Bit6—Trigger 1B Enable (TRG1BEN): Enables or disables counter clearing for channel 1
TCNT1B. When clearing is enabled, set the correction angle clock (AGCKM) asthe TCNT1B
count clock. If TCNT1B counts while clearing is enabled, TCNT1B will be cleared.

Bit 6: TRG1BEN Description

0 Channel 1 counter B (TCNT1B) clearing when correction counter clear
register (TCCLR10) = correction counter (TCNT10F) is disabled (Initial value)

1 Channel 1 counter B (TCNT1B) clearing when correction counter clear
register (TCCLR10) = correction counter (TCNT10F) is enabled

« Bit 5—Trigger 2A Enable (TRG2AEN): Enables or disables counter clearing for channel 2
TCNT2A. When clearing is enabled, set the correction angle clock (AGCKM) asthe TCNT2A
count clock. If TCNT2A countswhile clearing is enabled, TCNT2A will be cleared.

Bit 5: TRG2AEN Description

0 Channel 2 counter 2A (TCNT2A) clearing when correction counter clear
register (TCCLR10) = correction counter (TCNT10F) is disabled (Initial value)
1 Channel 2 counter 2A (TCNT2A) clearing when correction counter clear

register (TCCLR10) = correction counter (TCNT10F) is enabled

* Bit4—Trigger 1A Enable (TRG1AEN): Enables or disables counter clearing for channel 1
TCNT1A. When clearing is enabled, set the correction angle clock (AGCKM) asthe TCNT1A
count clock. If TCNT21A counts while clearing is enabled, TCNT1A will be cleared.

Bit 4: TRG1AEN Description

0 Channel 1 counter 1A (TCNT1A) clearing when correction counter clear
register (TCCLR10) = correction counter (TCNT10F) is disabled (Initial value)

1 Channel 1 counter 1A (TCNT1A) clearing when correction counter clear
register (TCCLR10) = correction counter (TCNT10F) is enabled

e Bit 3—Trigger OD Enable (TRGODEN): Enables or disables channel 0 ICROD input capture
signal requests.

Bit 3: TRGODEN Description

0 Capture requests for channel 0 input capture register (ICROD) on event
counter (TCNT10B) compare-match are disabled (Initial value)
1 Capture requests for channel 0 input capture register (ICROD) on event

counter (TCNT10B) compare-match are enabled
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e Bit 2—Noise Canceler Enable (NCE): Enables or disables the noise canceler function.

Bit 2: NCE Description
0 Noise canceler function is disabled (Initial value)
1 Noise canceler function is enabled

« Bits1and 0—Clock Edge 1 and 0 (CKEG1, CKEGO): These hits select the channel 10
external input (T110) edge(s). The clock (AGCK) is generated by the detected edge(s).

Bit 1: CKEG1 Bit 0: CKEGO Description

0 0 TI10 input disabled (Initial value)
1 TI10 input rising edges detected

1 0 TI10 input falling edges detected
1 TI10 input rising and falling edges both detected

Timer Status Register 10 (TSR10): TSR10 is a 16-hit readable/writable register that indicates
the occurrence of channel 10 input capture or compare-match.

Each flag is an interrupt source, and issues an interrupt request to the CPU if the interrupt is
enabled by the corresponding bit in timer interrupt enable register 10 (TIER10).

TSR10isinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

Bit 15 14 13 12 11 10 9 8
-l -1 -71T-7T-=-7T-=-T=-717=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ — ‘CMFlOG‘ CMFlOB‘ ICFlOA‘CMFlOA‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R RIW) RIW) RI(W)* RI(W)*

Note: * Only 0 can be written, to clear the flag.

e Bits 15 to 4—Reserved: These bits always read 0. The write value should always be 0.
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e Bit 3—Compare-Match Flag 10G (CMF10G): Status flag that indicates GR10G compare-

match.
Bit 3: CMF10G Description
0 [Clearing condition] (Initial value)
When CMF10G is read while set to 1, then 0 is written to IMF10G
1 [Setting condition]

When TCNT10G = GR10G

e Bit 2—Compare-Match Flag 10B (CMF10B): Status flag that indicates OCR10B compare-

match.
Bit 2: CMF10B Description
0 [Clearing condition] (Initial value)
When CMF10B is read while set to 1, then 0 is written to CMF10B
1 [Setting condition]

When TCNT10B is incremented while TCNT10B = OCR10B

e Bit 1—Input Capture Flag 10A (ICF10A): Status flag that indicates ICR10A input capture.

Bit 1: ICF10A Description

0 [Clearing condition] (Initial value)
When ICR10A is read while set to 1, then 0 is written to ICR10A

1 [Setting condition]

When the TCNT10A value is transferred to ICR10A by an input capture signal

e Bit 0—Compare-Match Flag 10A (CMF10A): Status flag that indicates OCR10A compare-

match.
Bit 0: CMF10A Description
0 [Clearing condition] (Initial value)
When CMF10A is read while set to 1, then 0 is written to CMF10A
1 [Setting condition]

When TCNT10A = OCR10A
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Timer Interrupt Enable Register 10 (TIER10): TIER10 is a 16-bit readable/writable register
that controls enabling/disabling of channel 10 input capture and compare-match interrupt requests.

TIER1O isinitialized to H'0000 by a power-on reset, and in hardware standby mode and software
standby mode.

Bit 15 14 13 12 11 10 9 8
-l -1 -71T-7T-=-7T-=-T=-717=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ — \ — \ — \ IREG ‘CMElOG‘CMElOB‘ ICElOA‘CMElOA‘
Initial value: 0 0 0 0 0 0 0 0
RW: R R R RW RW RW RW  RW

e Bits 15 to 5—Reserved: These bits always read 0. The write value should always be 0.

* Bit 4—lInterrupt Enable Edge G (IREG): Specifies TSR10 CMF10G interrupt request timing.

Bit 4: IREG Description

0 Interrupt is requested when CMF10G becomes 1 (Initial value)

1 Interrupt is requested by next external input (T110) (AGCK) after CMF10G
becomes 1

e Bit 3—Compare-Match Interrupt Enable 10G (CMEL10G): Enables or disables interrupt
requests by CMF10G in TSR10 when CMF10G isset to 1.

Bit 3: CME10G Description
0 CMI10G interrupt requested by CMF10G is disabled (Initial value)

1 CMI10G interrupt requested by CMF10G is enabled

e Bit 2—Compare-Match Interrupt Enable 10B (CME10B): Enables or disables interrupt
requests by CMF10B in TSR10 when CMF10B is set to 1.

Bit 2: CME10B Description

0 CMI10B interrupt requested by CMF10B is disabled (Initial value)
1 CMI10B interrupt requested by CMF10B is enabled
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e Bit 1—Input Capture Interrupt Enable 10A (ICE10A): Enables or disables interrupt requests
by ICF10A in TSR10 when ICF10A isset to 1.

Bit 1: ICE10A Description
0 ICI10A interrupt requested by ICF10A is disabled (Initial value)
1 ICI10A interrupt requested by ICF10A is enabled

e Bit 0—Compare-Match Interrupt Enable 10A (CME10A): Enables or disables interrupt
reguests by CMF10A in TSR10 when CMF10A isset to 1.

Bit 0: CME10A Description
0 CMI10A interrupt requested by CMF10A is disabled (Initial value)

1 CMI10A interrupt requested by CMF10A is enabled

11.3  Operation

11.3.1 Overview

The ATU-II has twelve timers of eight kinds in channels 0 to 11. It also has a built-in prescaler
that generates input clocks, and it is possible to generate or select internal clocks of the required
frequency independently of circuitry outside the ATU-II.

The operation of each channel and the prescaler is outlined below.

Channel 0: Channel 0 has a 32-bit free-running counter (TCNTO) and four 32-bit input capture
registers (ICROA to ICROD). TCNTO is an up-counter that performs free-running operation. An
interrupt request can be generated on counter overflow. The four input capture registers (ICROA to
ICROD) capture the free-running counter (TCNTO) value by means of input from the
corresponding external signal input pin (TIOA to TIOD). For capture by means of input from an
external signal input pin, rising edge, falling edge, or both edges can be selected in the timer [/O
control register (TIORO). In the case of input capture register OD (ICROD) only, capture can be
performed by means of a compare-match between free-running counter 10B (TCNT10B) and
compare-match register 10B (OCR10B), by making a setting in timer control register 10 (TCR10).
In this case, captureis performed even if an input capture disable setting has been made for
TIORO. In each case, the DMAC can be activated or an interrupt requested when capture occurs.

Channel 0 also has three interval interrupt request registers (ITVRRL, ITVRR2A, and ITVRR2B).
A/D converter (ADO to AD2) activation can be selected by setting 1in ITVA6to ITVA13in
ITVRR, and an interrupt request to the CPU by setting 1in ITVE6G to ITVE13. These operations
are performed when the corresponding bit of bits 6 to 13 in TCNTO changesto 1, enabling use as
an interval timer function.
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Channel 1: Channel 1 hastwo 16-bit free-running counters (TCNT1A and TCNT1B), eight 16-hit
general registers (GR1A to GR1H), and a 16-hit output compare register (OCR1).

TCNT1A and TCNT1B are up-counters that perform free-running operation. When the clock
generated in channel 10 (described below) is selected, these counters can be cleared at the count
specified in channel 10. Each counter can generate an interrupt request when it overflows.

The eight general registers (GR1A to GR1H) can be used as input capture or output compare
registers using the corresponding external signal I/O pin (TIO1A to TIO1H). When used for input
capture, the free-running counter (TCNT1A) value is captured by means of input from the
corresponding external signal 1/0 pin (TIO1A to TIO1H). Rising edge, falling edge, or both edges
can be selected for the input capture signal in the timer 1/O control registers (TIOR1A to
TIOR1D). When used for output compare, compare-match with the free-running counter
(TCNT1A) is performed. For the output from the external signal 1/0 pins by compare-match, 0
output, 1 output, or toggle output can be selected in the timer I/O control registers (TIOR1A to
TIOR1D). When used as output compare registers, a compare-match can be used as a one-shot
pulse start/terminate trigger by setting the channel 8 timer connection register (TCNR) and one-
shot pulse terminate register (OTR), and using these in combination with the down-counters
(DCNTB8A to DCNT8H). Start/terminate trigger selection is performed by means of the trigger
mode register (TRGMDR).

The output compare register (OCR1) can be used as a one-shot pulse offset function, in the same
way as the general registers, in combination with channel 8 down-counters DCNT8A to DCNT8H.
An interrupt can be requested on the occurrence of the respective input capture or compare-match.

In addition, channel 1 has a 16-bit dedicated input capture register (OSBR1). The channel 0 TIOA
input pin can also be used as the OSBRL trigger input, enabling use of a twin-capture function.

Channel 2: Channel 2 has two 16-bit free-running counters (TCNT2A and TCNT2B), eight 16-hit
general registers (GR2A to GR2H), and eight 16-bit output compare registers (OCR2A to
OCR2H).

TCNT2A and TCNT2B are up-counters that perform free-running operation. When the clock
generated in channel 10 (described below) is selected, these counters can be cleared at the count
specified in channel 10. Each counter can generate an interrupt request when it overflows.

The eight general registers (GR2A to GR2H) can be used as input capture or output compare
registers using the corresponding external signal 1/0 pin (TIO2A to TIO2H). When used for input
capture, the free-running counter (TCNT2A) valueis captured by means of input from the
corresponding external signal 1/0 pin (TIO2A to TIO2H). Rising edge, falling edge, or both edges
can be selected for the input capture signal in the timer 1/O control registers (TIOR2A to
TIOR2D). When used for output compare, compare-match with the free-running counter
(TCNT2A) is performed. For the output from the external signal 1/0 pins by compare-match, 0
output, 1 output, or toggle output can be selected in the timer I/O control registers (TIOR2A to
TIOR2D). When used as output compare registers, a compare-match can be used as a one-shot
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pulse terminate trigger by setting the channel 8 one-shot pulse terminate register (OTR), and using
thisin combination with the down-counters (DCNT8I to DCNT8P).

In the case of the output compare registers (OCR2A to OCR2H), a TCNT2B compare-match can
be used as a one-shot pulse start trigger by setting the channel 8 timer connection register (TCNR),
and using this in combination with the down-counters (DCNT8I to DCNT8P). An interrupt can be
reguested on the occurrence of the respective input capture or compare-match.

In addition, channel 2 has a 16-bit dedicated input capture register (OSBR2). The channel 0 TIOA
input pin can also be used as the OSBR2 trigger input, enabling use of a twin-capture function.

Channels 3to 5: Channels 3 to 5 each have a 16-bit free-running counter (TCNT3to TCNT5) and
four 16-bit general registers (GR3A to GR3D, GR4A to GR4D, GR5A to GR5D). TCNT3to
TCNTS5 are up-counters that perform free-running operation. Channels 3 to 5 each have a 16-bit
free-running counter (TCNT3 to TCNT5) and four 16-bit general registers (GR3A to GR3D,
GR4A to GR4D, GR5A to GR5D). TCNT3 to TCNTS5 are up-counters that perform free-running
operation. In addition, counter clearing can be performed by compare-match by making a setting
in the timer I/O control register (TIOR3A, TIOR3B, TIOR4A, TIOR4B, TIOR5A, TIOR5B). Each
counter can generate an interrupt request when it overflows.

The four general registers (GR3A to GR3D, GR4A to GR4D, GR5A to GR5D) each have
corresponding external signal 1/0 pins (TIO3A to TIO3D, TIO4A to TIO4D, TIO5A to TIO5D),
and can be used as input capture or output compare registers. When used for input capture, the
free-running counter (TCNT3 to TCNT5) valueis captured by means of input from the
corresponding external signal 1/0 pin (TIO3A to TIO3D, TIO4A to TIO4D, TIO5A to TIO5D).
Rising edge, falling edge, or both edges can be selected for the input capture signal in the timer
1/O control registers (TIOR3A, TIOR3B, TIOR4A, TIOR4B, TIOR5A, TIOR5B). Also, in use for
input capture, input capture can be performed using a compare-match between a channel 9 event
counter (ECNT9A to ECNT9D), described later, and a general register (GR9A to GRID) asthe
trigger (channel 3 only). In this case, capture is performed even if an input capture disable setting
has been made for TIOR3A to TIOR3D. When used for output compare, compare-match with the
free-running counter (TCNT3 to TCNT5) is performed. For the output from the external signal 1/0
pins by compare-match, 0 output, 1 output, or toggle output can be selected in the timer 1/O
control registers (TIOR3A, TIOR3B, TIOR4A, TIOR4B, TIOR5A, TIOR5B). Aninterrupt can be
reguested on the occurrence of the respective input capture or compare-match. However, in the
case of input capture using channel 9 as atrigger, an interrupt request from channel 3 cannot be
used.

By selecting PWM mode in the timer mode register (TMDR), PWM output can be obtained, with
three outputs for each. In this case, GR3D, GR4D, and GR5D are automatically used as cycle
registers, and GR3A to GR3C, GR4A to GR4C, GR5A to GR5C, as duty registers. TCNT3 to
TCNTS5 are cleared by the corresponding GR3D, GR4D, or GR5D compare-match.
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Channels 6 and 7: Channels 6 and 7 each have 16-bit free-running counters (TCNT6A to
TCNT6D, TCNT7A to TCNT7D), 16-bit cycle registers (CYLR6A to CYLR6ED, CYLR7A to
CYLRYD), 16-hit duty registers (DTR6A to DTR6D, DTR7A to DTR7D), and buffer registers
(BFR6A to BFR6D, BFR7A to BFR7D). Channels 6 and 7 also each have external output pins
(TOB6A to TO6D, TO7A to TO7D), and can be used as buffered PWM timers. The TCNT registers
are up-counters, and 0 is output to the corresponding external output pin when the TCNT value
matches the DTR value (when DTR # CYLR). When the TCNT value matches the CYLR value
(when DTR # H'0000), 1 is output to the external output pin, TCNT isinitialized to H'0001, and
the BFR valueistransferred to DTR. Thus, the configuration of channels 6 and 7 enables them to
perform waveform output with the CY LR value as the cycle and the DTR value as the duty, and to
use BFR to absorb the time lag between setting of datain DTR and compare-match occurrence.

When DTR = CYLR, 1 isoutput continuously to the external output pin, giving a duty of 100%.
When DTR = H'0000, 0 is output continuously to the external output pin, giving aduty of 0%. Do
not set avaluein DTR that will result in the condition DTR > CYLR.

In channel 6, TCNT can also be designated for complementary PWM output by means of the
PWM mode register (PMDR). When the corresponding TSTR isset to 1, TCNT starts counting
up, then switches to a down-count when the count matches the CY LR value. When TCNT reaches
H'0000, it starts counting up again. When TCNT = DTR, the corresponding TO6A to TO6D
output changes. Whether TCNT is counting up or down can be ascertained from the timer status
register (TSR6).

DMAC activation and interrupt request generation, respectively, are possible when TCNT =
CYLR in asynchronous PWM mode, and when TCNT = H'0000 in complementary PWM mode.

Channel 8: Channel 8 has sixteen 16-bit down-counters (DCNTS8A to DCNT8P). The down-
counters have corresponding external signal output pins, and can generate one-shot pulses. Setting
avaluein DCNT and setting the corresponding bit to 1 in the down-count start register (DSTR)
starts DCNT operation and simultaneously outputs 1 to the external output pin. When DCNT
counts down to H'0000, it stops and outputs 0 to the external output pin. An interrupt can be
requested when DCNT underflows.

Down-counter operation can be coupled with the channel 1 or channel 2 output compare function
by means of settings in the timer connection register (TCNR) and one-shot pul se terminate register
(OTR), respectively, so that DCNT8I to DCNT8H count operations are started and stopped from
channel 1, and DCNT8I to DCNT8P count operations from channel 2.

DCNT8I to DCNT8P have areload register (RLDR), and a setting in the reload enable register
(RLDEN) enables count operations to be started after reading the value from this register.

Channel 9: Channel 9 has six 8-hit event counters (ECNT9A to ECNT9F) and six 8-bit general
registers (GR9A to GR9F). The event counters are up-counters, each with a corresponding
external input pin (ECNT9A to ECNTOF). The event counter value isincremented by input from
the corresponding external input pin. Incrementing on the rising edge, falling edge, or both edges
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can be selected by means of settings in the timer control registers (TCR9A to TCR9C). An event
counter is cleared by edge input after a match with the corresponding general register. An interrupt
can requested when an event counter is cleared.

Timer control register (TCR9A, TCR9B) settings can be made to enable event counters ECNT9A
to ECNT9D to send a compare-match signal to channel 3 when the count matches the
corresponding general register (GR9A to GRID), allowing input capture to be performed on
channel 3. This enablesthe pulseinput interval to be measured.

Channel 10: Channel 10 generates a multiplied clock based on external input, and suppliesthisto
channels 1 to 5. Channel 10 is divided into three blocks: (1) an inter-edge measurement block, (2)
amultiplied clock generation block, and (3) amultiplied clock correction block.

(2) Inter-edge measurement block

This block has a 32-bit free-running counter (TCNT10A), 32-bit input capture register
(ICR10A), 32-bit output compare register (OCR10A), 8-bit event counter (TCNT10B), 8-bit
output compare register (OCR10B), 8-bit noise canceler counter (TCNT10H), and 8-bit noise
canceler compare-match register (NCR10).

The 32-bit free-running counter (TCNT10A) is an up-counter that performs free-running
operations. When input capture is performed by means of T110 input, this counter is cleared to
H'00000001. When free-running counter (TCNT10A) reaches the value set in the output
compare register (OCR10A), acompare-match interrupt can be requested.

The input capture register (ICR10A) has an external signal input pin (T110), and the free-
running counter (TCNT10A) value can be captured by means of input from TI10. Rising edge,
falling edge, or both edges can be selected by making a setting in bits CKEG1 and CKEGO in
the timer control register (TCR10). The T110 input has a noise canceler function, which can be
enabled by setting the NCE bit in the timer control register (TCR10). When the counter value
is captured, TCNT10A is cleared to 0 and an interrupt can be requested. The captured value
can be transferred to the multiplied clock generation block reload register (RLD10C).

The 8-bit event counter (TCNT10B) is an up-counter that is incremented by T110 input. When
the event counter (TCNT10B) value reaches the value set in the output compare register
(OCR10B), a compare-match interrupt can be requested. By setting the TRGODEN bit in the
timer control register (TCR10), a capture request can also be issued for the channel 0 input
capture register OD (ICROD) when compare-match occurs.

The 16-bit noise canceler counter (TCNT10H) and 16-bit noise canceler compare-match
register (NCR10) are used to set the period for which the noise canceler functions. By setting a
value in the noise canceler compare-match register (TCNT10H) and setting the NCE bit in the
timer control register (TCR10), T110 input is masked when it occurs. At the sametimeas T110
input is masked, the noise canceler counter (TCNT10H) starts counting up on the Pox10 clock.
When the noise canceler counter (TCNT10H) value matches the noise canceler compare-match
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register (NCR10) value, the noise canceler counter (TCNT10H) is cleared to H'0000 and T110
input masking is cleared.

(2) Multiplied clock generation block

This block has 16-bit reload counters (TCNT10C, RLD10C), a 16-bit register free-running
counter (TCNT10G), and a 16-bit general register (GR10G).

16-bit reload counter 10C (RLD10C) is captured by 32-bit input capture register 10A
(ICR10A), and when RLDEN in the timer 1/O control register (TIOR10) is 0, the value
captured in input capture register 10A istransferred to the multiplied clock generation block
reload register (RLD10C). The value transferred can be selected from 1/32, 1/64, 1/128, or
1/256 the original value, according to the setting of bits PIM1 and PIMO in TIOR10.

16-bit reload counter 10C (TCNT10C) performs down-count operations. When TCNT10C
reaches H'0001, the value is read automatically from the reload buffer (RLD10C), internal
clock AGCK1 is generated, and the down-count operation is repeated. Internally generated
AGCK1lisinput asaclock to the multiplied clock correction block 16-bit correction counter
(TCNT10E) and 16-hit free-running counter 10G (TCNT10G).

16-bit register free-running counter 10G (TCNT10G) counts on AGCK 1 generated by
TCNT10C. Itisinitialized to H'0000 by external input from T110.

The 16-bit general register (GR10G) can be used in a compare-match with free-running
counter 10G (TCNT10G) by setting bits 1010G2 to 1010G0 in the timer 1/O control register
(TIOR10). An interrupt can be requested when a compare-match occurs. Also, by setting timer
interrupt enable register 10 (TIER10), an interrupt can be request in the event of T110 input
after acompare-match.

(3) Multiplied clock correction block

This block has three 16-bit correction counters (TCNT10D, TCNT10E, TCNT10F) and a 16-
bit correction counter clear register (TCCLR10). When 32-bit input capture register 10A
(ICR10A) performs a capture operation due to input from external input pin T110, the valuein
correction counter 10D (TCNT10D) istransferred to TCNT10E and TCNT10D isincremented.
The value transferred to TCNT10E is 32, 64, 128, or 256 times the TCNT10D value, according
to the setting of bits PIM1 and PIMO in the timer 1/O control register (TIOR10).

16-bit correction counter 10E (TCNT10E) counts up on AGCK 1 generated by reload counter
10C (TCNT10C, RLD10C) in the multiplied clock generation block. However, by setting the
CCShbit in the timer I/O control register (TIOR10), it is possible to stop free-running counter
10E (TCNT10E) when the free-running counter 10D (TCNT10D) multiplication value
specified by PIM1 and PIMO and the free-running counter 10E (TCNT10E) value match. The
multiplied TCNT10D valueis transferred when input capture register 10A (ICR10A) performs
a capture operation due to T110 input.
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16-bit correction counter 10F (TCNT10F) has P asitsinput and is constantly compared with
16-bit correction counter 10E (TCNT10E). When the 16-hit correction counter 10F
(TCNT10F) value is smaller than that in 16-bit correction counter 10E (TCNT10E), it is
incremented and generates count-up AGCKM. When the 16-bit correction counter 10F
(TCNT10F) value exceeds that in 16-bit correction counter 10E (TCNT10E) (for example,
when TCNT10F reloads TCNT10D), no count-up operation is performed. The T110 multiplied
signal (AGCKM) generated when TCNT10F isincremented is output to the channel 1to 5
free-running counters (TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3, TCNT4, TCNT5),
and an up-count can be performed on AGCKM by setting this as the counter clock on each
channel. TCNT10F is constantly compared with the 16-bit correction counter clear register
(TCCLR10), and when the free-running counter 10F (TCNT10F) and correction counter clear
register (TCCLR10) values match, the TCNT 10F up-count stops. Setting TRG1AEN,
TRGI1BEN, TRG2AEN, and TRG2BEN in the timer control register (TCR10) enablesthe
channel 1 and 2 free-running counters (TCNT1A, TCNT1B, TCNT2A, TCNT2B) to be cleared
at thistime. If T110 isinput when TCNT10D = H'0000, initialization and correction operations
are performed. When TCNT10F = TCCLR10, TCNT10F is cleared to H'0001. When
TCNT10F # TCCLR10, TCNT10F automatically counts up to the TCCLR10 value, and is
cleared to H'0001.

Channel 11: Channel 11 has a 16-bit free-running counter (TCNT11) and two 16-bit general
registers (GR11A and GR11B). TCNT11 is an up-counter that performs free-running operation.
The counter can generate an interrupt request when it overflows. The two general registers
(GR11A and GR11B) each have a corresponding external signal 1/0 pin (TIO11A, TIO11B), and
can be used as input capture or output compare registers.

When used for input capture, the free-running counter (TCNT11) value is captured by means of
input from the corresponding external signal 1/0 pin (TIO11A, TIO11B). Rising edge, falling
edge, or both edges can be selected for the input capture signal in the timer 1/O control register
(TIOR11). When used for output compare, compare-match with the free-running counter
(TCNT11) is performed. For the output from the external signal 1/O pins by compare-match, 0
output, 1 output, or toggle output can be selected in the timer I/O control register (TIOR11). An
interrupt can be requested on the occurrence of the respective input capture or compare-match.
When the two general registers (GR11A and GR11B) are designated for compare-match use, a
compare-match signal can be output to the APC.

Prescaler: The ATU-II has a dedicated prescaler with a 2-stage configuration. The first stage
comprises 5-bit prescalers (PSCR1 to PSCR4) that generate a 1/m clock (where m = 1 to 32) with
respect to clock Pg. The second prescaler stage allows selection of a clock obtained by further
scaling the clock from the first stage by 21 (where n = 0 to 5) according to the timer control
registers for the respective channels (TCR1A, TCR1B, TCR2A, TCR2B, TCR3 to TCR5, TCR6A,
TCR6B, TCR7A, TCR7B, TCR8, TCR11).

The prescalers of channels 1 to 8 and 11 have a 2-stage configuration, while the channel 0 and 10
prescalers only have afirst stage. The first-stage prescaler is common to channels0to 5, 8, and 11,

359
HITACHI



and it is not possible to set different first-stage division ratios for each. Channels 6, 7, and 10 each
have afirst-stage prescaler, and different first-stage division ratios can be set for each.

11.3.2 Free-Running Counter Operation and Cyclic Counter Operation

The free-running counters (TCNT) in ATU-1I channels 0 to 5 and 11 start counting up as free-
running counters when the corresponding timer start register (TSTR) bit isset to 1. When TCNT
overflows (channel 0: from H'FFFFFFFF to H'00000000; channels 1 to 5 and 11: from H'FFFF to
H'0000), the OVF bit in the timer status register (TSR) is set to 1. If the OVE bit in the
corresponding timer interrupt enable register (TIER) is set to 1 at thistime, an interrupt request is
sent to the CPU. After overflowing, TCNT starts counting up again from H'00000000 or H'0000.

If the TSTR valueis cleared to 0 during TCNT operation, the corresponding TCNT halts. In this
case, TCNT isnot reset. If external output is being performed from the GR for the corresponding
TCNT, the output value does not change.

Channel 0 free-running counter operation is shown in figure 11.13.
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Figure11.13 Free-Running Counter Operation and Overflow Timing

The free-running counters (TCNT) in ATU-II channels 6 and 7 perform cyclic count operations
unconditionally. With channel 3 to 5 free-running counters (TCNT), when the corresponding
T3PWM to T5PWM hit in the timer mode register (TMDR) is set to 1, or the corresponding CCl
bit in the timer 1/O control register (TIOR) is set to 1 when bits T3PWM to TSPWM are 0, the
counter for the relevant channel performs a cyclic count. Therelevant TCNT counter is cleared by
acompare-match of TCNT with GR3D, GR4D, or GR5D in channel 3to 5, or CYLR in channels
6 and 7 (counter clear function). TCNT starts counting up as a cyclic counter when the
corresponding STR bit in TSTR is set to 1 after the TMDR setting is made. When the count value
matches the GR3D, GR4D, GR5D, or CYLR value, the corresponding IMF3D, IMF4D, or IMF5D
bit in the timer status register (TSR) (or the CMF hit in TSR6 or TSR7 for channels 6 and 7) is set
to 1, and TCNT is cleared to H'0000 (H'0001 in channels 6 and 7).
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If the corresponding TIER bit is set to 1 at thistime, an interrupt request is sent to the CPU. After
the compare-match, TCNT starts counting up again from H'0000 (H'0001 in channels 6 and 7).

Figure 11.14 shows the operation when channel 3 is used as a cyclic counter (with acycle setting
of H'0008).
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Figure11.14 Example of Cyclic Counter Operation

11.3.3 Compare-Match Function

Designating general registersin channels 1 to 5 and 11 (GR1A to GR1H, GR2A to GR2H, GR3A
to GR3D, GR4A to GR4D, GR5A to GR5D, GR11A, GR11B) for compare-match operation in the
timer 1/O control registers (TIOR1 to TIOR5, TIOR11) enables compare-match output to be
performed at the corresponding external pins (TIO1A to TIO1H, TIO2A to TIO2H, TIO3A to
TIO3D, TIO4A to TIO4D, TIO5A to TIO5D, TIO11A, TIO11B).

A free-running counter (TCNT) starts counting up when 1 is set in the timer status register
(TSTR). When the desired number is set beforehand in GR, and the TCNT value matches the GR
value, the timer status register (TSR) bit corresponding to GR is set and a waveform is output from
the corresponding externa pin.

1 output, O output, or toggle output can be selected by means of a setting in TIOR. If the
appropriate interrupt enable register (TIER) setting is made, an interrupt request will be sent to the
CPU when a compare-match occurs.

To perform internal interrupts by compare-match or compare-match flag polling processing
without performing compare-match output, designate the corresponding compare-match output pin
asagenera 1/0 pin and select 1 output, O output, or toggle output on compare-match in TIOR.

Channel 1 and 2 compare-match registers (OCR1, OCR2A to OCR2H) perform compare-match
operations unconditionally. However, there are no corresponding output pins. If the appropriate
TIER setting is made, an interrupt request will be sent to the CPU when a compare-match occurs.
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Channel 1 and 2 GR and OCR registers can send a trigger/terminate signal to channel 8 when a
compare-match occurs. In this case, settings should be made in the trigger mode register
(TRGMDR), timer connection register (TCNR), and one-shot pulse terminate register (OTR).

An example of compare-match operation is shown in figure 11.15.

In the examplein figure 11.15, channel 1 is activated, and external output is performed with toggle
output specified for GR1A, 1 output for GR1B, and 0 output for GR1C.

eo [LILTULTLTULTL L
e T T T T

TCNT1 003C X 003D X 03E X 003F X 0040

—
><:|,:|
—
—.=
—

1

0084 X 0085 x

0083

GR1A-1C 003E

TIO1A

TIO1B

TIO1C

TSR1 |
IMF1A-1D

Channel 8
start/terminate ] l
trigger signal //
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Figure11.15 Compare-Match Operation

11.3.4  Input Capture Function

If input capture registers (ICROA to ICROD) and general registers (GR1A to GR1H, GR2A to
GR2H, GR3A to GR3D, GR4A to GR4D, GR5A to GR5D, GR11A, GR11B) in channels1to 5
and 11 are designated for input capture operation in the timer |/O control registers (TIORO to
TIOR5, TIOR11), input capture is performed when an edge isinput at the corresponding external
pins (TIOA to TIOD, TIO1A to TIO1H, TIO2A to TIO2H, TIO3A to TIO3D, TIO4A to TIO4D,
TIO5A to TIOS5D).

A free-running counter (TCNT) starts counting up when a setting is made in the timer start register
(TSTR). When an edge isinput at an external pin corresponding to ICR or GR, the corresponding
timer status register (TSR) bit is set and the TCNT valueistransferred to ICR or GR. Rising-edge,
falling-edge, or both-edge detection can be selected. By making the appropriate setting in the
interrupt enable register (TIER), an interrupt request can be sent to the CPU.
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An example of input capture operation is shown in figure 11.16.

In the examplein figure 11.16, channel 1 is activated, and input capture operation is performed
with both-edge detection specified for TIO1A, rising-edge detection for TIO1B, and falling-edge
detection for TIO1C.

TCNT1
Clock

TCNT1 0000 X 0001 X 0002

- U HUU U
[1_J]

—
1 — —

0003 X 0004

X 567B

=
=
=

567C 567D 567E

TIO1A-1C |

GRIA . X 0003 \ X 567A
GRIB . X 0003 \ 0003
GRIC >< 567A

TSR1
IMF1A

Ci
TSR1 |
IMF1B

TSR1

eTed by software Cleared by software!
IMF1C /

/

Figure11.16 Input Capture Operation

11.3.5 One-Shot Pulse Function

Channel 8 has sixteen down-counters (DCNT8A to DCNT8P) and corresponding external pins
(TOB8A to TO8P) which can be used as one-shot pulse output pins.

When avalueis set beforehand in DCNT and the corresponding bit in the down-counter start
register (DSTR) is set, DCNT starts counting down, and at the same time 1 is output from the
corresponding external pin. When DCNT reaches H'0000 the down-count stops, the corresponding
bit in the timer status register (TSR) is set, and 0 is output from the external pin. The
corresponding bitin DSTR is cleared automatically. By making the appropriate setting in the
interrupt enable register (TIER), an interrupt request can be sent to the CPU.

An example of one-shot pulse operation is shown in figure 11.17.

Inthe examplein figure 11.17, H'0005 is set in DCNT and a down-count is started.
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Figure11.17 One-Shot Pulse Output Operation

11.3.6  Offset One-Shot Pulse Function and Output Cutoff Function

By making an appropriate setting in the timer connection register (TCNR), down-counting by
channel 8 down-counters (DCNT8A to DCNT8P) can be started using compare-match signals
from channel 1 general registers (GR1A to GR1H) or channel 1 and 2 compare-match registers
(OCR1, OCR2A to OCR2H). DCNT8A to DCNT8H are connected to channel 1 OCR1 or GR1A
to GR1H, and DCNT8I to DCNT8P are connected to channel 2 OCR2A to OCR2H or GR2A to
GR2H. This enables one-shot pulse output from the external pin (TO8A to TO8P) corresponding
to DCNT. The down-count can be forcibly stopped by making a setting in the one-shot pulse
terminate register (OTR). On channel 1, down-count start or termination by a GR or OCR
compare-match can be selected with the trigger mode register (TRGMDR).

Making a setting in the timer start register (TSTR) starts an up-count by a free-running counter
(TCNT) in channel 1 or 2. When TCNT matches GR or OCR while connection is enabled by
TCNR, the corresponding DSTR is automatically set and DCNT starts counting down. At the
same time, 1 is output from the corresponding external pin (TO8A to TO8P). By making the
appropriate setting in the interrupt enable register (TIER), an interrupt request can be sent to the
CPU.

When TCNT1 matches GR or OCR, or TCNT2 matches GR, while channel 8 one-shot pulse
termination by achannel 1 or 2 compare-match signal is enabled by OTR, the corresponding
DSTRisautomatically cleared and DCNT stops counting down. DCNT is cleared to H'0000 at
thistime, and must be rewritten before the down-count is restarted.

DCNT8I to DCNT8P are connected to the reload register (RLDR8), and when the DSTR
corresponding to DCNT8I to DCNT8P is set, the DCNT8I to DCNTS8P counter loads RLDR3
before starting the down-count.
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An example of the offset one-shot pulse output function and output cutoff function is shownin
figure 11.18.
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Figure11.18 Offset One-Shot Pulse Output Function and Output Cutoff Function
Operation

11.3.7 Interval Timer Operation

The interval interrupt request registers (ITVRRL, ITVRR2A, ITVRR2B) are connected to bits 6 to
9 and 10 to 13 of the channel O free-running counter (TCNTO). The ITVRR registers are 8-bit
registers; the upper 4 bits (ITVA) are used for A/D converter activation, and the lower 4 bits
(ITVE) are used for interrupt requests. ITVRR1 is connected to A/D converter 2 (AD2),
ITVRR2A to A/D converter 0 (ADQ), and ITVRR2B to A/D converter 1 (AD1).

When the ITVA bit for the desired timing is set, the A/D converter is activated when the
corresponding bit of TCNTO changesto 1.

When the ITVE bit for the desired timing is set, an interrupt can be requested when the
corresponding bit of TCNTO changesto 1. At thistime, the corresponding bit of the timer status
register (TSRO) is set. There are four interrupt sources for the respective ITVRR registers, but
thereis only one interrupt vector.

To suppress interrupts and A/D converter activation, I TVRR bits should be cleared to O.
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An example of interval timer function operation is shown in figure 11.19.

In the example in figure 11.19, TCNTO is started by setting ITVEto 1in ITVRRL
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Figure11.19 Interval Timer Function

11.3.8 Twin-Capture Function

Channel 0 input capture register ICROA, channel 1 offset base register 1 (OSBR1), and channel 2
offset base register 2 (OSBR2) can be made to perform input capture in response to the same
trigger by means of a setting in timer 1/O control register 0 (TIORO).

When TCNTO, TCNT1A, and TCNT2A in channel 0, channel 1, and channel 2 are started by a
setting in the timer status register (TSR), and an edge isinput to ICROA, the TCNT1A vaueis
transferred to OSBR1, and the TCNT2A value to OSBR2. Edge detection is as described in
section 11.3.4, Input Capture Function.

An example of twin-capture operation is shown in figure 11.20.
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Figure11.20 Twin-Capture Operation
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11.3.9 PWM Timer Function

Channels 6 and 7 can be used unconditionally as PWM timers using external pins (TOBA to
TO6D, TO7A to TO7D).

In channels 6 and 7, when the corresponding bit is set in the timer start register (TSTR) and the
free-running counter (TCNT) is started, the counter counts up until its value matches the
corresponding cycleregister (CYLR). When TCNT matches CYLR, it is cleared to H'0001 and
starts counting up again from that value. At thistime, 1 is output from the corresponding external
pin. Aninterrupt request can be sent to the CPU by setting the corresponding bit in the timer
interrupt enable register (TIER). If avalue has been set in the duty register (DTR), when TCNT
matches DTR, 0 is output to the corresponding external pin. If the DTR valueis H'0000, the
output does not change (0% duty). A duty of 100% is specified by setting DTR = CYLR. Do not
set avaluein DTR that will result in the condition DTR > CYLR.

Channels 6 and 7 have buffers (BFR); the BFR valueis transferred to DTR when TCNT matches
CYLR. The duty value written into BFR isreflected in the output value in the cycle following that
in which BFR iswritten to.

An example of PWM timer operation is shown in figure 11.21.

In the examplein figure 11.21, H'0004 is set in channel 6 CYLR6A, and H'0002, H'0000 (0%),
H'0004 (100%), and H'0001 in BFR6A.
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Figure11.21 PWM Timer Operation

Channel 6 can be used in complementary PWM mode by making a setting in the PWM mode
control register (PMDR). On-duty or off-duty can also be selected with a setting in PMDR.

When TCNT6 is started by asetting in TSTR, it starts counting up. When TCNT6 reaches the
CYLR6 value, it starts counting down, and on reaching H'000, starts counting up again. The
counter statusis shown by TSR6. When TCNT6 underflows, an interrupt request can be sent to the
CPU by setting the corresponding bit in TIER. When TCNT6 matches the duty register (DTR6)
value, the output is inverted. The output prior to the match depends on the PMDR setting. When a
value including dead timeis set in DTR6, a maximum of 4-phase PWM output is possible. Data
transfer from BFR6 to DTR6 is performed when TCNT6 underflows.

An example of channel 6 complementary PWM mode operation is shown in figure 11.22.

In the examplein figure 11.22, H'0004 is set in channel 6 CYLR6A, and H'0002, H'0003, H'0004
(100%), and H'0000 (0%) in BFRGA.
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11.3.10 Channel 3to5PWM Function

PWM mode is selected for channels 3to 5 by setting the corresponding bitsto 1 in the timer mode
register (TMDR), enabling the channelsto operate as PWM timers with the same cycle.

In PWM mode, general registers D (GR3D, GR4D, GR5D) are used as cycle registers, and general
registers A to C (GR3A to GR3C, GR4A to GR4C, GR5A to GR5C) as duty registers. The
external pins (TIO3A to TIO3C, TIO4A to TIO4C, TIO5A to TIO5C) corresponding to the GRs
used as duty registers are used as PWM outputs. External pins TIO3D, TIO4D, and TIO5D should
not be used as timer outputs.

The free-running counter (TCNT) is started by making a setting in the timer start register (TSTR),
and when TCNT reaches the cycle register (GR3D, GR4D, GR5D) value, a compare-match is
generated and TCNT starts counting up again from H'0000. At the same time, the corresponding
bit is set in the timer status register (TSR) and 1 is output from the corresponding external pin.
When TCNT reaches the duty register (GR3A to GR3C, GR4A to GRAC, GR5A to GR5C) value,
0 isoutput to the external pin. The corresponding status flag is not set. When PWM operation is
performed by starting the free-running counter from itsinitial value of H'0000, PWM output is not
performed for one cycle. To perform immediate PWM output, the value in the cycle register must
be set in the free-running counter before the counter is started. If PWM operation is performed
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after setting H'FFFF in the cycle register, the cycle register’ s compare-match flag and overflow
flag will be set simultaneously.

Note that 0% or 100% duty output is not possible in channel 3 to 5 PWM mode.
An example of channel 3 to 5 PWM mode operation is shown in figure 11.23.

In the example in figure 11.23, H'0008 is set in GR3D, H'0002 is set in GR3A, GR3B, and GR3C,
and channel 3 is activated; then, during operation, H'0000 is set in GR3A, GR3B, and GR3C, and
output is performed to external pins TIOA3 to TIOC3. Note that 0% duty output is not possible
even though H'0000 is set.
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Figure11.23 Channd 3to 5 PWM Mode Operation

11.3.11 Event Count Function and Event Cycle M easurement

Channel 9 has six 8-hit event counters (ECNT9A to ECNT9F) and corresponding general registers
(GR9A to GR9F). Each event counter has an external pin (TI9A to TI9F).

Each ECNT9 operates unconditionally as an event counter. When an edge is input from the
external pin, ECNT9 isincremented. When ECNT9 matches the value set in GR9, it is cleared,
and then counts up when an edge is again input at the external pin. By making the appropriate
setting in the interrupt enable register (TIER) beforehand, an interrupt request can be sent to the
CPU on compare-match.

For ECNT9A to ECNT9D, atrigger can be transmitted to channel 3 when a compare-match
occurs. In channel 3, if the channel 9 trigger input is set in the timer 1/O control register (TIOR)
and the corresponding bit is set to 1 in the timer start register (TSTR), the TCNT3 valueis
captured in the corresponding general register (GR3A to GR3D) when an ECNT9A to ECNT9OD
compare-match occurs. This enables the event cycle to be measured.
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An example of event count operation is shown in figure 11.24. In this example, ECNT9A counts
up on both-edge, falling-edge, and rising-edge detection, H'10 is set in GR9A, and a compare-
match is generated.

An example of event cycle measurement operation is shown in figure 11.25. In this example,
GR3A in channel 3 captures TCNT3 in response to atrigger from channel 9.
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Figure11.24 Event Count Operation
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11.3.12 Channel 10 Functions

Inter-Edge M easurement Function and Edge I nput Cessation Detection Function: 32-hit input
capture register 10A (ICR10A) and 32-bit output compare register 10A (OCR10A) in channel 10
unconditionally perform input capture and compare-match operations, respectively. These
registers are connected to 32-bit free-running counter TCNT10A.

When the corresponding bit is set in the timer start register (TSTR), the entire channel 10 starts
operating. ICR10A has an external input pin (T110), and when an edgeis input at thisinput pin,
ICR10A capturesthe TCNT10A value. At thistime, TCNT10A is cleared to H'00000001. The
captured value is transferred to the read register (RLD10C) in the multiplied clock generation
block. By making the appropriate setting in the interrupt enable register (TIER), an interrupt
reguest can be sent to the CPU. This allows inter-edge measurement to be carried out.

When TCNT10A reaches the value set in OCR10A, a compare-match interrupt can be requested.
Inthisway it is possible to detect the cessation of edge input beyond the time set in OCR10A.

The input edge from T110 is synchronized internally; the internal signal is AGCK. Noise
cancellation is possible for edgesinput at T110 using the timer 10H (TCNT210H) input cancellation
function by setting the NCE hit in timer control register TCR10. When an edge isinput at T110,
TCNTI10H starts and input is disabled until it reaches compare-match register NCR10.

Edge input operation without noise cancellation is shown in figure 11.26, edge input operation
with noise cancellation in figure 11.27, and TCNT10A capture operation and compare-match
operation in figure 11.28.
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After internal | |
synchronization 2
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ek s 1y 1 L1y

When rising / When falling When rising and falling
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L
]

L
[ L
| |

|

Figure11.26 Edge Input Operation (Without Noise Cancellation)
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Figure11.27 Edgelnput Operation (With Noise Cancellation)
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Figure11.28 TCNT10A Capture Operation and Compare-Match Operation

Internally synchronized AGCK is counted by event count 10B (TCNT10B), and when TCNT10B
reaches the value set beforehand in compare-match register 10B (OCR10B), a compare-match
occurs, and the compare-match trigger signal is transmitted to channel 0. By setting the
corresponding bit in TIER, an interrupt request can be sent to the CPU.
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Figure 11.29 shows TCNT10B compare-match operation.
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TCNT10B 00 X 01

OCR10B
55

TSR10

| Cleared by software
CMF10B

Figure11.29 TCNT10B Compare-Match Operation

Multiplied Clock Generation Function: The channel 10 16-hit reload counter (TCNT10C,
RLD10C) and 16-hit free-running counter 10G (TCNT10G) can be used to multiply the interval
between edges input from external pin T110 by 32, 64, 128, or 256.

The value captured in ICR10A aboveis multiplied by 1/32, 1/64, 1/128, or 1/256 according to the
value set in the timer 1/O control register (TIOR10), and transferred to the reload buffer
(RLD10C). At the same time, the same value is transferred to 16-bit reload counter 10C
(TCNT10C) and a down-count operation is started. When this counter reaches H'0001, the value is
read automatically from RLD10C and the down-count operation is repeated. When this reload
occurs, amultiplied clock signal (AGCK1) is generated. AGCK 1 is converted to a corrected clock
(AGCKM) by the multiplied clock correction function described in the following section.

Channel 10 can also perform compare-match operation by means of the multiplied clock
(AGCK1) using general register 10G (GR10G) and 16-hit free-running counter 10G (TCNT10G).
TCNT10G isincremented unconditionally by AGCK 1. By making the appropriate setting in the
interrupt enable register (TIER), an interrupt request can be sent to the CPU when TCNT10G and
GR10G match. The timing of thisinterrupt can be selected with the IREG bit in TIER as either on
occurrence of the compare-match or on input of the first T110 edge after the compare-match.

TCNT10C operation is shown in figure 11.30, and TCNT10G compare-match operation in figure
11.31.
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Figure11.30 TCNT10C Operation
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Figure11.31 TCNT10G Compare-Match Operation
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Multiplied Clock Correction Function: Channel 10’sthree 16-bit correction counters
(TCNT10D, TCNT10E, TCNT10F) and correction counter clear register (TCCLR10) have a
correction function that makes the interval between edges input from TI110 the frequency
multiplication value set in TIOR10.

When AGCK isinput, the valuein TCNT10D multiplied by the multiplication factor set in
TIOR10 istransferred to TCNT10E. At the sametime, TCNT10D isincremented.

TCNT10E counts up on AGCK1. TCNT10E loads TCNT10D on AGCK, and counts up again on
AGCK1. Using the counter correction select bit (CCS) in TIOR10, it is possible to select whether
or not TCNTI10E is halted when TCNT10D = TCNT10E.

TCNT10F has the peripheral clock (Pg) asitsinput and is constantly compared with TCNT10E.
When the TCNT10F valueis smaller than that in TCNT10E, TCNT10F isincremented and
outputs a corrected multiplied clock signal (AGCKM).

When the TCNT 10E value exceeds the TCNT10F value (when TCNT10E loads TCNT10D), no
count-up operation is performed. AGCKM is output to the channel 1 to 5 free-running counters
(TCNT1to TCNT5).

Channel 10 also has a correction counter clear register (TCCLR10). The correction counters
(TCNT10D, TCNT10E, TCNT10F) and channel 1 and 2 free-running counters (TCNT1 and
TCNT2) can be cleared when TCNT10F reaches the value set in TCCLR10.

TCNT10D operation is shown in figure 11.32, TCNT10E operation in figure 11.33, TCNT10F
operation (at startup) in figure 11.34, TCNT10F operation (end of cycle, with correction) in figure
11.35, and TCNT10F operation (end of cycle, without correction) in figure 11.36.
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Figure11.32 TCNT10D Operation
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Figure11.34 TCNT10F Operation (At Startup)
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Figure11.35 TCNT10F Operation (End of Cycle, Acceleration, Deceleration)
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114  Interrupts

The ATU has 75 interrupt sources of five kinds: input capture interrupts, compare-match
interrupts, overflow interrupts, underflow interrupts, and interval interrupts.

1141  StatusFlag Setting Timing

IMF (ICF) Setting Timing in Input Capture: When an input capture signal is generated, the
IMF bit and ICF bit are set to 1 in the timer status register (TSR), and the TCNT valueis
simultaneously transferred to the corresponding GR, ICR and OSBR.

Thetiming in this case is shown in figure 11.37.

In the examplein figure 11.37, asignal isinput from an external pin, and input captureis
performed on detection of arising edge.

CK 1
—» <— tTics (input capture input setup time)
Input capture input
Internal input capture
signal
TCNT N
GR (ICR) X N

Interrupt status flag
IMF (ICF)

Interrupt request signal
IMI (ICI)

Figure11.37 IMF (ICF) Setting Timing in Input Capture
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IMF (ICF) Setting Timing in Compare-Match: The IMF bit and CMF bit are set to 1 in the
timer status register (TSR) by the compare-match signal generated when the general register (GR)
output compare register (OCR), or cycle register (CYLR) value matches the timer counter (TCNT)
value. The compare-match signal is generated in the last state of the match (when the matched
TCNT count value is updated).

Thetiming in this case is shown in figure 11.38.

CK

TCNT input clock

TCNT N X N+1

GR (OCR, CYLR) N

Compare-match signal

Interrupt status flag
IMF (CMF)

Interrupt request signal
IMI (CMI)

Figure11.38 IMF (CMF) Setting Timing in Compare-Match
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OVF Setting Timing in Overflow: When TCNT overflows (from H'FFFF to H'0000, or from
H'FFFFFFFF to H'00000000), the OVF bit is set to 1 in the timer status register (TSR).

Thetiming in this case is shown in figure 11.39.

CK

TCNT input clock

TCNT  HFFFF X H'0000

Overflow signal

Interrupt status flag
OVF

Interrupt request signal
ovi

Figure11.39 OVF Setting Timing in Overflow
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OSF Setting Timing in Under flow: When a down-counter (DCNT) counts down from H'0001 to
H'0000 on DCNT input clock input, the OSF bit is set to 1 in the timer status register (TSR) when
the next DCNT input clock pulseisinput (when underflow occurs). However, when DCNT is

H'0000, it remains unchanged at H'0000 no matter how many DCNT input clock pulses are input.

When DCNT is cleared by means of the one-shot pulse function, the OSF hit is cleared when the
next DCNT input clock isinput.

Thetiming in this case is shown in figure 11.40.

CK

DCNT input clock

DCNT H'0001 X H'0000 X H'0000

Underflow signal

Interrupt status flag
OSF

Interrupt request signal
Oosl

Figure11.40 OSF Setting Timing in Underflow
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Timing of 11F Setting by Interval Timer: When 1 is generated by ANDing the rise of bit 10-13
in free-running counter TCNTOL with bit ITVEO-ITVES3 in the interval interrupt request register
(ITVRR), the lIF bit isset to 1 in the timer status register (TSR).

Thetiming in this caseis shown in figure 11.41. TCNTO value N in the figure is the counter value
when TCNTOL bit 6-13 changesto 1. (For example, N = H'00000400 in the case of bit 10,
H'00000800 in the case of bit 11, etc.)

CK

TCNT input clock

TCNTO N-1 X N

Internal interval signal

Interrupt status flag
IF

Interrupt request signal

Figure11.41 Timingof I1F Setting Timing by Interval Timer
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11.4.2 StatusFlag Clearing

Clearing by CPU Program: The interrupt status flag is cleared when the CPU writes 0 to the flag

after reading it while set to 1.

The procedure and timing in this case are shown in figure 11.42.

TSR write cycle

T1 T2
( Start ) ‘ - " - > ‘

CK
Read 1 from TSR
Address X TSR address X
Write O to TSR Internal write
signal
l Interrupt status flag
Interrupt status ”\(/l)';FICgSgV:::F
flag cleared ! ’
Interrupt request
signal

Figure11.42 Procedureand Timing for Clearing by CPU Program
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Clearing by DMAC: Theinterrupt status flag (ICFOA to ICFOD, CMF6A to CMF6D, CMF7A to
CMFT7D) is cleared automatically during data transfer when the DMAC is activated by input
capture or compare-match.

The procedure and timing in this case are shown in figure 11.43.

CK

Clear request signal

from DMAC

Activate DMAC Interrupt status
flag clear signal

l Interrupt status flag
ICFOB, CMF6

Interrupt status
flag cleared during
data transfer Interrupt request
signal

Figure11.43 Procedureand Timing for Clearingby DMAC
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115 CPU Interface

1151 Registers Requiring 32-Bit Access

Free-running counters 0 and 10A (TCNTO, TCNT10A), input capture registers OA to 0D and 10A
(ICROA to ICROD, ICR10A), and output compare register 10A (OCR10A) are 32-bit registers. As
these registers are connected to the CPU viaan internal 16-bit data bus, aread or write (read only,
in the case of ICROA to ICROD and ICR10A) is automatically divided into two 16-bit accesses.

Figure 11.44 shows aread from TCNTO, and figure 11.45 awriteto TCNTO.

When reading TCNTO, in the first read the TCNTOH (upper 16-bit) value is output to the internal
data bus, and at the same time, the TCNTOL (lower 16-bit) value is output to an internal buffer
register. Then, in the second read, the TCNTOL (lower 16-bit) value held in the internal buffer
register is output to the internal data bus.

When writing to TCNTO, in the first write the upper 16 bits are output to an internal buffer
register. Then, in the second write, the lower 16 bits are output to TCNTOL, and at the same time,
the upper 16 bits held in the internal buffer register are output to TCNTOH to complete the write.
The above method performs simultaneous reading and simultaneous writing of 32-bit data,
preventing contention with an up-count.

1st read operation
Internal data bus

H Bus Module data bus H
cPU C ertace (< TCNTOH
Internal L
buffer register<: TCNTOL
Module data
bus
Internal data bus 2nd read operation
L
Bus Module data
CPU ( .
interface <j|i)us TCNTOH
L
Internal
buffer register TCNTOL
Figure11.44 Read from TCNTO
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Internal data bus
H

cpu L)

Internal data bus

1st write operation

L

S E—

Bus H Internal buffer
interface :> register TCNTOH
Module data
bus TCNTOL
2nd write operation Module
L H data bus
Bus Internal buffer TCNTOH
interface register ::>
‘] TCNTOL

Module data bus
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Figure11.45 Writeto TCNTO
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11.5.2 RegistersPermitting 8-Bit, 16-Bit, or 32-Bit Access

Timer registers 1, 2, and 3 (TSTR1, TSTR2, TSTR3) are 8-hit registers. Astheseregistersare
connected to the CPU via an internal 16-bit data bus, a simultaneous 32-bit read or write access to
TSTR1, TSTR2, and TSTR3 is automatically divided into two 16-bit accesses.

Figure 11.46 shows aread from TSTR, and figure 11.47 awriteto TSTR.

When reading TSTR, in the first read the TSTR1 and TSTR2 (upper 16-hit) value is output to the
internal data bus. Then, in the second read, the TSTR3 (lower 16-bit) value is output to the internal
data bus.

When writing to TSTR, in the first write the upper 16 bits are written to TSTR1 and TSTR2.
Then, in the second write, the lower 16 bits are written to TSTR3. Note that, with the above
method, in a 32-bit write the write timing is not the same for TSTRL/TSTR2 and TSTR3.

For information on 8-bit and 16-bit access, see section 11.5.4, Registers Accessible 8-Bit or 16-Bit
Access.

1st read operation
Internal data bus

. H BUS y Module data bus H™ Tg1Ro
CPUSE" nterface [N TSTRL
TSTR3
Internal data bus 2nd read operation
CcPU /‘—L Bus  ———— Module data TSTR2
N———————— intefface [N———|| bus TSTRL
L TSTR3
Figure11.46 Read from TSTR1, TSTR2, and TSTR3
389

HITACHI




1st write operation
Internal data bus

H N Bus H N TSTR2
CPU B interface TSTR1
Module data TSTR3

bus

Internal data bus 2nd write operation

cpy Emmmmme | Bus L TSTR2
| interface TSTR1
_] n| TSTR3

Module data bus

Figure11.47 Writeto TSTR1, TSTR2 and TSTR3

1153 RegistersRequiring 16-Bit Access

The free-running counters (TCNT; but excluding TCNTO, TCNT10A, TCNT10B, TCNT10D, and
TCNT10H), the genera registers (GR; but excluding GR9A to GR9OD), down-counters (DCNT),
offset base register (OSBR), cycle registers (CYLR), buffer registers (BFR), duty registers (DTR),
timer connection register (TCNR), one-shot pulse terminate register (OTR), down-count start
register (DSTR), output compare registers (OCR: but excluding OCR10B), reload registers
(RLDRS8, RLD10C), correction counter clear register (TCCLR10), timer interrupt enable register
(TIER), and timer status register (TSR) are 16-bit registers. These registers are connected to the
CPU viaan internal 16-bit data bus, and can be read or written (read only, in the case of OSBR) a
word at atime.

Figure 11.48 shows the operation when performing aword read or write accessto TCNT1A.

Internal data bus Module data bus

v ¢ S ] rowma

Figure11.48 TCNT1A Read/Write Operation
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1154 8-Bit or 16-Bit Accessible Registers

The timer control registers (TCR1A, TCR1B, TCR2A, TCR2B, TCR6A, TCR6B, TCR7A,
TCR7B), timer 1/O control registers (TIOR1A to TIOR1D, TIOR2A to TIOR2D, TIOR3A,
TIOR3B, TIOR4A, TIOR4B, TIOR5A, TIOR5B), and the timer start register (TSTR1, TSTR2,
TSTR3) are 8-hit registers. These registers are connected to the upper 8 bits or lower 8 bits of the
internal 16-bit data bus, and can be read or written a byte at atime.

In addition, a pair of 8-bit registers for which only the least significant bit of the addressis
different, such astimer 1/0 control register 1A (TIOR1A) and timer I/O control register 1B
(TIOR1B), can be read or written in combination aword at atime.

Figures 11.49 and 11.50 show the operation when performing individua byte read or write
accessesto TIOR1A and TIOR1B. Figure 11.51 shows the operation when performing aword
read or write accessto TIOR1A and TIOR1B simultaneously.

Internal data bus Module data bus

N N Bus n| TIOR1B

CPU < | interface | TIOR1A
Only upper 8 bits used Only upper 8 bits used

Figure11.49 Byte Read/Write Accessto TIOR1B

Internal data bus Module data bus
N Bus o TIOR1B

CPU & .
S Y| interface |\ |  TIOR1A
Only lower 8 bits used Only lower 8 bits used

Figure11.50 Byte Read/Write Accessto TIOR1A

Internal data bus Module data bus

CPU/ N Bus N | TIOR1B
S | interface [\ | TIOR1A

Figure11.51 Word Read/Write Accessto TIOR1A and TIOR1B
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1155 RegistersRequiring 8-Bit Access

The timer mode register (TMDR), prescaler register (PSCR), timer 1/0O control registers (TIORO,
TIOR10, TIOR11), trigger mode register (TRGMDR), interval interrupt request register (ITVRR),
timer control registers (TCR3, TCR4, TCR5, TCR8, TCR9A to TCR9C, TCR10, TCR11), PWM
mode register (PMDR), reload enable register (RLDENR), free-running counters (TCNT10B,
TCNT10D, TCNT10H), event counter (ECNT), general registers (GR9A to GR9F), output
compare register (OCR10B), and noise canceler register (NCR) are 8-hit registers. These registers
are connected to the upper 8 hits of the internal 16-bit data bus, and can be read or written a byte at
atime.

Figure 11.52 shows the operation when performing individual byte read or write accesses to
ITVRRL.

Internal data bus 5 Module data bus TVRRL
cpu & S e >
N\ v

interface
Only upper 8 bits used Only upper 8 bits used

Figure11.52 Byte Read/Write Accessto ITVRR1

11.6  Sample Setup Procedures

Sample setup procedures for activating the various ATU-11 functions are shown below.

Sample Setup Procedurefor Input Capture: An example of the setup procedure for input
capture is shown in figure 11.53.

1. Select thefirst-stage counter clock & in prescaler register (PSCR) and the second-stage counter
clock g" with the CKSEL hit in the timer control register (TCR). When selecting an external
clock, also select the external clock edge type with the CKEG bit in TCR.

2. Set the port control register, corresponding to the port for signal input as the input capture
trigger, to ATU input capture input.

3. Select rising edge, falling edge, or both edges as the input capture signal input edge(s) with the
timer 1/O control register (TIOR).

If necessary, atimer interrupt request can be sent to the CPU on input capture by making the
appropriate setting in the interrupt enable register (TIER). In channel O, setting the DMAC
allows DMAC activation to be performed.

4. Set the corresponding bit to 1 in the timer start register (TSTR) to start the free-running
counter (TCNT) for the relevant channel.

Note: When input capture occurs, the counter value is always captured, irrespective of free-
running counter (TCNT) activation.
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( Start )

Select counter clock 1

Set port-ATU-Il connection| 2

Set input waveform edge
detection

Start counter 4

|

Input capture operation

Figure 11.53 Sample Setup Procedurefor Input Capture

Sample Setup Procedurefor Waveform Output by Output Compare-Match: An example of
the setup procedure for waveform output by output compare-match is shown in figure 11.54.

1.

Select the first-stage counter clock & in prescaler register (PSCR), and the second-stage
counter clock g" with the CKSEL hit in the timer control register (TCR). When selecting an
external clock, also select the external clock edge type with the CKEG bit in TCR.

Set the port control register corresponding to the waveform output port to ATU output
compare-match output. Also set the corresponding bit to 1 in the port 10 register to specify the
output attribute for the port.

Select 0, 1, or toggle output for output compare-match output with the timer 1/O control
register (TIOR). If necessary, atimer interrupt request can be sent to the CPU on output
compare-match by making the appropriate setting in the interrupt enable register (TIER).

Set the timing for compare-match generation in the ATU general register (GR) corresponding
tothe port setin 2.

Set the corresponding bit to 1 in the timer start register (TSTR) to start the free-running
counter (TCNT). Waveform output is performed from the relevant port when the TCNT value
and GR value match.
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( Start )

Select counter clock 1

Set port-ATU-Il connection| 2

Select waveform output

mode 3
Set output timing 4
Start counter 5

l

Waveform output

Figure11.54 Sample Setup Procedurefor Waveform Output by Output Compare-Match
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Sample Setup Procedurefor Channel 0 Input Capture Triggered by Channel 10 Compar e-
Match: An example of the setup procedure for compare-match signal transmission is shown in
figure 11.55.

1. Set thetiming for compare-match generation in the channel 10 output compare register
(OCR10B).

2. Set the TRGODEN bhit to 1 in the channel 10 timer control register (TCR10).

3. Set the corresponding bit to 1 in the timer start register (TSTR) to start the channel 10 free-
running counter (TCNT10B). On compare-match between TCNT10 and OCR10B, the
compare-match signal is transmitted to channel 0 as the channel 0 ICROD input capture signal.

( Start )

Set compare-match 1
Set TCR10 2
Start counter 3

'

Signal transmission

Figure11.55 Sample Setup Procedurefor Compare-Match Signal Transmission
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Sample Setup Procedure for One-Shot pulse Output: An example of the setup procedure for
one-shot pulse output is shown in figure 11.56.

1

Set the first-stage counter clock @' in prescaler register 1 (PSCR1), and select the second-stage
counter clock g' with the CKSEL bit in timer control register8 TCR8.

Set port K control registers H and L (PKCRH, PKCRL) corresponding to the waveform output
port to ATU one-shot pulse output. Also set the corresponding bit to 1 in the port K 10
register (PKIOR) to specify the output attribute.

Set the one-shot pulse width in the down-counter (DCNT) corresponding to the port set in (2).
If necessary, atimer interrupt request can be sent to the CPU when the down-counter
underflows by making the appropriate setting in the interrupt enable register (TIERS).

Set the corresponding bit (DST8A to DST8P) to 1 in the down-count start register (DSTR) to
start the down-counter (DCNT).

( Start )

Select counter clock 1

Set port-ATU-II connection| 2

Set pulse width 3

Start down-count 4

l

One-shot pulse output

Figure11.56 Sample Setup Procedurefor One-Shot Pulse Output
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Sample Setup Procedurefor Offset One-Shot Pulse Output/Cutoff Operation: An example of
the setup procedure for offset one-shot pulse output is shown in figure 11.57.

1.

Set the first-stage counter clock @' in prescaler register 1 (PSCR1), and select the second-stage
counter clock g" with the CKSEL bit in the timer control register (TCR1, TCR2, TCR8).

Set port K control registers H and L (PKCRH, PKCRL) corresponding to the waveform output
port to ATU one-shot pulse output. Also set the corresponding bit to 1 in the port K 10
register (PKIOR) to specify the output attribute

Set the one-shot pulse width in the down-counter (DCNT) corresponding to the port set in (2).
If necessary, atimer interrupt request can be sent to the CPU when the down-counter
underflows by making the appropriate setting in the interrupt enable register (TIERS).

Set the offset width in the channel 1 or 2 general register (GR1IA—GR1H, GR2A—GR2H)
connected to the down-counter (DCNT) corresponding to the port set in (2), and in the output
compare register (OCR1, OCR2A—OCR2H). Set the timer 1/0O control register (TIOR1A—
TIOR1D, TIOR2A—TIOR2D) to the compare-match enabled state.

Set the start/terminate trigger by means of the trigger mode register (TRGMDR), timer
connection register (TCNR), and one-shot pulse terminate register (OTR), so that it
corresponds to the port set in step 2 above.

Set the corresponding bit to 1 in the timer start register (TSTR) to start the channel 1 or 2 free-
running counter (TCNTZ1, TCNT2). When the TCNT value and GR value or OCR value
match, the corresponding DCNT starts counting down or is forcibly cleared, and one-shot
pulse output is performed.
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( Start )

Select counter clock 1

Set port-ATU-Il connection| 2

Set pulse width 3
Set offset width 4
Set offset operation 5
Start count 6

|

Offset one-shot pulse output

Figure 11.57 Sample Setup Procedurefor Offset One-Shot Pulse Output
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Sample Setup Procedurefor Interval Timer Operation: An example of the setup procedure for
interval timer operation is shown in figure 11.58.

1. Set thefirst-stage counter clock @' in prescaler register 1 (PSCR1).

2. Setthe I TVE bit to be used in the interval interrupt request register (ITVRR) to 1. An interrupt
reguest can be sent to the CPU when the corresponding bit changesto 1 in the channel O free-
running counter (TCNTO).

To start A/D converter sampling, set the ITVA bitto beusedin ITVRR to 1.

3. Setbit 0to 1inthetimer start register (TSTR) to start TCNTO.

( Start )

Select counter clock 1
Set interval 2
Start counter 3

i

Interrupt request to CPU
or start of A/D sampling

Figure11.58 Sample Setup Procedurefor Interval Timer Operation
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Sample Setup Procedure for PWM Timer Operation (Channels3to5): Anexample of the
setup procedure for PWM timer operation (channels 3to 5) is shown in figure 11.59.

1. Set thefirst-stage counter clock &' in prescaler register 1 (PSCR1), and select the second-stage
counter clock g' with the CKSEL bit in the timer control register (TCR). When selecting an
external clock, at the same time select the external clock edge type with the CKEG bit in TCR.

2. Set the port control registers (PxCRH, PxCRL) corresponding to the waveform output port to
ATU output compare-match output. Also set the corresponding bit to 1 in the port 10 register
(PxIOR) to specify the output attribute.

3. Set bit T3PWM-T5PWM in the timer mode register (TMDR) to PWM mode. When PWM
mode is set, the timer operates in PWM mode irrespective of the timer 1/0 control register
(TIOR) contents, and general registers (GR3A to GR3D, GR4A to GR4D, GR5A to GR5D)
can be written to.

4. The GR3A-GR3C, GR4A-GRA4C, and GR5A-GR5C ATU general registers are used as duty
registers (DTR), and the GR3D, GR4D, and GR5D ATU general registers as cycle registers
(CYLR). Set the PWM waveform output O output timing in DTR, and the PWM waveform
output 1 output timing in CYLR. Also, if necessary, interrupt requests can be sent to the CPU
at the 0/1 output timing by making a setting in the timer interrupt enable register (TIER).

5. Set the corresponding bit to 1 in the timer start register (TSTR) to start the free-running
counter (TCNT) for the relevant channel.
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( Start )

Select counter clock 1

Set port-ATU-Il connection| 2

Set PWM timer 3
Set GR 4
Start count 5

l

PWM waveform output

Figure11.59 Sample Setup Procedurefor PWM Timer Operation (Channels3to 5)
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Sample Setup Procedurefor PWM Timer Operation (Channels 6 and 7): An example of the
setup procedure for PWM timer operation (channels 6 and 7) is shown in figure 11.60.

1. Set thefirst-stage counter clock &' in prescaler register 2 and 3 (PSCR2, PSCR3), and select the
second-stage counter clock g" with the CKSEL bit in the timer control register (TCR6A,
TCR6B, TCR7A, TCR7B).

2. Set the port B control register L (PBCRL) corresponding to the waveform output port to ATU
PWM output. Also set the corresponding bit to 1 in the port B 10 register (PBIOR) to specify
the output attribute.

3. Set PWM waveform output 1 output timing in the cycle register (CYLR6A to CYLR6D,
CYLR7A to CYLR7D), and set the PWM waveform output O output timing in the buffer
register (BFR6A to BFR6D, BFR7A to BFR7D) and duty register (DTR6A to DTR6D,
DTR7A to DTR7D). If necessary, an interrupt request can be sent to the CPU on a compare-
match between the CY LR value and the free-running counter (TCNT) value by making the
appropriate setting in the interrupt enable register (TIERE). In addition, setting the DMAC
allows DMAC activation to be performed.

4. Set the corresponding bit to 1 in the timer start register (TSTR) to start the TCNT counter for
the relevant channel.

Notes: 1. Do not make asetting in DTR after the counter is started. Use BFR to makeaDTR
setting.
2. 0% duty is specified by setting H'0000 in the duty register (DTR), and 100% duty is
specified by setting buffer register (BFR) = cycleregister (CYLR). Do not set BFR >
CYLR.
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( Start )

Select counter clock 1

Set port-ATU-Il connection| 2

Set CYLR, BFR, DTR 3

Start count 4

i

PWM waveform output

Figure11.60 Sample Setup Procedurefor PWM Timer Operation (Channels6 and 7)
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Sample Setup Procedurefor Event Counter Operation: An example of the setup procedure for
event counter operation is shown in figure 11.61.

1. Set the number of eventsto be counted in a general register (GR9A to GRID). Also, if
necessary, an interrupt request can be sent to the CPU upon compare-match by making a
setting in the timer interrupt enable register (TIER).

2. Set the port control register, corresponding to the port for signal input to the event counter, to
ATU event counter input.

3. Select the event counter count edge with the EGSEL bitsin the channel 9 timer control register
(TCR9A to TCR9C).

4. Input asignal to the event counter input pin.

( Start )

Set number of events 1

Set port-ATU-Il connection| 2

Select counter clock 3

Start event input 4

l

Event counter operation

Figure11.61 Sample Setup Procedurefor Event Counter Operation
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Sample Setup Procedurefor Channel 3 Input Capture Triggered by Channel 9 Compare-
Match: An example of the setup procedure for compare-match signal transmission is shown in
figure 11.62.

1. Set the port control register, corresponding to the port for signal input to the event counter, to
ATU event counter input.

2. Set the channel 3 timer 1/0 control register (TIOR3A, TIOR3B), and select the input capture
disable setting for the general registers (GR3A to GR3D). Input from pins TIO3A to TIO3D is
masked.

3. Select the event counter count edge with the EGSEL bitsin the channel 9 timer control register
(TCR9A, TCR9B), and set the TRG3XEN bit to 1. Set the timing for capture in the general
register (GR9A to GRID).

4. Set bit STR31to 1inthetimer start register (TSTR) to start the channel 3 free-running counter
(TCNT3).

5. Input asignal to the event counter input pin.

Note:  Aninterrupt request can be sent to the CPU upon channel 9 compare-match by making a
setting in the timer interrupt enable register (TIER), but an interrupt request cannot be sent
to the CPU upon channel 3 input capture.

( Start )

Set port-ATU-Il commection| 1

Set input capture 2

Select compare-match | 3

Start counter 4

Start event input 5

i

Input capture operation

Figure11.62 Sample Setup Procedurefor Compare-Match Signal Transmission
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Sample Setup Procedurefor Channel 10 Missing-Teeth Detection: An example of the setup
procedure for missing-teeth detection is shown in figure 11.63.

1

Set port B control register H (PBCRH) or port L control register L (PLCRL), corresponding to
the port for input of the external signal (missing-teeth signal), to ATU edge input (T110).

Set 1st-stage counter clock @' in prescaler register 4 (PSCR4). Set the external input (T110)
cycle multiplication factor with the PIM bitsin timer 1/0O control register 10 (TIOR10), and
enable reload register 10C (RLD10C) updating with the RLDEN bit. Select the external input
edge type with the CKEG bitsin timer control register 10 (TCR10).

Set general register 10G (GR10G) to the compare-match function with bit 1010G in TIOR10.
Also, an interrupt request can be sent to the CPU upon compare-match by making a setting in
interrupt enable register 10 (TIER10).

Set the timing for compare-match generation in GR10G according to the multiplication factor
and number of missing-teeths in the missing-teeth interval set in step 1.

Set the corresponding bit to 1 in timer start register 1 (TSTR1) to start the channel 10 count. A
compare-match occurs when the values in free-running counter 10G (TCNT10G) and GR10G
match.

Note: The TCNT10G counter clock is generated according to the external input edge interval

and multiplication factor selected in step 1, and the counter is cleared to H'0000 by an

external input edge.

Set port-ATU-II connection| 1

Select counter clock 2

Set compare-match 3

Set missing-teeth timing | 4

Start counter 5

'

Interrupt requests to CPU

Figure11.63 Sample Setup Procedurefor Missing-Teeth Detection
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11.7 Usage Notes
Note that the kinds of operation and contention described below occur during ATU operation.

Contention between TCNT Write and Clearing by Compare-Match: With channel 3to 7 free-
running counters (TCNT31to TCNT5, TCNT6A to TCNT6D, TCNT7A to TCNT7D), if a
compare-match occursin the T2 state of a CPU write cycle when counter clearing by compare-
match has been set, or when PWM mode is used, the write to TCNT has priority and TCNT
clearing is not performed.

The compare-match remains valid, and writing of 1 to the interrupt status flag and waveform
output to an external destination are performed in the same way as for a normal compare-match.

Thetiming in this case is shown in figure 11.64.

‘ Tl T2 ‘

Pa

Address X TCNT address X

Internal write signal

Compare-match signal

Counter clear signal

TCNT X CPU write value

Interrupt status flag

External output signal
(1 output)

Figure11.64 Contention between TCNT Write and Clear
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Contention between TCNT Writeand Increment: If awriteto achannel 0to 11 free-running
counter (TCNTO, TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3to TCNT5, TCNT6A to
TCNT6D, TCNT7A to TCNT7D, TCNT10A to TCNT10H, TCNT11), down-counter (DCNT8A
to DCNT8P), or event counter 9 (ECNT9A to ECNTIF) is performed while that counter is
counting up or down, the write to the counter has priority and the counter is not incremented or
decremented.

Thetiming in this case is shown in figure 11.65. In this example, the CPU writes H'5555 at the
point at which TCNT isto be incremented from H'1001 to H'1002.

‘ T1 T2 ‘

Pa

TCNT input clock

Address X TCNT address X

Internal write signal

X 5555

(CPU write vaIue)X 5556

TCNT X 1001

Figure11.65 Contention between TCNT Writeand Increment
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Contention between TCNT Write and Counter Clearing by Overflow: With channel 0to 5
and 11 free-running counters (TCNTO, TCNT1A, TCNT1B, TCNT2A, TCNT2B, TCNT3to
TCNT5, TCNT11), if overflow occursin the T2 state of a CPU write cycle, the writeto TCNT has
priority and TCNT is not cleared.

Writing of 1 to the interrupt status flag (OVF) due to the overflow is performed in the same way as
for normal overflow.

Thetiming in this case is shown in figure 11.66. In this example, H'5555 is written at the point at
which TCNT overflows.

‘ T1 T2 ‘

Pa

TCNT input clock

Address X TCNT address X

Internal write signal

Overflow signal

X 5555

(CPU write value)X 5556

TCNT X FFFF

Interrupt status flag
(OVF)

Figure11.66 Contention between TCNT Write and Overflow

409
HITACHI




Contention between I nterrupt Status Flag Setting by Interrupt Generation and Clearing: If
an event such as input capture/compare-match or overflow/underflow occursin the T2 state of an
interrupt status flag 0 write cycle by the CPU, clearing by the O write has priority and the interrupt
status flag is cleared.

Thetiming in this case is shown in figure 11.67.

TSR write cycle

A A

Pg
Address X TSR address X
| [ write si | 0 written
nternal write signa to TSR
TCNT N X N+ 1
GR N

Compare-match signal

Interrupt status flag
IMF

Figure 11.67 Contention between Interrupt Status Flag Setting by Compare-Match and
Clearing
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Contention between DTR Write and BFR Valuetransfer by Buffer Function: In channels 6

and 7, if there is contention between transfer of the buffer register (BFR) value to the

corresponding duty register (DTR) dueto acycle register (CYLR) compare-match, and awrite to
DTR by the CPU, the CPU write value iswritten to DTR.

Figure 11.68 shows an example in which contention arises when the BFR valueisH'AAAA and

the value to be written to DTR is H'5555.

Pa

Address

Internal write signal

Compare-match signal

BFR

DTR

X DTR address X

H'5555

written
to DTR

H'AAAA

Figure11.68 Contention between DTR Write and BFR Value Transfer by Buffer Function
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Contention between I nterrupt Status Flag Clearing by DMAC and Setting by I nput
Capture/Compare-Match: If aclear request signal is generated by the DMAC when the interrupt
status flag (ICFOA to ICFOD, CMF6A to CMF6D, CMF7A to CMF7D) is set by input capture
(ICROA to ICROD) or compare-match (CYLR6A to CYLR6D, CYLR7A to CYLR7D), clearing
by the DMAC has priority and the interrupt status flag is not set.

Thetiming in this case is shown in figure 11.69.

3 R O O N N
DMAC clear request
signal
Interrupt status flag
clear signal
Input capture/
compare-match signal
Interrupt status flag
ICFOA to ICFOD,

CMF6A to CMF6D,
CMF7A to CMF7D

Figure11.69 Contention between Interrupt Status Flag Clearing by DMAC and Setting by
Input Capture/Compare-Match
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Halting of a Down-Counter by the CPU: A down-counter (DCNT) can be halted by writing
H'0000 to it. The CPU cannot write O directly to the down-count start register (DSTR); instead, by
setting DCNT to H'0000, the corresponding DSTR bit is cleared to 0 and the count is stopped.
However, the OSF bit in the timer status register (TSR) is set when DCNT underflows.

Note that when H'0000 iswritten to DCNT, the corresponding DSTR bit is not cleared to O
immediately; it is cleared to 0, and the down-counter is stopped, when underflow occurs following

the H'0000 write.

Thetiming in this case is shown in figure 11.70.

Pa

DCNT input clock

DCNT

Internal write signal

DSTR

TSR

Port output
(one-shot pulse)

N X H'0000

X H'0000

H'0000

written
to DCNT

Figure11.70 Halting of a Down-Counter by the CPU
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Input Capture Operation when Free-Running Counter isHalted: In channels 0 to 5, channel
10, or channel 11, if input capture setting is performed and atrigger signal isinput from the input
pin, the TCNT value will be transferred to the corresponding general register (GR) or input
capture register (ICR) irrespective of whether the free-running counter (TCNT) is running or
halted, and the IMF or ICF bit will be set in the timer status register (TSR).

Thetiming in this case is shown in figure 11.71.

Pa

Timer status register
TSR

Internal input capture

signal
TCNT N
GR (ICR) X N

Interrupt status flag
IMF (ICF)

Figure11.71 Input Capture Operation before Free-Running Counter is Started
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Contention between DCNT Writeand Counter Clearing by Underflow: With the channel 8
down-counters (DCNT8A to DCNT8P), if the count is halted due to underflow occurring in the T2
state of a down-counter write cycle by the CPU, retention of the H'0000 value has priority and the
write to DCNT by the CPU is not performed. Settint to 1 to the interrupt status flag (OSF) when
the underflow occursis performed in the same way as for normal underflow.

Thetiming in this case is shown in figure 11.72. In this example, awrite of H'5555 to DCNT is
attempted at the same time as DCNT underflows.

‘Tl‘TZ‘

Pg

DCNT input clock

Address X DCNT address X

Write data X 5555 X

Internal write signal

Underflow signal

H'0000 retained when DCNT halts

DCNT OOOlX 0000 X v 0000

Interrupt status flag
(OSsF)

Figure11.72 Contention between DCNT Write and Underflow
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Contention between DSTR Bit Setting by CPU and Clearing by Underflow: If underflow
occursin the T2 state of adown-counter start register (DSTR) “1” write cycle by the CPU,
clearing to 0 by the underflow has priority, and the corresponding bit of DSTR is not set to 1.

Thetiming in this case is shown in figure 11.73.

STR write cycle

Po
Address X DSTR address X
Internal write signal tloVIvDriStt‘?lg
DCNT 0001>< 0000 X 0000

Underflow signal

Down-count start
register

Figure11.73 Contention between DSTR Bit Setting by CPU and Clearing by Underflow
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Timing of Prescaler Register (PSCR), Timer Control Register (TCR), and Timer Mode
Register (TMDR) Setting: Settingsin the prescaler register (PSCR), timer control register (TCR),
and timer mode register (TMDR) should be made before the counter is started. Operation is not
guaranteed if these registers are modified while the counter is running.

Also, the counter must not be started until Pg has been input 32 times after setting PSCR1 to
PSCRA.

Interrupt Status Flag Clearing Procedure: When an interrupt status flag is cleared to O by the
CPU, it must first be read before 0 is written to it. Correct operation cannot be guaranteed if O is
written without first reading the flag.

Setting H'0000 in Free-Running Counters 6A to 6D, 7A to 7D (TCNT6A to TCNT6D,
TCNT7A to TCNT7D): If H'0000 is written to a channel 6 and 7 free-running counter (TCNT6A
to TCNT6D, TCNT7A to TCNT7D), and the counter is started, the interval up to the first
compare-match with the cycle register (CYLR) and duty register (DTR) will be a maximum of one
TCNT input clock cycle longer than the set value. With subsequent compare-matches, the correct
waveform will be output for the CYLR and DTR values.

Register Valueswhen a Free-Running Counter (TCNT) Halts: If the timer start register
(TSTR) valueis set to O during counter operation, only incrementing of the corresponding free-
running counter (TCNT) is stopped, and neither the free-running counter (TCNT) nor any other
ATU registers areinitialized. The external output value at thetime TSTR is cleared to 0 will
continue to be output.

TCNTO Writing and Interval Timer Operation: If the CPU program writes 1 to abit in free-
running counter 0 (TCNTO) corresponding to a bit set to 1 in the interval interrupt request register
(ITVRR) when that TCNTO bitisO, TCNTO bit 6, 7, 8, 9, 10, 11, 12, or 13 will be detected as
having changed from 0 to 1, and an interrupt request will be sent to INTC and A/D sampling will
be started. While the count is halted with the STRO bit cleared to 0 in timer start register 1
(TSTR1), the bit transition from 0 to 1 will still be detected.

Automatic TSR Clearing by DMAC Activation by the ATU: Automatic clearing of TSR is
performed after completion of the transfer when the DMAC isin burst mode, and each time the
DMAC returnsthe busin cycle steal mode.

Interrupt Status Flag Setting/Resetting: With TSR, a0 write to a bit is possible even if
overlapping events occur for the same bit before writing O after reading 1 to clear that bit. (The
duplicate events are not accepted.)
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External Output Valuein Software Standby Mode: In software standby mode, the ATU
register and external output values are cleared to 0. However, while the channel 1, 2, and 11
TIO1A to TIO1H, TIO2A to TIO2H, TIO11A, and TIO11B external output values are cleared to 0
immediately after software standby mode is exited, other external output values and all registers
are cleared to O immediately after atransition to software standby mode.

Also, when pin output isinverted by the pin function controller's port B invert register (PBIR) or
port K invert register (PKIR), the corresponding pins are set to 1.

Software standby mode

« J1IL “ 1L

TIO1A to 1H, ‘ gg
TIO2A to 2H,
TIO11A,11B ——

A
Y

Other external
outputs

((
)

Figure11.74 External Output Value Transition Pointsin Relation to Softwar e Standby
Mode

Contention between TCNT Clearing from Channel 10 and TCNT Overflow: When a channel
1 or 2 free-running counter (TCNT1A, TCNT1B, TCNT2A, TCNT2B) overflows, it is cleared to
H'0000. If aclear signal from the channel 10 correction counter clear register (TCCLR) isinput at
the same time, setting 1 to the overflow interrupt status flag (OVF) due to the overflow is till
performed in the same way as for anormal overflow.

Contention between Channel 10 Reload Register Transfer Timing and Write: If thereis
contention between a multiplied-output transfer from the input capture register (ICR10A) to the
channel 10 reload register (RLDR10C), and the timing of a CPU write to that register, the CPU
write has priority and the multiplied output isignored.

Contention between Channel 10 Reload Timing and Writeto TCNT10C: If thereis contention
between a multiplied-output transfer from the input capture register (ICR10A) to the channel 10
reload register (RLDR10C), and a CPU write to the reload counter (TCNT10C), the CPU write
has priority and the multiplied output isignored.

418
HITACHI




ATU Pin Setting: When aport is set to the ATU pin function, the following points must be noted.

When using a port for input capture input, the corresponding TIOR register must be in the input
capture disabled state when the port is set. Regarding channel 10 T110 input, TCR10 must bein
the TI110 input disabled state when the port is set. When using a port for external clock input, the
STR hit for the corresponding channel must be in the count operation disabled state when the port
is set. When using a port for event input, the corresponding TCR register must be in the count
operation disabled state when the port is set.

Regarding TCLKB and TI10 input, although input is assigned to a number of pins, when using
TCLKB and TI10 input, only one pin should be enabled.

Writing to ROM Area Ilmmediately after ATU Register Write: If awrite cycle for a ROM
address for which address bit 11 = 0 and address bit 12 = 1 (H'00001000 to H'000017FF,
H'00003000 to H'000037FF, H'00005000 to H'000057FF, ..., H'0007F000 to H'0007F7FF, ...,
H'000FF000 to H'000FF7FF) occursimmediately after an ATU register write cycle, the value, or
part of the value, written to ROM will be written to the ATU register. The following measures
should be taken to prevent this.

« Do not perform a CPU write to a ROM address immediately after an ATU register write cycle.
For example, an instruction arrangement in which an MOV instruction that writesto the ATU
islocated at an even-word address (4n address), and isimmediately followed by an MOV
instruction that writesto a ROM area, will meet the bug conditions.

« Do not perform an AUD write to any of the above ROM addresses immediately after an ATU
register write cycle. For example, in the case of awrite to overlap RAM when using the RAM
emulation function, the write should be performed to the on-chip RAM area address, not the
overlapping ROM area address.

e Do not perform aDMAC write to an ATU register when a ROM address write operation
occurs.
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11.8

ATU-Il Registersand Pins

Table11.4 ATU-II Registersand Pins

Channel
Register Channel Channel Channel Channel Channel Channel Channel Channel Channel Channel Channel  Channel
Name** 0 1 2 3 4 5 6 7 8 9 10 11
TSTR(3) TSTR1 TSTR1 TSTR1 TSTR1 TSTR1 TSTR1 TSTR2 TSTR2 — — TSTR1 TSTR3
PSCR (4) PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR1 PSCR2 PSCR3 PSCR1 — PSCR4 PSCR1
TCNT (25) TCNTOH, TCNT1A, TCNT2A, TCNT3 TCNT4 TCNT5 TCNT6A TCNT7A — — TCNT10AH, TCNT11
TCNTOL TCNT1B TCNT2B to to TCNT10AL,
TCNT6D TCNT7D TCNT10B
to
TCNT10H
DCNT (16) — — — — — — — — DCNT8A — — —
to
DCNT8P
ECNT (6) — — — — — — — — — ECNT9A — —
to
ECNTOF
TCR (17) — TCR1A, TCR2A, TCR3 TCR4 TCR5 TCR6A, TCR7A, TCR8 TCR9A TCR10 TCR11
TCR1B TCR2B TCR6B TCR7B to
TCROC
TIOR (17) TIORO TIOR1A TIOR2A TIOR3A, TIOR4A, TIOR5A, — — — — TIOR10 TIOR11
to to TIOR3B TIOR4B TIOR5B
TIOR1D TIOR2D
TSR (12) TSRO TSR1A, TSR2A, TSR3 TSR3 TSR3 TSR6 TSR7 TSR8 TSR9 TSR10 TSR11
TSR1B TSR2B
TIER (12) TIERO TIER1A, TIER2A, TIER3 TIER3 TIER3 TIER6 TIER7 TIER8 TIER9 TIER1O TIER11
TIER1B TIER2B
ITVRR (3) ITVRR1, — — — — — — — — — — —
ITVRR2A,
ITVRR2B
GR@37) — GR1Ato GR2Ato GR3A to GR4A to GR5A to — — — GR9A to GR10G GR11A,
GR1H GR2H GR3D GR4D GR5D GR9F GR11B
ICR(5) ICROAH, — — — — — — — — — ICR10AH, —
ICROAL ICR10AL
to
ICRODH,
ICRODL
OCR (11) — OCR1 OCR2A — — — — — — — OCR10AH, —
to OCR10AL,
OCR2H OCR10B
OSBR (2) — OSBR1 OSBR2 — — — — — — — — —
TRGMDR — TRGMDR — — — — — — — — — —
1)
TMDR (1) — — — TMDR TMDR TMDR — — — — — —
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Table11.4 ATU-II Registersand Pins (cont)

Channel
Register Channel Channel Channel Channel Channel Channel Channel Channel Channel Channel Channel  Channel
Name*' 0 1 2 3 4 5 6 7 8 9 10 11
CYLR (8) — — — — — — CYLR6A CYLR7A — — — —
to to
CYLR6D CYLR7D
BFR(8) — — — — — — BFR6A BFR7A — — — —
to to
BFR6D BFR7D
DTR(8) — — — — — — DTR6A DTR7A — — — —
to to
DTR6D DTR7D
PMDR (1) — — — — — — PMDR — — — — —
RLDR (1) — — — — — — — — RLDR — — —
TCNR (1) — — — — — — — — TCNR — — —
OTR (1) — — — — — — — — OTR — — —
DSTR (1) — — — — — — — — DSTR — — —
RLDENR — — — — — — — — RLDENR — — —
(1)
RLD (1) — — — — — — — — — — RLD10OC —
NCR (1) — — — — — — — — — — NCR10 —
TCCLR (1)— — — — — — — — — — TCCLR1O0O —
Pins*? TIOA TIO1A TIO2A TIO3A TIO4A TIO5A TO6A TO7A TO8A  TI9A T10 TIO11A,
toD to H, to H, to D, to D, to D, toD toD toP toF TIO11B,
TCLKA, TCLKA, TCLKA, TCLKA, TCLKA, TCLKA,
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB

Notes: 1. Figures in parentheses show the number of registers. A 32-bit register is shown as a
single register.
2. Pin functions should be set as described in section 20, Pin Function Controller (PFC).
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Section 12 Advanced Pulse Controller (APC)

121 Overview

The SH7055 has an on-chip advanced pulse controller (APC) that can generate a maximum of
eight pulse outputs, using the advanced timer unit I (ATU-I1) as the time base.

12.1.1 Features
The features of the APC are summarized below.

e Maximum eight pulse outputs

The pulse output pins can be selected from among eight pins. Multiple settings are possible.

« Output trigger provided by advanced timer unit Il (ATU-11) channel 2
Pulse O output and 1 output is performed using the compare-match signal generated by the
ATU-II channel Il compare-match register as the trigger.
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12.1.2

Block Diagram

Figure 12.1 shows a block diagram of the advanced pulse controller.
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12.1.3  Pin Configuration

Table 12.1 summarizes the advanced pulse controller’s output pins.

Table12.1 Advanced Pulse Controller Pins

Pin Name /0 Function

PULSO Output APC pulse output O
PULS1 Output APC pulse output 1
PULS2 Output APC pulse output 2
PULS3 Output APC pulse output 3
PULS4 Output APC pulse output 4
PULS5 Output APC pulse output 5
PULS6 Output APC pulse output 6
PULS7 Output APC pulse output 7

1214 Register Configuration

Table 12.2 summarizes the advanced pulse controller’ s register.

Table12.2 Advanced Pulse Controller Register

Name

Abbreviation R/W Initial Value

Access Size

Pulse output port control

register

POPCR R/W H'0000

H'FFFFF700 8, 16

Note: Register access requires 4 or 5 cycles.
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12.2  Register Descriptions

12.2.1  Pulse Output Port Control Register (POPCR)
The pulse output port control register (POPCR) is a 16-bit readable/writable register.

POPCR isinitialized to H'0000 by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode.

Bit: 15 14 13 12 11 10 9 8

PULS7 | PULS6 | PULS5 | PULS4 | PULS3 | PULS2 | PULS1 | PULSO
ROE ROE ROE ROE ROE ROE ROE ROE

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

PULS7 | PULS6 | PULSS | PULS4 | PULS3 | PULS2 | PULS1 | PULSO
SOE SOE SOE SOE SOE SOE SOE SOE

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits15t0 8—PULS7 to PUL SO Reset Output Enable (PULS7ROE to PUL SOROE): These bits
enable or disable 0 output to the APC pulse output pins (PULS7 to PULSO) bit by bit.

Bits 15to 8:

PULS7ROE to PULSOROE Description

0 0 output to APC pulse output pin (PULS7-PULSO) is disabled
(Initial value)

1 0 output to APC pulse output pin (PULS7-PULSO) is enabled

When one of these bitsis set to 1, 0 is output from the corresponding pin on a compare-match
between the GR11B and TCNT11 values.
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e Bits7to 0—PULS7 to PUL SO Set Output Enable (PUL S7SOE to PUL SOSOE): These bits
enable or disable 1 output to the APC pulse output pins (PULS7 to PULS0) hit by hit.

Bits 7 to O:

PULS7SOE to PULSOSOE Description

0 1 output to APC pulse output pin (PULS7—PULSO) is disabled
(Initial value)

1 1 output to APC pulse output pin (PULS7—PULSO) is enabled

When one of these bitsis set to 1, 1 is output from the corresponding pin on a compare-match
between the GR11A and TCNT11 values.

12.3  Operation

12.3.1 Overview

APC pulse output is enabled by designating multiplex pins for APC pulse output with the pin
function controller (PFC), and setting the corresponding bits to 1 in the pulse output port control
register (POPCR).

When general register 1A (GRIIA) in the advanced timer unit I1 (ATU-11) subsequently generates
acompare-match signal, 1 is output from the pins set to 1 by bits 7 to 0 in POPCR. When general
register 11B (GR11B) generates a compare-match signal, 0 is output from the pins set to 1 by bits
15to 8 in POPCR.

0 is output from the output-enabled state until the first compare-match occurs.

The advanced pulse controller output operation is shown in figure 12.2.
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CR Upper 8 bits

of POPCR
GR11B
Compare-match
signal
Y
Reset signal
< Port function
selection _
APC output pins Set signal
(PULSO to PULS7)
Compare-match
signal GRIIA
Lower 8 bits
of POPCR

Figure12.2 Advanced Pulse Controller Output Operation

12.3.2 Advanced Pulse Controller Output Operation

Example of Setting Procedure for Advanced Pulse Controller Output Operation: Figure 12.3
shows an exampl e of the setting procedure for advanced pulse controller output operation.

1

w

© N o g M

Set general registers GR11A and GR11B as output compare registers with the timer 1/0
control register (TIOR).

Set the pulse rise point with GR11A and the pulse fall point with GR11B.

Select the timer counter 11 (TCNT11) counter clock with the timer prescale register (PSCR).
TCNT11 can only be cleared by an overflow.

Enable the respective interrupts with the timer interrupt enable register (TIER).

Set the pinsfor 1 output and 0 output with POPCR.

Set the control register for the port to be used by the APC to the APC output pin function.

Set the STR bit to 1 in the timer start register (TSTR) to start timer counter 11 (TCNT11).
Each time a compare-match interrupt is generated, update the GR value and set the next pulse
output time.

Each time a compare-match interrupt is generated, update the POPCR value and set the next
pin for pulse output.
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APC output operation

| GR function selection | 1
| GR setting | 2
ATU-II settings |
| Count operation setting | 3
| Interrupt request setting | 4
APC setting | Rise/fall port setting | 5
Port setting | Port output setting | 6
ATU-II setting | Start count | 7
[

Yes
ATU-II setting | GR setting | 8
APC setting | Rise/fall port setting | 9

Figure 12.3 Example of Setting Procedurefor Advanced Pulse Controller Output

Operation
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Example of Advanced Pulse Controller Output Operation: Figure 12.4 shows an example of
advanced pulse controller output operation.

1. Set ATU-11 registers GR11A and GR11B (to be used for output trigger generation) as output
compare registers. Set the rise point in GR11A and the fall point in GR11B, and enable the
respective compare-match interrupts.

2. Write H'0101 to POPCR.

3. Start the TCNT11 count, when a GR11A compare-match occurs, 1 is output from the PULSO
pin. When a GR11B compare-match occurs, 0 is output from the PUL SO pin.

4. Pulse output widths and output pins can be continually changed by successively rewriting
GR11A, GR11B, and POPCR in response to compare-match interrupts.

5. By setting POPCR to a value such as H'EOEOQ, pulses can be output from up to 8 pinsin
response to a single compare-match.

Cleared on overflow

TCNT‘ value Rewritten y
3

Rewritten|

Rewritten

Rewritten&

Rewritten |
RewrittenA

Rewritten
Rewrittend

Rewritten T
Rewritten

GR11Bf——-- -
GRIIAF———2

\

H'0000

EOEO

POPCR X 0101
|
|

PULSO |_| I

PULS1
PULS2
PULS3
PULS4
PULS5 1
PULS6 — 1__
PULS? L

- d-—--—=}ot-—-—" """

_— -t -—-do -]

L
il

Figure12.4 Example of Advanced Pulse Controller Output Operation
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124  Usage Notes

Contention between Compare-Match Signals: If the same valueis set for both GR11A and
GR11B, and 0 output and 1 output are both enabled for the same pin by the POPCR settings, O
output has priority on pins PUL SO to PUL S7 when compare-matches occur.

TCNT value
A
H'FFFF
H'8000 f---=-============—=—-m—
|
|
|
|
|
|
|
|
|
|
| »
| >
|
GR11A X H'8000 |
|
GR11B X H'8000 |
|
POPCR X H0101 |
i
|
|
|

PULSO pin 0\

-

Pin output is 0

Figure12.5 Example of Compare-Match Contention
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Section 13 Watchdog Timer (WDT)

13.1 Overview

The watchdog timer (WDT) is a 1-channel timer for monitoring system operations. If a system
encounters a problem (crashes, for example) and the timer counter overflows without being
rewritten correctly by the CPU, an overflow signal (WDTOVF) is output externally. The WDT
can simultaneously generate an internal reset signal for the entire chip.

When the watchdog function is not needed, the WDT can be used as an interval timer. In the
interval timer operation, an interval timer interrupt is generated at each counter overflow. The
WNDT isalso used in recovering from standby mode.

1311 Features
The WDT has the following features:

*  Worksin watchdog timer mode or interval timer mode
e Outputs WDTOVF in watchdog timer mode

When the counter overflows in watchdog timer mode, overflow signal WDTOVF is output
externally. It is possible to select whether to reset the chip internally when this happens. Either
the power-on reset or manual reset signal can be selected as the internal reset signal.

e Generatesinterruptsin interval timer mode

When the counter overflows, it generates an interval timer interrupt.
» Clears software standby mode
*  Works with eight counter input clocks
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13.1.2 Block Diagram

Figure 13.1 is the block diagram of the WDT.

I Overflow !
mo < 02 l
(interrupt <+ Interrupt <«— @64 |
signal) ! control  |&— «——— @128 |
|
l Clock Clock [ #256 !
: select [&— @512 !
! v «— Q1024 |
WDTOVF < poget «— /4096 |
Internal | control <« @8192 |
reset signal* < i Internal PN
A
| clock sources |
: _ g
| v S
1 ©
RSTCSR TCNT TCSR [ =
Crsrosn Jo) [Crowr e resn | o
| | =
U L 8 |
I Bus Q
i< Module bus S| interface 1 )=
! I
a L
——————————————————————— WDT —-—-—-————— -
TCSR: Timer control/status register
TCNT: Timer counter
RSTCSR: Reset control/status register
Note: * The internal reset signal can be generated by making a register setting.
Figure13.1 WDT Block Diagram
13.1.3 Pin Configuration
Table 13.1 shows the pin configuration.
Table13.1 Pin Configuration
Pin Abbreviation 1/0 Function
Watchdog timer overflow WDTOVF o Outputs the counter overflow signal in

watchdog timer mode
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13.1.4 Register Configuration

Table 13.2 summarizes the three WDT registers. They are used to select the clock, switch the
WDT mode, and control the reset signal.

Table13.2 WDT Registers

Address
Name Abbreviation R/W Initial Value  Write** Read*?
Timer control/status TCSR R/(W)**  H18 H'FFFFEC10 H'FFFFEC10
register
Timer counter TCNT R/W H'00 H'FFFFEC11
Reset control/status RSTCSR R/(W)*¥  H1F H'FFFFEC12 H'FFFFEC13
register

Notes: 1. Write by word transfer. These registers cannot be written in byte or longword.
2. Read by byte transfer. These registers cannot be read in word or longword.
3. Only 0 can be written to bit 7 to clear the flag.
4. In register access, three cycles are required for both byte access and word access.

13.2 Register Descriptions

13.21 Timer Counter (TCNT)

TCNT isan 8-bit readable/writable upcounter. (TCNT differs from other registersin that it is more
difficult to write to. See section 13.2.4, Register Access, for details.) When the timer enable bit
(TME) in the timer control/status register (TCSR) is set to 1, the watchdog timer counter starts
counting pulses of aninternal clock selected by clock select bits 2 to 0 (CKS2 to CKS0) in TCSR.
When the value of TCNT overflows (changes from H'FF to H'00), a watchdog timer overflow
signal (WDTOVF) or interval timer interrupt (1T1) is generated, depending on the mode selected

in the WT/IT bit of TCSR.

TCNT isinitialized to H'00 by a power-on reset, in hardware and software standby modes, and
when the TME bit iscleared to O.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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13.22 Timer Control/Status Register (TCSR)

The timer control/status register (TCSR) is an 8-bit readable/writable register. (TCSR differs from
other registersin that it is more difficult to write to. See section 13.2.4, Register Access, for
details.) TCSR performs selection of the timer counter (TCNT) input clock and mode.

Bits 7 to 5 are initialized to 000 by a power-on reset, and in hardware standby mode and software
standby mode. Bits 2 to O are initialized to 000 by a power-on reset and in hardware standby
mode, but retain their values in software standby mode.

Bit: 7 6 5 4 3 2 1 0

| OVF | wriiT| TME | — | — | CKS2 | CKS1 | CKSO |
Initial value: 0 0 0 1 1 0 0 0
RW: RIW)* RW  RW R R RW  RW  RW

Note: * The only operation permitted on the OVF bit is a write of O after reading 1.
» Bit 7—Overflow Flag (OVF): Indicatesthat TCNT has overflowed from H'FF to H'00 in
interval timer mode. Thisflag is not set in the watchdog timer mode.

Bit 7: OVF Description
0 No overflow of TCNT in interval timer mode (Initial value)

[Clearing condition]
When 0 is written to OVF after reading OVF

1 TCNT overflow in interval timer mode

 Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. When TCNT overflows, the WDT either generates an interval timer interrupt
(I'TI) or generatesa WDTOVF signal, depending on the mode sel ected.

Bit 6: WTAT Description

0 Interval timer mode: interval timer interrupt (ITI) request to the CPU
when TCNT overflows (Initial value)

1 Watchdog timer mode: WDTOVF signal output externally when TCNT

overflows. (Section 13.2.3, Reset Control/Status Register (RSTCSR),
describes in detail what happens when TCNT overflows in watchdog
timer mode.)
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e Bit 5—Timer Enable (TME): Enables or disables the timer.

Bit 5: TME Description
0 Timer disabled: TCNT is initialized to H'00 and count-up stops

(Initial value)
1 Timer enabled: TCNT starts counting. A WDTOVF signal or interrupt is

generated when TCNT overflows.

e Bits4 and 3—Reserved: These hits always read 1. The write value should always be 1.

e Bits21t00: Clock Select 2 to 0 (CKS2 to CKS0): These bits select one of eight internal clock
sources for input to TCNT. The clock signals are obtained by dividing the frequency of the
system clock (¢).

Description
Overflow Interval*
Bit 2: CKS2 Bit 1: CKS1 Bit0: CKS0 Clock Source (@ =40 MHz)
0 0 0 @2 (Initial value) 12.8 ps
0 0 1 @64 409.6 s
0 1 0 ®/128 0.8 ms
0 1 1 @256 1.6 ms
1 0 0 @512 3.3ms
1 0 1 @1024 6.6 ms
1 1 0 /4096 26.2 ms
1 1 1 ©8192 52.4ms

Note: * The overflow interval listed is the time from when the TCNT begins counting at H'00 until an
overflow occurs.
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13.23 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable/writable register. (RSTCSR differs from other registersinthat itis
more difficult to write. See section 13.2.4, Register Access, for details.) It controls output of the
internal reset signal generated by timer counter (TCNT) overflow. RSTCR isinitialized to H'1F by
input of areset signal from the RES pin, but is not initialized by the internal reset signal generated
by overflow of the WDT. It isinitialized to H'1F in hardware standby mode and software standby
mode.

Bit 7 6 5 4 3 2 1 0

\ WOVF \ RSTE \ RSTS \ — \ — \ — \ — \ — \
Initial value: 0 0 0 1 1 1 1 1
RIW: RI(W)* RMW  RW R R R R R

Note: * Only O can be written to bit 7 to clear the flag.

* Bit 7—Watchdog Timer Overflow Flag (WOVF): Indicates that TCNT has overflowed (H'FF
to H'00) in watchdog timer mode. This flag is not set in interval timer mode.

Bit 7: WOVF Description

0 No TCNT overflow in watchdog timer mode (Initial value)
[Clearing condition]
When 0 is written to WOVF after reading WOVF

1 Set by TCNT overflow in watchdog timer mode

* Bit 6—Reset Enable (RSTE): Selects whether to reset the chip internally if TCNT overflowsin
watchdog timer mode.

Bit 6: RSTE Description

0 Not reset when TCNT overflows (Initial value)
LSI not reset internally, but TCNT and TCSR reset within WDT.

1 Reset when TCNT overflows

* Bit 5—Reset Select (RSTS): Selects the kind of internal reset to be generated when TCNT
overflows in watchdog timer mode.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

e Bits4to 0—Reserved: These bits always read 1. The write value should always be 1.
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13.24 Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin that they
are more difficult to write to. The procedures for writing and reading these registers are given
below.

Writingto TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte transfer instructions.

TCNT and TCSR both have the same write address. The write data must be contained in the lower
byte of the written word. The upper byte must be H'5A (for TCNT) or H'A5 (for TCSR) (figure
13.2). Thistransfers the write data from the lower byteto TCNT or TCSR.

Writing to TCNT

15 8 7 0
Address: H'FFFFEC10 H'5A Write data
Writing to TCSR
15 8 7 0
Address: H'FFFFEC10 H'A5 Write data

Figure13.2 Writingto TCNT and TCSR

Writing to RSTCSR: RSTCSR must be written by aword access to address H'FFFFEC12. It
cannot be written by byte transfer instructions.

Procedures for writing 0 to WOVF (bit 7) and for writing to RSTE (bit 6) and RSTS (bit 5) are
different, as shown in figure 13.3.

To write 0 to the WOVF hit, the write data must be H'A5 in the upper byte and H'00 in the lower
byte. This clearsthe WOVF bit to 0. The RSTE and RSTS bits are not affected. To write to the
RSTE and RSTS hits, the upper byte must be H'5A and the lower byte must be the write data. The
values of bits 6 and 5 of the lower byte are transferred to the RSTE and RSTS bits, respectively.
The WOVF hit is not affected.
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Writing 0 to the WOVF bit
15 8 7 0

Address: H'FFFFEC12 H'AS H'00

Writing to the RSTE and RSTS bits
15 8 7 0

Address: H'FFFFEC12 H'5A Write data

Figure13.3 Writingto RSTCSR

Reading from TCNT, TCSR, and RSTCSR: TCNT, TCSR, and RSTCSR are read like other
registers. Use byte transfer instructions. The read addresses are H'FFFFEC10 for TCSR,
H'FFFFEC11 for TCNT, and H'FFFFEC13 for RSTCSR.

13.3  Operation

13.31 Watchdog Timer Mode

To use the WDT as awatchdog timer, set the WT/IT and TME bits of TCSR to 1. Software must
prevent TCNT overflow by rewriting the TCNT value (normally by writing H'00) before overflow
occurs. No TCNT overflows will occur while the system is operating normally, but if TCNT fails
to be rewritten and overflows occur due to a system crash or the like, a WDTOVF signal is output
externaly (figure 13.4). The WDTOVF signal can be used to reset the system. The WDTOVF
signal isoutput for 128 ¢ clock cycles.

If the RSTE bitin RSTCSR is set to 1, asignal to reset the chip will be generated internally
simultaneous to the WDTOVF signal when TCNT overflows. Either a power-on reset or a manual
reset can be selected by the RSTS bit in RSTCSR. The internal reset signal is output for 512 ¢
clock cycles.

When aWDT overflow reset is generated simultaneously with areset input at the RES pin, the
RES reset takes priority, and the WOVF bit in RSTCSR is cleared to 0.

The following are not initialized by aWDT reset signal:

e PFC (pin function controller) registers
* 1/O port registers

Theseregisters are initialized only by an external power-on reset.
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TCNT
value

A Overflow
e e

H'00

WTAT=1  H'00 written WOVF=1 WTAT=1 H00 written

TME=1 in TCNT TME=1 inTCNT
WDTOVF and

internal reset generated

WDTOVF ¢
signal I_,
>

128 @clocks

Internal
reset signal*

]

512 @ clocks

WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * Internal reset signal occurs only when the RSTE bit is set to 1.

Figure13.4 Operation in Watchdog Timer Mode
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13.3.2 Interval Timer Mode

To usethe WDT asan interval timer, clear WT/IT to 0 and set TME to 1in TCSR. Aninterval
timer interrupt (ITI) is generated each time the timer counter overflows. This function can be used
to generate interval timer interrupts at regular intervals (figure 13.5).

TCNT value
A Overflow Overflow Overflow Overflow
HFF f---——-— - -
H'00 ? * * * * » Time
WT/IT =0 ITl ITl ITI ITI
TME=1

ITI: Interval timer interrupt request generation

Figure13.5 Operationin Interval Timer Mode

13.3.3 Clearing Software Standby Mode

The watchdog timer has a special function to clear software standby mode with an NMI interrupt.
When using software standby mode, set the WDT as described below.

Before Transition to Softwar e Standby Mode: The TME bit in TCSR must be cleared to 0 to
stop the watchdog timer counter before entering software standby mode. The chip cannot enter
software standby mode while the TME bit is set to 1. Set bits CKS2 to CKS0 in TCSR so that the
counter overflow interval isequal to or longer than the oscillation settling time. See section 25.3,
AC Characteristics, for the oscillation settling time.

Recovery from Softwar e Standby M ode: When an NMI request signal is received in software
standby mode, the clock oscillator starts running and the watchdog timer starts incrementing at the
rate selected by bits CKS2 to CK S0 before software standby mode was entered. When TCNT
overflows (changes from H'FF to H'00), the clock is presumed to be stable and usable; clock
signals are supplied to the entire chip and software standby mode ends.

For details on software standby mode, see section 24, Power-Down State.
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13.34  Timing of Setting the Overflow Flag (OVF)

Ininterval timer mode, when TCNT overflows, the OVF flag of TCSR is set to 1 and an interval
timer interrupt (ITI) is simultaneously requested (figure 13.6).

TCNT S H'FF ><H'00
I

Overflow signal

(internal signal) —_— \

(( |
U

OVF

Figure13.6 Timing of Setting OVF

13.35 Timing of Setting the Watchdog Timer Overflow Flag (WOVF)

When TCNT overflows in watchdog timer mode, the WOV F bit of RSTCSRissetto 1 and a
WDTOVF signal is output. When the RSTE bit in RSTCSR is set to 1, TCNT overflow enables an
internal reset signal to be generated for the entire chip (figure 13.7).

{ {
TCNT \ H'FF ><H'OO \
17 11

Overflow signal §_,—\
(internal signal) 5 «
((
)

WOVF |

((
)]

Figure13.7 Timing of Setting WOVF
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134  Usage Notes

13.4.1 TCNT Writeand Increment Contention

If atimer counter increment clock pulseis generated during the T3 state of awrite cycleto TCNT,
the write takes priority and the timer counter is not incremented (figure 13.8).

TCNT write cycle
PELLERPELLINPELLEN
= s

Address >< TCNT address ><
Internal
write signal
TCNT
input clock

TCNT N >< « M

Counter write data

Figure 13.8 Contention between TCNT Write and Increment

13.42 Changing CKS2 to CK SO Bit Values

If the values of bits CKS2 to CKS0 in the timer control/status register (TCSR) are rewritten while
the WDT is running, the count may not increment correctly. Always stop the watchdog timer (by
clearing the TME bit to 0) before changing the values of bits CKS2 to CK'S0.

13.4.3 Changing between Watchdog Timer/Interval Timer M odes

To prevent incorrect operation, always stop the watchdog timer (by clearing the TME bit to 0)
before switching between interval timer mode and watchdog timer mode.
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13.44  System Reset by WDTOVF Signal
If aWDTOVF signal isinput to the RES pin, the chip cannot initialize correctly.

Avoid logical input of the WDTOVF output signal to the RES input pin. To reset the entire system
with the WDTOVF signal, use the circuit shown in figure 13.9.

SH7055F
Reset input ’ RES
Reset signal to
entire system WDTOVF

Figure13.9 Exampleof System Reset Circuit Using WDTOVF Signal

1345 Internal Reset in Watchdog Timer Mode

If the RSTE bit is cleared to 0 in watchdog timer mode, the chip will not be reset internally when a
TCNT overflow occurs, but TCNT and TCSR inthe WDT will be reset.

134.6 Manual Reset in Watchdog Timer

When an internal reset is effected by TCNT overflow in watchdog timer mode, the processor waits
until the end of the bus cycle at the time of manual reset generation before making the transition to
manual reset exception processing. Therefore, the bus cycleisretained in amanual reset, but if a
manual reset occurs while the busis released or during DMAC burst transfer, manual reset
exception processing will be deferred until the CPU acquires the bus. However, if the interval
from generation of the manual reset until the end of the bus cycleis equal to or longer than the
internal manual reset interval of 512 cycles, the internal manual reset source isignored instead of
being deferred, and manual reset exception processing is not executed.
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Section 14 Compare Match Timer (CMT)

141 Overview

The SH7055 has an on-chip compare match timer (CMT) comprising two 16-bit timer channels.
The CMT has 16-bit counters and can generate interrupts at set intervals.

1411 Features
The CMT has the following features:

» Four types of counter input clock can be selected

O Oneof four internal clocks (P@/8, P@/32, P@/128, P@/512) can be selected independently for
each channel.

e Interrupt sources
O A compare match interrupt can be requested independently for each channel.
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14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the CMT.

P@32  P@512 P@32  P@512
CM10 P8 P@/128 CMI1 P@8 P@128
------------ o e et e
Control circuit Clock selection | | Control circuit |—>| Clock selection |

4

=

CMSTR

CMCSRO
CMCORO
Comparator
CMCSR1
CMCOR1
Comparator

Bus
interface

Module bus

CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match timer constant register
CMCNT: Compare match timer counter

CMI: Compare match interrupt

Figure14.1 CMT Block Diagram
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14.1.3

Register Configuration

Table 14.1 summarizes the CMT register configuration.

Table14.1 Register Configuration
Initial Access Size
Channel Name Abbreviation R/W Value  Address (Bits)
Shared Compare match timer CMSTR R/W H'0000 H'FFFFF710 8, 16, 32
start register
0 Compare match timer CMCSRO R/(W)* H'0000 HFFFFF712 8,16, 32
control/status register O
Compare match timer CMCNTO R/W H'0000 H'FFFFF714 8, 16, 32
counter O
Compare match timer CMCORO R/W H'FFFF HFFFFF716 8, 16, 32
constant register 0
1 Compare match timer CMCSR1 R/(W)** H'0000 HFFFFF718 8,16, 32
control/status register 1
Compare match timer CMCNT1 R/W H'0000 H'FFFFF71A 8, 16, 32
counter 1
Compare match timer CMCORL1 R/W H'FFFF HFFFFF71C 8, 16, 32
constant register 1
Notes: 1. The only value that can be written to the CMCSR0 and CMCSR1 CMF bits is a 0 to

clear the flags.

With regard to access size, four of five cycles are required for byte access and word

access, and eight or nine cycles for longword access.
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14.2 Register Descriptions

1421 CompareMatch Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-bit register that selects whether to
operate or halt the channel 0 and channel 1 counters (CMCNT). It isinitialized to H'0000 by a
power-on reset and in the standby modes.

Bit: 15 14 13 12 11 10 9 8
-l -l -] -]T-]T-1-1=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
(== =T -1 =1 [sm]sm]
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R/W R/W

« Bits 15-2—Reserved: These hits always read 0. The write value should always be 0.

e Bit 1—Count Start 1 (STR1): Selects whether to operate or halt compare match timer counter
1

Bit 1: STR1 Description
0 CMCNT1 count operation halted (Initial value)
1 CMCNT1 count operation

e Bit 0—Count Start 0 (STRO0): Selects whether to operate or halt compare match timer counter
0.

Bit 0: STRO Description

0 CMCNTO count operation halted (Initial value)
1 CMCNTO count operation
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14.22 CompareMatch Timer Control/Status Register (CMCSR)

The compare match timer control/status register (CMCSR) is a 16-hit register that indicates the
occurrence of compare matches, sets the enable/disable status of interrupts, and establishes the

clock used for incrementation. It isinitialized to H'0000 by a power-on reset and in the standby
modes.

Bit: 15 14 13 12 11 10 9 8
-l -1 -1-1T-1-7T-1=
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
| cMF [ oME| — | — | — | — | CKSL | CKSO |
Initial value: 0 0 0 0 0 0 0 0
R/W: R/(W)* R/W R R R R R/W R/W

Note: * The only value that can be written is a O to clear the flag.

e Bits 158 and 5—2—Reserved: These bits aways read 0. The write value should always be 0.

e Bit 7—Compare Match Flag (CMF): This flag indicates whether or not the CMCNT and
CMCOR values have matched.

Bit 7: CMF Description

0 CMCNT and CMCOR values have not matched (Initial value)
[Clearing condition]
Write 0 to CMF after reading 1 from it

1 CMCNT and CMCOR values have matched

* Bit 6—Compare Match Interrupt Enable (CMIE): Selects whether to enable or disable a
compare match interrupt (CMI) when the CMCNT and CMCOR values have matched (CMF =
1).

Bit 6: CMIE Description
0 Compare match interrupt (CMI) disabled (Initial value)
1 Compare match interrupt (CMI) enabled
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e Bits1land 0—Clock Select 1 and 0 (CKS1, CKS0): These bits select the clock input to
CMCNT from among the four internal clocks obtained by dividing the peripheral clock (Pg).
When the STR bit of CMSTR is set to 1, CMCNT begins incrementing with the clock selected
by CKS1 and CKS0.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 P@/8 (Initial value)
1 P32

1 0 P@/128
1 P@/512

14.2.3 CompareMatch Timer Counter (CMCNT)

The compare match timer counter (CMCNT) is a 16-bit register used as an up-counter for
generating interrupt requests.

When an internal clock is selected with the CKS1 and CK SO bits of the CMCSR register and the
STR bit of CMSTR isset to 1, CMCNT begins incrementing with that clock. When the CMCNT
value matches that of the compare match timer constant register (CMCOR), CMCNT is cleared to
H'0000 and the CMF flag of CMCSR is set to 1. If the CMIE bit of CMCSR is set to 1 at thistime,
acompare match interrupt (CMI) is requested.

CMCNT isinitialized to H'0000 by a power-on reset and in the standby modes. It is not initialized
by amanual reset.

Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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1424 CompareMatch Timer Constant Register (CMCOR)

The compare match timer constant register (CMCOR) is a 16-bit register that sets the period for

compare match with CMCNT.

CMCOR isinitialized to H'FFFF by a power-on reset and in the standby modes. It is not initialized

by amanual reset.

Bit: 15 14 13 12 11 10 9
| ] ] | | |
Initial value: 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1
| ] ] | | |
Initial value: 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

14.3 Operation

14.3.1 Cyclic Count Operation

When an internal clock is selected with the CKS1, CKS0 bits of the CMCSR register and the STR

bit of CMSTR isset to 1, CMCNT begins incrementing with the selected clock. When the
CMCNT counter value matches that of the compare match constant register (CMCOR), the

CMCNT counter is cleared to H'0000 and the CMF flag of the CMCSR register is set to 1. If the

CMIE bit of the CMCSR register is set to 1 at thistime, a compare match interrupt (CMI) is

requested. The CMCNT counter begins counting up again from H'0000.

Figure 14.2 shows the compare match counter operation.

CMCNT value

H'0000

Counter cleared by
/ CMCOR compare match

» Time

Figure14.2 Counter Operation
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14.3.2 CMCNT Count Timing

One of four clocks (Pq/8, P@/32, P@/128, P@/512) obtained by dividing the peripheral clock (Rp)
can be selected by the CKS1 and CK S0 bits of CMCSR. Figure 14.3 shows the timing.

o [ LI LI LI LI LI

Internal clock —I | |

(«
R

CMCNT input _,——I I_—\—
clock « «

) )

<«

CMCNT _ N-1 X ) N 7 X N+1

oy P

Figure14.3 Count Timing
144 Interrupts

1441 Interrupt Sourcesand DTC Activation

The CMT has a compare match interrupt for each channel, with independent vector addresses
alocated to each of them. The corresponding interrupt request is output when interrupt request
flag CMF is set to 1 and interrupt enable bit CMIE has also been set to 1.

When activating CPU interrupts by interrupt request, the priority between the channels can be
changed by means of interrupt controller settings. See section 7, Interrupt Controller, for details.

1442 CompareMatch Flag Set Timing

The CMF bit of the CMCSR register is set to 1 by the compare match signal generated when the
CMCOR register and the CMCNT counter match. The compare match signal is generated upon
thefinal state of the match (timing at which the CMCNT counter matching count value is
updated). Consequently, after the CMCOR register and the CMCNT counter match, a compare
match signal will not be generated until a CMCNT counter input clock occurs. Figure 14.4 shows
the CMF hit set timing.
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|

CMCNT
inputclock |

CMCNT N >< 0

CMCOR N

Compare
match signal

CMF

CMI

Figure14.4 CMF Set Timing

1443 CompareMatch Flag Clear Timing

The CMF bit of the CMCSR register is cleared by writing a0 to it after reading a 1. Figure 14.5
shows the timing when the CMF bit is cleared by the CPU.

CMCSR write cycle
T1 T2

[——le—>|

0 | L

CMF

Figure14.5 Timing of CMF Clear by the CPU
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145 Usage Notes

Take care that the contentions described in sections 14.5.1 to 14.5.3 do not arise during CMT
operation.

1451 Contention between CMCNT Writeand Compare Match

If acompare match signal is generated during the T2 state of the CMCNT counter write cycle, the
CMCNT counter clear has priority, so the write to the CMCNT counter is not performed. Figure
14.6 shows the timing.

CMCNT write cycle

T1 T2

[e—>le——»

o | N
Address >< CMCNT ><

Internal
write signal

Compare
match signal

CMCNT N >< H'0000

Figure14.6 CMCNT Write and Compare Match Contention
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14.5.2 Contention between CMCNT Word Write and I ncrementation

If an increment occurs during the T2 state of the CMCNT counter word write cycle, the counter
write has priority, so no increment occurs. Figure 14.7 shows the timing.

CMCNT write cycle
T1 T2

[—le——»|

P | N
Address >< CMCNT ><

Internal
write signal

CMCNT input
clock

CMCNT N >< ‘M
\

CMCNT write data

Figure14.7 CMCNT Word Writeand Increment Contention
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14.5.3 Contention between CMCNT Byte Write and Incrementation

If an increment occurs during the T2 state of the CMCNT byte write cycle, the counter write has
priority, so no increment of the write data results on the side on which the write was performed.
The byte data on the side on which writing was not performed is also not incremented, so the
contents are those before the write.

Figure 14.8 shows the timing when an increment occurs during the T2 state of the CMCNTH write
cycle.

CMCNT write cycle
T1 T2

A —

Po |

Address CMCNTH

Internal
write signal

CMCNT
input clock

CMCNTH N M
*

CMCNTH write data

CMCNTL X X

Figure 14.8 CMCNT Byte Writeand Increment Contention
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Section 15 Serial Communication Interface (SCI)

151 Overview

The SH7055 has a serial communication interface (SCI) with five independent channels.

The SCI supports both asynchronous and synchronous serial communication. It also hasa
multiprocessor communication function for serial communi cation between two or more
processors, and a clock inverted input/output function.

15.1.1 Features

The SCI has the following features:

Selection of asynchronous or synchronous as the serial communication mode
O Asynchronous mode

Serial data communication is synchronized in character units. The SCI can communicate
with auniversal asynchronous receiver/transmitter (UART), an asynchronous
communication interface adapter (ACIA), or any other chip that employs standard
asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.

» Datalength: seven or eight bits

» Stop bit length: one or two bits

 Parity: even, odd, or none

* Multiprocessor bit: one or none

» Receive error detection: parity, overrun, and framing errors

* Break detection: by reading the RxD level directly when aframing error occurs
O Synchronous mode

Serial data communication is synchronized with a clock signal. The SCI can communicate

with other chips having a synchronous communication function. There is one serial data

communication format.

» Datalength: eight bits

* Receive error detection: overrun errors

» Serial clock inverted input/output

Full duplex communication: The transmitting and receiving sections are independent, so the
SCI can transmit and receive simultaneously. Both sections use double buffering, so
continuous data transfer is possible in both the transmit and receive directions.

On-chip baud rate generator with selectable bit rates
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e Internal or external transmit/receive clock source: baud rate generator (internal) or SCK pin

(extern

al)

« Four types of interrupts: Transmit-data-empty, transmit-end, receive-data-full, and receive-
error interrupts are requested independently. The transmit-data-empty and receive-data-full

interrupts can start the direct memory access controller (DMAC) to transfer data.

» Selection of LSB-first or MSB-first transfer (8-bit length)

This selection is available regardless of the communication mode. (The descriptionsin this
section are based on L SB-first transfer.)

151.2

Block Diagram

Figure 15.1 shows a block diagram of the SCI.

' :
: 8 I
: £ : Internal
[0 |
i < Module data bus £ : data bus
| ’ ‘ ’ : |
| m |
| |
| |
' :
|
! RDR TDR SSR BRR :
| |
! SCR :
| |
! SMR Baud rate |
! enerator | Po
RxD = | RSR TSR spcr | | ¢ «— P4
- +«—+— P@/16
A 4 Transmit/ < I Pg64
ot receive control |
TXD < - 7y 7y |
| Parity Clock |
| generation |
| |
I Parity check I
SCK 1: External clock i
|
! —» TEI
I —» TXI
! —» RXI
I ! > ERI
e R SCl-—===---=
RSR: Receive shift register SMR: Serial mode register
RDR: Receive data register SCR: Serial control register
TSR: Transmit shift register SSR: Serial status register
TDR: Transmit data register BRR: Bit rate register
SDCR: Serial direction control register
Figure15.1 SCI Block Diagram
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15.1.3  Pin Configuration

Table 15.1 summarizes the SCI pins by channel.

Table15.1 SCI Pins

Channel Pin Name Abbreviation Input/Output Function

0 Serial clock pin SCKO Input/output SCIO clock input/output
Receive data pin RxDO Input SCIO receive data input
Transmit data pin TxDO Output SCI0 transmit data output

1 Serial clock pin SCK1 Input/output SCI1 clock input/output
Receive data pin RxD1 Input SCI1 receive data input
Transmit data pin TxD1 Output SCI1 transmit data output

2 Serial clock pin SCK2 Input/output SCI2 clock input/output
Receive data pin RxD2 Input SCI2 receive data input
Transmit data pin TxD2 Output SCI2 transmit data output

3 Serial clock pin SCK3 Input/output SCI3 clock input/output
Receive data pin RxD3 Input SCI3 receive data input
Transmit data pin TxD3 Output SCI3 transmit data output

4 Serial clock pin SCK4 Input/output SCl4 clock input/output
Receive data pin RxD4 Input SCl4 receive data input
Transmit data pin TxD4 Output SCI4 transmit data output

Note: In the text the pins are referred to as SCK, RxD, and TxD, omitting the channel number.
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15.1.4 Register Configuration

Table 15.2 summarizes the SCI internal registers. These registers select the communication mode
(asynchronous or synchronous), specify the data format and bit rate, and control the transmitter

and receiver sections.

Table15.2 Registers

Initial Access
Channel Name Abbreviation R/W Value Address* Size
0 Serial mode register 0 SMRO R/W H'00 H'FFFFFO00 8, 16
Bit rate register 0 BRRO RIW H'FF H'FFFFF001
Serial control register 0 SCRO R/W H'00 H'FFFFF002
Transmit data register 0 TDRO R/W H'FF H'FFFFF003
Serial status register 0 SSRO R/I(W) ** H'84 H'FFFFFO04
Receive data register 0 RDRO R H'00 H'FFFFFO005
Serial direction control SDCRO R/W H'F2 H'FFFFFO06 8
register O
1 Serial mode register 1 SMR1 R/W H'00 H'FFFFFO08 8, 16
Bit rate register 1 BRR1 R/W H'FF H'FFFFF009
Serial control register 1 SCR1 R/W H'00 H'FFFFFO0A
Transmit data register 1~ TDR1 R/IW H'FF H'FFFFFO0B
Serial status register 1 SSR1 R/(W) * H'84 H'FFFFFO0C
Receive data register 1 RDR1 R H'00 H'FFFFFOOD
Serial direction control SDCR1 R/W H'F2 H'FFFFFOOE 8
register 1
2 Serial mode register 2 SMR2 R/W H'00 H'FFFFF010 8, 16
Bit rate register 2 BRR2 RIW H'FF H'FFFFFO11
Serial control register 2 SCR2 R/W H'00 H'FFFFF012
Transmit data register 2 TDR2 R/W H'FF H'FFFFF013
Serial status register 2 SSR2 R/I(W) ** H'84 H'FFFFFO14
Receive data register 2 RDR2 R H'00 H'FFFFF015
Serial direction control SDCR2 R/W H'F2 H'FFFFFO16 8

register 2

462

HITACHI



Table15.2 Registers(cont)

Initial Access
Channel Name Abbreviation R/W Value Address* Size
3 Serial mode register 3 SMR3 R/W H'00 H'FFFFF018 8, 16
Bit rate register 3 BRR3 R/W H'FF H'FFFFFO19
Serial control register 3 SCR3 R/W H'00 H'FFFFFO1A
Transmit data register 3 TDR3 R/W H'FF H'FFFFFO1B
Serial status register 3 SSR3 R/I(W) * H'84 H'FFFFFO1C
Receive data register 3 RDR3 R H'00 H'FFFFFO1D
Serial direction control SDCR3 R/W H'F2 H'FFFFFO1E 8
register 3
4 Serial mode register 4 SMR4 R/W H'00 H'FFFFF020 8, 16
Bit rate register 4 BRR4 R/W H'FF H'FFFFF021
Serial control register 4 SCR4 R/W H'00 H'FFFFF022
Transmit data register 4 TDR4 R/W H'FF H'FFFFF023
Serial status register 4 SSR4 RI(W) ** H'84 H'FFFFF024
Receive data register 4 RDR4 R H'00 H'FFFFF025
Serial direction control SDCR4 R/W H'F2 H'FFFFF026 8

register 4

Notes: In register access, four or five cycles are required for byte access, and eight or nine cycles
for word access.

1. The only value that can be written is a 0 to clear the flags.
2. Do not access empty addresses.

152

1521

Register Descriptions

Receive Shift Register (RSR)

The receive shift register (RSR) receives serial data. Datainput at the RxD pinisloaded into RSR
in the order received, LSB (bit O) first, converting the datato parallel form. When one byte has

been received, it is automatically transferred to RDR.

The CPU cannot read or write to RSR directly.

Bit: 7 6

R/W: — —

HITACHI
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15.2.2 Receive Data Register (RDR)

The receive data register (RDR) stores serial receive data. The SCI compl etes the reception of one
byte of serial data by moving the received data from the receive shift register (RSR) into RDR for
storage. RSR isthen ready to receive the next data. This double buffering allows the SCI to
receive data continuously.

The CPU can read but not write to RDR. RDR isinitialized to H'00 by a power-on reset, and in
hardware standby mode and software standby mode. It is not initialized by a manual reset.

Bit: 7 6 5 4 3 2 1 0
| | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0
R/W:

15.2.3 Transmit Shift Register (TSR)

The transmit shift register (TSR) transmits serial data. The SCI loads transmit data from the
transmit data register (TDR) into TSR, then transmits the data serially from the TxD pin, LSB (bit
0) first. After transmitting one data byte, the SCI automatically loads the next transmit data from
TDR into TSR and starts transmitting again. If the TDRE hit of SSRis 1, however, the SCI does
not load the TDR contents into TSR.

The CPU cannot read or write to TSR directly.

Bit: 7 6 5 4 3 2 1 0

RIW:  — — — — — — — —
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15.24 Transmit Data Register (TDR)

The transmit dataregister (TDR) is an 8-hit register that stores data for serial transmission. When
the SCI detects that the transmit shift register (TSR) is empty, it moves transmit data written in
TDR into TSR and starts serial transmission. Continuous serial transmission is possible by writing
the next transmit datain TDR during seria transmission from TSR.

The CPU can alwaysread and write to TDR. TDR isinitialized to H'FF by a power-on reset, and
in hardware standby mode and software standby mode. It is not initialized by a manual reset.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

15.25 Serial Mode Register (SMR)

The serial mode register (SMR) is an 8-bit register that specifies the SCI serial communication
format and selects the clock source for the baud rate generator.

The CPU can always read and write to SMR. SMR isinitialized to H'00 by a power-on reset, and
in hardware standby mode and software standby mode. It is not initialized by a manual reset.

Bitt 7 6 5 4 3 2 1 0
\ C/A \ CHR \ PE \ O/E \ STOP \ MP \ CKS1 \ CKSO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

+ Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (Initial value)
1 Synchronous mode
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e Bit 6—Character Length (CHR): Selects 7-bit or 8-hit data in asynchronous mode. In
synchronous mode, the data length is always eight bits, regardless of the CHR setting.

Bit 6: CHR Description
0 Eight-bit data (Initial value)
1 Seven-bit data

When 7-bit data is selected, the MSB (bit 7) of the transmit data register
is not transmitted. LSB-first/MSB-first selection is not available.

* Bit 5—Parity Enable (PE): Selects whether to add a parity bit to transmit data and to check the
parity of receive data, in asynchronous mode. In synchronous mode and when using a
multiprocessor format, a parity hit is neither added nor checked, regardless of the PE hit

setting.
Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked

When PE is set to 1, an even or odd parity bit is added to transmit data,
depending on the parity mode (O/E bit) setting. Receive data parity is
checked according to the even/odd (O/E bit) setting.

* Bit 4—Parity Mode (O/E): Selects even or odd parity when parity bits are added and checked.
The OJE setting is used only in asynchronous mode and only when the parity enable bit (PE) is
set to 1 to enable parity addition and checking. The O/E setting isinvalid in synchronous
mode, in asynchronous mode when parity bit addition and checking is disabled, and when
using a multiprocessor format.

Bit 4: O/E

Description

0

Even parity (Initial value)

If even parity is selected, the parity bit is added to transmit data to make
an even number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an even number of
1s in the received character and parity bit combined.

Odd parity

If odd parity is selected, the parity bit is added to transmit data to make
an odd number of 1s in the transmitted character and parity bit
combined. Receive data is checked to see if it has an odd number of 1s
in the received character and parity bit combined.
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Bit 3—Stop Bit Length (STOP): Selects one or two bits as the stop bit length in asynchronous
mode. This setting is used only in asynchronous mode. It isignored in synchronous mode
because no stop bits are added.

In receiving, only thefirst stop bit is checked, regardliess of the STOP bit setting. If the second
stop bitis 1, it istreated as a stop bit, but if the second stop bit is 0, it is treated as the start bit
of the next incoming character.

Bit 3: STOP Description

0 One stop bit (Initial value)
In transmitting, a single bit of 1 is added at the end of each transmitted
character.

1 Two stop bits

In transmitting, two 1-bits are added at the end of each transmitted
character.

e Bit 2—Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor
format is selected, settings of the parity enable (PE) and parity mode (O/E) bits are ignored.
The MP hit setting is used only in asynchronous mode; it isignored in synchronous mode. For
the multiprocessor communication function, see section 15.3.3, Multiprocessor
Communication.

Bit 2: MP Description

0 Multiprocessor function disabled (Initial value)

1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1, CKS0): These bits select the internal clock source
of the on-chip baud rate generator. Four clock sources are available: Pg, Pp/4, P@/16, or Pp/64
(P@isthe peripheral clock). For further information on the clock source, bit rate register
settings, and baud rate, see section 15.2.8, Bit Rate Register.

Bit 1: CKS1 Bit 0: CKSO Description

0 0 Po (Initial value)
1 Pg/4
1 0 P@/16
1 P/64
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1526 Serial Control Register (SCR)

The serial control register (SCR) operates the SCI transmitter/receiver, selects the serial clock
output in asynchronous mode, enables/disables interrupt requests, and selects the transmit/receive
clock source. The CPU can always read and write to SCR. SCR isinitialized to H'00 by a power-
on reset, and in hardware standby mode and software standby mode. It is not initialized by a
manual reset.

Bt 7 6 5 4 3 2 1 0
\ TIE \ RIE \ TE \ RE \ MPIE \ TEIE \ CKEl‘ CKEO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI1) requested when the transmit data register empty bit (TDRE) in the seria status register
(SSR) is set to 1 by transfer of serial transmit datafrom TDR to TSR.

Bit 7: TIE Description

0 Transmit-data-empty interrupt request (TXI) is disabled  (Initial value)

The TXI interrupt request can be cleared by reading TDRE after it has
been set to 1, then clearing TDRE to 0, or by clearing TIE to O.

1 Transmit-data-empty interrupt request (TXI) is enabled

» Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt
(RXI) requested when the receive data register full bit (RDRF) in the serial status register
(SSR) isset to 1 by transfer of serial receive datafrom RSR to RDR. It also enables or disables
receive-error interrupt (ERI) requests.

Bit 6: RIE Description
0 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are disabled (Initial value)

RXI and ERI interrupt requests can be cleared by reading the RDRF
flag or error flag (FER, PER, or ORER) after it has been set to 1, then
clearing the flag to O, or by clearing RIE to 0.

1 Receive-data-full interrupt (RXI) and receive-error interrupt (ERI)
requests are enabled
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e Bit 5—Transmit Enable (TE): Enables or disablesthe SCI serial transmitter.

Bit 5: TE Description

0 Transmitter disabled (Initial value)
The transmit data register empty bit (TDRE) in the serial status register
(SSR) is locked at 1.

1 Transmitter enabled

Serial transmission starts when the transmit data register empty (TDRE)
bit in the serial status register (SSR) is cleared to 0 after writing of
transmit data into TDR. Select the transmit format in SMR before setting
TEto 1.

* Bit 4—Receive Enable (RE): Enables or disables the SCI serial receiver.

Bit 4: RE Description

0 Receiver disabled (Initial value)
Clearing RE to 0 does not affect the receive flags (RDRF, FER, PER,
ORER). These flags retain their previous values.

1 Receiver enabled

Serial reception starts when a start bit is detected in asynchronous
mode, or synchronous clock input is detected in synchronous mode.
Select the receive format in SMR before setting RE to 1.
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e Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is used only in asynchronous mode, and only if the multiprocessor mode bit
(MP) in the serial mode register (SMR) is set to 1 during reception. The MPIE setting is
ignored in synchronous mode or when the MP bit is cleared to 0.

Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation)
(Initial value)

[Clearing conditions]
*  When the MPIE bit is cleared to O
¢ When data with MPB = 1 is received

1 Multiprocessor interrupts are enabled. Receive-data-full interrupt
requests (RXI), receive-error interrupt requests (ERI), and setting of the
RDRF, FER, and ORER status flags in the serial status register (SSR)
are disabled until data with the multiprocessor bit set to 1 is received.

The SCI does not transfer receive data from RSR to RDR, does not
detect receive errors, and does not set the RDRF, FER, and ORER
flags in the serial status register (SSR). When it receives data that
includes MPB = 1, MPB is set to 1, and the SCI automatically clears
MPIE to 0, generates RXI and ERI interrupts (if the TIE and RIE bits in
SCR are set to 1), and allows the FER and ORER bhits to be set.

e Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain valid transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt (TEI) requests are disabled* (Initial value)
1 Transmit-end interrupt (TEI) requests are enabled*

Note: * The TEI request can be cleared by reading the TDRE bit in the serial status register (SSR)
after it has been set to 1, then clearing TDRE to 0 and clearing the transmit end (TEND) bit
to 0; or by clearing the TEIE bit to O.
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e Bits1and 0—Clock Enable 1 and 0 (CKE1, CKEQ): These bits select the SCI clock source
and enable or disable clock output from the SCK pin. Depending on the combination of CKEL
and CKEQO, the SCK pin can be used for serial clock output, or serial clock input. Select the
SCK pin function by using the pin function controller (PFC).

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in synchronous mode, or when an external
clock sourceis selected (CKEL = 1). For further details on selection of the SCI clock source,

seetable 15.9 in section 15.3, Operation.

Bit 1. BitO:
CKE1 CKEO Description*!

0 0 Asynchronous mode Internal clock, SCK pin used for input pin (input signal
is ignored) or output pin (output level is undefined)**
Synchronous mode Internal clock, SCK pin used for synchronous clock
output™
0 1 Asynchronous mode Internal clock, SCK pin used for clock output*®
Synchronous mode Internal clock, SCK pin used for synchronous clock
output
1 0 Asynchronous mode External clock, SCK pin used for clock input**
Synchronous mode External clock, SCK pin used for synchronous clock
input
1 1 Asynchronous mode External clock, SCK pin used for clock input**
Synchronous mode External clock, SCK pin used for synchronous clock
input
Notes: 1. The SCK pin is multiplexed with other functions. Use the pin function controller (PFC) to
select the SCK function for this pin, as well as the I/O direction.
2. Initial value.
3. The output clock frequency is the same as the bit rate.
4. The input clock frequency is 16 times the bit rate.
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15.2.7 Serial Status Register (SSR)

The serial status register (SSR) is an 8-hit register containing multiprocessor bit values, and status
flags that indicate the SCI operating status.

The CPU can always read and write to SSR, but cannot write 1 in the status flags (TDRE, RDRF,
ORER, PER, and FER). These flags can be cleared to 0 only if they have first been read (after
being set to 1). Bits2 (TEND) and 1 (MPB) are read-only bits that cannot be written. SSR is
initialized to H'84 by a power-on reset, and in hardware standby mode and software standby mode.
Itisnot initialized by a manual reset.

Bit. 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value: 1 0 0 0 0 1 0 0
RW: RIW)* RIW)* RIW)* RIW)* R(W)* R R RIW

Note: * The only value that can be written is a 0 to clear the flag.

* Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has |oaded transmit data
from TDR into TSR and new serial transmit data can be written in TDR.

Bit 7: TDRE Description

0 TDR contains valid transmit data
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE =1
*  When the DMAC writes data in TDR

1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]
« Power-on reset, hardware standby mode, or software standby mode
*  When the TE bitin SCRis 0

¢ When data is transferred from TDR to TSR, enabling new data to be written in
TDR
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» Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains received data.

Bit 6: RDRF Description

0 RDR does not contain valid receive data (Initial value)

[Clearing conditions]

» Power-on reset, hardware standby mode, or software standby mode
e When 0 is written to RDRF after reading RDRF = 1

e When the DMAC reads data from RDR

1 RDR contains valid received data
[Setting condition]
RDRF is set to 1 when serial data is received normally and transferred from RSR
to RDR

Note: RDR and RDRF are not affected by detection of receive errors or by clearing of the RE bit
to 0 in the serial control register. They retain their previous contents. If RDRF is still set to 1
when reception of the next data ends, an overrun error (ORER) occurs and the receive data
is lost.

* Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally dueto an
overrun efror.

Bit 5: ORER Description

0 Receiving is in progress or has ended normally (Initial value)

Clearing the RE bit to 0 in the serial control register does not affect the ORER bit,
which retains its previous value.

[Clearing conditions]
» Power-on reset, hardware standby mode, or software standby mode
e When 0 is written to ORER after reading ORER =1

1 A receive overrun error occurred

RDR continues to hold the data received before the overrun error, so subsequent
receive data is lost. Serial receiving cannot continue while ORER is setto 1. In
synchronous mode, serial transmitting is disabled.

[Setting condition]
ORER is set to 1 if reception of the next serial data ends when RDRF is setto 1
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e Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to a framing
error in asynchronous mode.

Bit 4: FER

Description

0

Receiving is in progress or has ended normally (Initial value)

Clearing the RE bit to 0 in the serial control register does not affect the FER bit,
which retains its previous value.

[Clearing conditions]
e Power-on reset, hardware standby mode, or software standby mode
e When 0 is written to FER after reading FER = 1

A receive framing error occurred

When the stop bit length is two bits, only the first bit is checked to see ifitis a 1.
The second stop bit is not checked. When a framing error occurs, the SCI
transfers the receive data into RDR but does not set RDRF. Serial receiving
cannot continue while FER is set to 1. In synchronous mode, serial transmitting is
also disabled.

[Setting condition]

FER is set to 1 if the stop bit at the end of receive data is checked and found to
be O

e Bit 3—Parity Error (PER): Indicates that data reception (with parity) ended abnormally dueto
aparity error in asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress or has ended normally (Initial value)
Clearing the RE bit to 0 in the serial control register does not affect the PER bhit,
which retains its previous value.
[Clearing conditions]
e Power-on reset, hardware standby mode, or software standby mode
e When 0 is written to PER after reading PER = 1

1 A receive parity error occurred
When a parity error occurs, the SCI transfers the receive data into RDR but does
not set RDRF. Serial receiving cannot continue while PER is set to 1.
[Setting condition]
PER is set to 1 if the number of 1s in receive data, including the parity bit, does
not match the even or odd parity setting of the parity mode bit (O/E) in the serial
mode register (SMR)
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e Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted, TDR did not contain valid data, so transmission has ended. TEND is aread-only
bit and cannot be written.

Bit 2: TEND Description
0 Transmission is in progress
[Clearing conditions]
*  When 0 is written to TDRE after reading TDRE =1
e When the DMAC writes data in TDR
1 End of transmission (Initial value)

[Setting conditions]
« Power-on reset, hardware standby mode, or software standby mode
e When the TE bitin SCR is 0

« If TDRE = 1 when the last bit of a one-byte serial transmit character is
transmitted

« Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is selected for receiving in asynchronous mode. MPB is a read-
only bit and cannot be written.

Bit 1: MPB Description

0 Multiprocessor bit value in receive data is 0 (Initial value)
If RE is cleared to 0 when a multiprocessor format is selected, the MPB retains
its previous value.

1 Multiprocessor bit value in receive data is 1

» Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added
to transmit data when a multiprocessor format is selected for transmitting in asynchronous
mode. The MPBT setting isignored in synchronous mode, when a multiprocessor format is not
selected, or when the SCI is not transmitting.

Bit 0: MPBT Description
0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1
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1528 Bit Rate Register (BRR)

The bit rate register (BRR) is an 8-hit register that, together with the baud rate generator clock
source selected by the CKS1 and CKS0 bitsin the serial mode register (SMR), determines the
serial transmit/receive bit rate.

The CPU can always read and write to BRR. BRR isinitialized to H'FF by a power-on reset, and
in hardware standby mode and software standby mode. It is not initialized by a manual reset. Each
channel has independent baud rate generator control, so different values can be set for each
channel.

Bit: 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 15.3 lists examples of BRR settings in the asynchronous mode; table 15.4 lists examples of
BBR settingsin the clock synchronous mode.

The BRR setting is calculated as follows:

Asynchronous mode:
P,
N=—2  x106-1
64 x 221 x B
Synchronous mode:
P,
N=—2  x106-1
64 x 221 x B

B: Bitrate (bits/s)

N: Baud rate generator BRR setting (0 < N < 255)

Pg Peripheral module operating frequency (MHz) (1/2 of system clock)
n: Baud rate generator input clock (n = 0 to 3)

(See the following table for the clock sources and value of n.)
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SMR Settings

n Clock Source CKs1 CKS2
0 Po 0 0
1 P@4 0 1
2 P@16 1 0
3 P@64 1 1

The bit rate error in asynchronous mode is calculated as follows:

Pg x 106
%N+1)XBXG4XZ2”1

0
Error (%) = 1 x 100
O

Table15.3 Bit Ratesand BRR Settingsin Asynchronous M ode

Po (MHz)
Bit Rate 10 11.0592 12
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 177 -0.25 2 195 0.19 2 212 0.03
150 2 129 0.16 2 143 0.00 2 155 0.6
300 2 64 0.16 2 71 0.00 2 77 0.16
600 1 129 0.16 1 143 0.00 1 155 0.16
1200 1 64 0.16 1 71 0.00 177 0.16
2400 0 129 0.16 0 143 0.00 0 155 0.16
4800 0 64 0.16 0 71 0.00 0 77 0.16
9600 0 32 -1.36 0 35 0.00 0 28 0.16
14400 0o 21 -1.36 0 23 0.00 0 25 0.16
19200 0 15 1.73 0 19 0.00 0 19 —-2.34
28800 0 10 -1.36 0 11 0.00 0 12 0.16
31250 0o 9 0.00 0 10 0.54 0 11 0.00
38400 0 7 1.73 0 8 0.00 0 9 —-2.34
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Table15.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

Po (MHz)
Bit Rate 12.288 14 14.7456
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 2 217 0.08 2 248 -0.17 3 64 0.70
150 2 159 0.00 2 181 0.16 2 191 0.00
300 2 79 0.00 2 90 0.16 2 95 0.00
600 1 159 0.00 1 181 0.16 1 191 0.00
1200 1 79 0.00 1 90 0.16 1 95 0.00
2400 0 159 0.00 0 181 0.16 0 191 0.00
4800 0 79 0.00 0 90 0.16 0 95 0.00
9600 0 39 0.00 0 45 -0.93 0 47 0.00
14400 0 26 -1.23 0 29 1.27 0 31 0.00
19200 0 19 0.00 0 22 -0.93 0 23 0.00
28800 0 12 2.56 0 14 1.27 0 15 0.00
31250 0 11 2.40 0 13 0.00 0 14 -1.70
38400 0 9 0.00 0 10 3.57 0 11 0.00
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Table15.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

Po (MHz)
Bit Rate 16 17.2032 18
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 3 70 0.03 3 75 0.48 3 79 -0.12
150 2 207 0.16 2 223 0.00 2 233 0.16
300 2 103 0.16 2 111 0.00 2 116 0.16
600 1 207 0.16 1 223 0.00 1 233 016
1200 1 103 0.16 1 111 0.00 1 116 0.16
2400 0 207 0.16 0 223 0.00 0 233 0.16
4800 0 103 0.16 0 111 0.00 0 116 0.16
9600 0 51 0.16 0 55 0.00 0 58 -0.69
14400 0 34 -0.79 0 36 0.90 0 38 0.16
19200 0 25 0.16 0o 27 0.00 0 28 1.02
28800 0 16 2.12 0 18 -1.75 0 19 —2.34
31250 0 15 0.00 0 16 1.20 0 17 0.00
38400 0 12 0.16 0 13 0.00 0 14 -2.34
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Table15.3 Bit Ratesand BRR Settingsin Asynchronous M ode (cont)

¢ (MHz)
Bit Rate 18.432 19.6608 20
(Bits/s) n N Error (%) n N Error (%) n N Error (%)
110 3 81 -0.22 3 86 0.31 3 88 -0.25
150 2 239 0.00 2 255 0.00 3 64 0.16
300 2 119 0.00 2 127 0.00 2 129 0.16
600 1 239 0.00 1 255 0.00 2 64 0.16
1200 1 119 0.00 1 127 0.00 1 129 0.16
2400 0 239 0.00 0 255 0.00 1 64 0.16
4800 0 119 0.00 0 127 0.00 0 129 0.16
9600 0 59 0.00 0 63 0.00 0 64 0.16
14400 0 39 0.00 0 42 -0.78 0 42 0.94
19200 0 29 0.00 0 31 0.00 0 32 -1.36
28800 0 19 0.00 0 20 1.59 0 21 -1.36
31250 0o 17 2.40 0 19 -1.70 0 19 0.00
38400 0 14 0.00 0 15 0.00 0 15 1.73
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Table15.4 Bit Ratesand BRR Settingsin Synchronous M ode

Po (MHz)
Bit Rate 10 12 16 20
(Bits/s) n N n N n N n N
250 — — 3 187 3 249
500 — — 3 93 3 124 — —
1k — — 2 187 2 249 — —
25k 1 249 2 74 2 99 2 124
5k 1 124 1 149 1 199 2 249
10k 0 249 1 74 1 99 1 124
25k 0 99 0 119 0 159 1 199
50 k 0 49 0 59 0 79 0 99
100 k 0 24 0 29 0 39 0 49
250 k 0 0 11 0 15 0 19
500 k 0 4 0 5 0 7 0
1M 0 2 0 3 0 4
25M 0 0* 0 o0* — — 0
5M 0 0*

Note: Settings with an error of 1% or less are recommended.

Legend

Blank: No setting available

—: Setting possible, but error occurs

*: Continuous transmission/reception not possible

Table 15.5 indicates the maximum bit rates in asynchronous mode when the baud rate generator is

being used for various frequencies. Tables 15.6 and 15.7 show the maximum rates for external

clock input.
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Table15.5 Maximum Bit Ratesfor Various Frequencieswith Baud Rate Generator

(Asynchronous M ode)
Settings
Po (MHz) Maximum Bit Rate (Bits/s) n N
10 312500 0 0
11.0592 345600 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
18.432 576000 0 0
19.6608 614400 0 0
20 625000 0 0

Table15.6 Maximum Bit Ratesduring External Clock Input (Asynchronous M ode)

Po (MHz) External Input Clock (MHz) Maximum Bit Rate (Bits/s)
10 2.5000 156250
11.0592 2.7648 172800
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
18.432 4.6080 288000
19.6608 4.9152 307200
20 5.0000 312500
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Table15.7 Maximum Bit Rates during External Clock Input (Clock Synchronous M ode)

P@ (MHz) External Input Clock (MHz) Maximum Bit Rate (Bits/s)
10 1.6667 1666666.7
12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3

15.29 Serial Direction Control Register (SDCR)

Bit: 7 6 5 4 3 2 1 0
I L e
Initial value: 1 1 1 1 0 0 1 0
R/W: R R R R R/W R R

The DIR bit in the serial direction control register (SDCR) selects L SB-first or MSB-first transfer.
With an 8-bit data length, L SB-first/M SB-first selection is available regardless of the
communication mode. With a 7-bit data length, L SB-first transfer must be selected. The
description in this section assumes L SB-first transfer.

SDCRisinitialized to H'F2 by a power-on reset, and in the hardware standby mode and software
standby mode. It is not initialized by a manual reset.

» Bits 7-4—Reserved: These bits aways read 0. Operation cannot be guaranteed if O iswritten.

« Bit 3—Data Transfer Direction (DIR): Selects the seriad/parallel conversion format. Valid for
an 8-bit transmit/receive format.

Bit 3: DIR Description
0 TDR contents are transmitted in LSB-first order (Initial value)

Receive data is stored in RDR in LSB-first order

1 TDR contents are transmitted in MSB-first order
Receive data is stored in RDR in MSB-first order

» Bit 2—Reserved: The write value must aways be 0. Operation cannot be guaranteed if 1 is
written.
» Bit 1—Reserved: This bit always reads 1, and cannot be modified.
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e Bit 0—Reserved: The write value must always be 0. Operation cannot be guaranteed if 1 is
written.

15.2.10 Inversion of SCK Pin Signal

The signal input from the SCK pin and the signal output from the SCK pin can be inverted by
means of a port control register setting. See section 20, Pin function Controller (PFC), for details.

153 Operation

15.3.1 Overview

For serial communication, the SCI has an asynchronous mode in which characters are
synchronized individually, and a synchronous mode in which communication is synchronized with
clock pulses. Asynchronous synchronous mode and the transmission format are selected in the
serial mode register (SMR), as shown in table 15.8. The SCI clock source is selected by the C/A
bit in the serial mode register (SMR) and the CKE1 and CKEQ bitsin the serial control register
(SCR), as shown in table 15.9.

Asynchronous M ode:

< Datalength is selectable: seven or eight bits.

« Parity and multiprocessor bits are selectable, as well as the stop bit length (one or two bits).
These selections determine the transmit/receive format and character length.

* Inreceiving, it is possible to detect framing errors (FER), parity errors (PER), overrun errors
(ORER), and the break state.

* Aninterna or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator
clock, and can output a clock with a frequency matching the bit rate.

0 When an external clock is selected, the external clock input must have a frequency 16 times
the hit rate. (The on-chip baud rate generator is not used.)

Synchronous M ode;

e The communication format has afixed 8-bit data length.
e Inreceiving, it is possible to detect overrun errors (ORER).
* Aninterna or external clock can be selected as the SCI clock source.
O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator
clock, and outputs a seria clock signal to external devices.

0 When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table15.8 Serial Mode Register Settingsand SCI Communication Formats

SMR Settings SCI Communication Format
Bit7 Bit6 Bit5 Bit2 Bit3 Data Parity Multipro- Stop Bit
Mode C/A CHR PE MP STOP Length Bit cessor Bit Length
Asynchronous 0 0 0 0 0 8-bit Absent Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
Asynchronous 0 * 1 0 8-bit Absent Present 1 bit
(multiprocessor * 1 2 bits
format) —_—
1 * 0 7-bit 1 bit
* 1 2 bits
Synchronous 1 * * * * 8-bit Absent None

Note: Asterisks (*) in the table indicate don’t-care bits.

Table15.9 SMR and SCR Settingsand SCI Clock Sour ce Selection

SMR SCR Settings SCI Transmit/Receive Clock
Bit7 Bit 1 Bit 0
Mode C/A CKE1 CKEO Clock Source SCK Pin Function*
Asynchronous 0 0 0 Internal SCI does not use the SCK pin
1 Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16
times the bit rate
1
Synchronous 1 0 0 Internal Outputs the serial clock
1 or the inverted serial clock
1 0 External Inputs the serial clock
1 or the inverted serial clock

Note: * Select the function in combination with the pin function controller (PFC).
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15.3.2 Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends with
astop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 15.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication, the communication lineis normally held in the marking (high) state. The
SCI monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes on the falling edge of the start hit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit rate.
Receive datais latched at the center of each hit.

Idling (marking)

1 (LSB) (MSB) 1
Serial|o|D0|D1|D2|D3|D4|D5|D6|D7|0/1|1 1
data -

Start Parity| Stop
bit bit bit
Ry Transmit/receive data Ry _

1 bit 7 or 8 bits | 1or‘ 1or
no bit 2 bits

One unit of communication data (character or frame)

»
'

Figure15.2 Data Format in Asynchronous Communication (Example: 8-bit Data with
Parity and Two Stop Bits)
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Transmit/Receive For mats; Table 15.10 shows the 12 communication formats that can be
selected in asynchronous mode. The format is selected by settingsin the serial mode register
(SMR).

Table 15.10 Serial Communication Formats (Asynchronous M ode)

SMR Bits Serial Transmit/Receive Format and Frame Length

CHR PE MP STOP 1 2 3 4 5 6 7 8 9 10 11 12
0o 0 0 o0 | START] 8-bit data  sTOP |

o 0 0 1 | START] 8-bit data | sTOP| STOP|

0o 1 0 o0 | START] 8-bit data | P |sToP]|

o 1 0 1 | START] 8-bit data | P |sTop|sToP|
1 0 0 0 | START] 7-bit data  STOP|

1 0 0 1 | START] 7-bit data | STOP| STOP|

1 1 0 o0 | START] 7-bit data | P sTOP|

1 1 0 1 | START] 7-bit data | P |STOP|STOP|

o — 1 o0 | START] 8-bit data | MPB | STOP |

0o — 1 1 | START] 8-bit data | MPB | STOP| STOP|
1 — 1 o0 | START] 7-bit data | MPB | STOP|

1 — 1 1 | START| 7-bit data | MPB | STOP| STOP|

—: Don't care hits.

Note: START: Start bit
STOP: Stop bit
P: Parity bit
MPB: Multiprocessor bit

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEQ in the serial control
register (SCR) (table 15.9).

When an external clock isinput at the SCK pin, it must have a frequency equal to 16 timesthe
desired bit rate.
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When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase isaligned asin figure 15.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

S ) A O [ o B 0

| o |po|p1|D2|D3|pa|D5|D6|D7]0OL| 1 1

1 frame

< »
< >

Figure 15.3 Output Clock and Communication Data Phase Relationship (Asynchronous
M ode)

Data Transmit/Receive Operation

SCI Initialization (Asynchronous M ode): Before transmitting or receiving, clear the TE and RE
bitsto 0 in the serial control register (SCR), then initialize the SCI as follows.

When changing the operation mode or communication format, always clear the TE and RE bitsto
0 before following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the
transmit shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER,
and ORER flags and receive data register (RDR), which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or subsequent
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 15.4 is a sample flowchart for initializing the SCI. The procedure is as follows (the steps
correspond to the numbers in the flowchart):

1. Select the clock source in the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE
and RE cleared to O. If clock output is selected in asynchronous mode, clock output starts
immediately after the setting is madein SCR.

2. Select the communication format in the serial mode register (SMR) and serial direction control
register (SDCR).

3. Write the value corresponding to the bit rate in the bit rate register (BRR) (unless an externa
clock is used).

4. Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
seria control register (SCR) to 1.* Also set RIE, TIE, TEIE and MPIE as necessary. Setting
TE or RE enables the SCI to use the TXD or RxD pin.

Note: * In simultaneous transmit/receive operation, the TE bit and RE bit must be cleared to O or
set to 1 simultaneoudly.
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( Initialize >

Clear TE and RE bits to 0 in SCR
I
Set CKE1 and CKEO bits in SCR
(TE and RE bits are 0) 1
I
Select transmit/receive format
in SMR and SDCR 2
I
Set value in BRR 3

| Wait

€

1-bit interval elapsed?

Set TE or RE to 1 in SCR; Set RIE,
TIE, TEIE, and MPIE as necessary

( = )

Figure15.4 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Asynchronous Mode): Figure 15.5 shows a sample flowchart for
transmitting serial data. The procedure is as follows (the steps correspond to the numbersin the
flowchart):

1. SCl initialization: Set the TxD pin using the PFC.

2. SCI status check and transmit data write: Read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit dataregister (TDR) and clear TDRE
to 0.

3. Continue transmitting serial data: Read the TDRE hit to check whether it is safe to write (if it
reads 1); if so, write datain TDR, then clear TDRE to 0. When the DMAC is started by a
transmit-data-empty interrupt request (TX1) in order to write datain TDR, the TDRE hit is
checked and cleared automatically.

4. Tooutput abreak at the end of serial transmission, first clear the port dataregister (DR) to O,
then clear the TE bit to 0 in SCR and use the PFC to establish the TxD pin as an output port.
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Initialization 1
[
< Start of transmission >

l<
L

Read TDRE bit in SSR 2

No

Yes

Write transmit data to TDR
and clear TDRE bitin SSRt0 0

All data transmitted?

Yes

>l
<«

Read TEND bit in SSR

Output break signal?

Clear port DR to 0

Clear TE bit in SCR to 0;
select theTxD pin as an
output port with the PFC

|A
[~

< End of transmission >

Figure15.5 Sample Flowchart for Transmitting Serial Data
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In transmitting seria data, the SCI operates as follows:

1. The SCI monitorsthe TDRE bit in SSR. When TDRE is cleared to O, the SCI recognizes that
the transmit data register (TDR) contains new data, and loads this datafrom TDR into the
transmit shift register (TSR).

2. After loading the datafrom TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) isset to 1 in SCR, the SCI
reguests a transmit-data-empty interrupt (TXI) at thistime.

Serial transmit data is transmitted in the following order from the TxD pin:

a. Start bit: one 0-bit is output.

b. Transmit data: seven or eight bits of data are output, L SB first.

c. Parity bit or multiprocessor bit: one parity bit (even or odd parity) or one multiprocessor bit
isoutput. Formats in which neither a parity bit nor a multiprocessor bit is output can also
be selected.

d. Stop bit: one or two 1-bits (stop bits) are output.

Marking: output of 1-bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE hit when it outputs the stop bit. If TDRE is 0, the SCI loads new
datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the next
frame. If TDRE is 1, the SCI setsthe TEND bit to 1 in SSR, outputs the stop hit, then
continues output of 1-bits (marking). If the transmit-end interrupt enable bit (TEIE) in SCR is
set to 1, atransmit-end interrupt (TEI) is requested.

Figure 15.6 shows an example of SCI transmit operation in asynchronous mode.
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Start Parity Stop Start Parity Stop

1 bit Data  pit™ pit pit Data pit " pit 1
1 )) )) .
SS;? | o| DO|D1|%|D7|OM| 1| 0 |DO|D1|%|D7|OM| 1 o#gﬂgm

TDRE | | |
| §
|
|
TEND ||
((

] ))
k | |
TXI TXI interrupt TXI interrupt
interrupt handler writes request
request datain TDR

I and clears
TDREto O

(
)

(C

” t

TEI interrupt request

v

<
hal

1 frame

Figure15.6 SCI Transmit Operation in Asynchronous M ode
(Example: 8-Bit Data with Parity and One Stop Bit)

Receiving Serial Data (Asynchronous Mode): Figures 15.7 and 15.8 show a sample flowchart
for receiving serial data. The procedure is as follows (the steps correspond to the numbersin the
flowchart).

1
2.

SCl initialization: Set the RxD pin using the PFC.

Receive error handling and break detection: If areceive error occurs, read the ORER, PER,
and FER bits of SSR to identify the error. After executing the necessary error handling, clear
ORER, PER, and FER all to 0. Receiving cannot resume if ORER, PER or FER remain set to
1. When aframing error occurs, the RxD pin can be read to detect the break state.

SCI status check and receive-data read: Read the serial status register (SSR), check that RDRF
isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determine if the RDRF bit has changed from O to 1.
Continue receiving serial data: Read RDR and the RDRF bit and clear RDRF to O before the
stop bit of the current frame isreceived. If the DMAC is started by areceive-data-full interrupt
(RXI) to read RDR, the RDRF hit is cleared automatically so this step is unnecessary.

492

HITACHI




Initialization 1

( Start of reception >

>

Read ORER, PER, and
FER bits in SSR

PER, FER,
ORER =17

Error handling

Read RDRF bit in SSR 3

No

Yes

Read receive data in RDR and
clear RDRF bitin SSRto 0

All data received?

Clear RE bitin SCRto 0

< End of reception >

Figure15.7 Sample Flowchart for Receiving Serial Data (1)
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< Error handling >

No

Yes

Overrun error handling

»
o

Yes
Break?

A

Framing error handling

Clear RE bitin SCRto 0

»
| o

No
PER =17

Yes

Parity error handling

»la
P

Clear ORER, PER, and FER
to 0 in SSR

|
O
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In receiving, the SCI operates as follows:

1

The SCI monitors the communication line. When it detects a start bit (0), the SCI synchronizes

internally and starts receiving.

Receive datais shifted into RSR in order from the L SB to the MSB.

The parity bit and stop bit are received. After receiving these bits, the SCI makes the following

checks:

a. Parity check. The number of 1sin the receive data must match the even or odd parity
setting of the O/E hit in SMR.

b. Stop bit check. The stop bit value must be 1. If there are two stop bits, only the first stop bit
is checked.

c. Statuscheck. RDRF must be 0 so that receive data can be loaded from RSR into RDR.

If the data passes these checks, the SCI sets RDRF to 1 and stores the receive datain RDR. If
one of the checksfails (receive error), the SCI operates as indicated in table 15.11.

Note: When areceive error occurs, further receiving is disabled. While receiving, the RDRF
bit is not set to 1, so be sure to clear the error flags.

After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 in SCR,
the SCI requests a receive-data-full interrupt (RX1). If one of the error flags (ORER, PER, or
FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in SCR isalso set to 1, the
SCI requests a receive-error interrupt (ERI).

Table 15.11 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition Data Transfer
Overrun error ORER Receiving of next data ends while Receive data not loaded
RDRF is still setto 1 in SSR from RSR into RDR
Framing error FER Stop bitis 0 Receive data loaded from
RSR into RDR
Parity error PER Parity of receive data differs from  Receive data loaded from

even/odd parity setting in SMR RSR into RDR

Figure 15.9 shows an example of SCI receive operation in asynchronous mode.
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Start Parity Stop Start Parity Stop

bit Data bit  bit bit Data bit  bit 1
Serial 0 |D0|D1|”|D7|0/1| 1] o0 |D0|D1|”|D7|0/1| 1 Idiing
data e £ (marking)

TDRF
£ g
? I
RXI interrupt request
FER (C p q (C

1 frame RXI interrupt Framing error
handler reads generates
data in RDR and ERI interrupt
clears RDRF to 0. request.

Figure15.9 SCI Receive Operation
(Example: 8-Bit Data with Parity and One Stop Bit)

15.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line for sending and receiving data. The processors communicate in the
asynchronous mode using a format with an additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by aunique ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-sending
cycles. The transmitting processor starts by sending the ID of the receiving processor with which it
wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor
sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith their IDs. The receiving processor with amatching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain this way.

Figure 15.10 shows an example of communication among processors using the multiprocessor
format.
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Communication Formats: Four formats are available. Parity-bit settings are ignored when the
multiprocessor format is selected. For details see table 15.8.

Clock: See the description in the asynchronous mode section.

Transmitting

processor A

(ID = 01)

processor B

(ID=02)

processor C

processor
v Serial communication line
| v | '
Receiving Receiving Receiving Receiving

processor D

(ID = 03)

(ID = 04)

Serial H'01 H'AA
data

(MPB = 1) (MPB =0)

Data-transmit cycle:
data sent to receiving
processor specified by 1D

<
<

ID-transmit cycle:
receiving processor address

MPB: Multiprocessor bit

Figure15.10 Communication among Processors Using M ultiprocessor Format
(Example: Sending Data H'AA to Receiving Processor A)

Data Transmit/Receive Operation

Transmitting Multiprocessor Serial Data: Figure 15.11 shows a sample flowchart for
transmitting multiprocessor serial data. The procedureis as follows (the steps correspond to the
numbers in the flowchart):

1. SCl initialization: Set the TxD pin using the PFC.

2. SCI status check and transmit data write: Read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit dataregister (TDR). Also set MPBT
(multiprocessor bit transfer) to 0 or 1 in SSR. Findly, clear TDRE to 0.

3. Continue transmitting serial data: Read the TDRE hit to check whether it is safe to write (if it
reads 1); if so, write datain TDR, then clear TDRE to 0. When the DMAC is started by a
transmit-data-empty interrupt request (TX1) to write datain TDR, the TDRE bit is checked and
cleared automatically.

4. Output abreak at the end of serial transmission: Set the data register (DR) of the port to O, then
clear TEto 0in SCR and set the TxD pin function as output port with the PFC.
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| Initialization | 1

|
< Start of transmission >

[¢
[C

| Read TDRE bit in SSR | 2

No

Yes

Write transmit data in TDR
and set MPBT in SSR

Clear TDRE bitto 0

All data transmitted? 3
Yes i
Read TEND bit in SSR
Output break signal? 4

Clear port DR to O

Clear TE bit in SCR to O;
select theTxD pin function as
an output port with the PFC

le
[

< End of transmission >

Figure15.11 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting seria data, the SCI operates as follows:

1. The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit data register (TDR) contains new data, and loads this datafrom TDR into the
transmit shift register (TSR).

2. After loading the data from TDR into TSR, the SCI sets the TDRE bit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCRis set to 1, the SCI
reguests a transmit-data-empty interrupt (TXI) at thistime.

Serial transmit data is transmitted in the following order from the TxD pin:

a. Start bit: one 0-bit is output.

Transmit data: seven or eight bits are output, L SB first.

Multiprocessor bit: one multiprocessor bit (MPBT value) is output.

Stop bit: one or two 1-bits (stop bits) are output.

Marking: output of 1-bits continues until the start bit of the next transmit data.

® a0 0T

3. The SCI checks the TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI loads data
from TDR into TSR, outputs the stop bit, then begins serial transmission of the next frame. If
TDRE is 1, the SCI setsthe TEND hit in SSR to 1, outputs the stop hit, then continues output
of 1-bitsin the marking state. If the transmit-end interrupt enable bit (TEIE) in SCRisset to 1,
atransmit-end interrupt (TEI) isrequested at thistime.

Figure 15.12 shows an example of SCI receive operation in the multiprocessor format.

Multiprocessor Multiprocessor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
Sg”t‘""' | 0 | Do| p1 | D7|0/1| 1 | 0 | Do| p1|” D7|0/1| 1 Iding
ata S S (marking)
£
TDRE |
((
TEND T T T
] T
TXI TXI interrupt TXI TEI
interrupt  handler writes interrupt interrupt
request datain TDR and request request
‘ clears TDRE to 0
D 1 frame "
Figure15.12 SCI Multiprocessor Transmit Operation
(Example: 8-Bit Data with Multiprocessor Bit and One Stop Bit)
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Receiving M ultiprocessor Serial Data: Figure 15.13 shows a sample flowchart for receiving
multiprocessor serial data. The procedure for receiving multiprocessor serial datais as follows (the
steps correspond to the numbers in the flowchart):

1. SCl initialization: Set the RxD pin using the PFC.

2. 1D receive cycle: Set the MPIE bit in the serial control register (SCR) to 1.

3. SCI status check and compare to I1D reception: Read the serial status register (SSR), check that
RDRF is set to 1, then read data from the receive data register (RDR) and compare with the
processor’sown ID. If the ID does not match the receive data, set MPIE to 1 again and clear
RDRF to 0. If the ID matches the receive data, clear RDRF to 0.

4. Receive error handling and break detection: If areceive error occurs, read the ORER and FER
bitsin SSR to identify the error. After executing the necessary error handling, clear both
ORER and FER to 0. Receiving cannot resume if ORER or FER remain set to 1. When a
framing error occurs, the RxD pin can be read to detect the break state.

5. SCI status check and data receiving: Read SSR, check that RDRF is set to 1, then read data
from the receive data register (RDR).
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| Initialization | 1
I
< Start of reception >

»
71

| SetMPIEbitinSCRtol | 2
|
|Read ORER and FER bits in SSR |

FER =1? Yes

or ORER =17

Read RDRF bit in SSR 3

No

Yes
Read receive data from RDR

No

Is ID the station’s ID?

Yes <
Read ORER and FER bits in SSR

Yes

FER =17

\ 4

or ORER =17

Read RDRF bit in SSR 5

Yes

Read receive data from RDR |

All data received?

| ClearREbitinSCR100 |
|

< End of reception >

4
( Error handling >

Figure 15.13 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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< Error handling >

No

Yes

Overrun error handling

»l

Break? Yes

Framing error handling Clear RE bitin SCR to 0

»
P

<
«

Clear ORER and FER
bits in SSR to 0

( ene )

Figure15.14 Sample Flowchart for Receiving Multiprocessor Serial Data (2)
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Figures 15.15 and 15.16 show examples of SCI receive operation using a multiprocessor format.

Start Data Stop Start Data Stop
1 bt (D) _  MPB bit bit (datal) MPB  bit 1

5322: | 0 | Do| D1|)w D7| 101 | 0 | D0| D1| | D7| 0 | 1 Idling
; ) (marking)
{5 {5

MPB |
(C
))
¥ )

MPIE

RDRF . /////, s
on _— X / \\ ; k\
value / \«)() \

RXI interrupt request RXI interrupt handler Not station’s No RXI interrupt,
(multiprocessor reads data in RDR ID, so MPIE is RDR maintains
interrupt), MPIE = 0 and clears RDRF to 0 set to 1 again state

Figure15.15 SCI Receive Operation (ID Does Not Match)
(Example: 8-Bit Data with Multiprocessor Bit and One Stop Bit)

503
HITACHI




Start Data Stop Start Data Stop
1 pit (ID2) MPB bit bit (data2) MPB bit 1

IOV HE] R B CIY EA Y s
£ gg

e ) | \—
) _

MPIE |

<«

) A
RDRF \ L
( (4

L
RDR W
value ID1 ¢ >< D2 \ « X Data 2

RXI interrupt request RXI interrupt handler  Station’s ID, so receiving MPIE
(multiprocessor reads data in RDR continues, with data  bit is again
interrupt), MPIE =0 and clears RDRF to O received by the RXI setto 1
interrupt processing routine

Figure15.16 Example of SCI Receive Operation (1D Matches)
(Example: 8-Bit Data with Multiprocessor Bit and One Stop Bit)

15.3.4  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver are independent, so full duplex communication is possible while
sharing the same clock. The transmitter and receiver are also double buffered, so continuous
transmitting or receiving is possible by reading or writing data while transmitting or receiving isin
progress.

Figure 15.17 shows the general format in synchronous serial communication.
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Transfer direction
-

One unit (character or frame) of communication data

< »
< >

|
|
|
| %

*
Serial clock
|

LSB MSB |

Serial data ><Bit0 >< Bit1>< Bit2>< Bit3><Bit4><Bit5><Bit6 >< Bit7><
| |

Note: * High except in continuous transmitting or receiving.

Figure 15.17 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is output on the communication line from one
falling edge of the serial clock to the next. Data is guaranteed valid at the rising edge of the serial
clock. In each character, the serial data bits are transmitted in order from the LSB (first) to the
MSB (last). After output of the MSB, the communication line remains in the state of the MSB. In
synchronous made, the SCI transmits or receives data by synchronizing with the rise of the serial
clock.

Communication Format: The data length isfixed at eight bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in the serial mode register (SMR) and bits CKE1 and CKEOQ in the serial control
register (SCR). See table 15.9.

When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character. When the SCI is not transmitting or
receiving, the clock signal remainsin the high state. An overrun error occurs only during the
receive operation, and the serial clock is output until the RE bit is cleared to 0. To perform a
receive operation in one-character units, select an external clock for the clock source.
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Transmitting and Receiving Data

SCI Initialization (Synchronous M ode): Before transmitting or receiving, software must clear
the TE and RE hitsto 0 in the serial control register (SCR), then initialize the SCI as follows.

When changing the mode or communication format, always clear the TE and RE bitsto O before
following the procedure given below. Clearing TE to 0 sets TDRE to 1 and initializes the transmit
shift register (TSR). Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and receive data register (RDR), which retain their previous contents.

Figure 15.18 is a sample flowchart for initializing the SCI.

1

Select the clock sourcein the serial control register (SCR). Leave RIE, TIE, TEIE, MPIE, TE,
and RE cleared to 0.

Select the communication format in the serial mode register (SMR) and serial direction control
register (SDCR).

Write the value corresponding to the bit rate in the bit rate register (BRR) (unless an external
clock is used).

Wait for at least the interval required to transmit or receive one bit, then set TE or RE in the
serial control register (SCR) to 1.* Also set RIE, TIE, TEIE, and MPIE. The TxD, RxD pins
becomes usable in response to the PFC corresponding bits and the TE, RE hit settings.

Note: * In simultaneous transmit/receive operation, the TE bit and RE bit must be cleared to 0 or

set to 1 simultaneously.
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( Start of initialization >

Clear TE and RE bits to 0 in SCR

Set CKE1 and CKEO bits in SCR
(RIE, TIE, TEIE, MPIE,TE, 1
and RE are 0)

Select transmit/receive

format in SMR and SDCR 2
Set value in BRR 3
Wait

1-bit interval elapsed?

Set TE and RE to 1 in SCR;
Set RIE, TIE, TEIE, and MPIE bits

< End of initialization >

Figure 15.18 Sample Flowchart for SCI Initialization

Transmitting Serial Data (Synchronous Mode): Figure 15.19 shows a sample flowchart for
transmitting serial data. The procedure is as follows (the steps correspond to the numbersin the
flowchart):

1. SCl initialization: Set the TxD pin function with the PFC.

2. SCI status check and transmit data write: Read SSR, check that the TDRE flag is 1, then write
transmit datain TDR and clear the TDRE flag to 0.

3. To continue transmitting serial data: After checking that the TDRE flag is 1, indicating that
data can be written, write datain TDR, then clear the TDRE flag to 0. When the DMAC is
activated by atransmit-data-empty interrupt request (TXI) to write datain TDR, the TDRE
flag is checked and cleared automatically.
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Initialization 1

C Start of transmission >

-

Read TDRE flag in SSR 2

No
TDRE =1?

Yes

Write transmit data in TDR and
clear TDRE flag to 0 in SSR

All data transmitted?

Yes

-t

Read TEND flag in SSR

No

TEND =17

Yes

Clear TE bitto 0 in SCR

( ena )

Figure15.19 Sample Flowchart for Serial Transmitting
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Figure 15.20 shows an example of SCI transmit operation.

Transfer direction
-

Serial clock ’_”—‘ |_| r
LSB MSB
Serial data Bit 0 >< Bit 1 >C \ Bit7 X Bito >< Bit1 X Bit 7

(¢
)

TDRE .
A A 7 A
TEND « «
) pU ‘
1
TXI interrupt TXl interrupt TXI interrupt TEl interrupt
request handler writes request request

data in TDR and
clears TDRE to O

<
<

\ 4

1 frame

Figure15.20 Example of SCI Transmit Operation

SCI serial transmission operates as follows.

1.

The SCI monitors the TDRE bit in SSR. When TDRE is cleared to 0 the SCI recognizes that
the transmit data register (TDR) contains new data and loads this datafrom TDR into the
transmit shift register (TSR).

After loading the datafrom TDR into TSR, the SCI setsthe TDRE hit to 1 and starts
transmitting. If the transmit-data-empty interrupt enable bit (TIE) in SCRis set to 1, the SCI
reguests a transmit-data-empty interrupt (TXI) at thistime.

If clock output mode is selected, the SCI outputs eight serial clock pulses. If an external clock
source is selected, the SCI outputs data in synchronization with the input clock. Datais output
from the TxD pin in order from the LSB (bit 0) to the MSB (hit 7).

The SCI checks the TDRE bit when it outputs the MSB (bit 7). If TDRE is 0, the SCI loads
datafrom TDR into TSR, then begins serial transmission of the next frame. If TDRE is 1, the
SCI setsthe TEND hit in SSR to 1, transmits the M SB, then holds the transmit data pin (TxD)
inthe MSB state. If the transmit-end interrupt enable bit (TEIE) in SCRis set to 1, a transmit-
end interrupt (TEIl) isrequested at thistime.

After the end of seria transmission, the SCK pinisheld in the high state.
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Receiving Serial Data (Synchronous M ode): Figures 15.21 and 15.22 show a sample flowchart
for receiving serial data. When switching from asynchronous mode to synchronous mode, make
sure that ORER, PER, and FER are cleared to 0. If PER or FER is set to 1, the RDRF bit will not
be set and both transmitting and receiving will be disabled.

The procedure for receiving serial datais as follows (the steps correspond to the numbers in the
flowchart):

1. SCl initialization: Set the RxD pin using the PFC.

2. Receiveerror handling: If areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

3. SCI status check and receive data read: Read the seria status register (SSR), check that RDRF
is set to 1, then read receive data from the receive data register (RDR) and clear RDRF to 0.
The RXI interrupt can also be used to determine if the RDRF bit has changed from O to 1.

4. Continue receiving serial data: Read RDR, and clear RDRF to 0 before the MSB (bit 7) of the
current frame isreceived. If the DMAC is started by areceive-data-full interrupt (RX1) to read
RDR, the RDRF hit is cleared automatically so this step is unnecessary.
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Initialization 1

< Start of reception >

‘l
>

Read ORER bit in SSR

Yes
ORER = 1? | 2

No ( Error handling )

Read RDRF bit in SSR 3

No

Yes

Read receive data from RDR
and clear RDRF bitin SSR to 0

All data received?

Clear RE bitin SCRto 0

( End of reception >

Figure15.21 Sample Flowchart for Serial Receiving (1)
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( Error handling

)

Overrun error handling

Clear ORER

bit in SSR to 0

( End

)

Figure15.22 Sample Flowchart for Serial Receiving (2)

Figure 15.23 shows an example of the SCI receive operation.

Transfer

direction

semsonc | [ | [ 1)L LML

Serial
data

RDRF

ORER

X Bit7 X BitO ><ﬁ«} \ Bit7><Bit0><Bitl><

>< Bit6>< Bit 7

(¢

(¢

:

)

7

-

/

RXI interrupt

request

«
U

Read data with RXI
interrupt processing
routine and clear
RDRF bitto 0

A

\

RXI interrupt
request

1 frame

T

ERI interrupt
request generated
by overrun error
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Figure 15.23 Example of SCI Receive Operation
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In receiving, the SCI operates as follows:

The SCI synchronizes with seria clock input or output and initializes internally.

Receive datais shifted into RSR in order from the LSB to the MSB. After receiving the data,
the SCI checks that RDRF is 0 so that receive data can be loaded from RSR into RDR. If this
check passes, the SCI sets RDRF to 1 and stores the receive datain RDR. If the check does not
pass (receive error), the SCI operates as indicated in table 15.11 and no further transmission or
reception is possible. If the error flag is set to 1, the RDRF hit is not set to 1 during reception,
even if the RDRF hit is 0 cleared. When restarting reception, be sure to clear the error flag.
After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) isset to 1 in SCR,
the SCI requests a receive-data-full interrupt (RX1). If the ORER bit is set to 1 and the receive-
data-full interrupt enable bit (RIE) in SCR isalso set to 1, the SCI requests areceive-error
interrupt (ERI).

Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode): Figure 15.24
shows a sample flowchart for transmitting and receiving serial data simultaneously. The procedure
is asfollows (the steps correspond to the numbersin the flowchart):

1
2.

SCl initialization: Set the TxD and RxD pins using the PFC.

SCI status check and transmit data write: Read the serial status register (SSR), check that the
TDRE bit is 1, then write transmit data in the transmit dataregister (TDR) and clear TDRE to
0. The TXI interrupt can also be used to determine if the TDRE bit has changed from 0 to 1.

Receive error handling: If areceive error occurs, read the ORER bit in SSR to identify the
error. After executing the necessary error handling, clear ORER to 0. Transmitting/receiving
cannot resume if ORER remains set to 1.

SCI status check and receive data read: Read the serial status register (SSR), check that RDRF
isset to 1, then read receive data from the receive data register (RDR) and clear RDRF to O.
The RXI interrupt can also be used to determineif the RDRF bit has changed from O to 1.

Continue transmitting and receiving serial data: Read the RDRF bit and RDR, and clear RDRF
to 0 before the MSB (bit 7) of the current frame is received. Also read the TDRE hit to check
whether it is safe to write (if it reads 1); if so, write datain TDR, then clear TDRE to O before
the MSB (bit 7) of the current frame is transmitted. When the DMAC is started by a transmit-
data-empty interrupt request (TXI) to write datain TDR, the TDRE hit is checked and cleared
automatically. When the DMAC is started by areceive-data-full interrupt (RX1) to read RDR,
the RDRF bit is cleared automatically.

Note: In switching from transmitting or receiving to simultaneous transmitting and receiving,

clear both TE and RE to 0, then set both TE and RE to 1 simultaneously.
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Initialization
I
<Start of transmission/reception >

»

1

Read TDRE bit in SSR

No

Yes

Write transmit data in TDR
and clear TDRE bitin SSRto 0

»|

—1

Read ORER bit in SSR

Yes

ORER =17?

No

Read RDRF bit in SSR

Yes

Read receive data in RDR,
and clear RDRF bit in SSR to 0

data transmitted/
received?

Clear TE and RE bits in SCR to 0
I
( End of transmission/reception >

3

( Error handling >

Figure15.24 Sample Flowchart for Serial Transmission and Reception
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154  SCI Interrupt Sourcesand the DMAC

The SCI has four interrupt sources: transmit-end (TEI), receive-error (ERI), receive-data-full
(RX1), and transmit-data-empty (TXI1). Table 15.12 lists the interrupt sources and indicates their
priority. These interrupts can be enabled and disabled by the TIE, RIE, and TEIE bitsin the serial
control register (SCR). Each interrupt request is sent separately to the interrupt controller.

TXI isrequested when the TDRE bit in SSR is set to 1. TXI can start the direct memory access
controller (DMAC) to transfer data. TDRE is automatically cleared to O when the DMAC writes
datain the transmit data register (TDR).

RXI isrequested when the RDRF bit in SSRis set to 1. RXI can start the DMAC to transfer data.
RDRF isautomatically cleared to 0 when the DMAC reads the receive data register (RDR).

ERI isrequested when the ORER, PER, or FER bit in SSR is set to 1. ERI cannot start the DMAC.

TEI isrequested when the TEND bit in SSR is set to 1. TEI cannot start the DMAC. Where the
TXI interrupt indicates that transmit data writing is enabled, the TEI interrupt indicates that the
transmit operation is complete.

Table 15.12 SCI Interrupt Sources

Interrupt Source Description DMAC Activation Priority
ERI Receive error (ORER, PER, or FER) No High
RXI Receive data full (RDRF) Yes
TXI Transmit data empty (TDRE) Yes I
TEI Transmit end (TEND) No Low
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155 Usage Notes

Sections 15.5.1 through 15.5.9 provide information concerning use of the SCI.

1551 TDR Writeand TDRE Flag

The TDRE hit in the serial status register (SSR) is a status flag indicating loading of transmit data
from TDR into TSR. The SCI sets TDRE to 1 when it transfers datafrom TDR to TSR. Data can
be written to TDR regardless of the TDRE bit status. If new dataiswritten in TDR when TDRE is
0, however, the old data stored in TDR will be lost because the data has not yet been transferred to
TSR. Before writing transmit data to TDR, be sure to check that TDRE is set to 1.

1552  Simultaneous Multiple Receive Errors

Table 15.13 indicates the state of the SSR status flags when multiple receive errors occur
simultaneously. When an overrun error occurs, the RSR contents cannot be transferred to RDR, so
receive datais lost.

Table 15.13 SSR Status Flags and Transfer of Receive Data

Receive Data
SSR Status Flags

Transfer
Receive Error Status RDRF ORER FER PER RSR - RDR
Overrun error 1 1 0 0 X
Framing error 0 0 1 0 (0]
Parity error 0 0 0 1 (0]
Overrun error + framing error 1 1 1 0 X
Overrun error + parity error 1 1 0 1 X
Framing error + parity error 0 0 1 1 (0]
Overrun error + framing error + parity 1 1 1 1 X

error

Note: O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.
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155.3 Break Detection and Processing

Break signals can be detected by reading the RxD pin directly when aframing error (FER) is
detected. In the break state, the input from the RxD pin consists of all 0s, so FER is set and the
parity error flag (PER) may also be set. In the break state, the SCI receiver continues to operate, so
if the FER bit iscleared to O, it will be set to 1 again.

15,54  Sending a Break Signal

The TxD pin becomes a general 1/O pin with the I/O direction and level determined by the 1/O port
dataregister (DR) and pin function controller (PFC) control register (CR). These conditions allow
break signals to be sent. The DR value is substituted for the marking status until the PFC is set.
Consequently, the output port is set to initially output a 1. To send abreak in serial transmission,
first clear the DR to 0O, then establish the TxD pin as an output port using the PFC. When TE is
cleared to O, the transmission section isinitialized regardless of the present transmission status.

1555 Receive Error Flagsand Transmitter Operation (Synchronous Mode Only)

When areceive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting
evenif TDRE issetto 1. Be sure to clear the receive error flags to 0 before starting to transmit.
Note that clearing RE to O does not clear the receive error flags.

155.6 Receive Data Sampling Timing and Receive Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a base clock with afrequency of 16 times the transfer
rate. In receiving, the SCI synchronizes internally with the falling edge of the start bit, which it
samples on the base clock. Receive datais latched on the rising edge of the eighth base clock pulse
(figure 15.25).
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Base clock ‘

_ -75 clocks +7.5 clocks _

Receive _ - ) . ‘ .
data(RxD)—l Start bit | DO [ b1

Synchronization j
sampling timing

Data H N

sampling timing

Figure 15.25 Receive Data Sampling Timing in Asynchronous Mode

The receive margin in asynchronous mode can therefore be expressed as:

1

1 ID-o0.5|
)—(L—O.S)F— VR

(1 +F)| x 100%
2N

M= ‘(0.5 -
: Receive margin (%)
: Ratio of clock frequency to bit rate (N = 16)
: Clock duty cycle (D = 0-1.0)

Frame length (L = 9-12)
: Absolute deviation of clock frequency

mrozzg

From the equation above, if F =0 and D = 0.5 the receive margin is 46.875%:

D =05F=0
M = (0.5 1/(2 x 16)) x 100%
= 46.875%

Thisisatheoretical value. A reasonable margin to allow in system designs is 20-30%.
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15.5.7 Constraintson DMAC Use

«  When using an external clock source for the serial clock, update TDR with the DMAC, and
then after the elapse of five peripheral clocks (P@) or more, input atransmit clock. If atransmit
clock isinput in the first four P clocks after TDR is written, an error may occur (figure
15.26).

» Beforereading the receive dataregister (RDR) with the DMAC, select the receive-data-full
(RX1) interrupt of the SCI as a start-up source.

o L[ LTI ]

<>

TDRE |
><DO><D1><D2><D3><D4><D5><D6><D7><:

Note: During external clock operation, an error may occur if t is 4 P clocks or less.

Figure15.26 Example of Synchronous Transmission with DMAC

15.5.8 Cautionson Synchronous External Clock M ode

e Set TE=RE =1 only when external clock SCK is 1.

e Donot set TE = RE =1 until at least four P clocks after external clock SCK has changed from
Oto1l.

*  When receiving, RDRF is 1 when RE is cleared to zero 2.5-3.5 P clocks after the rising edge
of the RxD D7 bit SCK input, but copying to RDR is not possible.

15.,5.9 Caution on Synchronous Internal Clock Mode

When receiving, RDRF is 1 when RE is cleared to zero 1.5 Pg clocks after the rising edge of the
RxD D7 hit SCK output, but copying to RDR is not possible.
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Section 16 Hitachi Controller Area Network (HCAN)

16.1 Overview

The HCAN isamodule for controlling a controller area network (CAN) for realtime
communication in vehicular and industrial equipment systems, etc. The SH7055 has a 2-channel
on-chip HCAN module.

Reference: Bosch CAN Specification Version 2.0 1991, Robert Bosch GmbH

16.1.1 Features

The HCAN has the following features:

CAN version: Bosch 2.0B active compatible

O Communication systems:
NRZ (Non-Return to Zero) system (with bit-stuffing function)
Broadcast communication system

O Transmission path: Bidirectional 2-wire serial communication

O Communication speed: Max. 1 Mbps (at 40 MHz operation)

O Datalength: 0to 8 bytes

Number of channels: 2 (HCANO, HCAN1)

Data buffers: 16 per channel (one receive-only buffer and 15 buffers settable for

transmission/reception)

Data transmission: Choice of two methods:

O Mailbox (buffer) number order (Ilow-to-high)

0 Message priority (identifier) high-to-low order

Data reception: Two methods:

0 Message identifier match (transmit/receive-setting buffers)

O Reception with message identifier masked (receive-only)

CPU interrupts: Four independent interrupt vectors per channel:

O Error interrupt

0 Reset processing interrupt

O Message reception interrupt

0 Message transmission interrupt

HCAN operating modes: Support for various modes:

O Hardware reset

0 Software reset

O Normal status (error-active, error-passive)
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O Busoff status
0 HCAN configuration mode
0 HCAN sleep mode
0 HCAN halt mode
* HCAN connection methods: Choice of two methods of use:
O Two-channel 16-buffer HCANS (two transmit pins, two receive pins)
0 One-channe 32-buffer HCAN (wired-AND) (one transmit pin, one receive pin)
e Other features: DMAC can be activated by message reception mailbox (HCANO mailbox 0
only)
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16.1.2

Block Diagram

Figure 16.1 shows a block diagram of the HCAN.

—~ — T HCANQ ------------mmmmmmommomom s o mo oo oo s H
! MBI (CDLC) :
' Message buffer CAN i
E Mailboxes Data Link Controller ,
i Message control LAFM Bosch CAN 2.0B active |
! Message data :

: MCO-MC15, MDO-MD15 ' HTXDO
E [] Tx buffer .

H M_Pl ) Rx buffer ‘—5—HRXDO
; Microprocessor interface '
” : CPU interface ;
2 ' Control register H
1%} L i '
a 2 ! Status register '
S| |8 1
gl & ,
L7 I =20 '

cl =

21| E | s----- HCANL - - - - - m s o o o o oo :
=2 E= S '
elle|: MBI (CDLC) l
' Message buffer CAN i
E Mailboxes Data Link Controller i
' Message control LAFM Bosch CAN 2.0B active | 1
' Message data |

\ MC0-MC15, MD0O-MD15 , HTxD1
E [] Tx buffer ;

' M_P| ) Rx buffer 4—;—HRXD1
’ Microprocessor interface '
 — CPU interface ;
E Control register !
' Status register 1

Figure16.1 HCAN Block Diagram
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M essage Buffer Interface (MBI): The MBI, consisting of mailboxes and alocal acceptance filter
mask (LAFM), stores CAN transmit/receive messages (identifiers, data, etc.). Transmit messages
are written by the CPU. For receive messages, the data received by the CDLC is stored
automatically.

Microprocessor Interface (MPI): The MPI, consisting of abus interface, control register, status
register, etc., controls HCAN internal data, statuses, and so forth.

CAN Data Link Controller (CDLC): The CDLC performs transmission and reception of
messages conforming to the Bosch CAN Ver. 2.0B active standard (data frames, remote frames,
error frames, overload frames, inter-frame spacing), as well as CRC checking, bus arbitration, and
other functions.
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16.1.3  Pin Configuration

Table 16.1 shows the HCAN's pins. When using the functions of these external pins, the pin
function controller (PFC) must also be set in line with the HCAN settings.

When using HCAN pins, settings must be made in the HCAN configuration mode (during
initialization: MCRO = 1 and GSR3 = 1).

Table16.1 HCAN Pins

Channel Name Abbreviation Input/Output  Function
0 HCAN transmit data pin 0 HTxDO Output Channel 0 CAN bus
transmission pin
HCAN receive data pin 0 HRxDO Input Channel 0 CAN bus
reception pin
1 HCAN transmit data pin 1 HTxD1 Output Channel 1 CAN bus
transmission pin
HCAN receive data pin 1 HRxD1 Input Channel 1 CAN bus

reception pin

A busdriver is necessary between the pins and the CAN bus. A Philips PCA82C250 compatible
model is recommended.

These pins are multiplexed, and can be set in either of the following ways.

e Setting each channel as an independent 16-message-buffer HCAN (two HCAN channels. two
transmit pins and two receive pins)

»  Setting one HCAN channel, using wired-AND connection of the pins for the two channels (one
32-message-buffer HCAN channel: one transmit pin and one receive pin)

See section 16.3, Operation, for details.
The pin numbers of the pinsthat can be set for each channel are shown in table 16.2.

Table16.2 Pin Numbersof Pins SettableasHCAN Pins

HCANO HCANL1 HCANO,1 (Wired AND)
16 Message Buffers 16 Message Buffers 32 Message Buffers
HTxD 6,157,228 6,228 228
HRxD 158,170,229 170,229 229
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16.1.4

Register Configuration

Table 16.3 liststhe HCAN' s registers.

Table16.3 HCAN Registers

Chan- Abbre- Initial

nel Name viation R/W  Value Address Access Size

0 Master control register MCR R/W  H01 H'FFFF E400 8 bits 16 bits
General status register GSR R H'0C H'FFFF E401 8 bits
Bit configuration register BCR R/W  H'0000 H'FFFF E402 8/16 bits
Mailbox configuration MBCR R/W  H'0100 H'FFFF E404 8/16 bits
register
Transmit wait register TXPR R/W  H'0000 H'FFFF E406 8/16 bits
Transmit wait cancel TXCR R/W  H'0000 H'FFFF E408 8/16 bits
register
Transmit acknowledge TXACK R/W  H'0000 H'FFFF E40A 8/16 bits
register
Abort acknowledge register ABACK R/W  H'0000 H'FFFF E40C 8/16 bhits
Receive complete register RXPR R/W  H'0000 H'FFFF E40E 8/16 bits
Remote request register RFPR R/W  H'0000 H'FFFF E410 8/16 bhits
Interrupt register IRR R/W  H'0100 H'FFFF E412 8/16 bits
Mailbox interrupt mask MBIMR R/W  HFFFF H'FFFF E414 8/16 bits
register
Interrupt mask register IMR R/W  HFEFF H'FFFF E416 8/16 bits
Receive error counter REC R H'00 H'FFFF E418 8 bits 16 bits
Transmit error counter TEC R H'00 H'FFFF E419 8 bits
Unread message status UMSR R/W  H'0000 H'FFFF E41A 8/16 bits
register
Local acceptance filter LAFML R/W  H'0000 H'FFFF E41C 8/16 bits
mask L
Local acceptance filter LAFMH R/W  H'0000 H'FFFF E41E 8/16 bits
mask H
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Table16.3 HCAN Registers(cont)

Chan- Abbre- Initial

nel Name viation R/W  Value Address Access Size

0 Message control 0 [1:8] MCO [1:8] R/W Undefined H'FFFF E420 8/16 bits
Message control 1 [1:8] MC1[1:8] R/W Undefined H'FFFF E428 8/16 bits
Message control 2 [1:8] MC2[1:8] R/W Undefined H'FFFF E430 8/16 bits
Message control 3 [1:8] MC3[1:8] R/W Undefined H'FFFF E438 8/16 bits
Message control 4 [1:8] MC4 [1:8] R/W Undefined H'FFFF E440 8/16 bits
Message control 5 [1:8] MC5 [1:8] R/W Undefined H'FFFF E448 8/16 bits
Message control 6 [1:8] MC6 [1:8] R/W Undefined H'FFFF E450 8/16 bits
Message control 7 [1:8] MC7 [1:8] R/W Undefined H'FFFF E458 8/16 bits
Message control 8 [1:8] MC8[1:8] R/W Undefined H'FFFF E460 8/16 bits
Message control 9 [1:8] MC9 [1:8] R/W Undefined H'FFFF E468 8/16 bits
Message control 10 [1:8] MC10[1:8] R/W Undefined H'FFFF E470 8/16 bits
Message control 11 [1:8] MC11 [1:8] R/W Undefined H'FFFF E478 8/16 bits
Message control 12 [1:8] MC12[1:8] R/W Undefined H'FFFF E480 8/16 bits
Message control 13 [1:8] MC13[1:8] R/W Undefined H'FFFF E488 8/16 bits
Message control 14 [1:8] MC14 [1:8] R/W Undefined H'FFFF E490 8/16 bits
Message control 15 [1:8] MC15 [1:8] R/W Undefined H'FFFF E498 8/16 bits
Message data 0 [1:8] MDO [1:8] R/W Undefined H'FFFF E4BO 8/16 bits
Message data 1 [1:8] MD1 [1:8] R/W Undefined H'FFFF E4B8 8/16 bits
Message data 2 [1:8] MD2 [1:8] R/W Undefined H'FFFF E4CO 8/16 bits
Message data 3 [1:8] MD3 [1:8] R/W Undefined H'FFFF E4C8 8/16 bits
Message data 4 [1:8] MD4 [1:8] R/W Undefined H'FFFF E4DO 8/16 bits
Message data 5 [1:8] MD5 [1:8] R/W  Undefined H'FFFF E4D8 8/16 bits
Message data 6 [1:8] MD6 [1:8] R/W  Undefined H'FFFF E4EQ0 8/16 bits
Message data 7 [1:8] MD7 [1:8] R/W Undefined H'FFFF E4E8 8/16 bits
Message data 8 [1:8] MD8 [1:8] R/W Undefined H'FFFF E4F0 8/16 bits
Message data 9 [1:8] MD9 [1:8] R/W Undefined H'FFFF E4F8 8/16 bits
Message data 10 [1:8] MD10 [1:8] R/W  Undefined H'FFFF E500 8/16 bits
Message data 11 [1:8] MD11 [1:8] R/W  Undefined H'FFFF E508 8/16 bits
Message data 12 [1:8] MD12 [1:8] R/W  Undefined H'FFFF E510 8/16 bits
Message data 13 [1:8] MD13 [1:8] R/W  Undefined H'FFFF E518 8/16 bits
Message data 14 [1:8] MD14 [1:8] R/W  Undefined H'FFFF E520 8/16 bits
Message data 15 [1:8] MD15 [1:8] R/W  Undefined H'FFFF E528 8/16 bits
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Table16.3 HCAN Registers(cont)

Chan- Abbre- Initial

nel Name viation R/W  Value Address Access Size

1 Master control register MCR R/W  H01 H'FFFF E600 8 bits 16 bits
General status register GSR R H'0C H'FFFF E601 8 bits
Bit configuration register BCR R/W  H'0000 H'FFFF E602 8/16 bhits
Mailbox configuration MBCR R/W  H'0100 H'FFFF E604 8/16 bits
register
Transmit wait register TXPR R/W  H'0000 H'FFFF E606 8/16 bits
Transmit wait cancel TXCR R/W  H'0000 H'FFFF E608 8/16 bits
register
Transmit acknowledge TXACK R/W  H'0000 H'FFFF E6OA 8/16 bits
register
Abort acknowledge register ABACK R/W  H'0000 H'FFFF E60C 8/16 bhits
Receive complete register RXPR R/W  H'0000 H'FFFF E6OE 8/16 bits
Remote request register RFPR R/W  H'0000 H'FFFF E610 8/16 bhits
Interrupt register IRR R/W  H'0100 H'FFFF E612 8/16 bits
Mailbox interrupt mask MBIMR R/W  HFFFF H'FFFF E614 8/16 bits
register
Interrupt mask register IMR R/W  HFEFF H'FFFF E616 8/16 bits
Receive error counter REC R H'00 H'FFFF E618 8 bits 16 bits
Transmit error counter TEC R H'00 H'FFFF E619 8 bits
Unread message status UMSR R/W  H'0000 H'FFFF E61A 8/16 bits
register
Local acceptance filter LAFML R/W  H'0000 H'FFFF E61C 8/16 bits
mask L
Local acceptance filter LAFMH R/W  H'0000 H'FFFF E61E 8/16 bits
mask H
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Table16.3 HCAN Registers(cont)

Chan- Abbre- Initial

nel Name viation R/W  Value Address Access Size

1 Message control 0 [1:8] MCO [1:8] R/W Undefined H'FFFF E620 8/16 bits
Message control 1 [1:8] MC1[1:8] R/W Undefined H'FFFF E628 8/16 bits
Message control 2 [1:8] MC2[1:8] R/W Undefined H'FFFF E630 8/16 bits
Message control 3 [1:8] MC3[1:8] R/W Undefined H'FFFF E638 8/16 bits
Message control 4 [1:8] MC4 [1:8] R/W Undefined H'FFFF E640 8/16 bits
Message control 5 [1:8] MC5 [1:8] R/W Undefined H'FFFF E648 8/16 bits
Message control 6 [1:8] MC6 [1:8] R/W Undefined H'FFFF E650 8/16 bits
Message control 7 [1:8] MC7 [1:8] R/W Undefined H'FFFF E658 8/16 bits
Message control 8 [1:8] MC8[1:8] R/W Undefined H'FFFF E660 8/16 bits
Message control 9 [1:8] MC9 [1:8] R/W Undefined H'FFFF E668 8/16 bits
Message control 10 [1:8] MC10[1:8] R/W Undefined H'FFFF E670 8/16 bits
Message control 11 [1:8] MC11 [1:8] R/W Undefined H'FFFF E678 8/16 bits
Message control 12 [1:8] MC12[1:8] R/W Undefined H'FFFF E680 8/16 bits
Message control 13 [1:8] MC13[1:8] R/W Undefined H'FFFF E688 8/16 bits
Message control 14 [1:8] MC14 [1:8] R/W Undefined H'FFFF E690 8/16 bits
Message control 15 [1:8] MC15 [1:8] R/W  Undefined H'FFFF E698 8/16 bits
Message data 0 [1:8] MDO [1:8] R/W Undefined H'FFFF E6BO 8/16 bits
Message data 1 [1:8] MD1 [1:8] R/W Undefined H'FFFF E6B8 8/16 bits
Message data 2 [1:8] MD2 [1:8] R/W Undefined H'FFFF E6CO 8/16 bits
Message data 3 [1:8] MD3 [1:8] R/W Undefined H'FFFF E6C8 8/16 bits
Message data 4 [1:8] MD4 [1:8] R/W Undefined H'FFFF E6DO 8/16 bits
Message data 5 [1:8] MD5 [1:8] R/W  Undefined H'FFFF E6D8 8/16 bits
Message data 6 [1:8] MD6 [1:8] R/W  Undefined H'FFFF E6EQO 8/16 bits
Message data 7 [1:8] MD7 [1:8] R/W Undefined H'FFFF E6E8 8/16 bits
Message data 8 [1:8] MD8 [1:8] R/W Undefined H'FFFF E6F0 8/16 bits
Message data 9 [1:8] MD9 [1:8] R/W Undefined H'FFFF E6F8 8/16 bits
Message data 10 [1:8] MD10 [1:8] R/W  Undefined H'FFFF E700 8/16 bits
Message data 11 [1:8] MD11 [1:8] R/W  Undefined H'FFFF E708 8/16 bits
Message data 12 [1:8] MD12 [1:8] R/W  Undefined H'FFFF E710 8/16 bits
Message data 13 [1:8] MD13 [1:8] R/W  Undefined H'FFFF E718 8/16 bits
Message data 14 [1:8] MD14 [1:8] R/W  Undefined H'FFFF E720 8/16 bits
Message data 15 [1:8] MD15 [1:8] R/W  Undefined H'FFFF E728 8/16 bits
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16.2 Register Descriptions

16.21 Master Control Register (MCR)

The master control register (MCR) is an 8-bit readable/writable register that controls the CAN
interface.

Bit. 7 6 5 4 3 2 1 0

| MCR7 | — | MCRs | — | — | MCR2 | MCRL | MCRO |
Initial value: 0 0 0 0 0 0 0 1
RW:  R/W R RIW R R RW  RW  RW

e Bit 7—HCAN Sleep Mode Release (MCR7): Enables or disables HCAN sleep mode release
by bus operation.

Bit 7: MCR7 Description
0 HCAN sleep mode release by CAN bus operation disabled (Initial value)
1 HCAN sleep mode release by CAN bus operation enabled

* Bit 6—Reserved: This bit aways reads 0. The write value should always be 0.

* Bit 5—HCAN Sleep Mode (MCR5): Enables or disables HCAN sleep mode transition.

Bit 5: MCR5 Description
0 HCAN sleep mode released (Initial value)
1 Transition to HCAN sleep mode enabled

Bits 4 and 3—Reserved: These bits always read 0. The write value should always be 0.

Bit 2—Message Transmission Method (MCR2): Selects the transmission method for transmit
messages.

Bit 2: MCR2 Description
0 Transmission order determined by message identifier priority (Initial value)
1 Transmission order determined by mailbox (buffer) number priority

(TXPR1 > TXPR15)
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e Bit 1—Halt Request (MCRL1): Controls halting of the HCAN module.

Bit 1: MCR1 Description
0 Normal operating mode (Initial value)
1 Halt mode transition request

» Bit 0—Reset Request (MCRO): Controls resetting of the HCAN module.

Bit 0: MCRO Description
0 Normal operating mode (MCRO = 0 and GSR3 = 0)

[Setting condition]
When 0 is written after an HCAN reset

1 Reset mode transition request (Initial value)

In order for GSR3 to change from 1 to 0 after 0 is written to MCRO, timeis required before the
HCAN isinternally reset. Thereis consequently a delay before GSR3 is cleared to 0 after
MCROiscleared to 0.

16.2.2 General Status Register (GSR)

The genera status register (GSR) is an 8-bit readable register that indicates the status of the CAN
bus.

Bit: 7 6 5 4 3 2 1 0

. — | — | — | — | GSR3| GSR2 | GSRL | GSRO |
Initial value: 0 0 0 0 1 1 0 0
RW: R R R R R R R R

e Bits7to 4—Reserved: These hits alwaysread O.

« Bit 3—Reset Status Bit (GSR?3): Indicates whether the HCAN module isin the normal
operating state or the reset state. This bit cannot be modified.

Bit 3: GSR3 Description

0 Normal operating state

[Setting condition]
After an HCAN internal reset

1 Configuration mode (Initial value)

[Reset condition]
MCRO-initiated reset state or sleep mode
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e Bit 2—Message Transmission Status Flag (GSR2): Flag that indicates whether the moduleis
currently in the message transmission period. The “message transmission period” isthe period
from the start of message transmission (SOF) until the end of a 3-bit intermission interval after
EOF (End of Frame). This bit cannot be modified.

Bit 2: GSR2 Description
0 Transmission in progress
1 [Reset condition]
Idle period (Initial value)

* Bit 1—Transmit/Receive Warning Flag (GSR1): Flag that indicates an error warning. This bit
cannot be modified.

it 1: GSR1 Description
0 [Reset condition]

When TEC < 96 and REC < 96 or TEC = 256 (Initial value)
1 When TEC = 96 or REC = 96

e Bit 0—Bus Off Flag (GSR0): Flag that indicates the bus off state. This bit cannot be modified.

Bit 0: GSRO Description
0 [Reset condition]

Recovery from bus off state (Initial value)
1 When TEC = 256 (bus off state)

16.2.3  Bit Configuration Register (BCR)

The bit configuration register (BCR) is a 16-bit readable/writable register that is used to set CAN
bit timing parameters and the baud rate prescaler.

Bitt 15 14 13 12 11 10 9 8
\ BCR7 \ BCRG‘ BCR5 \ BCR4‘ BCR3 \ BCR2 \ BCRl‘ BCRO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BCR15 \ BCR14‘ BCR13 \ BCRlZ‘ BCR11 \ BCR10 \ BCR9 \ BCRS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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e Bits 15 and 14—Re-synchronization Jump Width (SIW): These bits set the maximum bit
synchronization range.

Bit 15: Bit 14:

BCR7 BCR6 Description

0 0 Maximum bit synchronization width = 1 time quantum
1 Maximum bit synchronization width = 2 time quanta

1 0 Maximum bit synchronization width = 3 time quanta
1 Maximum bit synchronization width = 4 time quanta

» Bits 13 to 8—Baud Rate Prescaler (BRP): These bits are used to set the CAN bus baud rate.

Bit 13: Bit12: Bit11: Bit10: Bit9: Bit 8:
BCR5 BCR4 BCR3 BCR2 BCR1 BCRO Description
0 0 0 0 0 0 2 x system clock (Initial value)
0 0 0 0 0 1 4 x system clock
0 0 0 0 1 0 6 x system clock
0 O 0 0 O 0
0 O O 0 O 0
0 O O 0 O O
1 1 1 1 1 1 128 x system clock
1-bit time o )
1-bit time (8—25 time quanta)
SYNC_SEG PRSEG PHSEG1 PHSEG2

g 14>

TSEGL (time segment 1)*

——————2-16—— ¥

TSEG2 (time segment 2)*

t——— 28— P

Quantum

SYNC_SEG: Segment for establishing synchronization of nodes on the CAN bus. (Normal
bit edge transitions occur in this segment.)

PRSEG:
PHSEG1:

PHSEG2:

Segment for compensating for physical delay between networks.
Buffer segment for correcting phase drift (positive). (This segment is extended
when synchronization (re-synchronization) is established.)

Buffer segment for correcting phase drift (negative). (This segment is
shortened when synchronization (re-synchronization) is established.)

Note: * The time quanta value for TSEG1 and TSEG2 is the TSEG value + 1.

Figure 16.2 Detailed Description of One Bit
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HCAN bhit rate calculation:

Bit rate [b/s] = ferk
2 x (BRP + 1) x (3 + TSEG1 + TSEG2)

Note: f. = P (peripheral clock (¢/2))
The BCR values are used for BRP, TSEG1, and TSEG2.

BCR Setting Constraints
TSEG1 > TSEG2 = SIW (SJW=11t04)
3+ TSEG1 + TSEG2 = 8 to 25 time quanta
TSEG2 > B'001 (BRP = B'000000)
TSEG2 > B'000 (BRP > B'000000)
These constraints allow the setting range shown in table 16.4 for TSEG1 and TSEG2 in BCR.

Table16.4 Setting Rangefor TSEG1 and TSEG2in BCR

TSEG2 (BCR [14:12])
001 010 | o011 100 101 110 111

TSEG1 0011 No Yes No No No No No
(BCRIIL8D | 0100 | ves* | Yes Yes No No No No
0101 Yes* Yes Yes Yes No No No

0110 Yes* Yes Yes Yes Yes No No

0111 Yes* Yes Yes Yes Yes Yes No
1000 Yes* Yes Yes Yes Yes Yes Yes
1001 Yes* Yes Yes Yes Yes Yes Yes
1010 Yes* Yes Yes Yes Yes Yes Yes
1011 Yes* Yes Yes Yes Yes Yes Yes
1100 Yes* Yes Yes Yes Yes Yes Yes
1101 Yes* Yes Yes Yes Yes Yes Yes
1110 Yes* Yes Yes Yes Yes Yes Yes
1111 Yes* Yes Yes Yes Yes Yes Yes

Notes: The time quanta value for TSEG1 and TSEG2 is the TSEG value + 1.
* Setting is enabled except when BRP[13:8] = B'000000.
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e Bit 7—Bit Sample Point (BSP): Sets the point at which datais sampled.

Bit 7: BCR15 Description
0 Bit sampling at one point (end of time segment 1 (TSEG1)) (Initial value)
1 Bit sampling at three points (end of time segment 1 (TSEG1), and 1 time

quantum before and after)

e Bits6to4—Time Segment 2 (TSEG2): These bits are used to set the segment for correcting 1-
bit time error. A value from 2 to 8 can be set.

Bit 6: Bit 5: Bit 4:
BCR14 BCR13 BCR12 Description
0 0 0 Setting prohibited (Initial value)
1 TSEG2 (PHSEG2) = 2 time quanta
1 0 TSEG2 (PHSEG2) = 3 time quanta
1 TSEG2 (PHSEG2) = 4 time quanta
1 0 0 TSEG2 (PHSEG2) = 5 time quanta
1 TSEG2 (PHSEG2) = 6 time quanta
1 0 TSEG2 (PHSEG2) = 7 time quanta
1 TSEG2 (PHSEG2) = 8 time quanta

e Bits3to 0—Time Segment 1 (TSEG1): These bits are used to set the segment for absorbing
output buffer, CAN bus, and input buffer delay. A value from 1 to 16 can be set.

Bit 3: Bit 2: Bit 1: Bit O:
BCR11 BCR10 BCR9 BCR8 Description
0 0 0 0 Setting prohibited (Initial value)
0 0 0 1 Setting prohibited
0 0 1 0 Setting prohibited
0 0 1 1 TSEG1 (PRSEG + PHSEGL1) = 4 time quanta
0 1 0 0 TSEG1 (PRSEG + PHSEG1) = 5 time quanta
0 O O 0 O
0 O O 0 O
0 0 O 0 O
1 1 1 1 TSEG1 (PRSEG + PHSEG1) = 16 time quanta
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16.24 Mailbox Configuration Register (MBCR)

The mailbox configuration register (MBCR) is a 16-bit readable/writable register that is used to set
mailbox (buffer) transmission/reception.

Bit: 15 14 13 12 11 10 9 8
‘ MBCR7 ‘ MBCR6 ‘ MBCRS5 ‘ MBCR4 ‘ MBCR3 ‘ MBCR2 ‘ MBCR1 ‘ — ‘
Initial value: 0 0 0 0 0 0 0 1
R/W: R/W R/W R/W R/W R/W R/W R/W R
Bit: 7 6 5 4 3 2 1 0
‘ MBCRIS‘ MBCR14‘ MBCR13‘ MBCRlZ‘ MBCRll‘ MBCRIO‘ MBCR9 ‘ MBCR8 ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits15to9and 7 to 0—Mailbox Setting Register (MBCR7 to 1, MBCR15 to 8): These bits set
the polarity of the corresponding mailboxes.

Bit x: MBCRXx Description
0 Corresponding mailbox is set for transmission (Initial value)
1 Corresponding mailbox is set for reception

* Bit 83—Reserved: Thisbit always reads 1. The write value should always be 1.

16.25 Transmit Wait Register (TXPR)

The transmit wait register (TXPR) is a 16-bit readable/writable register that is used to set a
transmit wait after a transmit message is stored in a mailbox (buffer) (CAN bus arbitration wait).

Bitt 15 14 13 12 11 10 9 8
\ TXPR7 \ TXPRG‘ TXPR5 \ TXPR4‘ TXPR3 \ TXPR2 \ TXPRl‘ — \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
‘TXPRIS‘ TXPR14‘ TXPR13‘ TXPRlZ‘ TXPRll‘ TXPRlO‘ TXPR \ TXPRS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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e Bits15t09and 7 to 0—Transmit Wait Register (TXPR7 to 1, TXPR15 to 8): These bits set a
CAN bus arbitration wait for the corresponding mailboxes.

Bit x: TXPRx Description

0 Transmit message idle state in corresponding mailbox (Initial value)

[Clearing condition]
Message transmission completion and cancellation completion

1 Transmit message transmit wait in corresponding mailbox (CAN bus
arbitration)

* Bit 8—Reserved: This bit always reads 0. The write value should always be 0.

16.2.6  Transmit Wait Cancel Register (TXCR)

The transmit wait cancel register (TXCR) is a 16-bit readable/writable register that controls
cancellation of transmit wait messages in mailboxes (buffers).

Bitt 15 14 13 12 11 10 9 8
\ TXCR7 \ TXCRG‘ TXCR5 \ TXCR4‘ TXCR3 \ TXCR2 \ TXCRl‘ — \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
‘TXCRlS‘TXCR14‘TXCR13‘TXCRlZ‘TXCRll‘TXCRlO‘ TXCRQ‘ TXCRS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits15to0 9 and 7 to 0—Transmit Wait Cancel Register (TXCR7 to 1, TXCR15to 8): These
bits control cancellation of transmit wait messages in the corresponding HCAN mailboxes.

Bit x: TXCRXx Description

0 Transmit message cancellation idle state in corresponding mailbox
(Initial value)

[Clearing condition]
Completion of TXPR clearing (when transmit message is canceled normally)

1 TXPR cleared for corresponding mailbox (transmit message cancellation)

« Bit 8—Reserved: Thisbit always reads 0. The write value should always be 0.
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16.2.7 Transmit Acknowledge Register (TXACK)

The transmit acknowledge register (TXACK) is a 16-bit readable/writable register containing
status flags that indicate normal completion of mailbox (buffer) message transmission.

Bit: 15 14 13 12 11 10 9 8
‘ TXACK7 ‘ TXACKG‘ TXACK5 ‘ TXACK4‘ TXACK3 ‘ TXACK2 ‘ TXACKI‘ — ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
‘TXACKIS‘ TXACK14‘ TXACKlS‘ TXACKlZ‘ TXACKll‘ TXACKlO‘ TXACKQ‘ TXACKS8 ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits15to 9 and 7 to 0—Transmit Acknowledge Register (TXACK7 to 1, TXACK15to 8):
These bits indicate that transmission of a message in the corresponding HCAN mailbox has
been completed normally.

Bit x: TXACKx Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Completion of message transmission for corresponding mailbox

* Bit 83—Reserved: Thisbit always reads 0. The write value should always be 0.
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16.2.8 Abort Acknowledge Register (ABACK)

The abort acknowledge register (ABACK) is a 16-bit readable/writable register containing status
flags that indicate normal cancellation (aborting) of a mailbox (buffer) transmit messages.

Bit: 15 14 13 12 11 10 9 8
‘ ABACK7 ‘ ABACKG‘ ABACKS‘ ABACK4‘ ABACKS‘ ABACK2 ‘ ABACKl‘ — ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
‘ ABACKlS‘ ABACK14‘ ABACK13‘ ABACKlZ‘ ABACKll‘ ABACKlO‘ ABACK9 ‘ ABACKS ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits15t0 9 and 7 to 0—Abort Acknowledge Register (ABACK7 to 1, ABACK15to 8): These
bits indicate that a transmit message in the corresponding mailbox has been canceled (aborted)
normally.

Bit x: ABACKx Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Completion of transmit message cancellation for corresponding mailbox

» Bit 83—Reserved: This bit always reads 0. The write value should always be 0.
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16.29 Receive Complete Register (RXPR)

The receive complete register (RXPR) is a 16-hit readabl e/writable register containing status flags
that indicate normal reception of messages (data frames or remote frames) in mailboxes (buffers).

In the case of remote frame reception, the corresponding bit in the remote request register (RFPR)
isalso set.

Bitt 15 14 13 12 11 10 9 8
\ RXPR?‘ RXPRG‘ RXPRS‘ RXPR4‘ RXPRS‘ RXPRZ‘ RXPRl‘ RXPRO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ RXPRlS‘ RXPR14‘ RXPR13‘ RXPRlZ‘ RXPRll‘ RXPRlO‘ RXPRO \ RXPR8 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

« Bits 15 to 0—Receive Complete Register (RXPR7 to 0, RXPR15 to 8): These bitsindicate that
areceive message has been received normally in the corresponding mailbox.

Bit x: RXPRx Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Completion of message (data frame or remote frame) reception in

corresponding mailbox
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16.2.10 Remote Request Register (RFPR)

The remote request register (RFPR) is a 16-bit readable/writable register containing status flags
that indicate normal reception of remote frames in mailboxes (buffers). When a bit in this register
is set, the corresponding bit in the receive complete register (RXPR) is also set.

Bitt 15 14 13 12 11 10 9 8
\ RFPR?‘ RFPRG‘ RFPRS‘ RFPR4‘ RFPR3‘ RFPRz‘ RFPRl‘ RFPRO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
‘RFPRlS‘RFPR14‘RFPR13‘RFPRlZ‘RFPRll‘RFPRlO‘ RFPR9‘ RFPR8‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

« Bits 15 to 0—Remote Request Register (RFPR7 to 0, RFPR15 to 8): These bitsindicate that a
remote frame has been received normally in the corresponding mailbox.

Bit x: RFPRx Description
0 [Clearing condition]
Writing 1 (Initial value)
1 Completion of remote frame reception in corresponding mailbox
16.2.11 Interrupt Register (IRR)

Theinterrupt register (IRR) is a 16-bit readable/writable register containing status flags for the
various interrupt sources.

Bitt 15 14 13 12 11 10 9 8

\ IRR7 \ IRR6 \ IRRS \ IRR4 \ IRR3 \ IRR2 \ IRR1 \ IRRO \
Initial value: 0 0 0 0 0 0 0 1
RW.: RW RW RW RW RW R R RIW
Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ IRR12‘ — \ — \ IRR9 \ IRR8 \
Initial value: 0 0 0 0 0 0 0 0
RIW: R R RIW R RW  RW
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e Bit 15—Overload Frame/Bus Off Recovery Interrupt Flag (IRR7): Status flag indicating that
the HCAN has transmitted an overload frame or recovered from the bus off state.

Bit 15: IRR7 Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Overload frame transmission or recovery from bus off state

[Setting conditions]

Error active/error passive state

e When overload frame is transmitted

Bus off state

e When 11 recessive bits is received 128 times (REC = 128)

e Bit 14—Bus Off Interrupt Flag (IRR6): Status flag indicating the bus off state caused by the
transmit error counter.

Bit 14: IRR6 Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Bus off state caused by transmit error

[Setting condition]
When TEC = 256

* Bit 13—FError Passive Interrupt Flag (IRR5): Status flag indicating the error passive state
caused by the transmit/receive error counter.

Bit 13: IRR5 Description
0 [Clearing condition]
Writing 1 (Initial value)
1 Error passive state caused by transmit/receive error
[Setting condition]
When TEC = 128 or REC = 128
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« Bit 12—Receive Overload Warning Interrupt Flag (IRR4): Status flag indicating the error
warning state caused by the receive error counter.

Bit 12: IRR4 Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Error warning state caused by receive error

[Setting condition]
When REC = 96

e Bit 11—Transmit Overload Warning Interrupt Flag (IRR3): Status flag indicating the error
warning state caused by the transmit error counter.

Bit 11: IRR3 Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Error warning state caused by transmit error

[Setting condition]
When TEC = 96

» Bit 10—Remote Frame Request Interrupt Flag (IRR2): Status flag indicating that a remote
frame has been received in a mailbox.

Bit 10: IRR2 Description
0 [Clearing condition]

Clearing of all bits in RFPR (remote request wait register) (Initial value)
1 Remote frame received and stored in mailbox

[Setting conditions]
When remote frame reception is completed.
When corresponding MBIMR = 0.

* Bit 9—Receive Message Interrupt Flag (IRR1): Status flag indicating that a mailbox receive
message has been received normally.

Bit 9: IRR1 Description
0 [Clearing condition]

Clearing of all bits in RXPR (receive complete register) when MBIMR is O

(Initial value)

1 Data frame or remote frame received and stored in mailbox

[Setting conditions]

When data frame or remote frame reception is completed.

When corresponding MBIMR = 0.
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e Bit 8—Reset Interrupt Flag (IRR0): Status flag indicating that the HCAN module has been
reset. This bit cannot be masked in the interrupt mask register (IMR). If this bit is not cleared
after a power-on reset or recovery from software standby mode, interrupt processing will be
executed immediately when interrupts are enabled by the interrupt controller.

Bit 8: IRRO Description

0 [Clearing condition]
Writing 1

1 Interrupt request (OVR) due to power-on reset or transition to software
standby mode (Initial value)

[Setting condition]
When reset processing is completed after power-on reset or software
standby mode transition

Bits 7to 5, 3, and 2—Reserved: These bits always read 0. The write value should always be 0.

Bit 4—Bus Operation Interrupt Flag (IRR12): Status flag indicating detection of a dominant bit

due to bus operation when the HCAN module isin HCAN sleep mode.

Bit 4: IRR12 Description

0 CAN bus idle state (Initial value)
[Clearing condition]
Writing 1

1 CAN bus operation in HCAN sleep mode

[Setting condition]
Bus operation (dominant bit detection) in HCAN sleep mode

* Bit 1—Unread Interrupt Flag (IRR9): Status flag indicating that a receive message has been
overwritten while still unread.

Bit 1: IRR9 Description
0 [Clearing condition]
Clearing of all bits in UMSR (unread message status register) (Initial value)
1 Unread message overwrite
[Setting condition]
When UMSR (unread message status register) is set
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e Bit 0—Mailbox Empty Interrupt Flag (IRR8): Status flag indicating that the next transmit
message can be stored in the mailbox.

Bit 0: IRR8 Description
0 [Clearing condition]
Writing 1 (Initial value)
1 Transmit message has been transmitted or aborted, and new message can
be stored

[Setting condition]
When TXPR (transmit wait register) is cleared by completion of transmission
or completion of transmission abort

16.2.12 Mailbox Interrupt Mask Register (MBIMR)

The mailbox interrupt mask register (MBIMR) is a 16-bit readable/writable register containing
flags that enable or disable individual mailbox (buffer) interrupt requests.

Bit: 15 14 13 12 11 10 9 8
‘ MBIMR7 ‘ MBIMRG‘ MBIMR5 ‘ MBIMR4‘ MBIMR3 ‘ MBIMR2 ‘ MBIMRl‘ MBIMRO ‘
Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
‘ MBIMRlS‘ MBIMR14‘ MBIMRlS‘ MBIMRlZ‘ MBIMRll‘ MBIMRlO‘ MBIMR9 ‘ MBIMRS8 ‘

Initial value: 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits 15 to 0—Mailbox Interrupt Mask (MBIMR7 to 0, MBIMR15 to 8): Flags that enable or
disable individual mailbox interrupt requests.

Bit x: MBIMRXx Description
0 [Transmitting]
Interrupt request to CPU due to TXPR clearing
[Receiving]
Interrupt request to CPU due to RXPR setting
1 Interrupt requests to CPU disabled (Initial value)
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16.2.13 Interrupt Mask Register (IMR)

Theinterrupt mask register (IMR) is a 16-bit readable/writable register containing flags that
enable or disable requests by individual interrupt sources.

Bitt 15 14 13 12 11 10 9 8
\ IMR7 \ IMR6 \ IMR5 \ IMR4 \ IMR3 \ IMR2 \ IMR1 \ — \
Initial value: 1 1 1 1 1 1 1 0

R/W: R/W R/W R/W R/W R/W R/W R/W —

Bit.t 7 6 5 4 3 2 1 0

. — | — | — |mwmri2] — | — | IMR9 | IMR8 |
Initial value: 1 1 1 1 1 1 1 1
RW: R R R RIW R R RW  RW

e Bit 15—Overload Frame/Bus Off Recovery Interrupt Mask (IMR7): Enables or disables
overload frame/bus off recovery interrupt requests.

Bit 15: IMR7 Description

0 Overload frame/bus off recovery interrupt request (OVR) to CPU by IRR7
enabled

1 Overload frame/bus off recovery interrupt request (OVR) to CPU by IRR7
disabled (Initial value)

e Bit 14—Bus Off Interrupt Mask (IMR6): Enables or disables bus off interrupt requests caused
by the transmit error counter.

Bit 14: IMR6 Description
0 Bus off interrupt request (ERS) to CPU by IRR6 enabled
1 Bus off interrupt request (ERS) to CPU by IRR6 disabled (Initial value)

e Bit 13—FError Passive Interrupt Mask (IMR5): Enables or disables error passive interrupt
requests caused by the transmit/receive error counter.

Bit 13: IMR5 Description

0 Error passive interrupt request (ERS) to CPU by IRR5 enabled

1 Error passive interrupt request (ERS) to CPU by IRRS5 disabled (Initial value)
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« Bit 12—Receive Overload Warning Interrupt Mask (IMR4): Enables or disables error warning
interrupt requests caused by the receive error counter.

Bit 12: IMR4 Description
0 REC error warning interrupt request (OVR) to CPU by IRR4 enabled
1 REC error warning interrupt request (OVR) to CPU by IRR4 disabled

(Initial value)

e Bit 11—Transmit Overload Warning Interrupt Mask (IMR3): Enables or disables error
warning interrupt requests caused by the transmit error counter.

Bit 11: IMR3 Description
0 TEC error warning interrupt request (OVR) to CPU by IRR3 enabled
1 TEC error warning interrupt request (OVR) to CPU by IRR3 disabled

(Initial value)

* Bit 10—Remote Frame Request Interrupt Mask (IMR2): Enables or disables remote frame
reception interrupt requests.

Bit 10: IMR2 Description
0 Remote frame reception interrupt request (OVR) to CPU by IRR2 enabled
1 Remote frame reception interrupt request (OVR) to CPU by IRR2 disabled

(Initial value)

* Bit 9—Receive Message Interrupt Mask (IMR1): Enables or disables message reception
interrupt requests.

Bit 9: IMR1 Description
0 Message reception interrupt request (RM) to CPU by IRR1 enabled
1 Message reception interrupt request (RM) to CPU by IRR1 disabled

(Initial value)

« Bit 8—Reserved: Thisbit always reads 0. The write value should always be 0.

e Bits7t05, 3, and 2—Reserved: These bits alwaysread 1. The write value should aways be 1.
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e Bit 4—Bus Operation Interrupt Mask (IMR12): Enables or disablesinterrupt requests due to
bus operation in sleep mode.

Bit 4: IMR12 Description
0 Bus operation interrupt request (OVR) to CPU by IRR12 enabled
1 Bus operation interrupt request (OVR) to CPU by IRR12 disabled

(Initial value)

* Bit 1—Unread Interrupt Mask (IMR9): Enables or disables unread receive message overwrite
interrupt requests.

Bit 1: IMR9 Description

0 Unread message overwrite interrupt request (OVR) to CPU by IRR9 enabled

1 Unread message overwrite interrupt request (OVR) to CPU by IRR9
disabled (Initial value)

* Bit 0—Mailbox Empty Interrupt Mask (IMR8): Enables or disables mailbox empty interrupt
requests.

Bit 0: IMR8 Description
0 Mailbox empty interrupt request (SLE) to CPU by IRR8 enabled
1 Mailbox empty interrupt request (SLE) to CPU by IRR8 disabled

(Initial value)

16.2.14 ReceiveError Counter (REC)

Thereceive error counter (REC) is an 8-bit read-only register that functions as a counter indicating
the number of receive message errors on the CAN bus. The count value is stipulated in the CAN
protocol.

Bit: 7 6 5 4 3 2 1 0

| ] ] | ]
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R R R R
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16.2.15 Transmit Error Counter (TEC)

The transmit error counter (TEC) is an 8-hit read-only register that functions as a counter
indicating the number of transmit message errors on the CAN bus. The count valueis stipulated in
the CAN protocol.

Bit: 7 6 5 4 3 2 1 0
Initial value: 0 0 0 0 0 0 0 0
R/W:

16.2.16 Unread Message Status Register (UM SR)

The unread message status register (UM SR) is a 16-bit readable/writable register containing status
flagsthat indicate, for individual mailboxes (buffers), that a received message has been
overwritten by a new receive message before being read.

Bit: 15 14 13 12 11 10 9 8
‘ UMSR7 ‘ UMSR6 ‘ UMSR5 ‘ UMSR4 ‘ UMSR3 ‘ UMSR2 ‘ UMSR1 ‘ UMSRO ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
‘ UMSRlS‘ UMSR14‘ UMSRlS‘ UMSRlZ‘ UMSRll‘ UMSRlO‘ UMSR9 ‘ UMSRS8 ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

« Bits 15 to 0—Unread Message Status Flags (UM SR7 to 0, UMSR15 to 8): Status flags
indicating that an unread receive message has been overwritten. When an unread receive
message is overwritten by a new receive message, the old dataislost.

Bit x: UMSRx Description
0 [Clearing condition]

Writing 1 (Initial value)
1 Unread receive message is overwritten by a new message

[Setting condition]
When a new message is received before RXPR is cleared

x=0to 15
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16.2.17 Local Acceptance Filter Masks (LAFML, LAFMH)

The local acceptance filter masks (LAFML, LAFMH) are 16-hit readabl e/writable registers that
filter receive messages to be stored in the receive-only mailbox (MCO, MDO) according to the
identifier. In these registers, consist of LAFMH15: MSB to LAFMHS5: LSB are 11
standard/extended identifier bits, and LAFMH1: MSB to LAFMLO: LSB are 18 extended
identifier bits.

LAFML
Bit: 15 14 13 12 11 10 9 8
‘ LAFML7 ‘ LAFMLG‘ LAFML5 ‘ LAFML4‘ LAFML3 ‘ LAFML2 ‘ LAFMLl‘ LAFMLO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
‘LAFMLIS‘LAFML14‘LAFML13‘LAFMLlZ‘LAFMLll‘LAFMLlO‘ LAFML9‘ LAFMLS‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

LAFMH
Bit: 15 14 13 12 11 10 9 8
‘ LAFMH7 ‘ LAFMHG‘ LAFMH5 ‘ — ‘ — ‘ — ‘ LAFMHl‘ LAFMHO ‘
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R R R R/W R/W
Bit: 7 6 5 4 3 2 1 0
‘ LAFMHlS‘ LAFMH14‘ LAFMH13‘ LAFMHlZ‘ LAFMHll‘ LAFMHlO‘ LAFMHQ‘ LAFMH8 ‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

* LAFMH Bits 7 to 0 and 15 to 13-11-Bit Identifier Filter (LAFMH7 to 5, LAFMH15 to 8):
Filter mask bits for the first 11 bits of the receive message identifier (for both standard and
extended identifiers).

Bit x: LAFMHx Description

0 Stored in MCO, MDO (receive-only mailbox) depending on bit match between
MCO message identifier and receive message identifier (Initial value)

1 Stored in MCO0, MDO (receive-only mailbox) regardless of bit match between

MCO message identifier and receive message identifier
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« LAFMH Bits 12 to 10—Reserved: These bits always read 0. The write value should always be

0.

« LAFMH Bits9and 8, LAFML bits 15 to 0-18-Bit Identifier Filter (LAFMH1, O, LAFML7 to
0, LAFML15 to 8): Filter mask bits for the 18 bits of the receive message identifier (extended).

Bit x: LAFMHXx
LAFMLXx Description
0 Stored in MCO (receive-only mailbox) depending on bit match between MCO
message identifier and receive message identifier (Initial value)
1 Stored in MCO (receive-only mailbox) regardless of bit match between MCO

message identifier and receive message identifier

16.2.18 Message Control (MCOto MC15)

The message control register sets (MCO to MC15) consist of eight 8-hit readable/writable registers
(MCx[1] to MCx[8]). The HCAN has 16 sets of these registers (MCO to MC15).

Theinitial value of these registersis undefined, so they must be initialized (by writing 0 or 1).

MCx [1]

Bit:

Initial value:
R/W:

MCx [2]

Bit:

Initial value:
R/W:

MCx [3]

Bit:

Initial value:
R/W:

7 6 5 4 3 2 1 0

\ DLC3 \ DLC2 \ DLC1 \ DLCO \

RIW R/W R/IW R/W R/IW RIW R/W R/IW
7 6 5 4 3 2 1 0
- r rrrrr ]
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
- r rrr [ r |
R/W R/W R/W R/W R/W R/W R/W R/W
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MCx [4]
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MCx [5]
Bit: 7 6 5 4 3 2 1 0
‘ STD_ID2 ‘ STD_IDl‘ STD_IDO ‘ RTR ‘ IDE ‘ ‘EXD_IDlﬂ EXD_IDlG‘

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MCx [6]
Bit: 7 6 5 4 3 2 1 0
‘STD_IDlO‘ STD_IDQ‘ STD_IDS‘ STD_ID7‘ STD_ID6 ‘ STD_IDS‘ STD_ID4‘ STD_ID3‘

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MCx [7]
Bit: 7 6 5 4 3 2 1 0

‘ EXD_ID7‘ EXD_IDG‘ EXD_IDS‘ EXD_ID4‘ EXD_ID3‘ EXD_IDZ‘ EXD_IDl‘ EXD_IDO‘

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MCx [8]
Bit: 7 6 5 4 3 2 1 0
‘EXD_IDlS‘ EXD_|D14} EXD_ID13‘ EXD_IDl# EXD_IDll‘ EXD_IDlO‘ EXD_IDQ‘ EXD_ID8 ‘

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

* MCx[1] Bits 7 to 4—Reserved: Theinitial value of these bitsis undefined; they must be
initialized (by writing O or 1).
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e MCx[1] Bits3to 0: Data Length Code (DLC3 to 0): These bitsindicate the required length of
data frames and remote frames.

Bit 3: Bit 2: Bit 1: Bit 0:
DLC3 DLC2 DLC1 DLCO Description
0 0 0 0 Data length = 0 bytes
1 Data length = 1 byte
1 0 Data length = 2 bytes
1 Data length = 3 bytes
1 0 0 Data length = 4 bytes
1 Data length = 5 bytes
1 0 Data length = 6 bytes
1 Data length = 7 bytes
1 * * * Data length = 8 bytes

*: Don't care

e MCx[2] Bits 7 to 0—Reserved: The initial value of these bitsis undefined; they must be
initialized (by writing O or 1).

e MCx[3] Bits 7 to 0—Reserved: The initial value of these bitsis undefined; they must be
initialized (by writing O or 1).

e MCx[4] Bits 7 to 0—Reserved: The initial value of these bitsis undefined; they must be
initialized (by writing O or 1).

e MCx[6] Bits 7 to 0: Standard Identifier (STD_ID10to STD_ID3)
MCXx[5] Bits 7 to 5: Standard Identifier (STD_ID2 to STD_IDQ)
These bits set the identifier (standard identifier) of data frames and remote frames.

Standard identifier

SOF|ID10| ID9 | ID8 | ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO g;i IDE
\ /

STD_IDxx

Figure16.3 Standard Identifier
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e MCx[5] Bit 4: Remote Transmission Request (RTR): Used to distinguish between data frames
and remote frames.

Bit 4: RTR Description
0 Data frame
1 Remote frame

* MCx[5] Bit 3: Identifier Extension (IDE): Used to distinguish between the standard format and
extended format of data frames and remote frames.

Bit 3: IDE Description
0 Standard format
1 Extended format

e MCx[5] Bit 2—Reserved: Theinitia value of this bit is undefined; it must be initialized (by
writing O or 1).

* MCx[5] Bits 1 and O: Extended |dentifier (EXD_ID17, EXD_ID16)
MCx[8] Bits 7 to 0: Extended Identifier (EXD_ID15 to EXD_ID8)
MCx[7] Bits 7 to 0: Extended Identifier (EXD_ID7 to EXD_IDQ)
These bits set the identifier (extended identifier) of data frames and remote frames.

Extended |dentifier

IDE | ID17 | ID16 | ID15 | ID14 | ID13| ID12 | ID11| ID10| ID9 | ID8 | ID7 | ID6 | ID5
\

EXD_IDxx

ID4 | ID3 | ID2 | ID1 | IDO RTR| R1 |
/

EXD_IDxx

Figure16.4 Extended Identifier
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16.2.19 Message Data (MDOto MD15)

The message data register sets (MDO to MD15) consist of eight 8-bit readable/writable registers
(MDx[1] to MDx[8]). The HCAN has 16 sets of these registers (MDO to MD15).

Theinitial value of these registersis undefined, so they must be initialized (by writing O or 1).

MDx[1] Message Data 1
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MDx[2] Message Data 2
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MDx[3] Message Data 3
Bit: 7 6 5 4 3 2 1 0

Initial value: — —_ — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MDx[4] Message Data 4
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MDx[5] Message Data 5
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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MDx[6] Message Data 6
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MDx[7] Message Data 7
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

MDx[8] Message Data 8
Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

16.3 Operation

The SH7055 has an on-chip HCAN module with two channels, each of which can be controlled
independently. Except for pin states, both channels have identical specifications, and so control
should be carried out in the same way for both.

16.3.1 Hardware Reset and Softwar e Reset
There are two ways of resetting the HCAN: Hardware reset and software reset.

Hardwar e Reset (Power-on Reset or Har dwar e/ Softwar e Standby): The MCR reset request bit
(MCRO) in MCR and the reset state bit (GSR3) in GSR within the HCAN are automatically set
and initialized (hardware reset). At the sametime, al internal registers are initialized. However
mailbox (RAM) contents are not initialized. A flowchart of thisreset is shown in figure 16.5.

Softwar e Reset (Writeto MCRO): In normal operation HCAN isinitialized by setting the MCR
reset request bit (MCRO) in MCR (software reset). With thiskind of reset, if the CAN controller is
performing a communication operation (transmission or reception), the initialization state is not
entered until the message has been completed. During initialization, the reset state bit (GSR3) in
GSRisset. Inthiskind of initialization, the error counters (TEC and REC) areinitialized but other
registers and RAM are not. A flowchart of thisreset is shown in figure 16.6.
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Hardware reset

Yy
MCRO = 1 (automatic) -

Y

IRRO = 1 (automatic)
GSR3 = 1 (automatic)

Y

Initialization of HCAN module

A 4

Bit configuration mode

Clear IRRO Period in which BCR, MBCR, etc.,
HCAN port setting are initialized
BCR setting
MBCR setting

Mailbox initialization
Message transmission method initialization

MCRO =0

A

GSR3 =0? No

Yes

IMR setting (interrupt mask setting)
NBIMR setting (interrupt mask setting)
MC[X] setting (receive identifier setting)

LAFM setting (receive identifier mask setting)

y

GSR3=0&11
recessive bits received?

No

:: Settings by user

( CAN bus communication enabled > |:| : Processing by hardware

Figure16.5 Hardware Reset Flowchart
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Bus idle?

GSR3 = 1 (automatic)

v

Initialization of REC and TEC only

<
y

Clear IRRO
HCAN port setting

BCR setting

MBCR setting

Mailbox initialization

Message transmission method
initialization
OK?

Correction

No

MCRO =0

A

) 4

GSR3 = 0? No

Yes

<
¢ |

Correction

IMR setting
NBIMR setting No |
MC[x] setting
LAFM setting
OK?

GSR3=0&11
recessive bits received?

No

:: Settings by user

( CAN bus communication enabled > |:| : Processing by hardware

Figure16.6 Software Reset Flowchart
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16.3.2 Initialization after a Har dwar e Reset

After ahardware reset, the following initialization processing should be carried out:

Clearing of IRRO bit in interrupt register (IRR)
HCAN pin port settings

Bit rate setting

Mailbox transmit/receive settings

Mailbox (RAM) initialization

M essage transmission method setting

S O A

Theseinitial settings must be made while the HCAN isin bit configuration mode. Configuration
mode is a state in which the reset request bit (MCRO) in the master control register (MCR) is 1 and
the reset status bit in the general status register (GSR) isalso 1 (GSR3 = 1). Configuration modeis
exited by clearing the reset request bit in MCR to 0; when MCRO is cleared to O, the HCAN
automatically clears the reset state bit (GSR3) in the general status register (GSR). The power-up
sequence then begins, and communication with the CAN busis possible as soon as the sequence
ends. The power-up sequence consists of the detection of 11 consecutive recessive bits.

IRRO Clearing: Thereset interrupt flag (IRRO) is always set after a power-on reset or recovery
from software standby mode. As an HCAN interrupt is initiated immediately when interrupts are
enabled, IRRO should be cleared.

HCAN Pin Port Settings: HCAN pin port settings must be made during or before bit
configuration. Refer to the section 20, Pin Function Controller, for details of the setting method.

The SH7055 has two on-chip HCAN channels, which can be used in either of the following ways:

1. Two-channel 16-buffer HCAN
2. One-channel 32-buffer HCAN

An example of 2-channel/16-buffer independent useis shown in figure 16.7, and an example of 2-
channel/32-buffer use in figure 16.8.

559
HITACHI



HCANO
(16 buffers)

HTxDO

HRxDO

HCAN1
(16 buffers)

HTxD1

HRxD1

PB10/TxD4/HTxD0O/TO8G

PB11/RxD4/HRxDO/TO8H

PL10/HTXDO/HTXD1/HTXDO & HTxD1

PL10/HRxDO/HRXD1/HTXDO & HRxD1

Figure 16.7 Example of 2-Channel/16-Buffer Independent Use

HTxDO
HCANO
(16 buffers) HRxDO
HTxD1 —D_
HCAN1
(16 buffers) HRxD1

PL10/HTXDO/HTXD1/HTXDO&HTXD1

PL10/HRxDO/HRxD1/HRXDO&HRxD1
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Bit Rate Settings: As bit rate settings, a baud rate setting and bit timing setting must be made
each time a CAN node begins communication. The baud rate and bit timing settings are made in
the bit configuration register (BCR).

Notes: 1. BCR can bewritten to at al times, but should only be modified in configuration mode.
2. Settings should be made so that all CAN controllers connected to the CAN bus have
the same baud rate and bit width.
3. Limitsfor the settable variables (TSEG1, TSEG2, BRP, sample point, and SIW) are
shown in table 16.5.

Table16.5 BCR Setting Limits

Name Abbreviation Min. Value Max. Value Unit
Time segment 1 TSEG1 4 16 TQ
Time segment 2 TSEG2 2 8 TQ
Baud rate prescaler BRP 2 128 System
clock
Sample point SAM 1 3 Point
Re-synchronization jump width SJW 1 4 TQ

Settable Variable Limits

« The bit width consists of the total of the settable time quanta (TQ). TQ (number of system
clocks) is determined by the baud rate prescaler (BRP).

TQ=(2x (BRP+ 1))/(fc k1)
fek =Po

e The minimum value of SJW is stipulated in the CAN specifications.
4>SW=1

e The minimum value of TSEG1 is stipulated in the CAN specifications.
TSEG1 = TSEG2

e The minimum value of TSEG?2 is stipulated in the CAN specifications.

TSEG2 = (1 + SIW)
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The following formulais used to calculate the baud rate.

Bit rate [b/s] = ferk
2 x (BRP + 1) x (3 + TSEG1 + TSEG2)

Note: f. = P (peripheral clock: ¢/2]
The BCR values are used for BRP, TSEG1, and TSEG2.

Example: With a1 Mb/s baud rate and a40 MHz input clock:

1 Mbfs = 2x(0 +21c; '>\</”(_;Z+4+3)

Set Values Actual Values
ek 40 MHz/2 —
BRP 0 (B'000000) System clock x 2
TSEG1 4 (B'0100) 5TQ
TSEG2 3 (B'011) 4TQ

Mailbox Transmit/Receive Settings: HCANO and HCAN1 each have 16 mailboxes. Mailbox 0 is
receive-only, while mailboxes 1 to 15 can be set for transmission or reception. Mailboxes that can
be set for transmission or reception must be designated either for transmission use or for reception
use before communication begins. The Initial status of mailboxes 1 to 15 isfor transmission (while
mailbox O isfor reception only). Mailbox transmit/receive settings are not initialized by a software
reset.

e Setting for transmission
Transmit mailbox setting (mailboxes 1 to 15)

Clearing abit to 0 in the mailbox configuration register (MBCR) designates the corresponding
mailbox for transmission use. After areset, mailboxes are initialized for transmission use, so
this setting is not necessary.

e Setting for reception
Transmit/receive mailbox setting (mailboxes 1 to 15)

Setting a bit to 1 in the mailbox configuration register (MBCR) designates the corresponding
mailbox for reception use. When setting mailboxes for reception, to improve message
transmission efficiency, high-priority messages should be set in low-to-high mailbox order
(priority order: mailbox 1 (MCx[1]) > mailbox 15 (MCx[15])).

* Receive-only mailbox (mailbox 0)
No setting is necessary, as this mailbox is aways used for reception.
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Mailbox (Message Control/Data (M Cx[x], MDx[x]) I nitial Settings: After power is supplied,
all registers and RAM (message control/data, control registers, status registers, etc.) are initialized.
Message control/data (MCx[x], MDx[x]) only arein RAM, and so their values are undefined.
Initial values must therefore be set in all the mailboxes (by writing Os or 15).

Setting the M essage Transmission Method: Either of the following message transmission
methods can be selected with the message transmission method bit (MCR?2) in the master control
register (MCR):

1. Transmission order determined by message identifier priority
2. Transmission order determined by mailbox number priority

When the message identifier priority method is selected, if a number of messages are designated as
waiting for transmission (TXPR = 1), messages are stored in the transmit buffer in low-to-high
mailbox order (priority order: mailbox 1 > 15). CAN bus arbitration is then carried out for the
messages in the transmit buffer, and message transmission is performed when the bus is acquired.

When the mailbox number priority method is selected, if anumber of messages are designated as
waiting for transmission (TXPR = 1), the message with the highest priority set in the message
identifier (MCx[5]-MCx[8]) is stored in the transmit buffer. CAN bus arbitration is then carried
out for the message in the transmit buffer, and message transmission is performed when the
transmission right is acquired. When the TXPR bit is set, internal arbitration is performed again,
and the highest-priority message is found and stored in the transmit buffer.

16.3.3 Transmit Mode

Message transmission is performed using mailboxes 1 to 15. The transmission procedure is
described below, and a transmission flowchart is shown in figure 16.9.

1. Initialization (after hardware reset only)
a. Clearing of IRRO bit in interrupt register (IRR)
HCAN pin port settings
Bit rate settings
Mailbox transmit/receive settings
Mailbox initialization
M essage transmission method setting

-~ 0o a0 o

2. Interrupt and transmit data settings
a. Interrupt setting
b. Arbitration field setting
c. Control field setting
d. Datafield setting
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3.

Message transmission and interrupts

a. Message transmission wait

b. Message transmission completion and interrupt
c. Message transmission abort

d. Message retransmission

Initialization (after Har dwar e Reset Only): These settings should be made while the HCAN is
in bit configuration mode.

1. IRRO clearing
Thereset interrupt flag (IRRO) is always set after a power-on reset or recovery from software
standby mode. Asan HCAN interrupt is initiated immediately when interrupts are enabled,
IRRO should be cleared.

2. HCAN pin port settings
To prevent erroneous identification of CAN bus data, HCAN pin port settings should be made
first. See HCAN Pin Port Settingsin section 16.3.2, Initialization after a Hardware Reset, and
section 20, Pin Function Controller, for details.

3. Bit rate settings
Set values relating to the CAN bus communication speed and re-synchronization. See Bit Rate
Settings in section 16.3.2, Initialization after a Hardware Reset, for details.

4. Mailbox transmit/receive settings
Mailbox transmit/receive settings should be made in advance. A total of 30 mailbox can be set
for transmission or reception (mailboxes 1 to 15 in HCANO and HCANZ1). To set amailbox for
transmission, clear the corresponding bit to 0 in the mailbox configuration register (MBCR).
See Mailbox Transmit/Receive Settingsin section 16.3.2, Initialization after a Hardware Reset,
for details.

5. Mailbox initialization
As message control/data registers (MCx[x], MDx[x]) are configured in RAM, their initial
values after powering on are undefined, and so bit initialization is necessary. Write Os or 1sto
the mailboxes. See Mailbox (Message Control/Data (MCx[x], MDx[x]) Initial Settingsin
section 16.3.2, Initialization after a Hardware Reset, for details.

6. Message transmission method setting
Set the transmission method for mailboxes designated for transmission. The following two
transmission methods can be used. See Setting the Message Transmission Method in section
16.3.2, Initialization after a Hardware Reset, for details.
a. Transmission order determined by message identifier priority
b. Transmission order determined by mailbox number priority
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Initialization (after hardware reset only)
IRRO clearing
HCAN port setting
BCR setting
MBCR setting
Mailbox initialization
Message transmission method setting

Y

Interrupt settings

Y

Transmit data setting
Arbitration field setting
Control field setting
Data field setting

Y

Message transmission wait
TXPR setting

4

Bus idle?

Message transmission
GSR2 = 0 (during transmission only)

y

Transmission completed?

Yes P
« =
Interrupt to CPU
Yes
A
Clear TXACK
Clear IRR8

* :: Settings by user
< End of transmission > |:| : Processing by hardware

Figure16.9 Transmission Flowchart
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Interrupt and Transmit Data Settings: When mailbox initialization is finished, CPU interrupt
source settings and data settings must be made. Interrupt source settings are made in the mailbox
interrupt mask register (MBIMR) and interrupt mask register (IMR), while transmit data settings
are made by writing the necessary datain 2, 3, and 4 below to the message control registers
(MCx[1] to MCx[8]) and message data registers (MDx[1] to MDx[8]).

1. CPU interrupt source settings
Transmission acknowledge and transmission abort acknowledge interrupts can be masked for
individual mailboxes in the mailbox interrupt mask register (MBIMR). Interrupt register (IRR)
interrupts can be masked in the interrupt mask register (IMR).

2. Arbitration field
In the arbitration field, the 11-bit identifier (STD_IDO to STD_ID10) and RTR bit (standard
format) or 29-bit identifier (STD_IDO0 to STD_ID10, EXT_ID0to EXT_ID17) and IDE.RTR
bit (extended format) are set. The registersto be set are MCx[5] to MCx[8].

3. Control field
In the control field, the byte length of the datato be transmitted is set in DLCO to DLC3. The
register to be set isMCx[1].

4. Datafield
In the datafield, the data to be transmitted is set in byte unitsin the range of 0 to 8 bytes. The
registersto be set are MDx[1] to MDX[§].

The number of bytesin the data actually transmitted depends on the data length code (DLC) in the
control field. If avalue exceeding the value set in DLC is set in the datafield, only the number of
bytes set in DLC will actually be transmitted.
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M essage Transmission and I nterrupts

1. Message transmission wait
If message transmission is to be performed after completion of the message control (MCx[1] to
MCx[8]) and message data (MDx[ 1] to MDx[8]).settings, transmission is started by setting the
corresponding mailbox transmit wait bit (TXPR1 to TXPR15) to 1 in the transmit wait register
(TXPR). The following two transmission methods can be used:

a. Transmission order determined by message identifier priority
b. Transmission order determined by mailbox number priority

When the message identifier priority method is selected, if a number of messages are
designated as waiting for transmission (TXPR = 1), messages are stored in the transmit buffer
in low-to-high mailbox order (priority order: mailbox 1 > mailbox 15). CAN bus arbitration is
then carried out for the messages in the transmit buffer, and message transmission is performed
when the busis acquired.

When the mailbox number priority method is selected, if anumber of messages are designated
aswaiting for transmission (TXPR = 1), the message with the highest priority set in the
message identifier (MCx[5] to MCx[8]) is stored in the transmit buffer. CAN bus arbitration is
then carried out for the message in the transmit buffer, and message transmission is performed
when the transmission right is acquired. When the TXPR bit is set, internal arbitration is
performed again, the highest-priority message is found and stored in the transmit buffer, CAN
bus arbitration is carried out in the same way, and message transmission is performed when the
transmission right is acquired.

2. Message transmission completion and interrupt

When amessage is transmitted normally using the above procedure, the corresponding
acknowledge hit (TXACK1 to TXACK15) in the transmit acknowledge register (TXACK) and
transmit wait bit (TXPR1 to TXPR15) in the transmit wait register (TXPR) are automatically
initialized. If the corresponding bit (MBIMR1 to MBIMR15) in the mailbox interrupt mask
register (MBIMR) and the mailbox empty interrupt bit (IRR8) in the interrupt mask register
(IMR) are set to the interrupt enable value at thistime, an interrupt can be sent to the CPU.

3. Message transmission cancellation
Transmission cancellation can be specified for a message stored in amailbox as atransmit wait
message. A transmit wait message is canceled by setting the bit for the corresponding mailbox
(TXCR1to TXCR15) to 1 in the transmit cancel register (TXCR). When cancellation is
executed, the transmit wait register (TXPR) is automatically reset, and the corresponding bit is
set to 1 in the abort acknowledge register (ABACK). An interrupt to the CPU can be requested.
If the corresponding bit (MBIMR1 to MBIMR15) in the mailbox interrupt mask register
(MBIMR) and the mailbox empty interrupt bit (IRR8) in the interrupt mask register (IMR) are
set to the interrupt enable value at this time, an interrupt can be sent to the CPU.
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However, atransmit wait message cannot be canceled at the following times:

a. During internal arbitration or CAN bus arbitration
b. During dataframe or remote frame transmission

Also, transmission cannot be canceled by clearing the transmit wait register (TXPR). Figure
16.7 shows aflowchart of transmit message cancellation.

4. Message retransmission

If transmission of a transmit message is aborted in the following cases, the messageis
retransmitted automatically:

a. CAN busarbitration failure (failure to acquire the bus)
b. Error during transmission (bit error, stuff error, CRC error, frame error, ACK error)
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Message transmit wait TXPR setting

A 4

Set TXCR bit corresponding to message
to be canceled

Cancellation possible? No
Yes
Message not sent Completion of message transmission
Clear TXCR, TXPR TXACK =1
ABACK =1 Clear TXCR, TXPR
IRR8 =1 IRR8 =1
A4

IMRS = 1? ves

No

Interrupt to CPU

-
l

Y

Clear TXACK
Clear ABACK
Clear IRR8

Y

End of transmission/transmission
cancellation

:: Settings by user
|:| : Processing by hardware

Figure16.10 Transmit Message Cancellation Flowchart
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16.3.4 Receive Mode

Message reception is performed using mailboxes 0 and 1 to 15. The reception procedure is
described below, and areception flowchart is shown in figure 16.11.

1. Initiaization (after hardware reset only)
a. Clearing of IRRO bit in interrupt register (IRR)
HCAN pin port settings
Bit rate settings
Mailbox transmit/receive settings
Mailbox initialization

®a oo

2. Interrupt and receive message settings
a. Interrupt setting
b. Arbitration field setting
c. Local acceptance filter mask (LAFM) settings

3. Message reception and interrupts
a. Message reception CRC check
b. Dataframe reception
c. Remote frame reception
d. Unread message reception
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Initialization (after Har dware Reset Only): These settings should be made whilethe HCAN is
in bit configuration mode.

1. IRRO clearing
Thereset interrupt flag (IRRO) is always set after a power-on reset or recovery from software
standby mode. Asan HCAN interrupt isinitiated immediately when interrupts are enabled,
IRRO should be cleared.

2. HCAN pin port settings
To prevent erroneous identification of CAN bus data, HCAN pin port settings should be made
first. See HCAN Pin Port Settingsin section 16.3.2, Initialization after a Hardware Reset, and
section 20, Pin Function Controller, for details.

3. Bitrate settings

Set values relating to the CAN bus communication speed and re-synchronization. See Bit Rate
Settingsin section 16.3.2, Initialization after a Hardware Reset, for details.

4. Mailbox transmit/receive settings
Each channel has one receive-only mailbox (mailbox 0) and 15 mailboxes that can be set for
reception. Thus atotal of 32 mailboxes can be used for reception. To set a mailbox for
reception, set the corresponding bit to 1 in the mailbox configuration register (MBCR). The
initial setting for mailboxesis 0, designating transmission use. See Mailbox Transmit/Receive
Settingsin section 16.3.2, Initialization after a Hardware Reset, for details.

5. Mailbox (RAM) initialization
As message control/data registers (MCx[x], MDx[x]) are configured in RAM, their initial
values after powering on are undefined, and so bit initialization is necessary. Write Os or 1sto
the mailboxes. See Mailbox (Message Control/Data (MCx[x], MDx[x]) Initial Settingsin
section 16.3.2, Initidlization after a Hardware Reset, for details.
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Interrupt and Receive M essage Settings. When mailbox initidization is finished, CPU interrupt
source settings and receive message specifications must be made. Interrupt source are set in the
mailbox interrupt mask register (MBIMR) and interrupt mask register (IMR). To receive a
message, the identifier must be set in advance in the message control (MCx[1] to MCx[8]) for the
receiving mailbox. When a message is received, al the bitsin the receive message identifier are
compared, and if a100% match is found, the message is stored in the matching mailbox. Mailbox
0 (MCQ[x], MDQ[X]) has alocal acceptance filter mask (LAFM) that allows Don’t Care settings to
be made.

1. CPU interrupt source settings

When transmitting, transmission acknowledge and transmission abort acknowledge interrupts
can be masked for individual mailboxes in the mailbox interrupt mask register (MBIMR).
When receiving, data frame and remote frame receive wait interrupts can be masked. Interrupt
register (IRR) interrupts can be masked in the interrupt mask register (IMR).

2. Arbitration field setting

In the arbitration field, the identifier (STD_IDO to STD_ID10, EXT_IDOto EXT_ID17) of the
message to be received is set. If al the bitsin the set identifier do not match, the message is not
stored in a mailbox.

Example: Mailbox 1 010 1010_1010 (standard identifier)

Only one kind of message identifier can be received by MB1
Identifier 1:  010_1010_1010

3. Local acceptance filter mask (LAFM) setting

Thelocal acceptance filter mask is provided for mailbox 0 (MCO[x], MDQ[x]) only, enabling a
Don't Care specification to be made for al bitsin the received identifier. This allows various
kinds of messages to be received.

Example: Mailbox 0 010 _1010 1010 (standard identifier)
LAFM 000_0000_0011 (O: Care, 1: Don't Care)

A total of four kinds of message identifiers can be received by MBO
Identifier 1:  010_1010_1000
Identifier 22 010_1010_1001
Identifier 3: 010_1010_1010
Identifier 4: 010 1010_1011
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M essage Reception and Interrupts

1. Message reception CRC check
When amessage is received, a CRC check is performed automatically (by hardware). If the
result of the CRC check is normal, ACK istransmitted in the ACK field irrespective of
whether or not the message can be received.

2. Dataframe reception

If the received message is confirmed to be error-free by the CRC check, etc., theidentifier in
the mailbox (and also LAFM in the case of mailbox 0 only) and the identifier of the receive
message are compared, and if a complete match isfound, the message is stored in the mailbox.
The message identifier comparison is carried out on each mailbox in turn, starting with
mailbox 0 and ending with mailbox 15. If a complete match is found, the comparison ends at
that point, the message is stored in the matching mailbox, and the corresponding receive
complete bit (RXPRO to RXPR15) is set in the receive complete register (RXPR). However, if
the identifier matches when a comparison with the mailbox 0 LAFM is carried out, the
mailbox comparison sequence does not end at that point, but continues with mailbox 1 and
then the remaining mailboxes. It is therefore possible for a message matching mailbox 0 to be
received by another mailbox (however, the same message cannot be stored in more than one of
mailboxes 1 to 15). If the corresponding bit (MBIMRO to MBIMR15) in the mailbox interrupt
mask register (MBIMR) and the receive message interrupt mask (IMR1) in the interrupt mask
register (IMR) are set to the interrupt enable value at thistime, an interrupt can be sent to the
CPU.

3. Remote frame reception

Two kinds of messages—data frames and remote frames—can be stored in mailboxes. A
remote frame differs from a data frame in that the remote reception request bit (RTR) in the
message control register (MC[x]5) and the datafield are O bytes. The data length to be returned
in adata frame must be stored in the data length code (DL C) in the control field.

When aremote frame (RTR = recessive) is received, the corresponding bit is set in the remote
request wait register (RFPR). If the corresponding bit (MBIMRO to MBIMR15) in the mailbox
interrupt mask register (MBIMR) and the remote frame request interrupt mask (IRR2) in the
interrupt mask register (IMR) are set to the interrupt enable value at thistime, an interrupt can
be sent to the CPU.
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4. Unread message reception
When areceived message matches the identifier in a mailbox, the message is stored in the
mailbox. If a message overwrite occurs before the CPU reads the message, the corresponding
bit (UMSRO to UMSR15) is set in the unread message register (UMSR). In overwriting of an
unread message, when a new message is received before the corresponding bit in the receive
complete register (RXPR) has been cleared, the unread message register (UMSR) is set. If the
unread interrupt flag (IRR9) in the interrupt mask register (IMR) is set to the interrupt enable
value at thistime, an interrupt can be sent to the CPU. Figure 16.12 shows a flowchart of
unread message overwriting.

Unread message overwrite

Y

UMSR =1
IRR9 =1

¢ Yes

No

Interrupt to CPU

A 4

Clear IRR9
Message control/message data read

v :: Settings by user
< End > |:| : Processing by hardware

Figure16.12 Unread Message Overwrite Flowchart
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16.3.5

HCAN Sleep Mode

The HCAN is provided with an HCAN sleep mode that places the HCAN modulein the sleep
state to reduce current dissipation. Figure 16.13 shows a flowchart of the HCAN sleep mode.
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CPU interrupt
I
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|
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HCAN sleep mode is entered by setting the HCAN sleep mode bit (MCR5) to 1 in the master
control register (MCR). If the CAN bus is operating, the transition to HCAN sleep modeis
delayed until the bus becomesidle.

Either of the following methods of clearing HCAN sleep mode can be selected by making a setting
in the MCRY hit.

1. Clearing by software
2. Clearing by CAN bus operation

Eleven recessive hits must be received after HCAN sleep mode is cleared before CAN bus
communication is enabled again.

Clearing by Softwar e: Clearing by software is performed by having the CPU write 0 to MCRS.

Clearing by CAN Bus Operation: Clearing by CAN bus operation occurs automatically when
the CAN bus performs an operation and this change is detected. In this case, the first messageis
not received in the message box; normal reception starts with the second message. When a change
is detected on the CAN busin HCAN sleep mode, the bus operation interrupt flag (IRR12) is set
in the interrupt register (IRR). If the bus interrupt mask (IMR12) in the interrupt mask register
(IMR) is set to the interrupt enable value at thistime, an interrupt can be sent to the CPU.
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16.36 HCAN Halt Mode

The HCAN halt mode is provided to enable mailbox settings to be changed without performing an
HCAN hardware or software reset. Figure 16.14 shows a flowchart of the HCAN halt mode.

MCR1=1

A

GSR2 =17
(Wait until transmission is
completed if in progress)
Bus idle?

MBCR setting

MCR1=0
: Setti b
v : ettings by user
< CAN bus communication possible > |:| : Processing by hardware

Figure16.14 HCAN Halt Mode Flowchart

HCAN halt modeis entered by setting the halt request bit (MCR1) to 1 in the master control
register (MCR). If the CAN busis operating, the transition to HCAN halt mode is delayed until
the bus becomesidle.

HCAN halt modeis cleared by clearing MCR1 to O.

16.3.7 Interrupt Interface

There are 12 interrupt sources for each HCAN channel. Four independent interrupt vectors are
assigned to each channel. Table 16.6 lists the HCAN interrupt sources.

With the exception of the power-on reset processing vector (IRR0), these sources can be masked.
Masking isimplemented using the mailbox interrupt mask register (MBIMR) and interrupt mask
register (IMR).
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Table16.6 HCAN Interrupt Sources

Vector
Channel IPR Bits Vector Number IRR Bit Description
HCANO IPRL ERSO 220 IRR5 Error passive interrupt (TEC = 128 or REC >
(11-8) 128)
Interrupt IRR6 Bus off interrupt (TEC = 256)
priority OVRO 221 IRRO Power-on reset processing interrupt
level 0 to IRR2 Remote frame reception interrupt
15 IRR3 Error warning interrupt (TEC = 96)
(Initial IRR4 Error warning interrupt (REC = 96)
value: 0) IRR7 Overload frame transmission interrupt/bus off
recovery interrupt (11 recessive bits x 128
times)
IRR9 Unread message overwrite interrupt
IRR12 HCAN sleep mode CAN bus operation
interrupt
RMO 222 IRR1 Mailbox 0 message reception interrupt
IRR1 Mailbox 1 to 15 message reception interrupt
SLEO 223 IRR8 Message transmission/cancellation interrupt
HCAN1 IPRL ERS1 228 IRR5 Error passive interrupt (TEC = 128 or REC =
(3-0) 128)
Interrupt IRR6 Bus off interrupt (TEC = 256)
priority OVR1 229 IRRO Power-on reset processing interrupt
level O to IRR2 Remote frame reception interrupt
15 IRR3 Error warning interrupt (TEC = 96)
(Initial IRR4 Error warning interrupt (REC = 96)
value: 0) IRR7 Overload frame transmission interrupt/bus off
recovery interrupt
(11 recessive bhits x 128 times)
IRR9 Unread message overwrite interrupt
IRR12 HCAN sleep mode CAN bus operation
interrupt
RM1 230 IRR1 Mailbox 0 message reception interrupt
IRR1 Mailbox 1 to 15 message reception interrupt
SLE1 231 IRR8 Message transmission/cancellation interrupt
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16.3.8 DMAC Interface

The DMAC can be activated by reception of amessage in HCANO's mailbox 0. When DMAC
transfer ends after DM AC activation has been set, the RXPRO and RFPRO flags are acknowledge
signal automatically. An interrupt request due to a receive interrupt from the HCAN cannot be sent
to the CPU in this case. Figure 16.15 shows a DMAC transfer flowchart.

DMAC initialization
Activation Source Setting
Source/destination address settings
Transfer count setting
Interrupt setting

A 4

Message reception in HCANO'’s
mailbox 0

A
DMAC activation

-
l

Y

End of DMAC transfer?

DMAC transfer end bit setting
RXPR and RFPR clearing

DMAC interrupt enabled?

Yes

Interrupt to CPU

y
Clear DMAC interrupt flag

. :: Settings by user
< End > [ ]:Processing by hardware

Figure16.15 DMAC Transfer Flowchart
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16.4 CAN BusInterface

A bustransceiver IC is necessary to connect the SH7055 chip to a CAN bus. A Philips
PCA82C250 transceiver IC, or compatible device, is recommended. Figure 16.16 shows a sample

connection diagram.

SH7055

HRxDx
HTxDx

124 Q
—~AV
Vce
—0—
PCA82C250
7)7_— RS Vce -2
RxD CANH T
TxD CANL
N.C.x——Vref GND
V/a
124 Q
LA

CAN bus

Figure16.16 Example of High-Speed I nterface Using PCA82C250
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16.5 Usage Notes

Reset: The HCAN isreset by a power-on reset, and in hardware standby mode and software
standby mode. All the registers are initialized in areset, but mailboxes (message control
(MCx[x])/message data (MDx[x]) are not. However, after powering on, mailboxes (message
control (MCx[x])/message data (MDXx[X]) areinitialized, and their values are undefined.
Therefore, mailbox initialization must always be carried out after a power-on reset or atransition
to hardware standby mode or software standby mode. The reset interrupt flag (IRRO) is always set
after a power-on reset or recovery from software standby mode. As this bit cannot be masked in
the interrupt mask register (IMR), if HCAN interrupt enabling is set in the interrupt controller
without clearing the flag, an HCAN interrupt will be initiated immediately. IRRO should therefore
be cleared during initialization.

HCAN Sleep Mode: The bus operation interrupt flag (IRR12) in the interrupt register (IRR) is set
by bus operation in HCAN sleep mode. Therefore, this flag is not used by the HCAN to indicate
sleep mode release. Also note that the reset status bit (GSR3) in the general status register (GSR)
isset in sleep mode.

Port Settings: Port settings must be made with the PFC before the HCAN begins CAN bus
communication.

When using the two HCAN pinsin a 2-channel/32-buffer configuration (wired-AND), set the
other two HCAN pin locations as non-HCAN.

DMAC Activation: When the DMAC is activated automatically by reception of amessagein
HCANO's mailbox 0 (receive-only mailbox), an interrupt request signal is not sent to the INTC.

Interrupts: When the mailbox interrupt mask register (MBIMR) is set, the interrupt register
(IRR8, 2, 1) is not set by reception completion, transmission completion, or transmission
cancellation for the set mailboxes.

Error Counters:. In the case of error active and error passive, REC and TEC normally count up
and down. In the bus off state, 11-bit recessive sequences are counted (REC + 1) using REC. If
REC reaches 96 during the count, IRR4 and GSR1 are set, and if REC reaches 128, IRR7 is set.

Register Access: Byte or word access can be used on all HCAN registers. Longword access
cannot be used.

Register Initialization in Standby Modes: All HCAN registers areinitialized in hardware
standby mode and software standby mode.
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Section 17 A/D Converter

171 Overview

The SH7055 includes a 10-bit successive-approximation A/D converter, with software selection of
up to 32 analog input channels.

The A/D converter is composed of three independent modules, A/D, A/D1, and A/D2. A/DO and
A/D1 each comprise three groups, while A/D2 comprises two groups.

Module Analog Groups Channels
A/DO Analog group 0 ANO-AN3
Analog group 1 AN4-AN7
Analog group 2 AN8-AN11
A/D1 Analog group 3 AN12-AN15
Analog group 4 AN16-AN19
Analog group 5 AN20-AN23
A/D2 Analog group 6 AN24-AN27
Analog group 7 AN28-AN31

17.1.1 Features
The features of the A/D converter are summarized below.

* 10-bit resolution

32 input channels (A/DO: 12 channels, A/D1: 12 channels, A/D2: 8 channels)
» High-speed conversion

Conversion time: minimum 13.4 ps per channel (when ¢ =40 MHz)
» Two conversion modes

O Single mode: A/D conversion on one channel

0 Scan mode: cotinuous scan mode, single-cycle scan mode (ANO-AN3, AN4-AN7, AN8—
AN11, AN12-AN15, AN16-AN19, AN20-AN23, AN24-AN27, AN28-AN31)

Continuous conversion on 1 to 12 channels (A/DO0)

Continuous conversion on 1 to 12 channels (A/D1)

Continuous conversion on 1 to 8 channels (A/D2)
e Thirty-two 10-bit A/D dataregisters

A/D conversion results are transferred for storage into data registers corresponding to the
channels.
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e Three sample-and-hold circuits

A sample-and-hold circuit is built into each A/D converter module (AD/O, AD/1, and AD/2),
simplifying the configuration of external analog input circuitry.

e A/D conversion interrupts and DMA function supported
An A/D conversion interrupt request (ADI) can be sent to the CPU at the end of A/D
conversion (ADIO: A/DO interrupt request; ADI1: A/D1 interrupt request; ADI2: A/D2
interrupt request). Also, the DMAC can be activated by an ADI interrupt request.

» Two kinds of conversion activation
0 Software or external trigger (ADTERO, ATU-II (ITVRR2A)) can be selected (A/DO)
0 Software or external trigger (ADTGRO, ATU-I1 (ITVRR2B)) can be selected (A/D1)
0 Software or externa trigger (ADTGR1, ATU-II (ITVRR1)) can be selected (A/D2)

* Analog conversion voltage range can be set for each module
The analog conversion voltage range can be set with the AV  pin.

e ADEND output

Conversion timing can be monitored with the ADEND output pin when using channel 31in
scan mode.

17.1.2 Block Diagram

Figure 17.1 shows a block diagram of the A/D converter.
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Figure17.1 A/D Converter Block Diagram
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17.1.3 Pin Configuration

Table 17.1 summarizes the A/D converter’ s input pins. There are 32 analog input pins, ANO to
AN31. The 12 pins ANO to AN11 are A/DO analog inputs, divided into three groups: ANO to AN3
(group 0), AN4 to AN7 (group 1), and AN8 to AN11 (group 2). The 12 pins AN12 to AN23 are
A/D1 analog inputs, divided into three groups: AN12 to AN15 (group 3), AN16 to AN19 (group
4), and AN20 to AN23 (group 5). The 8 pins AN24 to AN31 are A/D2 analog inputs, divided into
two groups: AN24 to AN27 (group 6), and AN28 to AN31 (group 7).

The ADTRGO and ADTRG1 pins are used to provide A/D conversion start timing from off-chip.
When alow level is applied to one of these pins, A/DO, A/D1, or A/D2 starts conversion.

The ADEND pin isan output used to monitor conversion timing when channel 31 isused in scan
mode.

The AV . and AV pins are power supply voltage pins for the analog section in A/D converter
modules A/DO to A/D2. The AV pinisthe A/D converter module A/DO to A/D2 reference
voltage pin.

To maintain chip reliability, ensurethat AV =5V £0.5V and AV = Vg during normal
operation, and never leave the AV .. and AV ¢ pins open, even when the A/D converter is not
being used.

The voltage applied to the analog input pins should beintherange AV < ANN< AV .
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Table17.1 A/D Converter Pins

Pin Name Abbreviation /0 Function

Analog power supply pin AV Input  A/DO-A/D2 analog section power supply

Analog ground pin AVgg Input  A/DO-A/D2 analog section ground and
reference voltage

Analog reference power AV, Input  A/DO-A/D2 analog section reference voltage

supply pin

Analog input pin 0 ANO Input  A/DO analog inputs 0 to 3 (analog group 0)

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input  A/DO analog inputs 4 to 7 (analog group 1)

Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

Analog input pin 8 AN8 Input  A/DO analog inputs 8 to 11 (analog group 2)

Analog input pin 9 AN9 Input

Analog input pin 10 AN10 Input

Analog input pin 11 AN11 Input

Analog input pin 12 AN12 Input  A/D1 analog inputs 12 to 15 (analog group 3)

Analog input pin 13 AN13 Input

Analog input pin 14 AN14 Input

Analog input pin 15 AN15 Input

Analog input pin 16 AN16 Input  A/D1 analog inputs 16 to 19 (analog group 4)

Analog input pin 17 AN17 Input

Analog input pin 18 AN18 Input

Analog input pin 19 AN19 Input

Analog input pin 20 AN20 Input  A/D1 analog inputs 20 to 23 (analog group 5)

Analog input pin 21 AN21 Input

Analog input pin 22 AN22 Input

Analog input pin 23 AN23 Input
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Table17.1 A/D Converter Pins(cont)

Pin Name Abbreviation 1/0O Function

Analog input pin 24 AN24 Input  A/D2 analog inputs 24 to 27 (analog group 6)
Analog input pin 25 AN25 Input

Analog input pin 26 AN26 Input

Analog input pin 27 AN27 Input

Analog input pin 28 AN28 Input  A/D2 analog inputs 28 to 31 (analog group 7)
Analog input pin 29 AN29 Input

Analog input pin 30 AN30 Input

Analog input pin 31 AN31 Input

A/D conversion trigger ADTRGO Input  A/DO and A/D1 A/D conversion trigger input
input pin 0

A/D conversion trigger ADTRG1 Input  A/D2 A/D conversion trigger input

input pin 1

ADEND output pin ADEND Output A/D2 channel 31 conversion timing monitor

output
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1714

Register Configuration

Table 17.2 summarizes the A/D converter’s registers.

Table17.2 A/D Converter Registers

Initial Access
Name Abbreviation R/W Value Address Size*!
A/D data register 0 (H/L) ADDRO (H/L) R H'0000 HFFFFF800 8,16
A/D data register 1 (H/L) ADDR1 (H/L) R H'0000 HFFFFF802 8, 16
A/D data register 2 (H/L) ADDR2 (HIL) R H'0000 HFFFFF804 8,16
A/D data register 3 (H/L) ADDRS3 (HI/L) R H'0000 HFFFFF806 8,16
A/D data register 4 (H/L) ADDR4 (H/L) R H'0000 HFFFFF808 8, 16
A/D data register 5 (H/L) ADDR5 (H/IL) R H'0000 HFFFFF80A 8, 16
A/D data register 6 (H/L) ADDRS6 (H/L) R H'0000 HFFFFF80C 8,16
A/D data register 7 (H/L) ADDR7 (H/L) R H'0000 HFFFFF80E 8, 16
A/D data register 8 (H/L) ADDR8 (HIL) R H'0000 HFFFFF810 8, 16
A/D data register 9 (H/L) ADDR9 (H/L) R H'0000 HFFFFF812 8,16
A/D data register 10 (H/L) ADDR10 (H/L) R H'0000 HFFFFF814 8,16
A/D data register 11 (H/L) ADDR11 (H/L) R H'0000 H'FFFFF816 8, 16
A/D data register 12 (H/L) ADDR12 (H/LL) R H'0000 HFFFFF820 8,16
A/D data register 13 (H/L) ADDR13 (H/L) R H'0000 HFFFFF822 8,16
A/D data register 14 (H/L) ADDR14 (H/L) R H'0000 H'FFFFF824 8, 16
A/D data register 15 (H/L) ADDR15 (H/L) R H'0000 HFFFFF826 8,16
A/D data register 16 (H/L) ADDR16 (H/LL) R H'0000 HFFFFF828 8,16
A/D data register 17 (H/L) ADDR17 (H/L) R H'0000 H'FFFFF82A 8, 16
A/D data register 18 (H/L) ADDR18 (H/L) R H'0000 HFFFFF82C 8,16
A/D data register 19 (H/L) ADDR19 (HL) R H'0000 HFFFFF82E 8, 16
A/D data register 20 (H/L) ADDR20 (H/L) R H'0000 H'FFFFF830 8, 16
A/D data register 21 (H/L) ADDR21 (H/L) R H'0000 HFFFFF832 8,16
A/D data register 22 (H/L) ADDR22 (H/L) R H'0000 H'FFFFF834 8, 16
A/D data register 23 (H/L) ADDR23 (H/L) R H'0000 H'FFFFF836 8, 16
A/D data register 24 (H/L) ADDR24 (H/L) R H'0000 HFFFFF840 8,16
A/D data register 25 (H/L) ADDR25 (H/L) R H'0000 HFFFFF842 8,16
A/D data register 26 (H/L) ADDR26 (H/L) R H'0000 H'FFFFF844 8, 16
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Table17.2 A/D Converter Registers (cont)

Initial Access

Name Abbreviation R/W Value Address Size*!
A/D data register 27 (H/L) ADDR27 (HL) R H'0000 HFFFFF846 8,16
A/D data register 28 (H/L) ADDR28 (H/L) R H'0000 H'FFFFF848 8, 16
A/D data register 29 (H/L) ADDR29 (H/L) R H'0000 H'FFFFF84A 8, 16
A/D data register 30 (H/L) ADDR30 (H/L) R H'0000 HFFFFF84C 8,16
A/D data register 31 (H/L) ADDR31 (H/L) H'0000 HFFFFF84E 8, 16
A/D control/status register O ADCSRO R/(W)** H'00 H'FFFFF818 8, 16
A/D control register 0 ADCRO R/W H'OF H'FFFFF819 8,16
A/D trigger register 0 ADTRGRO R/W H'FF H'FFFFF76E 8

A/D control/status register 1 ADCSR1 R/(W)** H'00 H'FFFFF838 8, 16
A/D control register 1 ADCR1 R/W H'OF H'FFFFF839 8,16
A/D trigger register 1 ADTRGR1 R/W H'FF H'FFFFF72E 8

A/D control/status register 2 ADCSR2 R/(W)** H'08 H'FFFFF858 8, 16
A/D control register 2 ADCR2 R/W H'OF H'FFFFF859 8,16
A/D trigger register 2 ADTRGR2 R/W H'FF H'FFFFF72F 8

Notes: Register accesses consist of 6 or 7 cycles for byte access and 12 or 13 cycles for word

access.

1. A 16-bit access must be made on a word boundary.

2. Only 0 can be written to bit 7, to clear the flag.
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17.2  Register Descriptions

17.21 A/D Data Registers0to 31 (ADDRO to ADDR31)

A/D dataregisters 0 to 31 (ADDRO to ADDR3L1) are 16-bit read-only registers that store the

results of A/D conversion. There are 31 registers, corresponding to analog inputs 0 to 31 (ANO to
AN3L).

The ADDR registers are initialized to H'0000 by a power-on reset, and in hardware standby mode
and software standby mode.

Bit: 7 6 5 4 3 2 1 0
ADDRNH | a9 | Apgs | AD7 | AD6 | AD5 | ADR | AD3 | AD2

(upper byte)

Initial value: 0 0 0 0 0 0 0 0
R/W:

Bit: 7 6 5 4 3 2 1 0

ADDRNL AD1 ADO . . - - . .
(lower byte)

Initial value: 0 0 0 0 0 0 0 0
R/W:
(n=0to 31)

The A/D converter converts analog input to a 10-bit digital value. The upper 8 bits of thisdata are
stored in the upper byte of the ADDR corresponding to the selected channel, and the lower 2 bits

in the lower byte of that ADDR. Only the most significant 2 bits of the ADDR lower byte data are
vaid.

Table 17.3 shows correspondence between the analog input channels and A/D data registers.
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Table17.3 Analog Input Channelsand A/D Data Registers

Analog Analog Analog Analog

Input A/D Data Input A/D Data Input A/D Data Input A/D Data
Channel Register Channel Register Channel Register Channel Register
ANO ADDRO AN8 ADDRS8 AN16 ADDR16  AN24 ADDR24
AN1 ADDR1 AN9 ADDR9 AN17 ADDR17  AN25 ADDR25
AN2 ADDR2 AN10 ADDR10 AN18 ADDR18 AN26 ADDR26
AN3 ADDR3 AN11 ADDR11  AN19 ADDR19  AN27 ADDR27
AN4 ADDR4 AN12 ADDR12 AN20 ADDR20  AN28 ADDR28
ANS ADDRS5 AN13 ADDR13 AN21 ADDR21  AN29 ADDR29
ANG6 ADDRG6 AN14 ADDR14  AN22 ADDR22  AN30 ADDR30
AN7 ADDR7 AN15 ADDR15 AN23 ADDR23  AN31 ADDR31

17.22  A/D Control/Status Registers 0 and 1 (ADCSRO, ADCSR1)

A/D control/status registers 0 and 1 (ADCSRO0, ADCSR1) are 8-hit readable/writable registers
whose functions include selection of the A/D conversion mode for A/DO and A/D1.

ADCSRO0 and ADCSR1 are initialized to H'00 by a power-on reset, and in hardware standby mode
and software standby mode.

Bitt 7 6 5 4 3 2 1 0
\ ADF \ ADIE \ ADM1 \ ADMO‘ CH3 \ CH2 \ CH1 \ CHO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/(W)* R/W R/W R/W R/W R/W R/W R/W
Note: * Only 0 can be written, to clear the flag.
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Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7:
ADF Description
0 Indicates that A/DO or A/D1 is performing A/D conversion, or is in the idle state
(Initial value)
[Clearing conditions]
« When ADF is read while set to 1, then 0 is written to ADF
¢ When the DMAC is activated by ADIO or ADI1
1 Indicates that A/DO or A/D1 has finished A/D conversion, and the digital value has

been transferred to ADDR
[Setting conditions]

« Single mode: When A/D conversion ends
¢ Scan mode: When all set A/D conversions end

The operation of the A/D converter after ADF is set to 1 differs between single mode and scan
mode.

In single mode, after the A/D converter transfers the digit valueto ADDR, ADF isset to 1 and
the A/D converter entersthe idle state. In scan mode, ADF is set to 1 after al the set
conversionsend. For example, in the case of 12-channel scanning, ADFissetto 1
immediately after the end of conversion for AN8 to AN11 (group 2) or AN20 to AN23 (group
5). After ADF isset to 1, conversion continuesin the case of continuous scanning, and endsin
the case of single-cycle scanning.

Note that 1 cannot be written to ADF.

Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the A/D interrupt (ADI).

To prevent incorrect operation, ensure that the ADST bit in A/D control registersO and 1
(ADCRO, ADCR1) is cleared to 0 before switching the operating mode.

Bit 6:

ADIE Description

0 A/D interrupt (ADIO, ADI1) is disabled (Initial value)
1 A/D interrupt (ADIO, ADI1) is enabled

When A/D conversion ends and the ADF bit isset to 1, an A/DO or A/D1 A/D interrupt (ADIO,
ADI1) will be generated If the ADIE bitis1. ADIO and ADI1 are cleared by clearing ADF or
ADIE to 0.

Bits5and 4: A/D Mode 1 and 0 (ADM1, ADMO): These hits select the A/D conversion mode
from single mode, 4-channel scan mode, 8-channel scan mode, and 12-channel scan mode.
To prevent incorrect operation, ensure that the ADST bit in A/D control registers 1 and O
(ADCR1, ADCRO) is cleared to 0 before switching the operating mode.
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Bit 5: Bit 4:

ADM1 ADMO Description

0 0 Single mode (Initial value)
1 4-channel scan mode (analog groups 0, 1, 2, 3, 4, 5)

1 0 8-channel scan mode (analog groups 0, 1, 3, 4)
1 12-channel scan mode (analog groups 0, 1, 2, 3, 4, 5)

When ADM1 and ADMO are set to 00, single mode is set. In single mode, operation ends after
A/D conversion has been performed once on the analog channels selected with bits CH3 to
CHOin ADCSR.

When ADM1 and ADMO are set to 01, 4-channel scan modeis set. In scan mode, A/D
conversion is performed continuously on a number of channels. The channels on which A/D
conversion is to be performed in scan mode are set with bits CH3 to CHO in ADCSR1 and
ADCSRO. In 4-channel scan mode, conversion is performed continuously on the channelsin
one of analog groups 0 (ANO to AN3), 1 (AN4to AN7), 2 (AN8to AN11), 3 (AN12 to AN15,
4 (AN16 to AN19), or 5 (AN20 to AN23).

When the ADCS hit is cleared to 0, selecting scanning of all channels within the group (ANO
to AN3, AN4 to AN7, AN8 to AN11, or AN12 to AN15, AN16 to AN19, AN20 to AN23),
conversion is performed continuously, once only for each channel within the group, and
operation stops on completion of conversion for the last (highest-numbered) channel.

When ADM1 and ADMO are set to 10, 8-channel scan mode is set. In 8-channel scan mode,
conversion is performed continuously on the 8 channelsin analog groups 0 (ANO to AN3) and
1 (AN4 to AN7) or analog groups 3 (AN12 to AN15) and 4 (AN16 to AN19). When the ADCS
bit is cleared to 0, selecting scanning of all channels within the groups (ANO to AN7 or AN12
to AN19), conversion is performed continuously, once only for each channel within the
groups, and operation stops on completion of conversion for the last (highest-numbered)
channel.

When ADM1 and ADMO are set to 11, 12-channel scan mode is set. In 12-channel scan mode,
conversion is performed continuously on the 12 channelsin analog groups 0 (ANO to AN3), 1
(AN4to AN7), and 2 (AN8 to AN11) or analog groups 3 (AN12 to AN15), 4 (AN16 to
AN19), and 5 (AN20 to AN23). When the ADCS hit is cleared to 0, selecting scanning of all
channels within the groups (ANO to AN11 or AN12 to AN19), conversion is performed
continuously, once only for each channel within the groups, and operation stops on completion
of conversion for the last (highest-numbered) channel.

For details of the operation in single mode and scan mode, see section 17.4, Operation.

e Bits3to 0—Channel Select 3to 0 (CH3 to CHO): These bits, together with the ADM1 and
ADMO bits, select the analog input channels.
To prevent incorrect operation, ensure that the ADST bit in A/D control registers 1 and O
(ADCR1, ADCRO) is cleared to 0 before changing the analog input channel selection.
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Analog Input Channels

Bit3: Bit2: Bit1 BitO: Single Mode 4-Channel Scan Mode
CH3 CH2 CH1 CHO A/DO A/D1 A/DO A/D1
0 0 0 0 ANO AN12 ANO AN12
(Initial value) (Initial value)

1 AN1 AN13 ANO, AN1 AN12, AN13

1 0 AN2 AN14 ANO-AN2 AN12-AN14

1 AN3 AN15 ANO-AN3 AN12-AN15
1 0 0 AN4 AN16 AN4 AN16

1 ANS AN17 AN4, AN5 AN16, AN17

1 0 ANG AN18 AN4-ANG6 AN16-AN18

1 AN7 AN19 AN4-AN7 AN16-AN19
1 o* 0 0 AN8 AN20 AN8 AN20

1 AN9 AN21 ANS8, AN9 ANZ20, AN21

1 0 AN10 AN22 AN8-AN10 AN20-AN22

1 AN11 AN23 AN8-AN11 AN20-AN23

Note: * Must be cleared to 0.
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Analog Input Channels

8-Channel Scan Mode

12-Channel Scan Mode

Bit 3: Bit2: Bit1: BitO:
CH3 CH2 CH1 CHO A/DO A/D1 A/DO A/D1
0 0 0 0 ANO, AN4 AN12, AN16 ANO, AN4, AN8 ANAN12, AN16,
AN20
1 ANO, AN1, AN12, AN13, ANO, AN1, AN4, AN12, AN13, AN16,
AN4, AN5 AN16, AN17 AN5, AN8, AN9 AN17, AN20, AN21
1 0 ANO-AN2, AN12-AN14, ANO-AN2, AN12-AN14,
AN4—-AN6  AN16-AN18 AN4—-ANG, AN16-AN18,
ANB8-AN10 AN20-AN22
ANO-AN7 AN12-AN19 ANO-AN11 AN12-AN23
1 0 0 ANO, AN4 AN12, AN16 ANO, AN4, AN8 AN12, AN16, AN20
1 ANO, AN1, AN12, AN13, ANO, AN1, AN4, AN12, AN13, AN16,
AN4, AN5 AN16, AN17 AN5, AN8, AN9 AN17, AN20, AN21
1 0 ANO-AN2, ANI12-AN14, ANO-AN2, AN12-AN14,
AN4—-AN6  AN16-AN18 AN4—-ANG, AN16-AN1S,
ANB8-AN10 AN20-AN22
ANO-AN7 AN12-AN19 ANO-AN11 AN12-AN23
1 o** 0 0 Reserved*® Reserved** ANO, AN4, AN8 AN12, AN16, AN20
1 ANO, AN1, AN4, AN12, AN13, AN16,
AN5, AN8, AN9 AN17, AN20, AN21
1 0 ANO-AN2, AN12-AN14,
AN4—-ANG, AN16-AN18,
AN8-AN10 AN20-AN22
1 ANO-AN11 AN12-AN23

Notes: 1. Must be cleared to O.
2. These modes are provided for future expansion, and cannot be used at present.
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17.23 A/D Control Registers0to 2 (ADCR0Oto ADCR2)

A/D control registers 0 to 2 (ADCRO0 to ADCR2) are 8-bit readable/writabl e registers that control
the start of A/D conversion and selects the operating clock for A/DO to A/D2.

ADCRO to ADCR2 are initialized to H'OF by a power-on reset, and in hardware standby mode and
software standby mode.

Bits 3to 0 of ADCRO to ADCR?2 are reserved. These bits cannot be written to, and always return 1
if read.

Bit. 7 6 5 4 3 2 1 0

| TRGE | cks | ADST | apcs | — | — | — | — |
Initial value: 0 0 0 0 1 1 1 1
RW: RW RW RW  RW R R R R

e Bit 7—Trigger Enable (TRGE): Enables or disablestriggering of A/D conversion by external
input or the ATU-II.

Bit 7:

TRGE Description

0 A/D conversion triggering by external input or ATU-II is disabled (Initial value)
1 A/D conversion triggering by external input or ATU-II is enabled

For details of external or ATU-II trigger selection, see section 17.2.5, A/D Trigger Registers0
to 2.

When ATU triggering is selected, clear bit 7 of registers ADTRGRO to ADTRGR2 to 0.

When external triggering is selected, upon input of alow level to the ADTRGO or ADTRG1
pin after TRGE has been set to 1, the A/D converter detects the low level and setsthe ADST
bitto 1 in ADCR. The same operation is subsequently performed when 1 iswritten in the
ADST bit by software. External triggering of A/D conversion is only enabled when the ADST
bit iscleared to 0.

When external triggering is used, the low level input to the ADTRGO or ADTRG1 pin must be
at least 1.5 P clock cyclesin width. For details, see section 17.4.4, Externa Triggering of A/D
Conversion.
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e Bit 6—Clock Select (CKS): Selectsthe A/D conversion time. A/D conversion is executed in a
maximum of 532 states when CKSis 0, and a maximum of 268 states when 1. To prevent
incorrect operation, ensure that the ADST bit A/D control registers 0 to 2 (ADCRO to ADCR?2)
is cleared to O before changing the A/D conversion time. For details, see section 17.4.3,
Analog Input Sampling and A/D Conversion Time.

Bit 6:

CKS Description

0 Conversion time = 532 states (maximum) (Initial value)
1 Conversion time = 268 states (maximum)

* Bit5—A/D Start (ADST): Starts or stops A/D conversion. A/D conversion is started when
ADST isset to 1, and stopped when ADST iscleared to O.

Bit 5:

ADST Description

0 A/D conversion is stopped (Initial value)
1 A/D conversion is being executed

[Clearing conditions]
* Single mode: Automatically cleared to 0 when A/D conversion ends

e Scan mode: Automatically cleared to 0 on completion of one round of conversion
on all set channels (single-cycle scan)

Note that the operation of the ADST bit differs between single mode and scan mode.

In single mode, ADST is automatically cleared to O when A/D conversion ends on one
channel. In scan mode (continuous scan), when all conversions have ended for the selected
analog inputs, ADST remains set to 1 in order to start A/D conversion again for al the
channels. Therefore, in scan mode (continuous scan), the ADST bit must be cleared to O,
stopping A/D conversion, before changing the conversion time or the analog input channel
selection. However, in scan mode (single-cycle scan), the ADST bit is automatically cleared to
0, stopping A/D conversion, when one round of conversion ends on al the set channels.
Ensure that the ADST bit in ADCRO to ADCR2 is cleared to 0 before switching the operating
mode.

Also, make sure that A/D conversion is stopped (ADST is cleared to 0) before changing A/D
interrupt enabling (bit ADIE in ADCSRO0 to ADCSR2), the A/D conversion time (bit CKSin
ADCRO to ADCR?2), the operating mode (bits ADM1 and ADMO in ADSCRO to ADCSR?2), or
the analog input channel selection (bits CH3 to CHO in ADCSRO0 to ADCSR2). The A/D data
register contents will not be guaranteed if these changes are made while the A/D converter is
operating (ADST issetto 1).
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e Bit 4—A/D Continuous Scan (ADCS): Selects either single-cycle scan or continuous scan in
scan mode. This bit isvalid only when scan mode is selected. See section 17.4.2, Scan Mode,
for details.

Bit 4:

ADCS Description

0 Single-cycle scan (Initial value)
1 Continuous scan

e Bits3to 0—Reserved: These bits are dwaysread as 1, and should only be written with 1.

17.24  A/D Control/Status Register 2 (ADCSR?2)

A/D control/status register 2 (ADCSR?2) is an 8-bit readable/writable register whose functions
include selection of the A/D conversion mode for A/D2.

ADCSR2 isinitialized to H'08 by a power-on reset, and in hardware standby mode and software
standby mode.

Bit. 7 6 5 4 3 2 1 0

| ADF | ADIE | ADM1 | ADMO | — | CH2 | CHL | CHo |
Initial value: 0 0 0 0 1 0 0 0
RW: RIW)* RW RW  RW R RW  RW  RW

Note: * Only 0 can be written, to clear the flag.

e Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7:
ADF Description
0 Indicates that A/D2 is performing A/D conversion, or is in the idle state (Initial value)

[Clearing conditions]
* When ADF is read while set to 1, then O is written to ADF

e When the DMAC is activated by ADI2

1 Indicates that A/D2 has finished A/D conversion, and the digital value has been
transferred to ADDR

[Setting conditions]

¢ Single mode: When A/D conversion ends
¢ Scan mode: When all set A/D conversions end

The operation of the A/D converter after ADF is set to 1 differs between single mode and scan
mode.

599
HITACHI



In single mode, after the A/D converter transfers the digit valueto ADDR, ADF isset to 1 and
the A/D converter enterstheidle state. In scan mode, ADF is set to 1 after all the set
conversions end. For example, in the case of 8-channel scanning, ADF is set to 1 immediately
after the end of conversion for AN28 to AN31 (group 7). After ADF isset to 1, conversion
continues in the case of continuous scanning, and ends in the case of single-cycle scanning.

Note that 1 cannot be written to ADF.

Bit 6—A/D Interrupt Enable (ADIE): Enables or disablesthe A/D interrupt (ADI).

To prevent incorrect operation, ensure that the ADST bit in A/D control register 2 (ADCR?2) is
cleared to 0 before switching the operating mode.

Bit 6:

ADIE Description

0 A/D interrupt (ADI2) is disabled (Initial value)
1 A/D interrupt (ADI2) is enabled

When A/D conversion ends and the ADF bit in ADCSR2 is set to 1, an A/D2 A/D interrupt
(ADI2) will be generated If the ADIE bit is 1. ADI2 is cleared by clearing ADF or ADIE to 0.

Bits5and 4: A/D Mode 1 and 0 (ADM1, ADMO): These hits select the A/D conversion mode
from single mode, 4-channel scan mode,and 8-channel scan mode.

To prevent incorrect operation, ensure that the ADST bit in A/D control register 2 (ADCR?2) is
cleared to O before switching the operating mode.

Bit 5: Bit 4:

ADM1 ADMO Description

0 0 Single mode (Initial value)
1 4-channel scan mode (analog groups 6 and 7)

1 0 8-channel scan mode (analog groups 6 and 7)
1 Reserved

When ADM1 and ADMO are set to 00, single mode is set. In single mode, operation ends after
A/D conversion has been performed once on the analog channels selected with bits CH2 to
CHOin ADCSR.

When ADM1 and ADMO are set to 01, 4-channel scan mode is set. In scan mode, A/D
conversion is performed continuously on a number of channels. The channels on which A/D
conversion is to be performed in scan mode are set with bits CH2 to CHO in ADCSR2. In 4-
channel scan mode, conversion is performed continuously on the channelsin one of analog
groups 6 (AN24 to AN27) or 7 (AN28 to AN31).
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When the ADCS hit is cleared to 0, selecting scanning of al channels within the group (AN24
to AN27, AN28 to AN31), conversion is performed continuously, once only for each channel
within the group, and operation stops on completion of conversion for the last (highest-
numbered) channel.

When ADM1 and ADMO are set to 10, 8-channel scan mode is set. In 8-channel scan mode,
conversion is performed continuously on the 8 channelsin analog groups 6 (AN24 to AN27)
and 7 (AN28 to AN31). When the ADCS bit is cleared to O, selecting scanning of all channels
within the groups (AN24 to AN31), conversion is performed continuously, once only for each
channel within the groups, and operation stops on completion of conversion for the last
(highest-numbered) channel.

For details of the operation in single mode and scan mode, see section 17.4, Operation.

Bit 3—Reserved: This hit always reads 1. The write value should always be 0.

Bits 2 to 0—Channel Select 2 to 0 (CH2 to CHO): These bits, together with the ADM1 and
ADMO bits, select the analog input channels.

To prevent incorrect operation, ensure that the ADST bit in A/D control register 2 (ADCR?2) is
cleared to 0 before changing the anal og input channel selection.

Analog Input Channels

Bit: Bit: Bit: 4-Channel 8-Channel
CH2 CH1 CHO Single Mode Scan Mode Scan Mode
0 0 0 AN24 (Initial value)  AN24 AN24, AN28
1 AN25 AN24, AN25 AN24, AN25, AN28, AN29
1 0 AN26 AN24-AN26 AN24-AN26, AN28—AN30
1 AN27 AN24-AN27 AN24-AN31
1 0 0 AN28 AN28 AN24, AN28
1 AN29 AN28, AN29 AN24, AN25, AN28, AN29
1 0 AN30 AN28-AN30 AN24-AN26, AN28—AN30
1 AN31 AN28-AN31 AN24-AN31
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1725 A/D Trigger Registers0to 2 (ADTRGRO to ADTRGR2)

The A/D trigger registers (ADTRGRO to ADTRGR2) are 8-bit readable/writable registers that
select the A/DO, A/D1, and A/D2 triggers. Either external pin (ADTRGO, ADTRG1) or ATU-II
(ATU-II interval timer A/D conversion request) triggering can be selected.

ADTRGRO to ADTRGR? areinitialized to H'FF by a power-on reset, and in hardware standby
mode and software standby mode.

Bit: 7 6 5 4 3 2 1 0
e — | — | — | - | = [ =] — |

Initial value: 1 1 1 1 1 1 1 1

R/W: R/W R R R R R R R

e Bit 7—Trigger Enable (EXTRG): Selects external pininput (ADTRGO, ADTRG1) or the
ATU-II interval timer A/D conversion request.

Bit 7:

EXTRG Description

0 A/D conversion is triggered by the ATU-II channel 0 interval timer A/D conversion
request

1 A/D conversion is triggered by external pin input (ADTRG) (Initial value)

In order to select external triggering or ATU-II triggering, the TGRE bit in ADCRO to ADCR2
must be set to 1. For details, see section 17.2.3, A/D Control Registers0to 2.

* Bits6to 0—Reserved: These bits are always read as 1, and should only be written with 1.
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17.3

CPU Interface

A/D dataregisters 0 to 31 (ADDRO to ADDR3L1) are 16-hit registers, but they are connected to the

CPU by an 8-bit data bus. Therefore, the upper and lower bytes must be read separately.

To prevent the data being changed between the reads of the upper and lower bytes of an A/D data

register, the lower byteis read viaatemporary register (TEMP). The upper byte can be read
directly.

Datais read from an A/D dataregister as follows. When the upper byte is read, the upper-byte

value istransferred directly to the CPU and the lower-byte value is transferred into TEMP. Next,
when the lower byte is read, the TEMP contents are transferred to the CPU.

When performing byte-size reads on an A/D data register, always read the upper byte before the
lower byte. It is possible to read only the upper byte, but if only the lower byte is read, incorrect

data may be obtained. If aword-size read is performed on an A/D dataregister, reading is
performed in upper byte, lower byte order automatically.

Figure 17.2 shows the data flow for accessto an A/D dataregister.

Upper-byte read

CPU
(H'AA)

Lower-byte read

CPU
(H'40)

Bus Module data bus
interface |/\|
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
Bus Module data bus
interface m

TEMP
(H'40)

ADDRNH ADDRnNL
(H'AA) (H'40)

Figure17.2 A/D Data Register Access Operation (Reading H'AA40)
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174  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode. There are two kinds of scan mode: continuous and
single-cycle. In single mode, conversion is performed once on one specified channel, then ends. In
continuous scan mode, A/D conversion continues on one or more specified channels until the
ADST bhitiscleared to 0. In single-cycle scan mode, A/D conversion ends after being performed
once on one or more channels.

1741 SingleMode

Single mode, should be selected when only one A/D conversion on one channel isrequired. Single
mode is selected by setting the ADM1 and ADMO bitsin the A/D control/status register (ADSCR)
to 00. When the ADST hit in the A/D control register (ADCR) isset to 1, A/D conversion is
started in single mode.

The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
conversion ends.

When conversion ends, the ADF flag in ADCSR is set to 1. If the ADIE bitin ADCSR isalso 1,
an ADI interrupt is requested. To clear the ADF flag, first read ADF when set to 1, then write 0 to
ADF. If the DMAC is activated by the ADI interrupt, ADF is cleared automatically.

An example of the operation when analog input channel 1 (AN1) is selected and A/D conversion
is performed in single mode is described next. Figure 17.3 shows atiming diagram for this
example.

1. Singlemodeisselected (ADM1=ADMO = 0), input channel AN1is selected (CH3=CH2 =
CH1 =0, CHO = 1), the A/D interrupt isenabled (ADIE = 1), and A/D conversion is started
(ADST =1).

2. When A/D conversion is completed, the result is transferred to ADDR1. At the same time the

ADF flag is set to 1, the ADST bit iscleared to 0, and the A/D converter becomesidle.

Since ADF =1and ADIE = 1, an ADI interrupt is requested.

The A/D interrupt handling routine is started.

The routine reads ADF set to 1, then writes 0 to ADF.

The routine reads and processes the conversion result (ADDR1).

Execution of the A/D interrupt handling routine ends. After this, if the ADST bitissetto 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N o oMW
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Set*
ADIE , |

A/D conver- | Set* Set*

sion starts
ADST S

| Clear* | Clear*
/ / 5 ‘
| [

State of channel 0 ldle /

(ANO)
State of channel 1 dle | D con—d} Idle | AD con—d? Idle

(AN1) version (1) \ version (2) \
State of channel 2

(AN2) Idle ) )
State of channel 3

(AN3) Idle / /

/ /
ADDRO [ [
\

Read conversion Read conversion
| result | result
ADDR1 X A/D conversion result (1) XA/D conversion result (2)

ADDR2

ADDRS3

Note: Vertical arrows () indicate instructions executed by software.

Figure17.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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17.4.2 Scan Mode

Scan mode is useful for monitoring analog inputs in a group of one or more channels. Scan mode
is selected for A/DO or A/D1 by setting the ADM1 and ADMO bitsin A/D control/status register O
or 1 (ADSCRO or ADSCRY) to 01 (4-channel scan mode), 10 (8-channel scan mode), or 11 (12-
channel scan mode).

For A/D2, scan mode is selected by setting the ADM1 and ADMO bitsin A/D control/status
register 2 (ADCSR?2) to 01 (4-channel scan mode) or 10 (8-channel scan mode). When the ADCS
bitis cleared to 0 and the ADST bit is set to 1 in the A/D control register (ADCR), single-cycle
scanning is performed. When the ADCS bit is set to 1 and the ADST bit is set to 1, continuous
scanning is performed.

In scan mode, A/D conversion is performed in low-to-high anal og input channel number order
(ANO, AN1... AN11, AN12, AN13 ... AN23, AN24, AN25 ... AN31).

In single-cycle scanning, the ADF bit in ADCSR is set to 1 when conversion has been performed
once on all the set channels, and the ADST bit is automatically cleared to O.

In continuous scanning, the ADF bit in ADCSR is set to 1 when conversion ends on all the set
channels. To stop A/D conversion, write 0 to the ADST bhit.

If the ADIE bit in ADCSR is set to 1 when ADF isset to 1, an ADI interrupt (ADIO, ADI1, or
ADI2) isrequested. To clear the ADF flag, first read ADF when set to 1, then write 0 to ADF. If
the DMAC is activated by the ADI interrupt, ADF is cleared to O automatically.

An example of the operation when analog inputs 0 to 11 (ANO to AN11) are selected and A/D
conversion is performed in single-cycle scan mode is described below. Figure 17.4 shows the
operation timing for this example.

1. 12-channel scan modeis selected (ADM1 =1, ADMO = 1), single-cycle scan mode is selected
(ADCS = 0), analog input channels ANO to AN11 are selected (CH3 =0, CH2=0,CH1 =1,
CHO = 1), and A/D conversion is started.

2. When conversion of the first channel (ANO) is completed, the result is transferred to ADDRO.
Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the 12th channel (AN11).

4. When conversion is completed for all the selected channels (ANO to AN11), the ADF flag is
set to 1, the ADST bit is cleared to 0 automatically, and A/D conversion stops. If the ADIE bit
is1, an ADI interrupt is requested after A/D conversion ends.
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An exampl e of the operation when analog inputs 0 to 2 and 4 to 6 (ANO to AN2 and AN4 to AN6)
are selected and A/D conversion is performed in 8-channel scan mode is described below. Figure
17.5 shows the operation timing.

1.

S e

8-channel scan modeis selected (ADM1 = 1, ADMO = 0) continuous scan mode is selected
(ADCS = 1), analog input channels ANO to AN2 and AN4 to AN6 are selected (CH3 = 0, CH2
=0, CH1 =1, CHO=0), and A/D conversion is started.

When conversion of the first channel (ANQ) is completed, the result is transferred to ADDRO.
Next, conversion of the second channel (AN1) starts automatically.

Conversion proceeds in the same way through the third channel (AN2).

Conversion of the fourth channel (AN4) starts automatically.

Conversion proceeds in the same way through the sixth channel (AN6)

When conversion is completed for all the selected channels (ANO to AN2 and AN4 to ANG),
the ADF flag is set to 1. If the ADIE bit isalso 1, an ADI interrupt is requested.

Steps 2 to 6 are repeated aslong asthe ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After this, if the ADST bit isset to 1, A/D conversion starts
again from the first channel (ANO).
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ADST

ADF

State of channel 0
(ANO)

State of channel 1
(AN1)

State of channel 2
(AN2)

8

State of channel 9
(AN9)

State of channel 10
(AN10)

State of channel 11
(AN11)

ADDRO

ADDO1
ADDR2

8

ADDR9

ADDR10

ADDR11

'—— Continuous A/D conversion —»'

¥ Set’
| Clear”
|; vClear
idle [AD @ \ Idle
COnver-
sion (1) \
ide  []ap } Idle
conver-
/sion ) /
e | []ap & Idle
conver-
sion (3)
Ide | [ [[ap & | Idle
conver-
\ /sion 9) \
Idle \ [ ”A/D (‘P \ Idle
onver-
\ ( Eion (10). \
idle | | | | [[am Idle
conver-
\ sion (11
X \ \ ‘ / A/D conversion result (0)
>< ‘ [ A/D conversion result (1)
>< \ \ A/D conversion result (2)
X \ \ A/D conversion result (9)
X \ A/D conversion result (10)
X A/D conversion result (11)

Note: * Vertical arrows (*) indicate instructions executed by software.

Figure17.4 Example of A/D Converter Operation (Scan M ode (Single-Cycle Scan),
Channels ANO to AN11 Selected)
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Notes: 1. Vertical arrows (*) indicate instructions executed by software.
2. Data currently being converted is ignored.

Figure17.5 Example of A/D Converter Operation (Scan M ode (Continuous Scan),
Channels ANO to AN2 and AN4 to AN6 Selected)
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17.4.3 Analog Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit in A/DO, A/D1, and A/D2. The A/D
converter samples the analog input at time t, (A/D conversion start delay time) after the ADST bit
isset to 1, then starts conversion. Figure 17.6 shows the A/D conversion timing.

The A/D conversion time (toyy) includest, and the analog input sampling time (t ). The length
of tp is not fixed, since it includes the time required for synchronization of the A/D conversion
operation. The total conversion time therefore varies within the ranges shown in table 17.4.

In scan mode, the tooyy Values given in table 17.4 apply to the first conversion. In the second and
subsequent conversions, teqy isfixed at 512 states when CKS = 0 or 256 states when CKS= 1.

Table17.4 A/D Conversion Time (Single Mode)

CKS =0: CKS =1:

@=20to 40 MHz @ =20 MHz
Item Symbol  Min Typ Max Min Typ Max Unit
A/D conversion start ty 20 — 34 12 — 18 States
delay time (o base)
Input sampling time tspL — 128 — — 64 —
A/D conversion time teony 518 — 532 262 — 268
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A/D conversion time (tcony)

A/D conversion start
delay time (tp)

Analog input
sampling time
(tspL)

Write cycle
A/D synchronization time

(6 states)  (up to 28 states)

Po _[LITLILILIL

Address X X

Internal write
signal

Analog input
sampling signal

[

ADST write timing

A/D converter Idle |Samp|e-and-ho|d| A/D cor)'li/ersion
ADF . f
) End of A/D
conversion
Figure17.6 A/D Conversion Timing
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17.4.4 External Triggering of A/D Conversion

A/D conversion can be externally triggered. To activate the A/D converter with an external trigger,
first set the pin functions with the PFC (pin function controller) and input a high level to the
ADTRG pin, then set the TRGE bit to 1 and clear the ADST bit to 0 in the A/D control register
(ADCR), and set the EXTRG bit to 1 in the A/D trigger register (ADTRGR). When alow level is
input to the ADTRG pin after these settings have been made, the A/D converter detects the low
level and setsthe ADST hit to 1. If alow level is being input to the ADTRG pin when A/D
conversion ends, the ADST hit isset to 1 again, and A/D conversion is started. Figure 17.7 shows
the timing for external trigger input.

The ADST hit is set to 1 two states after the A/D converter samplesthe low level onthe ADTRG
pin. The timing from setting of the ADST hit until the start of A/D conversion isthe same as when
liswritten into the ADST bit by software.

ADTRG pin sampled

0
o[\ __/ [\ S

ADTRG input \

ADST bit d

ADST =1

Figure17.7 External Trigger Input Timing
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17.45 A/D Converter Activation by ATU-II

The A/DO, A/D1, and A/D2 converter modules can be activated by an A/D conversion request
from the ATU-II’ s channel O interval timer.

To activate the A/D converter by means of the ATU-II, set the TRGE bit to 1 in the A/D control
register (ADCR) and clear the EXTRG bit to 0 in the A/D trigger register (ADTRGR). When an
ATU-II channel O interval timer A/D conversion request is generated after these settings have been
made, the ADST bit set to 1. The timing from setting of the ADST bit until the start of A/D
conversion is the same aswhen 1 is written into the ADST bit by software.

17.4.6 ADEND Output Pin

When channel 31 is used in scan mode, the conversion timing can be monitored with the ADEND
output pin.

After the channel 31 analog voltage has been latched in scan mode, and conversion has started, the
ADEND pin goes high. The ADEND pin subsequently goes low when channel 31 conversion
ends.

ADEND ,_l ,_l

State of channel 28
A/D A/ID
(AN28) Idle | conversioncp \dle |c0nversion<p Idle

\
J

State of channel 29

(AN29) Idle \I conversi0n|

\/

A/ID
\I conversion@ Idle

State of channel 30
(AN30) / Idle \| conversmn / Idle

State of channel 31 A/D Idle

(AN31) |conversion K|conver3|on Idle

Figure 17.8 ADEND Output Timing
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175 Interrupt Sourcesand DMA Transfer Requests

The A/D converter can generate an A/D conversion end interrupt request (ADIO, ADI1, or ADI?2)
upon completion of A/D conversions. The ADI interrupt can be enabled by setting the ADIE bit in
the A/D control/status register (ADCSR) to 1, or disabled by clearing the ADIE bit to O.

The DMAC can be activated by an ADI interrupt. In this case an interrupt request is not sent to the
CPU.

When the DMAC is activated by an ADI interrupt, the ADF bitin ADCSR is automatically
cleared when datais transferred by the DMAC.

See section 10.4.2, Example of DMA Transfer between A/D Converter and On-Chip Memory, for
an example of this operation.

17.6  Usage Notes

The following points should be noted when using the A/D converter.

1

Analog input voltage range

The voltage applied to analog input pins during A/D conversion should be in therange AV ¢ <
AN, <AV, 4.

Relation between, AV, AV cand Vg, Ve

When using the A/D converter, set AV =5.0V £0.5V, and AV = V. Whenthe A/D
converter isnot used, set AV¢ =V, and do not leave the AV . pin open.

AV 4 input range

Set AV 4 =4.5V to AV . when the A/D converter is used, and AV, 4 < AV when not used.
If conditions above are not met, the reliability of the device may be adversely affected.

Notes on board design

In board design, digital circuitry and analog circuitry should be as mutually isolated as
possible, and layout in which digital circuit signal lines and analog circuit signal lines cross or
arein close proximity should be avoided as far as possible. Failure to do so may result in
incorrect operation of the analog circuitry due to inductance, adversely affecting A/D
conversion values.

Also, digital circuitry must be isolated from the analog input signals (ANn), analog reference
voltage (AV ), and analog power supply (AV o) by the analog ground (AV ). AV  should be
connected at one point to astable digital ground (Vss) on the board.
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5. Notes on noise countermeasures

A protection circuit connected to prevent damage due to an abnormal voltage such as an
excessive surge at the analog input pins (ANn) and anal og reference voltage (AV,) should be
connected between AV . and AV g as shown in figure 17.9.

Also, the bypass capacitors connected to AV . and AV and the filter capacitor connected to
ANnN must be connected to AV . If afilter capacitor is connected as shown in figure 17.9, the
input currents at the analog input pins (ANnN) are averaged, and so an error may arise. Careful
consideration is therefore required when deciding the circuit constants.

o A ovee N

O (] AV
R, 2 1000 SH7055

1| w1 O‘\/v\/% MV T ] ANO-AN31

0.1 pF

Notes: 1. ﬁ)

10pF == == 0.01puF

-

2. Rjy: Input impedance

Figure17.9 Example of Analog Input Pin Protection Cir cuit

Table17.5 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 3 kQ
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176.1

A/D conversion accur acy definitions

A/D conversion accuracy definitions are given below.

1. Resolution
The number of A/D converter digital conversion output codes
2. Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value 0000000000 to 0000000001
(does not include quantization error) (see figure 17.10).

3. Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from 1111111110 to 111111111 (does not include
guantization error) (seefigure 17.10).

4. Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (seefigure 17.10).
5. Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

6. Absolute accuracy

The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.

Digital output

Digital output

Full-scale error

111 | ~ ldeal A/D conversion ~
Ideal A/D conversion characteristic 4
110 - characteristic [7 B /
/
101 // - > /
/
100 7 - ) /
011 - = Nonlinearity
7
o10 | i / error
t Quantization ol .
001 error = +“—Actual A/D conversion
/ // characteristic
000 - [~ - A
| | | | | | | /
0O 1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS - FS
Analog input voltage Offset error Analog input voltage
Figure17.10 A/D Conversion Accuracy Definitions
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Section 18 Hitachi User Debug Interface (H-UDI)

18.1 Overview

The Hitachi user debug interface (H-UDI) provides data transfer and interrupt request functions.
The H-UDI performs serial transfer by means of external signal control.

18.1.1 Features
The H-UDI has the following features conforming to the |IEEE 1149.1 standard:

+ Fivetest signals (TCK, TDI, TDO, TMS, and TRST)
e TAPcontroller

e Instruction register

« Dataregister

* Bypassregister

The H-UDI hastwo instructions:

* Bypass mode

Test mode conforming to IEEE 1149.1
e H-UDI interrupt

H-UDI interrupt request to INTC

The SH7055 does not support test modes other than the bypass mode.

617
HITACHI



18.1.2 Block Diagram

Figure 18.1 shows a block diagram of the H-UDI.

TCK
™S TAP Internal H-UDI
> controller bus interrupt
controller signal
TRST
A4 A4 A4 A4 A4 A4 A\ A4
TDI .| Decoder
A
< > SDIR < >
— [%2)
2 e SDSR - » 3
2 =
SDBPR E i
< =3
P e » SDDRH |« > P
16
< > SDDRL < >
\ 4
TDO
- Mux
SDIR: Instruction register TCK: Test clock
SDSR: Status register TMS: Test mode select
SDDRH: Data register H TRST: Test reset
SDDRL: Data register L TDI: Test data input
SDBPR: Bypass register TDO: Test data output

Figure18.1 H-UDI Block Diagram
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18.1.3 Pin Configuration
Table 18.1 shows the H-UDI pin configuration.

Table18.1 H-UDI Pins

Name Abbreviation I/0 Function

Test clock TCK Input Test clock input

Test mode select T™MS Input Test mode select input signal
Test data input TDI Input Serial data input

Test data output TDO Output Serial data output

Test reset TRST Input Test reset input signal

18.1.4 Register Configuration
Table 18.2 shows the H-UDI registers.

Table18.2 H-UDI Registers

Initial Access Size
Register Abbreviation  R/W*  Value*® Address (Bits)
Instruction register ~ SDIR R H'FO00 H'FFFFF7CO 8/16/32
Status register SDSR R/W H'0201 H'FFFFF7C2 8/16/32
Data register H SDDRH R/W Undefined H'FFFFF7C4 8/16/32
Data register L SDDRL R/W Undefined H'FFFFF7C6 8/16/32
Bypass register SDBPR — — — —

Notes: 1. Indicates whether the register can be read and written to by the CPU.

2. Initial value when the TRST signal is input. Not initialized by a reset (power-on or

manual) or in software standby mode.

Instructions and data can be input to the instruction register (SDIR) and data register (SDDR) by
serial transfer from the test datainput pin (TDI). Data from SDIR, the status register (SDSR), and
SDDR can be output via the test data output pin (TDO). The bypass register (SDBPR) is a one-bit
register that is connected to TDI and TDO in bypass mode. Except for SDBPR, all the registers

can be accessed by the CPU.

Table 18.3 shows the kinds of serial transfer that can be used with each of the H-UDI’ sregisters.

HITACHI
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Table18.3 Serial Transfer Characteristics of H-UDI Registers

Register Serial Input Serial Output
SDIR Possible Possible
SDSR Not possible Possible
SDDRH Possible Possible
SDDRL Possible Possible
SDBPR Possible Possible

18.2 External Signals

1821 Test Clock (TCK)

The test clock pin (TCK) supplies an independent clock to the H-UDI. Asthe clock input to TCK
is supplied directly to the H-UDI, a clock waveform with a duty ratio close to 50% should be input
(see section 25, Electrical Characteristics, for details). If no signal isinput, TCK isfixed at 1 by
internal pull-up.

1822 Test Mode Select (TMS)

The test mode select pin (TMS) is sampled at the rise of TCK. TMS controlsthe internal status of
the TAP controller. If no signal isinput, TMSisfixed at 1 by internal pull-up.

18.23 Test Data Input (TDI)

Thetest datainput pin (TDI) performs serial input of instructions and data to H-UDI registers.
TDI issampled at therise of TCK. If no signal isinput, TDI isfixed at 1 by internal pull-up.

18.24 Test Data Output (TDO)

Thetest datainput pin (TDO) performs serial output of instructions and data from H-UDI
registers. Transfer is synchronized with TCK. When no signal is being output, TDO goes to the
high-impedance state.

1825 Test Reset (TRST)

Thetest reset pin (TRST) isused to initialize the H-UDI asynchronously. If no signal isinput,
TRST isfixed at 1 by internal pull-up.
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18.3 Register Descriptions

18.3.1 Instruction Register (SDIR)

Bit: 15 14 13 12 11 10 9 8
| Ts3 | Tts2 | tst | Tso | — | — | — | —
Initial value: 1 1 1 1 0 0 0 0
R/W: R R R R
Bit: 7 6 5 4 3 2 1 0
-l -1 -1-1T-7T-7T-717-
Initial value: 0 0 0 0 0 0 0 0
R/W:

Theinstruction register (SDIR) is a 16-bit register that can be read, but not written to, by the CPU.
H-UDI instructions can be transferred to SDIR from TDI by serial input. SDIR can be initialized
by the TRST signal, but isnot initialized by areset or in software standby mode.

Instructions transferred to SDIR must be 4 bits in length. If an instruction exceeding 4 bitsisinput,
the last 4 bits of the serial datawill be stored in SDIR.
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e Bits15t0 12—Test Instruction Bits (TS3 to TS0): The instruction configuration is shown in
table 18.4.

Table18.4 Instruction Configuration

TS3 TS2 TS1 TSO Instruction
0 0 0 0 Reserved
1 Reserved
1 0 Reserved
1 Reserved
1 0 0 Reserved
1 Reserved
1 0 Reserved
1 Reserved
1 0 0 0 Reserved
1 Reserved
1 0 H-UDI interrupt
1 Reserved
1 0 0 Reserved
1 Reserved
1 0 Reserved
1 Bypass mode (Initial value)

e Bits 11 to 0—Reserved: These bits always read 0. The write value should always be 0.
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18.3.2 StatusRegister (SDSR)

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 1 0
R/W: R R R R R R R
Bit: 7 6 5 4 3 2 1 0
\ — — — — — — \ — \ SDTRF \
Initial value: 0 0 0 0 0 0 0 1
R/W: R R R R R R R/W

The status register (SDSR) is a 16-bit register that can be read and written to by the CPU. The
SDSR value can be output from TDO, but serial data cannot be written to SDSR via TDI. The
SDTREF hit is output by means of a one-bit shift. In atwo-bit shift, the SDTRF bit is output first,

followed by areserved hit.

SDSRisinitialized by TRST signal input, but is not initialized by areset or in software standby

mode.

« Bits15to 1—Reserved: Bits 15 to 10 and 8 to 1 alwaysread 0, and the write value should

aways be 0. Bit 9 always reads 1, and the write value should always be 1.

e Bit 0—Seria Data Transfer Control Flag (SDTRF): Indicates whether H-UDI registers can be
accessed by the CPU. The SDTREF bit isinitialized by the TRST signal, but is not initialized by

areset or in software standby mode.

Bit 0: SDTRF Description
0 Serial transfer to SDDR has ended, and SDDR can be accessed
(Initial value)
1 Serial transfer to SDDR is in progress
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18.3.3 DataRegister (SDDR)

The dataregister (SDDR) comprises dataregister H (SDDRH) and dataregister L (SDDRL), each
of which has the following configuration.

Bit: 15 14 13 12 11 10 9 8

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: — — — — — — _ _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

SDDRH and SDDRL are 16-hit registers that can be read and written to by the CPU. SDDR is
connected to TDO and TDI for serial datatransfer to and from an external device.

32-bit dataisinput and output in serial datatransfer. If data exceeding 32 bitsisinput, only the
last 32 bitswill be stored in SDDR. Serial dataisinput starting with the MSB of SDDR (bit 15 of
SDDRH), and output starting with the LSB (bit 0 of SDDRL).

SDDR isnot initialized by areset, in hardware or software standby mode, or by the TRST signal.

18.34 BypassRegister (SDBPR)

The bypass register (SDBPR) is a one-bit shift register. In bypass mode, SDBPR is connected to
TDI and TDO, and the SH7055 chip is bypassed in aboard test. SDBPR cannot be read or written
to by the CPU.
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184  Operation

184.1 H-UDI Interrupt

When an H-UDI interrupt instruction is transferred to SDIR via TDI, an interrupt is generated.
Datatransfer can be controlled by means of the H-UDI interrupt service routine. Transfer can be
performed by means of SDDR.

Control of data input/output between an external device and the H-UDI is performed by
monitoring the SDTRF bit in SDSR externally and internally. Internal SDTRF bit monitoring is
carried out by having SDSR read by the CPU.

The H-UDI interrupt and serial transfer procedureis as follows.

1. Aninstructionisinput to SDIR by serial transfer, and an H-UDI interrupt request is generated.

2. After the H-UDI interrupt request isissued, the SDTRF bit in SDSR is monitored externally.
After output of SDTRF = 1 from TDO is observed, serial dataistransferred to SDDR.

3. On completion of the serial transfer to SDDR, the SDTRF bit is cleared to 0, and SDDR can be
accessed by the CPU. After SDDR has been accessed, SDDR seria transfer is enabled by
setting the SDTRF bitto 1 in SDSR.

4. Serial datatransfer between an external device and the H-UDI can be carried out by constantly
monitoring the SDTRF bit in SDSR externally and internally.

Figures 18.2, 18.3, and 18.4 show the timing of data transfer between an external device and the
H-UDI.
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| tion

H-UDI interrupt
request

SDTRF Shift
(in SDSR)*1  enabled

|
SDSR and SDDR ;
MUX*2 | / SDSR

;
|
3
|
Serial data —— @K1 K Mo 1 K —
|
|
|
|
|
|
|
;

SDDR access - i
state Shift CPU Shift

CPU

SDSR serial transfer

(monitoring)

Notes: 1. SDTRF flag (in SDSR): Indicates whether SDDR access by the CPU or serial transfer

data input/output to SDDR is possible.

1 | SDDR is shift-enabled. Do not access SDDR until SDTRF = 0.
0 | SDDR is shift-disabled. SDDR access by the CPU is enabled.

Conditions: « SDTRF=1
— When TRST =0
— When the CPU writes 1
— In bypass mode
« SDTRF=0
— End of SDDR shift access in serial transfer

2. SDSR/SDDR (Update-DR state) internal MUX switchover timing
» Switchover from SDSR to SDDR: On completion of serial transfer in which
SDTRF = 1 is output from TDO
« Switchover from SDDR to SDSR: On completion of serial transfer to SDDR

Figure 18.2 Datalnput/Output Timing Chart (1)
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Figure 18.3 Data Input/Output Timing Chart (2)

Figure18.4 Data lnput/Output Timing Chart (3)

627

HITACHI



18.4.2 BypassMode

Bypass mode can be used to bypass the SH7055 chip in a boundary-scan test. Bypass modeis
entered by transferring B'1111 to SDIR. In bypass mode, SDBPR is connected to TDI and TDO.

1843 H-UDI Reset
The H-UDI can be reset as follows.

+ By holding the TRST signal at O

«  When TRST = 1, by inputting at least five TCK clock cycleswhile TMS = 1
e By setting the MSTOP2 hit to 1 in the MSTCR register (see section 24.2.3)
* By entering hardware standby mode

185 Usage Notes

A reset must always be executed by driving the TRST signal to 0, regardless of whether or not
the H-UDI isto be activated. TRST must be held low for 20 TCK clock cycles. For details, see
section 25, Electrical Characteristics.

+ Theregisters are not initialized in software standoy mode. If TRST is set to 0 in software
standby mode, bypass mode will be entered.

» Thefreguency of TCK must be lower than that of the peripheral module clock (Pg). For
details, see section 25, Electrical Characteristics.

e Indatatransfer, datainput/output starts with the LSB. Figure 18.5 shows seria data
input/output.

+ If the H-UDI serial transfer sequence is disrupted, a TRST reset must be executed. Transfer
should then beretried, regardless of the transfer operation.

e The TDO output timing is from the rise of TCK.

* Inthe Shift-IR state, the lower 2 bits of the output data from TDO (the IR status word) may not
always be 01.

« If morethan 32 bits are serially transferred, serial data exceeding 32 bits output from TDO
should be ignored.
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Dl ——— SDIR, SDSR,
SDDRH/SDDRL
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Serial data
T input/outputis in
LSB-first order.

Shift register <
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Figure18.5 Serial Data Input/Output
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191

Section 19 Advanced User Debugger (AUD)

Overview

The SH7055 has an on-chip advanced user debugger (AUD). Use of the AUD simplifiesthe
construction of a simple emulator, with functions such as acquisition of branch trace data and
monitoring/tuning of on-chip RAM data.

1911

Features

The AUD has the following features:

« Eight input/output pins

g
U
g
U
g

Databus (AUDATA3-AUDATAOQ)
AUD reset (AUDRST)

AUD sync signal (AUDSYNC)
AUD clock (AUDCK)

AUD mode (AUDMD)

*  Two modes
Branch trace mode or RAM monitor mode can be selected by switching AUDMD.

O

Branch trace mode

When the PC branches on execution of a branch instruction or generation of an interrupt in
the user program , the branch is detected by the AUD and the branch destination addressis
output from AUDATA. The address is compared with the previously output address, and
4-, 8-, 16-, or 32-hit output is selected automatically according to the upper address
matching status.

RAM monitor mode

When an address is written to AUDATA from off-chip, the data corresponding to that
addressis output. If an address and data are written to AUDATA, the dataistransferred to
that address.
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19.1.2 Block Diagram

Figure 19.1 shows a block diagram of the AUD.

AUDATAO0 —
AUDATAL —
AUDATA2 ——
AUDATA3 — |
AUDRST —

AUDMD ——
AUDCK ——

AUDSYNC —

PC output circuit|

Address buffer

Data buffer

Mode control

Bus
controller

Internal  Peripheral
bus module bus
T

O] L

CPU

On-chip
memory

On-chip
peripheral
module

Figure19.1 AUD Block Diagram

19.2  Pin Configuration

Table 19.1 shows the AUD’ s input/output pins.

Table19.1 AUD Pins

Function

Name Abbreviation  Branch Trace Mode RAM Monitor Mode
AUD data AUDATA3- Branch destination address ~ Monitor address/data

AUDATAO output input/output
AUD reset AUDRST AUD reset input AUD reset input
AUD mode AUDMD Mode select input (L) Mode select input (H)
AUD clock AUDCK Serial clock (@/2) output Serial clock input
AUD sync signal  AUDSYNC Data start position Data start position

identification signal output

identification signal input
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19.21 Pin Descriptions

Pins Used in Both M odes

Pin Description

AUDMD The mode is selected by changing the input level at this pin.
Low: Branch trace mode
High: RAM monitor mode

The input at this pin should be changed when AUDRST is low. When no
connection is made, this pin is pulled up internally.

AUDRST The AUD’s internal buffers and logic are initialized by inputting a low level to this
pin. When this signal goes low, the AUD enters the reset state and the AUD’s
internal buffers and logic are reset. When AUDRST goes high again after the
AUDMD level settles, the AUD starts operating in the selected mode. When no
connection is made, this pin is pulled down internally.
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Pin Functionsin Branch Trace Mode

Pin

Description

AUDCK

This pin outputs 1/2 the operating frequency (¢/2).

This is the clock for AUDATA synchronization.

AUDSYNC

This pin indicates whether output from AUDATA is valid.

High: Valid data is not being output

Low: An address is being output

AUDATAS3 to
AUDATAO

1. When AUDSYNC is low
When a program branch or interrupt branch occurs, the AUD asserts

AUDSYNC and outputs the branch destination address. The output order is
A3-A0, A7-A4, A11-A8, A15-A12, A19-A16, A23-A20, A27-A24, A31-A28.

2. When AUDSYNC is high

When waiting for branch destination address output, these pins constantly
output 0011.

When an branch occurs, AUDATA3-AUDATAZ output 10, and AUDATA1-

AUDATAOQ indicate whether a 4-, 8-, 16-, or 32-bit address is to be output by
comparing the previous fully output address with the address output this time

(see table below).

AUDATAL, AUDATAO

00

Address bits A31-A4 match; 4 address bits A3—AQ are to be
output (i.e. output is performed once).

01

Address bits A31-A8 match; 8 address bits A3—A0 and A7-A4
are to be output (i.e. output is performed twice).

10

Address bits A31-A16 match; 16 address bits A3—A0, A7-A4,
A11-A8, and A15-A12 are to be output (i.e. output is
performed four times).

11

None of the above cases applies; 31 address bits A3—-A0, A7—
A4, A11-A8, and A15-A12, A19-A16, A23—-A20, A27-A24,
and

A31-A28 are to be output (i.e. output is performed eight times).
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Pin Functionsin RAM Monitor M ode

Pin Description

AUDCK The external clock input pin. Input the clock to be used for debugging to this pin.
The input frequency must not exceed 1/4 the operating frequency. When no
connection is made, this pin is pulled up internally.

AUDSYNC Do not assert this pin until a command is input to AUDATA from off-chip and the
necessary data can be prepared. See the protocol description for details. When
no connection is made, this pin is pulled up internally.

AUDATAS to When a command is input from off-chip, data is output after Ready reception.
AUDATAO Output starts when AUDSYNC is negated. See the protocol description for
details. When no connections are made, these pins are pulled up internally.

19.3 Branch Trace Mode

19.3.1 Overview

In this mode, the branch destination address is output when a branch occurs in the user program.
Branches may be caused by branch instruction execution or interrupt/exception processing, but no
distinction is made between the two in this mode.

19.3.2 Operation

Operation startsin branch trace mode when AUDRST is asserted, AUDMD is driven low, then
AUDRST is negated.

Figure 19.2 shows an example of data output.

While the user program is being executed without branches, the AUDATA pins constantly output
0011 in synchronization with AUDCK.

When a branch occurs, after execution starts at the branch destination address in the PC, the
previous fully output address (i.e. for which output was not interrupted by the occurrence of
another branch) is compared with the current branch address, and depending on the result,
AUDSYNC is asserted and the branch destination address output after 1-clock output of 1000 (in
the case of 4-bit output), 1001 (8-bit output), 1010 (16-bit output), or 1011 (32-bit output). The
initial value of the compared address is H'00000000.

On completion of the cyclein which the addressis output, AUDSYNC is negated and 0011 is
output from the AUDATA pins.
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If another branch occurs during branch destination address output, the later branch has priority for
output. In this case, AUDSYNC is negated and the AUDATA pins output the address after
outputting 10xx again (figure 19.3 shows an example of the output when consecutive branches
occur). Note that the compared address is the previous fully output address, and not an interrupted
address (since the upper address of an interrupted address will be unknown).

The interval from the start of execution at the branch destination address in the PC until the
AUDATA pinsoutput 10xx is 1.5 or 2 AUDCK cycles.

Start of execution at branch destination address in PC

v

AUDCK

AUDSYNC

AUDATA [3:0] < 0011 >< 0011 >< 1011 ><A3—A0><A7—A4 ><All—A8>él5—Al2><A19—A1(><°~23—A2(><&27—A24><A3l—A2£>< 0011>

Figure19.2 Example of Data Output (32-Bit Output)

Start of execution at branch destination address in PC (1)

Start of execution at branch destination address in PC (2)

AUDCK

AUDSYNC

AUDATA [3:0] < 0011 >< 0011 >< 1011 ><A3—A0><A7—A4><1010 ><A3—AO><A7—A4><A11—A8><-\15—Al%< 0011 >< 0011>

Figure 19.3 Example of Output in Case of Successive Branches
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194 RAM Monitor Mode

19.4.1 Overview

In this mode, all the modules connected to the SH7055' sinternal or external bus can be read and
written to, allowing RAM monitoring and tuning to be carried out.

19.4.2 Communication Protocol

The AUD latchesthe AUDATA input when AUDSYNC is asserted. The following AUDATA

input format should be used.

Input format

<OOOO X DIR ><A3—AO> ------ A31-A28) D3-DO ) ------ Dn-Dn-3
| I |

Data (in case of write only)
B write:n=7
W write: n =15
L write: n = 31

Bit 1 Bit 0

Command Address
Bit 3 Bit 2
I Fixed at 1| 0: Read
1: Write

00: Byte
01: Word
10: Longword

—P» Spare bits (4 bits): b'0000

Figure19.4 AUDATA Input Format
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19.4.3 Operation

Operation startsin RAM monitor mode AUDMD is driven high after AUDRST has been asserted,
then AUDRST is negated.

Figure 19.5 shows an example of aread operation, and figure 19.6 an example of awrite
operation.

When AUDSYNC is asserted, input from the AUDATA pins begins. When a command, address,
or data (writing only) isinput in the format shown in figure 19.2, execution of read/write accessto
the specified address is started. During internal execution, the AUD returns Not Ready (0000).
When execution is completed, the Ready flag (0001) is returned (figures 19.5 and 19.6). Table
19.2 shows the Ready flag format.

In aread, data of the specified sizeis output when AUDSYNC is negated following detection of
thisflag (figure 19.7).

If acommand other than the aboveisinput in DIR, the AUD treats this as a command error,
disables processing, and sets bit 1 in the Ready flag to 1. If aread/write operation initiated by the
command specified in DIR causes a bus error, the AUD disables processing and sets bit 2 in the
Ready flag to 1 (figure 19.7).

Table19.2 Ready Flag Format

Bit 3 Bit 2 Bit 1 Bit 0
Fixed at O 0: Normal status 0: Normal status 0: Not ready
1: Bus error 1: Bus error 1: Ready

Bus error conditions are shown below.

Word access to address 4n+1 or 4n+3

Longword access to address 4n+1, 4n+2, or 4n+3
Longword access to on-chip 1/0 8-hit space
Access to external spacein single-chip mode

A w DN PR

AUDCK - _| |_.__| |_| |_| |—| |—| Ll |—| |—| |—

AUDSYNC

Input/output switchover

s —— NN
DIR

Not ready Ready Ready Ready

Input Output

Figure19.5 Example of Read Operation (Byte Read)
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AUDCK . |__._J_|_| |_| |—| |—| |—| —| |—| |—| |—
S

AUDSYNC

Input/output switchover

e D) (0 o TS o S v S S o
DIR

Not ready Ready Ready Ready

-t - -t -

Input Output

Figure19.6 Example of Write Operation (Longword Write)

AUDCK - _| |_.._| |_| |—| |—| |—| Ll |—| |—| |—

AUDSYNC \ /
Input/output switchover
DD ) Gy (@on) e
DIR Not ready Ready Ready Ready
(Bus error) (Bus error) (Bus error)
Input Output

Figure19.7 Exampleof Error Occurrence (Longword Read)
195 Usage Notes

195.1 Initialization
The debugger’ sinternal buffers and processing states are initialized in the following cases:

In a power-on reset

In hardware standby mode

When AUDRST is driven low

When the AUDSRST hitisset to 1 in the SY SCR register (see section 24.2.2)
When the MSTOP3 hit is set to 1 in the MSTCR register (see section 24.2.3)

o w DR

19.5.2 Operation in Softwar e Standby Mode

The debugger is not initialized in software standby mode. However, since the SH7055’ s internal
operation halts in software standby mode:

1. When AUDMD is high (RAM monitor mode): Ready is not returned (Not Ready continues to
be returned)
However, when operating on an external clock, the protocol continues.

2. When AUDMD islow (PC trace): Operation stops. However, operation continues when
software standby is released.
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1953 ROM AreaWrites

Do not perform an AUD write to a ROM address immediately after an ATU register write cycle.
For details, see “Writing to ROM Arealmmediately after ATU Register Write” in section 11.7,
Usage Notes.
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20.1

Section 20 Pin Function Controller (PFC)

Overview

The pin function controller (PFC) consists of registers for selecting multiplex pin functions and
their input/output direction. Table 20.1 shows the SH7055’s multiplex pins.

Table20.1 SH7055 Multiplex Pins

Port

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

Function 4
(Related Module)

PAO input/output (port)

TIOA input (ATU-II)

PA1 input/output (port)

TIOB input (ATU-I1)

PA2 input/output (port)

TIOC input (ATU-I1)

PA3 input/output (port)

TIOD input (ATU-II)

PA4 input/output (port)

TIO3A input/output (ATU-II)

PAS input/output (port)

TIO3B input/output (ATU-II)

PAG6 input/output (port)

TIO3C input/output (ATU-II)

PA7 input/output (port)

TIO3D input/output (ATU-II)

PA8 input/output (port)

TIO4A input/output (ATU-II)

PA9 input/output (port)

TIO4B input/output (ATU-II)

PA10 input/output (port)

TIOAC input/output (ATU-II)

PA11 input/output (port)

TIO4D input/output (ATU-II)

PA12 input/output (port)

TIO5A input/output (ATU-II)

PA13 input/output (port)

TIOS5B input/output (ATU-II)

PA14 input/output (port)

TxDO output (SCI)

PA15 input/output (port)

RxDO input (SCI)

PBO input/output (port)

TOBA output (ATU-II)

PB1 input/output (port)

TO6B output (ATU-II)

PB2 input/output (port)

TO6C output (ATU-II)

PB3 input/output (port)

TO6D output (ATU-II)

PB4 input/output (port)

TO7A output (ATU-II)

TOB8A output (ATU-II)

PB5 input/output (port)

TO7B output (ATU-II)

TOB8B output (ATU-II)

PB6 input/output (port)

TO7C output (ATU-II)

TO8C output (ATU-II)

PB7 input/output (port)

TO7D output (ATU-II)

TOB8D output (ATU-II)

PB8 input/output (port)

TxD3 output (SCI)

TOS8E output (ATU-II)

W W @ @ W W WP @O >>>>>>>> > > > >

PB9 input/output (port)

RxD3 input (SCI)

TOS8F output (ATU-II)
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Table20.1 SH7055 Multiplex Pins (cont)

o
o
=
=3

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

Function 4
(Related Module)

PB10 input/output (port)

TxD4 output (SCI)

HTxDO output (HCAN)

TO8G output (ATU-II)

PB11 input/output (port)

RxD4 input (SCI)

HRxDO input (HCAN)

TOB8H output (ATU-II)

PB12 input/output (port)

TCLKA input (ATU-I1)

UBCTRG output (UBC)

PB13 input/output (port)

SCKO input/output (SCI)

PB14 input/output (port)

SCK1 input/output (SCI)

TCLKB input (ATU-II)

TI10 input (ATU-I1)

PB15 input/output (port)

PULSS output (APC)

SCK2 input/output (SCI)

PCO input/output (port)

TxD1 output (SCI)

PC1 input/output (port)

RxD1 input (SCI)

PC2 input/output (port)

TxD2 output (SCI)

PC3 input/output (port)

RxD2 input (SCI)

PC4 input/output (port)

IRQO input (INTC)

PDO input/output (port)  TIO1A input/output (ATU-II)

PD1 input/output (port)  TIO1B input/output (ATU-II)

PD2 input/output (port)  TIO1C input/output (ATU-II)

PD3 input/output (port)  TIO1D input/output (ATU-II)

PD4 input/output (port)  TIOLE input/output (ATU-II)

PD5 input/output (port)  TIOLF input/output (ATU-II)

PD6 input/output (port)  TIO1G input/output (ATU-II)

PD7 input/output (port)  TIO1H input/output (ATU-II)

PD8 input/output (port)

PULSO output (APC)

PD9 input/output (port)

PULSL1 output (APC)

PD10 input/output (port)

PULS2 output (APC)

PD11 input/output (port)

PULS3 output (APC)

PD12 input/output (port)

PULS4 output (APC)

PD13 input/output (port)

PULS6 output (APC)

HTxDO output (HCAN)

HTxD1 output (HCAN)

PEO input/output (port)

AO output (BSC)

PE1 input/output (port)

Al output (BSC)

PE2 input/output (port)

A2 output (BSC)

PE3 input/output (port)

A3 output (BSC)

PE4 input/output (port)

A4 output (BSC)

PES input/output (port)

A5 output (BSC)

PES6 input/output (port)

A6 output (BSC)

mmmm MMM MmMm m M O 0O 0|0 0| 0|0 00 OO0 O OOOO0O0|® W © W © @

PE7 input/output (port)

A7 output (BSC)
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Table20.1 SH7055 Multiplex Pins (cont)

Function 1
(Related Module)

o
o
=3

Function 2
(Related Module)

Function 4
(Related Module)

Function 3
(Related Module)

PES input/output (port)

A8 output (BSC)

PE9 input/output (port)

A9 output (BSC)

PE10 input/output (port)

A10 output (BSC)

PE11 input/output (port)

A11 output (BSC)

PE12 input/output (port)

A12 output (BSC)

PE13 input/output (port)

A13 output (BSC)

PE14 input/output (port)

A14 output (BSC)

PE15 input/output (port)

A15 output (BSC)

PFO input/output (port)

A16 output (BSC)

PF1 input/output (port)

A17 output (BSC)

PF2 input/output (port)

A18 output (BSC)

PF3 input/output (port)

A19 output (BSC)

PF4 input/output (port)

A20 output (BSC)

PF5 input/output (port)

A21 output (BSC)

POD input (port)

PF6 input/output (port)

WRL output (BSC)

PF7 input/output (port)

WRH output (BSC)

PF8 input/output (port)

WAIT input (BSC)

PF9 input/output (port)

RD output (BSC)

PF10 input/output (port)

SO0 output (BSC)

PF11 input/output (port)

CSH1 output (BSC)

PF12 input/output (port)

CS2 output (BSC)

PF13 input/output (port)

CS83 output (BSC)

PF14 input/output (port)

BACK output (BSC)

PF15 input/output (port)

BREQ input (BSC)

PGO input/output (port)

PULS7 output (APC)

HRxDO input (HCAN) HRxD1 input (HCAN)

PG1 input/output (port)

IRQ1 input (INTC)

PG2 input/output (port)

IRQ2 input (INTC)

ADEND output (A/D)

PG3 input/output (port)

IRQ3 input (INTC)

ADTRGO input (A/D)

PHO input/output (port)

DO input/output (BSC)

PH1 input/output (port)

D1 input/output (BSC)

PH2 input/output (port)

D2 input/output (BSC)

PH3 input/output (port)

D3 input/output (BSC)

I I | I T/ I/ O Mm|Mm| MM MM || || || || M[{M|M[{M| M|{M|m|Mm

PH4 input/output (port)

D4 input/output (BSC)
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Table20.1 SH7055 Multiplex Pins (cont)

o
o
=
=3

Function 1
(Related Module)

Function 2
(Related Module)

Function 3
(Related Module)

Function 4
(Related Module)

PH5 input/output (port)

D5 input/output (BSC)

PH6 input/output (port)

D6 input/output (BSC)

PH7 input/output (port)

D7 input/output (BSC)

PHS8 input/output (port)

D8 input/output (BSC)

PH9 input/output (port)

D9 input/output (BSC)

PH10 input/output (port)

D10 input/output (BSC)

PH11 input/output (port)

D11 input/output (BSC)

PH12 input/output (port)

D12 input/output (BSC)

PH13 input/output (port)

D13 input/output (BSC)

PH14 input/output (port)

D14 input/output (BSC)

PH15 input/output (port)

D15 input/output (BSC)

PJO input/output (port)

TIO2A input/output (ATU-II)

PJ1 input/output (port)

TIO2B input/output (ATU-II)

PJ2 input/output (port)

TIO2C input/output (ATU-II)

PJ3 input/output (port)

TIO2D input/output (ATU-II)

PJ4 input/output (port)

TIO2E input/output (ATU-II)

PJ5 input/output (port)

TIO2F input/output (ATU-II)

PJ6 input/output (port)

TIO2G input/output (ATU-II)

PJ7 input/output (port)

TIO2H input/output (ATU-II)

PJ8 input/output (port)

TIO5C input/output (ATU-II)

PJ9 input/output (port)

TIOSD input/output (ATU-II)

PJ10 input/output (port)

TIOA input (ATU-II)

PJ11 input/output (port)

TI9B input (ATU-I1)

PJ12 input/output (port)

TIOC input (ATU-I1)

PJ13 input/output (port)

TI9D input (ATU-I1)

PJ14 input/output (port)

TIOE input (ATU-II)

PJ15 input/output (port)

TIOF input (ATU-I1)

PKO input/output (port)

TOB8A output (ATU-II)

PK1 input/output (port)

TOB8B output (ATU-II)

PK2 input/output (port)

TO8C output (ATU-II)

PK3 input/output (port)

TO8D output (ATU-II)

PK4 input/output (port)

TOS8E output (ATU-II)

XXX XIXRIRN|l¢|l¢g|l 000000000 @@ @)@ T T T I T

PKS5 input/output (port)

TOS8F output (ATU-II)
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Table20.1 SH7055 Multiplex Pins (cont)

Function 1 Function 2 Function 3 Function 4
Port  (Related Module) (Related Module) (Related Module) (Related Module)
K PK6 input/output (port) TOB8G output (ATU-II)
K PK7 input/output (port) TOB8H output (ATU-II)
K PK8 input/output (port) TO8I output (ATU-II)
K PK9 input/output (port) TO8J output (ATU-II)
K PK210 input/output (port) TO8K output (ATU-II)
K PK11 input/output (port) TOS8L output (ATU-II)
K PK12 input/output (port) TO8M output (ATU-II)
K PK13 input/output (port) TO8N output (ATU-II)
K PK14 input/output (port) TOB8O output (ATU-II)
K PK15 input/output (port) TO8P output (ATU-II)
L PLO input/output (port) TI10 input (ATU-II)
L PL1 input/output (port) TIO11A input/output TRQ6 input (INTC)
(ATU-1)
L PL2 input/output (port) TIO11B input/output TRQ7 input (INTC)
(ATU-11)
L PL3 input/output (port) TCLKB input (ATU-II)
L PL4 input/output (porty ~ ADTRGO input (A/D)
L PL5 input/output (port)  ADTRGT input (A/D)
L PL6 input/output (port) ADEND output (A/D)
L PL7 input/output (port) SCK2 input/output (SCI)
L PL8 input/output (port) SCK3 input/output (SCI)
L PL9 input/output (port) SCK4 input/output (SCI) TRQ5 input (INTC)
L PL10 input/output (port) HTxDO output (HCAN) HTxD1 output (HCAN)  HTxDO & HTxD1
(HCAN)
L PL11 input/output (port) HRxDO input (HCAN) HRxD1 input (HCAN) HRxDO & HRxD1
(HCAN)
L PL12 input/output (port)  TRQ4 input (INTC)
L PL13 input/output (port)  TRQOUT output (INTC)
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20.2 Register Configuration

PFC registers are listed in table 20.2.

Table20.2 PFC Registers

Initial Access
Name Abbreviation R/W Value Address Size
Port A 10 register PAIOR R/W H'0000 H'FFFFF720 8, 16
Port A control register H PACRH R/W H'0000 H'FFFFF722 8,16
Port A control register L PACRL R/W H'0000 H'FFFFF724 8, 16
Port B 10 register PBIOR R/W H'0000 H'FFFFF730 8, 16
Port B control register H PBCRH R/W H'0000 H'FFFFF732 8,16
Port B control register L PBCRL R/W H'0000 H'FFFFF734 8, 16
Port B invert register PBIR R/W H'0000 H'FFFFF736 8, 16
Port C IO register PCIOR R/W H'0000 H'FFFFF73A 8,16
Port C control register PCCR R/W H'0000 H'FFFFF73C 8, 16
Port D 1O register PDIOR R/W H'0000 H'FFFFF740 8, 16
Port D control register H PDCRH R/W H'0000 H'FFFFF742 8,16
Port D control register L PDCRL R/W H'0000 H'FFFFF744 8, 16
Port E 10 register PEIOR R/W H'0000 H'FFFFF750 8, 16
Port E control register PECR R/W H'0000 H'FFFFF752 8,16
Port F 10 register PFIOR R/W H'0000 H'FFFFF748 8, 16
Port F control register H PFCRH R/W H'0015 H'FFFFF74A 8, 16
Port F control register L PFCRL R/W H'5000 H'FFFFF74C 8,16
Port G 10 register PGIOR R/W H'0000 H'FFFFF760 8, 16
Port G control register PGCR R/W H'0000 H'FFFFF762 8, 16
Port H IO register PHIOR R/W H'0000 H'FFFFF728 8,16
Port H control register PHCR R/W H'0000 H'FFFFF72A 8, 16
Port J 10 register PJIOR R/W H'0000 H'FFFFF766 8, 16
Port J control register H PJCRH R/W H'0000 H'FFFFF768 8, 16
Port J control register L PJCRL R/W H'0000 H'FFFFF76A 8, 16
Port K 10 register PKIOR R/W H'0000 H'FFFFF770 8, 16
Port K control register H PKCRH R/W H'0000 H'FFFFF772 8,16
Port K control register L PKCRL R/W H'0000 H'FFFFF774 8, 16
Port K invert register PKIR R/W H'0000 H'FFFFF776 8, 16
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Table20.2 PFC Registers(cont)

Initial Access
Name Abbreviation R/W Value Address Size
Port L 10 register PLIOR R/W H'0000 H'FFFFF756 8, 16
Port L control register H PLCRH R/W H'0000 H'FFFFF758 8, 16
Port L control register L PLCRL R/W H'0000 H'FFFFF75A 8, 16
Port L invert register PLIR R/W H'0000 H'FFFFF75C 8,16
20.3 Register Descriptions
20.3.1 Port A 10 Register (PAIOR)
Bit: 15 14 13 12 11 10 9 8
PA15 PA14 PA13 PA12 PA11 PA10 PA9 PA8
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
PA7 PAG6 PA5 PA4 PA3 PA2 PA1 PAO
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port A 10 register (PAIOR) is a 16-hit readable/writable register that selects the input/output
direction of the 16 pinsin port A. Bits PA15I0R to PAOIOR correspond to pins PA15/RxDO0 to
PAO/TIOA. PAIOR is enabled when port A pins function as general input/output pins (PA15 to
PAOQ) or ATU-II input/output pins, and disabled otherwise. For bits 3 to 0, when ATU-I1 input
capture input is selected, the PAIOR bits should be cleared to 0.

When port A pins function as PA15 to PAO or ATU-II input/output pins, a pin becomes an output
when the corresponding bit in PAIOR isset to 1, and an input when the bit is cleared to O.

PAIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.2 Port A Control RegistersH and L (PACRH, PACRL)

Port A control registers H and L (PACRH, PACRL) are 16-hit readabl e/writable registers that
select the functions of the 16 multiplex pinsin port A. PACRH selects the functions of the pins for
the upper 8 bits of port A, and PACRL selects the functions of the pins for the lower 8 bits.

PACRH and PACRL areinitialized to H'0000 by a power-on reset (excluding aWDT power-on
reset), and in hardware standby mode. They are not initialized in software standby mode or sleep
mode.

Port A Control Register H (PACRH)

Bitt 15 14 13 12 11 10 9 8
| — |paisMD  — |PAlaMD — |PA13MD| — | PA12MD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW
Bitt 7 6 5 4 3 2 1 0
| — |paumD — |PAlOMD — |PAIMD| — | PASMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW

e Bit 15—Reserved: Thisbit aways reads 0. The write value should always be 0.
* Bit 14—PA15 Mode Bit (PA15MD): Selects the function of pin PA15/RxDO0.

Bit 14: PA15MD Description

0 General input/output (PA15) (Initial value)
1 Receive data input (RxDO)

« Bit 13—Reserved: Thisbit aways reads 0. The write value should always be 0.

e Bit 12—PA14 Mode Bit (PA14MD): Selects the function of pin PA14/TxDO.

Bit 12: PA14MD Description

0 General input/output (PA14) (Initial value)
1 Transmit data output (TxDO)

* Bit 11—Reserved: Thisbit aways reads 0. The write value should always be 0.
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e Bit 10—PA13 Mode Bit (PA13MD): Selects the function of pin PA13/TIO5B.

Bit 10: PA13MD Description

0 General input/output (PA13) (Initial value)
1 ATU-Il input capture input/output compare output (TIO5B)
* Bit 9—Reserved: This bit always reads 0. The write value should always be 0.
« Bit 8—PA12 Mode Bit (PA12MD): Selects the function of pin PA12/TIO5A.
Bit 8: PA12MD Description
0 General input/output (PA12) (Initial value)
1 ATU-II input capture input/output compare output (TIO5A)
» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.
* Bit 6—PA11 Mode Bit (PA11MD): Selects the function of pin PA11/TIO4D.
Bit 6: PA11MD Description
0 General input/output (PA11) (Initial value)
1 ATU-Il input capture input/output compare output (TIO4D)
* Bit 5—Reserved: This bit always reads 0. The write value should always be 0.
* Bit4—PA10 Mode Bit (PA10MD): Selects the function of pin PA10/T104C.
Bit 4: PA1OMD Description
0 General input/output (PA10) (Initial value)
1 ATU-Il input capture input/output compare output (TIO4C)
* Bit 3—Reserved: This bit aways reads 0. The write value should always be 0.
* Bit 2—PA9 Mode Bit (PAOMD): Selects the function of pin PA9/TIO4B.
Bit 2: PA9MD Description
0 General input/output (PA9) (Initial value)
1 ATU-II input capture input/output compare output (TIO4B)
« Bit 1—Reserved: This bit always reads 0. The write value should always be 0.
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« Bit 0—PA8 Mode Bit (PABMD): Selects the function of pin PA8/TIO4A.

Bit 0: PASMD Description
0 General input/output (PA8) (Initial value)
1 ATU-Il input capture input/output compare output (TIO4A)

Port A Control Register L (PACRL)

Bitt 15 14 13 12 11 10 9 8
| — |Pa7Mp| — |PAeMD| — |PASMD| — | PA4MD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW
Bit. 7 6 5 4 3 2 1 0
| — |Pasvp| — |PaavD| — |PAIMD| — | PAOMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW

* Bit 15—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 14—PA7 Mode Bit (PA7MD): Selects the function of pin PA7/TIO3D.

Bit 14: PA7TMD Description
0 General input/output (PA7) (Initial value)
1 ATU-Il input capture input/output compare output (TIO3D)

e Bit 13—Reserved: Thisbit aways reads 0. The write value should always be 0.

* Bit 12—PA6 Mode Bit (PA6MD): Selects the function of pin PA6/TIO3C.

Bit 12: PA6MD Description
0 General input/output (PA6) (Initial value)
1 ATU-Il input capture input/output compare output (TIO3C)

e Bit 11—Reserved: Thisbit aways reads 0. The write value should always be 0.
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e Bit 10—PA5 Mode Bit (PA5MD): Selects the function of pin PAS/TIO3B.

Bit 10: PASMD Description
0 General input/output (PA5) (Initial value)
1 ATU-Il input capture input/output compare output (TIO3B)

* Bit 9—Reserved: This bit always reads 0. The write value should always be 0.

« Bit 8—PA4 Mode Bit (PA4AMD): Selects the function of pin PA4/TIO3A.

Bit 8: PA4AMD Description
0 General input/output (PA4) (Initial value)
1 ATU-II input capture input/output compare output (TIO3A)

» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 6—PA3 Mode Bit (PA3MD): Selects the function of pin PA3/TIOD.

Bit 6: PA3MD Description
0 General input/output (PA3) (Initial value)
1 ATU-Il input capture input (TIOD)

* Bit 5—Reserved: This bit always reads 0. The write value should always be 0.

» Bit4—PA2 Mode Bit (PA2MD): Selects the function of pin PA2/TI0C.

Bit 4: PA2MD Description
0 General input/output (PA2) (Initial value)
1 ATU-Il input capture input (TIOC)

* Bit 3—Reserved: This bit aways reads 0. The write value should always be 0.

* Bit2—PA1 Mode Bit (PA1IMD): Selects the function of pin PAL/TIOB.

Bit 2: PA1MD Description
0 General input/output (PA1) (Initial value)
1 ATU-Il input capture input (TIOB)
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e Bit 1—Reserved: Thisbit always reads 0. The write value should always be 0.

e Bit 0—PAO Mode Bit (PAOMD): Selects the function of pin PAO/TIOA.

Bit 0: PA1IMD Description
0 General input/output (PAO) (Initial value)
1 ATU-II input capture input (TIOA)
20.3.3 Port B 10 Register (PBIOR)
Bit: 15 14 13 12 11 10 9 8
PB15 PB14 PB13 PB12 PB11 PB10 PB9 PB8
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0
R/W:  R/W R/W R/W R/W R/W R/W R/W R/W

The port B 10 register (PBIOR) is a 16-bit readable/writable register that selects the input/output

direction of the 16 pinsin port B. Bits PB15IOR to PBOIOR correspond to pins
PB15/PUL S5/SCK2 to PBO/TO6A. PBIOR is enabled when port B pins function as general
input/output pins (PB15 to PBO) or seria clock pins (SCKO0, SCK1, SCK2), and disabled

otherwise.

When port B pins function as PB15 to PBO or SCK0, SCK 1, and SCK 2, a pin becomes an output

when the corresponding bit in PBIOR is set to 1, and an input when the bit is cleared to O.

PBIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.4 Port B Control RegistersH and L (PBCRH, PBCRL)

Port B control registers H and L (PBCRH, PBCRL) are 16-hit readable/writable registers that
select the functions of the 16 multiplex pinsin port B. PBCRH selects the functions of the pins for
the upper 8 bits of port B, and PBCRL selects the functions of the pins for the lower 8 bits.

PBCRH and PBCRL are initialized to H'0000 by a power-on reset (excluding aWDT power-on
reset), and in hardware standby mode. They are not initialized in software standby mode or sleep
mode.

Port B Control Register H (PBCRH)

Bit: 15 14 13 12 11 10 9 8
PB15 PB15 PB14 PB14 — PB13 PB12 PB12
MD1 MDO MD1 MDO MD MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

PB11 PB11 PB10 PB10 PB9 PB9 PB8 PB8
MD1 MDO MD1 MDO MD1 MDO MD1 MDO

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

e Bits15and 14—PB15 Mode Bits 1 and 0 (PB15M D1, PB15MDQ): These bits select the
function of pin PB15/PUL S5/SCK 2.

Bit 15: PB15MD1 Bit 14: PB15MDO Description

0 0 General input/output (PB15) (Initial value)
1 APC pulse output (PULS5)

1 0 Serial clock input/output (SCK2)
1 Reserved (Do not set)
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e Bits13and 12—PB14 Mode Bits 1 and 0 (PB14M D1, PB14MDQ): These bits select the
function of pin PB14/SCKL/TCLKB/T110.

Bit 13: PB14MD1 Bit 12: PB14MDO Description

0 0 General input/output (PB14) (Initial value)
1 Serial clock input/output (SCK1)

1 0 ATU-II clock input (TCLKB)
1 ATU-Il edge input (T110)

* Bit 11—Reserved: This bit always reads 0. The write value should always be 0.
* Bit 10—PB13 Mode Bit (PB13MD): Selects the function of pin PB13/SCKO.

Bit 10: PB13MD Description
0 General input/output (PB13) (Initial value)
1 Serial clock input/output (SCKO)

e Bits9and 8—PB12 Mode Bits 1 and 0 (PB12MD1, PB12MDO): These bits select the function
of pin PB12/TCLKA/UBCTRG.

Bit 9: PB12MD1 Bit 8: PB12MDO Description

0 0 General input/output (PB12) (Initial value)
1 ATU-II clock input (TCLKA)

1 0 Trigger pulse output (UBCTRG)
1 Reserved (Do not set)

e Bits7 and 6—PB11 Mode Bits 1 and 0 (PB11MD1, PB11MDO): These bits select the function
of pin PB11/RxD4/HRxDO/TO8H.

Bit 7: PB11MD1 Bit 6: PB11MDO Description
0 0 General input/output (PB11) (Initial value)

Receive data input (RxD4)

1
1 0 HCAN receive data input (HRxDO)
1 ATU-II one-shot pulse output (TO8H)
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e Bits5and 4—PB10 Mode Bits 1 and 0 (PB10MD1, PB10MDO): These bits select the function

of pin PB10/TXxD4/HTXDO/TO8G.

Bit 5: PB10MD1 Bit 4: PB10MDO Description

0 0 General input/output (PB10) (Initial value)
1 Transmit data output (TxD4)

1 0 HCAN transmit data output (HTxDO)
1 ATU-Il one-shot pulse output (TO8G)

« Bits3and 2—PB9 Mode Bits 1 and 0 (PBOMD1, PBOMDO): These bits select the function of

pin PB9/RxD3/TO8F.
Bit 3: PBOMD1 Bit 2: PBOMDO Description
0 0 General input/output (PB9) (Initial value)
1 Receive data input (RxD3)
1 0 ATU-II one-shot pulse output (TO8F)
1 Reserved (Do not set)

e Bits1and 0—PB8 Mode Bits 1 and 0 (PB8MD1, PB8MDO): These bits select the function of

pin PB8/TxD3/TOS8E.
Bit 1: PB8MD1 Bit 0: PB8MDO Description
0 0 General input/output (PB8) (Initial value)
1 Transmit data output (TxD3)
1 0 ATU-II one-shot pulse output (TO8E)
1 Reserved (Do not set)
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Port B Control Register L (PBCRL)

Bit: 15 14

13 12 11 10 9 8

\ PB7MD1‘ PB7MDO‘ PBBMDl‘ PBGMDO‘ PBSMDl‘ PBSMDO‘ PB4MD1‘ PB4MDO‘

Initial value: 0 0
R/W: R/W R/W

0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W

Bit. 7 6 5 4 3 2 1 0
| — |PBawD| — |PB2MD| — | PBIMD| — | PBOMD
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW RIW R RIW R RIW

e Bits15and 14—PB7 Mode Bits 1 and 0 (PB7MD1, PB7MDOQ): These hits select the function

of pin PB7/TO7D/TO8D.

Bit 15: PB7MD1 Bit 14: PB7MDO Description

0 0 General input/output (PB7) (Initial value)
1 ATU-Il PWM output (TO7D)

1 0 ATU-II one-shot pulse output (TO8D)
1 Reserved (Do not set)

* Bits13 and 12—PB6 Mode Bits 1 and 0 (PB6MD1, PB6MDO): These hits select the function

of pin PB6/TO7C/TO8C.

Bit 13: PB6MD1 Bit 12: PB6MDO Description

0 0 General input/output (PB6) (Initial value)
1 ATU-Il PWM output (TO7C)

1 0 ATU-II one-shot pulse output (TO8C)
1 Reserved (Do not set)
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e Bits 11 and 10—PB5 Mode Bits 1 and 0 (PB5M D1, PB5MDO0): These hits select the function
of pin PB5/TO7B/TO8B.

Bit 11: PB5MD1 Bit 10: PB5MDO Description

0 0 General input/output (PB5) (Initial value)
1 ATU-Il PWM output (TO7B)

1 0 ATU-II one-shot pulse output (TO8B)
1 Reserved (Do not set)

* Bits9and 8—PB4 Mode Bits 1 and 0 (PB4AMD1, PB4AMDQ): These bits select the function of
pin PB4/TO7A/TO8A.

Bit 9: PB4AMD1 Bit 8: PB4MDO Description

0 0 General input/output (PB4) (Initial value)
1 ATU-Il PWM output (TO7A)

1 0 ATU-II one-shot pulse output (TO8A)
1 Reserved (Do not set)

* Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

« Bit 6—PB3 Mode Bit (PB3MD): Selects the function of pin PB3/TO6D.

Bit 6: PB3AMD Description
0 General input/output (PB3) (Initial value)
1 ATU-Il PWM output (TO6D)

* Bit 5—Reserved: This bit aways reads 0. The write value should always be 0.

* Bit4—PB2 Mode Bit (PB2MD): Selects the function of pin PB2/TO6C.

Bit 4: PB2MD Description
0 General input/output (PB2) (Initial value)
1 ATU-II PWM output (TO6C)
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e Bit 3—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit2—PB1 Mode Bit (PB1MD): Selects the function of pin PB1/TO6B.

Bit 2: PB1MD Description
0 General input/output (PB1) (Initial value)
1 ATU-II PWM output (TO6B)

« Bit 1—Reserved: Thisbit always reads 0. The write value should always be 0.

< Bit 0—PBO0 Mode Bit (PBOMD): Selects the function of pin PBO/TOBA.

Bit 0: PBOMD Description

0 General input/output (PBO) (Initial value)
1 ATU-1I PWM output (TO6A)
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20.3.5 Port B Invert Register (PBIR)

Bit. 15 14 13 12 11 10 9 8
| PBISIR | PB14IR| PBI3IR| — | PBLLIR | PBIOIR | PBOIR | PBSIR |
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW  RW R RW RW RW  RW
Bit. 7 6 5 4 3 2 1 0
| PB7IR | PB6IR | PBSIR | PBAIR | PB3IR | PB2IR | PBLIR | PBORR |
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port B invert register (PBIR) is a 16-bit readable/writable register that sets the port B
inversion function. Bits PB15IR to PB13IR and PB11IR to PBOIR correspond to pins

PB15/PUL S5/SCK2 to PB13/SCK0 and PB11/RxD4/HRxDO/TO8H to PBO/TO6A. PBIR is
enabled when port B pins function as ATU-II outputs or serial clock pins, and disabled otherwise.

When port B pins function as ATU-I1 outputs or serial clock pins, the value of apinisinverted
when the corresponding bit in PBIR is set to 1.

PBIR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

PBnIR Description
0 Value is not inverted (Initial value)
1 Value is inverted

n=15t013,11to 0
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20.36 Port C 10 Register (PCIOR)

Bitt 15 14 13 12 11 10 9 8
- T-T-T-T-T-_
Initial value: 0 0 0 0 0 0 0 0
RIW: R
Bit 7 6 5 4 3 2 1 0
\ — — — \ PC4IOR‘ PCSIOR‘ PC2IOR‘ PClIOR‘ PCOIOR‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R RW RW RW RW  RW

The port C 10 register (PCIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 5 pinsin port C. Bits PC4IOR to PCOIOR correspond to pins PC4/IRQO to
PCO/TxD1. PCIOR is enabled when port C pins function as general input/output pins (PC4 to

PCO0), and disabled otherwise.

When port C pins function as PC4 to PCO, a pin becomes an output when the corresponding bit in
PCIOR is set to 1, and an input when the bit is cleared to O.

PCIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

660

HITACHI



20.3.7 Port C Control Register (PCCR)

The port C control register (PCCR) is a 16-bit readable/writable register that selects the functions
of the 5 multiplex pinsin port C.

PCCRisinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Bitt 15 14 13 12 11 10 9 8
- - -1 -] -1 -1 — [pcamp|
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R RIW

Bit 7 6 5 4 3 2 1 0
\ — \ PCSMD‘ — \ PC2MD‘ — \ PClMD‘ — \ PCOMD‘

Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW

» Bits 15 to 9—Reserved: These bits alwaysread 0. The write value should aways be 0.

* Bit 8—PC4 Mode Bit (PC4MD): Selects the function of pin PC4/IRQO.

Bit 8: PC4MD Description
0 General input/output (PC4) (Initial value)
1 Interrupt request input (IRQO)

» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

« Bit 6—PC3 Mode Bit (PC3MD): Selects the function of pin PC3/RxD2.

Bit 6: PC3MD Description
0 General input/output (PC3) (Initial value)
1 Receive data input (RxD2)
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e Bit 5—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit4—PC2 Mode Bit (PC2MD): Selects the function of pin PC2/TxD2.

Bit 4: PC2MD Description

0 General input/output (PC2) (Initial value)
1 Transmit data output (TxD2)

« Bit 3—Reserved: Thisbit always reads 0. The write value should always be 0.

e Bit 2—PC1 Mode Bit (PC1IMD): Selects the function of pin PC1/RxD1.

Bit 2: PC1IMD Description

0 General input/output (PC1) (Initial value)
1 Receive data input (RxD1)

* Bit 1—Reserved: This bit always reads 0. The write value should always be 0.

e Bit 0—PCO0 Mode Bit (PCOMD): Selects the function of pin PCO/TxD1.

Bit 0: PCOMD Description

0 General input/output (PCO0) (Initial value)
1 Transmit data output (TxD1)
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20.3.8 Port D 10 Register (PDIOR)

Bit: 15 14 13 12 11 10 9 8
— — PD13 PD12 PD11 PD10 PD9 PC8
IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port D 10 register (PDIOR) is a 16-bit readable/writable register that selects the input/output

direction of the 14 pinsin port D. Bits PD13IOR to PDOIOR correspond to pins

PD13/PULS6/HTXDO/HTXD1 to PDO/TIO1A. PDIOR is enabled when port D pins function as

general input/output pins (PD13 to PDO) or timer input/output pins, and disabled otherwise.

When port D pins function as PD13 to PDO or timer input/output pins, a pin becomes an output

when the corresponding bit in PDIOR is set to 1, and an input when the bit is cleared to O.

PDIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

HITACHI

663



20.3.9 Port D Control RegistersH and L (PDCRH, PDCRL)

Port D control registers H and L (PDCRH, PDCRL) are 16-hit readabl e/writable registers that
select the functions of the 14 multiplex pinsin port D. PDCRH selects the functions of the pins for
the upper 6 bits of port D, and PDCRL selects the functions of the pins for the lower 8 bits.

PDCRH and PDCRL areinitialized to H'0000 by a power-on reset (excluding aWDT power-on
reset), and in hardware standby mode. They are not initialized in software standby mode or sleep
mode.

Port D Control Register H (PDCRH)

Bit: 15 14 13 12 11 10 9 8
— — — — PD13 PD13 — PD12
MD1 MDO MD
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R/W R/W R R/W
Bit: 7 6 5 4 3 2 1 0
— PD11 — PD10 — PD9 — PD8
MD MD MD MD
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/W R R/W R R/W R R/W

e Bits 15 to 12—Reserved: These bits aways read 0. The write value should always be 0.

e Bits11 and 10—PD13 Mode Bits 1 and 0 (PD13MD1, PD13MDQ): These bits select the
function of pin PD13/PULS6/HTXDO/HTxD1.

Bit 11: PD13MD1 Bit 10: PD13MDO Description

0 0 General input/output (PD13) (Initial value)
1 APC pulse output (PULS6)

1 0 HCAN transmit data output (HTxDO)
1 HCAN transmit data output (HTxD1)

¢ Bit 9—Reserved: Thisbit always reads 0. The write value should always be 0.
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e Bit 8—PD12 Mode Bit (PD12MD): Selects the function of pin PD12/PUL $4.

Bit 8: PD12MD Description
0 General input/output (PD12) (Initial value)
1 APC pulse output (PULS4)
» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.
e Bit6—PD11 Mode Bit (PD11MD): Selects the function of pin PD11/PULS3.
Bit 6: PD12MD Description
0 General input/output (PD11) (Initial value)
1 APC pulse output (PULS3)
» Bit 5—Reserved: Thisbit always reads 0. The write value should always be 0.
* Bit4—PD10 Mode Bit (PD10MD): Selects the function of pin PD10/PULS2.
Bit 4. PD10MD Description
0 General input/output (PD10) (Initial value)
1 APC pulse output (PULS2)
* Bit 3—Reserved: This bit always reads 0. The write value should always be 0.
* Bit 2—PD9 Mode Bit (PDOMD): Selects the function of pin PD9/PUL S1.
Bit 2: PDOMD Description
0 General input/output (PD9) (Initial value)
1 APC pulse output (PULS1)
* Bit 1—Reserved: This bit aways reads 0. The write value should always be 0.
* Bit 0—PD8 Mode Bit (PD8MD): Selects the function of pin PD8/PUL S0.
Bit 0: PD8MD Description
0 General input/output (PD8) (Initial value)
1 APC pulse output (PULS0)
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Port D Control Register L (PDCRL)

Bitt 15 14 13 12 11 10 9 8
| — |Po7MD| — |PDGMD| — |PDSMD| — | PD4MD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW RIW R RIW RIW
Bit. 7 6 5 4 3 2 1 0
| — |PpsmD| — |PD2MD| — | PDIMD| — | PDOMD |
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW RIW R RIW RIW

Bit 15—Reserved: This bit always reads 0. The write value should always be 0.

Bit 14—PD7 Mode Bit (PD7MD): Selects the function of pin PD7/TIO1H.

Bit 14: PD7TMD Description

0 General input/output (PD7) (Initial value)
1 ATU-Il input capture input/output compare output (TIO1H)

* Bit 13—Reserved: This bit always reads 0. The write value should always be 0.

e Bit 12—PD6 Mode Bit (PD6MD): Selects the function of pin PD6/TIO1G.

Bit 12: PD6MD Description

0 General input/output (PD6) (Initial value)
1 ATU-Il input capture input/output compare output (TIO1G)

* Bit 11—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 10—PD5 Mode Bit (PD5MD): Selects the function of pin PD5/TIO1F.

Bit 10: PD5MD Description

0 General input/output (PD5) (Initial value)
1 ATU-Il input capture input/output compare output (TIO1F)

666

Bit 9—Reserved: This bit always reads 0. The write value should always be 0.

HITACHI



« Bit 8—PD4 Mode Bit (PD4MD): Selects the function of pin PD4/TIO1E.

Bit 8: PD4MD Description
0 General input/output (PD4) (Initial value)
1 ATU-Il input capture input/output compare output (TIO1E)

» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

« Bit 6—PD3 Mode Bit (PD3MD): Selects the function of pin PD3/TIO1D.

Bit 6: PD3MD Description
0 General input/output (PD3) (Initial value)
1 ATU-II input capture input/output compare output (TIO1D)

» Bit 5—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit4—PD2 Mode Bit (PD2MD): Selects the function of pin PD2/TIO1C.

Bit 4. PD2MD Description
0 General input/output (PD2) (Initial value)
1 ATU-Il input capture input/output compare output (TIO1C)

* Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

« Bit2—PD1 Mode Bit (PD1IMD): Selects the function of pin PD1/TIO1B.

Bit 2: PD1IMD Description
0 General input/output (PD1) (Initial value)
1 ATU-Il input capture input/output compare output (TIO1B)

* Bit 1—Reserved: This bit aways reads 0. The write value should always be 0.

* Bit 0—PDO0 Mode Bit (PDOMD): Selects the function of pin PDO/TIO1A.

Bit 0: PDOMD Description
0 General input/output (PDO0) (Initial value)
1 ATU-II input capture input/output compare output (TIO1A)
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20.3.10 Port E 10 Register (PEIOR)

Bit: 15 14 13 12 11 10 9 8
PE15 PE14 PE13 PE12 PE11 PE10 PE9 PES8
IOR IOR IOR IOR IOR IOR IOR I0R
Initial value: 0 0 0 0 0 0 0 0

R/W: R/IW R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port E 10 register (PEIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 16 pinsin port E. Bits PE15I0OR to PEOIOR correspond to pins PE15/A15 to
PEO/AOQ. PEIOR is enabled when port E pins function as general input/output pins (PE15 to PEO),
and disabled otherwise.

When port E pins function as PE15 to PEO, a pin becomes an output when the corresponding bit in
PEIOR is set to 1, and an input when the bit is cleared to O.

PEIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.11 Port E Control Register (PECR)

Bit: 15 14 13 12 11 10 9 8
PE15 PE14 PE13 PE12 PE11 PE10 PE9 PES8
MD MD MD MD MD MD MD MD

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PE7 PE6 PES PE4 PE3 PE2 PE1 PEO
MD MD MD MD MD MD MD MD

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port E control register (PECR) is a 16-bit readable/writable register that selects the functions
of the 16 multiplex pinsin port E. PECR settings are not valid in al operating modes.

1. Expanded mode with on-chip ROM disabled

Port E pins function as address output pins, and PECR settings are invalid.

2. Expanded mode with on-chip ROM enabled

Port E pins are multiplexed as address output pins and general input/output pins. PECR

settings are valid.
3. Single-chip mode

Port E pins function as general input/output pins, and PECR settings are invalid.

PECR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

e Bit 15—PE15 Mode Bit (PE15MD): Selects the function of pin PE15/A15.

Description

Bit 15: Expanded Mode

PE15MD with ROM Disabled

Expanded Mode

with ROM Enabled

Single-Chip Mode

General input/output (PE15)

(Initial value)

General input/output (PE15)

(Initial value)

0 Address output (A15)
(Initial value)
1 Address output (A15)

Address output (A15)

General input/output (PE15)
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e Bit 14—PE14 Mode Bit (PE14MD): Selects the function of pin PE14/A14.

Description
Bit 14: Expanded Mode Expanded Mode
PE14MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A14)  General input/output (PE14)  General input/output (PE14)
(Initial value) (Initial value) (Initial value)
1 Address output (A14)  Address output (A14) General input/output (PE14)

* Bit 13—PE13 Mode Bit (PE13MD): Selects the function of pin PE13/A13.

Description
Bit 13: Expanded Mode Expanded Mode
PE13MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A13)  General input/output (PE13)  General input/output (PE13)
(Initial value) (Initial value) (Initial value)
1 Address output (A13)  Address output (A13) General input/output (PE13)

e Bit 12—PE12 Mode Bit (PE12MD): Selects the function of pin PE12/A12.

Description
Bit 12: Expanded Mode Expanded Mode
PE12MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A12)  General input/output (PE12)  General input/output (PE12)
(Initial value) (Initial value) (Initial value)
1 Address output (A12)  Address output (A12) General input/output (PE12)

e Bit 11—PE11 Mode Bit (PE11MD): Selects the function of pin PE11/A11.

Description
Bit 11: Expanded Mode Expanded Mode
PE11MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A11)  General input/output (PE11) General input/output (PE11)
(Initial value) (Initial value) (Initial value)
1 Address output (A11)  Address output (A11) General input/output (PE11)
670

HITACHI



e Bit 10—PE10 Mode Bit (PE1OMD): Selects the function of pin PE10/A10.

Description
Bit 10: Expanded Mode Expanded Mode
PE10MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A10)  General input/output (PE10)  General input/output (PE10)
(Initial value) (Initial value) (Initial value)
1 Address output (A10)  Address output (A10) General input/output (PE10)

* Bit 9—PE9 Mode Bit (PEOMD): Selects the function of pin PE9/A9.

Description
Bit 9: Expanded Mode Expanded Mode
PEOMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A9) General input/output (PE9) General input/output (PE9)
(Initial value) (Initial value) (Initial value)
1 Address output (A9) Address output (A9) General input/output (PE9)

« Bit 3—PE8 Mode Bit (PEBMD): Selects the function of pin PES/AS.

Description
Bit 8: Expanded Mode Expanded Mode
PESMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A8) General input/output (PE8) General input/output (PE8)
(Initial value) (Initial value) (Initial value)
1 Address output (A8) Address output (A8) General input/output (PES8)

« Bit 7—PE7 Mode Bit (PE7TMD): Selects the function of pin PE7/A7.

Description
Bit 7: Expanded Mode Expanded Mode
PE7MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A7) General input/output (PE7) General input/output (PE7)
(Initial value) (Initial value) (Initial value)
1 Address output (A7) Address output (A7) General input/output (PE7)
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- Bit 6—PE6 Mode Bit (PE6MD): Selects the function of pin PEG/AG.

Description
Bit 6: Expanded Mode Expanded Mode
PE6MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A6) General input/output (PE6) General input/output (PE6)
(Initial value) (Initial value) (Initial value)
1 Address output (A6) Address output (A6) General input/output (PE6)

* Bit 5—PE5 Mode Bit (PESMD): Selects the function of pin PES/AS.

Description
Bit 5: Expanded Mode Expanded Mode
PE5MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A5) General input/output (PE5) General input/output (PE5)
(Initial value) (Initial value) (Initial value)
1 Address output (A5) Address output (A5) General input/output (PE5)

« Bit 4—PE4 Mode Bit (PE4AMD): Selects the function of pin PE4/A4.

Description
Bit 4: Expanded Mode Expanded Mode
PE4MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A4) General input/output (PE4) General input/output (PE4)
(Initial value) (Initial value) (Initial value)
1 Address output (A4) Address output (A4) General input/output (PE4)

e Bit 3—PE3 Mode Bit (PE3MD): Selects the function of pin PE3/A3.

Description
Bit 3: Expanded Mode Expanded Mode
PE3MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A3) General input/output (PE3) General input/output (PE3)
(Initial value) (Initial value) (Initial value)
1 Address output (A3) Address output (A3) General input/output (PE3)
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« Bit 2—PE2 Mode Bit (PE2MD): Selects the function of pin PE2/A2.

Description
Bit 2: Expanded Mode Expanded Mode
PE2MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A2) General input/output (PE2) General input/output (PE2)
(Initial value) (Initial value) (Initial value)
1 Address output (A2) Address output (A2) General input/output (PE2)

* Bit 1—PE1 Mode Bit (PEIMD): Selects the function of pin PEL/A1.

Description
Bit 1: Expanded Mode Expanded Mode
PE1MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A1) General input/output (PE1) General input/output (PE1)
(Initial value) (Initial value) (Initial value)
1 Address output (A1) Address output (A1) General input/output (PE1)

« Bit 0—PEO Mode Bit (PEOMD): Selects the function of pin PEO/AOQ.

Description
Bit O: Expanded Mode Expanded Mode
PEOMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A0) General input/output (PEO) General input/output (PEO)
(Initial value) (Initial value) (Initial value)
1 Address output (A0) Address output (AO) General input/output (PEO)
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20.3.12 Port F 10 Register (PFIOR)

Bit: 15 14 13 12 11 10 9 8
PF15 | PF14 | PF13 | PF12 | PF1l1 | PF10 | PF9 PF8
IOR IOR IOR IOR IOR IOR IOR I0R
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port F 10 register (PFIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 16 pinsin port F. Bits PF15I0OR to PFOIOR correspond to pins PF15/BREQ to
PFO/A16. PFIOR is enabled when port F pins function as general input/output pins (PF15 to PF0),
and disabled otherwise.

When port F pins function as PF15 to PFO, a pin becomes an output when the corresponding bit in
PFIOR isset to 1, and an input when the bit is cleared to 0.

PFIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.13 Port F Control RegistersH and L (PFCRH, PFCRL)

Port F control registers H and L (PFCRH, PFCRL) are 16-bit readable/writable registers that select
the functions of the 16 multiplex pinsin port F and the function of the CK pin. PFCRH selects the

functions of the pinsfor the upper 8 bits of port F, and PFCRL selects the functions of the pins for

the lower 8 bits.

PFCRH and PFCRL areinitialized to H'0015 and H'5000, respectively, by a power-on reset
(excluding aWDT power-on reset), and in hardware standby mode. They are not initialized in
software standby mode or sleep mode.

Port F Control Register H (PFCRH)

Bit. 15 14 13 12 11 10 9 8
| CKHIZ |PF15MD  — |PF14MD| — |PF13MD| — |PF12MD|
Initial value: 0 0 0 0 0 0 0 0
RW: RMW  RW R RIW R RIW R RIW
Bit. 7 6 5 4 3 2 1 0
| — |pFuMD — |PFIOMD — | PFOMD| — | PFBMD|
Initial value: 0 0 0 1 0 1 0 1
RW: R RIW R RIW R RIW R RIW

« Bit 15—CKHIZ Bit: Selects the function of pin CK.

Bit: CKHIZ Description
0 CK pin output (Initial value)
1 CK pin Hi-Z

e Bit 14—PF15 Mode Bit (PF15MD): Selects the function of pin PF15/BREQ.

Description
Bit 14: PF15MD Expanded Mode Single-Chip Mode
0 General input/output (PF15) General input/output (PF15)
(Initial value) (Initial value)
1 Bus request input (BREQ) General input/output (PF15)
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e Bit 13—Reserved: Thisbit aways reads 0. The write value should always be 0.

e Bit 12—PF14 Mode Bit (PF14MD): Selects the function of pin PF14/BACK.

Description
Bit 12: PF14MD Expanded Mode Single-Chip Mode
0 General input/output (PF14) General input/output (PF14)
(Initial value) (Initial value)
1 Bus acknowledge output (BACK) General input/output (PF14)

Bit 11—Reserved: This bit always reads 0. The write value should always be 0.

Bit 10—PF13 Mode Bit (PF13MD): Selects the function of pin PF13/CS3.

Description
Bit 10: PF13MD Expanded Mode Single-Chip Mode
0 General input/output (PF13) General input/output (PF13)
(Initial value) (Initial value)
1 Chip select output (CS3) General input/output (PF13)

* Bit 9—Reserved: Thisbit always reads 0. The write value should always be 0.

+ Bit 8—PF12 Mode Bit (PF12MD): Selects the function of pin PF12/CS2.

Description
Bit 8: PF12MD Expanded Mode Single-Chip Mode
0 General input/output (PF12) General input/output (PF12)
(Initial value) (Initial value)
1 Chip select output (CS2) General input/output (PF12)

e Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 6—PF11 Mode Bit (PF11MD): Selects the function of pin PF11/CSI.

Description
Bit 6: PF11MD Expanded Mode Single-Chip Mode
0 General input/output (PF11) General input/output (PF11)
(Initial value) (Initial value)
1 Chip select output (CST) General input/output (PF11)
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« Bit 5—Reserved: This bit always reads 0. The write value should always be 0.

* Bit4—PF10 Mode Bit (PF10MD): Selects the function of pin PF10/CS0.

Description
Bit 4: PF10MD Expanded Mode Single-Chip Mode
0 General input/output (PF10) General input/output (PF10)
1 Chip select output (CS0) General input/output (PF10)
(Initial value) (Initial value)

* Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

+ Bit 2—PF9 Mode Bit (PFOMD): Selects the function of pin PF9/RD.

Description
Bit 2: PFOMD Expanded Mode Single-Chip Mode
0 General input/output (PF9) General input/output (PF9)
1 Read output (RD) General input/output (PF9)
(Initial value) (Initial value)

* Bit 1—Reserved: This bit always reads 0. The write value should always be 0.

e Bit 0—PF8 Mode Bit (PF8MD): Selects the function of pin PF8/WAIT.

Description
Bit 0: PF8MD Expanded Mode Single-Chip Mode
0 General input/output (PF8) General input/output (PF8)
1 Wait state input (WAIT) General input/output (PF8)
(Initial value) (Initial value)
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Port F Control Register L (PFCRL)

Bitt 15 14 13 12 11 10 9 8
| — | PF7MD| — | PF6MD|PFSMD1 PFSMDO| — | PFAMD|
Initial value: 0 1 0 1 0 0 0 0
RW: R RIW R RW  RW  RW R RIW
Bit. 7 6 5 4 3 2 1 0
| — | PFMD| — |PF2MD| — | PFIMD| — | PFOMD
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW RIW R RIW

» Bit 15—Reserved: Thisbit aways reads 0. The write value should always be 0.

e Bit 14—PF7 Mode Bit (PF7MD): Selects the function of pin PF7/WRH.

Description
Bit 14: PF7TMD Expanded Mode Single-Chip Mode
0 General input/output (PF7) General input/output (PF7)
1 Upper write (WRH) General input/output (PF7)
(Initial value) (Initial value)

e Bit 13—Reserved: Thisbit aways reads 0. The write value should always be 0.

e Bit 12—PF6 Mode Bit (PF6MD): Selects the function of pin PF6/WRL.

Description
Bit 12: PF6MD Expanded Mode Single-Chip Mode
0 General input/output (PF6) General input/output (PF6)
1 Lower write (WRL) General input/output (PF6)
(Initial value) (Initial value)
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e Bits 11 and 10—PF5 Mode Bits 1 and 0 (PF5M D1, PF5MDO): These bits select the function of
pin PF5/A21/POD.

Description
Bit 11: Bit 10: Expanded Mode Expanded Mode Single-Chip Mode
PF5MD1 PF5MDO with ROM Disabled with ROM Enabled
0 0 Address output (A21)  General input/output General input/output
(Initial value) (PF5) (Initial value) (PF5) (Initial value)
1 Address output (A21)  Address output (A21) General input/output
(PF5)
1 0 Address output (A21)  Port output disable input  Port output disable
(POD) input (POD)
1 Reserved (Do not set) Reserved (Do not set) Reserved (Do not set)

* Bit 9—Reserved: This bit aways reads 0. The write value should always be 0.

» Bit 8—PF4 Mode Bit (PF4AMD): Selects the function of pin PF4/A20.

Description
Bit 8: Expanded Mode Expanded Mode
PFAMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A20)  General input/output (PF4) General input/output (PF4)
(Initial value) (Initial value) (Initial value)
1 Address output (A20)  Address output (A20) General input/output (PF4)

» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

» Bit 6—PF3 Mode Bit (PF3MD): Selects the function of pin PF3/A19.

Description
Bit 6: Expanded Mode Expanded Mode
PF3MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A19)  General input/output (PF3) General input/output (PF3)
(Initial value) (Initial value) (Initial value)
1 Address output (A19)  Address output (A19) General input/output (PF3)
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e Bit 5—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit4—PF2 Mode Bit (PF2MD): Selects the function of pin PF2/A18.

Description
Bit 4: Expanded Mode Expanded Mode
PF2MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A18)  General input/output (PF2) General input/output (PF2)
(Initial value) (Initial value) (Initial value)
1 Address output (A18)  Address output (A18) General input/output (PF2)

* Bit 3—Reserved: Thisbit always reads 0. The write value should always be 0.

¢ Bit 2—PF1 Mode Bit (PF1IMD): Selects the function of pin PFL/A17.

Description
Bit 2: Expanded Mode Expanded Mode
PF1MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A17)  General input/output (PF1) General input/output (PF1)
(Initial value) (Initial value) (Initial value)
1 Address output (A17)  Address output (A17) General input/output (PF1)

Bit 1—Reserved: This bit always reads 0. The write value should always be 0.

Bit 0—PF0 Mode Bit (PFOMD): Selects the function of pin PFO/A16.

Description
Bit O: Expanded Mode Expanded Mode
PFOMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Address output (A16)  General input/output (PFO) General input/output (PFO0)
(Initial value) (Initial value) (Initial value)
1 Address output (A16)  Address output (A16) General input/output (PFO)
680

HITACHI



20.3.14 Port G |0 Register (PGIOR)

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
RIW: R R R
Bitt 7 6 5 4 3 2 1 0
\ — \ —_ \ — \ — \ PG3IOR‘ PGZIOR‘ PGlIOR‘ PGOIOR‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R R RW RW RW  RMW

The port G 10 register (PGIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 4 pinsin port G. Bits PG3IOR to PGOIOR correspond to pins
PG3/TIRQ3/ADTRGO to PGO/PUL S7/HRXxDO/HRxD1.

When port G pins function as PG3 to PGO, a pin becomes an output when the corresponding bit in
PGIOR is set to 1, and an input when the bit is cleared to 0.

PGIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.15 Port G Control Register (PGCR)

The port G control register (PGCR) is a 16-hit readabl e/writable register that selects the functions
of the 4 multiplex pinsin port G.

PGCR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Bitt 15 14 13 12 11 10 9 8
-l -1 -71T-7T-=-7T-=-T=-17=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit 7 6 5 4 3 2 1 0
‘PGSMDl‘PG3MDO‘PGZMD1‘PGZMDO‘ — \ PGlMD‘PGOMDl‘PGOMDO‘
Initial value: 0 0 0 0 0 0 0 0
RW: RW RW RW  RMW R RW RW  RW

e Bits 15 to 8—Reserved: These bits always read 0. The write value should always be 0.

e Bits7 and 6—PG3 Mode Bits 1 and 0 (PG3MD1, PG3MDO): These bits select the function of
pin PG3/IRQ3/ADTRGO.

Bit 7: PG3MD1 Bit 6: PG3MDO Description

0 0 General input/output (PG3) (Initial value)
1 Interrupt request input (IRQ3)

1 0 A/D conversion trigger input (ADTRGO)
1 Reserved (Do not set)

e Bits5and 4—PG2 Mode Bits 1 and 0 (PG2MD1, PG2MDO0): These bits select the function of
pin PG2/IRQ2/ADEND.

Bit 5: PG2MD1 Bit 4: PG2MDO Description

0 0 General input/output (PG2) (Initial value)
1 Interrupt request input (IRQ2)

1 0 A/D conversion end output (ADEND)
1 Reserved (Do not set)
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« Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 2—PG1 Mode Bit (PG1MD): Selects the function of pin PGL/IRQI.

Bit 2: PG1MD Description
0 General input/output (PG1) (Initial value)
1 Interrupt request input (IRQ1)

e Bits1and 0—PGO0 Mode Bits 1 and 0 (PGOMD1, PG2MDO0): These bits select the function of
pin PGO/PUL S7/HRXDO/HRxD1.

Bit 1: PGOMD1 Bit 0: PGOMDO Description

0 0 General input/output (PGO0) (Initial value)
1 APC pulse output (PULS7)

1 0 HCAN receive data input (HRxDO)
1 HCAN receive data input (HRxD1)
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20.3.16 Port H 10 Register (PHIOR)

Bit: 15 14 13 12 11 10 9 8
PH15 PH14 PH13 PH12 PH11 PH10 PH9 PH8
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port H 10 register (PHIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 16 pinsin port H. Bits PH15I0OR to PHOIOR correspond to pins PH15/D15 to
PHO/DO. PHIOR is enabled when port H pins function as general input/output pins (PH15 to

PHO), and disabled otherwise.

When port H pins function as PH15 to PHO, a pin becomes an output when the corresponding bit
in PHIOR is set to 1, and an input when the bit is cleared to 0.

PHIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.17 Port H Control Register (PHCR)

Bit: 15 14 13 12 11 10 9 8
PH15 PH14 PH13 PH12 PH11 PH10 PH9 PH8
MD MD MD MD MD MD MD MD

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO
MD MD MD MD MD MD MD MD

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port H control register (PHCR) is a 16-bit readable/writable register that sel ects the functions
of the 16 multiplex pinsin port H. PHCR settings are not valid in al operating modes.

1. Expanded mode with on-chip ROM disabled (area 0: 8-bit bus)

Port H pins DO to D7 function as data input/output pins, and PHCR settings are invalid.
2. Expanded mode with on-chip ROM disabled (area 0: 16-bit bus)

Port H pins function as data input/output pins, and PHCR settings are invalid.
3. Expanded mode with on-chip ROM enabled

Port H pins are multiplexed as data input/output pins and general input/output pins. PHCR

settings are valid.
4. Single-chip mode

Port H pins function as general input/output pins, and PHCR settings are invalid.

PHCR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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e Bit 15—PH15 Mode Bit (PH15MD): Selects the function of pin PH15/D15.

Description
Expanded Mode Expanded Mode
Bit 15: with ROM Disabled with ROM Disabled Expanded Mode
PH15MD AreaO: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH15) (D15) (PH15) (PH15)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D15) (D15) (D15) (PH15)

e Bit 14—PH14 Mode Bit (PH14MD): Selects the function of pin PH14/D14.

Description
Expanded Mode Expanded Mode
Bit 14: with ROM Disabled with ROM Disabled Expanded Mode
PH14MD Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH14) (D14) (PH14) (PH14)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D14) (D14) (D14) (PH14)

¢ Bit 13—PH13 Mode Bit (PH13MD): Selects the function of pin PH13/D13.

Description
Expanded Mode Expanded Mode
Bit 13: with ROM Disabled with ROM Disabled Expanded Mode
PH13MD AreaO: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH13) (D13) (PH13) (PH13)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D13) (D13) (D13) (PH13)
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e Bit 12—PH12 Mode Bit (PH12MD): Selects the function of pin PH12/D12.

Description

Expanded Mode Expanded Mode
Bit 12: with ROM Disabled with ROM Disabled Expanded Mode

PH12MD Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH12) (D12) (PH12) (PH12)

(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D12) (D12) (D12) (PH12)

e Bit 11—PH11 Mode Bit (PH11MD): Selects the function of pin PH11/D11.

Description
Expanded Mode Expanded Mode
Bit 11: with ROM Disabled with ROM Disabled Expanded Mode
PH11MD Area0: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH11) (D11) (PH11) (PH11)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D11) (D11) (D11) (PH11)

e Bit 10—PH10 Mode Bit (PH10MD): Selects the function of pin PH10/D10.

Description
Expanded Mode Expanded Mode
Bit 10: with ROM Disabled with ROM Disabled Expanded Mode
PH10MD Area O: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH10) (D10) (PH10) (PH10)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D10) (D10) (D10) (PH10)
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e Bit 9—PH9 Mode Bit (PHOMD): Selects the function of pin PH9/D9.

Description
Expanded Mode Expanded Mode
Bit 9: with ROM Disabled with ROM Disabled Expanded Mode
PHOMD Area 0: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH9) (D9) (PH9) (PH9)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D9) (D9) (D9) (PH9)

« Bit 8—PH8 Mode Bit (PH8MD): Selects the function of pin PH8/D8.

Description
Expanded Mode Expanded Mode
Bit 8: with ROM Disabled with ROM Disabled Expanded Mode
PH8MD Area 0: 8 Bits Area 0: 16 Bits with ROM Enabled Single-Chip Mode
0 General input/output Data input/output General input/output General input/output
(PH8) (D8) (PH8) (PH8)
(Initial value) (Initial value) (Initial value) (Initial value)
1 Data input/output Data input/output Data input/output General input/output
(D8) (D8) (D8) (PH8)

e Bit 7—PH7 Mode Bit (PH7MD): Selects the function of pin PH7/D7.

Description
Bit 7: Expanded Mode Expanded Mode
PH7MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D7) General input/output (PH7)  General input/output (PH7)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D7) Data input/output (D7) General input/output (PH7)
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« Bit 6—PH6 Mode Bit (PH6MD): Selects the function of pin PH6/D6.

Description
Bit 6: Expanded Mode Expanded Mode
PH6MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D6) General input/output (PH6)  General input/output (PH6)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D6) Data input/output (D6) General input/output (PH6)

* Bit 5—PH5 Mode Bit (PH5MD): Selects the function of pin PH5/D5.

Description
Bit 5: Expanded Mode Expanded Mode
PH5MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D5) General input/output (PH5)  General input/output (PH5)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D5) Data input/output (D5) General input/output (PH5)

* Bit 4—PH4 Mode Bit (PH4MD): Selects the function of pin PH4/DA4.

Description
Bit 4: Expanded Mode Expanded Mode
PH4MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D4) General input/output (PH4)  General input/output (PH4)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D4) Data input/output (D4) General input/output (PH4)

« Bit 3—PH3 Mode Bit (PH3MD): Selects the function of pin PH3/D3.

Description
Bit 3: Expanded Mode Expanded Mode
PH3MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D3)  General input/output (PH3)  General input/output (PH3)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D3) Data input/output (D3) General input/output (PH3)
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e Bit 2—PH2 Mode Bit (PH2MD): Selects the function of pin PH2/D2.

Description
Bit 2: Expanded Mode Expanded Mode
PH2MD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D2) General input/output (PH2)  General input/output (PH2)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D2) Data input/output (D2) General input/output (PH2)

¢ Bit 1—PH1 Mode Bit (PH1MD): Selects the function of pin PH1/D1.

Description
Bit 1: Expanded Mode Expanded Mode
PH1IMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (D1) General input/output (PH1)  General input/output (PH1)
(Initial value) (Initial value) (Initial value)
1 Data input/output (D1) Data input/output (D1) General input/output (PH1)

* Bit 0—PHO Mode Bit (PHOMD): Selects the function of pin PHO/DO.

Description
Bit O: Expanded Mode Expanded Mode
PHOMD with ROM Disabled with ROM Enabled Single-Chip Mode
0 Data input/output (DO) General input/output (PHO)  General input/output (PHO)
(Initial value) (Initial value) (Initial value)
1 Data input/output (DO) Data input/output (DO) General input/output (PHO)
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20.3.18 Port J 10 Register (PJIOR)

Bit: 15 14 13 12 11 10 9 8
PJ15 PJ14 PJ13 PJ12 PJ11 PJ10 PJ9 PJ8
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
IOR IOR IOR IOR IOR IOR IOR IOR

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port J10 register (PIIOR) is a 16-bit readable/writable register that selects the input/output

direction of the 16 pinsin port J. Bits PJ15I0OR to PJOIOR correspond to pins PJ15/TI9F to

PJO/TIO2A. PJIOR is enabled when port J pins function as general input/output pins (PJ15 to PJO)
or ATU-II input/output pins, and disabled otherwise.

When port J pins function as PJ15 to PJO or ATU-II input/output pins, a pin becomes an output

when the corresponding bit in PJIOR is set to 1, and an input when the bit is cleared to O.

PJOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.19 Port J Control RegistersH and L (PJCRH, PJCRL)

Port J control registers H and L (PJCRH, PJCRL) are 16-bit readable/writable registers that select
the functions of the 16 multiplex pinsin port J. PJCRH selects the functions of the pinsfor the
upper 8 bits of port J, and PJICRL selects the functions of the pins for the lower 8 bits.

PJCRH and PJCRL are initialized to H'0000 by a power-on reset (excluding aWDT power-on
reset), and in hardware standby mode. They are not initialized in software standby mode or sleep
mode.

Port J Control Register H (PJCRH)

Bitt 15 14 13 12 11 10 9 8
| — |pusmp| — |Piiamp| — |PJI3MD| — |PJ12MD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW
Bitt 7 6 5 4 3 2 1 0
| — |paamp, — PitoMD| — |PJOMD| — | PJSMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW

e Bit 15—Reserved: Thisbit aways reads 0. The write value should always be 0.

e Bit 14—PJ15 Mode Bit (PJ15MD): Selects the function of pin PJ15/TI9F.

Bit 14: PJ15MD Description
0 General input/output (PJ15) (Initial value)
1 ATU-II event counter input (TI9F)

« Bit 13—Reserved: Thisbit aways reads 0. The write value should always be 0.

e Bit 12—PJ14 Mode Bit (PJ14MD): Selects the function of pin PJ14/TI9E.

Bit 12: PJ14MD Description

0 General input/output (PJ14) (Initial value)
1 ATU-Il event counter input (TI9E)
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e Bit 11—Reserved: Thisbit awaysreads 0. The write value should always be 0.

e Bit 10—PJ13 Mode Bit (PJ13MD): Selects the function of pin PJ13/TI9D.

Bit 10: PJ13MD Description
0 General input/output (PJ13) (Initial value)
1 ATU-II event counter input (TI9D)
* Bit 9—Reserved: This bit aways reads 0. The write value should always be 0.
e Bit 8—PJ12 Mode Bit (PJ12MD): Selects the function of pin PJ12/TI9C.
Bit 8: PJ12MD Description
0 General input/output (PJ12) (Initial value)
1 ATU-II event counter input (TI9C)
» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.
» Bit 6—PJ11 Mode Bit (PI11MD): Selects the function of pin PI11/TI9B.
Bit 6: PJ11MD Description
0 General input/output (PJ11) (Initial value)
1 ATU-II event counter input (TI9B)
» Bit 5—Reserved: This bit always reads 0. The write value should always be 0.
* Bit 4—PJ10 Mode Bit (PJ10MD): Selects the function of pin PJLO/TI9A.
Bit 4: PJ10MD Description
0 General input/output (PJ10) (Initial value)
1 ATU-II event counter input (TI9A)
* Bit 3—Reserved: This bit always reads 0. The write value should always be 0.
» Bit 2—PJ9 Mode Bit (PJOMD): Selects the function of pin PJ9/TIO5D.
Bit 2: PJOMD Description
0 General input/output (PJ9) (Initial value)
1 ATU-Il input capture input/output compare output (TIO5D)
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e Bit 1—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit 0—PJ8 Mode Bit (PIBMD): Selects the function of pin PJ8/TIO5C.

Bit 0: PJ8MD Description
0 General input/output (PJ8) (Initial value)
1 ATU-Il input capture input/output compare output (TIO5C)

Port J Control Register L (PJCRL)

Bitt 15 14 13 12 11 10 9 8
| — |Pwmp| — |PwMD| — |P3SMD| — | PJMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW
Bit. 7 6 5 4 3 2 1 0
| — |PmmD| — |Pi2wD| — |PUMMD| — | PJOMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW

* Bit 15—Reserved: This bit always reads 0. The write value should always be 0.

e Bit 14—PJ7 Mode Bit (PJ7TMD): Selects the function of pin PJ7/TIO2H.

Bit 14: PJ7MD Description
0 General input/output (PJ7) (Initial value)
1 ATU-Il input capture input/output compare output (TIO2H)

* Bit 13—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 12—PJ6 Mode Bit (PJ6BMD): Selects the function of pin PI6/TIO2G.

Bit 12: PJ6MD Description

0 General input/output (PJ6) (Initial value)
1 ATU-Il input capture input/output compare output (TIO2G)
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e Bit 11—Reserved: Thisbit awaysreads 0. The write value should always be 0.

e Bit 10—PJ5 Mode Bit (PJI5MD): Selects the function of pin PJ5/TIO2F.

Bit 10: PIJ5MD Description
0 General input/output (PJ5) (Initial value)
1 ATU-Il input capture input/output compare output (TIO2F)

e Bit 9—Reserved: This bit always reads 0. The write value should always be 0.

e Bit 8—PJ Mode Bit (PJAMD): Selects the function of pin PJ4/TIOZE.

Bit 8: PJ4AMD Description
0 General input/output (PJ4) (Initial value)
1 ATU-Il input capture input/output compare output (TIO2E)

» Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

» Bit 6—PJ3 Mode Bit (PJ3MD): Selects the function of pin PJ3/TIO2D.

Bit 6: PI3MD Description
0 General input/output (PJ3) (Initial value)
1 ATU-II input capture input/output compare output (TIO2D)

» Bit 5—Reserved: This bit always reads 0. The write value should always be 0.

* Bit4—PJ2 Mode Bit (PJ2MD): Selects the function of pin PJ2/TIO2C.

Bit 4: PI2MD Description
0 General input/output (PJ2) (Initial value)
1 ATU-Il input capture input/output compare output (TIO2C)

* Bit 3—Reserved: This bit always reads 0. The write value should always be 0.

» Bit 2—PJ1 Mode Bit (PJIMD): Selects the function of pin PJU/TIO2B.

Bit 2: PJ1MD Description
0 General input/output (PJ1) (Initial value)
1 ATU-Il input capture input/output compare output (TIO2B)
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e Bit 1—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit 0—PJ0 Mode Bit (PJOMD): Selects the function of pin PIO/TIO2A.

Bit 0: PJOMD Description
0 General input/output (PJO) (Initial value)
1 ATU-Il input capture input/output compare output (TIO2A)
20.3.20 Port K 10 Register (PKIOR)
Bit: 15 14 13 12 11 10 9 8
PK15 PK14 PK13 PK12 PK11 PK10 PK9 PK8
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port K 10 register (PKIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 16 pinsin port K. Bits PK15I0R to PKOIOR correspond to pins PK15/TO8P to
PKO/TOBA. PKIOR is enabled when port K pins function as general input/output pins (PK15 to

PK0), and disabled otherwise.

When port K pins function as PK15 to PKO, a pin becomes an output when the corresponding bit

in PKIOR is set to 1, and an input when the bit is cleared to 0.

PKIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.21 Port K Control RegistersH and L (PKCRH, PKCRL)

Port K control registers H and L (PKCRH, PKCRL) are 16-hit readabl e/writable registers that
select the functions of the 16 multiplex pinsin port K. PKCRH selects the functions of the pins for
the upper 8 bits of port K, and PKCRL selects the functions of the pins for the lower 8 bits.

PKCRH and PKCRL areinitialized to H'0000 by a power-on reset (excluding aWDT power-on
reset), and in hardware standby mode. They are not initialized in software standby mode or sleep
mode.

Port K Control Register H (PKCRH)

Bit: 15 14 13 12 11 10 9 8
— PK15 — PK14 — PK13 — PK12
MD MD MD MD
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/W R R/W R R/W R R/W
Bit: 7 6 5 4 3 2 1 0
— PK11 — PK10 — PK9 — PK8
MD MD MD MD
Initial value: 0 0 0 0 0 0 0 0
R/W: R R/W R R/W R R/W R R/W

* Bit 15—Reserved: This bit always reads 0. The write value should always be 0.
* Bit 14—PK15 Mode Bit (PK15MD): Selects the function of pin PK15/TO8P.

Bit 14: PK15MD Description
0 General input/output (PK15) (Initial value)

1 ATU-II one-shot pulse output (TO8P)

* Bit 13—Reserved: This hit always reads 0. The write value should always be 0.
* Bit 12—PK14 Mode Bit (PK14MD): Selects the function of pin PK14/TO80.

Bit 12: PK14MD Description
0 General input/output (PK14) (Initial value)

1 ATU-II one-shot pulse output (TO80)

e Bit 11—Reserved: Thisbit aways reads 0. The write value should always be 0.
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e Bit 10—PK13 Mode Bit (PK13MD): Selects the function of pin PK13/TO8N.

Bit 10: PK13MD Description

0 General input/output (PK13) (Initial value)
1 ATU-Il one-shot pulse output (TO8N)

* Bit 9—Reserved: Thisbit always reads 0. The write value should always be 0.

« Bit 8—PK12 Mode Bit (PK12MD): Selects the function of pin PK 12/TO8M.

Bit 8: PK12MD Description

0 General input/output (PK12) (Initial value)
1 ATU-II one-shot pulse output (TO8M)

* Bit 7—Reserved: Thisbit always reads 0. The write value should always be 0.

¢ Bit 6—PK11 Mode Bit (PK11MD): Selects the function of pin PK11/TO8L.

Bit 6: PK11MD Description

0 General input/output (PK11) (Initial value)
1 ATU-II one-shot pulse output (TO8L)

* Bit 5—Reserved: This bit aways reads 0. The write value should always be 0.

e Bit 4—PK10 Mode Bit (PK10MD): Selects the function of pin PK10/TO8K.

Bit 4: PK10MD Description

0 General input/output (PK10) (Initial value)
1 ATU-II one-shot pulse output (TO8K)

* Bit 3—Reserved: This bit aways reads 0. The write value should always be 0.

* Bit 2—PK9 Mode Bit (PKOMD): Selects the function of pin PK9/TO8J.

Bit 2: PKOMD Description

0 General input/output (PK9) (Initial value)
1 ATU-II one-shot pulse output (TO8J)

e Bit 1—Reserved: Thisbit always reads 0. The write value should always be 0.
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« Bit 0—PK8 Mode Bit (PK8MD): Selects the function of pin PK8/TO8I.

Bit 0: PK8MD Description
0 General input/output (PK8) (Initial value)
1 ATU-II one-shot pulse output (TO8I)

Port K Control Register L (PKCRL)

Bit. 15 14 13 12 11 10 9 8
| — |Pk7MD| — |PkeMD| — |PKSMD| — | PK4MD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW
Bit. 7 6 5 4 3 2 1 0
| — |PksvD| — |PkaMD| — |PKIMD| — | PKOMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW

* Bit 15—Reserved: This bhit always reads 0. The write value should always be 0.

* Bit 14—PK7 Mode Bit (PK7MD): Selects the function of pin PK7/TO8H.

Bit 14: PK7MD Description
0 General input/output (PK7) (Initial value)
1 ATU-II one-shot pulse output (TO8H)

» Bit 13—Reserved: Thisbit aways reads 0. The write value should always be 0.

* Bit 12—PK6 Mode Bit (PK6MD): Selects the function of pin PK6/TO8G.

Bit 12: PK6MD Description
0 General input/output (PK6) (Initial value)
1 ATU-II one-shot pulse output (TO8G)

e Bit 11—Reserved: Thisbit awaysreads 0. The write value should always be 0.
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e Bit 10—PK5 Mode Bit (PK5MD): Selects the function of pin PK5/TO8F.

Bit 10: PK5MD Description

0 General input/output (PK5) (Initial value)
1 ATU-Il one-shot pulse output (TO8F)

* Bit 9—Reserved: Thisbit always reads 0. The write value should always be 0.

« Bit 8—PK4 Mode Bit (PK4MD): Selects the function of pin PK4/TOSE.

Bit 8: PK4MD Description

0 General input/output (PK4) (Initial value)
1 ATU-II one-shot pulse output (TO8E)

* Bit 7—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit 6—PK3 Mode Bit (PK3MD): Selects the function of pin PK3/TO8D.

Bit 6: PK3MD Description

0 General input/output (PK3) (Initial value)
1 ATU-II one-shot pulse output (TO8D)

* Bit 5—Reserved: This bit aways reads 0. The write value should always be 0.

e Bit 4—PK2 Mode Bit (PK2MD): Selects the function of pin PK2/TO8C.

Bit 4: PK2MD Description

0 General input/output (PK2) (Initial value)
1 ATU-II one-shot pulse output (TO8C)

* Bit 3—Reserved: This bit aways reads 0. The write value should always be 0.

* Bit 2—PK1 Mode Bit (PK1MD): Selects the function of pin PK1/TO8B.

Bit 2: PK1IMD Description

0 General input/output (PK1) (Initial value)
1 ATU-II one-shot pulse output (TO8B)

e Bit 1—Reserved: Thisbit always reads 0. The write value should always be 0.
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« Bit 0—PKO0 Mode Bit (PKOMD): Selects the function of pin PKO/TO8A.

Bit 0: PKOMD Description
0 General input/output (PKO) (Initial value)
1 ATU-II one-shot pulse output (TO8A)

20.3.22 Port K Invert Register (PKIR)

Bit: 15 14 13 12 11 10 9 8
\ PK15IR \ PK14IR‘ PK13IR \ PK12IR‘ PKllIR‘ PK10IR \ PK9IIR \ PK8IR \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ PK7IR \ PKGIR‘ PK5IR \ PK4IR‘ PK3IR \ PK2IR \ PKlIR‘ PKOIR \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port K invert register (PKIR) is a 16-hit readable/writable register that sets the port K
inversion function. Bits PK15IR to PKOIR correspond to pins PK15/TO8P to PKO/TO8A. PKIR is
enabled when port K pins function as ATU-11 outputs, and disabled otherwise.

When port K pins function as ATU-1I outputs, the value of a pin isinverted when the
corresponding bitin PKIR isset to 1.

PKIR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

PKnIR Description

0 Value is not inverted (Initial value)
1 Value is inverted

n=15t0 0
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20.3.23 Port L 10 Register (PLIOR)

Bit: 15 14 13 12 11 10 9 8
— — PL13 PL12 PL11 PL10 PL9 PL8
IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO
IOR IOR IOR IOR IOR IOR IOR IOR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port L 10 register (PLIOR) is a 16-bit readable/writable register that selects the input/output
direction of the 14 pinsin port L. Bits PL13IOR to PLOIOR correspond to pins PL13/IRQOUT to
PLO/T110. PLIOR is enabled when port L pins function as general input/output pins (PL13 to
PLO), timer input/output pins (TIO11A, TIO11B), or seria clock pins (SCK2, SCK3, SCK4), and
disabled otherwise.

When port L pins function as PL13 to PLO, TIO11A and TIO11B, or SCK2, SCK3, and SCK4, a
pin becomes an output when the corresponding bit in PLIOR is set to 1, and an input when the hit
iscleared to 0.

PLIOR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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20.3.24 Port L Control RegistersH and L (PLCRH, PLCRL)

Port L control registersH and L (PLCRH, PLCRL) are 16-bit readable/writable registers that
select the functions of the 14 multiplex pinsin port L. PLCRH selects the functions of the pins for
the upper 6 bits of port L, and PLCRL selects the functions of the pins for the lower 8 bits.

PLCRH and PLCRL are initialized to H'0000 by a power-on reset (excluding aWDT power-on
reset), and in hardware standby mode. They are not initialized in software standby mode or sleep
mode.

Port L Control Register H (PLCRH)

Bit: 15 14 13 12 11 10 9 8
— — — — PL13 PL13 — PL12
MD1 MDO MD
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R/W R/W R R/W
Bit: 7 6 5 4 3 2 1 0
PL11 PL11 PL10 PL10 PL9 PL9 — PL8
MD1 MDO MD1 MDO MD1 MDO MD
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R R/W

» Bits 15 to 12—Reserved: These bits aways read 0. The write value should always be 0.

+ Bits11 and 10—PL 13 Mode Bits 1 and 0 (PL13MD1, PL13MDO): These bits select the
function of pin PL13/IRQOUT.

Bit 11: PL13MD1 Bit 10: PL13MDO Description

0 0 General input/output (PL13) (Initial value)
1 TRQOUT is fixed high (IRQOUT)
1 0 IRQOUT is output by INTC interrupt request
(IRQOUT)
1 Reserved (Do not set)
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e Bit 9—Reserved: Thisbit always reads 0. The write value should always be 0.

* Bit 8—PL12 Mode Bit (PL12MD): Selects the function of pin PL12/IRQ4.

Bit 8: PL12MD Description
0 General input/output (PL12) (Initial value)
1 Interrupt request input (IRQ4)

e Bits7and 6—PL11 Mode Bits 1 and 0 (PL11MD1, PL11MDO): These bits select the function
of pin PL11/HRXDO/HRxD1.

Bit 7: PL11MD1 Bit 6: PL11MDO Description
0 0 General input/output (PL11) (Initial value)
1 HCAN receive data input (HRxDO)
1 0 HCAN receive data input (HRxD1)
1 HCAN receive data input (both HRxDO and HRxD1
input)

e Bits5and 4—PL10 Mode Bits 1 and O (PL10MD21, PL10MDO): These bits select the function
of pin PL10/HTXDO/HTxD1.

Bit 5: PLIOMD1 Bit 4: PLIOMDO Description
0 0 General input/output (PL10) (Initial value)
1 HCAN transmit data output (HTxDO)
1 0 HCAN transmit data output (HTxD1)
1 HCAN transmit data output (AND of HTxDO and
HTxD1)

e Bits3and 2—PL9 Mode Bits 1 and 0 (PLOMD1, PLOMDO): These bits select the function of
pin PLY/SCK4/IRQS.

Bit 3: PLOMD1 Bit 2: PLOMDO Description

0 0 General input/output (PL9) (Initial value)
1 Serial clock input/output (SCK4)

1 0 Interrupt request input (IRQ5)
1 Reserved (Do not set)

704
HITACHI



« Bit 1—Reserved: This bit always reads 0. The write value should always be 0.

* Bit 0—PL8 Mode Bit (PL8MD): Selects the function of pin PL8/SCK3.

Bit 0: PL8MD Description
0 General input/output (PL8) (Initial value)
1 Serial clock input/output (SCK3)

Port L Control Register L (PLCRL)

Bitt 15 14 13 12 11 10 9 8
| — |PumMp| — |PeMD| — |PLSMD| — | PLAMD|
Initial value: 0 0 0 0 0 0 0 0
RW: R RIW R RIW R RIW R RIW
Bit. 7 6 5 4 3 2 1 0
| — | PL3MD | PL2VD1| PL2MDO| PLIMD1|PLIMDO| — | PLOMD |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW  RW R RIW

* Bit 15—Reserved: This hit always reads 0. The write value should always be 0.

e Bit 14—PL7 Mode Bit (PL7MD): Selects the function of pin PL7/SCK2.

Bit 14: PL7MD Description
0 General input/output (PL7) (Initial value)
1 Serial clock input/output (SCK2)

* Bit 13—Reserved: This hit always reads 0. The write value should always be 0.

* Bit 12—PL6 Mode Bit (PL6MD): Selectsthe function of pin PL6/ADEND.

Bit 12: PL6MD Description
0 General input/output (PL6) (Initial value)
1 A/D conversion end output (ADEND)
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e Bit 11—Reserved: Thisbit aways reads 0. The write value should always be 0.

* Bit 10—PL5 Mode Bit (PL5MD): Selects the function of pin PL5/ADTRGI.

Bit 10: PL5MD Description

0 General input/output (PL5) (Initial value)
1 A/D conversion trigger input (ADTRG1)

« Bit 9—Reserved: Thisbit always reads 0. The write value should always be 0.

e Bit 8—PL4 Mode Bit (PL4MD): Selects the function of pin PL4/ADTRGO.

Bit 8: PLAMD Description

0 General input/output (PL4) (Initial value)
1 A/D conversion trigger input (ADTRGO)

* Bit 7—Reserved: This bit always reads 0. The write value should always be 0.

e Bit 6—PL3 Mode Bit (PL3MD): Selects the function of pin PL3/TCLKB.

Bit 6: PL3MD Description

0 General input/output (PL3) (Initial value)
1 ATU-II clock input (TCLKB)

e Bits5and 4—PL2 Mode Bits 1 and 0 (PL2MD1, PL2MDO): These bits select the function of

pin PL2/TIO11B/IRQ7.

Bit 5: PL2MD1 Bit 4: PL2MDO Description
0 0 General input/output (PL2) (Initial value)
1 ATU-Il input capture input/output compare output
(TI011B)
1 0 Interrupt request input (IRQ7)

Reserved (Do not set)
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e Bits3and 2—PL1 Mode Bits 1 and 0 (PLIMD1, PL1MDO): These bits select the function of
pin PLYTIO11A/TRQ6.

Bit 3: PLIMD1 Bit 2: PLIMDO Description
0 0 General input/output (PL1) (Initial value)
1 ATU-II input capture input/output compare output
(TIO11A)
1 0 Interrupt request input (IRQ6)

Reserved (Do not set)

* Bit 1—Reserved: This bit always reads 0. The write value should always be 0.

» Bit 0—PL0 Mode Bit (PLOMD): Selects the function of pin PLO/TI10.

Bit 0: PLOMD Description
0 General input/output (PLO) (Initial value)
1 ATU-II edge input (T110)
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20.3.25 Port L Invert Register (PLIR)

Initial value:
R/W:

Initial value:
R/W:

Bit:

Bit:

15 14 13 12 11 10 9 8
- | - — — — — | PLOIR | PLBIR |
0 0 0 0 0 0 0 0

R R R R RW  RW
7 6 5 4 3 2 1 0
R N B e B
0 0 0 0 0 0 0 0
RIW R R R R

The port L invert register (PLIR) is a 16-bit readable/writable register that sets the port L inversion
function. Bits PLOIR to PL7IR correspond to pins PL9/SCK4/IRQ5 to PL7/SCK2. PLIR is

enabled when port L pins function as serial clock pins, and disabled otherwise.

When port L pins function as serial clock pins, the value of a pinisinverted when the
corresponding bitin PLIR isset to 1.

PLIR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

PLNIR Description

0 Value is not inverted (Initial value)
1 Value is inverted

n=9to7
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Section 21 1/O Ports (1/0)

211 Overview

The SH7055 has 11 ports: A, B, C, D, E, F, G, H, I, J, K and L, all supporting both input and
output.

PortsA B, E, F, H, Jand K are 16-hit ports, port C isa5-bit port, ports D and L are 14-bit ports,
and port G is a4-hit port.

All the port pins are multiplexed as general input/output pins and special function pins. The
functions of the multiplex pins are selected by means of the pin function controller (PFC). Each
port is provided with a data register for storing the pin data.
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21.2 Port A

Port A is an input/output port with the 16 pins shown in figure 21.1.

«——p PAI15 (I/0) /RxDO (input)
«——» PA14 (1/0) /TXDO (output)
<«——» PA13 (//0) /TIO5B (1/0)
«——» PA12 (I/O) ITIO5A (I/O)
<« PA11 (//0) /TIO4D (I/O)
<«——» PA10 (I/0) /TIOAC (1/0)
<«——p PA9 (I/0) /TIO4B (I/0)
<«——p PAB8 (I/0) /TIO4A (I/O)
<«——» PA7 (1/0) /TIO3D (1/0)
<«——p PAG (I/0) /TIO3C (1/0)
«——» PA5 (1/0) /TIO3B (I/0)
<«——» PA4 (I/0) /TIO3A (I/0)
<«——» PA3 (I/0) /TIOD (input)
«——p PA2 (1/0) [TIOC (input)
«—p PA1 (I/0) /TIOB (input)
<«——» PAO (I/0) /TIOA (input)

Port A

Figure21.1 Port A

21.21 Register Configuration
The port A register configuration is shown in table 21.1.

Table21.1 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size

Port A data register PADR R/W H'0000 H'FFFFF726 8, 16

Note: A register access is performed in four or five cycles regardless of the access size.
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21.22 Port A Data Register (PADR)

Bit: 15 14 13 12 11 10 9 8
PA15 PA14 PA13 PA12 PA11 PA10 PA9 PA8
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port A dataregister (PADR) is a 16-bit readable/writable register that stores port A data. Bits
PA15DR to PAODR correspond to pins PA15/RxDO0 to PAO/TIOA.

When a pin functions as a general output, if avalue iswritten to PADR, that valueis output

directly from the pin, and if PADR is read, the register value is returned directly regardless of the

pin state.

When a pin functions as a general input, if PADR isread the pin state, not the register value, is
returned directly. If avalue iswritten to PADR, although that value is written into PADR it does

not affect the pin state. Table 21.2 summarizes port A data register read/write operations.

PADR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Table21.2 Port A Data Register (PADR) Read/Write Operations

Bits 15 to O:

PAIOR Pin Function Read Write

0 General input Pin state Value is written to PADR, but does not affect pin

state

Other than Pin state Value is written to PADR, but does not affect pin
general input state

1 General output ~ PADR value  Write value is output from pin
Other than PADR value Value is written to PADR, but does not affect pin

general output

state

HITACHI
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21.3 Port B

Port B is an input/output port with the 16 pins shown in figure 21.2.

<«——p| PB15 (1/0) /PULSS5 (output) /SCK2 (I/O)
<«——p PB14 (1/0) /SCK1 (1/0) /TCLKB (input) /TI110 (input)
<«——p{ PB13 (1/0) /SCKO (1/O)

<4——p{ PB12 (1/0) /TCLKA (input) /JUBCTRG (output)
<¢— | PB11 (I/O) /RxD4 (input) /HRxDO (input) /TO8H (output)
<¢— | PB10 (I/O) /TxD4 (output) /HTXDO (output) /TO8G (output)
<¢— > PB9 (I/0O) /RxD3 (input) /TO8F (output)
<¢—— | PB8 (I/O) /TxD3 (output) /TO8E (output)
<— | PB7 (I/O) /TO7D (output) /TO8D (output)
<¢———— | PB6 (I/0O) /TO7C (output) /TO8C (output)
~¢————— | PB5 (I/0) /TO7B (output) /TO8B (output)
¢— > PB4 (I/0O) /TO7A (output) /TO8A (output)
<«——p| PB3 (I/0) /TO6D (output)

<¢— P PB2 (I/0O) /TO6C (output)

«¢— | PB1 (I/O) /TO6B (output)

<¢— | PBO (I/O) /TOB6A (output)

Port B

Figure21.2 Port B

21.31 Register Configuration
The port B register configuration is shown in table 21.3.

Table21.3 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size

Port B data register PBDR R/W H'0000 H'FFFFF738 8, 16

Note: A register access is performed in four or five cycles regardless of the access size.
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21.3.2 Port B Data Register (PBDR)

Bit: 15 14 13 12 11 10 9 8
PB15 PB14 PB13 PB12 PB11 PB10 PB9 PB8
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port B dataregister (PBDR) is a 16-bit readable/writable register that stores port B data. Bits
PB15DR to PBODR correspond to pins PB15/PUL S5/SCK 2 to PBO/TO6A.

When a pin functions as a general output, if avalueiswritten to PBDR, that value is output
directly from the pin, and if PBDR isread, the register value is returned directly regardless of the
pin state.

When a pin functions as ageneral input, if PBDR is read the pin state, not the register value, is
returned directly. If avalue iswritten to PBDR, although that value is written into PBDR it does
not affect the pin state. Table 21.4 summarizes port B data register read/write operations.

PBDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Table21.4 Port B Data Register (PBDR) Read/Write Operations

Bits 15to O:

PBIOR Pin Function Read Write

0 General input Pin state Value is written to PBDR, but does not affect pin

state

Other than Pin state Value is written to PBDR, but does not affect pin
general input state

1 General output  PBDR value  Write value is output from pin
Other than PBDR value Value is written to PBDR, but does not affect pin
general output state
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21.4 Port C

Port C is an input/output port with the 5 pins shown in figure 21.3.

<4——p PC4 (1/0) IRQO (input)
4— | PC3 (I/0) /RxD2 (input)
Port C «¢——— | PC2 (I/O) /TxD2 (output)
<¢— | PC1 (I/0) /RxD1 (input)
<¢—— | PCO (I/0) /TxD1 (output)

Figure21.3 Port C

21.4.1 Register Configuration
The port C register configuration is shown in table 21.5.
Table21.5 Register Configuration

Name Abbreviation R/W Initial Value Address Access Size

Port C data register PCDR R/W H'0000 H'FFFFF73E 8, 16

Note: A register access is performed in four or five cycles regardless of the access size.

21.4.2 Port C Data Register (PCDR)

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W:

Bit: 7 6 5 4 3 2 1 0
— — — PC4 PC3 PC2 PC1 PCO
DR DR DR DR DR

Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R/W R/W R/W R/W R/W

The port C dataregister (PCDR) is a 16-bit readable/writable register that stores port C data. Bits
PC4DR to PCODR correspond to pins PC4/IRQO to PCO/TxD1.
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When apin functions as a general output, if avalueiswritten to PCDR, that value is output
directly from the pin, and if PCDR isread, the register value is returned directly regardless of the
pin state.

When apin functions as ageneral input, if PCDR isread the pin state, not the register value, is
returned directly. If avalueiswritten to PCDR, athough that value is written into PCDR it does
not affect the pin state. Table 21.6 summarizes port C data register read/write operations.

PCDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

» Bits 15 to 5—Reserved: These bits alwaysread 0. The write value should aways be 0.

Table21.6 Port C Data Register (PCDR) Read/Write Operations

Bits 4 to O:

PCIOR Pin Function Read Write

0 General input Pin state Value is written to PCDR, but does not affect pin

state

Other than Pin state Value is written to PCDR, but does not affect pin
general input state

1 General output  PCDR value  Write value is output from pin
Other than PCDR value  Value is written to PCDR, but does not affect pin
general output state
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215 Port D

Port D is an input/output port with the 14 pins shown in figure 21.4.

<¢— | PD13 (I/O) /PULS6 (output) / HTxDO (output) /HTxD1 (output)
<¢——— > PD12 (1/O) /PULS4 (output)
<«——p PD11 (I/O) /PULS3 (output)
«¢— | PD10 (I/O) /PULS2 (output)
<¢— | PD9 (I/O) /PULS1 (output)
<——p{ PD8 (I/0) /PULSO (output)
<¢————— | PD7 (I/O) /TIO1H (I/O)
<«——p| PD6 (1/0) /TIO1G (I/0)
<«——p PD5 (I/0) /TIOLF (I/O)
<¢————— | PD4 (I/O) /TIOLE (I/O)
<«——»{ PD3 (I/0) /TIO1D (I/O)
¢— | PD2 (I/O) /TIO1C (I/O)
<«——p| PD1 (1/0) /TIO1B (I/O)
<«——p{ PDO (I/0) /TIO1A (I/O)

Port D

Figure21.4 Port D

21.5.1 Register Configuration
The port D register configuration is shown in table 21.7.

Table21.7 Register Configuration

Name Abbreviation R/W Initial Value  Address Access Size

Port D data register PDDR R/W H'0000 H'FFFFF746 8, 16

Note: A register access is performed in four or five cycles regardless of the access size.
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2152 Port D Data Register (PDDR)

Bit: 15 14 13 12 11 10 9 8
— — PD13 PD12 PD11 PD10 PD9 PD8
DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port D dataregister (PDDR) is a 16-bit readable/writable register that stores port D data. Bits
PD13DR to PDODR correspond to pins PD13/PUL S6/HTxDO/HTxD1 to PDO/TIO1A.

When a pin functions as a general output, if avalue iswritten to PDDR, that valueis output

directly from the pin, and if PDDR is read, the register value is returned directly regardless of the

pin state.

When a pin functions as a general input, if PDDR is read the pin state, not the register value, is
returned directly. If avalue iswritten to PDDR, although that value iswritten into PDDR it does

not affect the pin state. Table 21.8 summarizes port D data register read/write operations.

PDDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

« Bits 15 and 14— Reserved: These bits always read 0. The write value should aways be 0.

Table21.8 Port D Data Register (PDDR) Read/Write Operations

Bits 13 to O:

PDIOR Pin Function Read Write

0 General input Pin state Value is written to PDDR, but does not affect pin

state

Other than Pin state Value is written to PDDR, but does not affect pin
general input state

1 General output  PDDR value  Write value is output from pin
Other than PDDR value  Value is written to PDDR, but does not affect pin

general output

state

HITACHI
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21.6 Port E

Port E is an input/output port with the 16 pins shown in figure 21.5.

ROM disabled ROM enabled Single-
expansion mode expansion mode chip mode

<¢— | Al5 (output) PE15 (1/0O) /A15 (output) PE15 (1/0O)
«——p Al4 (output) PE14 (I/O) /A14 (output) | PE14 (I/O)
<¢— | Al3 (output) PE13 (1/0) /A13 (output) PE13 (1/0O)
¢— | A12 (output) PE12 (1/0) /A12 (output) PE12 (1/O)
<¢— | All (output) PE11 (1/O) /A11 (output) PE11 (1/O)
<¢— | A10 (output) PE10 (1/0) /A10 (output) PE10 (1/O)

— | A9 (output) PEQ (1/O) /A9 (output) PE9 (1/O)
Port E <—— P A8 (output) PES (1/0O) /A8 (output) PES8 (1/0)
<¢— »| A7 (output) PE7 (1/0) /A7 (output) PE7 (1/0)
<¢———— | A6 (output) PE®6 (1/0) /A6 (output) PES6 (1/0)
<«——p| A5 (output) PES5 (I/0) /A5 (output) PES5 (1/0)
<¢— | A4 (output) PE4 (1/0) /A4 (output) PE4 (1/0)
<— | A3 (output) PE3 (I/0) /A3 (output) PES3 (1/0)
¢— | A2 (output) PE2 (1/O) /A2 (output) PE2 (1/O)
«¢— | Al (output) PE1 (I/0) /Al (output) PE1 (1/O)
4— | A0 (output) PEO (1/O) /A0 (output) PEO (1/O)

Figure21.5 Port E

21.6.1 Register Configuration
The port E register configuration is shown in table 21.9.

Table21.9 Register Configuration

Name Abbreviation R/W Initial Value  Address Access Size

Port E data register PEDR R/W H'0000 H'FFFFF754 8, 16

Note: A register access is performed in four or five cycles regardless of the access size.
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21.6.2 Port E Data Register (PEDR)

Bit: 15 14 13 12 11 10 9 8
PE15 PE14 PE13 PE12 PE11 PE10 PE9 PE8
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port E dataregister (PEDR) is a 16-bit readable/writable register that stores port E data. Bits
PE15DR to PEODR correspond to pins PE15/A 15 to PEO/AO.

When a pin functions as a general output, if avalueiswritten to PEDR, that value is output
directly from the pin, and if PEDR isread, the register value is returned directly regardless of the
pin state. When the POD pin is driven low, general outputs go to the high-impedance state

regardless of the PEDR value. When the POD pinisdriven high, the written value is output from
the pin.

When apin functions as a general input, if PEDR is read the pin state, not the register value, is
returned directly. If avalueiswritten to PEDR, although that value is written into PEDR it does
not affect the pin state. Table 21.10 summarizes port E data register read/write operations.

PEDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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Table 21.10 Port E Data Register (PEDR) Read/Write Operations

Bits 15 to O:
PEIOR Pin Function Read Write
0 General input Pin state Value is written to PEDR, but does not affect pin
state
Other than Pin state Value is written to PEDR, but does not affect pin
general input state
1 General output  PEDRvalue  Write value is output from pin (POD pin = high)
High impedance regardless of PEDR value (POD
pin = low)
Other than PEDR value  Value is written to PEDR, but does not affect pin

general output

state
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21.7 Port F

Port F is an input/output port with the 16 pins shown in figure 21.6.

ROM disabled ROM enabled Single-
expansion mode expansion mode chip mode
€« p| PF15(1/O) BREQ (input) PF15 (1/O)
«— p| PF14(1/0) BACK (output) PF14 (1/0)
« p| PF13(I/O) CS3 (output) PF13 (I/0)
«——p| PF12(I/O) CS2 (output) PF12 (1/O)
«— | PF11(I/O) CS1 (output) PF11 (/O)
«——p| PF10 (I/O) CSO0 (output) PF10 (I/0)
<« p| PF9(I/O) RD (output) PF9 (I/0)
«— p| PF8(I/O) WAIT (input) PF8 (1/0)
POtk | Bl PF7(10) WRH (output) PF7 (I/0)
€« p| PF6(1/0) WRL (output) PF6 (1/0)
<« p| A21 (output) PF5 (1/0) /A21 (output) / | PF5 (1/0) /
POD (input) POD (input)

— | A20 (output) PF4 (1/0O) /A20 (output) PF4 (1/0)
<— | Al9 (output) PF3 (1/O) /A19 (output) PF3 (1/0)
¢— P Al8 (output) PF2 (1/0O) /A18 (output) PF2 (1/0)
«——p{ A17 (output) PF1 (1/0) /A17 (output) PF1 (I/0)
¢— | Al6 (output) PFO (1/0O) /A16 (output) PFO (I/0)

Figure21.6 Port F

21.7.1 Register Configuration
The port F register configuration is shown in table 21.11.

Table21.11 Register Configuration

Name Abbreviation R/W Initial Value  Address Access Size
Port F data register PFDR R/W H'0000 H'FFFFF74E 8, 16

Note: A register access is performed in four or five cycles regardless of the access size.
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21.7.2 Port F Data Register (PFDR)

Bit: 15 14 13 12 11 10 9 8
PF15 | PF14 | PF13 | PF12 | PF1l1 | PF10 | PF9 PF8
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port F dataregister (PFDR) is a 16-bit readable/writable register that stores port F data. Bits
PF15DR to PFODR correspond to pins PF15/BREQ to PFO/A16.

When a pin functions as a general output, if avalueiswritten to PFDR, that value is output
directly from the pin, and if PFDR is read, the register valueis returned directly regardless of the
pin state. For pins PFO to PF4, when the POD pin is driven low, general outputs go to the high-
impedance state regardless of the PFDR value. When the POD pin is driven high, the written value
is output from the pin.

When apin functions as ageneral input, if PFDR isread the pin state, not the register value, is
returned directly. If avalueiswritten to PFDR, although that value is written into PFDR it does
not affect the pin state. Table 21.12 summarizes port F data register read/write operations.

PFDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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Table21.12 Port F Data Register (PFDR) Read/Write Operations

Bits 15to 5:
PFIOR Pin Function Read Write
0 General input Pin state Value is written to PFDR, but does not affect pin
state
Other than Pin state Value is written to PFDR, but does not affect pin
general input state
1 General output  PFDR value  Write value is output from pin
Other than PFDR value Value is written to PFDR, but does not affect pin
general output state
Bits 4-0:
PFIOR Pin Function Read Write
0 General input Pin state Value is written to PFDR, but does not affect pin
state
Other than Pin state Value is written to PFDR, but does not affect pin
general input state
1 General output  PFDRvalue  Write value is output from pin (POD pin = high)
High impedance regardless of PFDR value (POD
pin = low)
Other than PFDR value  Value is written to PFDR, but does not affect pin

general output

State
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21.8 Port G

Port G is an input/output port with the 4 pins shown in figure 21.7.

<— | PG3 (I/0) /IRQ3 (input) /ADTRGO (input)
<—— | PG2 (1/0) /IRQ2 (input) /ADEND (output)
<— | PG1 (1/0) /IRQT (input)

<¢— | PGO (1/0) /PULS7 (output) /HRXDO (input) /HRxD1 (input)

Port G

Figure21.7 Port G

21.81 Register Configuration
The port G register configuration is shown in table 21.13.

Table 21.13 Register Configuration

Name Abbreviation R/W Initial Value  Address Access Size

Port G data register PGDR R/W H'0000 H'FFFFF764 8, 16

Note: A register access is performed in four or five cycles regardless of the access size.

21.8.2 Port G Data Register (PGDR)

Bit: 15 14 13 12 11 10 9 8
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 7 6 5 4 3 2 1 0
— — — — PG3 PG2 PG1 PGO
DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R R/W R/W R/W R/W

The port G dataregister (PGDR) is a 16-bit readable/writable register that stores port G data. Bits
PG3DR to PGODR correspond to pins PG3/IRQ3/ADTRGO to PGO/PUL S7/HRXDO/HRxD1.
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When apin functions as a general output, if avalue iswritten to PGDR, that valueis output
directly from the pin, and if PGDR is read, the register value is returned directly regardless of the
pin state.

When apin functions as a general input, if PGDR is read the pin state, not the register value, is
returned directly. If avalueiswritten to PGDR, athough that value is written into PGDR it does
not affect the pin state. Table 21.14 summarizes port G data register read/write operations.

PGDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

e Bits 15 to 4—Reserved: These bits alwaysread 0. The write value should aways be 0.

Table 21.14 Port G Data Register (PGDR) Read/Write Operations

Bits 3 to O:

PGIOR Pin Function Read Write

0 General input Pin state Value is written to PGDR, but does not affect pin

state

Other than Pin state Value is written to PGDR, but does not affect pin
general input state

1 General output  PGDR value  Write value is output from pin
Other than PGDR value  Value is written to PGDR, but does not affect pin
general output state
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21.9

Port H

Port H is an input/output port with the 16 pins shown in figure 21.8.

ROM
ROM disabled expansion mode enabled
expansion  Single-
(Area 0: 8 bits) (Area 0: 16 bits) mode chip mode
< p| PH15 (/O)/ D15 (1/0) PH15 (1/O) /| PH15 (1/O)
D15 (1/0) D15 (1/0)
< p| PH14 (1/0)/ D14 (1/0) PH14 (1/O) /| PH14 (1/O)
D14 (1/0) D14 (1/0)
¢ > PH13 (1/O) / D13 (1/0) PH13 (I/O) /| PH13 (1/O)
D13 (1/0) D13 (1/0)
¢ p| PH12 oy / D12 (1/0) PH12 (1/O) /| PH12 (1/O)
D12 (1/0) D12 (1/O)
< > PH11 (1/O) / D11 (1/O) PH11 (1/O) /| PH11 (I/O)
D11 (1/0) D11 (1/O)
< p| PH10 (/0)/ D10 (1/0) PH10 (1/O) /| PH10 (I/O)
D10 (1/0) D10 (1/O)
< p| PHI (I/0)/ D9 (I/0) PH9 (1/0) / | PH9 (1/O)
D9 (I/0) D9 (I/0)
< p| PH8 (I/0)/ D8 (1/0) PH8 (1/0) / | PH8 (1/0)
D8 (1/0) D8 (I/0)
PortH
< p| D7 (/0) PH7 (1/0) / | PH7 (1/O)
D7 (1/0)
< p| D6 (I/0) PH®6 (1/0) / | PH®6 (1/0)
D6 (1/0)
< p| D5 (/0) PH5 (1/0) / | PH5 (1/O)
D5 (1/0)
< p| D4 (I/0) PH4 (1/0) / | PHA4 (1/0)
D4 (1/0)
< p| D3 (/0) PH3 (1/0) / | PH3 (1/0)
D3 (I/0)
< p| D2 (I/0) PH2 (1/0) / | PH2 (1/O)
D2 (1/0)
< p| D1 (//0) PH1 (I/0) / | PH1 (1/O)
D1 (I/0)
< p| DO (I/0) PHO (1/0) / | PHO (I/0)
DO (I/0)
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21.9.1 Register Configuration

The port H register configuration is shown in table 21.15.
Table 21.15 Register Configuration

Name Abbreviation  R/W Initial Value  Address Access Size
Port H data register PHDR R/W H'0000 H'FFFFF72C 8, 16
Note: A register access is performed in four or five cycles regardless of the access size.

21.9.2 Port H Data Register (PHDR)

Bit: 15 14 13 12 11 10 9 8
PH15 | PH14 | PH13 | PH12 | PH11 | PH10 | PH9 PH8
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port H data register (PHDR) is a 16-bit readable/writable register that stores port H data. Bits
PH15DR to PHODR correspond to pins PH15/D15 to PHO/DO.

When a pin functions as a general output, if avalue iswritten to PHDR, that valueis output
directly from the pin, and if PHDR is read, the register value is returned directly regardless of the
pin state. When the POD pin is driven low, general outputs go to the high-impedance state
regardless of the PHDR value. When the POD pin is driven high, the written value is output from
the pin.

When a pin functions as ageneral input, if PHDR isread the pin state, not the register value, is
returned directly. If avalueiswritten to PHDR, although that value is written into PHDR it does
not affect the pin state. Table 21.16 summarizes port H data register read/write operations.

PHDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.
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Table21.16 Port H Data Register (PHDR) Read/Write Operations

Bits 15 to O:
PHIOR Pin Function Read Write
0 General input Pin state Value is written to PHDR, but does not affect pin
state
Other than Pin state Value is written to PHDR, but does not affect pin
general input state
1 General output  PHDR value  Write value is output from pin (POD pin = high)
High impedance regardless of PHDR value (POD
pin = low)
Other than PHDR value  Value is written to PHDR, but does not affect pin

general output

state
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21.10 PortJ

Port Jis an input/output port with the 16 pins shown in figure 21.9.

<«——»| PJ15 (1/0) /TI9F (input)
<«——p| PJ14 (1/0) /TI9E (input)
<« PJ13 (/0) /TI9D (input)
«——p| PJ12 (I/0) ITI9C (input)
<« PJ11 (I/0) /TI9B (input)
<« PJ10 (I/O) /TI9A (input)
«—p PJ9 (1/0) /TIO5D (1/0)
<«——» PJ8 (I/0) /TIO5C (1/0)
<«——p| PJ7 (1/0) [TIO2H (I/O)
<«——» PJ6 (1/0) /TIO2G (I/O)
«——p PJ5 (1/0) /TIO2F (1/0)
«—p| PJ4 (1/0) [TIO2E (I/O)
<« PJ3(1/0) /TIO2D (/0)
«—p| PJ2 (I/0) /TIO2C (I/O)
<«——p| PJ1(1/0) [TIO2B (I/O)
<«—p| PJO (1/0) [TIO2A (I/O)

Port J

Figure21.9 PortJ

21.10.1 Register Configuration
The port Jregister configuration is shown in table 21.17.

Table 21.17 Register Configuration

Name Abbreviation R/W Initial Value  Address Access Size
Port J data register PJDR R/W H'0000 H'FFFFF76C 8, 16
Note: A register access is performed in four or five cycles regardless of the access size.
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21.10.2 Port J Data Register (PJDR)

Bit: 15 14 13 12 11 10 9 8
PJ15 PJ14 PJ13 PJ12 PJ11 PJ10 PJ9 PJ8
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PJ7 PJ6 PJ5 PJ4 PJ3 PJ2 PJ1 PJO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port J dataregister (PIDR) is a 16-bit readable/writable register that stores port J data. Bits
PJ15DR to PJODR correspond to pins PJ15/TI9F to PJO/TIO2A.

When a pin functions as a general output, if avalueiswritten to PIDR, that value is output
directly from the pin, and if PIDR isread, the register valueis returned directly regardless of the
pin state.

When a pin functions as a general input, if PIDR isread the pin state, not the register value, is
returned directly. If avalue iswritten to PIDR, although that value is written into PIDR it does not
affect the pin state. Table 21.18 summarizes port J data register read/write operations.

PIDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Table 21.18 Port J Data Register (PJDR) Read/Write Operations

Bits 15to O:

PJIOR Pin Function Read Write

0 General input Pin state Value is written to PJDR, but does not affect pin

state

Other than Pin state Value is written to PJDR, but does not affect pin
general input state

1 General output  PJDR value Write value is output from pin
Other than PJDR value Value is written to PIDR, but does not affect pin
general output state
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21.11 PortK

Port K is an input/output port with the 16 pins shown in figure 21.10.

<«——p| PK15 (1/0) /TO8P (output)
«——p PK14 (1/0) /TO80 (output)
<¢— | PK13 (I/0) /TO8N (output)
<«——p{ PK12 (1/0) /TO8M (output)
<4— | PK11 (I/O) /TOS8L (output)
<4«——p| PK10 (1/0) /TO8K (output)
<«——p{ PK9 (1/0) /TO8J (output)
<4— | PK8 (I/0O) /TO8I (output)
<4——p| PK7 (I/0) ITO8H (output)
<4¢— | PKG6 (I/0) /TO8G (output)
<— | PK5 (1/0O) /TO8F (output)
<¢— P PK4 (1/0) /TO8E (output)
<4——p| PK3 (I/0) /TO8D (output)
<4— | PK2 (1/0O) /TO8C (output)
<¢— | PK1 (I/O) /TO8B (output)
<4+— > PKO (I/O) /TO8A (output)

Port K

Figure21.10 Port K

21.11.1 Register Configuration
The port K register configuration is shown in table 21.19.

Table 21.19 Register Configuration

Name Abbreviation R/W Initial Value  Address Access Size
Port K data register PKDR R/W H'0000 H'FFFFF778 8, 16
Note: A register access is performed in four or five cycles regardless of the access size.
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21.11.2 Port K Data Register (PKDR)

Bit: 15 14 13 12 11 10 9 8
PK15 PK14 PK13 PK12 PK11 PK10 PK9 PK8
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

The port K data register (PKDR) is a 16-bit readable/writable register that stores port K data. Bits
PK15DR to PKODR correspond to pins PK15/TO8P to PKO/TO8A.

When apin functions as a general output, if avalue iswritten to PKDR, that valueis output
directly from the pin, and if PKDR isread, the register value is returned directly regardless of the
pin state.

When a pin functions as a general input, if PKDR isread the pin state, not the register value, is
returned directly. If avalueiswritten to PKDR, although that value is written into PKDR it does
not affect the pin state. Table 21.20 summarizes port K data register read/write operations.

PKDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

Table21.20 Port K Data Register (PKDR) Read/Write Operations

Bits 15to O:

PKIOR Pin Function Read Write

0 General input Pin state Value is written to PKDR, but does not affect pin

state

Other than Pin state Value is written to PKDR, but does not affect pin
general input state

1 General output  PKDR value  Write value is output from pin
Other than PKDR value Value is written to PKDR, but does not affect pin
general output state
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2112 PortL

Port L is an input/output port with the 14 pins shown in figure 21.11.

<4«——p| PL13 (1/O) /IRQOUT (output)
<«——p PL12 (1/0) IRQ4 (input)
<4— | PL11 (I/0) /HRxDO (input) /HRxD1 (input)
<¢— > PL10 (I/O) /HTxDO (output) /HTxD1 (output)
<«——»{ PL9 (1/0) /SCK4 (1/0) /IRQ5 (input)
<«———»{ PL8 (1/0) /SCK3 (1/0)

<«——»| PL7 (I/0) /SCK2 (I/O)

<«——»{ PL6 (1/0) /ADEND (output)
<«——p| PL5 (1/0) /ADTRGT (input)
<——» PL4 (1/0) /ADTRGO (input)
<«——p{ PL3 (1/0) /ITCLKB (I/O)

<4——» PL2 (1/0) /TIO11B (1/0) IRQ7 (input)
<«——p PL1 (1/0) /TIO11A (1/O) /IRQ6 (input)
<«——p( PLO (1/0) /TI10 (input)

Port L

Figure21.11 Port L

21.12.1 Register Configuration
The port L register configuration is shown in table 21.21.

Table21.21 Register Configuration

Name Abbreviation R/W Initial Value  Address Access Size

Port L data register PLDR R/W H'0000 H'FFFFF75E 8,16
Note: A register access is performed in four or five cycles regardless of the access size.

733
HITACHI




21.12.2 Port L Data Register (PLDR)

Bit: 15 14 13 12 11 10 9 8

— — PL13 PL12 PL11 PL10 PL9 PL8

DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R R R/W R/W R/W R/W R/W R/W
Bit: 7 6 5 4 3 2 1 0

PL7 PL6 PL5 PL4 PL3 PL2 PL1 PLO

DR DR DR DR DR DR DR DR
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
The port L dataregister (PLDR) is a 16-bit readable/writable register that stores port L data. Bits
PL13DR to PLODR correspond to pins PL13/IRQOUT to PLO/TI10.

When a pin functions as a general output, if avalueiswritten to PLDR, that value is output
directly from the pin, and if PLDR isread, the register valueis returned directly regardless of the
pin state.

When a pin functions as ageneral input, if PLDR isread the pin state, not the register value, is
returned directly. If avalue iswritten to PLDR, athough that value is written into PLDR it does
not affect the pin state. Table 21.22 summarizes port L data register read/write operations.

PLDR isinitialized to H'0000 by a power-on reset (excluding aWDT power-on reset), and in
hardware standby mode. It is not initialized in software standby mode or sleep mode.

e Bits 15 and 14—Reserved: These bits always read 0. The write value should always be 0.

Table21.22 Port L Data Register (PLDR) Read/Write Operations

Bits 13to O:

PLIOR Pin Function Read Write

0 General input Pin state Value is written to PLDR, but does not affect

pin state

Other than general Pin state Value is written to PLDR, but does not affect
input pin state

1 General output PLDR value  Write value is output from pin
Other than general PLDR value Value is written to PLDR, but does not affect
output pin state
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21.13 POD (Port Output Disable) Control

The output port drive buffers for the address bus pins (A20 to AQ) and data bus pins (D15 to DO)
can be controlled by the POD (port output disable) pin input level. However, this function is
enabled only when the address bus pins (A20 to AO) and data bus pins (D15 to DO) are designated
as genera output ports.

Output buffer control by means of POD is performed asynchronously from bus cycles.

Address Bus Pins (A20 to A0) and

POD Data Bus Pins (D15 to D0O) (when designated as output ports)
0 Enabled (high-impedance)
1 Disabled (general output)
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Section 22 ROM

22.1 Features

The SH7055 has 512 kbytes of on-chip flash memory. The features of the flash memory are
summarized below.

Four flash memory operating modes
O Program mode

O Erase mode

O Program-verify mode

0 Erase-verify mode
Programming/erase methods

The flash memory is programmed 128 bytes at atime. Block erase (in single-block units) can
be performed. To erase the entire flash memory, individual blocks must be erased in turn.
Block erasing can be performed as required on 4 kB, 32 kB, and 64 kB blocks.

Programming/erase times

The flash memory programming time is 7 ms (typ.) for simultaneous 128-byte programming,
equivalent to 55 ps (typ.) per byte, and the erase time for one block is 100 ms (typ.).

Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
O Boot mode

O User program mode

Automatic bit rate adjustment

With data transfer in boot mode, the SH7055’ s bit rate can be automatically adjusted to match
the transfer bit rate of the host.

Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a part of RAM onto
flash memory.

Protect modes

There are two protect modes, hardware and software, which alow protected status to be
designated for flash memory program/erase/verify operations.

Programmer mode

Flash memory can be programmed/erased in programmer mode, using a PROM programmer,
aswell asin on-board programming mode.
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222 Oveview

2221 Block Diagram

A

Internal address bus

Internal data bus (32 bits)

Module bus

Legend
FLMCR1:
FLMCR2:
EBR1:
EBR2:
RAMER:

< [Fumora—
< [Fimcra} O
< feemr el
< [rAwER}——

Operating
mode

A

Bus interface/controller

Flash memory
(512 kB)

Flash memory control register 1
Flash memory control register 2
Erase block register 1

Erase block register 2

RAM emulation register

-

FWE pin
Mode pin
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22.2.2 ModeTransitions

When the mode pins and the FWE pin are set in the reset state and a reset-start is executed, the
microcomputer enters an operating mode as shown in figure 22.2. In user mode, flash memory can
be read but not programmed or erased.

The boot, user program and programmer modes are provided as modes to write and erase the flash
memory.

MD2 =1, Reset state

User mode

FWE =1

Programmer
mode

User
program mode

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is
not accessing the flash memory.

1. RAM emulation possible
2. MDO=1,MD1=1,MD2=0

Figure22.2 Flash Memory State Transitions
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22.2.3 On-Board Programming Modes

Boot Mode

1. Initial state
The old program version or data remains written

in the flash memory. The user should prepare the

programming control program and new
application program beforehand in the host.

Host

Programming control
program

New application )
program
SH7055
< SCI
R\ Boot program \
Flash memory RAM

Application program
(old version)

3. Flash memory initialization
The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard to
blocks. Host

New application )
program
SH7055
Flash memory RAM

Boot program area

Flash memory

. Programming control
preprogramming 9 progragm

erase

. Programming control program transfer

When boot mode is entered, the boot program in
the SH7055 (originally incorporated in the chip) is
started and the programming control program in
the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.

New application )
program
SH7055
N SCI
& Boot program 1
Flash memory RAM

Boot program area

Application program Programming control
(old version) program

. Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into the
flash memory.

Host

SH7055

RAM

Flash memory

Boot program area

New application Programming control
program NN program

R Program execution state

Figure22.3 Boot Mode
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User Program Mode

1.

Initial state

The FWE assessment program that confirms that
user program mode has been entered, and the
program that will transfer the programming/erase
control program from flash memory to on-chip

2. Programming/erase control program transfer
When user program mode is entered, user
software confirms this fact, executes transfer
program in the flash memory, and transfers the
programming/erase control program to RAM.

RAM should be written into the flash memory by
the user beforehand. The programming/erase
control program should be prepared in the host or

in the flash memory.
Host

Programming/
erase control program

program

New application

SH7055

Boot program

Flash memory

SCI

RAM

New application REER
program
SH7055
Flash memory RAM

FWE assessment

FWE assessment
77777 program

Transfer program

Application program
(old version)

. Flash memory initialization

The programming/erase program in RAM is

executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,

RO\ _Rrogram
Transfer program

Application program
(old version)

Programming/
erase control program

4. Writing new application program

Next, the new application program in the host is
written into the erased flash memory blocks. Do

not write to unerased blocks.

but not in byte units.
Host

Host

New application )
program
SH7055
SCI
Boot program
Flash memory RAM
FWE assessment
,,,,, program_____
Transfer program
Programming/ ‘
N erase control program

Flash memory

erase

SH7055

Boot program

Flash memory

FWE assessment
program

Transfer program

New application
program

Programming/ \

\erase control program

N Program execution state

Figure22.4 User Program Mode
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22.24  Flash Memory Emulation in RAM

Emulation should be performed in user mode or user program mode. When the emulation block
set in RAMER is accessed while the emulation function is being executed, data written in the
overlap RAM isread.

User Mode

e User Program Mode

SCI

Flash memory RAM

Overlap RAM
(emulation is performed
on data written in RAM)

Application program

Execution state

Emulation block

Figure22.5 Emulation

When overlap RAM datais confirmed, the RAMS bit is cleared, RAM overlap is released, and
writes should actually be performed to the flash memory.

When the programming control program istransferred to RAM, ensure that the transfer
destination and the overlap RAM do not overlap, asthiswill cause datain the overlap RAM to
be rewritten.
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e User Program Mode

Flash memory

Application program

Programming data

SCI

RAM

Overlap RAM
(programming data)

Programming control
program execution state

Figure22.6 Programming Flash Memory

2225 Differences between Boot Mode and User Program Mode

Table22.1 Differences between Boot Mode and User Program Mode

Boot Mode User Program Mode
Total erase Yes Yes
Block erase No Yes
Programming control program* 2) @ 2 3

(1) Erase/erase-verify
(2) Program/program-verify
(3) Emulation

Note: * To be provided by the user, in accordance with the recommended algorithm.
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22.2.6  Block Configuration

The flash memory is divided into seven 64 kB blocks, one 32 kB block, and eight 4 kB blocks.

Address H'7FFFF —
64 kB

64 kB

64 kB

64 kB

512 kB 64 kB

64 kB

64 kB

32 kB

IS
*
(ve)
(o]

Address H'00000 —

Figure22.7 Block Configuration
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22.3  Pin Configuration

The flash memory is controlled by means of the pins shown in table 22.2.

Table22.2 Pin Configuration

Pin Name Abbreviation /O Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware
Mode 2 MD2 Input Sets SH7055 operating mode

Mode 1 MD1 Input Sets SH7055 operating mode

Mode 0 MDO Input Sets SH7055 operating mode

Transmit data TxD1 Output  Serial transmit data output

Receive data RxD1 Input Serial receive data input

224  Register Configuration

The registers used to control the on-chip flash memory when enabled are shown in table 22.3.

Table22.3 Register Configuration

Register Name Abbreviation R/W Initial Value Address Access Size
Flash memory control FLMCR1 R/W**  H00*2 H'FFFFES00 8

register 1

Flash memory control FLMCR2 R/W**  H00 H'FFFFE801 8

register 2

Erase block register 1 EBR1 R/W**  H00*® H'FFFFES02 8

Erase block register 2 EBR2 R/W**  H00** H'FFFFES03 8

RAM emulation register RAMER R/W H'0000 H'FFFFEC26 8, 16, 32

Notes: FLMCR1, FLMCR2, EBR1, and EBR2 are 8-bit registers, and RAMER is a 16-bit register.

Only byte accesses are valid for FLMCR1, FLMCR2, EBR1, and EBR2, the access
requiring 3 cycles. Three cycles are required for a byte or word access to RAMER, and 6
cycles for a longword access.

1. In modes in which the on-chip flash memory is disabled, a read will return H'00, and
writes are invalid. Writes are also disabled when the FWE bit is set to 1 in FLMCR1.

2. When a high level is input to the FWE pin, the initial value is H'80.

3. When a low level is input to the FWE pin, or if a high level is input and the SWEL bit in
FLMCRL1 is not set, these registers are initialized to H'00.

4. Will be initialized to H'0O0 if a low level is input to pin FWE or if bit SWE2 of FLMCR2 is

not set even though a high level is input.
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225 Register Descriptions

2251 Flash Memory Control Register 1 (FLMCR1)

FLMCRL1 isan 8-hit register used for flash memory operating mode control. Program-verify mode
or erase-verify mode for addresses H'00000 to H'3FFFF is entered by setting SWE1 bit to 1 when
FWE = 1, then setting the EV 1 or PV 1 bit. Program mode for addresses H'00000 to H'3FFFF is
entered by setting SWEL bit to 1 when FWE = 1, then setting the PSU1 bit, and finally setting the
P1 bit. Erase mode for addresses H'00000 to H'3FFFF is entered by setting SWEL bit to 1 when
FWE = 1, then setting the ESU1 bit, and finally setting the E1 bit. FLMCRL1 isinitialized by a
power-on reset, and in hardware standby mode and software standby mode. Itsinitial valueis H'80
when a high level isinput to the FWE pin, and H'00 when alow level isinput. When on-chip flash
memory is disabled, aread will return H'00, and writes are invalid.

Writes are enabled only in the following cases: Writes to bit SWE1 of FLMCR1 enabled when
FWE = 1, to bits ESU1, PSU1, EV1, and PV1 when FWE = 1 and SWEL1 = 1, to bit E1 when
FWE =1, SWE1=1and ESU1 = 1, and to bit PL when FWE =1, SWE1 =1, and PSU1 = 1.

Bit. 7 6 5 4 3 2 1 0

| FWE | SWE1| ESU1 | PsUL| Evi | Pvi | E1 | P1 |
Initial value: 1/0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

« Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7: FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)

1 When a high level is input to the FWE pin

« Bit 6—Software Write Enable Bit 1 (SWEL): Enables or disables flash memory programming
and erasing (applicable addresses: H'00000 to H'3FFFF). Set this bit when setting bits 5 to 0,
bits 7 to 0 of EBR1, and bits 3to 0 of EBR2.

Bit 6: SWE1 Description

0 Writes disabled (Initial value)

1 Writes enabled
[Setting condition]
When FWE =1
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« Bit 5—FErase Setup Bit 1 (ESU1): Prepares for atransition to erase mode (applicable
addresses: H'00000 to H'3FFFFF). Do not set the SWE1, PSU1, EV1, PV1, E1, or P1 bit at the
sametime.

Bit 5: ESU1 Description

0 Erase setup cleared (Initial value)

1 Erase setup
[Setting condition]
When FWE =1 and SWE1 =1

» Bit 4—Program Setup Bit 1 (PSU1): Prepares for atransition to program mode (applicable
addresses: H'00000 to H'3FFFFF). Do not set the SWE1, ESUL, EV1, PV1, E1, or P1 hit at the
same time.

Bit 4: PSU1 Description

0 Program setup cleared (Initial value)

1 Program setup
[Setting condition]
When FWE =1 and SWE1 =1

» Bit 3—Frase-Verify 1 (EV1): Selects erase-verify mode transition or clearing (applicable
addresses: H'00000 to H'3FFFFF). Do not set the SWEL, ESU1, PSU1, PV1, E1, or P1 hit at
the sametime.

Bit 3: EV1  Description

0 Erase-verify mode cleared (Initial value)

1 Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE1 =1
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e Bit 2—Program-Verify 1 (PV1): Selects program-verify mode transition or clearing
(applicable addresses: H'00000 to H'3FFFFF). Do not set the SWEL, ESU1, PSU1, EV1, EL, or
P1 bit at the same time.

Bit 2: PV1 Description

0

Program-verify mode cleared (Initial value)

1

Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE1 =1

e Bit 1—Frase 1 (E1): Selects erase mode transition or clearing (applicable addresses: H'00000
to H'3FFFFF). Do not set the SWEL, ESU1, PSU1, EV1, PV1, or P1 hit at the same time.

Bit 1: E1  Description
0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE1 =1, and ESU1 =1

e Bit 0—Program 1 (P1): Selects program mode transition or clearing (applicable addresses:
H'00000 to H'3FFFFF). Do not set the SWEL, PSU1, ESU1, EV1, PV1, or E1 bit at the same

time.
Bit 0: P1  Description
0 Program mode cleared (Initial value)
1 Transition to program mode
[Setting condition]
When FWE =1, SWE1 =1, and PSU1 =1
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2252 Flash Memory Control Register 2 (FLMCR2)

FLMCR2 is an 8-hit register used for flash memory operating mode control. Program-verify mode
or erase-verify mode for addresses H'40000 to H'7FFFF is entered by setting SWEZ2 to 1 when
FWE (FLMCR1) = 1, then setting the EV2 or PV 2 bit. Program mode for addresses H'40000 to
H'7FFFF is entered by setting SWE2 to 1 when FWE (FLMCR1) = 1, then setting the PSU2 hit,
and finally setting the P2 bit. Erase mode for addresses H'40000 to H'7FFFF is entered by setting
SWE2 to 1 when FWE (FLMCRL1) = 1, then setting the ESU2 bit, and finally setting the E2 hit.
FLMCR2 isinitialized to H'00 by a power-on reset, in hardware standby mode and software
standby mode, when alow level isinput to the FWE pin, and when a high level isinput to the
FWE pin and the SWE2 bit in FLMCR?2 is not set (the exception isthe FLER bit, which is
initialized only by a power-on reset and in hardware standby mode). When on-chip flash memory
isdisabled, aread will return H'00, and writes are invalid.

Writes are enabled only in the following cases: Writes to bit SWE2 of FLMCR2 enabled when
FWE (FLMCR1) = 1, to bits ESU2, PSU2, EV 2, and PV2 when FEW (FLMCRL1) = 1 and SWE2
=1, to bit E2 when FWE (FLMCR1) =1, SWE2 = 1, and ESU2 = 1, to hit P2 when FWE
(FLMCR1) =1, SWE2=1,and PSU2 = 1.

Bit.t 7 6 5 4 3 2 1 0

| FLER | SWE2 | ESU2 | PsU2 | Ev2 | Pv2 | E2 | P2 |
Initial value: 0 0 0 0 0 0 0 0
RW: R RW RW RW RW RW RW RW

* Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation
on flash memory (programming or erasing). When FLER is set to 1, flash memory goesto the
error-protection state.

Bit 7: FLER Description

0 Flash memory is operating normally (Initial value)
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]

Power-on reset or hardware standby mode

1 An error has occurred during flash memory programming/erasing
Flash memory program/erase protection (error protection) is enabled
[Setting condition]
See 22.8.3 Error Protection
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« Bit 6—Software Write Enable Bit 2 (SWE?2): Enables or disables flash memory programming
and erasing (applicable addresses: H'40000 to H'7FFFF). Set this bit when setting bits5to0 0
and bits 7 to 4 of EBR2.

Bit 6: SWE2 Description
0 Writes disabled (Initial value)
1 Writes enabled

[Setting condition]
When FWE = 1

* Bit 5—FErase Setup Bit 2 (ESU2): Prepares for atransition to erase mode (applicable
addresses. H'40000 to H'7FFFF). Do not set the PSU2, EV2, PV 2, E2, or P2 bit at the same

time.
Bit 5: ESU2 Description
0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1 and SWE2 =1

» Bit 4—Program Setup Bit 2 (PSU2): Prepares for atransition to program mode (applicable
addresses: H'40000 to H'7FFFF). Do not set the ESU2, EV2, PV2, E2, or P2 bit at the same

time.
Bit 4: PSU2 Description
0 Program setup cleared (Initial value)
1 Program setup
[Setting condition]
When FWE =1 and SWE2 =1
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» Bit 3—FErase-Verify 2 (EV2): Selects erase-verify mode transition or clearing (applicable
addresses: H'40000 to H'7FFFF). Do not set the ESU2, PSU2, PV 2, E2, or P2 bit at the same
time.

Bit 3: EV2 Description
0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
When FWE =1 and SWE2 =1

* Bit 2—Program-Verify 2 (PV2): Selects program-verify mode transition or clearing
(applicable addresses: H'40000 to H'7FFFF). Do not set the ESU2, PSU2, EV 2, E2, or P2 bit at
the sametime.

Bit 2: PV2 Description
0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
When FWE = 1 and SWE2 =1

» Bit 1—Frase 2 (E2): Selects erase mode transition or clearing (applicable addresses: H'40000
to H'7FFFF). Do not set the ESU2, PSU2, EV2, PV2, or P2 bit at the same time.

Bit 1: E2 Description
0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE2=1,and ESU2=1

« Bit 0—Program 2 (P2): Selects program mode transition or clearing (applicable addresses:
H'40000 to H'7FFFF). Do not set the ESU2, PSU2, EV2, PV2, or E2 it at the same time.

Bit 0: P2 Description
0 Program mode cleared (Initial value)
1 Transition to program mode

[Setting condition]
When FWE =1, SWE2=1,and PSU2 =1
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225.3 EraseBlock Register 1 (EBR1)

EBR1 is an 8-bit register that specifies the flash memory erase area block by block. EBR1 is
initialized to H'00 by a power-on reset, in hardware standby mode and software standby mode,
when alow level isinput to the FWE pin, and when a high level isinput to the FWE pin and the
SWEL1 bit in FLMCR1 isnot set. When abit in EBR1 is set to 1, the corresponding block can be
erased. Other blocks are erase-protected. Only one of the bits of EBR1 and EBR2 combined can
be set. Do not set more than one bit. (Do not set more than one bit, as thiswill automatically clear
both EBR1 and EBR2 to 0.) When on-chip flash memory is disabled, aread will return H'00, and
writes areinvalid.

The flash memory block configuration is shown in table 22.4.

Bit 7 6 5 4 3 2 1 0
\ EB7 \ EB6 \ EB5 \ EB4 \ EB3 \ EB2 \ EB1 \ EBO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

2254 EraseBlock Register 2 (EBR2)

EBR2 is an 8-bit register that specifies the flash memory erase area block by block. EBR2 is
initialized to H'00 by a power-on reset, in hardware standby mode and software standby mode,
when alow level isinput to the FWE pin. Bits 3 to O will be initialized to O if bit SWEL is not set
and bits 7 to 4 will be initialized to 0 if bit SWE2 of FLMCR2 is not set, even though a high level
isinput to pin FWE. When abit in EBR2 is set to 1, the corresponding block can be erased. Other
blocks are erase-protected. Only one of the bits of EBR1 and EBR2 combined can be set. Do not
set more than one hit. (Do not set more than one hit, as this will automatically clear both EBR1
and EBR2 to 0.) When on-chip flash memory is disabled, aread will return H'00, and writes are
invalid.

The flash memory block configuration is shown in table 22.4.

Bit 7 6 5 4 3 2 1 0
\ EB15 \ EB14 \ EB13 \ EB12 \ EB11 \ EB10 \ EB9 \ EBS8 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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Table22.4 Flash Memory Erase Blocks

Block (Size) Addresses

EBO (4 kB) H'000000—-H'000FFF
EB1 (4 kB) H'001000-H'001FFF
EB2 (4 kB) H'002000-H'002FFF
EB3 (4 kB) H'003000-H'003FFF
EB4 (4 kB) H'004000-H'004FFF
EBS5 (4 kB) H'005000-H'005FFF
EB6 (4 kB) H'006000—-H'006FFF
EB7 (4 kB) H'007000-H'007FFF
EBS8 (32 kB) H'008000-H'00FFFF
EB9 (64 kB) H'010000-H'01FFFF

EB10 (64 kB)

H'020000-H'02FFFF

EB11 (64 kB)

H'030000-H'03FFFF

EB12 (64 kB)

H'040000-H'04FFFF

EB13 (64 kB)

H'050000-H'05FFFF

EB14 (64 kB)

H'060000-H'06FFFF

EB15 (64 kB)

H'070000-H'07FFFF
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2255 RAM Emulation Register (RAMER)

RAMER specifies the area of flash memory to be overlapped with part of RAM when emulating
real-time flash memory programming. RAMER isinitialized to H'0000 by a power-on reset and in
hardware standby mode. It is not initialized in software standby mode. RAMER settings should be

made in user mode or user program mode.

Flash memory area divisions are shown in table 22.5. To ensure correct operation of the emulation
function, the ROM for which RAM emulation is performed should not be accessed immediately
after this register has been modified. Normal execution of an accessimmediately after register

maodification is not guaranteed.

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

15 14 13 12 11 10 9 8
-l -1 -1T-7T-=-7T-=-T=7=1
0 0 0 0 0 0 0 0

R
7 6 5 4 3 2 1 0
‘ _ _ _ \ — \ RAMS‘ RAM2 \ RAMl‘ RAMO \
0 0 0 0 0 0 0 0
R R RW RW RW  RW

» Bits 15 to 4—Reserved: These bits always read 0. The write value should aways be 0.

* Bit 3—RAM Select (RAMS): Specifies selection or non-selection of flash memory emulation
in RAM. When RAMS = 1, all flash memory block are program/erase-protected.

Bit 3: RAMS Description

0 Emulation not selected

Program/erase-protection of all flash memory blocks is disabled

(Initial value)

1 Emulation selected

Program/erase-protection of all flash memory blocks is enabled
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e Bits2, 1 and 0—Flash Memory Area Selection (RAM2, RAM1, RAMOQ): These hits are used

together with bit 3 to select the flash memory areato be overlapped with RAM. (Seetable

22.5)

Table22.5 Flash Memory Area Divisions

Addresses Block Name RAMS RAM1 RAM1 RAMO
H'FFFF6000-H'FFFF6FFF  RAM area 4 kB 0 * * *
H'00000000—H'00000FFF EBO (4 kB) 1 0 0 0
H'00001000—-H'00001FFF EB1 (4 kB) 1 0 0 1
H'00002000—-H'00002FFF EB2 (4 kB) 1 0 1 0
H'00003000—-H'00003FFF EB3 (4 kB) 1 0 1 1
H'00004000—-H'00004FFF EB4 (4 kB) 1 1 0 0
H'00005000—-H'00005FFF EB5 (4 kB) 1 1 0 1
H'00006000—-H'00006FFF EB6 (4 kB) 1 1 1 0
H'00007000—-H'00007FFF EB7 (4 kB) 1 1 1 1

*: Don't care
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22.6  On-Board Programming Modes

When pins are set to on-board programming mode and a reset-start is executed, atransition is
made to the on-board programming state in which program/erase/verify operations can be
performed on the on-chip flash memory. There are two on-board programming modes: boot mode
and user program mode. The pin settings for transition to each of these modes are shown in table
22.6. For adiagram of the transitions to the various flash memory modes, see figure 22.2.

Table22.6 Setting On-Board Programming M odes

Mode PLL Multiple FWE MD2 MD1 MDO
Boot mode Expanded mode x4 1 1 0 0
Single-chip mode 1 0 1
User program Expanded mode 1 1 1 0
mode Single-chip mode 1 1 1

22.6.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in the
host beforehand. The SCI channel to be used is set to asynchronous mode.

When areset-start is executed after the SH7055’ s pins have been set to boot mode, the boot
program built into the SH7055 is started and the programming control program prepared in the
host is serially transmitted to the SH7055 via the SCI. In the SH7055, the programming control
program received viathe SCI iswritten into the programming control program areain on-chip
RAM. After the transfer is completed, control branches to the start address of the programming
control program area and the programming control program execution state is entered (flash
memory programming is performed).

The transferred programming control program must therefore include coding that follows the
programming algorithm given later.

The system configuration in boot mode is shown in figure 22.8, and the boot mode execution
procedure in figure 22.9.
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Host

Write data reception

y

Verify data transmission

RXD1

TXD1

SCI1

SH7055

Flash memory

*| On-chip RAM

Figure22.8 System Configuration in Boot Mode
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Set pins to boot mode
and execute reset-start

Host transfers data (H'00)
continuously at prescribed bit rate

SH7055 measures low period
of H'00 data transmitted by host

SH7055 calculates bit rate and
sets value in bit rate register

Host transmits number
of programming control program
bytes (N), upper byte followed

by lower byte
I

After bit rate adjustment, SH7055
transmits one H'00 data byte to
host to indicate end of adjustment

SH7055 transmits received
number of bytes to host as verify
data (echo-back)

Host confirms normal reception
of bit rate adjustment end
indication (H'00), and transmits

I
n=1

[

|-

Host transmits programming control
program sequentially in byte units

one H'55 data byte
\

After receiving H'55,
SH7055 transmits one H'AA
data byte to host

SH7055 transmits received
programming control program to
host as verify data (echo-back)

Transfer received programming
control program to on-chip RAM

(]

End of transmission

Check flash memory data, and
if data has already been written,
erase all blocks

After confirming that all flash
memory data has been erased,
SH7055 transmits one H'AA data
byte to host

Execute programming control
program transferred to on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations

are halted.

Figure22.9 Boot M ode Execution Procedure
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Automatic SCI Bit Rate Adjustment

St o | b1 | D2 | D3 | Da | D5 | D6 | D7 | SP
bit bit
- Low period (9 bits) measured (H'00 data) - T—|igh periord

(1 or more bits)

Figure22.10 Automatic SCI Bit Rate Adjustment

When boot mode is initiated, the SH7055 measures the low period of the asynchronous SCI
communication data (H'00) transmitted continuously from the host. The SCI transmit/receive
format should be set as follows: 8-hit data, 1 stop bit, no parity. The SH7055 cal cul ates the bit rate
of the transmission from the host from the measured low period, and transmits one H'00 byte to
the host to indicate the end of bit rate adjustment. The host should confirm that this adjustment
end indication (H'00) has been received normally, and transmit one H'55 byte to the SH7055. If
reception cannot be performed normally, initiate boot mode again (reset), and repeat the above
operations. Depending on the host’ s transmission bit rate and the SH7055' s system clock
frequency, there will be adiscrepancy between the bit rates of the host and the SH7055. Set the
host transfer bit rate at 9,600 or 19,200 bps to operate the SCI properly.

Table 22.7 shows host transfer bit rates and system clock frequencies for which automatic
adjustment of the SH7055 hit rate is possible. The boot program should be executed within this
system clock range.

Table22.7 System Clock Frequenciesfor which Automatic Adjustment of SH7055 Bit Rate

is Possible
System Clock Frequency for Which Automatic Adjustment
Host Bit Rate of SH7055 Bit Rate is Possible
9,600 bps 20 to 40 MHz (input frequency: 5 to 10 MHz)
19,200 bps 20 to 40 MHz (input frequency: 5 to 10 MHz)
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On-Chip RAM AreaDivisionsin Boot Mode: In boot mode, the RAM areais divided into an
area used by the boot program and an area to which the programming control programis
transferred via the SCI, as shown in figure 22.11. The boot program area cannot be used until the
execution state in boot mode switches to the programming control program transferred from the
host.

H'FFFF6000
Boot program area

( 2 kbytes)

H'FFFF67FF
Programming
control program area

(30 kbytes)

H'FFFFDFFF

Figure22.11 RAM Areasin Boot Mode

Note: The boot program area cannot be used until atransition is made to the execution state for
the programming control program transferred to RAM. Note al so that the boot program
remains in this area of the on-chip RAM even after control branches to the programming
control program.
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22.6.2 User Program Mode

After setting FWE, the user should branch to, and execute, the previously prepared

programming/erase control program.

Address area H'00000 to H'3FFFF cannot be read while the flash memory at addresses H'00000 to
H'3FFFF is being written/erased. Address area H'40000 to H'7FFFF cannot be read while the flash
memory at addresses H'40000 to H'7FFFF is being written/erased. Execute the control program for
programming or erasing using the on-chip RAM, external memory, or flash memory outside the

address areas.

Use the following procedure (figure 22.12) to execute the programming control program that

writes to flash memory (when transferred to RAM).

Write FWE assessment program
1 and transfer program
Y
’ FWE =1
(user program mode)
Y
3 Transfer programming/erase
control program to RAM
Y
Execute programming/
4 erase control program in RAM
(flash memory rewriting)
Y
5 Execute user application
program

Figure22.12 User Program Mode Execution Procedure

Note: When programming and erasing, start the watchdog timer so that measures can be taken to

prevent program runaway, etc. Memory cells may not operate normally if

overprogrammed or overerased due to prog

ram runaway.

HITACHI

761




22.7  Programming/Erasing Flash Memory

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes are made by
setting the PSU1, ESU1, P1, E1, PV1, and EV 1 bitsin FLMCR1 for addresses H'00000 to
H'3FFFF, or the PSU2, ESU2, P2, E2, PV2, and EV2 bitsin FLMCR2 for addresses H'40000 to
H'7FFFF.

The flash memory cannot be read while it is being written or erased. Install the program to control
flash memory programming and erasing (programming control program) in the on-chip RAM, in
external memory, or in flash memory outside the address area, and execute the program from
there.

Notes: 1. Operation isnot guaranteed if bits SWEL, ESU1, PSU1, EV1, PV1, E1, and P1 of
FLMCR1 and hits SWE2, ESU2, PSU2, EV2, PV2, E2 and P2 of FLMCR2 are
set/reset by a program in flash memory in the corresponding address areas.

2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).

3. Programming should be performed in the erased state. Do not perform additional
programming on previously programmed addresses.

4. Do not program addresses H'00000 to H'3FFFF and H'40000 to H'7FFFF
simultaneously. Operation is not guaranteed if thisis done.

2271 Program Mode (n =1 for AddressesH'0000 to H'3FFFF, n = 2 for Addresses
H'40000 to H' 7FFFF)

When writing data or programs to flash memory, the program/program-verify flowchart shown in
figures 22.13 and 22.14 should be followed. Performing program operations according to this
flowchart will enable data or programs to be written to flash memory without subjecting the
deviceto voltage stress or sacrificing program data reliability. Programming should be carried out
128 bytes at atime.

Following the elapse of tgq,e Or more after the SWER bit is set to 1 in flash memory control
register n (FLMCRn), 128-byte program data is stored in the program data area and reprogram
data area, and the 128-byte data in the program dataareain RAM iswritten consecutively to the
program address (the lower 8 bits of the first address written to must be H'00 or H'80). 128
consecutive byte data transfers are performed. The program address and program data are latched
in the flash memory. A 128-byte data transfer must be performed even if writing fewer than 128
bytes; in this case, H'FF data must be written to the extra addresses.

Next, the watchdog timer is set to prevent overprogramming in the event of program runaway, etc.
Set 6.6 msasthe WDT overflow period. After this, preparation for program mode (program setup)
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is carried out by setting the PSUn bit in FLMCRn, and after the elapse of t4q,, the operating mode
is switched to program mode by setting the Pn bit in FLMCRn. The time during which the Pn bit
is set is the flash memory programming time. Follow the table in the programming flowchart for
the write time.

After the elapse of a given programming time, programming mode is exited. In exiting
programming mode, the Pn bit in FLMCRn is cleared, then after an interval of t., or longer the
PSUn bit is cleared, and after an interval of t..g, Or longer the watchdog timer is halted.

2272 Program-Verify Mode (n = 1 for Addresses H'00000 to H'3FFFF, n = 2 for
Addresses H'40000 to H' 7TFFFF)

In program-verify mode, the datawritten in program mode is read to check whether it has been
correctly written in the flash memory.

A transition to program-verify mode is made by setting the PVn bit in FLMCRn and waiting for
an interval of tg,,. Before reading in program-verify mode, perform adummy write of H'FF datato
the read addresses, and then wait for an interval of tg, Or longer. When the flash memory is read
in this state (verify datais read in longword units), the data at the latched addressis read. Next, the
written datais compared with the verify data, and reprogram data is computed (see figure 22.13
and figure 22.14) and transferred to the reprogram data area. After 128 bytes of data have been
verified, exit program-verify mode. Program-verify modeis exited by clearing the PVn bit in
FLMCRn, then clearing the SWERN bit after an interval of t, or longer, and waiting for an interval
of tegwe OF longer. If reprogramming is necessary, set program mode again, and repeat the
program/program-verify sequence as before. However, ensure that the program/program-verify
sequence is hot repeated more than 1,000 times on the same bits.
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Set SWE1(2) bit in FLMCR1(2)

Data writes must be performed in the
memory-erased state.

Do not write additional data to an address
to which data is already written.

Wait: tsswe
¥

Store 128 bytes program data in program

data area and reprogram data area 4
I
n=1
T
¥
m=0
[}
Successively write 128-byte data from 1

reprogram data area in RAM to flash memory

Write Pulse (tspso or tsp200)

Set PV1(2) bit in FLMCR1(2)

Wait: tgpy
T

‘ Perform H'FF dummy-write to verify address ‘

Increment address ‘

Wait: tgpyr |

‘ Read verify data

‘ Compute additional-programming data ‘

Transfer additional-programming data
to additional-programming data area
T

Y

Compute reprogram data

Transfer reprogram data to reprogram
data area

128 byte data
verify complete?

\ Clear PV1(2) bit in FLMCR1(2) |
¥

‘ Wait: tcpy ‘

Yes

Successively write 128-byte data
from additional-programming data area
in RAM to flash memory

Subroutine call

Write Pulse (tsp10)
I

—new >

Yes

Subroutine call
See Note 6 for pulse width

——neimp

Yes

Clear SWE1(2) bit in FLMCR1(2) | \

Clear SWE1(2) bit in FLMCR1(2)

Wait: tcswe

Wait: tcswe

Programming end

Programming failure
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Subroutine: Write Pulse Notes: 1. Transfer data in byte units. The lower eight bits of the start address to which

Start of subroutine data is written must be H'00 or H'80.
Transfer 128-byte data even when writing fewer than 128 bytes. In this case,

‘ Enable WDT ‘ Set H'FF in unused addresses.
2. Read verify data in longword form (32 bits).
‘ Set PSU1(2) bit in FLMCR1(2) ‘ 3. Even for bits to which data is already written, an additional write should be
. ¥ performed if their verify result is NG.
‘ Walit: tspsy ‘ 4. A 128-byte area for storing program data, a 128-byte area for storing

‘ reprogram data, and a 128-byte area for storing additional program data
must be provided in RAM. The reprogram and additional program data
contents are modified as programming proceeds.

[ SetPi(2)bitin FLMCRL(2)

‘ Wait: tsp10, tspzo. OF tsp2o0 *5 ) ) ; i
5. A write pulse of tgpag Or tspagg is applied according to the progress of the
‘ Clear P1(2) bit in FLMCR1(2) ‘ programming operation. See Note 6 for the pulse widths. When writing of the
additional program data is executed, a tgp;o Write pulse should be applied.
‘ Wait: tcp ‘ Reprogram data X' means reprogram data when the pulse is applied.
6. Write Pulse Width
‘ Clear PSU1(2) bit in FLMCR1(2) ‘ Number of Writes n Write Time (z)usec
: ¥ 1 tspao
\ Wait: tepsy \ 5 r—
- 3 tspao
‘ Disable WDT ‘ 4 tspao
5 tspso
7 tsp200
8 tsp200
9 tsp200
RAM 10 tsp200
Program data storage area 11 tsp200
(128 bytes) 12 tsp200
13 tsp200
Reprogram data storage area .
(128 bytes) . .
— 998 tsp200
Additional program data 999 tsp200
storage area (128 byte) 1000 tsp200

Note: Use a tgp1g Write pulse for additional programming.

Reprogram Data Computation Table

Original Data Verify Data Reprogram Data Comments
© )
0 0 1 Programming complete.
0 1 0 Programming is incomplete; reprogramming should be performed.
1 0 1 —
1 1 1 Left in the erased state.
Additional-Programming Data Computation Table
Reprog&a’)m Data | Verify Data Add|t|ongl‘rjl¥;r¢z$;ammmg Comments
0 0 0 Additional programming executed
0 1 1 Additional programming not executed
1 0 1 Additional programming not executed
1 1 1 Additional programming not executed

Figure22.14 Program/Program-Verify Flowchart (2)
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Table22.8 Program/Program Verify Parameter

Flow Section Item Symbol Min Typ Max  Unit Notes
Program/ Wait time after PSUL1(2)  tgpq, 50 50 — us
program-verify bit setting
Wait time after P1(2) bit  tgpy 8 10 12 Hs Additional-
setting (10ps) programming
time wait
Wait time after P1(2) bit  tgp,, 28 30 32 ps Programming
setting (30ps) time wait
Wait time after P1(2) bit  tgp,00 198 200 202 ps Programming
setting (200ps) time wait
Wait time after P1(2) bit  tg, 5 5 — ps
clearing
Wait time after PSUL1(2)  tepsy 5 5 — ps
bit clearing
Wait time after PV1 bit tepy 4 4 — ps
setting
Wait time after dummy tspvr 2 2 — ps
write
Wait time after PV1(2) tepy 2 2 — ps
bit clearing
All Wait time after SWEL1(2) tggue 1 1 — us
bit setting
Wait time after SWE1(2) tegue 100 100 — ps
bit clearing

22.7.3 EraseMode(n=1for AddressesH'0000to H'3FFFF, n = 2 for Addresses H'40000
to H'7FFFF)

When erasing flash memory, the erase/erase-verify flowchart (single-block erase) shown in figure
22.15 should be followed for each block.

To perform data or program erasure, set the SWERN hit to 1 in flash memory control register n
(FLMCRn), then, after an interval of teg,e Or longer, make a 1-bit setting for the flash memory
areato be erased in erase block register 1 or 2 (EBR1, EBR?2). Next, the watchdog timer is set to
prevent overerasing in the event of program runaway, etc. Set 19.8 ms asthe WDT overflow
period. After this, preparation for erase mode (erase setup) is carried out by setting the ESUn bit in
FLMCRn, and after an interval of tq, or longer, the operating mode is switched to erase mode by
setting the En bit in FLMCRn. The time during which the En bit is set is the flash memory erase
time. Ensure that the erase time does not exceed tg..
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After the elapse of the erase time, erase mode is exited. In exiting erase mode, the En bit in
FLMCRn is cleared, then after an interval of t.c or longer the ESUn bit is cleared, and after a
further interval of t.q, or longer the watchdog timer is halted.

Note:  With flash memory erasing, preprogramming (setting all memory datain the memory to
be erased to all “07) is not necessary before starting the erase procedure.

2274 Erase-Verify Mode (n =1 for Addresses H'00000 to H'3FFFF, n = 2 for Addresses
H'40000 to H' 7FFFF)

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

A transition to erase-verify mode is made by setting the EVn bit in FLMCRn and waiting for an
interval of t,. Before reading in erase-verify mode, perform adummy write of H'FF data to the
read addresses, and then wait for an interval of tg,s Or longer. When the flash memory isread in
this state (verify datais read in longword units), the data at the latched address is read. If the read
data has been erased (all “1”), adummy write is performed to the next address, and erase-verify is
performed. If the read datais unerased, set erase mode again and repeat the erase/erase-verify
sequence as before. Ensure that the operation is not repeated more than 100 times. When
verification is completed, exit erase-verify mode. Erase-verify mode is exited by clearing the EVn
bit in FLMCRn, then waiting for an interval of t.., or longer. If erasure has been completed on all
the erase blocks, clear the SWEN bit in FLMCRn. If there are any unerased blocks, make a 1-bit
setting for the flash memory areato be erased, and repeat the erase/erase-verify sequence as
before.

767
HITACHI



s O

Y

Erasing must be performed

Set SWEL(2) bit in FLMCR1(2)

| in block units.

¥

Wait: tsswe

n=1

fa] 1] T

Set EBR1(2)

)

Enable WDT

¥

Set ESU1(2) bit in FLMCR1(2)
¥

Wait: tsgsy
¥

Set E1(2) bit in FLMCR1(2)
¥

Start erase

Wait: tsg

¥

| Halt erase

Clear E1(2) bitin FLMCR1(2)
¥

Wait: tce

L]

Clear ESU1(2) bit in FLMCR1(2)
¥

Wait: teesy
L3

Disable WDT

¥

Set EVA(2) bit in FLMCR1(2)
¥

Wait: tsgy

| Set block start address to verify addressl

v

| H'FF dummy write to verify address |
¥

Wait: tsevr

Increment address | |

Read verify data

Clear EV1(2) bit in FLMCR1(2)
)

| [ clearEvi)bitin FLMCR1(2) |
¥

Wait: tcey

| [ Wait: teey |

End of

erasing of all erase
blocks?

Yes

No

Yes

| [ clear swe1(2) bitin FLMCR1 (2) |

Clear SWE1(2) bit in FLMCR1(2)
]

Wait: teswe

| | Wait: teswe |

End of erasing

Notes: 1. Preprogramming (setting erase block data to all “0") is not necessary.
2. Verify data is read in 32-bit (longword) units.
3. Set only one bit in EBR1(2). More than one bit cannot be set.
4. Erasing is performed in block units. To erase a number of blocks, each block must be erased in turn.

Figure22.15 Erase/Erase-Verify Flowchart
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Table22.9 Erase/Erase Verify Parameter

Flow Section Item Symbol Min Typ Max  Unit Notes
Erase/ Wait time after ESUL1(2)  tg, 100 100 — us
erase-verify bit setting

Wait time after E1(2) bit  tg 10 10 100 ms Erase time

setting wait

Wait time after E1(2) bit  t.. 10 10 — us

clearing

Wait time after ESUL1(2)  teesy 10 10 — ps

bit clearing

Wait time after EV1 bit teey 6 6 — us

setting

Wait time after dummy tsevr 2 2 — ps

write

Wait time after EV1(2) teey 4 4 — us

bit clearing
All Wait time after SWEL1(2) tggue 1 1 — ps

bit setting

Wait time after SWEL1(2) tegue 100 100 — us

bit clearing
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22.8 Protection

There are two kinds of flash memory program/erase protection, hardware protection and software
protection.

22.8.1 HardwareProtection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Hardware protection is reset by settings in flash memory control register 1
(FLMCRY), flash memory control register 2 (FLMCR?2), erase block register 1 (EBR1), and erase
block register 2 (EBR2). The FLMCR1, FLMCR2, EBR1, and EBR2 settings are retained in the
error-protected state. (See table 22.10.)

Table 22.10 Hardware Protection

Functions
Item Description Program Erase
FWE pin protection = When a low level is input to the FWE pin, Yes Yes
FLMCR1, FLMCR2, EBR1, and EBR2 are
initialized, and the program/erase-
protected state is entered.
Reset/standby e In a power-on reset (including a WDT Yes Yes

protection power-on reset) and in standby mode,
FLMCR1, FLMCR2, EBR1, and EBR2 are
initialized, and the program/erase-
protected state is entered.

 In areset via the RES pin, the reset state
is not entered unless the RES pin is held
low until oscillation stabilizes after
powering on. In the case of a reset during
operation, hold the RES pin low for the
RES pulse width specified in the AC
Characteristics section. Do not execute a
reset during programming or erasing, as
the values in the flash memory are not
guaranteed if this is done. In this case,
execute an erase, then execute
programming once again.
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22.8.2 Software Protection

Software protection can be implemented by setting the SWEL bit in FLMCRL, the SWE2 bit in
FLMCR?2, erase block register 1 (EBR1), erase block register 2 (EBR2), and the RAMS hit in the
RAM emulation register (RAMER). When software protection isin effect, setting the P1 or E1 bit
in flash memory control register 1 (FLMCR1), or the P2 or E2 bit in flash memory control register
2 (FLMCR?2), does not cause atransition to program maode or erase mode. See table 22.11.

Table 22.11 Softwar e Protection

Iltem

Description

Functions

Program

Erase

SWE bit protection

Clearing bit SWE1 in FLMCR1 to 0 will Yes
place area H'00000 to H'3FFFF in the
program/erase-protected state. (Execute

the program in the on-chip RAM, external
memory, or area H'40000 to H'7FFFF.)

Clearing bit SWE2 in FLMCR2 to 0 will
place area H'40000 to H'7FFFF in the
program/erase-protected state. (Execute
the program in the on-chip RAM, external
memory, or area H'00000 to H'3FFFF.)

Yes

Block specification
protection

Erase protection can be set for individual —
blocks by settings in erase block register 1
(EBR1) and erase block register 2 (EBR2).
Setting EBR1 and EBR2 to H'00 places all
blocks in the erase-protected state.

Yes

Emulation protection

Setting the RAMS bit to 1 in the RAM Yes
emulation register (RAMER) places all

blocks in the program/erase-protected

State.

Yes

HITACHI
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22.8.3 Error Protection

In error protection, an error is detected when SH7055 runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the SH7055 malfunctions during flash memory programming/erasing, the FLER bitissetto 1in
FLMCR2 and the error protection state is entered. The FLMCR1, FLMCR2, EBR1, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the error
occurred. Program mode or erase mode cannot be re-entered by re-setting the P1, P2, E1, or E2
bit. However, PV1, PV2, EV1, and EV2 hit setting is enabled, and atransition can be made to
verify mode.

FLER bit setting conditions are as follows:

1. When the flash memory of the relevant address areais read during programming/erasing
(including vector read and instruction fetch)

2. When a SLEEP instruction (including software standby) is executed during
programming/erasing

Error protection isreleased only by a power-on reset and in hardware standby mode.
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Figure 22.16 shows the flash memory state transition diagram.

Program mode Reset or standby

Erase mode RES=00rHSTBY =0 _ \_(hardware protection)
RD VF PRERFLER =0
N RES = 00r
Error occurrence HSTBY = 0 FLMCR1, FLMCR2,
(software standby) EBR1, EBR2
Error RES =0 or initialization state
occurrence
. Software Error protection mode
Error protection mode standby mode (software standby)

V"
B T EEE——
Software standby

mode release

FLMCR1, FLMCR2, EBR1,
EBRZ2 initialization state

Legend

RD: Memory read possible
VF: Verify-read possible
PR: Programming possible
ER: Erasing possible

Memory read not possible
Verify-read not possible
Programming not possible
Erasing not possible

m| 3| <| 3
D33

Figure22.16 Flash Memory State Transitions
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229  Flash Memory Emulation in RAM

Making a setting in the RAM emulation register (RAMER) enables part of RAM to be overlapped
onto the flash memory area so that data to be written to flash memory can be emulated in RAM in
real time. After the RAMER setting has been made, accesses cannot be made from the flash
memory area or the RAM area overlapping flash memory. Emulation can be performed in user

mode and user program mode. Figure 22.17 shows an example of emulation of real-time flash
memory programming.

( Start of emulation program >

4
Set RAMER

y

Write tuning data to overlap
RAM

A
Execute application program

—

Yes

Clear RAMER

Y

Write to flash memory emulation
block

Y
( End of emulation program >

Figure22.17 Flowchart for Flash Memory Emulation in RAM
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H'00000

EBO
H'01000

EB1
H'02000

EB2
H'03000

EB3
H'04000

EB4
H'05000

EB5
H'06000

EB6
H'07000

EB7
H'08000

Flash memory
EB8 to EB15

H'7FFFF

This area can be accessed
from both the RAM area
and flash memory area

-

777777777777 -

i

i

H'FFFF6000
HFFFF6FFF

On-chip RAM

H'FFFFDFFF

Figure22.18 Example of RAM Overlap Operation

Examplein which Flash Memory Block Area EBO is Overlapped

1

Notes: 1. Whenthe RAMS hit is set to 1, program/erase protection is enabled for all blocks

Set bits RAMS and RAM2 to RAMO in RAMER to 1, 0, 0, O, to overlap part of RAM onto the
area (EBO) for which real-time programming is required.

Real-time programming is performed using the overlapping RAM.
After the program data has been confirmed, the RAMS bit is cleared, releasing RAM overlap.

The datawritten in the overlapping RAM is written into the flash memory space (EBO).

regardless of the value of RAM2 to RAMO (emulation protection). In this state, setting
the P1 or E1 bit in flash memory control register 1 (FLMCR1), or the P2 or E2 bit in

flash memory control register 2 (FLMCR2), will not cause atransition to program

mode or erase mode. When actually programming or erasing a flash memory area, the
RAM S bit should be cleared to 0.
2. A RAM area cannot be erased by execution of software in accordance with the erase
algorithm while flash memory emulation in RAM is being used.
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22.10 Noteon Flash Memory Programming/Erasing

In the on-board programming modes (user mode and user program mode), NMI input should be
disabled to give top priority to the program/erase operations (including RAM emulation).

Do not perform awrite to aROM areaimmediately after an ATU register write cycle. For details,
see “Writing to ROM Area lmmediately after ATU Register Write” in section 11.7, Usage Notes.

When reading flash memory after changing the SWEnR bit from 1 to 0 on completion of a
program/erase operation, wait for at least t.q, after clearing SWEn to 0 before executing the flash
memory read. Regarding the timing of RES input after changing the SWEn bit from 1 to 0 on
completion of a program/erase operation, wait for at least t.g,e after clearing SWEn to 0 before
executing the reset operation.

2211 Flash Memory Programmer Mode

Programs and data can be written and erased in programmer mode as well as in the on-board
programming modes. In programmer mode, flash memory read mode, auto-program mode, auto-
erase mode, and status read mode are supported. In auto-program mode, auto-erase mode, and
status read mode, a status polling procedure is used, and in status read mode, detailed internal
signals are output after execution of an auto-program or auto-erase operation.

In programmer mode, set the mode pins to programmer mode (see table 22.12) and input a6 MHz
input clock, so that the SH7055 runs at 24 MHz.

Table 22.12 shows the pin settings for programmer mode. For the pin names in programmer mode,
see section 1.3.2, Pin Functions.

Table22.12 PROM Mode Pin Settings

Pin Names Settings

Mode pins: MD2, MD1, MDO 0,1,1

FWE pin High level input (in auto-program and auto-erase
modes)

RES pin Power-on reset circuit

XTAL, EXTAL, PLLV ., PLLCAP, Oscillator circuit

PLLV pins
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22.11.1 Socket Adapter Pin Correspondence Diagram

Connect the socket adapter to the chip as shown in figure 22.20. This will enable conversion to a
40-pin arrangement. The on-chip ROM memory map is shown in figure 22.19, and the socket
adapter pin correspondence diagram in figure 22.20.

Addresses in
MCU mode

H'00000000

H'0007FFFF

On-chip ROM space
512 kB

Addresses in
programmer mode

H'00000

H7FFFF

Figure22.19 On-Chip ROM Memory Map

HITACHI

77




SH7055 ' socket Adapter | | HN27C4096HG (40 Pins)
Pin No. Pin Name i(Corx?;ﬂggrazég-Pini Pin No. Pin Name
7 A0 ‘ 1 21 A0
8 Al 1 ‘ 22 Al
9 A2 ; : 23 A2
10 A3 : ; 24 A3
12 A4 ‘ 1 25 A
14 A5 T ; 26 A5
15 A6 : : 27 A6
16 A7 : ‘ 28 A7
! [}
17 A8 ‘ : 29 A8
18 A9 ; ; 31 A9
19 A10 : : 32 A10
21 ALl ‘ : 33 A1l
23 AL2 : 1 34 A12
24 A13 ‘ : 35 A13
25 Al4 i ‘ 36 Al4
26 AL5 ; : 37 A15
27 A16 38 A16
28 A17 ‘ 1 39 AL7
29 A18 1 ; 10 A18
63 DO : : 19 1100
64 D1 : ‘ 18 /o1
! ]
65 D2 ; : 17 1102
66 D3 : ; 16 1103
67 D4 1 15 1104
68 D5 ‘ : 14 1105
69 D6 : 1 13 1106
71 D7 1 : 12 1107
218 CE i ‘ 2 CE
230 OE ‘ ! 20 OE
226 WE : 1 3 WE
56 FWE ‘ ; 4 FWE
11,20,30,39,42,43,46,49,52,55,57 59, 1 : 1,40 Vee
70,75,83,100,101,119,120,128,139,148, Vee J 11,30 Vss
161,172,187,194,203,212,225,237,247 5,6,7 NC
! 1
13,22,32,41,44,47,50,54,72,77,84,85, ! : 8 A20
99,121,126,141,150,163,174,185,196, Vgs 9 A19
205,214,227,239,249 ' !
53 XTAL ‘ : — ||| Legend .
G || ostuor s | P s
60 PLL Ve —— '| AL8-AO: Address input
61 PLLCAP || PLLcrcut | || % g:it‘;jt”::;le
62 PLL Vgg f 1 WE: Write enable
Other than the above NC (OPEN) L 77777777777777 !

778

Figure22.20 Socket Adapter Pin Correspondence Diagram
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22.11.2 Programmer Mode Operation

Table 22.13 shows how the different operating modes are set when using programmer mode, and
table 22.14 lists the commands used in programmer mode. Details of each mode are given below.

Memory Read Mode

Memory read mode supports byte reads.

Auto-Program Mode

Auto-program mode supports programming of 128 bytes at atime. Status polling is used to
confirm the end of auto-programming.

Auto-Erase Mode

Auto-erase mode supports automatic erasing of the entire flash memory. Status polling is used
to confirm the end of auto-programming.

Status Read Mode

Status polling is used for auto-programming and auto-erasing, and normal termination can be

confirmed by reading the 1/06 signal. In status read mode, error information is output if an
€rror occurs.

Table 22.13 Settingsfor Various Operating Modes In Programmer Mode

Pin Names
Mode FWE CE OE WE I/O7-1/00  A18-A0
Read HorL L L H Data output  Ain
Output disable HorlL L H H Hi-z X
Command write HorlL L H L Data input Ain*
Chip disable HorL H X X Hi-z X

Notes: For command writes in auto-program and auto-erase modes, input a high level to the FWE

pin.
Chip disable is not a standby state; internally, it is an operation state.
* Ain indicates that there is also address input in auto-program mode.
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Table 22.14 Programmer Mode Commands

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode Address Data Mode Address Data
Memory read mode 1+n Write X H'00 Read RA Dout
Auto-program mode 129 Write X H'40 Write WA Din
Auto-erase mode 2 Write X H'20 Write X H'20
Status read mode 2 Write X H'71 Write X H'71

Notes: 1. In auto-program mode, 129 cycles are required for command writing by a simultaneous
128-byte write.

2. In memory read mode, the number of cycles depends on the number of address write
cycles (n).

22.11.3 Memory Read Mode

1. After completion of auto-program/auto-erase/status read operations, a transition is made to the
command wait state. When reading memory contents, a transition to memory read mode must
first be made with acommand write, after which the memory contents are read.

2. In memory read mode, command writes can be performed in the same way as in the command
wait state.

3. Once memory read mode has been entered, consecutive reads can be performed.
4. After powering on, memory read mode is entered.

Table22.15 AC Characteristicsin Transition to Memory Read M ode
(Conditions: Vo =3.3V 0.3V, V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle toc 20 Us

CE hold time teen 0 ns

CE setup time teoe 0 ns

Data hold time tan 50 ns

Data setup time tys 50 ns

Write pulse width toep 70 ns

WE rise time t, 30 ns

WE fall time t, 30 ns
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Command write Memory read mode

A18-A0 >< Address stable ><

tces tceh thxtc

- ~

twep

1071100 D) M

Note: Data is latched on the rising edge of WE.

Figure22.21 Timing Waveformsfor Memory Read after Memory Write

Table22.16 AC Characteristicsin Transition from Memory Read Mode to Another M ode
(Conditions: Vo =33V 20.3V,V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Command write cycle toic 20 us
CE hold time teon 0 ns
CE setup time te 0 ns
Data hold time tan 50 ns
Data setup time tys 50 ns
Write pulse width toep 70 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
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Memory read mode Other mode command write

A18-A0 >< Address stable ><

) thxtc ) tees fceh

CE \ / \L
e\ / t

wep

WE \ s

() CD—

Note: Do not enable WE and OE at the same time.

Figure22.22 Timing Waveformsin Transition from Memory Read Mode to Another Mode

Table22.17 AC Characteristicsin Memory Read Mode (Conditions: V. =3.3V £0.3V,
V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit Notes
Access time toce 20 us
CE output delay time t. 150 ns
OE output delay time toe 150 ns
Output disable delay time ty 100 ns
Data output hold time ton 5 ns
A \a
A18-A0 ><r Address stable 7X7 Address stable 7}<

CE Vi

OE v,

m VIH tacc tE,lCC

tohl—s toh

vor-ioo ———————({ DN D

Figure22.23 CE and OE Enable State Read Timing Waveforms
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A \'a N
A18-A0 X( Address stable 7X7 Address stable 7§<

o tee /‘\L tee —

toe toe
A I S f

WE ViH tace tacc

toh ] tdf tOh

107-400 () ( MF

L

Figure22.24 CE and OE Clock System Read Timing Waveforms

22.11.4 Auto-Program Mode

1. Inauto-program mode, 128 bytes are programmed simultaneously. This should be carried out
by executing 128 consecutive byte transfers.

2. A 128-byte datatransfer is necessary even when programming fewer than 128 bytes. In this
case, H'FF data must be written to the extra addresses.

3. Thelower 7 bits of the transfer address must be low. If avalue other than an effective address
isinput, processing will switch to a memory write operation but awrite error will be flagged.

4. Memory address transfer is performed in the second cycle (figure 22.25). Do not perform
transfer after the second cycle.

5. Do not perform a command write during a programming operation.

6. Perform one auto-program operation for a 128-byte block for each address. Two or more
additional programming operations cannot be performed on a previously programmed address
block.

7. Confirm normal end of auto-programming by checking 1/06. Alternatively, status read mode
can also be used for this purpose (1/07 status polling uses the auto-program operation end
decision pin).

8. Status polling I/06 and 1/O7 pin information is retained until the next command write. Aslong
as the next command write has not been performed, reading is possible by enabling CE and
OE.
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Table 22.18 AC Characteristicsin Auto-Program Mode (Conditions: V. =3.3V 0.3V,
V=0V, T,=25°C +5°C)

Item Symbol Min Max Unit Notes
Command write cycle toc 20 us
CE hold time teen ns
CE setup time teoe ns
Data hold time tan 50 ns
Data setup time tys 50 ns
Write pulse width toep 70 ns
Status polling start time tovsts 1 ms
Status polling access time ton 150 ns
Address setup time ts 0 ns
Address hold time tan 60 ns
Memory write time t it 1 3000 ms
Write setup time tons 100 ns
Write end setup time tomn 100 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
FWE _/l

ALE-A0 }}Z @@

tceh

tnxtc

fas tah

twsts tspa

[
-

— tdh

1107 @

M;ta transfer

1to 128 bytes

)

/06 <<

1/05-1/00 @@

)

)

)

)

/

twrite

)
)
)

3( / | Write operation end decision signal

Y___/|Write normal end decision signal

(oo )

Figure22.25 Auto-Program Mode Timing Waveforms
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22115 Auto-Erase Mode

1. Auto-erase mode supports only entire memory erasing.
2. Do not perform a command write during auto-erasing.

3. Confirm normal end of auto-erasing by checking 1/06. Alternatively, status read mode can also
be used for this purpose (1/07 status polling uses the auto-erase operation end decision pin).
4. Status polling 1/06 and 1/O7 pin information is retained until the next command write. Aslong

as the next command write has not been performed, reading is possible by enabling CE and
OE.

Table 22.19 AC Characteristicsin Auto-Erase Maode (Conditions: V. =3.3V 0.3V,
V=0V, T,=25°C +5°C)

Item Symbol Min Max Unit Notes
Command write cycle Lo 20 Us
CE hold time teen 0 ns
CE setup time tooe 0 ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Write pulse width toep 70 ns
Status polling start time toss 1 ms
Status polling access time topa 150 ns
Memory erase time Terase 100 40000 ms
Erase setup time tens 100 ns
Erase end setup time tenn 100 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
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FWE
tenh
A18-A0

fens; | fces fceh | | Inxtc thxte

—

OE
twep
t tr tests tspa
— \ / 4
WE
N
tds —» — tdh terase

or ——( DA D mmw /S

decision signal

e —— D—A Doy [

_end
decision signal

1/05-1/00 « w2 ) @@ @

Figure22.26 Auto-Erase Mode Timing Wavefor ms
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22.11.6 Status Read Mode

1. Statusread mode is provided to identify the kind of abnormal end. Use this mode when an
abnormal end occursin auto-program mode or auto-erase mode.

2. Thereturn code is retained until acommand write other than a status read mode command
writeis executed.

Table 22.20 AC Characteristicsin Status Read Mode (Conditions: V. =3.3V 0.3V,
V=0V, T,=25°C +5°C)

Item Symbol Min Max Unit Notes
Read time after command write teq 20 us
CE hold time teon ns
CE setup time tooe ns
Data hold time tan 50 ns
Data setup time tas 50 ns
Write pulse width toep 70 ns
OE output delay time toe 150 ns
Disable delay time tyr 100 ns
CE output delay time t. 150 ns
WE rise time t, 30 ns
WE fall time t, 30 ns
A18-A0

tces teeh | tnxtc, tces teeh, | tnxtc thxtc
[ - S — [
tee

——
oF - - -/
|l |t [« |t toe
— —— /
WE
N N/
tds le—» tdh tds l—»_tdh L,
A h \ A X A Y
V07-1/00 v D) =) ( »—

Note: 1/02 and /03 are undefined.

Figure22.27 Status Read Mode Timing Waveforms
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Table 22.21 Status Read Mode Return Commands

Pin Name /07 1106 1/05 1104 1/03 1/02 /01 1/00
Attribute Normal Command Program- Erase — — Program- Effective
end error ming error  error ming or address error
decision erase count
exceeded
Initial value 0 0 0 0 0 0 0 0
Indications Normal Command Program- Erasing — — Count Effective
end: 0 error: 1 ming error: 1 exceeded: 1 address
Abnormal  Otherwise: 0 &M 1 Otherwise: 0 Otherwise: 0 &M% 1
end: 1 Otherwise: 0 Otherwise: 0

Note: /02 and I/O3 are undefined.

22.11.7 StatusPolling

1. Thel/O7 status polling flag indicates the operating status in auto-program/auto-erase mode.

2. Thel/O6 status polling flag indicates anormal or abnormal end in auto-program/auto-erase
mode.

Table 22.22 Status Polling Output Truth Table

During Internal

Pin Name Operation Abnormal End — Normal End
/07 0 1 0 1
1106 0 0 1 1
I/00-I/05 0 0 0 0

22.11.8 Programmer Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the programmer mode
setup period. After the programmer mode setup time, atransition is made to memory read mode.

Table 22.23 Stipulated Transition Timesto Command Wait State

Item Symbol Min Max Unit Notes
Standby release (oscillation tosct 30 ms

stabilization time)

Programmer mode setup time oy 10 ms

V¢ hold time t g 0 ms

788

HITACHI



FWE

Note:

Memory read

mode Command wait state
Command Auto-program mode  Normal/abnormal
wait state Auto-erase mode end decision

tosc1 tomv tawn

In modes other than auto-program mode and auto-erase mode, the FWE input pin should be
driven low.

Figure22.28 Oscillation Stabilization Time, Boot Program Transfer Time, and

Power-Down Sequence

22.11.9 Noteson Memory Programming

1. When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming.

2. When performing programming using programmer mode on a chip that has been
programmed/erased in an on-board programming mode, auto-erasing is recommended before
carrying out auto-programming.

Notes: 1. The flash memory isinitially in the erased state when the device is shipped by Hitachi.

For other chips for which the erasure history is unknown, it is recommended that auto-
erasing be executed to check and supplement the initialization (erase) level.
Auto-programming should be performed once only on the same address block.
Additional programming cannot be performed on previously programmed address
blocks.
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Section 23 RAM

231 Overview

The SH7055 has 32 kbytes of on-chip RAM. The on-chip RAM islinked to the CPU, direct
memory access controller (DMAC), and advanced user debugger (AUD) with a 32-bit data bus
(figure 23.1).

The CPU, DMAC, and AUD can access data in the on-chip RAM in 8, 16, or 32 bit widths. On-
chip RAM data can always be accessed in one state, making the RAM ideal for use as a program
area, stack area, or data area, which require high-speed access. The contents of the on-chip RAM
are held in both the sleep and software standby modes. When the RAME bit (see below) is cleared
to 0, the on-chip RAM contents are also held in hardware standby mode.

The on-chip RAM is allocated to addresses H'FFFF6000 to H'FFFFDFFF.

SH7055

< Internal data bus (32 bits) >

H'FFFF6000 | H'FFFF6001 | H'FFFF6002 | H'FFFF6003
H'FFFF6004 | HFFFF6005 | H'FFFF6006 | H'FFFF6007

~L ~L ~
~_ N

On-chip RAM

g L/
— —

\{

]
N

))

H'FFFFDFFC | HFFFFDFFD | H'FFFFDFFE | H'FFFFDFFF

Figure23.1 Block Diagram of RAM
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23.2  Operation
The on-chip RAM is controlled by means of the system control register (SY SCR).

When the RAME bit in SYSCR is set to 1, the on-chip RAM is enabled. Accesses to addresses
H'FFFF6000-H'FFFFDFFF are then directed to the on-chip RAM.

When the RAME bit in SYSCR is cleared to 0, the on-chip RAM is not accessed. A read will
return an undefined value, and awrite isinvalid. If atransition is made to hardware standby mode
after the RAME bit in SYSCR is cleared to 0, the contents of the on-chip RAM are held.

For details of SYSCR, see 24.2.2, System Control Register (SY SCR), in section 24, Power-Down
State.
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Section 24 Power-Down State

241 Overview

Three modes are provided as power-save modes, namely, the hardware standby, software standby
and sleep modes. Also, amodule stop function is available to stop some modules. These standby
modes can be selected depending on applications to reduce the power consumption of the SH7055.

24.1.1 Power-Down States

The power-down state is effected by the following modes:

1.

Hardware standby mode

A transition to hardware standby mode is made according to the input level of the RES and
HSTBY pins.

In hardware standby mode, all SH7055 functions are halted.

This state is exited by means of a power-on reset.

Software standby mode

A transition to software standby mode is made by means of software (a CPU instruction).
In software standby mode, all SH7055 functions are halted.

This state is exited by means of a power-on reset or an NMI interrupt.

Sleep mode

A transition to sleep mode is made by means of a CPU instruction.

In software standby mode, basically only the CPU is halted, and al on-chip peripheral modules
operate.

This state is exited by means of a power-on reset, amanual reset, interrupt, or DMA address
error.

Module standby mode

Operation of the on-chip peripheral modules* which can be placed in a standby mode can be
stopped by stopping the clock supply. Clock supply to the individual modules can be
controlled by setting bits in the module standby control register (MSTCR).

Note: * AUD, H-UDI, FPU, and UBC
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Table 24.1 shows the transition conditions for entering the modes from the program execution
state, as well as the CPU and peripheral function status in each mode and the procedures for

canceling each mode.

Table24.1 Power-Down State Conditions

State

Entering CPU
Mode Procedure Clock CPU Registers

On-Chip
Peripheral
Modules RAM Pins

Canceling
Procedure

Hardware Low-level Halted Halted Halted

Undefined Held*? Initialized

High-level input

standby input at at HSTBY pin,
HSTBY pin executing
power-on reset
Software Execute Halted Halted Held Halted** Held Heldor <+ NMI
standby SLEEP high interrupt
instruction impe- « Power-on
with SSBY dance™?® reset
bit setto 1in
SBYCR
Sleep Execute Runs Halted Held Run Held Held * Interrupt
SLEEP « DMA
instruction address
with SSBY error
bit cleared to «  Power-on
0in SBYCR reset
e Manual
reset

Notes: SBYCR: Standby control register
SSBY: Software standby bit

1. Some bits within on-chip peripheral module registers are initialized in software standby
mode, and some are not. See table 24.4, Register States in Software Standby Mode.
Also refer to the register descriptions for each peripheral module.

2. Clear the RAME bit of the SYSCR to 0 in advance when changing the state from the
program execution state to the hardware standby state.

3. The state of the I/O ports in standby mode is set by the port high impedance bit (HIZ) in
SBYCR. See section 24.2.1, Standby Control Register (SBYCR). For details of other

pin states, refer to Pin States.
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24.1.2 Pin Configuration

Pins related to power-down modes are shown in table 24.2.
Table24.2 Pin Configuration

Pin Name Abbreviation 110 Function

Hardware standby input pin HSTBY Input Input level determines transition to
hardware standby mode

Power-on reset input pin RES Input Power-on reset signal input pin

2413 Related Registers

Table 24.3 shows the registers used for power-down state control.

Table24.3 Related Registers

Initial Address Access
Name Abbreviation R/W Value Write Read Size
Standby control register ~ SBYCR** R/W H'1F H'FFFFEC14 8
System control register SYSCR*! R/W  H'01 H'FFFFF708 8
Module standby control ~ MSTCR** R/W HO1 HFFFFF70A*? HFFFFF70B*® 8, 16

register

Notes: 1. SBYCR is accessed in three cycles, SYSCR and MSTCR in four or five cycles.
2. Write data in word units. Data cannot be written in byte or longword units.

3. Read data in byte units. Values cannot be read correctly if data is read in word or
longword units.

795
HITACHI



24.2  Register Descriptions

2421  Standby Control Register (SBYCR)

The standby control register (SBY CR) is an 8-bit readable/writable register that sets the transition
to standby mode, and the port state in standby mode. SBY CR isinitialized to H'1F by a power-on
reset.

Bit: 7 6 5 4 3 2 1 0
ossey | oz | — | — | — [ — | — | — |

Initial value: 0 0 0 1 1 1 1 1

R/W: R/W R/W R R R R R R

* Bit 7—Software Standby (SSBY): Specifies transition to software standby mode. The SSBY
bit cannot be set to 1 while the watchdog timer is running (when the timer enable bit (TME) in
the WDT timer control/status register (TCSR) is set to 1). To enter software standby mode,
always halt the WDT by clearing the TME bit to O, then set the SSBY hit.

Bit 7: SSBY Description
0 Executing SLEEP instruction puts the SH7055 into sleep mode (Initial value)
1 Executing SLEEP instruction puts the SH7055 into standby mode

« Bit 6—Port High Impedance (HIZ): In software standby mode, this bit selects whether to set
[/O port pins to high impedance or hold the pin state. The HIZ bit cannot be set to 1 when the
TME bit of the WDT timer control/status register (TCSR) is set to 1. When making the |/O
port pin state high impedance, always clear the TME bit to 0 before setting the HIZ bit.

Bit 6: HIZ Description
0 Pin states held in software standby mode (Initial value)
1 Pins go to high impedance in software standby mode

e Bit 5—Reserved: Thisbit always reads 0. The write value should always be 0.

e Bits4to 0—Reserved: These bits always read 1. The write value should always be 1.
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2422 System Control Register (SYSCR)

Bit: 7 6 5 4 3 2 1 0
. — | — | — | — | — | — |AUDSRST RAME |
Initial value: 0 0 0 0 0 0 0 1
RW: R R R R R R RIW RIW

The system control register (SY SCR) is an 8-bit readable/writable register that performs AUD
software reset control and enables or disables access to the on-chip RAM.

SYSCRisinitialized to H'01 by a power-on reset.
e Bits 7 to 2—Reserved: These bits always read 0. The write value should always be 0.

* Bitl— AUD Software Reset (AUDSRST): This bit controls AUD reset using software. Setting
AUDSRST hit to 1 places, the AUD module in the power-on reset state.

Bit 1: AUDSRST Description

0 AUD reset state cleared

1 AUD reset state entered (Initial value)

e Bit 0—RAME Enable (RAME): Selects enabling or disabling of the on-chip RAM. When
RAME isset to 1, on-chip RAM is enabled. When RAME is cleared to 0, on-chip RAM cannot
be accessed. In this case, aread or instruction fetch from on-chip RAM will return an
undefined value, and awrite to on-chip RAM will beignored. Theinitial value of RAME is 1.
When on-chip RAM is disabled by clearing RAME to 0, do not place an instruction that
attempts to access on-chip RAM immediately after the SY SCR write instruction, as normal
access cannot be guaranteed in this case.

When on-chip RAM is enabled by setting RAME to 1, place an SY SCR read instruction
immediately after the SY SCR write instruction. Normal access cannot be guaranteed if an on-
chip RAM access instruction is placed immediately after the SY SCR write instruction.

Bit 0: RAME Description
0 On-chip RAM disabled
1 On-chip RAM enabled (Initial value)
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24.2.3 Module Standby Control Register (MSTCR)

Bitt 7 6 5 4 3 2 1 0
. — | — | — | — |msTOP3 MSTOP2| MSTOP1| MSTOPO|
Initial value: 0 0 0 0 0 0 0 1
RW: R R R R RW  RW RIW RIW

The module standby control register (MSTCR) is an 8-bit readable/writable register that controls
the standby state of the AUD, H-UDI, FPU, and UBC on-chip modules.

MSTCR isinitialized to H'01 by a power-on reset.

Note: The method of writing to MSTCR is different from that of ordinary registers to prevent
inadvertent rewriting. See section 24.2.4, Notes on Register Access, for more information.

e Bits 7 to 4—Reserved: These bhits always read 0. The write value should always be 0.

« Bit 3—Module Stop 3 (MSTOP3): Specifies halting of the clock supply to the AUD on-chip
peripheral module. Setting the MSTOPS bit to 1 stops the clock supply to the AUD. To cancel
halting of the clock supply to the AUD, first set the AUD software reset bit (AUDSRST) in the
system control register (SY SCR) to the AUD reset state value. Use of the AUD will then be
enabled by clearing the AUD reset.

Bit 3: MSTOP3  Description

0 AUD operates (Initial value)

1 Clock supply to AUD stopped

* Bit2—Module Stop 2 (MSTOP2): Specifies halting of the clock supply to the H-UDI on-chip
peripheral module. Setting the MSTOP2 bit to 1 stops the clock supply to the H-UDI.

Bit 2: MSTOP2  Description

0 H-UDI operates

1 Clock supply to H-UDI stopped (Initial value)

e Bit 1—Module Stop 1 (MSTOPL): Specifies halting of the clock supply to the FPU on-chip
peripheral module. Setting the MSTOPL bit to 1 stops the clock supply to the FPU.
The MSTOP1 bit cannot be cleared by writing O after it has been set to 1. In other words, once
the MSTOPL bit has been set to 1 and the clock supply to the FPU has been stopped, the clock
supply to the FPU cannot be resumed by clearing the MSTOPL1 hit to 0.
An SH7055 power-on reset is necessary to restart the FPU clock supply after it has been
stopped.
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Bit 1: MSTOP1  Description

0 FPU operates (Initial value)

1 Clock supply to FPU stopped

» Bit 0—Module Stop 0 (MSTOPQ): Specifies halting of the clock supply stop to the UBC on-
chip peripheral module.

Clearing the MSTOPO hit to 0 starts the clock supply to the UBC.

Stopping clock supply to the UBC will reset the internal state of the UBC including its
registers.

Bit 0: MSTOPO  Description

0 UBC operates (Initial value)

1 Clock supply to UBC stopped

2424 Noteson Register Access

The method of writing to the module standby control register (MSTCR) is different from that of
ordinary registersto prevent inadvertent rewriting.

Be certain to use aword transfer instruction when writing datato MSTCR. Data cannot be written
by a byte transfer instruction. As shown in figure 24.1, set the upper byte to H'3C and transfer data
using the lower byte as write data.

Data can be read by the same method as for ordinary registers.

MSTCR is allocated to address H'FFFFF70A. Always use a byte transfer instruction to read data.

When writing to MSTCR

15 8 7 0
H'3C Write data

Address: H'FFFFF70A

Figure24.1 Writingto MSTCR
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24.3 Hardware Standby Mode

2431 Transition to Hardware Standby Mode

The chip enters hardware standby mode when the HSTBY and RES pins go low. Hardware
standby mode reduces power consumption drastically by halting all SH7055 functions. Asthe
transition to hardware standby mode is made by means of externa pin input, the transition is made
asynchronously, regardless of the current state of the SH7055, and therefore the chip state prior to
the transition is not preserved. However, on-chip RAM datais retained as long as the specified
voltageis supplied. To retain on-chip RAM data, clear the RAM enable bit (RAME) to Ointhe
system control register (SY SCR) before driving the HSTBY pin low. See appendix B, Pin States,
for the pin states in hardware standby mode.

24.3.2 Canceding Hardware Standby Mode

Hardware standby mode is canceled by means of the HSTBY pin and RES pin. When HSTBY is
driven high while RES islow, the clock oscillator starts running. The RES pin should be held low
long enough for clock oscillation to stabilize. When RES is driven high, power-on reset exception
processing is started and a transition is made to the program execution state.

24.3.3 Hardware Standby Mode Timing

Figure 24.2 shows sample pin timings for hardware standby mode. A transition to hardware
standby mode is made by driving the HSTBY pin low after driving the RES pin low. Hardware
standby mode is canceled by driving HSTBY high, waiting for clock oscillation to stabilize, then
switching RES from low to high.

Oscillator /fr
(
)

RES ¥
| ) |
3 i
HSTBY | |
| 0 !
| | | |
o | 1
| | | |
RES pulse Oscillation Reset
width tgesw settling exception

time processing

Figure24.2 Hardware Standby Mode Timing
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244  Software Standby Mode

2441 Transition to Software Standby Mode

To enter software standby mode, set the software standby bit (SSBY) to 1 in SBY CR, then execute
the SLEEP instruction. The SH7055 switches from the program execution state to software
standby mode. In software standby mode, power consumption is greatly reduced by halting not
only the CPU, but the clock and on-chip peripheral modules as well. CPU register contents and
on-chip RAM data are held as long as the prescribed voltages are applied (when the RAME bitin
SYSCR is0). Theregister contents of some on-chip peripheral modules are initialized, but some
are not (table 24.4). The I/O port state can be selected as held or high impedance by the port high
impedance bit (HI1Z) in SBY CR. For other pin states, refer to appendix B, Pin States.
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Table24.4 Register Statesin Software Standby M ode

On-Chip Peripheral Module

Registers Initialized

Registers that Retain Data

Interrupt controller (INTC) — All registers
User break controller (UBC) — All registers
Bus state controller (BSC) — All registers
Direct memory access All registers —
controller (DMAC)

Advanced timer unit (ATU-1I)  All registers —
Advanced pulse controller — All registers

(APC)

Watchdog timer
(WDT)

+ Bits 7-5 (OVF, WT/IT, TME)
of the timer control status
register (TCSR)

* Reset control/status register
(RSTCSR)

e Timer counter (TCNT)

+  Bits 2-0 (CKS2—-CKSO0) of
TCSR

Compare match timer (CMT)

All registers

HCAN

Registers other than
MCO[1:8]-MC15[1:8]
MDO[1:8]-MD15[1:8]

MCO[1:8]-MC15[1:8]
MDO[1:8]-MD15[1:8]

Serial communication All registers —

interface (SCI)

A/D converter (A/D) All registers —

H-UDI — All registers
Pin function controller (PFC) — All registers
I/O ports (1/O) — All registers

Flash memory control
registers

All registers (except RAMER)

Power-down state related

« Standby control register
(SBYCR)

e System control register
(SYSCR)

* Module stop control register
(MSTCR)
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2442  Canceling Software Standby Mode
Software standby mode is canceled by an NMI interrupt or a power-on reset.

Cancellation by NM1: Clock oscillation starts when arising edge or falling edge (selected by the
NMI edge select bit (NMIE) in the interrupt control register (ICR) of the INTC) is detected in the
NMI signal. This clock is supplied only to the watchdog timer (WDT). A WDT overflow occursiif
the time established by the clock select bits (CKS2-CKS0) in TCSR of the WDT elapses before
transition to software standby mode. The occurrence of this overflow is used to indicate that the
clock has stahilized, so the clock is supplied to the entire chip, software standby mode is canceled,
and NMI exception processing begins.

When canceling standby mode with an NMI interrupt, set the CK S2-CK S0 bits so that the WDT
overflow period is longer than the oscillation stabilization time.

When canceling standby mode with an NMI pin set for falling edge, be sure that the NMI pin level
upon entering software standby (when the clock is halted) is high, and that the NMI pin level upon
returning from software standby (when the clock starts after oscillation stabilization) is low. When
canceling software standby mode with an NMI pin set for rising edge, be sure that the NMI pin
level upon entering software standby (when the clock is halted) is low, and that the NMI pin level
upon returning from software standby (when the clock starts after oscillation stabilization) is high.

Cancellation by Power-On Reset: A power-on reset of the SH7055 caused by driving the RES
pin low cancels software standby mode.
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24.4.3  Software Standby Mode Application Example

This example describes a transition to software standby mode on the falling edge of the NMI
signal, and cancellation on the rising edge of the NMI signal. The timing is shown in figure 24.3.

When the NMI pin is changed from high to low level while the NMI edge select bit (NMIE) in
ICR is set to O (falling edge detection), the NMI interrupt is accepted. When the NMIE bit is set to
1 (rising edge detection) by the NMI exception service routine, the software standby bit (SSBY) in
SBYCRissetto 1, and a SLEEP instruction is executed, software standby mode is entered.
Thereafter, software standby mode is canceled when the NMI pin is changed from low to high
level.
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: exception h h . - )
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Figure24.3 Software Standby Mode NMI Timing (Application Example)
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245  Sleep Mode

2451 Transition to Sleep Mode

Executing the SLEEP instruction after the software standby bit (SSBY) in SBY CR has been
cleared to O causes a transition from the program execution state to sleep mode. Although the CPU
haltsimmediately after executing the SLEEP instruction, the contents of itsinternal registers
remain unchanged. The on-chip peripheral modules continue to run during sleep mode.

245.2 Canceling Sleep Mode

Cancellation by Interrupt: When an interrupt occurs, sleep mode is canceled and interrupt
exception processing is executed. The sleep mode is not canceled if the interrupt cannot be
accepted because its priority level isequal to or less than the mask level set in the CPU'’s status
register (SR) or if an interrupt by an on-chip peripheral moduleis disabled at the peripheral
module.

Cancellation by DMA AddressError: If aDMA address error occurs, sleep mode is canceled
and DMA address error exception processing is executed.

Cancellation by Manual Reset: When an internal manual reset istriggered by the WDT and the
CPU acquires the bus during the internal manual reset period, the state of the SH7055 changesto
the manual reset state and sleep mode will be released.

Cancellation by Power-On Reset: A power-on reset of the SH7055 resulting from driving the
RES pin low, or caused by the WDT, cancels sleep mode.
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Section 25 Electrical Characteristics

25.1 Absolute Maximum Ratings
Table 25.1 shows the absolute maximum ratings.

Table25.1 Absolute Maximum Ratings

Item Symbol Rating Unit Remarks

Power Vecand PLLV. V. -0.3to +4.3 \Y The PLLCAP, EXTAL,
supply pins XTAL, CK, and H-UDI pins
voltage are concerned.

(Vec and PLLV . are the
same voltage)

PV..1 and PV -0.3t0 +7.0 \ Except for the PLLCAP,
PV..2 pins EXTAL, XTAL, CK, and
H-UDI pins and the analog
input pin
Input EXTAL and H-  Vin -03t0V,+03 V
voltage UDI pins
All pins other Vin —-0.3t0 PV, +03 V Refer to table 25.2,
than analog Correspondence between
input, EXTAL, Power Supply Names and
and H-UDI pins Pins
Analog supply voltage AV . -0.3t0 +7.0 \%
Analog reference voltage AVref —-0.3t0 AV,+0.3 V
Analog input voltage VAN —-0.3t0 AV, +03 V
Operating temperature Topr —40 to +85 °C

(except writing or erasing
flash EEPROM)

Operating temperature TWEopr -40 to +85 °C
(writing or erasing flash

EEPROM)

Storage temperature Tstg —55 to +125 °C

[Operating precautions]

Operating the LSI in excess of the absolute maximum ratings may result in permanent damage.
The two power supply voltages of PV . of 5V and V. of 3V may be used simultaneously with the
LSl. Besureto usethe LSl in compliance with the connection of power pins, combination
conditions of applicable power supply voltages, voltage applicable to each pin, and conditions of
output voltage, as specified in the manual. Connecting a non-specified power supply or using the
LSl at an incorrect voltage may result in permanent damage of the LS| or the system that contains
theLSl.
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25.2

DC Characteristics

Table 25.2 shows the correspondence between power supply names and pins.

Table 25.4 shows DC characteristics.

Table25.2 Correspondence between Power Supply Names and Pins

Power

Supply Output

Pin User Pin Circuit Input

Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name 1 2 3 4 Name Limit (V) Notes
1 PD8 PULSO PVee2 PV 2+0.3
2 PD9 PULS1 PVee2 PV e2+0.3
3 PD10 PULS2 PVee2 PV 2+0.3
4 PD11 PULS3 PVee2 PV e2+0.3
5 PD12 PULS4 PVee2 PV 2+0.3
6 PD13 PULS6  HTXxDO  HTXxD1 PV 2  PV,2+0.3
7 PEO A0 PVeel PV c1+0.3
8 PE1 Al PVeel PV 1403
9 PE2 A2 PVeel PV c1+0.3
10 PE3 A3 PVeel PV .1+0.3
11 Vg
12 PE4 A4 PVeel PV 1403
13 Vg
14 PE5 A5 PVeel PV 1+0.3
15 PE6 A6 PVeel PV c1+0.3
16 PE7 A7 PVeel PV 1403
17 PE8 A8 PVeel PV c1+0.3
18 PE9 A9 PVeel PV .1+0.3
19 PE10 A10 PVeel PV c1+0.3
20 PVl
21 PE11 All PVeel PV c1+0.3
22 Vg
23 PE12 A12 PVeel PV c1+0.3
24 PE13 A13 PVeel PV .1+0.3
25 PE14 Al4 PVeel PV c1+0.3
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power

Supply Output

Pin User Pin Circuit Input

Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 Name Limit (V) Notes
26 PE15 A15 PVeel  PV.1+0.3
27 PFO Al6 PVeel PV c1+0.3
28 PF1 AL7 PVeel  PV.1+0.3
29 PF2 Al8 PVeel PV c1+0.3
30 Ve
31 PF3 A19 PVeel PV c1+0.3
32 Vg
33 PF4 A20 PVeel PV c1+0.3
34 PF5 A21 POD PVeel PV 1403
35 PF6 WRL PVeel  PVe140.3
36 PF7 WRH PVeel  PV.1+0.3
37 PF8 WAIT PVeel  PVe140.3
38 PF9 RD PVeel  PV.1+0.3
39 PVl
40 PF10 CS0 PVeel PV c1+0.3
41 Vg
42 PF11 CcsT PVeel PV c1+0.3
43 PF12 CS2 PVeel  PVe140.3
44 PF13 CS3 PVeel PV c1+0.3
45 PF14 BACK PVeel  PVe140.3
46 PF15 BREQ PVel PV 1403
47 Vg
48 CK Vee
49V
50 MD2 5.5+0.3
51 EXTAL Ve t0.3
52 Ve
53 XTAL Vee
54 Vg
55 MD1 5.5+0.3
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power

Supply Output

Pin User Pin Circuit  Input

Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 Name Limit (V) Notes
56 FWE 5.5+0.3
57 HSTBY 5.5+0.3
58 RES 5.5+0.3
59 MDO 5.5+0.3
60 PLLV
61 PLLCAP
62  PLLVg
63 PHO DO PVecl PV c1+0.3
64 PH1 D1 PVeel  PV:1+0.3
65 PH2 D2 PVecl PV c1+0.3
66 PH3 D3 PVeel  PV:1+0.3
67 PH4 D4 PVecl PV c1+0.3
68 PH5 D5 PVeel  PV:1+0.3
69 PH6 D6 PVecl PV c1+0.3
70 PVl
71 PH7 D7 PVecl PV c1+0.3
72 Vg
73 PH8 D8 PVecl PV c1+0.3
74 PH9 D9 PVeel  PV:1+0.3
75 Ve
76 PH10 D10 PVeel  PVc1+0.3
77 Ve
78 PH11 D11 PVeel  PVc1+0.3
79 PH12 D12 PVeel PV .1+0.3
80 PH13 D13 PVeel  PVc1+0.3
81 PH14 D14 PVeel PV .1+0.3
82 PH15 D15 PVeel  PVc1+0.3
83 PVl
84 NMI 5.5+0.3
85 Vg
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power

Supply Output

Pin User Pin Circuit Input

Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 4 Name Limit (V) Notes
86 ANO AV .+0.3
87 AN1 AV_.+0.3
88 AN2 AV .+0.3
89 AN3 AV .+0.3
90 AN4 AV .+0.3
91 AN5 AV_.+0.3
92 ANG AV .+0.3
93 AN7 AV_.+0.3
94 ANS AV .+0.3
95 AN9 AV_.+0.3
96 AN10 AV +0.3
97 AN11 AV .+0.3
98 AN12 AV +0.3
99 AV
100 AVref
101 AV
102 AN13 AV +0.3
103 AN14 AV .+0.3
104 AN15 AV +0.3
105 AN16 AV .+0.3
106 AN17 AV +0.3
107 AN18 AV .+0.3
108 AN19 AV +0.3
109 AN20 AV .+0.3
110 AN21 AV +0.3
111 AN22 AV .+0.3
112 AN23 AV +0.3
113 AN24 AV .+0.3
114 AN25 AV +0.3
115 AN26 AV .+0.3
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power
Supply Output
Pin User Pin Circuit  Input
Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 4 Name Limit (V) Notes
116 AN27 AV +0.3
117 AN28 AV .+0.3
118 AN29 AV +0.3
119 AV
120 AVref
121 AVgg
122 AN30 AV +0.3
123 AN31 AV .+0.3
124 WDTOVF PVc2
125 PAO TIOA PVcc2 PV .2+0.3 Schmitt-
trigger input
pin
126 Vg
127 PA1 TIOB PVcc2 PV ..2+0.3 Schmitt-
trigger input
pin
128 PV .2
129 PA2 TIOC PVc2 PVc2+0.3  Schmitt-
130 PA3 TIoD PV..2  PV..2+0.3 Uggerinput
pin
131 PA4 TIO3A PVc2 PV .2+0.3
132 PA5 TIO3B PVcc2 PVc.2+0.3
133 PAG6 TIO3C PVc2 PV .2+0.3
134 PA7 TIO3D PVcc2 PVc.2+0.3
135 PA8 TIO4A PVc2 PV .2+0.3
136 PA9 TIO4B PVcc2 PVc.2+0.3
137 PA10 TIO4C PVc2 PV .2+0.3
138 PA11 TIO4D PVcc2 PVc.2+0.3
139V
140 PA12 TIO5A PVce2 PV .2+0.3 Schmitt-
trigger input
pin
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power

Supply Output

Pin User Pin Circuit Input
Power Power Voltage

Pin  Supply Dedicated Function Function Function Function Supply  Upper

No. Name i 1 2 3 4 Name Limit (V) Notes

141 Vg

142 PA13 TIO5B PVcc2 PV,.2+0.3 Schmitt-
trigger input
pin

143 PA14 TxDO PVcc2 PV.2+0.3

144 PA15 RxDO PVcc2 PV .2+0.3

145 PBO TOG6A PVc2 PV c2+0.3

146 PB1 TO6B PVcc2 PV.2+0.3

147 PB2 TO6C PVcc2 PV c2+0.3

148 PV .2

149 PB3 TO6D PVc2 PV c2+0.3

150 Vgg

151 PB4 TO7A TO8A PVc2 PV c2+0.3

152 PB5 TO7B TO8B PVcc2 PV.2+0.3

153 PB6 TO7C TO8C PVcc2 PV c2+0.3

154 PB7 TO7D TO8D PVcc2 PV.2+0.3

155 PB8 TxD3 TOS8E PVc2 PV c2+0.3

156 PB9 RxD3 TO8F PVcc2 PV.2+0.3

157 PB10 TxD4 HTxDO TO8G PVcc2 PV c2+0.3

158 PB11 RxD4 HRxDO TO8H PVcc2 PV.2+0.3

159 PB12 TCLKA UBCTRG PVcc2 PV,.2+0.3 Schmitt-
trigger input
pin

160 PB13 SCKO PVcc2 PV .2+0.3

161 V.

162 PB14 SCK1 TCLKB TI10 PVcc2 PV c2+0.3 Schmitt-
trigger input
pin

163 Vgg

164 PB15 PULS5 SCK2 PVcc2 PV,.2+0.3 Schmitt-
trigger input
pin

165 PCO TxD1 PVcc2 PVc2+0.3
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power
Supply Output
Pin User Pin Circuit  Input
Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 4 Name Limit (V) Notes
166 PC1 RxD1 PVc2 PVc2+0.3
167 PC2 TxD2 PVcc2 PV .2+0.3
168 PC3 RxD2 PVc2 PVc2+0.3
169 PC4 IRQO PVcc2 PV .2+0.3 Schmitt-
trigger input
pin
170 PGO PULS7 HRxDO HRxD1 PVc2 PV c2+0.3
171 PG1 IRQ1 PVcc2 PV ..2+0.3 Schmitt-
trigger input
pin
172 PV 2
173 PG2 IRQ2 ADEND PVc2 PV c2+0.3 Schmitt-
trigger input
pin
174 Vg
175 PG3 IRQ3 ADTRGO PVcc2 PV .2+0.3 Schmitt-
176 PJO TIO2A PVe2  PVo2+0.3 Mggerinput
pin
177 PJ1 TIO2B PVcc2 PVc2+0.3
178 PJ2 TIO2C PVc2 PV .2+0.3
179 PJ3 TIO2D PVcc2 PVc2+0.3
180 PJ4 TIO2E PVc2 PV .2+0.3
181 PJ5 TIO2F PVcc2 PVc2+0.3
182 PJ6 TIO2G PVc2 PV .2+0.3
183 PJ7 TIO2H PVcc2 PVc2+0.3
184 PJ8 TIO5C PVc2 PV .2+0.3
185 Vgg
186 PJ9 TIO5D PVc2 PVc2+0.3  Schmitt-
trigger input
pin
187 V¢
188 PJ10 TI9A PVc2 PVc2+0.3  Schmitt-
trigger input
pin
189 pPJ11 TI9B PVc2 PV .2+0.3
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power
Supply Output
Pin User Pin Circuit Input
Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 4 Name Limit (V) Notes
190 PJ12 TI9C PVee2  PV2+0.3  Schmitt-
101 PJ13 TIoD PVo2  PV.2+0.3 [ggerinput
192 PJ14 TI9E PVee2 PV :2+0.3 P
193 PJ15 TI9F PVee2  PV:2+0.3
194 PV 2
195 PKO TO8A PVee2  PV:2+0.3
196 Vg
197 PK1 TO8B PVee2  PV:2+0.3
198 PK2 TO8sC PVee2 PV e2+0.3
199 PK3 TO8D PVee2  PV:2+0.3
200 PK4 TOSE PVee2 PV e2+0.3
201 PK5 TOSF PVee2  PV:2+0.3
202 PK6 TO8G PVee2 PV e2+0.3
203 V¢
204 PK7 TO8H PVee2 PV e2+0.3
205 Vg
206 PK8 TO8I PVee2 PV e2+0.3
207 PK9 TO8J PVee2  PVe2+0.3
208 PK10 TO8K PVee2 PV e2+0.3
209 PK11 TO8L PVee2  PVe2+0.3
210 PK12 TO8M PVee2 PV e2+0.3
211 PK13 TO8N PVee2  PVe2+0.3
212 PV 2
213 PK14 TO8O PVee2  PVe2+0.3
214 Vg
215 PK15 TO8P PVee2  PVe2+0.3
216 PLO TI10 PVee2  PV2+0.3  Schmitt-
trigger input
pin
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power
Supply Output
Pin User Pin Circuit  Input
Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 4 Name Limit (V) Notes
217 PL1 TIO11A IRQ6 PVc2 PVc2+0.3  Schmitt-
218 PL2 TIO11B  TRQ7 PVe2  PV.2+40.3 Ul9gerinput
pin
219 PL3 TCLKB PVc2 PV .2+0.3
220 PL4 ADTRGO PVcc2 PVc2+0.3
221 PL5 ADTRGH1 PVc2 PV .2+0.3
222 PL6 ADEND PVcc2 PVc2+0.3
223 PL7 SCK2 PVc2 PVc2+0.3  Schmitt-
trigger input
pin
224 PL8 SCK3 PVcc2 PV.2+0.3
225 V¢
226 PL9 SCK4 IRQ5 PVcc2 PV ..2+0.3 Schmitt-
trigger input
pin
227 Vg
228 PL10 HTxDO HTxD1 PVc2 PV .2+0.3
229 PL11 HRxDO HRxD1 PVcc2 PVc.2+0.3
230 PL12 IRQ4 PVc2 PV c2+0.3 Schmitt-
trigger input
pin
231 PL13 IRQOUT PVc2 PV .2+0.3
232 TMS Vcc+0.3
233 TRST Vct+0.3
234 TDI Vcc+0.3
235 TDO Vee
236 TCK Vee
237 V¢
238 AUDRST PVc2+0.3
239 Vg
240 AUDMD PVc2+0.3
241 AUDATAO PVc2 PV .2+0.3
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Table25.2 Correspondence between Power Supply Names and Pins (cont)

Power
Supply Output
Pin User Pin Circuit Input
Power Power Voltage
Pin  Supply Dedicated Function Function Function Function Supply  Upper
No. Name Pin 1 2 3 4 Name Limit (V) Notes
242 AUDATAL PVee2 PV :2+0.3
243 AUDATA?2 PVee2 PV 2+0.3
244 AUDATA3 PVee2 PV :2+0.3
245 AUDCK PVee2 PV 2+0.3
246 AUDSYNC PVee2 PV :2+0.3
247 PV2
248 PDO TIO1A PVee2  PVcc2+0.3  Schmitt-
trigger input
pin
249 Vg
250 PD1 TIO1B PVee2  PVcc2+0.3  Schmitt-
251 PD2 TIo1C PVo2  PVg.2+0.3 lggerinput
pin
252 PD3 TIO1D PVee2  PVe2+0.3
253 PD4 TIO1E PVee2 PV 2+0.3
254 PD5 TIOLF PVee2  PVe2+0.3
255 PD6 TIO1G PVee2 PV 2+0.3
256 PD7 TIO1H PVee2  PVe2+0.3
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Usage Notes
Set power supply voltages during LS| operation as shown below.

Vee=PLLV =33V 0.3V, PV 1=50V +0.5V/3.3V 203V, PV2=50V 205V,
AV =50V £0.5V, AV 4 =45V t0 AVe, Vs = PLLV = AV = 0V

When PVl =33V 203V, Ve = PVl

The PV .1 power supply voltage depends on the operating mode as shown below. Operation
cannot be guaranteed with other PV .1 power supply voltages.

Table25.3 PV .1 Voltagein Each Operating Mode

Operating Mode No. Mode Name PV..1 Voltage
Modes 0, 1, 2 MCU expanded mode 3.3V+0.3V
Mode 3 Single-chip mode 50V 05V
Mode 4 Boot mode 3.3Vz+03V
Mode 5 Boot mode 50V+05V
Mode 6 User program mode 3.3VvV+0.3V
Mode 7 User program mode 50V 05V
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Table25.4

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,

DC Characteristics

PV2=50V 205V, AV =50V +0.5V, AV, =45V to AV,

Ve =PLLV=AV =0V, T,=-40°C to 85°C.
When PVl =33V 20.3V, Ve = PV el

When writing or erasing flash EEPROM, T, =—-40°C to 85°C.

Measurement
Item Symbol Min Typ Max Unit Conditions
Input high- RES, NMI, FWE, Vi Ve — 5.8 \Y PV,=3.0V
level voltage MD2-0, HSTBY -05 -55V
(except
Schmitt
trigger input
voltage)
EXTAL Vee — Vee \%
x 0.7 +0.3
D15-D0, WAIT, 2.2 — PV.1 V PV.,1=33V
BREQ (When in MCU +0.3 +0.3V
expansion mode)
PE15-PEO, PF15— 2.2 — PV..1 V PV.,1=33V
PFO, PH15-PHO +0.3 +0.3V
(When in MCU
expansion mode)
TRST Vee — Vee \%
-0.5 +0.3
TMS, TDI, TCK 2.2 — Ve \%
+0.3
AUDRST, AUDMD Ve — PV.,2 V
-0.5 +0.3
Other input pins 2.2 — PVcc V
+0.3
Input low- RES, NMI, FWE, vV, -0.3 — 0.5 \%
level voltage MD2-0, HSTBY,
(except TRST, AUDRST,
Schmitt AUDMD
trigger input
voltage)
Other input pins -0.3 — 0.8 \%
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Table25.4 DC Characteristics (cont)

Conditions. Vo =PLLV =33V 03V, PV,1=50V +05V/3.3V 0.3V,
PVec2=50V 205V, AV, =50V £05V,AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=—-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

Measurement
Item Symbol Min Typ Max Unit Conditions
Schmitt TIOA-TIOD, (Vi) 4.0 — (PVe2 V Refer to table
trigger input  TIO1A-TIO1H, \VA +0.3) 25.2,
voltage TIO2A-TIO2H, Correspondence
TIO3A-TIOS3D, between Power
TIO4A-TIO4D, Supply Names
TIO5A-TIOSD, and Pins
TI9A-TI9F, TI10,
TIO11A-TIO11B,
TCLKA, TCLKB,
ADTRGO, ADTRGT,
SCKO-SCK4,
IRQO-IRQ7 and when
thses pins are
selected as 1/O ports
V) (-0.3) — 1.0 \Y
Vi
V"=V, 04 — — Y
Input leak RES, NMI, FWE, [ lin] — — 1.0 HA Vin=0.5Vto
current MD2-0, HSTBY, 55+0.3V
EXTAL (Standby) — — 1.0 HA Vin=0.5Vto
Vee—05V
TMS, TRST, TDI, — — 1.0 pA Vin=0.5Vto
TCK (Standby) V=05V
AUDMD, AUDCK, — — 1.0 HA Vin=0.5Vto
AUDSYNC, PV.,2-05V
AUDATA3-0
(Standby)
AUDRST (Standby) — — 1.0 MA Vin=05Vto
PV.2-05V
A/D port — — 0.2 HA Vin=0.5Vto
AV.,.-05V
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Table25.4 DC Characteristics (cont)

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,
PVec2=5.0V 205V, AV, =50V £05V, AV, =45V to AV,
Vg =PLLV=AV =0V, T,=-40°Cto 85°C.
When PV c1=33V 0.3V, V=PV L
When writing or erasing flash EEPROM, T, =—-40°C to 85°C.
Measurement
Item Symbol Min Typ Max Unit Conditions
Input leak D15-D0, WAIT, | lin ] — — 1.0 HA Vin=0.5Vto
current BREQ PV,1-05V
PV,1=33V
+0.3V
PE15-PEO, PF15— — — 1.0 HA Vin=0.5Vto
PFO, PH15-PHO PV.,1-05V
(When in MCU PV,1=33V
expansion mode) +0.3V
Other input pins — — 1.0 MA Vin=0.5Vto
PV.,.2-05V
Input pull-up  TMS, TRST, TDI, TCK —Ipu — — 200 MA  Vin=0V
MOS current  (pull-up characteristic)
AUDMD, AUDCK, — — 500 MA Vin=0V
AUDSYNC,
AUDATAS-0 (pull-up
characteristic)
Input pull- AUDRST (pull-down Ipd — — 500 HA Vin = PV_.2
down MOS  characteristic)
current
Three-state  A21-A0, D15-D0, | Its | — — 1.0 HA Vin=0.5to
leak current CSS—C_SO, WRH, PV.,1-05V
(while OFF)  WRL, RD, BACK PVe1=33V
(When in MCU +0.3V
expansion mode)
Output high- A21-A0, D15-DO, Vou Pvccl — — \Y low =200 pA
level voltage CS3-CS0, WRH, -05 PV,1=33V
WRL, RD, BACK +0.3V
(When in MCU
expansion mode)
PE15-PEO, PF15— Pvccl — — \Y low =200 pA
PFO, PH15-PHO -05 PV,1=33V
(When in MCU +0.3V
expansion mode)
CK, TDO Veem — — \Y lon =200 pA
0.5
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Table25.4

DC Characteristics (cont)

Conditions. Vo =PLLV =33V 03V, PV,1=50V +05V/3.3V 0.3V,
PVe2=50V £05V, AV, =50V £05V, AV, =45V to AV,
Vg =PLLV=AV =0V, T,=-40°Cto 85°C.
When PV 1=33V £0.3V, V=PV L
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.
Measurement
Item Symbol Min Typ Max Unit Conditions
Output high-  Other output pins Vou PVee— — — \Y lon =200 pA
level voltage 0.5
PVee— — — \Y lon =1 MA
1.0
Output low- —A0, D15-DO0, VoL — — 0.4 \Y loo = 1.6 MA
level voltage CS —CS0, WRH, PV1=33V
WRL, W BACK +03V
(When in MCU
expansion mode)
PE15-PEO, PF15- — — 0.4 \Y loo = 1.6 MA
PFO, PH15-PHO PV,1=33V
(When in MCU +0.3V
expansion mode)
Other output pins — — 0.4 \Y loo = 1.6 MA
(except XTAL)
_ — 1.2 \Y lo. =6 mMA
Input RES Cin — — 60 pF Vin=0V
capacitance f=1MHz
NMI — — 30 pF T,=25°C
All other input pins — — 20 pF
Current Normal operation lec - 120 170 mA  f=40 MHz
consumption
Sleep — 100 150 mA
Standby — 1 100 HA T,<50°C
— — 500 HA 50°C < Ta
Write operation — 130 170 mA  V,=33V
f =40 MHz
Analog During A/D Al — 12 5 mA
supply conversion
current
Awaiting A/D — 10 5 HA
conversion
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Table25.4 DC Characteristics (cont)

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,
PVec2=50V 205V, AV, =50V £05V, AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, =—-40°C to 85°C.

Measurement

Item Symbol Min Typ Max Unit Conditions
Reference During A/D Alref — 11 5 mA  AV,=5V
power supply conversions
current

Awaiting A/D — 11 5 mA

conversion
RAM standby Veau 2.0 — — \% Ve
voltage

[Operating precautiong]

1. When the A/D converter is not used (including during standby), do not leavethe AV ., AV .,
and AV  pins open.

2. The current consumption is measured when V,ymin=V.-05V/PV,.-05V,V, =05V,
with all output pins unloaded.

3. The guaranteed operating range of power supply PV .1 in the MCU expanded modesis only
PV:1=3.3V 0.3 V. Do not use a voltage outside this range.

4. The guaranteed operating range of power supply PV .1 in MCU single-chip mode is only
PVc1=5.0V +0.5V. Do not use a voltage outside this range.
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Table25.5 Permitted Output Current Values

Conditions. Vo =PLLV =33V 03V, PV,1=50V +05V/3.3V 0.3V,
PVec2=50V 205V, AV, =50V £05V, AV, =4.5V t0 AV,
Ve =PLLV g =AVg =0V, Ta=-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

Item Symbol Min Typ Max Unit
Output low-level permissible lou — — 6.0 mA

current (per pin)

Output low-level permissible 2l — — 80 mA

current (total)

Output high-level permissible lon — — 2.0 mA

current (per pin)

Output high-level permissible 2l — — 25 mA

current (total)

[Operating precautions]

To assure LSl reliability, do not exceed the output values listed in this table.
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25.3 AC Characteristics

2531 Timingfor swicthing the power supply on/off
Table25.6 Timing for swicthing the power supply on/off

Conditions; Ve =PLLV=33V x0.3V,PV,1=50V +05V/3.3V 0.3V,
PVcc2=50V 205V, AV, =50V £05V, AV, =45V t0 AV,
Ve =PLLVg=AVg =0V, T,=40°Cto 85°C.
When PV 1 =33V 0.3V, V= PVl
When writing or erasing flash EEPROM, T, = 40°C to 85°C.

Item Symbol Min Max Unit Figures
Time taken to switch V.. on tuees 0 — ms Figure 25.1
V. hold-time when PV is swtched off tueen 0 — ms

VCC VCC min )

PLLVcc

tyces
PVcecl PVce min L 55
PVce2

Figure25.1 Power-On/Off Timing
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25.3.2 Clock timing
Table 25.7 show the clock timing.

Table25.7 Clock Timing

Conditions. Vo =PLLV =33V 03V, PV, 1=50V +05V/3.3V 0.3V,
PVc2=50V 05V, AV, =50V 05V, AV, =45V to AV,

Ve =PLLVg=AV =0V, T,=—-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

Item Symbol Min Max Unit Figures
Operating frequency fop 20 40 MHz Figure 25.2
Clock cycle time teye 25 50 ns

Clock low-level pulse width te, — ns

Clock high-level pulse width te. — ns

Clock rise time ter — 8 ns

Clock fall time ter — 8 ns

EXTAL clock input frequency fey 5 10 MHz Figure 25.3
EXTAL clock input cycle time toreye 100 200 ns

EXTAL clock input low-level pulse width te. 30 — ns

EXTAL clock input low-level pulse width e 30 — ns

EXTAL clock input rise time tee — 8 ns

EXTAL clock input fall time tee — 8 ns

Reset oscillation settling time tosct 30 — ms Figure 25.4
Standby return clock settling time t 30 — ms

0sc2

[Operating precautions]

The EXTAL, XTAL, and CK pins constitute a circuit requiring a power supply voltage of V. =
3.3V £0.3V. Comply with the input and output voltages specified in the DC characteristics.
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teye

v v
cK 12Vee OH OH X |
4/ \Voo Yoy

tcr

- -

Note: CK pinis Vcc = 3.3V £0.3 V power supply circuit.

Figure25.2 System Clock Timing

tEXcyc

tExL

EXTAL

- tEXF

Note: EXTAL pinis Vcc = 3.3 V 0.3 V power supply circuit.

Figure25.3 EXTAL Clock Input Timing

CKMMMﬂW%WW

Vee Ve min
tosc2
PVCCl PVCC min o7 . o7 )
PVcea

|

HSTBY /| Vi
tosc1 tosc1 J{

0
m
(2]

Figure25.4 Oscillation Settling Time
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25.3.3 Control Signal Timing
Table 25.8 Shows control signal timing.

Table25.8 Control Signal Timing

Conditions. Vo =PLLV =33V 03V, PV, 1=50V +05V/3.3V 0.3V,
PVc2=50V 05V, AV, =50V 05V, AV, =45V to AV,

Ve =PLLV=AV =0V, T,=-40°C to 85°C.

When PVl =33V 20.3V, Ve = PVcl.

When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

Item Symbol Min Max Unit  Figures
RES pulse width teesw 20 — toe Figure 25.5
RES setup time tress 24 — ns

MD2-MDO setup time tvos 20 — toye

NMI setup time tamis 24 — ns Figure 25.6
IRQ7-IRQO setup time** (edge detection) tiroes 24 — ns

TRQ7-IRQO setup time** (level detection)  tirous 24 — ns

NMI hold time IV 24 — ns

IRQ7-IRQO hold time troen 24 — ns

TRQOUT output delay time tiroon — 100 ns Figure 25.7
Bus request setup time toros 24 — ns Figure 25.8*
Bus acknowledge delay time 1 teackol — 30 ns

Bus acknowledge delay time 2 taacko2 — 30 ns

Bus three-state delay time tazn — 30 ns

[Operating precautions]

*1 The RES, NMI and IRQ7-IRQO signals are asynchronous inputs, but when the setup times
shown here are provided, the signals are considered to have been changed at clock fall. If the
setup times are not provided, recognition is delayed until the next clock rise or fall.

*2 The guaranteed operating range of power supply PV .1 in the MCU expanded modes is only

PV :1=3.3V £0.3 V. Do not use a voltage outside this range.
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CK
tress {RESS
-
Vih = Vee — 0.5V tReSW Vg = Vec — 0.5V

RES

7V||_: 0.5V 7 V||_: 0.5V

(G
tmps
Vg = Ve — 0.5V

MD2-MDO

Vi =05V

Note: RES pin is controlled by V,__and V4 shown above.

Figure25.5 Reset Input Timing

CK
— VoL - Vo
o tawis
VIH:VCC_0-5V7 7V|H:VCc—O.5V
NMI ><
V||_:0.5V7 7V||_:O.5V
» tiRQEH . tiRQES

IRQ edge >< Vin
+ Vi

tirQLs
IRQ level \L
ViL

Note: NMI pin is controlled by V,_ and V|4 shown above.

Figure25.6 Interrupt Signal Input Timing
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CK

IRQOUT

Figure25.7 Interrupt Signal Output Timing

CK

VoH %\T/L_XL/—\_/% VoH

tBrRQS VoL

.

tsrOS VoL

ViH

.| Isackpi
()()
VoL

tBackD2

—-

N tszD
( .
) / Hi-Z

tszD

) Hi-Z
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Figure25.8 BusRight Release Timing
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2534 BusTiming

Table 25.9 Shows bus timing.

Table25.9 BusTiming

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,
PVcc2=50V 05V, AV, =50V 05V, AV, =45V to AV,
Ve =PLLVg=AV=0V, T,=-40°Cto 85°C.
When PV 1 =33V 0.3V, V= PVl

When writing or erasing flash EEPROM, T, =—-40°C to 85°C.

Item Symbol  Min Max Unit Figures

Address delay time tao — 35 ns Figure 25.9, 25.10
CS delay time 1 tespr — 30 ns

CS delay time 2 tesps — 30 ns

Read strobe delay time 1 trsp1 — 30 ns

Read strobe delay time 2 trsp2 — 30 ns

Read data setup time tros 15 — ns

Read data hold time tron 0 — ns

Write strobe delay time 1 twsoi — 30 ns

Write strobe delay time 2 twsp2 — 30 ns

Write data delay time twoo — 30 ns

Write data hold time twon tye XM — ns

WAIT setup time twrs 15 — ns Figure 25.11
WAIT hold time twrn 0 — ns

Read data access time tace tye X (N+15) -39 — ns Figure 25.9, 25.10
Access time from read toe tye X (N+1.0) -39 — ns

strobe

Write address setup time tas 0 — ns

Write address hold time twr 5 — ns

n: Number of waits

m = 1: CS assertion extension cycle

m = 0: Normal cycle (CS assertion non-extension cycle)

[Operating precautions]

The guaranteed operating range of power supply PV .1 in the MCU expanded modesis only
PV.1=3.3V £0.3 V. Do not use avoltage outside this range.
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T | T
Vou 4—\
CK _/ VoL Y—/ \
tap
A21-A0 §<
tespi tespz |
CSn \ /
trsp1 | loE trsp2 | |
RD ZP
(read)
tacc trDs tRDH
D15-D0
(read) L
twsp1 twsp2 twr
WRx t
(write) AS
twop twoH
R e e Lt
D15-D0
(write) L

Note: trpy: Specified from the negate timing of A21-A0, CSn, or RD, whichever is first.

832

Figure25.9 Basic Cycle (No Waits)
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VoL N /
tap
(()
A21-A0
(()
tesp1 tcsp2
CSn \ /T
(()
{rsSD1 toe trsD2
RD 24
(read) ()()
tacc tRps {RoH
D15-D0 «
(read) !
twsp1 twsp2 twr
[
WRx ¢
(write) AS «
twop twoH
((
D15-DO0 !
(write) (s
Note: trpy: Specified from the negate timing of A21-A0, CSn, or RD, whichever is first.
Figure25.10 Basic Cycle (One Software Wait)
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3 N N N N N\ N

A21-A0 >< ><

RD
(read)

D15-D0
(read)

WRx
(write)

D15-D0
(write)

twrs||twtH twrs||twtH
|| <—>‘

Note: trpn: Specified from the negate timing of A21-A0, CSn, or RD, whichever is first.

AIT

Figure25.11 Basic Cycle (Two Software Waits + Waits by WAIT Signal)
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25.3.5 Advanced Timer Unit Timing and Advance Pulse Controller Timing

Table 25.10 shows advanced timer unit timing and advanced pulse controller timing.

Table 25.10 Advanced Timer Unit Timing and Advanced Pulse Controller Timing

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,
PVcc2=50V 05V, AV, =50V 05V, AV, =45V to AV,
Ve =PLLVg=AV=0V, T,=-40°Cto 85°C.

When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, =—-40°C to 85°C.

Item Symbol Min Max Unit Figures
Output compare output delay time troco — 100 ns Figure 25.12
Input capture input setup time tres 24+ — ns
24 +t,,
PULS output delay time thLso - 100 ns
Timer clock input setup time trexs 24%! — ns Figure 25.13
24 +t,,
Timer clock pulse width (single edge | S— 3.0 — to.
specified)
Timer clock pulse width (both edges TrorwhiL 5.0 — toye

specified)

[Operating precautiong]

*1 Thetimer input signals and timer clock input signals are asynchronous, but judged to have
been changed at clock rise with two-state intervals shown in figures 25.12 and 25.13. If the
setup times shown here are not provided, recognition is delayed until the clock rise two states

after that timing.
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Tl Tn

ok __/
troco
((
Timer output X, (@
*1 trics
Input capture 5
input « ><
tpLsD
PULS output X .

Figure25.12 ATU Input/Output timing and APC Output timing

N et et et et

*1 *1
trcks trcks
—TCKS

)
TCLKA, TCLKB { « ¥
)T
\

! trekwe

trekwH

Figure25.13 ATU Clock Input Timing
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25.3.6 1/0O Port Timing
Table 25.11 shows I/O port timing.
Table 25.11 1/O Port Timing

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,
PVec2=50V £05V,AV, =50V £05V,AV4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, =—-40°C to 85°C.

Item Symbol Min Max Unit Figures
Port output data delay time towo — 100 ns Figure 25.14
Port input hold time tory 24+ — ns

24+tcyc
Port input setup time tors 24** — ns

24+tcyc

[Operating precautions]

The port input signals are asynchronous, but judged to have been changed at CK clock rise with
two-state intervals shown in figure 25.14. If the setup times shown here are not provided,
recognition is delayed until the clock rise two states after that timing.

*1 The guaranteed operating range of power supply PV .:1in MCU single-chip mode is only
PV1=5.0V £0.5 V. Do not use a voltage outside this range.

e (U VAR WA N A

tprs_|_ tPRH
[~

Port
(read)

tPwp

Port
(write)

Figure25.14 1/0O Port Input/Output timing
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25.3.7 Watchdog Timer Timing
Table 25.12 shows watchdog timer timing.
Table 25.12 Watchdog Timer Timing

Conditions. Vo =PLLV =33V 03V, PV, 1=50V +05V/3.3V 0.3V,
PVec2=50V 205V, AV, =50V £05V,AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=—-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

Item Symbol Min Max Unit Figures
WDTOVF delay time twovp — 100 ns Figure 25.15
CK Vou VoH
twovp twovp
WDTOVF

(
)Y

Figure25.15 Watchdog Timer Timing
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25.3.8 Serial Communication Interface Timing

Table 25.13 shows serial communication interface timing.

Table 25.13 Serial Communication Interface Timing

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,
PVcc2=50V 05V, AV, =50V 05V, AV, =45V to AV,
Ve =PLLVg=AV=0V, T,=-40°Cto 85°C.

When PVl =33V 20.3V, Ve = PV el

When writing or erasing flash EEPROM, T, =—-40°C to 85°C.

Item Symbol Min Max Unit Figures
Clock cycle toeye 8 — toye Figure 25.16
Clock cycle (clock sync) toeye 12 — toye

Clock pulse width tecw 0.4 0.6 toeye

Input clock rise time oo — 3.0 toye

Input clock fall time [ — 3.0 toye

Transmit data delay time tro — 100 ns Figure 25.17
Transmit data setup time tays 100 — ns

Transmit data hold time Lo 100 — ns

[Operating precautiong]

The inputs and outputs are asynchronous in start-stop synchronous mode, but as shown in figure
25.17, the receive data are judged to have been changed at CK clock rise (two-clock intervals).

The transmit signals change with areference of CK clock rise (two-clock intervals).

SCK0-SCK4

tsckr

tscki

HITACHI

Figure25.16 SCI Input/Output Timing
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tseye )

SCKO-SCK4 I \ / \ ZA—\_/—\—
(input/output)

trxp
[~

TxD0-TxD4
(transmit data)

A A A

trxs | | tRxH
L2 |

RxDO0-RxD4
(receive data)

X () X

SCl input/output timing (clock synchronous mode)

Tn |

« T\

trxp

TxDO-TxD4
(transmit data)

((
)T ><
((
)T

trxs | tRxH

RxD0-RxD4
(receive data)

b ()

SCl input/output timing (start-stop synchronous mode)
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Figure25.17 SCI Input/Output Timing
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2539 HCAN Timing
Table 25.14 shows HCAN timing.
Table 25.14 HCAN Timing

Conditions; Vc=PLLV =33V £03V,PV,1=50V £05V/3.3V 03V,
PVec2=50V 205V, AV, =50V £05V, AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, =—-40°C to 85°C.

Item Symbol Min Max Unit Figures
Transmit data delay time threo — 100 ns Figure 25.18
Transmit data setup time thres 100 — ns

Transmit data hold time thren 100 — ns

[Operating precautions]

The HCAN input signals are asynchronous, but judged to have been changed at CK clock rise
(two-clock intervals) shown in figure 25.18. The HCAN output signals are asynchronous, but they
change with areference of CK clock rise (two-clock intervals) shown in figure 25.18.

VoH VoH |
CK
tHTxD
HTxDO, HTxD1 D) S
(transmit data) X X
)]
tHRrxs | tHRxH
HRXDO, HRxD1 } r 5
(receive data) . . «
)

y

N

Figure25.18 HCAN Input/Output timing
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25.3.10 A/D Converter Timing
Table 25.15 shows A/D converter timing.
Table 25.15 A/D Converter Timing

Conditions. Vo =PLLV =33V 03V, PV, 1=50V +05V/3.3V 0.3V,
PVec2=50V 205V, AV, =50V £05V,AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=—-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

CSK =0: CSK =1:

fop = 2040 MHz fop =20 MHz
Iltem Symbol Min Typ Max Min  Typ Max Unit Figure
External trigger input trres 50 — — 50 — — ns Figure
start delay time 25.19
A/D conversion teony 518 — 532 262 — 268t Figure
time 25.20
A/D conversion start ty 20 — 34 12 — 18 toye
delay time
Input sampling time tspL — 128 — — 64 toye
ADEND output delay t AENDD — — 100 — — 100 ns
time

4-6 states

ADTRG input

trrGs

ADCR

(ADST =1 set)

Figure25.19 External Trigger Input Timing
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tconv

to tspL

Write cycle A/D synchronization time
(6 states) | (up to 28 states)

e
« [T
)T
Address ><
(( ()()

Analog input
sampling signal

ADF
()()
Von Vou
CK /
tADENDD
tADENDD e
ADEND

Figure25.20 Analog Conversion Timing
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25.3.11 H-UDI Timing
Table 25.16 shows H-UDI timing.
Table 25.16 H-UDI Timing

Conditions. Vo =PLLV =33V 03V, PV, 1=50V +05V/3.3V 0.3V,
PVec2=50V 205V, AV, =50V £05V,AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=—-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

Item Symbol Min Max Unit Figures
TCK clock cycle tiye 4 — tieye Figure 25.21
TCK clock high-level width troxn 0.4 0.6 tieye

TCK clock low-level width trew 0.4 0.6 tieye

TRST pulse width trmew 20 — toe Figure 25.22
TRST setup time trrss 30 — ns

TMS setup time trmss 30 — ns Figure 25.23
TMS hold time | S 10 — ns

TDI setup time tros 30 — ns

TDI hold time trom 10 — ns

TDO delay time troop — 30 ns

[Operating precautions]

The H-UDI pins constitute a circuit requiring the voltage of V. = 3.3V +£0.3 V. Comply with the
input and output voltages specified in the DC characteristics, for operation.

tTekH trekL

TCK /

Table25.21 H-UDI Clock Timing
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TCK J—\;

trrss trss
TRST N v, ) Vi
trrsw
Table25.22 H-UDI TRST Timing
Vin Vin
. trmss | |trvsH,
Y W % %
. trois tDIH_|
X X % %
troop troop
TDO ><

Table 25.23 H-UDI Input/Output Timing
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25.3.12 AUD Timing
Table 25.17 shows AUD timing.
Table 25.17 AUD Timing

Conditions. Vo =PLLV =33V 03V, PV, 1=50V +05V/3.3V 0.3V,
PVec2=50V 205V, AV, =50V £05V,AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=—-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

Item Symbol Min Max Unit Figures
AUDRST pulse width (Branch trace) tauprsTw 20 — teye Figure 25.24
AUDRST pulse width (RAM monitor) tauorsTw 5 — temeve
AUDMD setup time (Branch trace) tAuDMDS 20 — toye
AUDMD setup time (RAM monitor) tauomos 5 — tameye
Branch trace clock cycle tereve 2 2 toye Figure 25.25
Branch trace clock duty tarokw 40 60 %
Branch trace data delay time ts1o0 — 40 ns
Branch trace data hold time toron 0 — ns
Branch trace SYNC delay time terso — 40 ns
Branch trace SYNC hold time torsn 0 — ns
RAM monitor clock cycle trumeye 100 — ns Figure 25.26
RAM monitor clock low pulse width trmekw 45 — ns
RAM monitor output data delay time trmop 7 tameye— 20 ns
RAM monitor output data hold time trmoHD 5 — ns
RAM monitor input data setup time trmos 20 — ns
RAM monitor input data hold time tamon 5 — ns
RAM monitor SYNC setup time trmss 20 — ns
RAM monitor SYNC hold time trmsH 5 — ns
Load conditions: AUDCK (branch trace): CL = 30 pF: otherwise CL = 100 pF
AUDSYNC: CL =100 pF

AUDATAS to AUDATAO: CL =100 pF

846
HITACHI



t

cyc
DA
o m/_\_/_\_/
(Branch trace)

trmcyc

B —
(RAM monitor)

tAUDRSTW
AUDRST J ¥ /
\ taubmbs
S
AUDMD >j
()
Figure25.24 AUD Reset Timing
tBTCKVY ‘ tB“I'CYC
AUDCK -
(output)
tsTDD tBTDH
AUDATAS to
AUDATAO >< ><
(output)
tBTSD tBTSH

AUDSYNC
(output)

Figure25.25 Branch Trace Timing
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trmcyc trRMCKW
| |

AUDCK —~ 4
(input)
tRM; tRMDHD

AUDATAS3 to
AUDATAO ><
(output)
trRmDS tRMDH
AUDATAS to Ry
AUDATAO ><
(input)
trMss HSH
AUDSYNC
(input)

Figure25.26 RAM Monitor Timing

25.3.13 UBC Trigger Timing
Table 25.18 shows UBC trigger timing.
Table 25.18 UBC Trigger Timing

Conditions. Vo =PLLV =33V 0.3V, PV,1=50V +05V/3.3V 0.3V,
PVcc2=50V 205V, AV, =50V £05V,AV 4 =45V to AV,
Ve =PLLVg=AV =0V, T,=-40°Cto 85°C.
When PV 1=3.3V 0.3V, V. =PVLl
When writing or erasing flash EEPROM, T, = —40°C to 85°C.

Item Symbol Min Max Unit Figures
UBCTRG delay time tuscren — 35 ns Figure 25.27
VoH
CK
tuscTeD
UBCTRG >JF

Figure25.27 UBC Trigger Timing

848
HITACHI




25.3.14 Measuring Conditionsfor AC Characteristics

Input referencelevels  Highlevel: V,, min. value, low level: V, max. value
Output referencelevel  Highlevel: 20V, Low level: 0.8V

loL

LSI output pin DUT output

VREF

lon

C_is a total value that includes the measuring instrument capacitance.
The following C, values are used:

30 pF:  CK, CS3-CS0, BREQ, BACK, IRQOUT, AUDCK
50 pF:  A21-A0, D15-DO, RD, WRH, WRL, TDO
100 pF: AUDATA3-0, AUDSYNC

30 pF:  All port pins other than the above, and peripheral module output pins.

loL and lpy are the condition for the I, = 1.6 mA, loy = 200 pA.

Figure25.28 Output Test Circuit
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25.4 A/D Converter Characteristics
Table 25.19 shows A/D converter characteristics.
Table 25.19 A/D Converter Characteristics

Conditions. Vo =PLLV =33V 03V, PV, 1=50V +05V/3.3V 0.3V,
PVec2=50V 205V, AV, =50V £05V,AV 4 =45V t0 AV,
Ve =PLLVg=AV =0V, T,=—-40°Cto 85°C.
When PV 1=3.3V 0.3V, V=PVl
When writing or erasing flash EEPROM, T, = —-40°C to 85°C.

CSK = 0: fop = 20-40 MHz CSK =1: fop =20 MHz

Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bit
A/D conversion time — — 13.3 — — 13.4 HSs
Analog input capacitance = — — 20 — — 20 pF
Permitted analog signal — — 3 — — 3 kQ
source impedance

Non-linear error — — +1.5 — — +1.5 LSB
Offset error — — +1.5 — — +1.5 LSB
Full-scale error — — +1.5 — — +1.5 LSB
Quantization error — — +0.5 — — +0.5 LSB
Absolute error — — +2.0 — — +2.0 LSB
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Appendix A On-Chip Supporting Module Registers

Al Address

On-chip peripheral module register addresses and bit names are shown in the following table.

16-hit and 32-hit registers are shown in two and four rows of 8 bits, respectively.

TableA.1 Address

HITACHI

Register
Address Abbr. Bit 7 Bit 1 Bit 0 Module
H'FFFFE400 MCR MCR? MCR1 ~ MCRO  HCAN
HFFFFE401 GSR — GSRL GsRo  (channel0)
H'FFFFE402 BCR BCR7 BCR1 BCRO
HFFFFE403 BCR15 BCR9 BCR8
H'FFFFE404 MBCR MBCR7 MBCR1 —
H'FFFFE405 MBCR15 MBCR9  MBCR8
H'FFFFE406 TXPR TXPR7 TXPRL —
H'FFFFE407 TXPR15 TXPR9  TXPRS8
H'FFFFE408 TXCR TXCR7 TXCR1 —
HFEFFE409 TXCR15 TXCR9  TXCR8
H'FFFFE40A TXACK  TXACK7 TXACKL —
H'FFFFE40B TXACK15 TXACK9 TXACKS8
H'FFFFE40C ABACK  ABACK? ABACKL —
H'FFFFE40D ABACK15 ABACK11 ABACK10 ABACK9 ABACKS
H'FFFFE40E RXPR RXPR7 RXPR1 ~ RXPRO
HFEFFE4OF RXPR15 RXPR9  RXPR8
H'FFFFE410 RFPR RFPR7 RFPR1  RFPRO
H'FFFFE411 RFPR15 RFPR9  RFPR8
HFFFFE412 IRR IRR7 IRR1 IRRO
HFFFFE413 — IRR9 IRR8
H'FFFFE414 MBIMR  MBIMR7 MBIMR1 MBIMRO
HFFFFE415 MBIMR15 MBIMR9 MBIMRS
H'FFFFE416 IMR IMR7 IMR1 —
H'FFFFE417 — IMR9 IMR8
H'FFFFE418 REC
H'FFFFE419 TEC
H'FFFFE41A UMSR UMSR7? UMSR1  UMSRO
HFEFFE41B UMSR15 UMSR9  UMSRS8
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TableA.1 Address(cont)

HITACHI

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE41C LAFML LAFML7 LAFML6 LAFML5 LAFML4 LAFML3 LAFML2 LAFML1 LAFMLO HCAN
HFFFFE41D LAFML1S LAFML14 LAFML13 LAFML12 LAFMLI1 LAFMLIO LAFMLO LAFMLg (CNannel0)
HFFFFE41E LAFMH  LAFMH7 LAFMH6 LAFMH5 — — — LAFMH1 LAFMHO
H'FFFFE41F LAFMH15 LAFMH14 LAFMH13 LAFMH12 LAFMH11 LAFMH10 LAFMH9 LAFMH8
H'FFFFE420 MCO[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE421 MCO[2]
H'FFFFE422 MCO[3]
H'FFFFE423 MCO[4]
H'FFFFE424 MCO[5]  STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE425 MCO[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE426 MCO[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE427 MCO[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE428 MC1[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE429 MC1[2]
H'FFFFE42A MCL1[3]
H'FFFFE42B MC1[4]
H'FFFFE42C MC1[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE42D MC1[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE42E MC1[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE42F MCL1[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE430 MC2[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE431 MC2[2]
H'FFFFE432 MC2[3]
H'FFFFE433 MC2[4]
H'FFFFE434 MC2[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE435 MC2[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE436 MC2[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE437 MC2[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE438 MC3[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE439 MC3[2]
H'FFFFE43A MC3[3]
H'FFFFE43B MC3[4]
H'FFFFE43C MC3[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE43D MC3|6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE43E MC3[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE43F MC3I[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module
H'FFFFE440 MCA4[1] DLC3 DLC2 DLC1 DLCO HCAN
H'FFFFE441 MC4[2] (channel 0)
H'FFFFE442 MCA4[3]
HFFFFE443 MCA4[4]
H'FFFFE444 MCA4[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE445 MC4[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE446 MCA4[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE447 MCA4[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE448 MC5[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE449 MC5[2]
H'FFFFE44A MC5[3]
H'FFFFE44B MC5[4]
H'FFFFE44C MC5[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE44D MC5[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE44E MC5[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE44F MC5[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE450 MC6[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE451 MC6[2]
H'FFFFE452 MC6[3]
H'FFFFE453 MC6[4]
H'FFFFE454 MC6[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE455 MC6[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE456 MC6[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE457 MC6[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE458 MC7[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE459 MC7[2]
H'FFFFE45A MC7[3]
H'FFFFE45B MC7[4]
H'FFFFE45C MC7[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE45D MC7[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE45E MC7[7] EXD_ID7 EXD_ID6 EXD_IDS5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE45F MC7[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE460 MC8[1] DLC3 DLC2 DLC1 DLCO
HFFFFE461 MC8[2]
H'FFFFE462 MC8[3]
H'FFFFE463 MC8[4]
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE464 MC8I[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16 HCAN
H'FFFFE465 MC8[6] STD_ID10 STD ID9 STD_ID8 STD_ID7 STD ID6 STD_ID5 STD_ID4 STD_ID3 (channel 0)
H'FFFFE466 MC8[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE467 MCB8[8]  EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE468 MCI[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE469 MC9[2]
H'FFFFE46A MC9|[3]
H'FFFFE46B MC9[4]
H'FFFFE46C MC9I[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE46D MC9[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE46E MC9[7] EXD_ID7 EXD_ID6 EXD _ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE46F MC9[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE470 MC10[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE471 MC10[2]
H'FFFFE472 MC10[3]
H'FFFFE473 MC10[4]
H'FFFFE474 MC10[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE475 MC10[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE476 MC10[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE477 MC10[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE478 MC11[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE479 MC11[2]
H'FFFFE47A MC11[3]
H'FFFFE47B MC11[4]
H'FFFFE47C MC11[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE47D MC11[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE47E MC11[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE47F MC11[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE480 MC12[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE481 MC12[2]
H'FFFFE482 MC12[3]
H'FFFFE483 MC12[4]
H'FFFFE484 MC12[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE485 MC12[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE486 MC12[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE487 MC12[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE488 MC13[1] DLC3 DLC2 DLC1 DLCO HCAN
H'FFFFE489 MC13[2] (channel ©)
H'FFFFE48A MC13[3]
H'FFFFE48B MC13[4]
H'FFFFE48C MC13[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE48D MC13[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE48E MC13[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE48F MC13[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE490 MC14[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE491 MC14[2]
H'FFFFE492 MC14[3]
H'FFFFE493 MC14[4]
H'FFFFE494 MC14[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE495 MC14[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE496 MC14[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE497 MC14[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE498 MC15[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE499 MC15[2]
H'FFFFE49A MC15[3]
H'FFFFE49B MC15[4]
H'FFFFE49C MC15[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE49D MC15[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE49E MC15[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE49F MC15[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE4A0 — — — — — — — — —
to
H'FFFFE4AF
H'FFFFE4BO MDO[1] MSG_DATA_1
H'FFFFE4B1 MDO[2] MSG_DATA_2
H'FFFFE4B2 MDO[3]  MSG_DATA_3
H'FFFFE4B3 MDO[4] MSG_DATA_4
H'FFFFE4B4 MDO[5] MSG_DATA_5
H'FFFFE4B5 MDO[6] MSG_DATA_6
H'FFFFE4B6 MDO[7] MSG_DATA_7
H'FFFFE4B7 MDO[8]  MSG_DATA 8
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE4B8 MD1[1]  MSG_DATA_1 HCAN
H'FFFFE4B9 MD1[2]  MSG_DATA 2 (channel©)
H'FFFFE4BA MD1[3] MSG_DATA 3

H'FFFFE4BB MD1[4]  MSG_DATA_4

H'FFFFE4BC MD1[5]  MSG_DATA_5

H'FFFFE4BD MD1[6] MSG_DATA_6

H'FFFFE4BE MD1[7] = MSG_DATA_7

H'FFFFE4BF MD1[8]  MSG_DATA_8

H'FFFFE4CO MD2[1]  MSG_DATA 1

H'FFFFE4AC1 MD2[2]  MSG_DATA_2

H'FFFFE4C2 MD2[3]  MSG_DATA_3

H'FFFFE4AC3 MD2[4]  MSG_DATA 4

H'FFFFE4C4 MD2[5]  MSG_DATA_5

H'FFFFEAC5 MD2[6]  MSG_DATA_6

H'FFFFE4C6 MD2[7]  MSG_DATA 7

H'FFFFEAC7 MD2[8]  MSG_DATA_8

H'FFFFE4CS8 MD3[1]  MSG_DATA_1

H'FFFFE4C9 MD3[2] MSG_DATA_2

H'FFFFEACA MD3[3]  MSG_DATA_3

H'FFFFE4ACB MD3[4]  MSG_DATA_4

H'FFFFE4CC MD3[5] MSG_DATA_5

H'FFFFEACD MD3[6]  MSG_DATA_6

H'FFFFEACE MD3[7]  MSG_DATA_7

H'FFFFE4CF MD3[8]  MSG_DATA_8

H'FFFFE4D0 MDA4[1] MSG_DATA_1

H'FFFFE4D1 MDA4[2]  MSG_DATA_2

H'FFFFE4D2 MDA4[3]  MSG_DATA 3

H'FFFFE4D3 MDA4[4]  MSG_DATA_4

H'FFFFE4D4 MDA4[5]  MSG_DATA 5

H'FFFFE4D5 MD4[6]  MSG_DATA_6

H'FFFFE4D6 MDA4[7]  MSG_DATA_7

H'FFFFE4AD7 MDA4[8]  MSG_DATA_8

H'FFFFE4D8 MD5[1] MSG_DATA_1

H'FFFFE4D9 MD5[2]  MSG_DATA_2

H'FFFFE4DA MD5[3]  MSG_DATA_3
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE4DB MD5[4]  MSG_DATA_ 4 HCAN
H'FFFFE4DC MD5[5]  MSG_DATA 5 (channel®)
H'FFFFE4DD MD5[6]  MSG_DATA_6
H'FFFFE4DE MD5[7]  MSG_DATA_7
H'FFFFEADF MD5[8]  MSG_DATA_8
HFFFFE4E0 MD6[1]  MSG_DATA_1
H'FFFFE4E1 MD6[2]  MSG_DATA_2
H'FFFFE4E2 MD6[3]  MSG_DATA 3
H'FFFFE4E3 MD6[4]  MSG_DATA 4
HFFFFE4E4 MD6[5]  MSG_DATA_5
H'FFFFE4ES MD6[6]  MSG_DATA_6
HFFFFE4E6 MD6[7]  MSG_DATA_7
H'FFFFE4E7 MD6[8]  MSG_DATA_8
H'FFFFE4ES MD7[1]  MSG_DATA_ 1
H'FFFFE4E9 MD7[2]  MSG_DATA 2
H'FFFFE4EA MD7[3]  MSG_DATA_3
H'FFFFE4EB MD7[4]  MSG_DATA 4
H'FFFFE4EC MD7[5]  MSG_DATA 5
H'FFFFE4ED MD7[6]  MSG_DATA_6
H'FFFFE4EE MD7[7]  MSG_DATA_7
H'FFFFE4EF MD7[8]  MSG_DATA_8
HFFFFE4F0 MDS8[1]  MSG_DATA_1
H'FFFFE4F1 MDS8[2]  MSG_DATA 2
H'FFFFE4F2 MDS8[3]  MSG_DATA 3
HFFFFE4F3 MD8[4]  MSG_DATA_4
H'FFFFE4F4 MDS8[5]  MSG_DATA 5
H'FFFFE4F5 MD8[6]  MSG_DATA_6
HFFFFE4F6 MDS8[7]  MSG_DATA_7
H'FFFFE4F7 MDS8[8]  MSG_DATA_8
H'FFFFE4F8 MD9[1]  MSG_DATA 1
H'FFFFE4F9 MD9[2]  MSG_DATA_2
H'FFFFE4FA MD9[3]  MSG_DATA_3
H'FFFFE4FB MD9[4]  MSG_DATA_ 4
HFFFFE4FC MD9[5]  MSG_DATA_5
H'FFFFE4FD MD9[6]  MSG_DATA_6
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE4FE MD9[7]  MSG_DATA_7 HCAN
H'FFFFE4FF MD9[8]  MSG_DATA_8 (channel©)
H'FFFFE500 MD10[1] MSG_DATA_1

H'FFFFE501 MD10[2] MSG_DATA_2

H'FFFFES02 MD10[3] MSG_DATA_3

HFFFFE503 MD10[4] MSG_DATA_4

H'FFFFE504 MD10[5] MSG_DATA_5

H'FFFFES05 MD10[6] MSG_DATA_6

H'FFFFE506 MD10[7] MSG_DATA_7

H'FFFFE507 MD10[8] MSG_DATA_8

H'FFFFES08 MD11[1] MSG_DATA_1

HFFFFE509 MD11[2] MSG_DATA 2

H'FFFFES0A MD11[3] MSG_DATA_3

H'FFFFES0B MD11[4] MSG_DATA_4

H'FFFFE50C MD11[5] MSG_DATA_5

H'FFFFES0D MD11[6] MSG_DATA_6

H'FFFFESO0E MD11[7] MSG_DATA_7

H'FFFFES0F MD11[8] MSG_DATA_8

HFFFFE510 MD12[1] MSG_DATA_1

H'FFFFE511 MD12[2] MSG_DATA_2

H'FFFFE512 MD12[3] MSG_DATA 3

HFFFFE513 MD12[4] MSG_DATA_4

H'FFFFE514 MD12[5] MSG_DATA_5

H'FFFFE515 MD12[6] MSG_DATA_6

HFFFFE516 MD12[7] MSG_DATA_7

H'FFFFE517 MD12[8] MSG_DATA_8

H'FFFFE518 MD13[1] MSG_DATA_ 1

H'FFFFE519 MD13[2] MSG_DATA_2

H'FFFFES1A MD13[3] MSG_DATA_3

H'FFFFE51B MD13[4] MSG_DATA_4

HFFFFE51C MD13[5] MSG_DATA_5

H'FFFFE51D MD13[6] MSG_DATA_6

H'FFFFES1E MD13[7] MSG_DATA_7

H'FFFFES1F MD13[8] MSG_DATA_8
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TableA.1 Address(cont)

HITACHI

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 4 Bit 3 Bit 1 Bit 0 Module
HFFFFE520 MD14[1] MSG_DATA_1 HCAN
HFFFFE521 MD14[2] MSG_DATA_2 fehamnel®
HFFFFE522 MD14[3] MSG_DATA_3
HFFFFE523 MD14[4] MSG_DATA_4
HFFFFE524 MD14[5] MSG_DATA_5
HFFFFE525 MD14[6] MSG_DATA_6
HFFFFE526 MD14[7] MSG_DATA_7
HFFFFE527 MD14[8] MSG_DATA_8
H'FFFFE528 MD15[1] MSG_DATA_1
H'FFFFE529 MD15[2] MSG_DATA_2
HFFFFE52A MD15[3] MSG_DATA_3
HFFFFES2B MD15[4] MSG_DATA_4
H'FFFFE52C MD15[5] MSG_DATA_5
HFFFFE52D MD15[6] MSG_DATA_6
HFFFFES2E MD15[7] MSG_DATA_7
HFFFFE52F MD15[8] MSG_DATA_8
H'FFFFE530 — — - - - - o N
to
H'FFFFESFF
H'FFFFE600 MCR MCR7  — MCR5 — — — MCR1 ~ MCRO  HCAN
H'FFFFE601 GSR — — — GSR3 GSRL  Gsro  (channell)
HFFFFE602 BCR BCR7  BCR6 BCR4  BCR3 BCR1  BCRO
HFFFFESO3 BCR15 BCR14 BCR13 BCR12 BCRI1l BCR9  BCR8
HFFFFE604 MBCR  MBCR7 MBCR6 MBCR5 MBCR4 MBCR3 MBCR1 —
HFFFFE605 MBCR15 MBCR14 MBCR13 MBCR12 MBCR11 MBCR9 MBCR8
HFFFFE606 TXPR TXPR7 TXPR6 TXPR5 TXPR4 TXPR3 TXPRL —
HFFFFE6O7 | TXPR15 TXPR14 TXPR13 TXPR12 TXPR11 TXPR9  TXPR8
HFFFFE608 TXCR TXCR7 TXCR6 TXCR5 TXCR4 TXCR3 TXCRL —
HFFFFES0Q TXCR15 TXCR14 TCR13 TXCR12 TXCR1l TXCR9  TXCR8
HFFFFEGOA TXACK  TXACK7 TXACK6 TXACK5 TXACK4 TXACK3 TXACK1 —
HFFFFE6OB TXACK15 TXACK14 TXACK13 TXACK12 TXACK11 TXACK9 TXACK8
HFFFFEGOC ABACK  ABACK7 ABACK6 ABACK5 ABACK4 ABACK3 ABACK1 —
HFFFFEGOD ABACK15 ABACK14 ABACK13 ABACK12 ABACK11 ABACK9 ABACKS8
HFFFFEGOE RXPR RXPR7 RXPR6 RXPR5 RXPR4 RXPR3 RXPR1  RXPRO
HFFFFESOF | RXPR15 RXPR14 RXPR13 RXPR12 RXPR11l RXPR9  RXPR8
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Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE610 RFPR RFPR7 RFPR6 RFPR5 RFPR4 RFPR3 RFPR2 RFPR1 RFPRO  HCAN
H'FFFFE611 RFPR15 RFPR14 RFPR13 RFPR12 RFPR11 RFPR10 RFPR9 RFprg (chamnell)
HFFFFE612 IRR IRR7 IRR6 IRRS IRR4 IRR3 IRR2 IRR1 IRRO
H'FFFFE613 — — — IRR12  — — IRR9 IRRS
HFFFFE614 MBIMR  MBIMR7 MBIMR6 MBIMR5 MBIMR4 MBIMR3 MBIMR2 MBIMR1 MBIMRO
HFFFFE615 MBIMR15 MBIMR14 MBIMR13 MBIMR12 MBIMR11 MBIMR10 MBIMR9 MBIMRS
H'FFFFE616 IMR IMR? IMR6 IMRS IMR4 IMR3 IMR2 IMRL  —
H'FFFFE617 — — — IMR12 —— — IMR9 IMRS
HFFFFE618 REC
H'FFFFE619 TEC
HFFFFE6IA UMSR  UMSR7 UMSR6 UMSR5 UMSR4 UMSR3 UMSR2 UMSR1 UMSRO
H'FFFFE61B UMSR15 UMSR14 UMSR13 UMSR12 UMSR11 UMSR10 UMSR9 UMSRS
HFFFFEGIC LAFML  LAFML7 LAFML6 LAFML5 LAFML4 LAFML3 LAFML2 LAFML1 LAFMLO
H'FFFFE61D LAFML15 LAFML14 LAFML13 LAFML12 LAFML11 LAFML10 LAFML9 LAFMLS
HFFFFEGLE LAFMH  LAFMH7 LAFMH6 LAFMH5 — — — LAFMHL LAFMHO
H'FFFFE6LF LAFMH15 LAFMH14 LAFMH13 LAFMH12 LAFMH11 LAFMH10 LAFMHS LAFMHS
H'FFFFE620 MCO[1] DLC3  DLC2  DLC1  DLCO
HFFFFE621 MCO[2]
H'FFFFE622 MCO[3]
H'FFFFE623 MCO[4]
HFFFFE624 MCO[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE625 MCO[6]  STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
HFFFFE626 MCO[7]  EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
HFFFFE627 MCO[8]  EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE628 MC1[1] DLC3  DLC2  DLC1  DLCO
HFFFFE629 MC1[2]
H'FFFFE62A MC1[3]
H'FFFFE62B MC1[4]
HFFFFE62C MC1[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
HFFFFE62D MC1[6]  STD_ID10 STD_ID9 STD_ID8 STD_ ID7 STD ID6 STD_ID5 STD_ID4 STD_ID3
HFFFFE62E MC1[7]  EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
HFFFFE62F MC1[8]  EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE630 MC2[1] DLC3  DLC2  DLCl1  DLCO
H'FFFFE631 MC2[2]
HFFFFE632 MC2[3]
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Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE633 MC2[4] HCAN
HFFFFE634 MC2[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 Exp_ID16 (ENaNel 1)
H'FFFFE635 MC2[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE636 MC2[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE637 MC2[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE638 MC3[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE639 MC3[2]
H'FFFFE63A MC3[3]
H'FFFFE63B MC3[4]
H'FFFFE63C MC3[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFEG3D MC3[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFEG3E MC3[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE63F MC3[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE640 MCA4[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE641 MC4[2)
H'FFFFE642 MC4[3]
H'FFFFE643 MC4[4]
H'FFFFE644 MCA4[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE645 MC4[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFEG46 MCA4[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE647 MCA4[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE648 MC5[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE649 MC5[2]
H'FFFFE64A MC5[3]
H'FFFFE64B MC5[4]
H'FFFFE64C MC5[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE64D MC5[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFEG4E MC5[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFEG4F MC5[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE650 MCH6[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE651 MC6[2]
H'FFFFE652 MC6[3]
H'FFFFE6G53 MC6[4]
H'FFFFE654 MC6[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFEG55 MC6[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE656 MC6[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO HCAN
H'FFFFE657 MC6[8]  EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8 (channel 1)
H'FFFFE658 MC7[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE659 MC7[2]
H'FFFFE65A MC7[3]
H'FFFFE65B MC7[4]
H'FFFFE65C MC7[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE65D MCT7[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE65E MC7[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE65F MC7[8]  EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE660 MCB8[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE661 MC8[2]
H'FFFFE662 MC8[3]
H'FFFFE663 MCB8[4]
H'FFFFE664 MC8I[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE665 MC8[6]  STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE666 MC8[7] EXD_ID7 EXD_ID6 EXD ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE667 MC8I[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE668 MC9[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE669 MC9[2]
H'FFFFE66A MC9[3]
H'FFFFE66B MC9[4]
H'FFFFE66C MC9[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE66D MC9I[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE66E MC9[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE66F MC9[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE670 MC10[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE671 MC10[2]
H'FFFFE672 MC10[3]
H'FFFFE673 MC10[4]
H'FFFFE674 MC10[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE675 MC10[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE676 MC10[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE677 MC10[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE678 MC11[1] DLC3 DLC2 DLC1 DLCO HCAN
H'FFFFE679 MC11[2] (channel 1)
HFFFFE67A MC11[3]
H'FFFFE67B MC11[4]
H'FFFFE67C MC11[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE67D MC11[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE67E MC11[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE67F MC11[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE680 MC12[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE681 MC12[2]
H'FFFFE682 MC12[3]
H'FFFFE683 MC12[4]
H'FFFFE684 MC12[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE685 MC12[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE686 MC12[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE687 MC12[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE688 MC13[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE689 MC13[2]
H'FFFFE68A MC13[3]
H'FFFFE68B MC13[4]
H'FFFFE68C MC13[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE68D MC13[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE68E MC13[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE68F MC13[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE690 MC14[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE691 MC14[2]
H'FFFFE692 MC14[3]
H'FFFFE693 MC14[4]
H'FFFFE694 MC14[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16
H'FFFFE695 MC14[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_ID5 STD_ID4 STD_ID3
H'FFFFE696 MC14[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE697 MC14[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
H'FFFFE698 MC15[1] DLC3 DLC2 DLC1 DLCO
H'FFFFE699 MC15[2]
H'FFFFE69A MC15[3]
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TableA.1 Address(cont)

Register Bit Names

Address Abbr. Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE69B MC15[4] HOAN
H'FFFFE69C MC15[5] STD_ID2 STD_ID1 STD_IDO RTR IDE EXD_ID17 EXD_ID16 (channel 1)
H'FFFFE69D MC15[6] STD_ID10 STD_ID9 STD_ID8 STD_ID7 STD_ID6 STD_IDS STD_ID4 STD_ID3
H'FFFFE69E MC15[7] EXD_ID7 EXD_ID6 EXD_ID5 EXD_ID4 EXD_ID3 EXD_ID2 EXD_ID1 EXD_IDO
H'FFFFE69F MC15[8] EXD_ID15 EXD_ID14 EXD_ID13 EXD_ID12 EXD_ID11 EXD_ID10 EXD_ID9 EXD_ID8
HFFFFEGA0 — — — - - - - - o

to

H'FFFFE6AF

H'FFFFE6B0O MDO[1] MSG_DATA_1

H'FFFFE6BL1 MDO[2]  MSG_DATA_2

H'FFFFE6B2 MDO[3]  MSG_DATA_3

H'FFFFE6B3 MDO[4] MSG_DATA_4

H'FFFFE6B4 MDO[5]  MSG_DATA_5

H'FFFFE6B5 MDO[6]  MSG_DATA_6

H'FFFFE6B6 MDO[7] MSG_DATA_7

H'FFFFE6B7 MDO[8]  MSG_DATA_8

HFFFFE6B8 MD1[l]  MSG_DATA_1

HFFFFE6B9 MD1[2]  MSG_DATA_2

H'FFFFE6GBA MD1[3]  MSG_DATA_3

H'FFFFE6BB MD1[4]  MSG_DATA 4

H'FFFFE6BC MD1[5] MSG_DATA_5

H'FFFFE6BD MD1[6]  MSG_DATA_6

H'FFFFE6BE MD1[7]  MSG_DATA 7

H'FFFFE6BF MD1[8]  MSG_DATA_8

H'FFFFE6CO MD2[1]  MSG_DATA_1

H'FFFFE6C1 MD2[2]  MSG_DATA 2

H'FFFFE6C2 MD2[3]  MSG_DATA_3

H'FFFFE6C3 MD2[4]  MSG_DATA_4

H'FFFFE6C4 MD2[5] MSG_DATA 5

H'FFFFE6C5 MD2[6]  MSG_DATA_6

H'FFFFE6C6 MD2[7]  MSG_DATA 7

H'FFFFE6C7 MD2[8]  MSG_DATA 8

H'FFFFE6C8 MD3[1]  MSG_DATA_1

H'FFFFE6C9 MD3[2]  MSG_DATA 2

H'FFFFE6CA MD3[3]  MSG_DATA 3

H'FFFFE6CB MD3[4]  MSG_DATA_ 4
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TableA.1 Address(cont)

Register Bit Names
Address ~ Abbr.  Bit7  Bité  Bit5  Bit4  Bit3 Module
H'FFFFE6CC MD3[5]  MSG_DATA 5 HCAN
H'FFFFE6CD MD3[6]  MSG_DATA 6 (channel)
H'FFFFE6CE MD3[7]  MSG_DATA_7
H'FFFFE6CF MD3[8]  MSG_DATA_8
H'FFFFE6DO MDA4[1]  MSG_DATA 1
H'FFFFE6D1 MDA4[2]  MSG_DATA 2
H'FFFFE6D2 MD4[3]  MSG_DATA_3
H'FFFFE6D3 MDA4[4]  MSG_DATA 4
H'FFFFE6D4 MD4[5]  MSG_DATA_5
H'FFFFE6D5 MD4[6]  MSG_DATA_6
H'FFFFE6D6 MDA4[7]  MSG_DATA_7
H'FFFFE6D7 MD4[8]  MSG_DATA_8
HFFFFE6D8 MD5[1]  MSG_DATA_1
H'FFFFE6DY9 MD5[2]  MSG_DATA 2
H'FFFFE6DA MD5[3]  MSG_DATA_3
H'FFFFE6DB MD5[4]  MSG_DATA_4
H'FFFFE6DC MD5[5]  MSG_DATA 5
H'FFFFE6DD MD5[6]  MSG_DATA_6
H'FFFFE6DE MD5[7]  MSG_DATA_7
H'FFFFE6DF MD5[8]  MSG_DATA_8
H'FFFFE6EO MD6[1]  MSG_DATA_1
H'FFFFEGEL MD6[2]  MSG_DATA_2
H'FFFFEGE2 MD6[3]  MSG_DATA_3
H'FFFFE6E3 MD6[4]  MSG_DATA 4
HFFFFE6E4 MD6[5]  MSG_DATA_5
H'FFFFEGES MD6[6]  MSG_DATA_6
H'FFFFE6E6 MD6[7]  MSG_DATA_7
H'FFFFEGE7 MD6[8]  MSG_DATA_8
H'FFFFEGES MD7[1]  MSG_DATA 1
HFFFFEGE9 MD7[2]  MSG_DATA_2
H'FFFFEGEA MD7[3]  MSG_DATA_3
H'FFFFEGEB MD7[4]  MSG_DATA 4
H'FFFFEGEC MD7[5]  MSG_DATA 5
H'FFFFEGED MD7[6]  MSG_DATA_6
H'FFFFEGEE MD7[7]  MSG_DATA_7
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFEGEF MD7[8]  MSG_DATA_8 HCAN
H'FFFFE6FO MDS8[1]  MSG_DATA_1 (channel
H'FFFFE6F1 MD8[2]  MSG_DATA_ 2

H'FFFFE6F2 MD8[3]  MSG_DATA_3

H'FFFFE6F3 MD8[4]  MSG_DATA_4

H'FFFFE6F4 MD8[5]  MSG_DATA 5

H'FFFFE6F5 MD8[6]  MSG_DATA_6

H'FFFFE6F6 MDS8[7] ~ MSG_DATA_7

H'FFFFE6F7 MD8[8]  MSG_DATA_8

H'FFFFE6F8 MD9[1]  MSG_DATA_1

H'FFFFE6F9 MD9[2]  MSG_DATA_2

H'FFFFE6FA MD9[3]  MSG_DATA_3

H'FFFFE6FB MD9[4]  MSG_DATA 4

H'FFFFE6FC MD9[5]  MSG_DATA_5

H'FFFFE6FD MD9[6]  MSG_DATA_6

H'FFFFE6FE MD9[7]  MSG_DATA_7

H'FFFFE6FF MD9[8]  MSG_DATA_8

H'FFFFE700 MD10[1] MSG_DATA_1

H'FFFFE701 MD10[2] MSG_DATA_2

H'FFFFE702 MD10[3] MSG_DATA_3

H'FFFFE703 MD10[4] MSG_DATA_4

H'FFFFE704 MD10[5] MSG_DATA_5

H'FFFFE705 MD10[6] MSG_DATA_6

HFFFFE706 MD10[7] MSG_DATA_7

H'FFFFE707 MD10[8] MSG_DATA_8

H'FFFFE708 MD11[1] MSG_DATA_1

H'FFFFE709 MD11[2] MSG_DATA_2

H'FFFFE70A MD11[3] MSG_DATA_3

H'FFFFE70B MD11[4] MSG_DATA_4

H'FFFFE70C MD11[5] MSG_DATA_5

H'FFFFE70D MD11[6] MSG_DATA_6

H'FFFFE70E MD11[7] MSG_DATA_7

H'FFFFE70F MD11[8] MSG_DATA_8

H'FFFFE710 MD12[1] MSG_DATA_1

H'FFFFE711 MD12[2] MSG_DATA_2
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFE712 MD12[3] MSG_DATA 3 HCAN
H'FFFFE713 MD12[4] MSG_DATA 4 (channel)
H'FFFFE714 MD12[5] MSG_DATA_5
H'FFFFE715 MD12[6] MSG_DATA_6
H'FFFFE716 MD12[7] MSG_DATA_7
H'FFFFE717 MD12[8] MSG_DATA_8
HFFFFE718 MD13[1] MSG_DATA_1
H'FFFFE719 MD13[2] MSG_DATA 2
H'FFFFE71A MD13[3] MSG_DATA 3
H'FFFFE71B MD13[4] MSG_DATA 4
H'FFFFE71C MD13[5] MSG_DATA 5
H'FFFFE71D MD13[6] MSG_DATA 6
H'FFFFE71E MD13[7] MSG_DATA_7
H'FFFFE71F MD13[8] MSG_DATA 8
H'FFFFE720 MD14[1] MSG_DATA 1
H'FFFFE721 MD14[2] MSG_DATA_ 2
H'FFFFE722 MD14[3] MSG_DATA 3
H'FFFFE723 MD14[4] MSG_DATA 4
H'FFFFE724 MD14[5] MSG_DATA 5
H'FFFFE725 MD14[6] MSG_DATA_6
H'FFFFE726 MD14[7] MSG_DATA_7
H'FFFFE727 MD14[8] MSG_DATA_8
H'FFFFE728 MD15[1] MSG_DATA 1
H'FFFFE729 MD15[2] MSG_DATA 2
H'FFFFE72A MD15[3] MSG_DATA_3
H'FFFFE72B MD15[4] MSG_DATA 4
H'FFFFE72C MD15[5] MSG_DATA 5
H'FFFFE72D MD15[6] MSG_DATA_6
H'FFFFE72E MD15[7] MSG_DATA_ 7
H'FFFFE72F MD15[8] MSG_DATA 8
H'FFFFE730 — — — — - - - - o -
to
H'FFFFETFF
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFES00 FLMCR1 FWE SWE1  ESU1 PSU1 EV1 PV1 El P1 FLASH
H'FFFFE801 FLMCR2 FLER SWE2  ESU2 PSU2 EV2 PV2 E2 P2
H'FFFFE802 EBR1 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
H'FFFFE803 EBR2 EB15 EB14 EB13 EB12 EB11 E10 EB9 EB8
H'FFFFES04 — — — — — — — — — —
to
H'FFFFEBFF
H'FFFFECO0 UBARH  UBA31 UBA30 UBA29 UBA28 UBA27 UBA26 UBA25 UBA24 UBC
H'FFFFECO1 UBA23 UBA22 UBA21 UBA20 UBA19 UBA18 UBA17 UBA16
H'FFFFEC02 UBARL UBA15 UBA14 UBA13 UBA12 UBA1l UBA10 UBA9 UBAS8
H'FFFFECO03 UBA7 UBAG6 UBA5 UBA4 UBA3 UBA2 UBA1 UBAO
H'FFFFEC04 UBAMRH UBM31 UBM30 uBM29 uBM28 uBM27 UBM26 UBM25 uBmM24
H'FFFFECO5 UBM23 UBM22 UBM21 UBM20 UBM19 UBM18 UBM17 UBM16
H'FFFFEC06 UBAMRL UBM15 UBM14 UBM13 UBM12 UBM11 UBM10 UBM9 UBMS8
H'FFFFECO7 UBM7  UBM6é  UBM5 UBM4  UBM3  UBM2  UBM1  UBMO
H'FFFFEC08 UBBR — — — — — — — —
H'FFFFEC09 CP1 CPO D1 DO RW1 RWO sz1 SZ0
H'FFFFECOA UBCR — - - — — — — —
H'FFFFECOB — — — — — CKS1 CKSO0 UBID
H'FFFFECOC — — — — — — — — — —
to
H'FFFFECOF
H'FFFFEC10 TCSR*  OVF WTAT  TME — — CKS2 CKS1  CKSO  wDT
H'FFFFEC11 TCNT *
H'FFFFEC12 — — — — — — — — —
H'FFFFEC13 RSTCSR * WOVF RSTE RSTS — — — — —
H'FFFFEC14 SBYCR SSBY HIZ — — — — — — Power-

down state

H'FFFFEC15 — — — — — — — — — —
to
H'FFFFEC1F
H'FFFFEC20 BCR1 — — — — — — — — BSC
H'FFFFEC21 — — — — A3SZ A2SZ A1SZ A0SZ
H'FFFFEC22 BCR2 IW31 IW30 w21 IW20 w11 IW10 IWo1 IW00
H'FFFFEC23 Cwa3 Ccw2 Ccwi CWO0 SW3 SW2 SW1 SwWo
H'FFFFEC24 WCR W33 W32 w31 W30 w23 w22 w21 W20
H'FFFFEC25 W13 W12 w11 W10 W03 w02 W01 W00
H'FFFFEC26 RAMER  — — — — — — — —
H'FFFFEC27 — — — — RAMS RAM2 RAM1 RAMO

Note: * This is the read address. The write address is H'FFFEC10 for TCSR and TCNT, and H'FFFEC12 for
RSTCSR. For details, see section 13.2.4, Notes on Register Access.
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TableA.1 Address(cont)

Register Bit Names

Address Abbr. Bit7 Bit 6 Bit 5 Bit 4 Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFEC28 — — — — — —
to
HFFFFECAF

HFFFFECBO DMAOR  — — — — —

H'FFFFECB1 — — — — —

AE

DME

DMAC (all
channels)

HFFFFECB2 — — — — — —
to
HFFFFECBF

H'FFFFECCO SARO

HFFFFECC1

HFFFFECC2

HFFFFECC3

H'FFFFECC4 DARO

H'FFFFECC5

HFFFFECC6

HFFFFECC7

H'FFFFECC8 DMATCRO — — — — —

HFFFFECC9

H'FFFFECCA

H'FFFFECCB

HFFFFECCC CHCRO  — — — — —

H'FFFFECCD — — — RS4 RS3

RS1

RSO

H'FFFFECCE —_ — SM1 SMO —

DM1

DMO

H'FFFFECCF — — Ts1 TS0 ™

TE

DE

DMAC
(channel 0)

H'FFFFECDO SAR1

HFFFFECD1

H'FFFFECD2

H'FFFFECD3

H'FFFFECD4 DAR1

H'FFFFECD5

H'FFFFECD6

HFFFFECD7

H'FFFFECD8 DMATCR1 — — — — —

H'FFFFECD9

H'FFFFECDA

H'FFFFECDB

DMAC
(channel 1)

HITACHI
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TableA.1 Address(cont)

Register Bit Names

Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFECDC CHCR1  — — — — —

H'FFFFECDD — — — RS4 RS3

RS2

RS1

RSO

H'FFFFECDE — — SM1 SMO —

DM1

DMO

H'FFFFECDF — —_ TS1 TSO ™

TE

DE

DMAC
(channel 1)

H'FFFFECEO SAR2

H'FFFFECE1

H'FFFFECE2

H'FFFFECE3

H'FFFFECE4 DAR2

H'FFFFECES

H'FFFFECES

H'FFFFECE7

H'FFFFECE8 DMATCR2 — — — — —

H'FFFFECEQ

H'FFFFECEA

H'FFFFECEB

HFFFFECEC CHCR2  — — — — —

RO

H'FFFFECED — — — RS4 RS3

RS1

RSO

H'FFFFECEE — —_ SM1 SMO —

DM1

DMO

H'FFFFECEF — — TS1 TSO ™

TE

DE

DMAC
(channel 2)

H'FFFFECFO SAR3

H'FFFFECF1

H'FFFFECF2

H'FFFFECF3

H'FFFFECF4 DAR3

H'FFFFECF5

H'FFFFECF6

H'FFFFECF7

H'FFFFECF8 DMATCR3 — — — — —

H'FFFFECF9

H'FFFFECFA

H'FFFFECFB

HFFFFECFC CHCR3  — — — DI —

H'FFFFECFD — — — RS4 RS3

RS1

RSO

H'FFFFECFE — — SM1 SMO —

DM1

DMO

H'FFFFECFF — — Ts1 TSO ™

TE

DE

DMAC
(channel 3)
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TableA.1 Address(cont)

Register

Address Abbr.

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4 Bit 3

Bit 2

Bit 1

Bit 0 Module

H'FFFFEDOO IPRA
H'FFFFEDO1

INTC

H'FFFFEDO2 IPRB
H'FFFFEDO3

H'FFFFEDO4 IPRC
H'FFFFEDO5

H'FFFFEDO6 IPRD
H'FFFFEDO7

H'FFFFEDO8 IPRE
H'FFFFEDO9

H'FFFFEDOA IPRF
H'FFFFEDOB

H'FFFFEDOC IPRG
H'FFFFEDOD

H'FFFFEDOE IPRH
H'FFFFEDOF

H'FFFFED10 IPRI
HFFFFED11

HFFFFED12 IPRJ
HFFFFED13

HFFFFED14 IPRK
HFFFFED15

HFFFFED16 IPRL
HFFFFED17

HFFFFED18

CR
H'FFFFED19

NMIL

NMIE

IRQOS

IRQ1S

IRQ2S

IRQ3S  IRQ4S

IRQ5S

IRQ6S

IRQ7S

H'FFFFED1A ISR
HFFFFED1B

IRQOF

IRQ1F

IRQ2F

IRQ3F IRQ4F

IRQ5F

IRQ6F

IRQ7F

HFFFFEDIC —
to
H'FFFFEFFF

H'FFFFFO00 SMRO

C/A

CHR

PE

O/E STOP

MP

CKS1

CKSO0 SCI

H'FFFFFO01 BRRO

(channel 0)

H'FFFFF002 SCRO

TIE

RIE

TE

RE MPIE

TEIE

CKE1

CKEO

H'FFFFF003 TDRO

HFFFFF004 SSRO

TDRE

RDRF

ORER FER

PER

TEND

MPB

MPBT

HITACHI
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFF005 RDRO scl
HFFFFFO06 SDCRO  — — — — DIR — — — (channel 0)
HFFFFFO07 — — — — — — — — —
H'FFFFF008 SMR1 C/IA CHR PE O/E STOP MP CKS1 CKS0 Scl
HFFFFF009 BRRL1 (channel 1)
HFFFFFOOA SCR1L  TIE RIE TE RE MPIE  TEIE CKEL  CKEO
H'FFFFFO0B TDR1
HFFFFFOOC SSR1 ~ TDRE RDRF ORER  FER PER TEND  MPB MPBT
H'FFFFFOOD RDR1
HFFFFFOOE SDCR1  — — — — DIR — — —
HFFFFFOOF — — — — — — — — —
HFFFFFO10 SMR2  C/A CHR PE OfE STOP  MP CKS1  CKSO  sCl
H'FFFFFO11 BRR2 (channel 2)
HFFFFF012 SCR2  TIE RIE TE RE MPIE  TEIE CKEL  CKEO
HFFFFF013 TDR2
HFFFFF014 SSR2 ~ TDRE RDRF  ORER  FER PER TEND  MPB MPBT
HFFFFFO15 RDR2
HFFFFFO16 SDCR2 — — - — DIR — — —
HFFFFFO17 — — — — — — — — —
HFFFFFO18 SMR3  C/A CHR PE OfE STOP  MP CKSL  CKSO  SCI
HFFFFFO19 BRR3 (channel 3)
HFFFFFO1A SCR3  TIE RIE TE RE MPIE  TEIE CKEL  CKEO
HFFFFFO1B TDR3
HFFFFFOIC SSR3  TDRE RDRF ORER  FER PER TEND  MPB MPBT
HFFFFFO1D RDR3
HFFFFFO1E SDCR3 — — — — DIR — — —
HFFFFFOLF — — — — — — — — —
H'FFFFF020 SMR4 C/IA CHR PE O/E STOP MP CKS1 CKS0 Scl
HFFFFF021 BRR4 (channel 4)
HFFFFF022 SCR4  TIE RIE TE RE MPIE  TEIE CKEL  CKEO
HFFFFF023 TDR4
HFFFFF024 SSR4  TDRE RDRF ORER  FER PER TEND  MPB MPBT
HFFFFF025 RDR4
HFFFFF026 SDCR4 — — — — DIR — — —
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TableA.1 Address(cont)

Address

Register Bit Names

Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFF027
to
HFFFFF3FF

H'FFFFF400

TSTR2 STR7D STR7C  STR7B STR7A  STR6D

STR6C

STR6B

STR6A

H'FFFFF401

TSTR1 STR10 STRS5 STR4 STR3 STR1B,2B STR2A

STR1A

STRO

HFFFFF402

TSTR3  — — — — —

STR11

H'FFFFF403

H'FFFFF404

PSCR1 — — — PSC1E PSC1D

PSC1C

PSC1B

PSC1A

H'FFFFF405

H'FFFFF406

PSCR2 PSC2E  PSC2D

pPSC2C

PSC2B

PSC2A

H'FFFFF407

H'FFFFF408

PSCR3 —_ — — PSC3E  PSC3D

PSC3C

PSC3B

PSC3A

H'FFFFF409

H'FFFFF40A

PSCR4 — — — PSC4E  PSC4D

PSC4C

PSC4B

PSC4A

H'FFFFF40B

ATU-II (all
channels)

H'FFFFF40C
to
HFFFFF41F

H'FFFFF420

HFFFFF421

ICRODH

HFFFFF422

H'FFFFF423

ICRODL

ATU-II
(channel 0)

HFFFFF424

ITVRR1 ITVA9 ITVA8 ITVA7 ITVAG ITVE9

ITVES

ITVE7

TIVE6

HFFFFF425

ATU-II
(channel 1)

H'FFFFF426

ITVRR2A ITVA13A ITVA12A ITVA1lA ITVAL10A ITVE13A

ITVE12A

ITVEL1A

ITVE10A

HFFFFF427

HFFFFF428

ITVRR2B ITVA13B ITVA12B ITVA1lB ITVA10B ITVE13B

ITVE12B

ITVE11B

ITVE10B

H'FFFFF429

ATU-II
(channel 2)

HFFFFF42A

TIORO 100D1 100D0 100C1 100C0 100B1

100B0O

I00A1

I00A0

ATU-II

H'FFFFF42B

(channel 0)

H'FFFFF42C

HFFFFF42D

TSRO — — — — —

IIF2B IIF2A IIF1 OVFO ICFOD

ICFOC

ICFOB

ICFOA

HFFFFF42E

H'FFFFF42F

TIERO  — — — — —

— — — OVEO ICEOD

ICEOC

ICEOB

ICEOA

H'FFFFF430

H'FFFFF431

TCNTOH

HITACHI
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TableA.1 Address(cont)

Address

Register
Abbr.

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4 Bit 3

Bit 2

Bit 1

Bit 0

Module

H'FFFFF432

H'FFFFF433

TCNTOL

H'FFFFF434

H'FFFFF435

ICROAH

H'FFFFF436

H'FFFFF437

ICROAL

H'FFFFF438

H'FFFFF439

ICROBH

H'FFFFF43A

H'FFFFF43B

ICROBL

H'FFFFF43C

H'FFFFF43D

ICROCH

H'FFFFF43E

H'FFFFF43F

ICROCL

ATU-II
(channel 0)

H'FFFFF440

H'FFFFF441

TCNT1A

H'FFFFF442

H'FFFFF443

TCNT1B

HFFFFF444

H'FFFFF445

GRI1A

H'FFFFF446

H'FFFFF447

GR1B

H'FFFFF448

H'FFFFF449

GR1C

H'FFFFF44A

H'FFFFF44B

GR1D

H'FFFFF44C

H'FFFFF44D

GRI1E

H'FFFFF44E

H'FFFFF44F

GR1F

H'FFFFF450

H'FFFFF451

GR1G

H'FFFFF452

H'FFFFF453

GR1H

ATU-II
(channel 1)
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TableA.1 Address(cont)

HITACHI

Register Bit Names

Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFF454 OCR1 ATU-lI
H'FFFFF455 (channel 1)
HFFFFF456 OSBR1
H'FFFFF457
HFFFFF458 TIOR1B — I01D2 101Dl  101D0  — I01C2  101C1  101CO
HFFFFF459 TIORIA — I01B2  101B1  101B0  — I01A2  I01A1  IO1A0
HFFFFF45A TIORID — I01H2  I01H1  I01HO  — I01G2 101Gl  101G0
HFFFFF45B TIORIC — I01F2  IO1F1  IO1F0  — IO1E2  I01E1  IO1EQ
HFFFFF45C TCR1B  — — CKEGB1 CKEGBO CKSELB3 CKSELB2 CKSELB1 CKSELBO
HFFFFF45D TCR1A  — — CKEGA1l CKEGAO CKSELA3 CKSELA2 CKSELAl CKSELAO
H'FFFFF45E TSR1IA  — — — — — — — OVF1A
HFFFFFASE IMFIH  IMF1G  IMFIF  IMFLE IMF1D IMFIC  IMF1B  IMF1A
HFFFFF460 TSR1B  — — — — — — — OVF1B
H'FFFFF461 — — — — - — — CMF1
HFFFFF462 TIERIA — — — — — — — OVE1A
H'FFFFF463 IMEIH  IMEIG IME1F IME1E IMEID IMEIC IME1B  IMEIA
HFFFFF464 TIERIB — — — — - — — OVE1B
H'FFFFF465 — — — — — — — CME1
HFFFFF466 TRGMDR TRGMD — — — — — — —
HFFFFF467 — — — — — — — — — —
to
HFFFFF47F
HFFFFF480 TSR3 — OVF5  IMF5D  IMF5C  IMF5B  IMFSA  OVF4  IMF4D  ATU-II
H'FFFFF481 IMF4C  IMF4B  IMF4A  OVF3  IMF3D  IMF3C  IMF3B  IMF3A gc?oag;els
HFFFFF482 TIER3  — OVES  IME5D IME5C  IMESB  IMESA  OVE4  IME4D
H'FFFFF483 IMEAC  IME4B  IME4A OVE3  IME3D IME3C IME3B  IME3A
HFFFFF484 TMDR  — — — - - T5PWM  T4PWM  T3PWM
HFFFFF485 — — — — — — — — — —
to
H'FFFFF49F
HFFFFF4A0 TCNT3 ATU
HFFFFF4AL (channel 3)
HFFFFF4A2 TGR3A
H'FFFFF4A3
HFFFFF4A4 GR3B
H'FFFFF4A5
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TableA.1

Address

Address (cont)

Register Bit Names

Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1

Bit 0 Module

H'FFFFF4A6

HFFFFF4A7

GR3C

ATU-II

(channel 3)

H'FFFFF4A8

H'FFFFF4A9

GR3D

HFFFFF4AA

TIOR3B  CCI3D 103D2 103D1 103D0 CCI3C 103C2 103C1

103C0

H'FFFFF4AB

TIOR3A  CCI3B 103B2 103B1 103B0 CCI3A 103A2 103A1

I03A0

HFFFFF4AC

TCR3 CKEG1 CKEGO CKSEL3 CKSEL2 CKSEL1

CKSELO

H'FFFFF4AD
to
H'FFFFF4BF

H'FFFFF4CO

HFFFFF4C1

TCNT4

ATU-II

(channel 4)

H'FFFFF4C2

H'FFFFF4C3

GR4A

HFFFFF4C4

H'FFFFF4C5

GR4B

H'FFFFF4C6

HFFFFF4C7

GR4C

H'FFFFF4C8

H'FFFFF4C9

GR4D

HFFFFF4CA

TIOR4B  CCl4D 104D2 104D1 104D0 CCl4C 104C2 104C1

104C0

H'FFFFF4CB

TIOR4A  CCl4B 104B2 104B1 104B0 CCI4A 104A2 104A1

104A0

H'FFFFF4CC

TCR4 CKEG1 CKEGO CKSEL3 CKSEL2 CKSEL1

CKSELO

H'FFFFF4CD
to
H'FFFFF4DF

H'FFFFF4EQ

H'FFFFF4EL

TCNT5

ATU-II

(channel 5)

H'FFFFF4E2

H'FFFFF4E3

GR5A

H'FFFFF4E4

H'FFFFF4E5S

GR5B

H'FFFFF4E6

H'FFFFF4E7

GR5C

H'FFFFF4E8

H'FFFFF4E9

GR5D
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TableA.1 Address(cont)

Address

Register
Abbr.

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4 Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFF4EA

TIOR5B

CCI5D

105D2

105D1 105D0 CCI5C

105C2

105C1

105C0

H'FFFFF4EB

TIOR5A

CCI5B

105B2

105B1

105B0 CCI5A

I05A2

I05A1

I05A0

H'FFFFF4EC

TCR5

CKEG1 CKEGO CKSEL3

CKSEL2

CKSEL1

CKSELO

ATU-II
(channel 5)

H'FFFFF4ED
to
H'FFFFF4EF

H'FFFFF500

H'FFFFF501

TCNT6A

HFFFFF502

H'FFFFF503

TCNT6B

H'FFFFF504

H'FFFFF505

TCNT6C

H'FFFFF506

H'FFFFF507

TCNT6D

H'FFFFF508

H'FFFFF509

CYLR6A

H'FFFFF50A

H'FFFFF50B

CYLR6B

H'FFFFF50C

H'FFFFF50D

CYLR6C

H'FFFFF50E

H'FFFFF50F

CYLR6D

H'FFFFF510

HFFFFF511

BFR6A

HFFFFF512

H'FFFFF513

BFR6B

HFFFFF514

HFFFFF515

BFR6C

HFFFFF516

HFFFFF517

BFR6D

HFFFFF518

H'FFFFF519

DTRGA

HFFFFF51A

H'FFFFF51B

DTR6B

H'FFFFF51C

HFFFFF51D

DTR6C

ATU-II
(channel 6)

HITACHI

877



TableA.1 Address(cont)

Address

Register
Abbr.

Bit Names

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3

Bit 2 Bit 1 Bit 0 Module

HFFFFF51E

H'FFFFF51F

DTR6D

ATU-II

(channel 6)

H'FFFFF520

TCR6B

— CKSELD2 CKSELD1 CKSELDO —

CKSELC2 CKSELC1 CKSELCO

HFFFFF521

TCR6A

— CKSELB2 CKSELB1 CKSELBO —

CKSELA2 CKSELA1 CKSELAO

H'FFFFF522

H'FFFFF523

TSR6

ubD6C uD6B UDGA CMF6D

CMF6C CMF6B  CMF6A

HFFFFF524

H'FFFFF525

TIERG

CMEGD

CME6C CME6B CMEGA

H'FFFFF526

PMDRG6

DTSELD DTSELC DTSELB DTSELA CNTSELD CNTSELC CNTSELB CNTSELA

HFFFFF527
to
H'FFFFF57F

H'FFFFF580

H'FFFFF581

TCNT7A

ATU-II

(channel 7)

H'FFFFF582

H'FFFFF583

TCNT7B

H'FFFFF584

H'FFFFF585

TCNT7C

H'FFFFF586

H'FFFFF587

TCNT7D

H'FFFFF588

H'FFFFF589

CYLR7A

H'FFFFF58A

H'FFFFF58B

CYLR7B

H'FFFFF58C

H'FFFFF58D

CYLR7C

H'FFFFF58E

H'FFFFF58F

CYLR7D

H'FFFFF590

H'FFFFF591

BFR7A

H'FFFFF592

H'FFFFF593

BFR7B

H'FFFFF594

H'FFFFF595

BFR7C

H'FFFFF596

H'FFFFF597

BFR7D
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TableA.1 Address(cont)

Register Bit Names

Address Abbr. Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Module

H'FFFFF598 DTR7A ATU-lI
- (channel 7)

H'FFFFF599

H'FFFFF59A DTR7B

H'FFFFF59B

H'FFFFF59C DTR7C

H'FFFFF59D

H'FFFFF59E DTR7D

H'FFFFF59F

HFFFFF5A0 TCR7TB  — CKSELD2 CKSELD1 CKSELDO — CKSELC2 CKSELC1 CKSELCO

HFFFFF5A1 TCR7A  — CKSELB2 CKSELB1 CKSELBO — CKSELA2 CKSELA1 CKSELAO

HFFFFF5A2 TSR7 — — — — — — — —

H'FFFFF5A3 — — — — CMF7D CMF7C C<F7B  CMF7A

HFFFFF5A4 TIER7 — — — — — — — — —

H'FFFFF5A5 — — — — CME7TD CME7C CME7B CME7A

HFFFFF5A6 — — — — — — — — — —
to
H'FFFFF5BF

H'FFFFF5C0 TCNT11 ATU-II
(channel
11)

HFFFFF5C1

H'FFFFF5C2 GR11A

HFFFFF5C3

H'FFFFF5C4 GR11B

H'FFFFF5CS

HFFFFF5C6 TIOR11 — 1011B2 I1011B1 1011B0 — I011A2 1011A1  1011A0

HFFFFF5C7 — — — — — — — — -

HFFFFF5C8 TCR11 — — — CKEG1 CKEGO — CKSELA2 CKSELA1 CKSELAO

HFFFFF5C9 — — — — — — — — —

H'FFFFF5CA TSR11  — — — — — — — OVF11

H'FFFFF5CB — — — — — — IMF11B  IMF11A

H'FFFFF5CC TIER11  — — — — — — — OVE11

H'FFFFF5CD — — — — — — IME11B  IME11A

H'FFFFFSCE — — — — — — — - - —
to
H'FFFFFSFF

H'FFFFF600 TCNT2A ATU-lI

H'FFFFF601 (channel 2)
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TableA.1 Address(cont)

. Bit Names
Register
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module

H'FFFFF602 TCNT2B ATU-II
(channel 2)

H'FFFFF603

H'FFFFF604 GR2A

H'FFFFF605

H'FFFFF606 GR2B

H'FFFFF607

H'FFFFF608 GR2C

H'FFFFF609

H'FFFFF60A GR2D

H'FFFFF60B

H'FFFFF60C GR2E

H'FFFFF60D

H'FFFFF60E GR2F

H'FFFFF60F

H'FFFFF610 GR2G

H'FFFFF611

HFFFFF612 GR2H

H'FFFFF613

H'FFFFF614 OCR2A

HFFFFF615

H'FFFFF616 OCR2B

H'FFFFF617

H'FFFFF618 OCR2C

H'FFFFF619

H'FFFFF61A OCR2D

HFFFFF61B

H'FFFFF61C OCRZ2E

H'FFFFF61D

H'FFFFF61E OCR2F

H'FFFFF61F

H'FFFFF620 OCR2G

H'FFFFF621

H'FFFFF622 OCR2H

H'FFFFF623

H'FFFFF624 OSBR2

H'FFFFF625
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TableA.1 Address(cont)

Address

Register
Abbr.

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0 Module

HFFFFF626

TIOR2B

102D2

102D1

102D0

102C2

102C1

102C0 ATU-II

HFFFFF627

TIOR2A

102B2

102B1

102B0

102A2

102A1

102A0 (channel 2)

H'FFFFF628

TIOR2D

102H2

102H1

102H0

102G2

102G1

102G0

HFFFFF629

TIOR2C

102F2

102F1

102F0

102E2

I102E1

102E0

HFFFFF62A

TCR2B

CKEGB1

CKEGBO

CKSELB3

CKSELB2

CKSELB1

CKSELBO

H'FFFFF62B

TCR2A

CKEGA1

CKEGAO

CKSELA3

CKSELA2

CKSELAL

CKSELAO

HFFFFF62C

H'FFFFF62D

TSR2A

OVF2A

IMF2H

IMF2G

IMF2F

IMF2E

IMF2D

IMF2C

IMF2B

IMF2A

H'FFFFF62E

H'FFFFF62F

TSR2B

OVF2B

CMF2H

CMF2G

CMF2F

CMF2E

CMF2D

CMF2C

CMF2B

CMF2A

H'FFFFF630

H'FFFFF631

TIER2A

OVE1A

IME2H

IME2G

IME2F

IME2E

IME2D

IME2C

IME2B

IME2A

HFFFFF632

H'FFFFF633

TIER2B

OVE2B

CME2H

CME2G

CME2F

CME2E

CME2D

CME2C

CME2B

CME2A

HFFFFF634
to
H'FFFFF63F

H'FFFFF640

H'FFFFF641

DCNT8A

ATU-II

(channel 8)

H'FFFFF642

HFFFFF643

DNCT8B

HFFFFF644

H'FFFFF645

DNCT8C

HFFFFF646

HFFFFF647

DCNT8D

H'FFFFF648

HFFFFF649

DCNTS8E

HFFFFF64A

H'FFFFF64B

DCNT8F

HFFFFF64C

H'FFFFF64D

DCNT8G

H'FFFFF64E

H'FFFFF64F

DCNT8H

H'FFFFF650

H'FFFFF651

DCNT8I

HITACHI
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TableA.1 Address(cont)

Address

Register
Abbr.

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4 Bit 3

Bit 2

Bit 1

Bit 0 Module

H'FFFFF652

H'FFFFF653

DCNT8J

ATU-II

(channel 8)

H'FFFFF654

H'FFFFF655

DCNT8K

H'FFFFF656

H'FFFFF657

DCNT8L

H'FFFFF658

H'FFFFF659

DCNT8M

H'FFFFF65A

H'FFFFF65B

DCNTS8N

H'FFFFF65C

H'FFFFF65D

DCNT80O

H'FFFFF65E

H'FFFFF65F

DCNT8P

H'FFFFF660

H'FFFFF661

RLDR8

H'FFFFF662

H'FFFFF663

TCNR

CN8P

CN8O

CN8N

CN8M CN8L

CN8K

CN8J

CN8I

CN8H

CN8G

CN8F

CNSE CN8D

CN8C

CN8B

CNSA

HFFFFF664

H'FFFFF665

OTR

OTEP

OTEO

OTEN

OTEM OTEL

OTEK

OTEJ

OTEI

OTEH

OTEG

OTEF

OTEE OTED

OTEC

OTEB

OTEA

H'FFFFF666

H'FFFFF667

DSTR

DST8P

DST80

DST8N

DST8M  DST8L

DST8K

DST8J

DST8I

DST8H

DST8G

DST8F

DSTSE DST8D

DST8C

DST8B

DST8A

H'FFFFF668

TCR8

CKSELB2

CKSELB1

CKSELBO

CKSELA2

CKSELA1

CKSELAO

H'FFFFF669

H'FFFFF66A

H'FFFFF66B

TSR8

OSF8P

OSF80

OSF8N

OSF8M  OSF8L

OSF8K

OSF8J

OSF8I

OSF8H

OSF8G

OSF8F

OSF8E  OSF8D

OSF8C

OSF8B

OSF8A

H'FFFFF66C

H'FFFFF66D

TIER8

OSE8P

OSE80

OSES8N

OSE8M  OSESL

OSE8K

OSE8J

OSES8I

OSES8H

OSES8G

OSES8F

OSES8E  OSESD

OSES8C

OSE8B

OSES8A

H'FFFFF66E

RLDENR

RLDEN

H'FFFFF66F
to
H'FFFFF67F

H'FFFFF680

ECNT9A

ATU-II

H'FFFFF681

(channel 9)

H'FFFFF682

ECNT9B

H'FFFFF683
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TableA.1 Address(cont)

Address

Register
Abbr.

Bit Names

Bit 7

Bit 6 Bit 5 Bit 4 Bit 3

Bit 2 Bit1 Bit 0 Module

HFFFFF684

ECNTOC

ATU-II

H'FFFFF685

(channel 9)

H'FFFFF686

ECNT9D

HFFFFF687

H'FFFFF688

ECNTOE

H'FFFFF689

HFFFFF68A

ECNTOF

H'FFFFF68B

H'FFFFF68C

GRYA

H'FFFFF68D

H'FFFFF68E

GR9B

H'FFFFF68F

H'FFFFF690

GROC

H'FFFFF691

H'FFFFF692

GR9D

H'FFFFF693

HFFFFF694

GROE

H'FFFFF695

HFFFFF696

GR9F

H'FFFFF697

H'FFFFF698

TCR9A

TRG3BEN EGSELB1 EGSELBO —

TRG3AEN EGSELA1 EGSELAO

H'FFFFF699

H'FFFFF69A

TCR9B

TRG3DEN EGSELD1 EGSELDO —

TRG3CEN EGSELC1 EGSELCO

H'FFFFF69B

H'FFFFF69C

TCR9C

— EGSELF1 EGSELFO —

— EGSELE1 EGSELEO

H'FFFFF69D

H'FFFFF69E

H'FFFFF69F

TSR9

— CMF9F CMF9E  CMF9D

CMF9C CMF9B CMF9A

H'FFFFF6A0

H'FFFFF6AL

TIER9

— CME9F CMES9E CME9D

CME9C CME9B CME9A

HFFFFF6A2
to
H'FFFFF6BF

H'FFFFF6CO

H'FFFFF6C1

TCNT10AH

ATU-II

(channel
10)

H'FFFFF6C2

H'FFFFF6C3

TCNT10AL

HITACHI
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TableA.1

Address

Address (cont)

Register Bit Names

Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Module

HFFFFF6C4

H'FFFFF6C5

TCNT10B

H'FFFFF6CE

H'FFFFF6CT7

TCNT10C

H'FFFFF6C8

TCNT10D

H'FFFFF6CY

H'FFFFF6CA

H'FFFFF6CB

TCNT10E

H'FFFFF6CC

H'FFFFF6CD

TCNT10F

H'FFFFF6CE

H'FFFFF6CF

TCNT10G

H'FFFFF6DO0

H'FFFFF6D1

ICR10AH

H'FFFFF6D2

H'FFFFF6D3

ICR10AL

H'FFFFF6D4

H'FFFFF6DS5

OCR10AH

H'FFFFF6D6

H'FFFFF6D7

OCRI10AL

H'FFFFF6DS8

OCR10B

H'FFFFF6D9

H'FFFFF6DA

H'FFFFF6DB

RLD10C

H'FFFFF6DC

H'FFFFF6DD

GR10G

H'FFFFF6DE

TCNT10H

H'FFFFF6DF

H'FFFFF6EQ

NCR10

H'FFFFF6EL

H'FFFFF6E2

TIOR10 RLDEN CCS PIM1 PIMO 1010G2 1010G1 1010GO

H'FFFFF6E3

H'FFFFF6E4

TCR10 TRG2BEN TRG1BEN TRG2AEN TRG1AEN TRGODEN NCE CKEG1 CKEGO

H'FFFFF6ES

H'FFFFF6E6

H'FFFFF6E7

TCCLR10

ATU-II
(channel
10)
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TableA.1 Address(cont)

Register
Address Abbr.

Bit Names

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

H'FFFFF6E8 TSR10
H'FFFFF6E9

CMF10G

CMF10B

ICF10A

CMF10A

HFFFFF6EA TIER10
H'FFFFF6EB

IREG

CME10G

CME10B

ICE10A

CME10A

ATU-II
(channel
10)

H'FFFFF6EC —
to
H'FFFFF6FF

H'FFFFF700 POPCR

H'FFFFF701

PULS7
ROE

PULS6
ROE

PULS5  PULS4

ROE

ROE

PULS3
ROE

PULS2
ROE

PULS1
ROE

PULSO
ROE

PULS7
SOE

PULS6
SOE

PULS5 PULS4

SOE

SOE

PULS3
SOE

PULS2
SOE

PULS1
SOE

PULSO
SOE

APC

HFFFFF702 —
to
HFFFFF707

H'FFFFF708 SYSCR

AUDSRST RAME

HFFFFF709 —

HFFFFF70A —

HFFFFF70B MSTCR *

MSTOP3

MSTOP2

MSTOP1 MSTOPO

Power-
down state

HFFFFF70C —
to
H'FFFFF70F

HFFFFF710 CMSTR
H'FFFFF711

STR1

STRO

HFFFFF712 CMCSRO
HFFFFF713

CMF

CMIE

CKS1

CKSO

HFFFFF714 CMCNTO
HFFFFF715

HFFFFF716 CMCORO
H'FFFFF717

HFFFFF718 CMCSR1
HFFFFF719

CMF

CMIE

CKS1

CKSO

HFFFFF71A CMCNTL
HFFFFF71B

H'FFFFF71C CMCOR1
H'FFFFF71D

HFFFFF71E —

HFFFFF71F —

CMT

Note: * This is the read address. The write address is H'FFFFF70A. For details, see section
13.2.4, Notes on Register Access.

HITACHI
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TableA.1 Address(cont)

HITACHI

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFF720 PAIOR PA15I0R PA14I0R PA13I0R PA12I0R PA11lIOR PA10IOR PA9IOR PA8SIOR PortA
H'FFFFF721 PA7IOR PABIOR PA5IOR PA4IOR PA3IOR PA2IOR PAlIOR PAOIOR
H'FFFFF722 PACRH — PA15SMD — PA14MD — PA13MD — PA12MD
H'FFFFF723 — PA11IMD — PA1OMD — PAOMD — PASMD
H'FFFFF724 PACRL — PATMD — PA6MD — PASMD — PA4AMD
H'FFFFF725 — PASMD — PA2MD — PAIMD — PAOMD
H'FFFFF726 PADR PA15DR PA14DR PA13DR PA12DR PA11DR PA10DR PA9DR PA8SDR
H'FFFFF727 PA7DR PAG6DR PA5DR PA4DR PA3DR PA2DR PA1DR PAODR
H'FFFFF728 PHIOR PH15I0R PH14IO0R PH13IOR PH12IOR PH11lIOR PH10IOR PH9IOR PH8IOR PortH
H'FFFFF729 PH7IOR PH6IOR PHS5IOR PH4IOR PH3IOR PH2IOR PH1IOR PHOIOR
H'FFFFF72A PHCR PH15MD PH14MD PH13MD PH12MD PH11MD PH10MD PHOMD PH8MD
H'FFFFF72B PH7MD PH6MD PH5MD PH4MD PH3MD PH2MD PHIMD PHOMD
H'FFFFF72C PHDR PH15DR PH14DR PH13DR PH12DR PH11DR PH10DR PHODR PH8DR
H'FFFFF72D PH7DR PH6DR PH5DR PH4DR PH3DR PH2DR PHIDR PHODR
H'FFFFF72E ADTRGR1 EXTRG — — — — — — — AID
H'FFFFF72F ADTRGR2 EXTRG — — — — — — —
H'FFFFF730 PBIOR PB15I0R PB14IOR PB13IOR PB12IOR PB11lIOR PB10IOR PB9IOR PB8IOR PortB
H'FFFFF731 PB7IOR PB6IOR PB5IOR PB4IOR PB3IOR PB2IOR PB1lIOR PBOIOR
H'FFFFF732 PBCRH PB15MD1 PB15MDO PB14MD1 PB14MDO — PB13MD PB12MD1 PB12MDO
H'FFFFF733 PB11MD1 PB11MDO PB10MD1 PB10MDO PBOSMD1 PBO9MDO PB8MD1 PB8MDO
H'FFFFF734 PBCRL PB7MD1 PB7MDO PB6MD1 PB6MDO PB5MD1 PB5MDO PB4MD1 PB4MDO
H'FFFFF735 — PB3MD — PB2MD — PBIMD — PBOMD
H'FFFFF736 PBIR PB15IR PB14IR PB13IR — PB11IR PB10IR PB9IR PB8IR
H'FFFFF737 PB7IR PB6IR PB5IR PB4IR PB3IR PB2IR PB1IR PBOIR
H'FFFFF738 PBDR PB15DR PB14DR PB13DR PB12DR PB11DR PB10DR PB9DR PB8DR
H'FFFFF739 PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PB1DR PBODR
H'FFFFF73A PCIOR — — — — — — — — Port C
H'FFFFF73B — — — PC4IOR PC3IOR PC2IOR PClIOR PCOIOR
H'FFFFF73C PCCR — — — — — — — PC4MC
H'FFFFF73D — PC3MD — pPC2MC — PCIMC — PCOMD
H'FFFFF73E PCDR — — — — — — — —
H'FFFFF73F — — — PC4DR PC3DR PC2DR PC1DR PCODR
H'FFFFF740 PDIOR — — PD13IOR PD12IOR PD11IOR PD10OIOR PD9IOR PD8IOR PortD
H'FFFFF741 PD7I0R PD6IOR PD5IOR PD4IOR PD3IOR PD2IOR PD1IOR PDOIOR
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TableA.1 Address(cont)

Register Bit Names

Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFF742 PDCRH — — — — PD13MD1 PD13MDO — PD12MD Port D
H'FFFFF743 — PD11IMD — PD10OMD — PDOMD — PD8MD
H'FFFFF744 PDCRL — PD7MD — PD6MD — PD5MD — PD4MD
H'FFFFF745 — PD3MD — PD2MD — PDIMD — PDOMD
H'FFFFF746 PDDR — — PD13DR PD12DR PD11DR PD10DR PD9DR PD8DR
H'FFFFF747 PD7DR PD6DR PD5DR  PD4DR PD3DR PD2DR PD1DR PDODR

H'FFFFF748 PFIOR PF15I0R PF14I0R PF13IO0R PF12I0R PF11IOR PF10IOR PF9IOR PF8IOR PortF

H'FFFFF749 PF7IOR PF6IOR PF5IOR PF4IOR PF3IOR PF2IOR PF1IOR PFOIOR
HFFFFF74A PFCRH CKHIZ  PFI5MD — PF14MD — PF13MD — PF12MD
H'FFFFF74B — PF1IMD — PFIOMD — PFOMD — PFSMD
HFFFFF74C PFCRL  — PF7MD — PF6MD PFS5MD1 PFSMD0 — PF4AMD
H'FFFFF74D — PF3MD — PF2MD — PFIMD — PFOMD

H'FFFFF74E PFDR PF15DR PF14DR PF13DR PF12DR PF11DR PF10DR PFODR  PF8DR

HFFFFF74F PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PFIDR  PFODR

H'FFFFF750 PEIOR PE15I0R PE14IO0R PE13IOR PE12I0R PE11IOR PEI10IOR PES9IOR PESIOR PortE

H'FFFFF751 PE7IOR PE6IOR PE5IOR PE4IOR PE3IOR PE2IOR PELIOR PEOIOR

H'FFFFF752 PECR PE15MD PE14MD PE13MD PE12MD PE11MD PE10MD PESMD PESMD

H'FFFFF753 PE7TMD PE6MD PE5MD PE4MD PE3MD PE2MD PEIMD PEOMD

H'FFFFF754 PEDR PE15DR PE14DR PE13DR PE12DR PE11DR PE10DR PESDR  PESDR

H'FFFFF755 PE7DR PE6DR PES5DR PE4DR PE3DR PE2DR PE1IDR PEODR
H'FFFFF756 PLIOR — — PL13IOR PL12IO0R PL11IOR PL10IOR PL9IOR PL8IOR PortL
H'FFFFF757 PL7IOR PL6IOR PL5I0OR PL4IOR PL3IOR PL2IOR PL1IOR PLOIOR
H'FFFFF758 PLCRH — — — — PL13MD1 PL13MDO — PL12MD
H'FFFFF759 PL11IMD1 PL11MDO PL10MD1 PL10OMDO PLOMD1 PLO9MDO — PL8MD
H'FFFFF75A PLCRL —_ PL7MD — PLGMD — PLSMD — PLAMD
H'FFFFF75B — PL3MD  PL2MD1 PL2MDO PL1IMD1 PLIMDO — PLOMDO
H'FFFFF75C PLIR — — — — — — PLOIR PL8IR
H'FFFFF75D PL7IR — — — — — — —

H'FFFFF75E PLDR — — PL13DR PL12DR PL11DR PL10DR PL9DR PL8DR
H'FFFFF75F PL7DR PL6DR PL5DR PL4DR PL3DR PL2DR PL1DR PLODR
H'FFFFF760 PGIOR —_ — — —_ —_ — —_ — Port G
H'FFFFF761 — — — — PG3IOR PG2IOR PG1IOR PGOIOR

HFFFFF762 PGCR  — — — — — — — —

H'FFFFF763 PG3MD1 PG3MDO PG2MD1 PG2MDO — PGIMD PGOMD1 PGOMDO

HFFFFF764 PGDR  — — — — — — — —

HFFFFF765 — — — — PG3DR PG2DR PGIDR PGODR
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TableA.1 Address(cont)

HITACHI

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFF766 PJIOR PJ15I0R PJ14IOR PJ13IOR PJ12I0R PJ11IOR PJ10IOR PJ9IOR PJ8BIOR PortJ
H'FFFFF767 PJ7IOR PJ6IOR PJ5I0R PJ4IOR PJ3IOR PJ2IOR PJ1LIOR PJOIOR
H'FFFFF768 PJCRH — PJISMD — PJ14MD — PJ13MD — PJ12MD
H'FFFFF769 — PJ11IMD — PJIOMD — PJOMD  — PJBMD
H'FFFFF76A PJCRL — PJ7MD — PJ6MD  — PJ5SMD — PJ4MD
H'FFFFF76B — PJ3MD — PJ32MD — PJIMD — PJOMD
H'FFFFF76C PJDR PJ15DR PJ14DR PJ13DR PJ12DR PJ11DR PJ10DR PJ9DR PJBDR
H'FFFFF76D PJ7DR PJ6DR PJ5DR PJ4DR PJ3DR PJ2DR PJ1DR PJODR
H'FFFFF76E ADTRGO EXTRG — — — — — — — AID
H'FFFFF76F — — — — — — — — —
H'FFFFF770 PKIOR PK15I10R PK14IOR PK13IOR PK12IOR PK11lIOR PK10IOR PK9IOR PK8IOR PortK
H'FFFFF771 PK7IOR PK6IOR PK5IOR PK4IOR PK3IOR PK2IOR PK1IOR PKOIOR
H'FFFFF772 PKCRH — PK15MD — PK14MD — PK13MD — PK12MD
H'FFFFF773 — PK11IMD — PK10MD — PKOMD — PK8MD
H'FFFFF774 PKCRL — PK7MD — PK6MD — PK5MD — PK4MD
H'FFFFF775 — PK3MD — PK2MD — PKIMD — PKOMD
H'FFFFF776 PKIR PK15IR PK14IR PK13IR PK12IR PK11lIR PK10IR PK9IR PK8IR
H'FFFFF777 PK7IR PK6IR PK5IR PK4IR PK3IR PK2IR PK1IR PKOIR
H'FFFFF778 PKDR PK15DR PK14DR PK13DR PK12DR PK11DR PK10DR PK9DR PK8DR
H'FFFFF779 PK7DR PK6DR PK5DR PK4DR PK3DR PK2DR PK1DR PKODR
H'FFFFF77A — — — — — — — — — —
to
H'FFFFF7BF
H'FFFFF7CO SDIR TS3 TS2 TS1 TSO — — — — H-UDI
H'FFFFF7C1 — — — — — — — —
H'FFFFF7C2 SDSR — — — — — — — —
H'FFFFF7C3 — — — — — — — SDTRF
H'FFFFF7C4 SDDRH
HFFFFF7C5
H'FFFFF7C6 SDDRL
H'FFFFF7C7
H'FFFFF7C8 — — — — — — — — — —
to
H'FFFFF7FF
H'FFFFF800 ADDROH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2 AD
H'FFFFF801 ADDROL AD1 ADO — — — — — —
H'FFFFF802 ADDRLH AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFF803 ADDRIL AD1 ADO — — — — — — AID
H'FFFFF804 ADDR2H AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF805 ADDR2L AD1 ADO — — — — — —
H'FFFFF806 ADDR3H AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF807 ADDR3L AD1 ADO — — — — — —
H'FFFFF808 ADDR4H AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF809 ADDRAL AD1 ADO — — — — — —
H'FFFFF80A ADDRSH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF80B ADDR5L  AD1 ADO — — - — — —
H'FFFFF80C ADDR6H AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF80D ADDR6L  AD1 ADO — — — — — —
H'FFFFF8OE ADDR7H AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF80F ADDR7L AD1 ADO — — — — — —
H'FFFFF810 ADDR8H AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF811 ADDRSL AD1 ADO — — - — — —
H'FFFFF812 ADDRYH AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF813 ADDRYL AD1 ADO — — — — — —
H'FFFFF814 ADDR10H AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF815 ADDRI1OL AD1 ADO — — — — — —
H'FFFFF816 ADDR11H AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF817 ADDR11L AD1 ADO — — — — — —
H'FFFFF818 ADCSRO ADF ADIE ADM1  ADMO  CH3 CH2 CH1 CHO
H'FFFFF819 ADCRO TRGE  CKS ADST  ADCS  — — — —
HFFFFF81A — — — — — — — — —
to
H'FFFFF81F
H'FFFFF820 ADDR12H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF821 ADDR12L AD1 ADO — — — — — —
H'FFFFF822 ADDR13H AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
H'FFFFF823 ADDR13L AD1 ADO — — — — — —
H'FFFFF824 ADDR14H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF825 ADDR14L AD1 ADO — — — — — —
H'FFFFF826 ADDR15H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF827 ADDR15L AD1 ADO — — — — — —
H'FFFFF828 ADDR16H AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
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TableA.1 Address(cont)

Register Bit Names
Address Abbr. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
H'FFFFF829 ADDR16L AD1 ADO — — — — — — AID
H'FFFFF82A ADDR17H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF82B ADDR17L AD1 ADO — — — — — —
H'FFFFF82C ADDR18H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF82D ADDR18L AD1 ADO — — — — — —
H'FFFFF82E ADDR19H AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
H'FFFFF82F ADDR19L AD1 ADO — — — — — —
H'FFFFF830 ADDR20H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF831 ADDR20L AD1 ADO — — — — — —
H'FFFFF832 ADDR21H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF833 ADDR21L AD1 ADO — — — — — —
H'FFFFF834 ADDR22H AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
H'FFFFF835 ADDR22L AD1 ADO — — — — — —
H'FFFFF836 ADDR23H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF837 ADDR23L AD1 ADO — — — — — —
H'FFFFF838 ADCSR1 ADF ADIE ADM1 ADMO CH3 CH2 CH1 CHO
H'FFFFF839 ADCR1 TRGE CKS ADST ADCS — — — —
H'FFFFF83A — — — — — — — — —
to
H'FFFFF83F
H'FFFFF840 ADDR24H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF841 ADDR24L AD1 ADO — — — — — —
H'FFFFF842 ADDR25H AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
H'FFFFF843 ADDR25L AD1 ADO — — — — — —
H'FFFFF844 ADDR26H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF845 ADDR26L AD1 ADO — — — — — —
H'FFFFF846 ADDR27H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF847 ADDR27L AD1 ADO — — — — — —
H'FFFFF848 ADDR28H AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
H'FFFFF849 ADDR28L AD1 ADO — — — — — —
H'FFFFF84A ADDR29H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF84B ADDR29L AD1 ADO — — — — — —
H'FFFFF84C ADDR30H AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FFFFF84D ADDR30L AD1 ADO — — — — — —
H'FFFFF84E ADDR31H AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
H'FFFFF84F ADDR31L AD1 ADO — — — — — —
890

HITACHI



TableA.1 Address(cont)

Register

Bit Names

Address Abbr. Bit7 Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module

HFFFFF850 — — —
to
HFFFFF857

H'FFFFF858 ADCSR2 ADF ADIE

ADM1

ADMO

CH2

CH1

CHO

H'FFFFF859 ADCR2 TRGE CKS

ADST

ADCS

HFFFFF85A — — —
to
H'FFFFF85F

AID

HITACHI
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A.2 Register Statesin Reset and Power-Down States

TableA.2 Register Statesin Reset and Power-Down States

Reset State Power-Down State

Hardware  Software

Type Name Power-On Standby Standby Sleep
CPU RO to R15 Initialized Initialized Held Held
SR
GBR
VBR
MACH, MACL
PR
PC
FPU FRO to FR15 Initialized Initialized Held Held
FPUL
FPSCR
Interrupt IPRA to IPRL Initialized Initialized Held Held
controller (INTC) |5R
ISR
User break UBARH, UBARL Initialized Initialized Held Held
controller (UBC) UBAMRH, UBAMRL
UBBR
UBCR
Bus state BCR1, BCR2 Initialized Initialized Held Held
controller (BSC)  \ycRr
Direct memory SARO to SAR3 Initialized Initialized Initialized Held
access controller  yaRQ to DAR3
(DMAC) DMATCRO to DMATCRS3
CHCRO to CHCR3
DMAOR
Advanced timer  BFR6A-D, BFR7A-D Initialized Initialized Initialized Held
unit-Il (ATU-I) ¢y R6A-D, CYLR7A-D
DCNT8A-P
DSTR
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TableA.2 Register Statesin Reset and Power-Down States (cont)

Type

Name

Reset State

Power-Down State

Power-On

Software
Standby

Hardware
Standby

Sleep

Advanced timer
unit-1l (ATU-11)

DTR6A-D, DTR7A-D

Initialized

ECNT9A-F

GR1A-H, GR2A-H
GR3A-D, GR4A-D
GR5A-D, GR9A-F
GR10G, GR11A, 11B

ICROA-D, ICR10A

ITVRR1, ITVRR2A, 2B

NCR10

OCR1, OCR2A-H
OCR10AH, 10AL
OCR10B

OSBR1, OSBR2

OTR

PMDR

PSCR1-4

PSTR

RLD10C

RLDENR

RLDR8

TCCLR10

TCNR

TCNTOH, L, TCNT1A
1B, TCNT2A, 2B
TCNT3-5, TCNT6A-D
TCNT7A-D
TCNT10AH, 10AL
TCNT10B-H, TCNT11

TCR1A, 1B

TCR2A, 2B, TCR3-5
TCRG6A, 6B, TCR7A
7B, TCR8, TCR9A-C
TCR10, TCR11

Initialized Initialized

Held

HITACHI
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TableA.2 Register Statesin Reset and Power-Down States (cont)

Reset State Power-Down State

Hardware  Software
Type Name Power-On Standby Standby

Sleep

Advanced timer  TIERO, TIER1A, 1B Initialized Initialized Initialized
unit-1l (ATU-11) TIER2A, 2B, TIER3
TIER6-11

TIORO, TIOR1A-D
TIOR2A-D, TIOR3A
3B, TIOR4A, 4B
TIORS5A, 5B
TIOR10,11

TMDR
TNCT10E
TRGMDR

TSRO, TSR1A, 1B
TSR2A, 2B, TSR3
TSR6-11

TSTR1-3

Held

Advanced pulse POPCR Initialized Initialized Held
controller (APC)

Held

Watchdog timer  TCNT Initialized Initialized Initialized

(WDT) TCSR *1

RSTCSR Initialized

Held

Serial SMRO to SMR4 Initialized Initialized Initialized
communication BRRO to BRR4
interface (SCI)

SCRO to SCR4

TDRO to TDR4

SSRO to SSR4

RDRO to RDR4

SDCRO to SDCR4

Held

A/D converter ADDRO (H/L) to Initialized Initialized Initialized
ADDR31 (H/L)

ADSCRO, ADCSR1
ADCSR2

ADCRO, ADCR1
ADCR2

Held
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TableA.2 Register Statesin Reset and Power-Down States (cont)

Type

Reset State

Power-Down State

Hardware

Name Power-On Standby

Software

Standby Sleep

A/D converter

ADTRGRO, ADTRGR1 Initialized Initialized

ADTRGR2

Initialized Held

Compare match
timer (CMT)

CMSTR Initialized Initialized

CMCSRO, CMCSR1

Initialized Held

CMCNTO, CMCNT1 Initialized Initialized

CMCORO, CMCOR1

Initialized Held

Pin function
controller (PFC)

PAIOR, PBIOR Initialized Initialized
PCIOR, PDIOR
PEIOR, PFIOR
PGIOR, PHIOR

PJIOR, PKIOR, PLIOR

PACRH, PACRL
PBCRH, PBCRL
PBIR, PCCR, PDCRH
PDCRL, PECR
PFCRH, PFCRL
PGCR, PHCR, PJCRH
PJCRL PKCRH
PKCRL PKIR, PLCRH
PLCRL,PLIR

Held Held

I/O ports

PADR, PBDR, PCDR
PDDR, PEDR, PFDR
PGDE, PHDR, PJDR
PKDR, PLDR

Initialized Initialized

Initialized Held

Flash ROM

FLMCR1 Initialized Initialized

FLMCR2

EBR1, EBR2

RAMER

Initialized Held

Initialized/
Held*2

Initialized
Held

Power-down
state related

SBYCR Initialized Initialized

SYSCR

MSTCR

Held Held

HITACHI
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TableA.2 Register Statesin Reset and Power-Down States (cont)

Reset State Power-Down State

Hardware  Software
Type Name Power-On Standby Standby Sleep

Hitachi controller MCR Initialized Initialized Initialized Held
area network GSR
(HCAN)

BCR

MBCR

TXPR

TXCR

TXACK

ABACK

RXPR

RFPR

IRR

MBIMR

IMR

REC

TEC

UMSR

LAFML

LAFMH

MCO [1:8] to MC15 [1:8]
MDO [1:8] to MD15 [1:8]

Hitachi user SDIR Held Held Held Held
debug interface SDSR
(H-UDI)

SDDRH, SDDRL

Notes: 1. Bits 7 to 5 (OVF, WT/IT, TME) are initialized, and bits 2 to 0 (CKS2 to CKSO0) retain
their value.

2. Bit 7 (FLER) is held, and bits 6 to 0 (SWE2, ESU2, PSU2, EV2, PV2, E2, and P2) are
initialized.
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Appendix B Pin States

TablesB.1, B.2, and B.3 show the SH7055 pin states.

TableB.1 Pin States

Pin State
Reset State Power-Down State
Power-On
ROMless ded Sinol
w Ezzznw?th ilhnlgr]) ¢ Hardware Software a_oud?Jlle Il,\_\/lgt?ule g:fte_ased

Type Pin Name 8 Bits 16 Bits ROM Mode Standby Standby Standby Standby State
Clock CK*? O z H** O O (0]

XTAL O L L O o (0]

EXTAL | Z | | | |

PLLCAP | | | | | |
System RES I z 1 I I I
control gy | | I | | |

HSTBY I I 1 I I I

MDO | | | | | |

MD1 | | | | | |

MD2 | | | | | |

WDTOVF o z o*! o o o}

BREQ — z I I I

BACK — z O (@] L
Interrupt NMI | z | | | |

TRQO to IRQ7 — z z [ I I

TRQOUT —_ z o*! O o (0]
Address A0 to A21 (0] — z z (0] (0] z
bus
Data bus DO to D7 z — z z 110 110

D8 to D15 — z — z Z 110 110 z
Bus WAIT | — z z | | |
control - WRH, WRL H -z z 0 o z

RD H — z z ¢} o z

CSo H — z z O O z

CS1to CS3 — z z o o z
Port POD — z z I I I
ATU-Il  TIOA to TIOD — z z | | |

TIO1IAto TIOIH — z K** 1/0 1/0 110

TIO2Ato TIO2H — z K** 110 110 110

TIO3Ato TIO3BD — z K** 110 110 110

HITACHI
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TableB.1 Pin States(cont)

Pin State

Reset State

Power-Down State

Power-On
ROMless ded Sinal
w I\E/I):)F;anieth ilr:?) “ Hardware Software u_ol-ii[:lle f/lggule Ezlse_ased
Type Pin Name 8 Bits 16 Bits ROM Mode Standby Standby Standby Standby State
ATU-Il TIO4Ato TIOAD — z K** 110 110 110
TIO5A to TIOSD — z K** 110 110 110
TOG6A to TO6D — z o*! (e} (6] (6]
TO7A to TO7D — z o*! O O O
TOB8A to TO8P — z O** (¢} (¢} o
TI9A to TI9F — z Z | | |
TI10 — z z | | |
TIO11A, TIO11B — z K** 110 110 110
TCLKA, TCLKB — z z | | |
SCI SCKO to SCK4 — z K** 1/10 110 110
TxDO to TxD4 — z O** (¢} (¢} o
RxDO to RxD4 — z | | |
A/ID ANO to AN31 z z | | |
converter A5TREE, _ z I I I
ADTRG1
ADEND — z o*! O O O
AVref | | | | | |
APC PULSO to PULS7 — z o*! O (6] o
HCAN HTxDO, HTxD1 — z o*! (e} (6] (6]
HRxDO, HRxD1 — z z | | |
uBC UBCTRG — z O** (¢} z o
110 PAO to PA15 z z K** 110 110 110
port PBO to PB15 z z K*? 110 110 110
PCO to PC4 z z K** 110 1/0 110
PDO to PD13 z z K** 110 1/0 1/0
PEO to PE15 — z K** 1/10 110 110
PFO to PF5 — z K** 110 110 110
PF6 to PF10 — Z z K** 110 110 110
PH11 to PF15 z z K** 110 110 110
PGO to PG3 z z K** 110 110 110
PHO to PH7 — z K** 110 1/0 1/0
PH8 to PH15 z — z K** 1/10 110 110
PJO to PJ15 z z K** 110 110 110
PKO to PK15 z z K** 110 110 110
PLO to PL13 z z K** 110 110 110
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TableB.2

Pin States

Pin State

Reset State

Power-Down State

Power-On
ROMless .
Expanded Mode Expanded Single- H-UDI AUD Bus-
Pin ————————— Mode with Chip Hardware Software Module Module Released No
Type Name 8 Bits 16 Bits ROM Mode Standby Standby Standby Standby State Connection
H-UDI TMS | z | z | | Pulled up
internally
TRST | 4 | z | Pulled up
internally
TDI 4 | 4 | Pulled up
internally
TDO O z (0] z o o 0o/z
TCK | 4 | z | | Pulled up
internally
TableB.3 Pin States
Pin State
Software Standby
Hardware Standby AUD Reset AUDSRST =1/
Type Pin Name AUD Module Standby (AUDRST =1L) Normal Operation No Connection
AUD AUDRST z L input H input Pulled down internally
AUDMD z | | Pulled up internally
AUDATAOto Z When AUDMD = H: | When AUDMD = H: I/O  Pulled up internally
AUDATA3 When AUDMD = L: K When AUDMD =L: O
(pulled up internally)
AUDCK z When AUDMD = H: | When AUDMD = H: | Pulled up internally
When AUDMD = L: K When AUDMD =L: O
(pulled up internally)
AUDSYNC z When AUDMD = H: | When AUDMD = H: | Pulled up internally

When AUDMD = L: K
(pulled up internally)

When AUDMD = L: O

: Not initial value

I :lnput

O : Output

H : High-level output
L : Low-level output
Z : High impedance
K

Notes: 1.

become high-impedance.
2. When the CKHIZ bit in PFCRH is set to 1, becomes high-impedance unconditionally.

HITACHI

. Input pins become high-impedance, output pins retain their state.

When the port impedance bit (HIZ) in the standby control register (SBYCR) is set to 1, output pins
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Appendix C Product Lineup

TableC.1 SH7055 Product Lineup

Product Type Model Name Mark Model Name Package
SH7055 F-ZTAT HD64F7055R 64F7055F40 256-pin (FP-256H)
900
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Appendix D Package Dimensions

Figure D.1 shows the FP-256H package dimensions of the SH7055.

42.6+0.3

30.6 +0.3
28

3.56 Max

*Dimension including the plating thickness

Base material dimension

Unit: mm

*0.17 £ 0.05
0.15 +0.04

Hitachi Code FP-256H
JEDEC —

EIAJ Conforms
Weight (reference value)| 7.5g

FigureD.1 Package Dimensions (FP-256H)
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