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Preface

The H8/539F isan F-ZTAT ™*1 microcontroller with on-chip flash memory that can be
reprogrammed onboard, offering even better field-programmability than ZTAT ™*2
microcontrollers with user-programmable on-chip ROM.

The H8/539F is an original Hitachi high-performance single-chip microcontroller with a high-
speed 16-bit H8/500 CPU core and extensive on-chip peripheral functions. It is suitable for
controlling awide range of medium-scale office and industrial equipment and consumer products.

The general-register architecture and highly orthogonal, optimized instruction set of the H8/500
CPU enable even programs coded in the high-level C language to be compiled into efficient object
code.

Many of the peripheral functions needed in microcontroller application systems are provided on-
chip, including large RAM and ROM, a powerful set of timers, a serial interface, a high-precision
A/D converter, and /O ports. Compact, high-performance systems can thus be implemented
easily.

Additionally, the on-chip flash memory makes this microcontroller suitable for high-speed data
transfer and fast arithmetic/logic operations.

This document describes the H8/539F hardware. For further details about the H8/500 CPU
instruction set, refer to the H8/500 Series Programming Manual.

Notes: 1. F-ZTAT™ (Flexible-ZTAT) is atrademark of Hitachi, Ltd.
2. ZTAT™ (Zero Turn-Around Time) is aregistered trademark of Hitachi, Ltd.
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Section 1 Overview

1.1 Features

The H8/539F is a CMOS microcomputer unit (MCU) with an original Hitachi architecture. It
consists of an H8/500 CPU core plus supporting functions required in system configurations.

The H8/500 CPU features a highly orthogonal instruction set that permits addressing modes and
data sizes to be specified independently in each instruction. An internal 16-bit architecture and
16-bit, two-state access to both on-chip memory and external memory enhance the CPU’s data-
processing capability and provide the speed needed for realtime control applications.

The on-chip supporting functions include RAM, ROM, timers, a serial communication interface
(SCI), A/D converter, and I/O ports. An on-chip data transfer controller (DTC) provides an
efficient way to transfer datain either direction between memory and I/0O without using the CPU.

A ZTAT™* (Zero Turn-Around Time) version of the H8/539 is already available, with on-chip
ROM that can be freely programmed by the user. However, the PROM in the ZTAT version can be
programmed once only. Flash memory, on the other hand, is electrically programmable and
erasable, so that it can be reprogrammed while mounted on the circuit board. Moreover, the
single-transistor structure of flash memory—in contrast to the two-transistor structure of
EEPROM—makes it suitable for large-capacity applications.

Use of the H8/539F with on-chip flash memory allows the program and data to be modified even
after embedding in the application system, offering QTAT capability for small-lot, multiple-model
production, and the possibility of optimization tuning on an individual product basis, as well as
version upgrading and maintenance affer shipment.

Note: *ZTAT™ is atrademark of Hitachi, Ltd.



Table 1-1 lists the main features of the H8/539F.

Table1-1 Features

Feature

Description

H8/500 CPU

General-register machine
» Eight 16-bit general registers
» Five 8-bit and two 16-bit control registers

High-speed operation
* Maximum clock rate : 16 MHz (oscillator frequency: 16 MHz)

Two operating modes
e Minimum mode: maximum 64-kbyte address space
e Maximum mode: maximum 1-Mbyte address space

Highly orthogonal instruction set
» Addressing modes and data size can be specified independently for
each instruction

Register and memory addressing modes
» Register-register operations
» Register-memory (or memory-register) operations

Instruction set optimized for C language
» Special short formats for frequently-used instructions and addressing
modes

Memory

* RAM : 4-kbyte high-speed on-chip RAM

* ROM : 128-kbyte flash memory
(Eight large-block divisions, eight small-block divisions)
Dual power source system Vpp = 12 V

* ROM : 128-kbyte flash memory
8 block divisions
(32kB x3,28kB x 1, 1kB x4)
S Mask model single power source




Table1-1 Features(cont)

Feature Description

16-bit integrated- Pulse unit with seven 16-bit timer channels

?Irlglir) pulse unit _ Compare/Capture
Channel Compare Registers Registers
Channel 1 4 4
Channels 2to 5 2 each 2 each
Channels 6 & 7 — 2 each

Clock source can be selected independently for each channel
« Thirteen internal clock sources
» Three external clock sources

Two counting modes
* Free-running timer
* Interval timer

Three types of pulse output
* One-shot output

» Toggle output

« PWM output

Automatic measurement functions
» Programmable period counting
» Phase counting

Synchronization function
« Counters on different channels can be synchronized

Serial communication ¢ Asynchronous or clocked synchronous mode (selectable)
interface (SCI)  Full duplex: can send and receive simultaneously

» Dedicated on-chip baud rate generator

» Multiprocessor communication function (asynchronous mode)

A/D converter » Ten-bit resolution
« Twelve channels, single mode or scan mode selectable
» Can be triggered externally, or by IPU compare match
» Selectable analog conversion voltage range

I/O ports e 74 input/output pins

e 12 input-only pins
Interrupt controller  Five external interrupt pins (NMI, IRQ to IRQ3)
(INTC) » Thirty-nine internal interrupt sources

» Eight programmable priority levels




Table1-1 Features (cont)

Feature

Description

Data transfer
controller (DTC)

Can transfer data in both directions between memory and I/O
without using the CPU

Wait-state
controller (WSC)

Can insert wait states (Tyy) in access to external I/O or memory

Bus controller (BSC)

Address space can be partitioned into 16-bit-bus and 8-bit-bus areas
Address space can be partitioned into two-state-access and three-
state-access areas

I/O ports can be expanded and reconfigured

Operating modes

Seven operating modes

1.

High-speed 16-bit bus modes, starting in 2-state 16-bit mode at reset
» Expanded minimum mode (mode 1)
* Expanded maximum modes (modes 3 and 4)

Low-speed 16-bit bus modes, starting in 3-state 8-bit mode on reset
release

» Expanded minimum mode (mode 6)

» Expanded maximum mode (mode 5)

Low-speed 8-bit bus mode

» Expanded minimum mode (mode 2)
Single-chip mode

* Maximum mode (mode 7)

Power-down state

Three power-down modes

Sleep mode
Software standby mode
Hardware standby mode

Watchdog timer

Timer overflow can generate reset output

(WDT) (H8/539F dual power source model only)
¢ Also usable as an interval timer
PWM timer » Duty cycle: 0% to 100%
¢ Resolution: 1/250
Multiplier ¢ 16 bit x 16 bit signed or unsigned multiplication
(MULT) e Multiply-accumulate: 32 bits (saturating); 42 bits (non-saturating)

Other features

On-chip clock oscillator

Product lineup

Model Package ROM
Dual power HD64F5398F 112-pin plastic QFP Flash memory
source system (FP-112) Vpp =12V)
Single power HD64F5398SF 112-pin plastic QFP Flash memory
source system (FP-112) (single power source)

(S mask model)




1.2 Block Diagram

Figure 1-1 shows a block diagram of the H8/539F.
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Figure1-1 HB8/539F Block Diagram



1.3 Pin Descriptions
1.3.1 Pin Arrangement

Figure 1-2 (@) shows the pin arrangement of the H8/539F (FP-112 package).
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Figure1-2 (a) H8/539F Pin Arrangement (FP-112, Top View)




Figure 1-2 (b) shows the pin arrangement of the H8/539F S-mask model (FP-112 package).
The pin arrangement is the same for the S-mask model (single power source) and dual power
source model, but the function of the FWE pin (pin 19) is different.
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Figure1-2 (b) H8/539F S-Mask Model Pin Arrangement (FP-112, Top View)



1.3.2 Pin Functions

(1) Pin Assignmentsin Each Operating Mode: Table 1-2 lists the assignments of the pins of the

FP-112 package in each operating mode.

Table 1-2 Pin Assignmentsin Each Operating M ode (FP-112)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes
No. land®6 Mode 2 3and5 Mode 4 Mode 7 Notes
1 Vee Vee Vee Vee Vee
2 P5¢/T1I0OC; P5y/T1LIOC; P5y/T1LIOC; P54/T1IOC, P5,/T1I0C,
3 P5,/T1IOC, P5,/T1IOC, P5,/T1I0C, P5,/T1I0OC, P5,/T110C,
4 P5,/T1IOC; P5,/T1IOC; P5,/TLIOC; P5,/T1IOC; P5,/T1I0C,
5 P54/T1I0C, P5,/T1I0C, P54/T1I0C, P54/T1I0C, P54/T1I0C,
6 P5,/T210C; P5,/T2I0C, P5,/T210C; P5,/T2I0C; P5,/T2I0C,
7 P5¢/T2I0C, P55/T210C, P5¢/T2I0C, P55/T210C, P5:/T2I0C,
8 P5¢/T3I0OC; P5¢/T3IOC; P5¢/T3I0OC; P54/T3I0OC, P54/T3I0C,
9 P5,/T3I0C, P5,/T3I0C, P5,/T3I0C, P54/T3I0C, P5,/T3I0C,
10 Vss Vss Vss Vss Vss
11 P4y/T4I0C,; P4y/T4IOC,; P4y/TAIOC, P4y/T4AIOC, P4y/T410C,
12 P4,/T4IOC, P4,/T4AIOC, P4,/T4AIOC, P4,/TAIOC, P4,/T4I0C,
13 P4,/T5I0C; P4,/TSIOC; P4,/T5I0C; P4,/T5I0C; P4,/T510C;
14 P45/T510C, P45/T510C, P43/T510C, P453/T510C, P45/T510C,
15  P4,/T6l0C; P4,/T6I0OC; P4,T6l0C, P4,/T6IOC,; P4,/T6I0C,
16  P4g/T6IOC, P45/T6IOC, P4g/T6IOC, P45/T6IOC, P4/T6I0C,
17 P4g/T7I0C,; P4¢/T7IOC, P4g/T7I0C, P44/T7I0C, P4g/T710C,
18  P4,/T710C, P4,/T7I0C, P4,/T7I0C, P4,/T710C, P44/T710C,
19 RESO/NVpp RESONpp RESONVpp  RESO/NVpp  RESO/NVpp Dual power
source (Vpp=12V)
FWE*1 FWE*1 FWE*1 FWE*1 FWE*1 S Mask model (single
power source)
20  P3y/T1OC; P3y/T10C; P3y/T10C; P3y/T10C; P3y/T10C,
21 P3,/TIOC, P3,/T10C, P3,/T1I0C, P3,/TIOC, P3,/T10C,
22 P3,/TIOC; P3,/TIOC; P3,/TIOC; P3,/TIOC; P3,/T10C,
23 P3,/T10C, P35/T10C, P353/T10C, P35/T10C, P33/T10C,

Notes: 1. For the PROM mode, see section 19, “Flash Memory (H8/539F)” and section 20, “Flash



Memory (H8/539F S Mask model)”.
*1: 12 V must not be applied to the S-mask model (single power source), as this will
permanently damage the device.



Table 1-2 Pin Assignmentsin Each Operating Mode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes

No. land®6 Mode 2 3and5 Mode 4 Mode 7 Notes

24 P3,/T20C, P3,/T20C; P3,/T20C; P3,/T20C, P3,/T20C;

25  P3/T20C, P3¢T20C, P34T20C, P3¢T20C, P35T20C,

26 Vss Vss Vss Vss Vss
27  Dy2 P2, Dy Dy’ P2,
28 Dy P2, D, D, P2,
29 D, P2, D, D, P2,
30 Dy P2, Dy Ds P2,
31 D, P2, D, D, P2,
32 Dg? P25 D52 Ds P2;
33 Dy P2 Dy Dg P26
34 D2 P2, D,2 D, P2,
35 Vss Vss Vss Vss Vss
36 Dy Dg Dg Dg P1,
37 Dy Do Do Do P1,
38 Dy D1o D1o D1g Pl,
39 Dy Dy Dy Dy Pl;
40 Dyp Dy2 Dy2 D12 P1,
41 Dy3 D13 Dy3 D13 Pls
42 Dl4 D14 Dl4 D14 Ple
43 Dys D15 D35 D15 P1;
44 Ve Vee Vee Vee Vee
45 A PCy/A, Ao PCy/A PC,
46 A PC, /A A PC,/A; PC,
47 A, PC,/A, A, PC,/A, PC,
48 Ag PC4/As As PC4/Ag PCs
49 A, PC,/A, A, PC,/A, PC,
50 As PCs/Ag As PCy/As PCs

Notes: 1. For the PROM mode, see section 19, “Flash Memory (H8/539F)” and section 20, “Flash
Memory (H8/539F S Mask model)”.
*2. In modes 5 and 6, the external bus space has a 16-bit bus width, but an 8-bit bus width
is set after a reset. In this case, the upper half of the data bus (D15 to D8) is enabled,
and the lower half (D7 to DO) is disabled. The bus width can be changed to 16 bits

10



(D15 to DO) by software after setting the BCRE bit to 1 in the bus control register
(BCR). In modes 1, 3, and 4, the external bus space has a 16-bit bus width (D15 to
DO) after a reset, but this can be changed to 8 bits by a byte area top register (ARBT)
setting. In this case, the upper half of the data bus (D15 to D8) is enabled, and the
lower half (D7 to DO) is disabled. For details of the settings, see section 16, Bus
Controller.
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Table 1-2 Pin Assignmentsin Each Operating Mode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes

No. 1landé6 Mode 2 3and5 Mode 4 Mode 7

51  Ag PCs/Ag Ag PCs/Ag PCsq

52 Ay PC./A; A; PC,/A; PC,

53  Vss Vss Vss Vss Vss

54  Ag PBy/Ag Ag PBy/Ag PBg

55 Ag PB1/Aq Ag PB1/Ag PB;

56  Agg PB,/A1g Ao PB,/A1g PB,

57  Ap PB3/Ay Ay PB3/Aqy PB3

58 Ap PB4/A1> A PB4/A1> PB4

59 Az PBs/A13 A3 PBs/A13 PBs

61 Ags PB//A15 As PB//A5 PB,

62 PA/TAOC,/ PAG/T40C,/ Agg PAG/Ag/ PA/T40C,/
PW, PW, PW, PW,

63 PA1/TAOC,/ PA{/T40Cy Ay PA/A {4/ PA,/T40C,/
PW, PW, PW, PW,

64 PAL/T50C,/ PA,IT50C,/ Agg PAL/A 18/ PA,/T50C,/
PW; PW; PW3 PW3

65 PA/T50C,/ PA3/T50C,/ Aqg PAs/A 1o/ PA3/T50C,/
SCKj3 SCK3 SCKj3 SCKj3

66 PAL/WAIT PALWAIT PAL/WAIT PALWAIT PA,

67 PAs/BREQ/ PAs/BREQ/ PAg/BREQ/ PAs/BREQ/ PA5/T30C,/
T30C,/RXD3 T30C;/RXD3; T30C,/RXD3 T30C;/RXD3z RXDj

68 PAg/BACK/  PAg/IBACK/  PAg/BACK/  PA¢/BACK/  PAG/T30C,/
T30C,/TXD; T30C,/TXD3 T30C,/TXD3z T30C,/TXD3; TXDj

69 [ [} [ [ [

70 STBY STBY STBY STBY STBY

71 RES RES RES RES RES

72 NMI NMI NMI NMI NMI

Notes: 1. For the PROM mode, see section 19, “Flash Memory (H8/539F)” and section 20, “Flash

Memory (H8/539F S Mask model)”.
2. Pins marked NC should be left unconnected.
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Table1-2 Pin Assignmentsin Each Operating Mode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes
No. landé6 Mode 2 3and5 Mode 4 Mode 7 Notes
73 Vss Vss Vss Vss Vss
74 EXTAL EXTAL EXTAL EXTAL EXTAL
75 XTAL XTAL XTAL XTAL XTAL
76 Vcc Vee Vee Vee Vee
77 AS AS AS AS AS
78 RD RD RD RD RD
79 HWR HWR HWR HWR HWR
80 LWR LWR LWR LWR LWR
81 MD, MD, MD, MD, MD,
82 MD; MD, MD, MD, MD,
83  MD,*! MD,*1 MD,*1 MD,*1 MD,*1
84  AVcc AV AVee AVee AVce
85  Vger VREF VREF VREF VREF
86  P9y/AN, P9o/AN, P9o/AN, P9o/AN, P9o/AN,
87  P9,/AN; P9,/AN, P9,/AN, P9,/AN, P9,/AN,
88  P9,/AN, P9,/AN, P9,/AN, P9,/AN, P9,/AN,
89  P93/AN, P94/AN, P94/AN, P94/AN, P94/AN,
90  P9,/AN, P9,/AN, P9,/AN, P9,/AN, P9,/AN,
91  P9g/ANg P95/ANg P9g/ANg P9g/ANg P9g/ANg
92  P9¢/ANg P96/ANg P96/ANg P96/ANg P96/ANg
93  P9,/AN, P9,/AN, P9,/AN, P9,/AN- P9,/AN-
94  P8y/ANg P8y/ANg P8y/ANg P8o/ANg P8o/ANg
95  P8;/ANg P8,/ANg P8,/ANg P8,/ANg P8,/ANg
96  P8,/AN;o P8,/AN; P8,/AN1, P8,/AN1, P8,/AN1,
97  P84/AN;; P83/AN; P84/AN; P84/AN{; P84/AN{;
98  AVgg AVsg AVsg AVsg AVsg
99  Vss Vss Vss Vss Vss

Notes: 1. For the PROM mode, see section 19, “Flash Memory (H8/539F)” and section 20, “Flash
Memory (H8/539F S Mask model)”.

2. Pins marked NC should be left unconnected.

*1: 12 V must not be applied to the S-mask model (single power source), as this will

permanently damage the device.
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Table1-2 Pin Assignmentsin Each Operating M ode (FP-112) (cont)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes

No. land6 Mode 2 3and 5 Mode 4 Mode 7 Notes

100 P74IRQ,  P7,/IRQ, P74/IRQ, P74/IRQq P7,/IRQq

101 P7IRQ;/  P7IRQ;/  P7,IRQ;  P74/IRQ,/  P7,IRQ/
ADTRG ADTRG ADTRG ADTRG ADTRG

102 P7,/TXD;  P7,/TXD;  P7,/TXD;  P7,/TXD;  P7,/TXD;
103 P74RXD;  P74/RXD;  P75/RXD;  P75/RXD;  P74/RXD;
104 P7,/TXD,  P7,4TXD,  P7,4TXD,  P7,4TXD,  P7,/TXD,
105 P7g/RXD, P75/RXD,  P7gJRXD,  P75/RXD,  P7:/RXD,
106 P7¢/SCKy/  P7¢/SCKy/  P7¢/SCKy/  P7¢/SCKy/  P7g/SCKy/

PW, PW, PW, PW, PW,

107 P74SCK,/  P74SCKy/  P74/SCKy/  P7,SCKy/  P7,/SCKy/
PW, PW, PW, PW, PW,

108 P6(/IRQ,/  P6yIRQ,/  P6y/IRQ,  P6y/IRQ,/  P6IRQ,/
PW, PW, PW, PW, PW,

109 P6,/IRQs P6,/IRQ3 P6,/IRQ3 P6,/IRQ3 P6,/IRQ3

110 P6,/TCLK; P6,/TCLK;  P6,/TCLK;  P6,/TCLK;  P6,/TCLK;
111 P64/TCLK, P64/TCLK, P65/TCLK, P64/TCLK, P64/TCLK,
112 P64 TCLK; P64/TCLK; P64 TCLK;  P6,/TCLK;  P6,/TCLK;

Notes: 1. For the PROM mode, see section 19, “Flash Memory (H8/539F)" and section 20, “Flash
Memory (H8/539F S Mask model)”.
2. Pins marked NC should be left unconnected.
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(2) Pin Functions: Table 1-3 indicates the function of each pin.

Table 1-3 Pin Functions

Type

Symbol

Pin No.

110

Name and Function

Power

Vee

1,44,76

Input

Power: Connected to the power supply (4.5 V
to 5.5 V). Connect all V¢ pins to the system
power supply (4.5 V to 5.5 V). The chip will not
operate if any V¢ pin is left unconnected.

10, 26,
35, 53,
73, 99

Input

Ground: Connected to ground (0 V). Connect
all Vgg pins to the 0-V system power supply.
The chip will not operate if any Vgg pin is left
unconnected.

Clock

XTAL

75

Input

Crystal: Connected to a crystal resonator. The
frequency should be equal to the desired
system clock frequency (@). If an external clock
is input at the EXTAL pin, input a
complementary clock at XTAL.

EXTAL

74

Input

Crystal/external clock: Connected to a crystal
resonator or external clock. The frequency
should be equal to the desired system clock
frequency (9). An external clock can also be
input from the EXTAL pin. See section 8.2,
“Oscillator Circuit” for examples of connections
at XTAL and EXTAL.

69

Output

System clock: Supplies the system clock () to
peripheral devices.

System
control

BACK

68

Output

Bus request acknowledge: Indicates that the
bus right has been granted to an external
device. A device requesting the bus sends a
BREQ signal to the microcontroller. The
microcontroller replies with a BACK signal.

|

w
Iy
m
O

67

Input

Bus request: Sent by an external device to the
microcomputer chip to request the bus right.
Bus acquisition should be confirmed with the
BACK signal.

STBY

70

Input

Standby: Input pin for transition to the
hardware standby mode (a power-down state).

ny)
m
w

71

Input

Reset: Input pin for transition to the reset state.
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. 110 Name and Function

Address Ag—Ag 65-54, Output  Address bus: Address output pins.

bus 52-45

Data bus  D45-Dg" 43-36, Input/ Data bus: Sixteen-bit bidirectional data bus.
34-27 Output

Bus WAIT 66 Input Wait: Requests insertion of wait states (Tyy) in

control external-device access cycles by the CPU;

signals used for interfacing to low-speed external

devices.

AS 77 Output  Address strobe: Indicates valid address output
on the address bus during external-device
access.

RD 78 Output  Read: Indicates reading of data from the data
bus during external-device access. The CPU
latches read data at the rising edge of RD.

HWR 79 Output  High write: Indicates output of data on the
upper data bus (D45 to Dg) during external-
device access.

LWR 80 Output  Low write: Indicates output of data on the
lower data bus (D; to Dg) during external-
device access.

Interrupt NMI 72 Input Nonmaskable interrupt: Nonmaskable
signals interrupt request signal. The input edge can be
selected in the NMI control register (NMICR).

IRQq 100 Input Interrupt request 0 to 3: Maskable interrupt

IRQq 101 request signals. The type of input can be

IRQ, 108 selected in the IRQ control register (IRQCR).

IRQ3 109

Notes: * When the external bus space uses an 8-bit bus width, D15 to D8 are enabled and D7 to

DO are disabled.
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. 1/0 Name and Function
Operating MD,"! 83 Input Mode 2 to mode O: Input pins for setting the
mode MD, 82 operating mode. The following table lists the
control MDy 81 operating modes and bus widths.
H8/500
) . CPU Exter-
w Operating Operating On-Chip nal
MD,"'MD; MD, Mode Mode ROM Bus
0 0 0 Do not use
0 0 1 Mode 1 Expanded Disabled 16 bits
minimum
0 1 0 Mode 2 Expanded Enabled 8 bits
minimum
0 1 1 Mode 3 Expanded Disabled 16 bits
maximum
1 0 0 Mode 4 Expanded Enabled 16 bits
maximum
1 0 1 Mode 5 Expanded Disabled 16 bits
maximum
1 1 0 Mode 6 Expanded Disabled 16 bits
minimum
1 1 1 Mode 7 Single chip Enabled —
maximum
Serial TXD, 102 Output  Transmit data 1, 2, and 3: Serial transmit
commu- TXD, 104 data output pins for SCI1, SCI2, and SCI3.
nication TXD3 68
interface RXDq 103 Input Receive data 1, 2, and 3: Serial receive data
(sch RXD, 105 input pins for SCI1, SCI2, and SCI3.
RXD3 67
SCKy 106 Input/ Serial clock 1, 2, and 3: Serial clock
SCK, 107 Output  input/output pins for SCI1, SCI2, and SCI3.
SCK3 65 Used for input and output of the serial clock in
clocked synchronous mode, and of the SCI
operating clock in asynchronous mode.
PWM PW, 62 Qutput  PWML1, PWM2, and PWM3 output: Output
timer 106 pins for PWM1, PWM2, and PWMS3.
PW, 63 Output
107
PW; 64 Output
108

*1: 12 V must not be applied to the S-mask model (single power source), as this will permanently

damage the device.
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. /0 Name and Function
16-bit T110C, 2 Input/ Input capture/output compare 1to 4
integrated- T110C, 3 Output  (channel 1): Input capture input or output
timer pulse T1I0Cy 4 compare output pins for IPU channel 1.
unit (IPU)  T1I0C, 5
T10C, 20 Output  Output compare 1 to 4 (channel 1): Dedicated
T10C, 21 output compare output pins for IPU channel 1.
T10C, 22
T10C, 23
T210C, 6 Input/ Input capture/output compare 1 and 2
T210C, 7 Output  (channel 2): Input capture input or output
compare output pins for IPU channel 2.
T20C, 24 Output  Output compare 1 and 2 (channel 2): Dedicated
T20C, 25 output compare output pins for IPU channel 2.
T3l0C, 8 Input/ Input capture/output compare 1 and 2
T310C, 9 Output  (channel 3): Input capture input or output
compare output pins for IPU channel 3.
T30C, 67 Output  Output compare 1 and 2 (channel 3):
T30C, 68 Dedicated output compare output pins for IPU
channel 3.
T410C, 11 Input/ Input capture/output compare 1 and 2
T410C, 12 Output  (channel 4): Input capture input or output
compare output pins for IPU channel 4.
T40C, 62 Output  Output compare 1 and 2 (channel 4): Dedicated
T40C, 63 output compare output pins for IPU channel 4.
T510C4 13 Input/ Input capture/output compare 1 and 2
T510C, 14 Output  (channel 5): Input capture input or output
compare output pins for IPU channel 5.
T50C, 64 Output  Output compare 1 and 2 (channel 5): Dedicated
T50C, 65 output compare output pins for IPU channel 5.
T6I0C, 15 Input/ Input capture/output compare 1 and 2
T610C, 16 Output  (channel 6): Input capture input or output
compare output pins for IPU channel 6.
T710C, 17 Input/ Input capture/output compare 1 and 2
T710C, 18 Output  (channel 7): Input capture input or output
compare output pins for IPU channel 7.
TCLK, 110 Input Timer clock 1 to 3 (all channels): IPU
TCLK, 111 external clock input pins. All channels can
TCLK;3 112 select these clock inputs.
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Table 1-3 Pin Functions (cont)

Type Symbol

Pin No.

I/0

Name and Function

AID AN;—AN,
converter

97-86

Input

Analog input 11 to 0: Analog input pins for the
A/D converter.

VREF

85

Input

Reference power supply (Vgreg < AVcc): Input
pin for the A/D converter’s reference voltage.
Apply a voltage corresponding to the A/D
conversion full-scale value.

AVce

84

Input

Analog power supply: Power supply pin for
analog circuits in the A/D converter. Connect to
a stable +5-V analog power supply separate
from the other power supply pins.

AVgg

98

Input

Analog ground: Ground pin for analog circuits
in the A/D converter. Connect to a stable

0-V analog power supply separate from the
other power supply pins.

101

Input

A/D trigger: Trigger input for starting A/D
conversion. The A/D conversion start time is
specified by the falling edge of ADTRG.

Watchdog RESO
timer

19

Output

Reset output: If reset output is selected, a low
pulse is output for 132 cycles when the
watchdog timer overflows. RESO is an open-
drain output pin and should be pulled up to
Ve (+5 V) externally, regardless of whether
reset output is selected or not. The S mask
model does not have this function.

Flash Dual power
Memory source type
Vep

Single power

source type

(S-mask model)

FWE*!

Input

Program power supply: The flash memory
programming power supply pin. Connect to the
programming power supply (12 V) when
programming and erasing.

Flash write enable: Enables program mode
setting.

I/O ports P1,-P1,

43 -36

Input/
Output

Port 1: 8-bit input/output port. The direction of
each bit can be selected in the port 1 data
direction register (P1DDR).

P2, — P2,

34-27

Input/
Output

Port 2: 8-bit input/output port. Input or output
can be set for each bit in the port 2 data
direction register (P2DDR).

P35— P3,

25-20

Input/
Output

Port 3: 6-bit input/output port. Input or output
can be set for each bit in the port 3 data
direction register (P3DDR). LEDs can be
driven directly (10-mA sink).

*1: 12 V must not be applied to the S-mask model (single power source), as this will permanently

damage the device.
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Table 1-3 Pin Functions (cont)

Type Symbol Pin No. 110 Name and Function
1/O ports P4, - P4, 18-11 Input/ Port 4: 8-bit input/output port with Schmitt-
Output  trigger inputs. Input or output can be set for
each bit in the port 4 data direction register
(P4ADDR).
P5; - P5g 9-2 Input/ Port 5: 8-bit input/output port with Schmitt-
Output  trigger inputs. Input or output can be set for
each bit in the port 5 data direction register
(P5DDR). LEDs can be driven directly (10-mA
sink).
P6,— P6g 112-108 Input/ Port 6: 5-bit input/output port. Input or output
Output  can be set for each bit in the port 6 data
direction register (P6DDR).
P7,-P7, 107-100 Input/ Port 7: 8-bit input/output port. Input or output
Output  can be set for each bit in the port 7 data
direction register (P7DDR).
P8; - P8y 97 -94 Input Port 8: 4-bit input port.
P9; - P9, 93 - 86 Input Port 9: 8-bit input port.
PAg — PA, 68 — 62 Input/ Port A: 7-bit input/output port. Input or output
can be set for each bit in the port A data
Output  direction register (PADDR).
PB,; - PBg 61-54 Input/ Port B: 8-bit input/output port with MOS input
Output  pull-up transistors. Input or output can be set
for each bit in the port B data direction
register (PBDDR).
PC,-PCy, 52-45 Input/ Port C: 8-bit input/output port with MOS input
Output  pull-up transistors. Input or output can be set

for each bit in the port C data direction
register (PCDDR).
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1.4 Noteson S-Mask Model (Single Power Source)

There are two models of the H8/539F with on-chip flash memory: a dual power source model and
asingle power source (S-mask) model. Points to be noted when using the H8/539F single power
source S-mask model are given below.

1.4.1 Voltage Application

12 V must not be applied to the S-mask model (single power source), as thiswill permanently
damage the device.

The flash memory programming power source for the S-mask model (single power source) is

The programming power source for the dual power source model was the Vpp pin (12 V), but
thereisno Vpp pin in the single power source model. In the S-mask model the FWE pinis
provided at the same pin position as the V pp pin in the dual power source model, but FWE isnot a
power source pin—it is used to control flash memory write enabling.

Also, in boot mode, 12 VV must be applied to the MD,, pin in the dual power source model, but this
is not necessary in the S-mask model (single power source).

The maximum rating of the FWE and M D, pins in the S-mask model (single power source) is
Ve +0.3 V. Applying avoltagein excess of the maximum rating will permanently damage the
device.

Do not select the HN28F101 programmer setting for the S-mask model (single power source). |If
this setting is made by mistake, 12.0 V may be applied to the FWE pin, causing permanent
damage to the device.

When using a PROM programmer to program the on-chip flash memory in the S-mask model
(single power source), use a PROM programmer that supports Hitachi microcomputer device
types with 128-kbyte on-chip flash memory.

1.4.2 Product Type Namesand Markings

Table 1-4 shows examples of product type names and markings for the H8/539F (dual power
source model) and H8/539F S-mask model (single power source), and the differencesin flash
memory programming power source.
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Table 1-4 Differencesin H8/539F and H8/539F S-Mask Model Markings

Dual Power Source Model:

Single Power Source Model:

H8/539F H8/539F S-Mask Model (Preliminary)
Product type name HD64F5398F16 HD64F5398SF16
Sample markings
® H8/539 ® H8/539
HD64F539816 HD64F5398§6
JAPAN JAPAN

“S” is printed above the type name

Flash memory

programming power source

Vpp power source
(12.0£0.6 V)

V¢ power source
(5.0 £10%)

1.4.3 Differencesin S-Mask Model

Table 1-5 shows the differences between the H8/539F (dual power source model) and H8/539F S-
mask model (single power source model).

Table 1-5 Differences between H8/539F and H8/539F S-Mask M odel

Item Dual Power Source Model: Single Power Source Model:
H8/539F H8/539F S-Mask Model (Preliminary)
Program/ 12 V must be applied to Vpp 12 V application not required.

erase voltage

power source pin from off-chip

V¢ single power source programming

Vpp (FWE) pin
function

Dual function as Vpp
power source and RESO output

FWE pin function only.
RESO pin function eliminated

Programming

* PROM mode

modes * On-board: Boot mode -
User program mode

Operating modes Modes 4 and 7

allowing on-board B B

programming

On-board
programming unit

Byte-unit programming

32-byte-unit programming

Programming with
PROM
programmer

Select Hitachi stand-alone flash
memory HN28F101 setting

Special programming mode setting
required. Use of PROM programmer
that supports Hitachi microcomputer
device types with 128-kbyte on-chip
flash memory (128-byte-unit fast
page programming)
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Table 1-5 Differences between H8/539F and H8/539F S-Mask Model (cont)

Item Dual Power Source Model: Single Power Source Model:
H8/539F H8/539F S-Mask Model (Preliminary)
Boot mode MD, = Vpp/RESO = 12V FWE = 1 input

setting method

Reset release

Mode 4: Set mode 5
Mode 7: Set mode 6
Reset release

Pin
Mode MD2 MD1 MDO FWE

Mode 4 “1* *0” ‘17 17

Mode7 “17 17 0" “1”

User program Vpp/RESO =12 V FWE =*“1"
mode setting
method
Programming - tMDS
mode timing RES ___ (MDS
RES
MDO to 1
MDO to 2
12V
MD2 ) 5V
_— <~—'min O us EWE
leV
Ver tMDS: 4tcyc (min.) tMDS: 4tcyc (min.)
Prewrite Required before erasing Not required
processing
Multiple- Multiple blocks can be erased Block-unit erasing. Multiple blocks
block erase simultaneously (verification performed cannot be erased simultaneously

block by block, only unerased blocks
re-erased)

(Erase procedure is also different)

Programming
processing

Block corresponding to programming
address must be set in EBR1/
2 registers before programming

Settings at left not required
(Programming procedure is also
different)

23



Table 1-5 Differences between H8/539F and H8/539F S-Mask Model (cont)

Item Dual Power Source Model: Single Power Source Model:
H8/539F H8/539F S-Mask Model (Preliminary)
EBR register EBR1, EBR2 EBR1
configuration (See section 19 for bit functions) (See section 20 for bit functions)
Memory map I EBO (1 KB)
(block configuration) e EB1 (1KB)
[ Shadow area SBO (512 B) EB2 (1 KB)
SB1 (512 B) EB3 (1 KB)
pageo |SP2(5128B) 16 KB Page 0 16 KB
SB3 (512 B)
SB4 (512 B)
— EB4 (12 KB)
SB5 (512 B)
SB6 (512 B)
SB7(512B)| —
I EBO (1 KB)
LB7 (12 KB)
EB1 (1 KB)
SBO (512 B) EB2 (1 KB)
SB1 (512 B) EB3 (1 KB)
SB2 (512 B)
SB3 (512 B)
- EB4 (28 KB)
SB4 (512 B)
SB5 (512 B)
SB6 (512 B)
SB7 (512 B)
LB6 (16 KB) EBS (32 KB)
Page 1 Page 1
to 128 KB to 128 KB
Page 2 | B5 (16 KB) Page 2
LB4 (16 KB)
EB6 (32 KB)
LB3 (16 KB)
LB2 (16 KB)
LB1 (16 KB) EB7 (32 KB)
LBO (16 KB)
—

Block configuration: 16 blocks
16 KB x 7: LBO to LB6

12 KB x 1: LB7

512 B x 8: SBO to SB7

Block configuration: 8 blocks
32 KB x 3: EB5 to EB7

28 KB x 1: EB4

1 KB x 4: EBO to EB3

Reset during
operation

Drive RES pin low for at least
6 system clock cycles (62)
(RES pulse width tRESW =
min. 6.0 tcyc)

Drive RES pin low for at least 20
system clock cycles (209)

(RES pulse width tRESW =

min. 20 tcyc)
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Table 1-5 Differences between H8/539F and H8/539F S-Mask Model (cont)

Item Dual Power Source Model: Single Power Source Model:

H8/539F H8/539F S-Mask Model (Preliminary)
FLMCR register 7

[Vep [VeeE] — [ —Jev ] pv] E [ P | [Fwe[swe]esu]psu[Eev]prv] E [ P |

(See section 19 for bit functions)

(See section 20 for bit functions)

RAM emulation On-chip RAM  Flash memory On-chip RAM  Flash memory
block configuration  gggo 0000 EE80 0000
[ Shading FO0O L i FO00 EBO
shows areas for I~ I~
; F200 2FFF 3FFF
which ROM/RAM S0 | 3000 F3FF 0400
overli?pcling is F400 3200 F400 Bl
ermitted durin F67F SB1 F67F
p rng Fe00 FEIF————1 3400 F7FF [F67F | 07FF
RAM emulation F680 F800 |F680
F800 SB2 0800
3600 EB2
SB3
FA0O 3800 FBEF OBFF
FC00 SB4 0C00
FDFF 3A00 EB3
SB5
FE7F 3C00 FE7F OFFF
SB6 1000
3D00 = ==
SB7
3FFF 3FFF
FLMER register 3 2 1 0 3 2 1 0
[overd — [ — | — Jauuefawoefase [ — | fowpd — [ — [ — [ — Jawe[ae| — ]
Bit 1 = A9E bit Bit 1 = Reserved

(See section 19 for bit functions)

(See section 20 for bit functions)

RAMCR register

7 6 5 4 3 2 1 0

7 6 5 4 3 2 1

[rave] — [ramez] — [ — [ram2]ramz [ ramo]

0
[rave] — [raver] — [ — [raw2[rami] — |

Bit 0 = RAMO bit
(See sections 17 and
19 for bit functions)

Bit 0 = Reserved
(See sections 18 and
20 for bit functions)

Details concerning
flash memory

See section 19, Flash Memory
(H8/539F: Dual Power System)
(Vep =12V)

See section 20, Flash Memory
(H8/539F, S-Mask Model, Single
Power Source)

(Programming/erasing procedure, etc.,
is also different)

Electrical
characteristics

See section 22, Electrical
Characteristics (H8/539F)

See section 23, Electrical
Characteristics (H8/539F S-Mask
Model)

(Wait times during
programming/erasing, etc., are also
different)

List of registers

See Appendix C,
Registers, (1) H8/539F

See Appendix C, Registers, (2)
H8/539F S-Mask Model
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Section2 CPU

2.1 Overview

The H8/539F has the H8/500 CPU, which is common to all chipsin the H8/500 Family. The
H8/500 CPU is a high-speed central processing unit that is designed for realtime control and
supports a large address space. Its architecture features eight general registers, 16-bit internal data
paths, and an optimized instruction set.

The H8/500 CPU is suitable for control of awide range of medium-scale office and industrial
equipment.

Section 2 summarizes the CPU architecture, instruction set, and operation.
2.1.1 Features

The main features of the H8/500 CPU are listed below.

e General-register machine

— Eight 16-bit general registers
— Seven control registers (two 16-hit registers, five 8-bit registers)

e High-speed operation: 16 MHz maximum clock rate
At 16 MHz aregister-register add operation takes only 125 ns.
e Maximum address space: 1 Mbyte

— Managed in 64-kbyte pages
— Four pages avail able simultaneously: code page, stack page, data page, and extended page.

The CPU architecture supports up to 16 Mbytes, but the chip has only enough pinsto address 1
Mbyte.

e Two CPU operating modes

— Minimum mode: 64-kbyte address space
— Maximum mode: 1-Mbyte address space

e Highly orthogonal instruction set

Addressing modes and data sizes can be specified independently within each instruction.
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¢ Register and memory addressing modes
Register-register and register-memory (or memory-register) operations are supported.
e Instruction set optimized for C language

In addition to the general registers and orthogonal instruction set, the CPU has special short
formats for frequently-used instructions and addressing modes.

2.1.2 Address Space

The H8/500 CPU has different address spaces in its two operating modes, the minimum mode and
maximum mode. The CPU operating mode is selected by the input at the mode pins (MD, to
MDy) at areset. Table 2-1 summarizes the CPU operating modes. Figure 2-1 shows amemory
map for the minimum mode. Figure 2-2 shows a memory map for the maximum mode.

Table2-1 CPU Operating Modes

Operating Mode Features
Minimum mode Maximum combined size of program area and data area: 64 kbytes
Maximum mode Maximum combined size of program area and data area: 1 Mbyte

H'0000

64 kbytes

HFFFF

Figure2-1 Memory Map in Minimum Mode
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H'00000

Page 0
(64 kbytes)
Page 1
(64 kbytes)

H'OFFFF
H'10000

H'1FFFF

H'20000 1 Mbyte

H'FO000

Page 15
(64 kbytes)

HFFFFF

Figure2-2 Memory Map in Maximum Mode
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2.1.3 Programming M odel

Figure 2-3 shows a programming model of the H8/500 CPU.

15 0
RO
R1
R2
R3
R4
R5
R6 (FP)
R7 (SP)

FP: Frame pointer
SP: Stack pointer

15 0
PC

PC: Program counter

SR

CCR

15 8 7 0
T — — — — bl pi— — — — N Z V C

SR: Status register
CCR: Condition code register

| cp |
CP: Code page register

| DP |
DP: Data page register

| EP |
EP: Extended page register

| TP |
TP: Stack page register

| BR |
BR: Base register

Figure 2-3 Programming M odel
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2.2 General Registers

The H8/500 CPU has eight 16-bit general registers.
The general registers are described next.

2.2.1 Overview

All eight of the general registers are functionally alike; there is no distinction between data
registers and address registers. When these registers are accessed as data registers, either byte or
word size can be selected.

When these registers are accessed as address registers, word sizeis implicitly assumed.
2.2.2 Register Configuration

Figure 2-4 shows the general register configuration.

15 0
RO
R1
R2
R3
R4
R5
R6 (FP)
R7 (SP)

FP: Frame pointer
SP: Stack pointer

Figure2-4 General Register Configuration
2.2.3 Stack Pointer

R7 functions as the stack pointer (SP), and is used implicitly in exception handling and subroutine
calls. Itisaso used implicitly in pre-decrement or post-increment mode by the LDM and STM
instructions, which load and store multiple registers on the stack.

2.2.4 Frame Pointer
R6 functions as aframe pointer (FP). The LINK and UNLK instructions use R6 implicitly to

reserve or release a stack frame.
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2.3 Control Registers

The H8/500 CPU has two control registers.

The control registers are described next.

2.3.1 Overview

The control registers include a 16-bit program counter and a 16-bit status register.
The program counter and status register are described next.

2.3.2 Register Configuration

Figure 2-5 illustrates the program counter and status register.

PC

PC: Program counter

SR

CCR

15 8 7 0
T —— — — b 4 p)—m — — — N Z V C

SR: Status register
CCR: Condition code register

Figure2-5 Program Counter and Status Register
2.3.3 Program Counter

The 16-bit program counter (PC) indicates the address of the next instruction the CPU will
execute.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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2.3.4 StatusRegister

The 16-bit status register (SR) contains status flags that indicate the internal state of the CPU.

CCR

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

sR [T == —[—lk[nl —[-[-[-IN[z[v[C]
—[—ECarryflag
Overflow flag

Zero flag

Negative flag
Reserved bits
L Interrupt mask bits

— Reserved bits

— Trace bit

The lower eight bits of the status register are referred to as the condition code register (CCR).
Byte access to the CCR is possible.

(1) Bit 15—Trace(T): Selects trace mode.

Bit 15

T Description

0 Instructions are executed in succession (initial mode after reset)

1 Trace exception handling starts after each instruction (trace mode)

For information about trace exception handling, see section 4.4, “ Trace.”
(2) Bits14to 11—Reserved: Read-only bits, always read as 0.

(3) Bits10to 8—Interrupt mask (I, |4, I g): These bitsindicate the interrupt request mask level
(O to 7) of the program that is currently executing. Table 2-2 explains the interrupt request mask
levels.
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Table2-2 Interrupt Mask Levels

Interrupt Mask

Level Priority Acceptable Interrupts
High NMI

N
=
S

Level 7 and NMI

Levels 6, 7 and NMI

Levels 5to 7 and NMI

Levels 4 to 7 and NMI

Levels 3to 7 and NMI
Levels 2 to 7 and NMI
Low Levels 1 to 7 and NMI

O | O | O |O|F|F|F |k
O | O |k |k |O|O|F |k
O |, | O|F, |O|F |O |k
O, IN W|~ OO |

The CPU accepts only interrupts higher than the interrupt mask level. NMI (level 8) is accepted at
any interrupt mask level*. After accepting an interrupt, the H8/500 CPU updates I, 14, and Igto
the level of the interrupt. Table 2-3 indicates the values of the interrupt mask bits after an

interrupt is accepted. A reset setsall three interrupt mask bitsto 1.

Note: * The exception is when programming or erasing flash memory, in which case NMI input is
disabled. See section 19.4.9, “NMI Input Masking” and section 20.4.8, “NMI Input
Masking” for details.

Table 2-3 Interrupt Mask Bits(l,, |4, | g) after an Interrupt is Accepted

Interrupt Mask

Level of Interrupt Accepted

N
=
S

NMI (8) 1 1 1
7 1 1 1
6 1 1 0
5 1 0 1
4 1 0 0
3 0 1 1
2 0 1 0
1 0 0 1
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(4) Bits7to4—Reserved: Read-only bits, always read as 0.
(5) Bit 3—Negative (N): The most significant data bit, regarded as a sign hit.
(6) Bit 2—Zero(Z): Setto 1to indicate zero data and cleared to O at other times.

(7) Bit 1—Overflow (V): Set to 1 when an arithmetic overflow occurs and cleared to O at other
times.

(8) Bit 0—Carry (C): Set to 1 when acarry or borrow occurs at the most significant data bit and
cleared to O at other times.

The specific changes that occur in the condition code bits when each instruction is executed are
listed in Appendix A.1 “Instruction Tables.” Seethe H8/500 Series Programming Manual for
further details.
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2.4 Page Registers

The H8/500 CPU has four page registers.
The page registers are described next.
2.4.1 Overview

All page registers are eight-bit registers.

The four page registers are the code page register (CP), data page register (DP), extended page
register (EP), and stack page register (TP).

The page registers are not used to calcul ate effective addresses in minimum mode. 1n maximum
mode, the page registers combine with the program counter and general registers to generate 24-
bit effective addresses as shown in figure 2-6, thereby expanding the program area, data area, and
stack area.

Page register General register
8 bits - 16 bits .
cp | | PC |
| RO |
| R1 |
DP < | R2 |
| R3 |
| @aa:16 |
| Ra |
| EP |
| RS |
| R6 |
| TP |
| R7 |
- 24 bits (effective address) -

Figure2-6 Combinations of Page Registerswith PC and General Registers
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2.4.2 Register Configuration

Figure 2-7 shows the page registers.

7 0
| cp |

CP: Code page register

| DP |
DP: Data page register

| EP |
EP: Extended page register

| P |

TP: Stack page register

Figure 2-7 Page Registers
2.4.3 Code Page Register

The code page register (CP) combines with the program counter to generate a 24-bit program code
address. CP contains the upper eight bits of the address.

In maximum mode, CPisinitialized at areset to avaue loaded from the vector table, and CP and
PC are both saved and restored in exception handling.

The LDC instruction can be used to modify the CP contents.
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2.4.4 Data Page Register

The data page register (DP) combines with general registers RO to R3 to generate a 24-hit
effective address. DP contains the upper eight bits of the address.

DPisused to calculate effective addresses in register indirect addressing mode using RO to R3,
and in absolute addressing mode (but not short absol ute addressing mode).

The LDC instruction can be used to modify the DP contents.
2.4.5 Extended Page Register

The extended page register (EP) combines with general register R4 or R5 to generate a 24-bit
operand address. EP contains the upper eight bits of the address.

EP is used to calculate effective addresses in register indirect addressing mode using R4 or R5.
The LDC instruction can be used to modify the EP contents.
2.4.6 Stack Page Register

The stack page register (TP) combines with R6 (SP) or R7 (FP) to generate a 24-bit stack address.
TP contains the upper eight bits of the address.

TPis used to calculate effective addresses in the register indirect addressing mode using R6 or R7,
in exception handling, and in subroutine calls.

The LDC instruction can be used to modify the TP contents.
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2.5 Base Register

The H8/500 CPU has one 8-hit base register.
The base register is described next.

2.5.1 Overview

The eight-bit base register (BR) stores the base address used in short absolute addressing mode
(representing the upper eight bits of an addressin page 0). Figure 2-8 illustrates the base register
and short absolute addressing mode. In this addressing mode a 16-bit effective addressis
generated by using the BR contents as the upper eight bits and an address given in the instruction
code as the lower eight bits. The short absolute addressing mode always addresses page 0.

The LDC instruction can be used to modify the BR contents.

8 bits 8 bits

BR | | @aa:8

A
Y

16 bits (effective address)

Figure 2-8 Short Absolute Addressing M ode and Base Register
2.5.2 Register Configuration

Figure 2-9 shows the base register.

BR

Figure 2-9 Base Register
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2.6 Data Formats

The H8/500 CPU can process five types of data: one-bit data, four-bit BCD data, eight-bit (byte)
data, 16-bit (word) data, and 32-bit (longword) data. Bit manipulation instructions operate on
one-bit data. Decimal arithmetic instructions operate on four-bit BCD data. All instructions
except certain arithmetic and data transfer instructions can operate on byte and word data.
Multiply and divide instructions operate on longword data.

The data formats are described next.
2.6.1 Data Formatsin General Registers

Table 2-4 indicates the data formats in general registers. All sizes of data can be stored: one-bit
data, four-bit BCD data, eight-bit (byte) data, 16-bit (word) data, and 32-bit (longword) data.

In addressing of one-bit data, bit 15 isthe most significant bit and bit 0 is the least significant bit.
BCD and byte data are stored in the lower eight bits of a general register. All 16 bits of agenera
register are used to store word data. Two genera registers are used for longword data: the upper
16 bits are stored in Rn (n must be an even number); the lower 16 bits are stored in Rn+1.

Operations performed on BCD data or byte data do not alter the upper eight bits of the register.

Table2-4 General Register Data Formats

Data Type Register No. Data Structure

One bit Rn 1 0
115[14[13]12]11]10]9 |8 |7 |6 |5 |4 |3 |2 |10 |

BCD Rn 7 43 0
‘ Don't care ‘ Upper digit ‘ Lower digit ‘

Byte RN 7 0
| Don't care | MsB LsB|

Word Rn 15 0
| MsB LSB|

Longword*  Rn 31 16

R+l MSB Upper 16 bits

Lower 16 bits LSB

15 0

Note: * For longword data n must be even (0, 2, 4, or 6).
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2.6.2 Data Formatsin Memory
Table 2-5 indicates the data formats in memory.

Instructions that access bit datain memory have byte or word operands. The instruction specifies
abit number to indicate a specific bit in the operand.

Access to word datain memory must always begin at an even address. Access to word data
starting at an odd address causes an address error. The upper eight bits of word data are stored in
address n (where n is an even number); the lower eight bits are stored in addressn + 1.

Table2-5 Data Formatsin Memory

Data Type Data Format

One bit (in byte operand data)

Address n V7\6\5\4\3\2\1\0J

—

One bit (in word operand data)
Evenaddress |15 |14 |13 |12 |11 |10 | 9 | 8

Odd address 7/6 |54 /3|2|1]|0

)
-

Byte

Address n MSB LSB
Word

Even address | MSB Upper 8 hits

Odd address Lower 8 bits LSB

U

T T

2.6.3 Stack Data Formats
Table 2-6 shows the data formats on the stack.

When the stack is accessed in exception processing (to save or restore the program counter, code
page register, or status register), word access is always performed, regardless of the actual data
size. Similarly, when the stack is accessed by an instruction using the pre-decrement or post-
increment register indirect addressing mode specifying R7 (@-R7 or @R7+), which is the stack
pointer, word access is performed regardless of the operand size specified in the instruction.
Programs should be coded so that the stack pointer always indicates an even address. An address
error will occur if the stack pointer indicates an odd address.
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Table2-6 Data Formats on the Stack

Data Type Data Format
Byte data on stack o o
Even address Undetermined data
Odd address MSB LSB
Word data on stack -
Even address | MSB Upper 8 hits
Odd address Lower 8 bits LSB
g i

2.7 Addressing Modes and Effective Address Calculation

The H8/500 CPU supports seven addressing modes.

These modes and the corresponding effective address calculations are described next.
2.7.1 Addressing Modes

The seven addressing modes supported by the H8/500 CPU are:

Register direct

Register indirect

Register indirect with displacement

Register indirect with pre-decrement or post-increment
Immediate

Absolute

PC-relative

No ok owbdpE

Due to the highly orthogonal nature of the instruction set, most instructions having operands can
use any applicable addressing mode from 1 through 6. The PC-relative mode 7 is used by
branching instructions.

In most instructions, the addressing mode is specified in the effective address (EA) field and
effective address extension (if present).

Table 2-7 indicates how the addressing mode is specified in the effective address field.
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(1) Register Direct Addressing Mode: The contents of a general register Rn are used directly as
operand data. This addressing mode is specified by giving the general register name.

Register direct addressing mode

Rn

L

(2) Register Indirect Addressing Mode: The contents of a general register Rn are used as a
memory address, and data access is performed at that memory address. This addressing modeis
specified by giving the general register name with an address qualifier (@).

General register name

Register indirect addressing mode

@Rn

[L General register name

Address qualifier

(3) Register Indirect Addressing M ode with Displacement: A displacement value is added to
the contents of ageneral register Rn, the sum is used as a memory address, and data accessis
performed at that memory address. This addressing mode is specified by giving the general
register name with the address qualifier (@) and an 8-bit or 16-bit displacement value.

Register indirect addressing mode with displacement

@(disp:8, Rn) or @(disp:16, Rn)

EGeneral register name
8-bit displacement (with :8) 16-bit displacement (with :16)

Address qualifier

(4) Register Indirect Addressing Mode with Pre-Decrement or Post-Increment: In register
indirect addressing mode with pre-decrement, a general register valueisfirst decremented by -1
or —2, then the result is used as a memory address and data access is performed at that memory
address. In register indirect addressing mode with post-increment, a general register value is used
asamemory address and data access is performed at that memory address, then the register value
isincremented by 1 or 2. This addressing mode is specified by giving the general register name
with the address qualifier (@) and aplus or minus sign (+ or ).
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Register indirect addressing mode with pre-decrement or post-increment

@-Rn or @Rn+
[L General register name —D Plus sign (post-increment)
Minus sign (pre-decrement) General register name
Address qualifier Address qualifier

(5) Immediate Addressing M ode: Eight-hit or 16-bit immediate data given in the instruction are
used directly asthe operand data. This addressing mode is specified by giving the immediate data
with a data qualifier (#).

Immediate addressing mode

#xX:8 or #xXX:16

[E 8-bit immediate data [[ 16-bit immediate data

Data qualifier Data qualifier

(6) Absolute Addressing Mode: Data access is performed at a memory address given as a 16-bit
absolute address in the instruction, or given as an eight-bit absolute address in the instruction and
combined with the base register (BR) value. This addressing mode is specified by giving the
absol ute address with an address qualifier.

Absolute addressing mode

@aa:16 or @aa:8
E[lfi-bit absolute address —[8-bit absolute address
Address qualifier (lower 8 bits of address*)

Address qualifier

* Upper 8 bits are specified by BR

(7) PC-Relative Addressing Mode: An eight-bit or 16-bit displacement value given in the
instruction is added to the program counter value, the sum is used as a memory address, and this
memory address is moved into the program counter. This addressing mode is specified by giving
the displacement value.

PC-relative addressing mode
disp

L

Displacement
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Table2-7 Addressing Modes

No. Addressing Mode Mnemonic  EA Field EA Extension
1 Register direct Rn None
(tfof1folsz]r[r][r]
*1 *2
2 Register indirect @Rn None
(1f1fof1]szrfr][r]
3 Register indirect @(d:8,Rn) Displacement
with displacement ~ @(d:16,Rn) | L[l 1][0[sz[r[r[r] (qpye
(1JaJafalszlr]r]r] Displacement
(2 bytes)
4 Register indirect @-Rn None
with pre-decrement ~ @Rn+ (1fofafafszfr|r]r]
Rggisteripdirect \1\1\0\O\Sz\r\r\r\
with post-increment
5 Immediate #xx:8 Immediate data
#0016 loJolofolol1][0]0] (1byte)
‘0‘0‘0‘0‘1‘1‘0‘0‘Immedlatedata
(2 bytes)
6 Absolute (@aa:8 is @aa:8 1-byte absolute
short absolute) @aa:16 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘SZ‘ 1 ‘ 0 ‘ 1 ‘ address (offset
'oJo]o]1[sz]1]o]1] fromBR)
2-byte absolute
address
7 PC-relative disp No EA field. Addressing mode 1- or 2-byte
is specified in op-code. displacement
Notes: 1. Sz specifies the operand size. 2. rrr specifies a general register.

Sz Operand Size rer General Register
0 Byte 000 RO
1 Word 001 R1

010 R2

011 R3

100 R4

101 R5

110 R6

111 R7
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2.7.2 Effective Address Calculation

Table 2-8 explains how an effective address is calculated in each addressing mode.
The page registers are not used to cal cul ate effective addresses in minimum mode.

Table 2-8 Effective Address Calculation

Addressing
Mode Mnemonic
No. EA Field Effective Address Calculation Effective Address
1 Register direct — Operand is contents of Rn.
Rn
1010SZr r 1]
2 Register indirect — 23 15 0
@Rn DP "2 Rn
1101SZ[r rr] R —
Or TP or EP
3 Register indirect 23 15 0
with displacement 15 o | DP2 | Result \
@(d:8,Rn) \ RN }—+ ~ A
1110Szrrr @ Or TP or EP
+
15 0
\ Displacement
16 bits
(8 bits with sign-bit extension)
@(d:16,Rn) 23 - 15 0
1111 SZ 15 0 ‘ DP ‘ Result ‘
| Rn N A
@ Or TP or EP
¥
15 0
\ Displacement }—*

4 Register indirect 23 15 0
with pre- 15 0 \ DP2 ] Result |
decrement ‘ Rn W - A

@-Rn Or TP or EP
1011Sz[r rr] *1 ©
Rn is decremented by 1 or 2 before
instruction execution.
Register indirect — 23 15 0
Wlth post- - ‘ DP2 ‘ RN
increment Rn is incremented by 1 or 2 after < y
Rn+ i i i
@ instruction execution. Or TP or EP
1100SZr r 1]

Notes: 1. 1 for a byte operand, 2 for a word operand, and always 2 for R7 in register indirect mode with
pre-decrement or post-increment, even if byte size is specified.

2. Register Indirect Page Register
R7, R6 TP
R5, R4 EP
R3-R0O DP
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Table 2-8 Effective Address Calculation (cont)

Addressing
Mode Mnemonic
No. EA Field Effective Address Calculation Effective Address

5 Absolute —
@aa:8 23 15

0
‘ H'00 ‘ BR | EA extension data |

@aa:16 —

23 15 0
0001Sz101 \ DP | EA extension data

6 Immediate — Operand is 1-byte EA extension data.
#xx:8

00000100

#xx:16 - Operand is 2-byte EA extension data.

00001100

d:8 15 0 \ CcP \ Result
No EA field. \ PC

\ Displacement
16 bits
(8 bits with sign extension)

No EA field. 15 o | ce | Result \
Specified in \ PC
op-code.

\ Displacement
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2.8 Operating Modes

The H8/500 CPU has two operating modes: minimum mode and maximum mode. The modeis
selected by the mode pins (MD, to MDg).

The operating modes are described next.
2.8.1 Minimum Mode

Minimum mode supports an address space of up to 64 kbytes. The page registers are ignored.
Instructions that branch across page boundaries (PIMP, PISR, PRTS, PRTD) areinvalid.

2.8.2 Maximum M ode

In maximum mode the page registers are valid, expanding the maximum address space to 1
Mbyte. It ispossible to move from one page to another with branching instructions (PIMP, PJSR,
PRTS, PRTD) and when branching to interrupt-handling routines.

When data access crosses a page boundary, the program must rewrite the page register before it
can access the data in the next page.

For further information on the operating modes, see section 3, “MCU Operating Modes.”

2.9 Basic Operational Timing

When an external clock signal isfed to the EXTAL pin or a crystal resonator is connected across
the XTAL and EXTAL pins, supplying asignal of the same frequency as the system clock (2),
duty adjustment is performed by the duty adjustment circuit to generate the @ clock. Figure 2-10
shows a block diagram of the clock oscillator.

The basic operational timing of the H8/500 CPU is described next.

Duty adjustment
EXTAL —» circuit

7] @/2—2/4096

Figure 2-10 Block Diagram of Clock Oscillator

48



2.9.1 Overview

The system clock (@) produced by duty adjustment of the clock (fogc) supplied from the clock
oscillator is the H8/500 CPU’s time base. One cycle of the system clock isreferred to as a“ state.”
The H8/500 CPU’s bus cycle consists of two or three states. The CPU uses different methods to
access on-chip memory, on-chip supporting modules, and external devices.

These access methods are described next.
2.9.2 Accessto On-Chip Memory

On-chip memory is accessed in two states using a 16-bit bus. Figure 2-11 shows the on-chip
memory access cycle. Figure 2-12 shows the pin states during on-chip memory access.

'« Buscycle—— »

A— Ty state — =T, state ——

Internal address bus X Address

Internal read signal \

Internal data bus
(read access)

\

Internal write signal

Internal data bus
(write access)

| X

R"ead data \
/

N

|

Write data

Figure2-11 On-Chip Memory Access Cycle
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< Ty state —»=—T, state —

A19-Ao X Add:ress X

S ‘ High !

High impedance

Figure2-12 Pin Statesduring Accessto On-Chip Memory
2.9.3 Accessto Two-State-Access Address Space

Two-state access permits high-speed processing. No wait states (Tyy) can be inserted in access to
the two-state-access address space. The external two-state-access address space is accessed via a
16-bit bus. Figure 2-13 shows the access cycle for the externa two-state-access address space.

'« Buscycle —
~——— Ty state — == T, state—

A19-Ap x Add:ress X
e T\
D15-Dg Read data
LT e W B A
D15—Do C ‘ Write data |

Figure 2-13 Access Cyclefor External Two-State-Access Address Space
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2.9.4 Accessto On-Chip Supporting Modules

The on-chip supporting modules are always accessed in three states. The databusis eight bits
wide, except that some of the registersin the 16-bit integrated-timer pulse unit (IPU) are accessed
viaa 16-bit data bus.

Figure 2-14 shows the on-chip supporting module access cycle. Figure 2-15 indicates the pin
states during access to an on-chip supporting module.

- ‘ Bus cycle ‘ >~
< Tystate — =< TosState — »e T State —

| | X

Internal X
address bus ‘

Internal read ‘—\ | /
signal i ;

Address |
{ Read data )

Internal data bus
(read access)

/

Internal data bus N Write data
(write access) ; ! !

Internal write
signal

ommooado-

Figure 2-14 Access Cyclefor On-Chip Supporting Modules

< Ty state——»e——TpState——»ie—— T3 State———»

S e N e N S U

A19-Ao x Address X
AS, RD, HWR, High

High impedance

LWR 3 3 |
D15-Do : ‘ ‘

Figure 2-15 Pin Statesduring Accessto On-Chip Supporting M odules
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2.9.5 Accessto Three-State-Access Address Space
Three-state accessis used for interfacing to low-speed devices.

The wait-state controller (WSC) can insert wait states (Tyy) in access to the three-state-access
address space.

Figure 2-16 shows the three-state read access cycle. Figure 2-17 shows the three-state write
access cycle.

- ‘ Read cycle ‘ -

< Tystate — == Tostate — == T3state H

A19-Ag X Address X

High

/

< Read data )

D15—-Do
(read access)

Figure2-16 Read Access Cyclefor Three-State-Access Address Space
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Y

Write cycle ‘ >
-<—— T1 State HF T, state 4’3‘71—3 state —»

S s U e W s VY

Ar9=Ao X Address X
A I 3 _/ 1
RD | | High | 3
HWR, LWR 3 \ 3 / 3
D15-Do : . ‘ ‘
(write access) } \ ‘ Write data‘ ‘

Figure2-17 Write Access Cycle for Three-State-Access Address Space

53




2.10 CPU States

The H8/500 CPU has five processing states.
These states are described next.

2.10.1 Overview

The five processing states of the H8/500 CPU are the program execution state, exception-handling
state, bus-released state, reset state, and power-down state.

The power-down state is further divided into a sleep mode, software standby mode, and hardware
standby mode. Table 2-9 summarizes these states. Figure 2-18 shows a map of the state
transitions.

Table2-9 Processing States

State Description
Program execution state The H8/500 CPU executes program instructions in sequence.
Exception-handling state A transient state in which the H8/500 CPU executes a hardware

sequence (saving the program counter and status register, fetching
a vector, etc.) triggered by a reset, interrupt, or other exception.

Bus-released state The H8/500 CPU has released the external bus in response to an
external bus request signal.

Reset state The H8/500 CPU and all on-chip supporting modules have been
initialized and are stopped.

Power- Sleep mode  Some or all clock signals are stopped to conserve power.

down Soft

state oftware

standby mode

Hardware
standby mode
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Program execution

Sleep mode

Exception-handling 4 NMI Software standby
stu mode
A
RES=1 STBY =1

Hardware standby
mode”?2

Reset state*!

Notes: 1. From any state except hardware standby mode, a transition to the reset state
occurs whenever RES is set to 0.
2. From any state, a transition to hardware standby mode occurs when STBY
is set to 0.

Figure2-18 State Transitions
2.10.2 Program Execution State
In this state the H8/500 CPU executes program instructions in normal sequence.
2.10.3 Exception-Handling State

The exception-handling state is atransient state that occurs when the H8/500 CPU alters the
normal program flow due to an interrupt, trap instruction, address error, or other exception.

See section 4, “Exception Handling” for further information on the exception-handling state.
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2.10.4 Bus-Released State

When so requested, the H8/500 CPU can grant control of the external busto an external device.
While an external device has the bus right, the H8/500 CPU is said to be in the bus-released state.

Granting of the busis controlled by the BREQ and BACK signals. Busrequests are input at the
BREQ pin. When the bus has been released, an acknowledging signal is output at the BACK pin.

Figure 2-19 illustrates the procedure for releasing the bus.

( H8/500 ) 1. Whe_n the H8/500 CPU
receives a low BREQ

signal it drives the BACK
/| Request bus | pin low to notify the

BREQ external device that the

bus has been released.

| BREQ reception |'/: Low

‘ 2. After receiving the BACK
Acknowledge bus signal, the external device
release BACK that requested the bus

becomes the bus master.
| It can use the address bus

‘ = Low
\| Check BACK

Place Aﬁ t%o, D15 (A19 to Ag), data bus (D15
to Do, AS, RD, LWR, to Do), and bus control
and HWR in high- signals (AS, RD, LWR,

impedance state HWR).

| Get bus |

3. When the H8/500 CPU
releases the bus it places
the address bus, data bus,
and bus control signals

Bus-released state in the high-impedance
state. The device that
became bus master
controls the bus.

Figure 2-19 Bus Release Procedure
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Bus Release Control Register (Address H'FF1B): Thisregister (BRCR) enables and disables
BREQ input and BACK output. BRCR isinitialized to H'FE by areset and in hardware standby
mode. Itisnotinitialized in software standby mode. The BRCR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0
- - -1 -] -1 -] - [ere]
Initial value 1 1 1 1 1 1 1 0

RIW — — — — — — — RIW

—— Reserved bits t Bus release
enable bit

Selects port A
functions

Bits 7 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—Bus Release Enable Bit (BRLE): Selects the functions of pins PAg and PAs.

Bit O

BRLE Description

0 PAg and PAg are used for general-purpose input and output
1 PAg is used for BACK output; PA5 is used for BREQ input
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(1) Casein which BREQ is Acknowledged at End of Bus Cycle

Figure 2-20 shows the timing when the H8/500 CPU acknowledges the BREQ signal at the end of
abuscycle.

The BREQ signal is sampled during every instruction fetch cycle and dataread or write cycle. In
word data access by means of two successive byte accesses, first to the upper byte, then to the
lower byte (access to the eight-bit-bus-access address space or an on-chip supporting module), the
H8/500 CPU does not release the bus right until it has accessed the lower byte.

BREQ acknowledged at
end of bus cycle

- T - Ty — > T3 — = Tx - TX
o B
A19-Ag X Address Hi-Z
D15-Do { Data )} Hi-Z
AS, RD \ / Hi-Z
LWR, HWR High Hi-Z
BREQ (input) \
Bus-release acknowledge

BACK (output) C‘\{ signal output

Read cycle* «—— Bus-released state —

Note: * Instruction fetch or data read cycle. In access to word data in the byte-access
address space, the cycle shown is the lower byte read cycle.

Figure 2-20 Case of BREQ Acknowledged at End of Bus Cycle (Read Cycle Example)
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(2) Casein which BREQ is Acknowledged at End of Machine Cycle

Figure 2-21 shows the timing when the H8/500 CPU acknowledges the BREQ signal at the end of
amachine cycle.

The H8/500 CPU acknowledges the BREQ signal at the end of machine cycles during execution
of the MULXU or DIVXU instruction.

BREQ acknowledged at
end of machine cycle

MULXU or DIVXU calculation cycles —»|< TX—» Tx
Y A W A N A W2
Arg-Ao X n X n+1 X n+2 Hi-Z
D15-Do Hi-Z Hi-Z
AS, RD High Hi-Z
LWR, HWR High Hi-Z
BREQ (input) \
Bus-release acknowledge

BACK (output) C‘\{ signal output

«—— Bus-released state —

Figure2-21 Case of BREQ Acknowledged at End of Machine Cycle
(During Execution of MUL XU or DIVXU Instruction)
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(3) Casein which BREQ is Acknowledged in Sleep Mode

Figure 2-22 shows the timing when the H8/500 CPU acknowledges the BREQ signal in sleep
mode.

The H8/500 CPU acknowledges the BREQ signal at any time during sleep mode.

BREQ acknowledged at

any time
Sleep mode — TX—» Tx
@ d
A N A W A W2
A1g-Ag Hi-Z Hi-Z
D15-Do Hi-Z Hi-z
AS, RD High Hi-Z
LWR, HWR High Hi-Z
BREQ (input) \
Bus-release acknowledge

BACK (output) C‘\{ signal output

«—— Bus-released state —

Figure 2-22 Case of BREQ Acknowledged in Sleep Mode
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4)

Bus-Release Operation during Two-State Access

Figure 2-23 shows the timing when the bus is requested during a two-state access cycle.

When an external device requests the bus during two-state access, the H8/500 CPU enters the bus-
released state asfollows:

)
@

©)
4)

©)

The BREQ pin is sampled at the start of the T, state. If BREQ islow, at the end of the bus
cycle the H8/500 CPU halts and enters the bus-released state.

In the case of two-state access, at the end of the T, state the BACK signal goes low to
indicate that the bus-released state has been entered. The address bus (A9 t0 Ag), data bus
(D150 Dg), and bus control signals (AS, RD, LWR, HWR) are placed in the high-impedance
state.

While the bus is released, the H8/500 CPU constantly samples the BREQ pin (at each Tx
state) and remains in the bus-released state while BREQ islow.

When BREQ ishigh during a Tx state, at the end of the next state the H8/500 CPU drivesthe
BACK signal high to indicate that it has regained possession of the bus (and that CPU cycles
will resume).

CPU cyclesresume at the end of the next state after BACK goes high.
CPU cycles - Bus-released cycles .| CPU cycles
Two-state

- TX le— TX < TX e TX—>e T

L

A19-Ag Address X Address
D15-Do { Data
AS,RD

LWR, HWR Hi:gh

BREQ (input) \ / |
BACK (output) /

() (2 3 O (®)

Figure 2-23 Bus Release during Two-State Access (Read Cycle Example)
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(5) Bus-Release Operation during Three-State Access
Figure 2-24 shows the timing when the busiis requested during a three-state access cycle.

When an external device requests the bus during three-state access, the H8/500 CPU enters the
bus-released state as follows:

(1) TheBREQ pinissampled at the start of the T4, T», and Ty states. If BREQ islow, at the end
of the bus cycle the H8/500 CPU halts and enters the bus-rel eased state.

(2) Inthe case of three-state access, at the end of the T state the BACK signal goes low to
indicate that the bus-released state has been entered. The address bus (A9 to A), data bus
(D150 Dg), and bus control signals (AS, RD, LWR, HWR) are placed in the high-impedance
state.

(3) When BREQ ishigh during a Tx state, at the end of the next state the H8/500 CPU drives the
BACK signal high to indicate that it has regained possession of the bus (and that CPU cycles
will resume).

(4) CPU cyclesresume at the end of the next state after BACK goes high.

CPU cycles | Bus-released cycles | CPU cycles

Three-state access

—T1 | Ty —leT\y—fe— Tz TX |t TX |t TX—je—T] >
g .

A19—Ao X Address j

D15—-Dg ! { Data :
AS, RD \ : :
LWR, HWR High ‘ :

BREQ (input) \ / |
BACK (output) \ /

W @ @3 @)

Figure 2-24 BusRelease during Three-State Access (Read Cycle Example)
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(6) Bus-Release Operation during Internal CPU Operations

Figure 2-25 shows the timing when the busiis requested during internal CPU operations.

When an external device requests the bus during internal CPU operations, the H8/500 CPU enters
the bus-released state as follows:

(1) TheBREQ pinissampled at the start of the T, state. If BREQ islow, at the end of the
internal cycle the H8/500 CPU halts and enters the bus-released state.
(2) Inthe case of internal CPU operations, at the end of a T, state the BACK signal goes low to
indicate that the bus-released state has been entered. The address bus (A9 t0 Ag), data bus

state.

(D15 to D), and bus control signals (AS, RD, LWR, HWR) are placed in the high-impedance

(3) When BREQ ishigh during a Tx state, at the end of the next state the H8/500 CPU drives the
BACK signal high to indicate that it has regained possession of the bus (and that CPU cycles
will resume).

(4) CPU cyclesresume at the end of the next state after BACK goes high.

A19—Ao

D1s-Do

,RD

&

R, HWR

—

BREQ (input)

BACK (output)

CPU cycles | Bus-released cycles | _ CPU cycles
< Internal CPU operation -
- T1 —a—Tq —» T1 |a— T1 —»<—TX |— TX —] TX —>—T1 —

L

:X Add‘ress

Hi-Z Hi-Zz
High T
High T
) /
\ [
(11) 2 (11”) 4

Figure2-25 BusReleaseduring Internal CPU Operation
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(7) Notes
¢ TheH8/500 CPU does not accept interrupts while in the bus-rel eased state.

¢ The BREQ signal must be held low until BACK goes low. If BREQ returnsto the high level
before BACK goes low, the bus release operation may be executed incorrectly.

2.10.5 Reset State

In the reset state, the H8/500 CPU and all on-chip supporting modules are initialized and placed in
the stopped state. The H8/500 CPU enters the reset state whenever the RES pin goes low, unless
the H8/500 CPU is currently in the hardware standby maode.

See section 4.2, “ Reset” for further information on the reset state.
2.10.6 Power-Down State

The power-down state comprises three power-down modes. sleep mode, software standby mode,
and hardware standby mode.

See section 21, “Power-Down State” for further information.
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Section 3 MCU Operating Modes

3.1 Overview
3.1.1 Selection of Operating M ode
The H8/539F has seven operating modes (modes 1 to 7).

Modes 1 to 6 are externally expanded modes in which external memory and peripheral devices
can be accessed. Modes 1, 2, and 6 are expanded minimum modes, supporting a 64-kbyte address
space. Modes 3, 4, and 5 are expanded maximum modes, supporting a maximum 1-Mbyte
address space. When using modes 1 to 6, refer to section 3.6, Notes on Use of Externally
Expanded Modes. See section 3.7, Notes on H8/539F S-Mask Model (Single Power Source
Model), concerning all modes (1 to 7) in the H8/539F S-mask model (single power source model).
Mode 7 is asingle-chip mode: al ports are available for general-purpose input and output, but
external addresses cannot be used.

Mode 0 is reserved for future use and must not be selected in the H8/539F.

Both the pin functions and address space vary depending on the mode. Table 3-1 summarizes the
selection of operating modes.

Table3-1 Operating M ode Selection

MCU CPU
Operating Operating  On-Chip On-Chip Data Bus
Mode MD, MD; MD, Description Mode RAM ROM Width
Mode 0 0 0 0 — — — — —
Mode 1 0 0 1 Expanded Minimum Enabled*l  Disabled 16 bits
minimum mode
mode
Mode 23 0O 1 0 Expanded Minimum  Enabled*l  Enabled 8 bits
minimum mode
mode
Mode 3 0 1 1 Expanded Maximum  Enabled*! Disabled 16 bits
maximum mode
mode
Mode 4*3 1 0 0 Expanded Maximum  Enabled*l  Enabled 16 bits
maximum mode
mode
Mode 5 1 0 1 Expanded Maximum  Enabled*l  Disabled 16 bits*2
maximum mode
mode
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Table3-1 Operating M ode Selection (cont)

MCU CPU

Operating Operating On-Chip On-Chip Data Bus

Mode MD, MD; MDgy Description Mode RAM ROM Width

Mode 6 1 1 0 Expanded Minimum  Enabled*!  Disabled 16 bits*2
minimum mode
mode

Mode 7*3 1 1 1 Single-chip Minimum  Enabled Enabled —
mode mode

Legend

0: Low

1: High

—: Not available

Notes: 1. If RAM enable bits 1 and 2 (RAME1 and RAME2) in the RAM control register (RAMCR)
are cleared to 0, these addresses become external addresses.

2. Eight-bit three-state-access address space after a reset.
3. In the dual power model (Vpp = 12 V), when pin settings are made for mode 2, 4, or 7

and 12 V is applied to the Vpp pin, flash memory can be programmed or erased. See
section 19, “Flash Memory (H8/539F)” for details.

S-Mask Model (Single Power Source): Programming/erasing is enabled by making pin settings
for mode 4 or 7, and setting the FLMCR register with the FWE pin in the high-level input state.
For details, see section 20, Flash Memory (H8/539F S-Mask Model).

3.1.2 Register Configuration

The MCU operating mode can be monitored in the mode control register (MDCR). Table 3-2
summarizes this register.

Table 3-2 Register Configuration

Address Name Abbreviation R/W Initial Value
H'FF19 Mode control register MDCR R Undetermined
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3.2 Mode Control Register

The mode control register (MDCR) is an eight-bit register that indicates the current operating
mode of the H8/539F. The MDCR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0

| — | — | — | — | — | wps2| wmpst| mpso |
Initial value 1 1 0 0 0 —* —* —*
RIW — — — — — R R

R

L Mode select 2to 0
Bits indicating the current
operating mode

— Reserved bits

Note: * Determined by pins MD, to MDy. MDCR latches the inputs at the mode pins
(MD2 to MDy) at the rise of the RES signal.

(1) Bits7 and 6—Reserved: Read-only bits, awaysread as 1.
(2) Bits5to3—Reserved: Read-only bits, always read as 0.

(3) Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the values of pins
MD, to MDg latched at the rise of the RES signal (the current operating mode).

MDS2 to MDSO correspond to pins MD, to MDy,.

MDS2 to MDSO are read-only bits.
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3.3 Operating Mode Descriptions
3.3.1 Mode 1 (Expanded Minimum M ode)

In mode 1 the data busis 16 bitswide. The bus controller’'s byte arearegister (ARBT) is enabled
in mode 1, so part of the address space can be accessed with an eight-bit bus width. The
maximum address space supported in mode 1 is 64 kbytes.

The on-chip ROM is disabled in mode 1.

3.3.2 Mode 2 (Expanded Minimum M ode)

In mode 2 the data busis eight bitswide. The on-chip ROM is enabled.
The maximum address space supported in mode 2 is 64 kbytes.

The bus controller’s byte-arearegister (ARBT) is disabled in mode 2.
3.3.3 Mode 3 (Expanded Maximum M ode)

In mode 3 the data busis 16 bitswide. The bus controller’'s byte arearegister (ARBT) is enabled
in mode 3, so part of the address space can be accessed with an eight-bit bus width. The
maximum address space supported in mode 3 is 1 Mbyte.

The on-chip ROM is disabled in mode 3.
3.3.4 Mode 4 (Expanded Maximum Mode)

In mode 4 the data busis 16 bitswide. The bus controller’'s byte arearegister (ARBT) is enabled
in mode 4, so part of the address space can be accessed with an eight-bit bus width. The
maximum address space supported in mode 4 is 1 Mbyte. The on-chip ROM is enabled.

3.3.5 Modes5and 6

Mode 5 is functionally identical to mode 3, and mode 6 is functionally identical to mode 1. When
the chip comes out of reset, however, the bus controller’s byte arearegister (ARBT) isdisabled in
modes 5 and 6 and eight-hit, three-state access is performed throughout the address space. The
byte area register can be enabled by setting the BCRE hit to 1 in the bus control register (BCR).

3.3.6 Mode 7 (Single-Chip M ode)

The external address space cannot be accessed.
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3.4 Pin Functionsin Each Operating M ode

The pin functions of the /O ports vary depending on the operating mode. Table 3-3 summarizes
the functionsin each mode. Selection of pin functionsis described in section 10, “1/0O Ports.”

Table 3-3 Pin Functionsin Each Mode

Expanded Minimum Modes

Expanded Maximum Modes

Single-Chip Mode

Port Modes 1and 6 Mode 2 Modes 3and 5 Mode 4 Mode 7
Port 1 Data bus*6 Data bus Data bus®6 Data bus Input/output
(Dy5 to Dg) (Dy5 to Dg) (D15 to Dg) (Dy5 to Dg) port
Port 2 Data bus Input/output Data bus Data bus Input/output
(D to D) port (D7 to D) (D7 to D) port
Port 3  Input/output Input/output Input/output Input/output Input/output

port1 port1 port*1 port*1 port*1
Port 4  Input/output Input/output Input/output Input/output Input/output
port*1 port*1 port*1 port*1 port*1
Port5 Input/output Input/output Input/output Input/output Input/output
port1 port1 port*1 port*1 port*1
Port 6 Input/output Input/output Input/output Input/output Input/output
port*4 port*4 port™4 port*4 port*4
IRQ,, IRQ3 IRQ,, IRQ3 IRQ,, IRQ3 IRQ,, IRQ3 IRQ,, IRQ3
Port 7 Input/output Input/output Input/output Input/output Input/output
port*> port*> port*> port*> port*>
IRQq, IRQq, IRQq, IRQq, IRQg, IRQq, IRQg, IRQq, IRQg, IRQq,
ADTRG ADTRG ADTRG ADTRG ADTRG
Port 8 Input port™3 Input port™3 Input port™3 Input port™3 Input port™3
Port 9 Input port™3 Input port™3 Input port*3 Input port*3 Input port™3
Port A Input/output Input/output Input/output Input/output Input/output
port2,*4 port2,*4 port*1,*2 port2,*4 port2,*4
BREQ, BACK, BREQ, BACK, BREQ, BACK, BREQ, BACK,
WAIT WAIT WAIT, address ~ WAIT, address
bus (A1g to Ajg) bus (Ajg to Ag)
Port B Address bus Input port/ Address bus Input port/ Input/output
(A5 to Ag) address bus (Ar5 to Ag) address bus port
(Ag5 10 Ag) (Ag5t0 Ag)
Port C Address bus Input port/ Address bus Input port/ Input/output
(A7 to Ag) address bus (A7 to Ag) address bus port
(A71t0 Ag) (A710 Ap)

Notes on next page.
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Notes: 1. Also used for timer input/output.

2. Also used for serial communication interface.

3. Also used for A/D conversion.

4. Also used for timer output and PWM timer output.

5. Also used for serial communication interface and PWM timer output.

6. In modes 5 and 6, the external bus space has a 16-bit bus width, but an 8-bit bus width
is set after a reset. In this case, the upper half of the data bus (D15 to D8) is enabled,
and the lower half (D7 to DO) is disabled. After the BCRE bit in the bus control register
(BCR) has been set to 1 by software, the bus width can be changed to 16 bits (D15 to
DO0) by a byte area top register (ARBT) setting. In modes 1, 3, and 4, the external bus
space has a 16-bit bus width (D15 to DO) after a reset, but this can be changed to 8 bits
by an ARBT setting. In this case, the upper half of the data bus (D15 to D8) is enabled,
and the lower half (D7 to DO) is disabled. For details of the settings, see section 16,
Bus Controller.

3.5 Memory Map in Each Mode

Figure 3-1 shows a memory map for the expanded minimum modes (modes 1, 6, and 2). Figure 3-2
shows amemory map for the expanded maximum modes (modes 3, 5, and 4). Figure 3-3 shows a
memory map for single-chip mode (mode 7).

H'0000 H'0000
HooFF | _Vectortable | H'OOFF | __Vectortable |
H'0100 H'0100
On-chip ROM
External (16 kbytes)
Memory space
H'3FFF
H'4000 External
H'EE7F H'EE7F | Memory space
HEEBO0 | 5n-chip RAM H'EE80 | on_chip RAM
H'EE7E (4 kbytes) H'EE7E (4 kbytes)
H'FE80 On-chip registers H'FE80 On-chip registers
384 bytes 384 bytes
H'FFFF ¢ ytes) H'FFFF ( yies)
Modes 1 and 6 Mode 2

Figure3-1 Memory Map in Expanded Minimum M odes
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H'00000

H'001FF
H'00200

H'OEE7F
H'OEES80

H'OFE7F
H'OFE80

H'OFFFF
H'10000

H'1FFFF
H'20000

H'FFFFF

Vector table

External
Memory space

On-chip RAM
(4 kbytes)

On-chip registers
(384 bytes)

External
Memory space

Modes 3 and 5

Page 0

Page 1

Pages
21015

H'00000

H'001FF
H'00200

H'03FFF
H'04000

H'OEE7F
H'OEES80

H'OFE7F
H'OFE80

H'OFFFF
H'10000

H'1FFFF
H'20000

H2FFFF
H'3FFFF

H'FFFFF

Vector table

On-chip ROM
(16 kbytes)

External
Memory space

On-chip RAM
(4 kbytes)

On-chip registers
(384 bytes)

On-chip ROM
(64 kbytes)

On-chip ROM
(64 kbytes)

External
Memory space

Mode 4

Page 0

Page 1

Pages
2to 15

Figure3-2 Memory Map in Expanded Maximum M odes
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H'00000

HoolFF | Vectortable |
H'00200

On-chip ROM

(16 kbytes)
H'03FFF
H'04000
H'OEE7F
H'OEE80 |  On-chip RAM
H'OFE7F (4 kbytes)
H'OFES80 . .
On-chip registers

H'OFFFF (384 bytes)
H'10000 .

On-chip ROM
H1FFrr | (B4 Kbytes)
H'20000 .

On-chip ROM

(64 kbytes)
H'2FFFF
Mode 7

Figure3-3 Memory Map in Single-Chip Mode
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3.6 Noteson Use of Externally Expanded Modes
3.6.1 H8/539F (Dual Power Source Model)

The following points must be observed when using the H8/539F in an externally expanded mode
(modes 1 to 6).

« |nitialize the @OE bit *1 to 1 before an external space access.

When using the H8/539F in an externally expanded mode with on-chip ROM enabled (mode 2 or
4), the gOE hit in the @ control register (aCR) must be initialized to 1 before accessing the
external bus space.

« In modes with on-chip ROM disabled, enter standby mode at power-on.

When using the H8/539F in an externally expanded mode with on-chip ROM disabled (mode 1, 3,
5, or 6), hardware standby mode must be entered at power-on. Figure 3-4 shows the power-on
timing.

Note that when g output is inhibited, the @ pin goes to the high-impedance state and external space
accesses will not function correctly .

See section 3.7, Notes on H8/539F S-Mask Model (Single Power Source Modd!), for further
information concerning the H8/539F S-mask model (single power source model).

45V

—L
Vcc L~
71~ VIH (Vce-0.7 V)
STBY | VIL (0.4 V)
o oA
_ VIL (0.4 V)
RES

Standby state Oscillation setting time
(1 pus or more) (20 ms)

Figure 3-4 Power-On Timing

Note: 1. For details, see section 10.14, g Pin.
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3.7 Noteson H8/539F S-Mask Model (Single Power Source Model)

The following points should be noted when using the H8/539F S-mask model (single power
source model) in any of modes1to 7.

At power-on, set hardware standby mode in all modes (1 to 7).

With the H8/539F S-mask model (single power source model), hardware standby mode must be
set at power-on. Figure 3-5 shows the power-on timing.

Note that when @ output is disabled the g pin goes to the high-impedance state, and external space
access will not function correctly.

For information concerning the H8/539F (dual power source model), see section 3.6, Notes on
Use of Externally Expanded Mode.

45V A

Vcc

VIH (Vce-0.7 V)

STBY | |VIL (0.4V)
—_— ¢ VIL 0.4V)
RES
Standby state  Oscillation settling time
(1 ps or more) (20 ms)

Figure 3-5 Power-On Timing
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Section 4 Exception Handling

4.1 Overview

There are five types of exceptions:. reset, address error, trace, interrupt, and instruction exceptions.
There are three types of instruction exceptions: invalid instruction, trap instruction, and DIV XU
instruction with zero divisor.

Handling of these exceptions is described next.
4.1.1 Exception Handling Typesand Priority

Table 4-1 lists the types of exception handling for exceptions other than instruction exceptions,
and indicates their priority. The system assigns a reserved priority to each of these exception
types. If two or more exceptions occur simultaneously, they are accepted and handled in priority
order.

Table 4-2 lists the types of instruction exception handling. Instruction exceptions cannot occur
simultaneously, so thereisno priority order.

Table4-1 Exception Typesand Priority

Priority Exception Type  Source Start of Exception Handling
High Reset RES input Rising edge of RES signal
Address error Invalid access (address error)  End of instruction execution
Trace Trace bit (T) =1in SR End of instruction execution
Interrupt External or internal interrupt End of instruction execution or end
Low request of exception handling

Table4-2 Instruction Exceptions

Exception Type Source Start of Exception Handling

Invalid instruction ~ Fetching of undefined code Start of execution of instruction with
undefined code

Trap instruction Trap instruction Start of execution of trap instruction

Zero divide DIVXU instruction Start of execution of DIVXU instruction with
zero divisor
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4.1.2 Exception Handling Operation
Exception handling can originate from a variety of sources.

Exception handling other than reset exception handling is described next. For reset exception
handling, see section 4.2, “Reset.”

Figure 4-1 is aflowchart of the handling of exceptions other than a reset.

In minimum mode, the program counter (PC) and status register (SR) are saved on the stack. In
maximum mode the code page register (CP), PC, and SR are saved on the stack. Next the T bitin
the status register is cleared to O, the start address corresponding to the exception sourceis read
from the exception vector table, and program execution begins from the indicated address.

/

Exception

Exception handling

| PC - @-SP |

‘ State saving:
| CP - @-SP | PC, CP, and SR are pushed in that order on
‘ the stack. CP is pushed only in maximum mode.

| SR . @—SP |

| 0 - T bit (SR) |
\ Preparations for program execution:
Start address — CP | After the trace bit is cleared to 0, an address is
‘ loaded from the vector table into CP and PC.
CP is loaded only in maximum mode.

Start address - PC |

l

Start of program execution

Figure4-1 Exception Handling Flowchart
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4.1.3 Exception Sourcesand Vector Table

Figure 4-2 classifies the exception sources. Table 4-3 shows the exception vector table. The
vector addresses differ between minimum and maximum modes. In maximum mode the vector
tableislocated in page 0. For internal interrupt vectors, see table 6-3, “ Interrupt Priorities and
Vector Addresses.”

¢ Reset

» Address error

» Trace
NMI
External interrupts IRQO
IRQ1-3
Exception sources * Interrupts

39 interrupt sources
Internal interrupts in on-chip supporting
modules

Invalid instruction
TRAPA instruction
TRAP/VS instruction
Zero divide

* |nstructions

Figure4-2 Classification of Exception Sources
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Table4-3 Exception Vector Table

Exception Source

Vector Address

Minimum Mode

Maximum Mode

Reset (initial PC value)

H'0000—-H'0001

H'0000-H'0003

(Reserved for system)

H'0002—-H'0003

H'0004—-H'0007

Invalid instruction

H'0004-H'0005

H'0008—-H'000B

DIVXU instruction (zero divisor)

H'0006—-H'0007

H'000C—-H'000F

TRAP/VS instruction

H'0008—-H'0009

H'0010-H'0013

(Reserved for system)

H'000A-H'000B

H'000E—H'000F

H'0014-H'0017

H'001C-H'001F

Address error

H'0010-H'0011

H'0020-H'0023

Trace

H'0012-H'0013

H'0024-H'0027

(Reserved for system)

H'0014-H'0015

H'0028—-H'002B

External interrupt: NMI

H'0016-H'0017

H'002C-H'002F

(Reserved for system)

H'0018-H'0019

H'001E-H'001F

H'0030-H'0033

H'003C-H'003F

TRAPA instruction (16 sources)

H'0020-H'0021

H'003E—-H'003F

H'0040-H'0043

H'007C-H'007F

External interrupt: IRQO

WDT interval interrupt

External interrupts: IRQ1
IRQ2
IRQ3

H'0040-H'0041
H'0042-H'0043
H'0048-H'0049
H'004A-H'004B
H'004C-H'004D

H'0080-H'0083
H'0084—-H'0087
H'0090-H'0093
H'0094-H'0097
H'0098-H'009B

Internal interrupts

H'0044—-H'0045
H'0050—H'0051

H'009E—H'009F

H'0088—-H'008B
H'00A0-H'00A3

H'013C-H'013F
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4.2 Reset

4.2.1 Overview

A reset has the highest exception priority.
Reset exception handling is described bel ow.

When the RES pin goes low, all processing halts and the chip entersthe reset state. A reset
initializes the internal state of the H8/500 CPU and the registers of on-chip supporting modules.
When the RES pin rises from low to high, the H8/500 CPU begins reset exception handling.

4.2.2 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip is reset, the RES pin should be held low for at least 20 ms at power-up. To
reset the chip during operation, the RES pin should be held low for at least six system clock cycles
(6@) in the H8/539F. In the H8/539F S-mask model, the RES pin should be held low for at |east
20 system clock cycles (20g). When an external clock is used, the RES pin should be held low for
a least the external clock output setting delay time (tpex ) a power-up and in areset start from the
standby state.

See appendix G, “Pin States’ for the states of the pinsin the reset state.

When the RES pin rises to the high level after being held low for the necessary time, the H8/500
CPU begins reset exception handling. Figure 4-3 shows the sequence of operations at the end of
the reset state.

RES pin

I End of reset (low-to-high transition)

( Reset exception handling )
\

| MDy,_g -— MDS2-0 | (1) Values of mode pins (MD; to MDy) are latched
] in bits MDS2 to MDSO0 in MDCR.
| 0 - T bit (SR) |
] (2) Thitin SR is cleared to 0 to disable trace mode.
| 1 - I, to lg bits (SR) | Interrupt mask bits I, to Iy are all set to 1 (level 7).
\
| Start address - CP |
[ (3) Startaddress is loaded from vector table. H8/500
| Start address - PC | CPU starts program execution from that address.

¢

Program execution begins

Figure4-3 Reset Exception Handling Flowchart

79



The vector table contents differs between minimum and maximum mode. The vector table
contents in each mode are described next.

(1) Minimum Mode: Figure 4-4 shows the reset vector in minimum mode.

In minimum mode the reset vector islocated at addresses H'0000 and H'0001. When exception
handling begins, the H8/500 CPU copies the reset vector into the program counter (PC). Program
execution then starts from the PC address.

H'0000 PCH
H'0001 PCL

Figure4-4 Reset Vector in Minimum Mode

Figure 4-5 shows the reset sequence in minimum mode.

Figure 4-5 shows the case in which the program area and stack area are both located in the eight-
bit-bus three-state-access address space.

o JUUTUUTUUUUUUUTUUrrUUr Ui g
RES
|
As—Ag Vector address |\ Vector address 3) X [
D, _DO @ (Vector (PCH))f{ Vector (PC)) )*{ (4) )_( P{ )7
RD [l [ [ [N [
Reset interval* Internal pro-  Fetching Fetching Prefetching first instruc- Instruction
cessing cycles reset reset tion of program execution
vector (PC,)  vector (PC,) starts
(1) Instruction prefetch address (3) Program start address
(2) Operation code (4) First operation code of program
H8/539F: at least six system clock cycles (62)
H8/539F S-mask model: at least 20 system clock cycles (209)

Figure4-5 Reset Sequencein Minimum Mode
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(2) Maximum Mode: Figure 4-6 shows the reset vector in maximum mode.

In maximum mode the reset vector islocated at addresses H'0000 to H'0003. When exception
handling begins, the H8/500 CPU copies the reset vector into the code page register (CP) and
program counter (PC), ignoring the vector data at H'0000. Program execution then starts from the
CP and PC address.

H'0000 Don't care
H'0001 CP
H'0002 PCy
H'0003 PCL

Figure4-6 Reset Vector in Maximum Mode
Figure 4-7 shows the reset sequence in maximum mode.

Figure 4-7 shows the case in which the program area and stack area are both located in the 16-bit-
bus two-state-access address space.

o Juguvruriurrurirrurrrr i r i uu gy
- \
RES ‘ V: Vector address
Internal X:S(
address bus v jv+2fe | X:X I X:
Internal _._._._ D C)
data bus —2 @_m_ -0
Ds5- Do CP PC
Internal
Internal LI 1] L
Reset
vector
Reset interval* Internal processing Fetching Prefetching Instruction execution
cycles reset first instruction starts
vector  of program
(1) Instruction prefetch address (3) Program start address
(2) Operation code (4) First operation code of program

HB8/539F: at least six system clock cycles (62)
H8/539F S-mask model: at least 20 system clock cycles (209)

Figure4-7 Reset Sequencein Maximum Mode
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4.2.3 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the program
counter and status register will not be saved correctly, leading to a program crash. This danger
can be avoided as explained next.

When the chip comes out of the reset state all interrupts, including NMI, are disabled, so the first
instruction is aways executed. Crashes can be avoided by using thisfirst instruction to initiaize
SP. In minimum mode, the first instruction after areset should initialize SP. In maximum mode,
the first instruction after areset should initialize the stack page register (TP), and the next
instruction should initialize SP.

Examples:
1. Minimum mode

.ORG H'0000
MOV.W  #H'FES8O, SP

2. Maximum mode

.ORG H'0000
LDC.B #H'00, TP
MOV.W  #H'FES8O, SP

4.3 AddressError
An address error occurs when invalid access is attempted. There are three types of address errors:

1. Addresserror ininstruction prefetch
2. Addresserror in word data access
3. Addresserror in single-chip mode

When an address error occurs, the H8/500 CPU begins address error exception handling and
clearsthe T bit of the status register to 0. The interrupt mask level in bits 12 to 10 is not changed.

Each type of address error is described next.
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4.3.1 AddressError in Instruction Prefetch

An attempt to prefetch an instruction from the on-chip registers at addresses H'FESO to H'FFFF
causes an address error.

The address error exception handling sequence for this caseis:

‘ Instruction prefetch from on-chip register area (H'FE8O to H'FFFF) ‘
!

‘ Wait for execution of current instruction to end ‘

1

‘ Address error exception handling

The PC value pushed on the stack isthe start address of the instruction immediately following the
last instruction executed.

Program code should not be located in addresses H'FE7D to H'FE7E. If program code is located
in these addresses, instruction prefetch will be attempted in the on-chip register area, causing an
address error.

Figure 4-8 shows the areas in which instruction prefetch leads to an address error.

<Page 0>
H'0000
H'FE7D
HFESO (3 bytes)
On-chip register area Areas in which instruction
H'EFEFE prefetch leads to address error

Figure4-8 Areasin which Instruction Prefetch Leadsto Address Error
4.3.2 AddressError in Word Data Access

An address error occursif an attempt is made to access word data starting at an odd address. The
PC value pushed on the stack is the address of the next instruction after the instruction that
attempted to access word data at an odd address.
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Figure 4-9 shows an example of illegal location of word data.

2m
2m+1 Lipperidata Word data located at
2m+2 Lower data odd address (error)

(Example) MOV.W @2m+1, RO causes
an address error.

Figure4-9 Exampleof Illegal Location of Word Data
4.3.3 AddressError in Single-Chip Mode

In single-chip mode there is no external memory, so in addition to the word access address errors
described in section 4.3.2, Address Error in Word Data Access, address errors can occur due to
access to missing areas in the address space.

(1) Accessto Addresses H'04000 to H'OEE7F and H'30000 to H'FFFFF: In single-chip mode
these addresses form a missing address area; they are assigned neither to on-chip memory nor
to on-chip registers.

Instruction prefetch, byte data access, or word data access in the missing address area causes an
address error. An address error also occursif an instruction is located in the last three bytes of on-
chip ROM in page 0, because the H8/500 CPU will attempt to prefetch the next instruction from
addresses H'04000 to H'04002 in the missing address area.

The same type of error will not occur if an instruction is located in the last three bytes of on-chip
ROM in page 1 or page 2.
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H'00000

H'03FFD
H'04000

H'OEE7F
H'OEES80

H'OFE7D
H'OFES80

H'OFFFF

Page 0

ROM area (3 bytes)
- Missing address area
‘ - (data access also causes an address error)

On-chip
RAM area

(3 bytes)

. . Areas in which instruction prefetch

On-chip register area leads to address error

Figure4-10 Areasin which Instruction Prefetch Leadsto Address Error
(Single-Chip Mode)

(2) Accessto Disabled RAM Area: When the on-chip RAM areais disabled in single-chip mode,
addresses H'04000 to H'OFE7F are also a missing area. Instruction prefetch, byte data access,
or word data access in this missing address area causes an address error. An address error also
occursif aninstruction islocated in the last three bytes of on-chip ROM in page 0, because the
H8/500 CPU will attempt to prefetch the next instruction from addresses H'04000 to H'04002

in the missing address area.

The same type of error will not occur if aninstruction islocated in the last three bytes of on-chip

ROM in page 1 or page 2.

H'00000
ROM area
/(3 bytes)

H'03FFD -
H'04000 | 1
H'OEESBO Lemmmmmmmmommomeeme E .

! - Missing address area

On-chip RAM area (data access also causes an address error)

(on-chip RAM

: disabled)
H'OFES8O '

On-chip register area Areas in which instruction prefetch

H'OFFFF leads to address error

Figure4-11 Areasin which Instruction Prefetch Leadsto AddressError
(Single-Chip Mode with On-Chip RAM Disabled)
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4.4 Trace

Trace mode can be used by adebug program, for example, to monitor the execution of a program
under test.

(1) Trace Mode: When the trace bit (T bit) in the status register (SR) is set to 1, the H8/500 CPU
operates in trace mode. A trace exception occurs at the completion of each instruction.

In trace exception handling the T hit in SR is cleared to 0 to disable trace mode. Theinterrupt
mask level in bits12to 10 is not changed, however; interrupts are accepted during trace exception
handling.

The trace exception-handling routine should end with an RTE instruction. When the trace routine
returns with the RTE instruction, the status register is popped from the stack and trace mode
resumes.

(2) Contention with Address Error Exception Handling: Address error exception handling
occurs at the end of abus cycle, so it does not normally conflict with trace exception handling.
Oneingstruction is aways executed after returning from exception handling, however, so
contention may occur at this point, requiring special consideration.

If address error and trace exceptions both occur at the end of an instruction, because of the priority
relationship between these exceptions, address error exception handling is carried out. Trace
mode is disabled during execution of the instruction that caused the address error and during the
address error exception handling routine. After return from address error exception handling, one
instruction is executed, then trace mode resumes.

4.5 Interrupts

There are five external sources of interrupt exception handling (NMI, IRQg, IRQ;, IRQ,, IRQ3)
and 39 sources in the on-chip supporting modules. Table 4-4 classifies the interrupt sources. The
on-chip supporting modules that can request interrupts are the 16-bit integrated timer pulse unit
(IPU), serial communication interfaces 1 and 2 (SCI1 and SCI2), A/D converter, and watchdog
timer (WDT).

NMI isthe highest-priority interrupt and is always accepted”. The other 43 interrupt sources are
controlled by the interrupt controller. The interrupt controller arbitrates between simultaneous
interrupts by means of internal registersin which interrupt priorities are assigned to each module.

Theinterrupt priorities are set in interrupt priority registers A to F (IPRA to IPRF) in the interrupt
controller. Aninterrupt priority level from 7 to O can be assigned to IRQO. A single priority level
from 7 to O can be assigned collectively to IRQ1, IRQ2, and IRQ3. Independent priority levels
from 7 to O can also be assigned to each of the on-chip supporting modules.
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Note : * The exception is when programming or erasing flash memory, in which case NMI input is
disabled. See section 19.4.9, “NMI Input Masking” and section 20.4.8, “NMI Input
Masking” for details.

The interrupt controller also controls the starting of the data transfer controller (DTC) in response
toaninterrupt. The DTC can transfer datain either direction between memory and 1/0 without
using the CPU.

Whether to start the DTC can be selected on an individual interrupt basis in data transfer enable
registers A to F (DTEA to DTEF) in the interrupt controller. The DTC is started if the
corresponding bit in DTEA to DTEF isset to 1. If thishit iscleared to O, interrupt exception
handling is carried out. A few interrupts, including NMI, cannot start the DTC. The CPU halts
during DTC operation.

For details of DTC interrupts, see section 7, “Data Transfer Controller.” Interrupt controller
functions are detailed in section 6, “Interrupt Controller.”

Table4-4 Interrupt Sources

Interrupt Category Number of Sources
External interrupts NMI 1

IRQO 1

IRQ1-IRQ3 3
Internal interrupts IPU 29

SClI1 4

SCI2/SCI3 4

A/D converter 1

WDT 1

4.6 Invalid Instructions

Aninvalid instruction is an instruction with an undefined operation code or illegal addressing
mode. If an attempt is made to execute an invalid instruction, the H8/500 CPU startsinvalid
instruction exception handling. The PC value pushed on the stack is the value of the program
counter when the invalid instruction code was detected.

In the invalid instruction exception-handling sequence the T bit of the status register is cleared to
0, but the interrupt mask level (12 to 10) is not changed.
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4.7 Trap Instructionsand Zero Divide

When the TRAPA or TRAP/V S instruction is executed, the H8/500 CPU starts trap exception
handling. If an attempt is made to execute a DIV XU instruction with a zero divisor, the H8/500
CPU starts zero divide exception handling.

In the exception-handling sequences for these exceptionsthe T bit of the status register is cleared
to O, but the interrupt mask level (12 to 10) is not changed.

If anormal interrupt is requested during execution of atrap or zero-divide instruction, interrupt
handling begins after the exception-handling sequence for the trap or zero-divide instruction has
been executed.

(1) TRAPA Instruction: When the TRAPA instruction is executed, the H8/500 CPU starts
exception handling according to the CPU operating mode.

The TRAPA instruction includes a vector number from 0 to 15. The start addressis read from the
corresponding location in the vector table.

(2) TRAP/VSInstruction: When the TRAP/V S instruction is executed, the H8/500 CPU starts
exception handling if the overflow (V) flag in the condition code register (CCR) isset to 1.

If theV flagis cleared to 0, no exception occurs and the next instruction is executed.

(3) DIVXU Instruction with Zero Divisor: The H8/500 CPU starts exception handling if an
attempt is made to divide by zero in a DIV XU instruction.
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4.8 Casesin which Exception Handling is Deferred

Exception handling of address errors, trace exceptions, external interrupt requests (NMI, IRQ,
IRQg, IRQ,, IRQ3), and internal interrupt requests (39 sources) is not carried out immediately
after execution of an interrupt-disabling instruction, reset exception, or data transfer cycle, but is
deferred until after the next instruction has been executed.

4.8.1 Instructionsthat Disable Exception Handling

Interrupts are disabled immediately after the execution of five instructions: XORC, ORC, ANDC,
LDC, and RTE.

After executing one of these instructions, the H8/500 CPU always executes the next instruction.
If the next instruction is also one of these five, the next instruction after that is executed too.
Exception handling starts after the next instruction that is not one of these five has been executed.
See the following example.

Example:

Program flow

@ Interrupt controller notifies H8/500 CPU

LDC.B #H'00,TP .
of interrupt request

MOV.W  #H'FE80,SP H8/500 CPU executes next instruction before

starting exception handling

MOV.B  #H'00,@WCR To exception handling
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4.8.2 Disabling of Exceptions | mmediately after a Reset

After carrying out reset exception handling, the H8/500 CPU always executes the initial
instruction.

If an interrupt is accepted after areset but before SP isinitialized, the program counter and status
register will not be saved correctly, leading to a program crash. To prevent this, in minimum
mode the first instruction after areset should initialize SP. In maximum mode, the first instruction
after areset should be an LDC instruction initializing TP, and the next instruction should initialize
SP.

4.8.3 Disabling of Interrupts after a Data Transfer Cycle

If an interrupt starts the data transfer controller and a second interrupt is requested during the data
transfer cycle, when the data transfer cycle ends, the H8/500 CPU always executes the next
instruction before handling the second interrupt.

Even if anonmaskable interrupt (NMI) occurs during a data transfer cycle, it is not accepted until
the next instruction has been executed. An example is shown next.

Example:

Program flow

<:| DTC interrupt request

/ Data transfer cycle |<_J NMI request

After data transfer cycle, H8/CPU executes
next instruction before starting exception
handling

ADD.W R2,RO

MOV.W  RO,@H'EF00

MOV.W  @H'EF02,RO To NMI exception handling
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4.9 Stack Statusafter Completion of Exception Handling

The status of the stack after exception handling is described next.

Table 4-5 shows the stack after completion of exception handling for various types of exceptions
in minimum and maximum modes.

Table4-5 Stack after Exception Handling

Exception
Source

Minimum Mode

Maximum Mode

Trace, interrupt, 8

trap instruction,
DIVXU
(zero divide)

SPD

SR (upper 8 bits)

SR (lower 8 bits)

TP:SP]>

Next instruction address (upper 8 bits)

Next instruction address (lower 8 bits)

A

SR (upper 8 bits)

SR (lower 8 bits)
Don't care

Next instruction page address (8 bits)

Next instruction address (upper 8 bits)

Next instruction address (lower 8 bits)

A ~

Note: The RTE instruction returns to the next instruction after the instruction being executed when

the exception occurred.

Invalid instruction ~

SP[>

~ ~

SR (upper 8 bits)

SR (lower 8 bits)
PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

TP:SP]>

SR (upper 8 bits)

SR (lower 8 bits)

Don'’t care

CP (8 bits) when error occurred

PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

~ Al

Note: The CP and PC values pushed on the stack are not necessarily the address of the first byte

of the invalid instruction.

Address error ~

SPD>

SR (upper 8 bits)

SR (lower 8 bits)
PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

TP:SPD

SR (upper 8 hits)

SR (lower 8 bits)
Don’t care

CP (8 bits) when error occurred

PC (upper 8 bits) when error occurred

PC (lower 8 bits) when error occurred

Note: The CP and PC values pushed on the stack are the address of the next instruction after

the last instruction executed.
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4.9.1 PC Value Pushed on Stack for Trace, Interrupts, Trap Instructions, and Zero Divide
Exceptions

The PC value pushed on the stack for atrace, interrupt, trap, or zero divide exception is the
address of the next instruction at the time when the interrupt was accepted.

4.9.2 PC Value Pushed on Stack for Address Error and Invalid I nstruction Exceptions

The PC value pushed on the stack for an address error or invalid instruction exception differs
depending on the conditions when the exception occurs.

4.10 Noteson Use of the Stack

When using the stack, pay attention to the following points. Mistakes may lead to address errors
when the stack is accessed, or may cause system crashes.

1. Alwaysset SP on an even address.

If SPindicates an odd address, an address error will occur when the H8/500 CPU accesses the
stack during interrupt handling or for a subroutine call. To keep SP pointing to an even
address, always use word data size when saving or restoring register data or other data to or
from the stack.

2. @-SPand @SP+ addressing modes

To keep SP pointing to an even address, in the @-SP and @SP+ addressing modes the
H8/500 CPU performs word access even if the instruction specifies byte size.

Thisis not true in the @—Rn (pre-decrement) and @Rn+ (post-increment) addressing modes
when Rnisaregister from RO to R6.
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Section 5 H8 Multiplier (HSMULT)

5.1 Overview

The on-chip multiplier module (H8MULT) can perform 16-bit x 16-bit signed or unsigned
multiply and multiply-accumulate operations. These operations can be speeded up by a bus-
stealing function.

5.1.1 Features
Features of the HSMULT module are listed below.
e 16-bit x 16-bit multiplication executed in two clock cycles

Signed or unsigned multiplication can be selected. Up to three multiplier values can be
designated in advance.

e Multiply-and-accumul ate operations can be executed in three clock cycles

Saturating or non-saturating operation can be selected. The results of non-saturating multiply-
accumulate operations are stored in 42-bit form. The results of saturating multiply-accumulate
operation are stored in 32-bit form. Up to three multiplier values can be designated in the

H8MULT registersin advance, an arrangement ideally suited for second-order digital filtering.

e Built-in bus-stealing function

For higher-speed operation, the bus-stealing function enables multipliers and multiplicands to
be loaded into HBMULT while the CPU is reading memory.
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5.1.2 Block Diagram

Figure 5-1 shows a block diagram of the HSMULT module.

Legend
MLTCR:
MLTAR:

MLTBR:
MCA:
MCB:
MCC:
MACXH:
MACH:
MACL:
MR:
MMR:

MLTMAR:

C

<

Internal address bus (A5 to Ag) >
Internal data bus (D15 to Dg) >
MLTBR
] ]
= [ i [ =
Y Y
MLTCR | MLTAR || MLTMAR |
S-ON
V 'y
@ I
2 MAC,
<
g MUL,
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Q
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]
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A
V
-~ MCA
Multiplier matrix
- MACXH - MCB
- MACH
- MACL MCC
S~ -~ MR
MULT control register
MULT multiplier address register <—>| MMR
MULT multiplicand address register |

MULT base address register

MULT multiplier register A

MULT multiplier register B

MULT multiplier register C

MULT result register, extended high word
MULT result register, high word

MULT result register, low word

MULT immediate multiplier register
MULT immediate multiplicand register

Figure5-1 H8MULT Block Diagram
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5.1.3 Register Configuration

Table 5-1 summarizes the internal registers of the HSMULT module. The type of operation
(multiply or multiply-accumulate, signed or unsigned) and the bus-stealing function can be
selected by register settings.

Table5-1 H8MULT Registers

Type Address  Name Abbreviation R/W Initial Value
Control H'FFAO MULT control register MLTCR R/W  H'38
reQISIrS | 'EFA1  MULT base address register MLTBR RIW  H00
H'FFA2 MULT multiplier address MLTAR R/W  H'00
register
H'FFA3 MULT multiplicand address MLTMAR R/W  H'00
register
Arithmetic  H'FFBO MULT multiplier register A MCA R/W  H'0000
; “1
regISIers =\ \FER2  MULT multiplier register B MCB RIW  H'0000
H'FFB4 MULT multiplier register C MCC R/W  H'0000
H'FFB6 MULT result register, extended ~ MACXH R/W  Undetermined
high word
H'FFB8 MULT result register, high word  MACH R/W*2 Undetermined
H'FFBA MULT result register, low word MACL R/W*2 Undetermined
H'FFBC MULT immediate multiplier MR w Undetermined
register
H'FFBE MULT immediate multiplicand MMR W Undetermined
register

Notes: 1. The arithmetic registers require word-size access. Byte-size access is not supported.
If byte-size access is attempted, subsequent results may be incorrect.
2. MULT result registers MACH and MACL cannot be modified independently. Write
access to MACH must be immediately followed by write access to MACL, so that the
modification takes place 32 bits at a time.

Example: MDV.W #aa:16, @MACH } These instructions must be executed
MDV.W #aa:16, @ MACL consecutively.
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5.2 Register Descriptions
This section describes the HSMULT registers.
5.2.1 MULT Control Register

The MULT control register (MLTCR) is an eight-bit readable/writable register that clears the
MULT result registers, selects the type of multiplication operation, and selects the bus-stealing
function. The bit structure of MLTCR is shown next.

Bit 7 6 5 4 3 2 1 0
| ctR | son| — | — | — [ sieN | muL | wmAc |
Initial value 0 0 1 1 1 0 0 0
RIW RIW RIW R R R RW  RW  RW
]

Multiply-accumulate bit

Enables or disables the
multiply-accumulate
function

Multiply bit
Enables or disables
the multiply function

Sign bit
Selects signed arithmetic

—Reserved bits

—Bus-steal on bit
Enables or disables the bus-stealing function

—Clear bit

Simplifies the procedure for initializing MULT result
registers MACXH, MACH, and MACL
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(1) Bit 7—Clear (CLR): The purpose of this bit isto simplify the procedure for initializing
MULT result registers MACXH, MACH, and MACL. If the CLR bit isset to 1, when awrite
access is made to one of these three registers (MACXH, MACH, or MACL), regardless of the
value of the write data, the other two registers are initialized to H'0000.

(2) Bit 6—Bus-Steal On (S_ON): Enables or disablesthe bus-stealing function. If the S_ON bit
isset to 1, data can be set in the MULT registers at the same time as the CPU accesses memory. If
the S _ON hit is cleared to O, this bus-stealing function is disabled.

For further information, see section 5.3.3 “Bus-Stealing Function.”

(3) Bits5to 3—Reserved: These bits are reserved for future expansion. They are alwaysread as
1 and cannot be modified.

(4) Bit 2—Sign (SIGN): Specifies signed arithmetic. The multiplication is performed in signed
mode if the SIGN bit is set to 1, and in unsigned mode if the SIGN bit is cleared to 0. When a
multi ply-accumulate operation is executed, the operation is performed in non-saturating mode or
saturating mode. The results of saturating multiply-accumulate operations are stored in 32-bit form
of MACH and MACL registers. In this case, MACXH register is not used. When an overflow
occurs, set bit 0 in the MACXH register to 1. The results of non-saturating multiply-accumul ate
operations are stored in 42-bit form of MACXH, MACH, and MACL registers. In this case, an
overflow is not detected.

For details on the SIGN bit and the operation contents, see section 5.3.4 “Multiply and Multiply-
Accumulate Functions.”

(5) Bit 1—Multiply (MUL): Enables or disables the multiply function. The multiply function is
enabled when the MUL bit is set to 1. Do not set both the MUL bit and MAC bit (bit 0) to 1 at the
sametime. If both bits are set to 1, neither function is enabled.

(6) Bit 0—Multiply-Accumulate (MAC): Enables or disables the multiply-accumulate function.
The multiply-accumulate function is enabled when the MAC bit is set to 1. Do not set both the
MAC bit and MUL bit (bit 1) to 1 at the same time. If both bits are set to 1, neither functionis
enabled.
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5.2.2 MULT Base Address Register

The MULT base address register (MLTBR) is a readable/writable register that specifies the upper
eight bits of the memory address of the multiplier or multiplicand in multiply or multiply-
accumulate operations when the bus-stealing function is enabled.

Bit 7 6 5 4 3 2 1 0
L] | | | | | ]

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

5.2.3 MULT Multiplier Address Register

The MULT multiplier address register (MLTAR) is a readable/writable register that specifiesthe
lower eight bits of the memory address of the multiplier in multiply or multiply-accumulate
operations when the bus-stealing function is enabled.

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

5.2.4 MULT Multiplicand Address Register

The MULT multiplicand address register (MLTMAR) is areadable/writable register that specifies
the lower eight bits of the memory address of the multiplicand in multiply or multiply-accumulate
operations when the bus-stealing function is enabled.

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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5.25 MULT Multiplier Register A

MULT multiplier register A (MCA) is a 16-bit readable/writable register that stores amultiplier for
use in multiply or multiply-accumulate operations.

Bit 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 RW RW RW R/W RW RW R/W R/W R/W R/W R/W

Note: MCA requires word-size access.
5.2.6 MULT Multiplier Register B

MULT multiplier register B (MCB) is a 16-hit readabl e/writable register that stores a multiplier for
use in multiply or multiply-accumulate operations.

Bit 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 RW RW RW R/W RW RW R/W R/W R/W R/W R/W

Note: MCB requires word-size access.
5.2.7 MULT Multiplier Register C

MULT multiplier register C (MCC) is a 16-bit readable/writable register that stores a multiplier for
use in multiply or multiply-accumulate operations.

Bit 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 RW RW RW RW RW RW RW R/W R/W R/W R/W

Note: MCC requires word-size access.
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5.2.8 MULT Immediate Multiplier Register

The MULT immediate multiplier register (MR) is a 16-bit write-only register into which a
multiplier value can be loaded for use in multiply or multiply-accumulate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value — — — — - - - - = = = = = = = =

R/W w W W W W W W W W W W W W W W W

MR isawrite-only register. When read, it always returns H'FFFF.
Note: MR requires word-size access.
5.2.9 MULT Immediate Multiplicand Register

The MULT immediate multiplicand register (MMR) is a 16-bit write-only register into which a
multiplicand value can be loaded for use in multiply or multiply-accumul ate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valueg — — — @ — - @ - @ — @ — = = = = = = = =
R/W W W W W W W W W w W W w W W W W

MMR is awrite-only register. When read, it always returns H'FFFF.

Note: MMR requires word-size access.

100



5.2.10 MULT Result Register, Extended High Word

The MULT result register (MACXH) is a 16-hit readable/writable register that stores the upper 10
bits of the 42-bit result of a non-saturating multiply-accumulate operation. The sign-extended
value of bit 9isset in bits 15 to 10 of MACXH.

MACXH isnot used in multiply operations, and bits 15 to 1 are not used in saturating multiply-
accumulate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valug — @ — — @ — @ - @ - @ - @ - @ - - - —- — = = —
R/W R/W R/W R/W R/W R/W R/W R/W RW R/W R/W RW R/W R/W R/W R/W R/W

Bit O of the MACXH register is an overflow flag (OVF) that is set to 1 when the result of a
saturating multiply-accumul ate operation overflows.

Note: MACXH requires word-size access.
5.2.11 MULT Result Register, High Word

The MULT result register, high word (MACH) is a 16-bit readable/writable register that stores bits
31 to 16 of anon saturating multiply-accumulate operation.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valug — @ — — @ — @ - @ - - - - - - - - = = -
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

Note: MACH requires word-size access.
5.2.12 MULT Result Register, Low Word

The MULT result register, low word (MACL) is a 16-bit readable/writable register that stores bits
15 to 0 of a non saturating multiply-accumul ate operation.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial valug — @ — @ — @— @ - @ - @ - @ - @ - - = = = = = —
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RW RW RW R/W R/W R/W

Note: MACL requires word-size access.
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5.3 Operation

The operation of the H8/539F's on-chip multiplier module will be described in the following
order: initialization of MULT result registers; register write; bus-stealing function; then multiply
and multiply-accumul ate operations.

5.3.1 Initialization of MULT Result Registers

MULT result registers MACXH, MACH, and MACL are not initialized by areset. In amultiply-
accumulate operation, in which the multiplication result is added to the value in the MULT result
registers, the MULT result registers must be initialized before use, either by clearing them or by
writing the necessary values in them ahead of time. Initialization is not necessary when these
registers are only used for multiplication.

Initialization should be performed by one of the following methods.

(1) Individual Register Initialization: The registers can beinitialized by writing to them
individually. The MACH and MACL registers must be written to consecutively.

Example:

MOV.W #H'0000, @MACXH
MOV.W #H'0000, @MACH ; Do not change the order of these two instructions
MOV.W #H'0000, @MACL

or

CLRW @MACXH
CLR.W @MACH ; Do not change the order of these two instructions
CLRW @MACL

(2) One-Step Initialization: All three registers can beinitialized at once. MACXH, MACH, and
MACL areall initialized to #H'0000, regardless of the write data.

Example:

BSET.B #7, @MLTCR ; Set CLR bitin MLTCR
MOV.W #aa:16, @MACXH ; Destination can be @MACH or @MACL instead
(BCLR.B #7, @MLTCR)

The one-step initialization function operates at a write accessto MACXH, MACH, or MACL. It
does not operate at aread access, or awrite access to any other register, so the CLR bit does not
necessarily have to be cleared to O after one-step initialization.
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5.3.2 Writingto MULT Multiplier Registers

The MULT multiplier registers (MCA, MCB, MCC) can be loaded by writing to them directly, or
by bus stealing. The bus-stealing function and direct writing are performed independently for
MCA, MCB, and MCC, so both types of loading can be used together.

(1) Direct Writing: This method writesto MCA, MCB, or MCC by direct addressing. Specify the
address of MCA, MCB, or MCC as the destination operand in awrite instruction. Be sureto use a
word-size instruction.

Example:
MOV.W #aa:16, @MCA ; Write 16-bit data#aain MCA

(2) Loading Data by Bus Stealing: When the CPU accesses its memory address space, the data
on the data bus can be loaded automatically into aMULT multiplier register (bus stealing). Bus
stealing is performed only for particular addresses, which are specified in the MULT multiplier
address register (MLTAR) and MULT base address register (MLTBR).

For further information, see section 5.3.3 “Bus-Stealing Function.”
Example:

BSET.B #6, @MLTCR ;
MOV.B #H'FE, @MLTBR ; Set up bus-stealing function
MOV.B #H'80, @MLTAR ;

MOV.W #aa:16, @FES0 ; Write data #aa:16 to @FES0 and load same datainto MCA

MOV.W @FES80, RO ; Read data from @FE80 and load same datainto MCA
. ; TST.W @FEB8O instruction would do the same

5.3.3 Bus-Stealing Function

The bus-stealing function loads the value on the data bus into the HSMULT module when the CPU
accesses its memory address space. The bus-stealing function can be used to multiply or multiply-
and-accumulate two values stored in memory.

The bus-stealing function can be enabled or disabled by bit 6 (S_ON) inthe MULT control register
(MLTCR).
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(1) Loading of Multiplier by Bus Stealing: Figure 5-2 shows the loading of datainto register
MCA by bus stealing. If the S_ON hit is set to 1, the HSMULT module monitors the address bus
when the CPU accesses its memory address space, and compares the address on the bus with the
MULT base address register (MLTBR) and MULT multiplier address register (MLTAR).

If MLTBR (upper 8 bits) and MLTAR (lower 8 hits) = @aa: 16, the data on the data bus is loaded
into MULT multiplier register A (MCA).

If MLTBR (upper 8 bits) and MLTAR (lower 8 bits) + 2 = @aa: 16, the data on the databusis
loaded into MULT mulltiplier register B (MCB).

If MLTBR (upper 8 bits) and MLTAR (lower 8 bits) + 4 = @aa: 16, the data on the databusis
loaded into MULT muiltiplier register C (MCC).

Direct write control section «+——————— — Bus-stealing control section

< Address bus (@aa:16) >

< Data bus (#aa:16) >

Upper 8 Lower 8
\ address bits address bits
| MLTBR | | MLTAR

Address decoder

(@aa: 16)

Write Address comparator

>
\J S_ON (MLTCR bit 6)
MCA (#aa: 16) [ ~ | Readiuri
A Bus | ead/write
MCB —|interface
mcc - Controls writing to registers

Data on bus loaded into MCA

Figure5-2 Loading of Datainto Register MCA by Bus Stealing
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(2) Loading of Multiplicand and Activation of Multiplier by Bus Stealing: Figure 5-3 shows
the loading of the multiplicand and automatic selection of the multiplier register by bus stealing. If
theS_ON bit isset to 1, the HSMULT module monitors the address bus when the CPU accesses its
memory address space, and compares the address on the bus with the MULT base address register
(MLTBR) and MULT multiplicand address register (MLTMAR).

If MLTBR (upper 8 bits) and MLTMAR (lower 8 hits) = @aa: 16, the data on the data bus is loaded
as the multiplicand, the multiplier is fetched from MULT multiplier register A (MCA), and these
values are multiplied, or multiplied and accumul ated.

If MLTBR (upper 8 hits) and MLTMAR (lower 8 bits) + 2 = @aa: 16, the multiplier is fetched
from MULT multiplier register B (MCB).

If MLTBR (upper 8 hits) and MLTMAR (lower 8 bits) + 4 = @aa: 16, the multiplier is fetched
from MULT multiplier register C (MCC).

< Address bus (@aa:16) >
< Data bus (#aa:16) >

| Upper 8 Lower 8
Activate multiplier | address bits address bits
matrix (@aa:16) | MLTBR | | MLTMAR

\1 Multiplicand

<

-l

Address comparator

Multiplier matrix
S_ON (MLTCR bhit 6)

-
Multiplier

Read/write
MCA (#aa: 16) N Bus-stealing control section -----------
| Bus | |
MCB " |interface
MCC > Multiplier selected automatically

Figure5-3 Loading of Multiplicand and Activation of Multiplier by Bus Stealing
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5.3.4 Multiply and Multiply-Accumulate Functions

The HBMULT module can execute 16 x 16-bit multiplication, and accumulate products up to a
datalength of 42 bits. The multiplier and multiplicand on which arithmetic is carried out can be
specified in two ways. They can be loaded directly into the HSMULT module, or datain memory
can be loaded into the HBMULT module by the bus-stealing function. Multiply and multiply-
accumulate operations are described below.

(1) Multiply: Direct Loading of Multiplier and Multiplicand: The procedure is given next.
(8) Select the multiply function.

— Unsigned multiplication: Set bits2to 0 (SIGN, MUL, MAC) inthe MULT control register
(MLTCR) to 010.

— Signed multiplication: Set MLTCR bits 2 to 0 (SIGN, MUL, MAC) to 110.

Thre results are stored in 42-bit form of MACXH, MACH and MACL registers. In this case,
an overflow is not detected.

(b) Set the multiplier and multiplicand.

Load the multiplier into the MULT immediate multiplier register (MR), then load the
multiplicand into the MULT immediate multiplicand register (MMR). The multiplier matrix is
activated automatically when the multiplicand is loaded.

Be sure to use word-size data transfer instructions to load the multiplier and multiplicand. The
instruction that loads MMR must be executed immediately after the instruction that loads MR.
A coding example is given next.

Example: signed multiplication, #AAAA x #BBBB

MOV.B #06, @MLTCR ;SIGN=1,MUL =1
MOV.W #AAAA, @MR ; Load multiplier
MOV.W #BBBB, @MMR ; Load multiplicand and start multiplying
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(2) Multiply: Multiplier Loaded by Bus Stealing, M ultiplicand L oaded Directly: The
procedure is given next.

(a) Select the multiply function.
See under ().
(b) Select the bus-stealing function.

Set bit 6 (S_ON) to 1 in the MULT control register (MLTCR), and specify the address at
which the multiplier will be located in the MULT base address register (MLTBR) and MULT
multiplier address register (MLTAR). The multiplier can be located in any of three words
starting at the specified address. Place the upper eight bits of the addressin MLTBR and the
lower eight bitsin MLTAR. See the example in figure 5-4.

H8MULT Memory
MLTBR #EE Set this address
MLTAR #80 \
H'EE80 #(multiplier 0)
H'EE82 #(multiplier 1)
H'EE84 #(multiplier 2)

Figure5-4 MLTBR and MLTAR Settings
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(c) Set the multiplier and multiplicand

The multiplicand must be set immediately after the multiplier. First access the multiplier in
memory, then load the multiplicand into MMR. The multiplier matrix is activated
automatically when the multiplicand is loaded.

Be sure to use word-size instructions to access the multiplier in memory and load the
multiplicand. These instructions must be executed consecutively.

A coding example is given next. Figure 5-5 shows the data flow.

Example: Unsigned multiplication, multiplier x #8BBB, multiplier loaded from @EE80 on
memory by bus stealing

MOV.B #42, @MLTCR ;SON=1,MUL=1
MOV.B #EE, @MLTBR
MOV.B #80, @MLTAR ; Multiplier address = #EE80

MOV.W @EES80, RO ; Access multiplier address
; Bus-stealing function loads multiplier into MCA
MOV.W #BBBB, @MMR ; Load multiplicand to start multiplying multiplier x #BBBB

Memory
RO ;
H8MULT H'EE80 #(multiplier 0)
MLTBR #HEE H'EE82 #(multiplier 1)
MLTAR #80 H'EE84 #(multiplier 2)

Multiplier matrix

#BBBB | g(multiplier 0) is loaded by bus stealing
into MCA and multiplier matrix

MCA -

MCB

MCC

Figure5-5 Multiplication Data Flow
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(3) Multiply: Multiplier and Multiplicand L oaded by Bus Stealing
(@) Select the multiply function.

See under ().
(b) Select the bus-stealing function.

See under (2) (b).

To load the multiplicand by bus stealing, in addition to the stepsin (2) (b), set the lower eight
bits of the address where the multiplicand will be located in the MULT multiplicand address
register (MLTMAR). See the examplein figure 5-6.

M
H8MULT emow
MLTBR #EE / H'EE80 #(multiplier 0)
MLTAR #80 H'EE82 #(multiplier 1)

MLTMAR #A0 \ H'EE84 #(multiplier 2)

H'EEAO #(multiplicand 0)
H'EEA2 #(multiplicand 1)
H'EEA4 #(multiplicand 2)

Figure5-6 MLTBR, MLTAR, and MLTMAR Settings
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(c) Set the multiplier and multiplicand

Access the multiplier, then the multiplicand. The two accesses do not have to be consecutive.
When the multiplier is accessed in memory, it istemporarily stored in one of the MULT
multiplier registers (MCA, MCB, or MCC) by the bus-stealing function. After that, when the
multiplicand is accessed, the multiplier is fetched from MCA, MCB, or MCC, the multiplier
and multiplicand are both loaded into the HSMULT module, and multiplication begins.

The register from which the multiplier is fetched is determined by the multiplicand address.
For details see section 5.3.3 “Bus-Stealing Function.” A coding exampleis given next. Figure
5-7 shows the data flow.

Example:  Unsigned multiplication, multiplier (@EE80) x multiplicand (@EEAOQ), loaded
from memory by bus stealing

MOV.B #42, @MLTCR ; SON=1,MUL=1

MOV.B #EE, @MLTBR

MOV.B #80, @MLTAR ; Multiplier address = #EE80
MOV.B #A0, @MLTMAR ; Multiplicand address = #EEAQ
MOV.W @EES0, RO ; Access multiplier address

; Bus-stealing function loads multiplier into MCA

MOV.W @EEAO, RO ; Access multiplicand address; HBMULT loads multiplicand
by bus-stealing function, gets multiplier from MCA,
loads multiplier into multiplier matrix, and starts
multiplying
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(4) Multiply and Accumulate: Direct L oading of Multiplier and Multiplicand: The procedure
isgiven next.

@

(b)

Select the multiply-accumulate function.

— Saturating accumulation: Set bits 2 to 0 (SIGN, MUL, MAC) inthe MULT control register
(MLTCR) to 001. The results are stored in 32-bit form in the MACH and MACL registers.
When an overflow occurs, bit 0in the MACXH register isset to 1.

— Non-saturating accumulation: Set bits 2 to 0 (SIGN, MUL, MAC) in the MULT control
register (MLTCR) to 101. The results are stored in 42-bit form in the MACXH, MACH,
and MACL registers. In this case, an overflow is not detected.

Set a constant and specify the multiplier and multiplicand.

First set a constant in the MULT result registers (MACXH, MACH, MACL), or clear these
registers. Next load the multiplier into the MULT immediate multiplier register (MR), then
load the multiplicand into the MULT immediate multiplicand register (MMR). The multiplier
matrix is activated automatically when the multiplicand is loaded.

The operation performed is (multiplier) x (multiplicand) + (constant).

Be sure to use word-size data transfer instructions to load the multiplier and multiplicand. The
instruction that loads MMR must be executed immediately after the instruction that loads MR.
A coding exampleis given next.

Example: Non-saturating multiply-accumulate, #AAAA x #BBBB + #CCCC

BSET.B #7, @MLTCR ;CLR=1
CLRW @MACXH ; Initialize MACXH, MACH, and MACL
BCLR.B #7, @MLTCR ;CLR=0

MOV.W #0000, @MACH

MOV.W #CCCC, @MACL  ; Set 32-hit constant

MOV.B #05, @MLTCR ;SIGN=1,MUL =1

MOV.W #AAAA, @MR ; Load multiplier

MOV.W #BBBB, @MMR ; Load multiplicand and start multiplying
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(5) Multiply and Accumulate: Multiplier Loaded by Bus Stealing, M ultiplicand L oaded
Directly: The procedureis given next.

@

(b)

(©

Select the multiply-accumul ate function.
See under (4).
Select the bus-stealing function.

Set bit 6 (S_ON) to 1 inthe MULT control register (MLTCR), and specify the address at
which the multiplier will be located in the MULT base address register (MLTBR) and MULT
multiplier address register (MLTAR). The multiplier can be located in any of three words
starting at the specified address. Place the upper eight bits of the addressin MLTBR and the
lower eight bitsin MLTAR.

Set the multiplier and multiplicand

The multiplicand must be set immediately after the multiplier. First access the multiplier in
memory, then load the multiplicand into MMR. The multiplier matrix is activated
automatically when the multiplicand is loaded.

Be sure to use word-size instructions to access the multiplier in memory and load the
multiplicand. These instructions must be executed consecutively.

A coding example is given next.

Example: Saturating accumulation, multiplier x #BBBB + #CCCC, multiplier loaded from
@EES80 on memory by bus stealing

BSET.B #7, @MLTCR ;CLR=1
CLRW @MACXH
BCLR.B #7, @MLTCR ;CLR=0

MOV.W #0000, @MACH
MOV.W #CCCC, @MACL

MOV.B #41, @MLTCR i SON=1MAC=1
MOV.B #EE, @MLTBR

MOV.B #80, @MLTAR ; Multiplier address = #EE80
MOV.W @EES80, RO ; Access multiplier address

Bus-stealing function loads multiplier into MCA
MOV.W #BBBB, @MMR ; Load multiplicand to start multiply-accumulate operation
multiplier x #BBBB + #CCCC.
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(6) Multiply and Accumulate: Multiplier and Multiplicand L oaded by Bus Stealing
(@) Select the multiply-accumulate function.

See under (4).
(b) Select the bus-stealing function.

See under (5) (b).

To load the multiplicand by bus stealing, in addition to the stepsin (5) (b), set the lower eight
bits of the address where the multiplicand will be located in the MULT multiplicand address
register (MLTMAR).

(c) Set the multiplier and multiplicand

Access the multiplier, then the multiplicand. The two accesses do not have to be consecutive.
When the multiplier is accessed in memory, it istemporarily stored in one of the MULT
multiplier registers (MCA, MCB, or MCC) by the bus-stealing function. After that, when the
multiplicand is accessed, the multiplier is fetched from MCA, MCB, or MCC, the multiplier
and multiplicand are both loaded into the HSBMULT module, and multiplication begins.

The register from which the multiplier is fetched is determined by the multiplicand address.
For details see section 5.3.3 “Bus-stealing function.” A coding example is given next.

Example: Saturating multiplication and accumulation, bus stealing,
multiplier (@EES80) x multiplicand (@EEAOQ) + #CCCC

BSET.B #7, @MLTCR ;CLR=1
CLRW @MACXH
BCLR.B #7, @QMLTCR ;CLR=0

MOV.W #0000, @MACH
MOV.W #CCCC, @MACL

MOV.B #41, @MLTCR ;SON=1 MAC=1
MOV.B #EE, @MLTBR
MOV.B #80, @MLTAR ; Multiplier address = #EE80

MOV.B #A0, @MLTAR ; Multiplicand address = #EEAQ

MOV.W @EES80, RO ; Access multiplier address
Bus-stealing function loads multiplier into MCA

MOV.W @EEAO, RO ; Access multiplicand address; HBMULT loads multiplicand
by bus-stealing function, fetches multiplier from MCA,
loads multiplier into multiplier matrix, and starts multiplying

113



Section 6 Interrupt Controller

6.1 Overview

Theinterrupt controller decides when to start interrupt exception handling and when to start the
datatransfer controller (DTC), and arbitrates between competing interrupts. This section
describes the interrupts and the functions, features, internal structure, and registers of the interrupt
controller.

For details of data transfers performed by the DTC, see section 7, “Data Transfer Controller.”
6.1.1 Features

The features of the interrupt controller are:

e Sixinterrupt priority registers (IPR)

Priority levels from 7 to O can be assigned to IRQO, IRQ1 to IRQ3, and each of the on-chip
supporting modules, covering al interrupts except NMI.

e Default priority order for simultaneous interrupts on the same level

L ower-priority interrupts remain pending until higher-priority interrupts have been handled.
NMI has the highest priority level (8) and cannot be masked.*

e Six datatransfer enable (DTE) registers
Software can select which interrupts (other than NMI) to have served by the DTC.

Note: * The exception is when programming or erasing flash memory, in which case NMI input is
disabled. Seesection 19.4.9, “NMI Input Masking” and section 20.4.8, “NMI Input
Masking” for details.
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the interrupt controller.

e EnERREEEEEEEEE Interrupt controller - - - - -
NMI 3 - NMI
N — 1 request
IRQo i g |
= | e) |
IRQ1-3 L i 1
1% ~ | S !
< ! o 2 :
c IPU —Z S !
2y | : ) i
se : : ° > |
gg VOT BES g i
=) I o = I
< SCI1 i o = I |
g g / I o g ' { )—=Interrupt
5 6 SCI2/SCI3 3 | s " request
2 = | A/D converter : o !
Q ! L | |
= | w !
! L |
s 5 A 3
s 3 s
| w J — [ )=DTC
: a i request
11[10] SR(cPU)
Legend
IPU: Integrated-timer pulse unit
WDT: Watchdog timer
SCI:  Serial communication interface
SR:  Status register
IPR: Interrupt priority register
DTE: Data transfer enable register

Figure6-1 Block Diagram of Interrupt Controller
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6.1.3 Register Configuration

Theinterrupt controller has six interrupt priority registers (IPRA to IPRF) and six data transfer
enable registers (DTEA to DTEF). See section 7.2.5, “Data Transfer Enable Registers A to F” for
details of DTEA to DTEF.

Table 6-1 summarizes these registers.

Table6-1 Interrupt Controller Registers

Address Name Abbreviation R/W Initial Value
H'FF00 Interrupt priority register A IPRA R/W H'00
H'FFO1 Interrupt priority register B IPRB R/W H'00
H'FF02 Interrupt priority register C IPRC R/W H'00
H'FF03 Interrupt priority register D IPRD R/W H'00
H'FF04 Interrupt priority register E IPRE R/W H'00
H'FFO5 Interrupt priority register F IPRF R/W H'00
H'FF08 Data transfer enable register A DTEA R/W H'00
H'FF09 Data transfer enable register B DTEB R/W H'00
H'FFOA Data transfer enable register C DTEC R/W H'00
H'FFOB Data transfer enable register D DTED R/W H'00
H'FFOC Data transfer enable register E DTEE R/W H'00
H'FFOD Data transfer enable register F DTEF R/W H'00

Table 6-2 summarizes the NMI control register (NMICR), IRQ control register (IRQCR), and IRQ
flag register (IRQFR).

Table6-2 Interrupt Controller Registers

Address Name Abbreviation R/W Initial Value
H'FF1C NMI control register NMICR R/W H'FE
H'FF1D IRQ control register IRQCR R/W H'FO
H'FEDE IRQ flag register IRQFR R/W HF1

117



6.2 Interrupt Sources

There are two types of interrupts: external interrupts (NMI, IRQO, and IRQ1 to IRQ3.), and
internal interrupts (39 sources). Table 6-3 indicates the default priority order and vector addresses
of these interrupts.

When multiple interrupts occur simultaneously, the interrupt with the highest priority is served
first. Using IPRA to IPRF, software can assign priorities to interrupts on amodule basis. Relative
priorities within the same module are fixed. If the same priority is assigned to two or more
modules, simultaneous interrupt requests from those modules are served in the priority order
shown in table 6-3.

After areset, al interrupts except NMI are assigned priority O and are disabled.
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Table 6-3 Interrupt Prioritiesand Vector Addresses

Assignable Priority
Priority Priority ~ Vector Table Entry Address among
Levels Corresponding within Minimum Maximum Interrupts on
Interrupt Source (initial value) IPR Bits Module  Mode Mode Same Level
NMI 8(8) — — H'0016-0017 H'002C-002F High
IRQO 7-0 (0) IPRA 2 H'0040-0041 H'0080-0083 A
Interval timer upper 1 H'0042-0043 H'0084-0087
A/ID 4 hits 0 H'0044-0045 H'0088-008B
converter AP!
IRQ1 7-0 (0) IPRA 2 H'0048-0049 H'0090-0093
IRQ2 lower 1 H'004A-004B  H'0094-0097
IRQ3 4 hits 0 H'004C-004D H'0098-009B
IPU IMI1 7-0 (0) IPRB 3 H'0050-0051 H'00A0-00A3
channel IMI2 upper 2 H'0052-0053 H'00A4-00A7
1 CMI1/CMI2 4 bits 1 H'0054-0055 H'00A8-00AB
ovi 0 H'0056-0057 H'O0AC-00AF
IMI3 7-0 (0) IPRB 2 H'0058-0059 H'00B0-00B3
IMI4 lower 1 H'005A-005B H'00B4-00B7
CMI3/CMI4 4 bits 0 H'005C-005D H'00B8-00BB
IPU IMI1 7-0 (0) IPRC 3 H'0060-0061 H'00C0-00C3
channel IMI2 upper 2 H'0062-0063 H'00C4-00C7
2 CMI1/CMI2 4 hits 1 H'0064-0065 H'00C8-00CB
ovi 0 H'0066—0067 H'00CC-00CF
IPU IMI1 7-0 (0) IPRC 3 H'0068-0069 H'00D0-00D3
channel IMI2 lower 2 H'006A-006B H'00D4-00D7
3 CMI1/CMI2 4 hits 1 H'006C-006D H'00D8-00DB
ovi 0 H'006E-006F H'00DC-00DF
IPU IMI1 7-0 (0) IPRD 3 H'0070-0071 H'O0EO-00E3
channel IMI2 upper 2 H'0072-0073 H'O0E4-00E7
4 CMI1/CMI2 4 hits 1 H'0074-0075 H'O0E8-00EB
ovi 0 H'0076-0077 H'OOEC-00EF
IPU IMI1 7-0 (0) IPRD 3 H'0078-0079 H'O0F0—00F3
channel IMI2 lower 2 H'007A-007B H'00F4-00F7
5 CMI1/CMI2 4 hits 1 H'007C-007D H'00F8-00FB
ovi 0 H'007E-007F H'O0FC-00FF
IPU IMI1 7-0 (0) IPRE 2 H'0080-0081 H'0100-0103
channel IMI2 upper 1 H'0082-0083 H'0104-0107
6 ovI 4 hits 0 H'0086-0087 H'010C-010F
IPU IMI1 7-0 (0) IPRE 2 H'0088-0089 H'0110-0113
channel IMI2 lower 1 H'008A-008B H'0114-0117
7 ovi 4 bits 0 H'008E-008F H'011C-011F
SCi1 ERI1 7-0 (0) IPRF 3 H'0090-0091 H'0120-0123
RI1 upper 2 H'0092-0093 H'0124-0127
TI1 4 bhits 1 H'0094-0095 H'0128-012B
TEI1 0 H'0096-0097 H'012C-012F
SCl2/ ERI2/ERI3  7-0 (0) IPRF 3 H'0098-0099 H'0130-0133
SCI3 RI2/RI3 lower 2 H'009A-009B H'0134-0137
TI2/TI3 4 bhits 1 H'009C-009D H'0138-013B Y
TEI2/TEI3 0 H'009E-009F H'013C-013F Low
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Thefive externa interrupts are NMI and IRQO to IRQ3.

Each external interrupt is described bel ow.

6.2.1 NMI Interrupt

NMI has the highest interrupt priority level (8) and cannot be masked*. Input at the NMI pinis
edge-sensed. Either the rising edge or falling edge can be selected by setting or clearing the
nonmaskabl e interrupt edge bit (NMIEG) in the NMI control register (NMICR).

In NMI exception handling the T hit in the status register (SR) isclearedto 0 and 12to 10 are all
set to 1, thereby setting the interrupt mask level to 7.

Note: * The exception is when programming or erasing flash memory, in which case NMI input is
disabled. Seesection 19.4.9, “NMI Input Masking” and section 20.4.8, “NMI Input
Masking” for details.

NMI Control Register (Address H'FF1C): The NMI control register (NMICR) selects the
sensitive edge of the NMI input. NMICRisinitialized to H'FE by areset and in hardware standby
mode. Itisnot initialized in software standby mode. The NMICR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0
- - -1 - = = [ — [nwec]

Initial value 1 1 1 1 1 1 1 0

R/W — — — — — — — R/W

Nonmaskable

interrupt edge
. Selects sensitive
Reserved bits edge of NMI input

(1) Bits7to1—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 0—NonmaskableInterrupt Edge (NMIEG): Selects the sensitive edge of the NMI
input.

Bit O

NMIEG Description

0 NMI is requested on falling edge of NMI input (Initial value)
1 NMI is requested on rising edge of NMI input
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6.2.2 IRQO Interrupt

An IRQO interrupt can be requested by an interrupt signal from the IRQg pin or an interrupt signal
from the watchdog timer (WDT). These two interrupt sources have different vectors.

Theinterrupt from the IRQg pin islevel-sensed. A TRQ input requests an IRQO interrupt if the
interrupt request enable 0 bit (IRQOE) in the IRQ control register (IRQCR) issetto1. A WDT
overflow requests an IRQO interrupt when the WDT is set to interval timer mode. The WDT then
reguests an IRQO interrupt each time the timer counter (TCNT) overflows.

A priority level from 7 to 0 can be assigned to IRQO in the upper four bits of IPRA. If bit4in
DTEA issetto 1, IRQO isserved by the DTC.

In IRQO exception handling the T bit in SR is cleared to 0 and the interrupt mask level is set to the
value selected in the four upper bits of IPRA.

6.2.3 IRQ1to IRQ3 Interrupt

Interrupts IRQ1 to IRQ3 are requested by interrupt signals from the IRQ; to IRQ3 p| ns. The
IRQ; to IRQ3 inputs are sensed on the falling edge. The falling edge generates an TRQ; to IRQ3
interrupt request if the interrupt request enable 1, 2, or 3 bit (IRQ1E, IRQZ2E, or IRQ3E) in the
IRQ control register (IRQCR) isset to 1.

A priority level from 7 to O can be assigned to IRQ1, IRQ2, and IRQ3 collectively in the lower
four bits of IPRA. If bits2to 0in DTEA are set, these interrupts are served by the DTC.

In IRQL, IRQ2, and IRQ3 exception handling the T bit in SR is cleared to 0 and the interrupt
mask level is set to the value selected in the lower four bits of IPRA.

IRQ Control Register (AddressH'FF1D): The IRQ control register (IRQCR) enables and
disablesinputs at IRQ; to IRQ3, and IRQ,. IRQCR isinitialized to H'FO by areset and in
hardware standby mode. It isnot initialized in software standby mode. The bit structure of
IRQCR is shown next.

Bit 7 6 5 4 3 2 1 0

| — ‘ — ‘ — ‘ — ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE |
Initial value 1 1 1 1 0 0 0 0
R/W — — — — R/W R/W R/W R/W

Interrupt request enable bits

These bits select functions
Reserved bItS Of ports 6 and 7
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(1) Bits7to4—Reserved: Read-only hits, always read as 1.

(2) Bit 3—Interrupt Request 3 Enable (IRQ3E): Selects the function of pin P6.

Bit 3

IRQ3E Description

0 P6, is used for general-purpose input and output (Initial value)
1 P6, is used for IRQ input

(3) Bit 2—Interrupt Request 2 Enable (IRQ2E): Selects the function of pin P&.

Bit 2

IRQ2E Description

0 P6y is used for general-purpose input and output (Initial value)
1 P6 is used for IRQ, input

(4) Bit 1—Interrupt Request 1 Enable (IRQ1E): Selects the function of pin P7;.

Bit 1

IRQ1E Description

0 P7, is used for general-purpose input and output (Initial value)
1 P7, is used for IRQ, input

(5) Bit 0—Interrupt Request 0 Enable (IRQOE): Selects the function of pin P7j.

Bit 0

IRQOE Description

0 P7, is used for general-purpose input and output (Initial value)
1 P7, is used for IRQq input
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IRQ Flag Register (Address H'FEDE): The IRQ flag register (IRQFR) indicates the presence of
IRQ1 to IRQ3 interrupt requests. When an IRQ1 to IRQ3 interrupt is requested by external input,
the H8/500 CPU setsthe interrupt request 1, 2, or 3 flag (IRQ1F, IRQ2F, or IRQ3F) to 1. The
interrupt request can be cleared by reading this flag after it has been set to 1, then writing 0. The
H8/500 CPU clears IRQ1F, IRQ2F, or IRQ3F to 0 when it outputs the interrupt vector.

IRQFRisinitialized to H'F1 by areset and in hardware standby mode. Itisnot initialized in
software standby mode. The hit structure of IRQFR is shown next.

Bit 7 6 5 4 3 2 1 0

| — \ — \ — \ — \ IRQ3F \ IRQ2F \ IRQLF \ — |
Initial value 1 1 1 1 0 0 0 1
R/W — — — — R/W*  R/W*  R/W* —

Reserved bit

Interrupt request flags
These bits indicate
Reserved bits interrupt request input

Note: * Software can only write O to clear the flag.

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 3—Interrupt Request 3 Flag (IRQ3F): Indicates that interrupt request 3 (IRQ3) has
been input.

Bit 3

IRQ3F Description

0 Interrupt request 3 (IRQ3) has not been input (Initial value)
1 Interrupt request 3 (IRQ3) has been input and is waiting for interrupt service

[Clearing conditions]

* Cleared to 0 automatically when the H8/500 CPU accepts IRQ3 and the
interrupt vector is output

» Can also be cleared by reading 1, then writing 0, in which case the pending
IRQ3 interrupt request is deleted
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(3) Bit 2—Interrupt Request 2 Flag (IRQ2F): Indicates that interrupt request 2 (IRQ2) has
been input.

Bit 2

IRQ2F Description

0 Interrupt request 2 (IRQ2) has not been input (Initial value)
1 Interrupt request 2 (IRQ2) has been input and is waiting for interrupt service

[Clearing conditions]

« Cleared to 0 automatically when the H8/500 CPU accepts IRQ2 and the
interrupt vector is output

« Can also be cleared by reading 1, then writing 0, in which case the pending
IRQ2 interrupt request is deleted

(4) Bit 1—Interrupt Request 1 Flag (IRQ1F): Indicates that interrupt request 1 (IRQ1) has
been inpuit.

Bit 1

IRQ1F Description

0 Interrupt request 1 (IRQ1) has not been input (Initial value)
1 Interrupt request 1 (IRQ1) has been input and is waiting for interrupt service

[Clearing conditions]

* Cleared to 0 automatically when the H8/500 CPU accepts IRQ1 and the
interrupt vector is output

« Can also be cleared by reading 1, then writing 0, in which case the pending
IRQ1 interrupt request is deleted

(5) Bit 0—Reserved: Read-only bit, alwaysread as 1.
6.2.4 Internal Interrupts

There are 39 internal interrupt sources in the on-chip supporting modules. A different interrupt
vector address is assigned to each source, so the interrupt handling routine does not have to
determine which interrupt has occurred.

Priority levelsfrom 7 to O are assigned to each modulein IPRA to IPRF. DTEA to DTEF indicate
which interrupts in each module are served by the DTC.

When an internal interrupt request is accepted, the T bit in SR is cleared to 0 and the interrupt
mask level in12to 11 is set to the value selected in IPRA to IPRF.
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6.3 Register Descriptions
6.3.1 Interrupt Priority RegistersAtoF

The six interrupt priority registers (IPRA to IPRF) assign priority levels from 7 to O to interrupt
sources other than NMI. A reset initializes IPRA to |PRF to H'00.

The bit structure of IPRA to |PRF is shown next.

Bit 7 6 5 4 3 2 1 0
Lo [ 1 Jofl [ [ |

Initial value 0 0 0 0 0 0 0 0

R/W — R/W R/W R/W — R/W R/W R/W

L L Lower four bits

Upper four bits

(1) Bits7to4—Interrupt Priority, Upper Four Bits: These bits select an interrupt priority
level. Bit 7 must always be cleared to O.

(2) Bits3toO0—Interrupt Priority, Lower Four Bits: These bits select an interrupt priority
level. Bit 3 must aways be cleared to 0.

The on-chip supporting modules are mapped onto the interrupt priority registers as shown in table
6-4. Each interrupt priority register is assigned two on-chip supporting modules. The upper four
bits of the interrupt priority register specify the priority level of one module; the lower four bits
specify the priority of the other module.

Table 6-5 indicates how priority levels are set in the interrupt priority registers. For example, to
assign level 7to SCI1, set bits6to 4 in IPRF to 111.
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Table 6-4 On-Chip Supporting Modulesand Interrupt Priority Registers

Bits 6to 4 Bits 2to 0
Register On-Chip Supporting Module On-Chip Supporting Module
IPRA IRQ,, WDT, A/D converter IRQ; to IRQg
IPRB IPU channel 1 IPU channel 1
IPRC IPU channel 2 IPU channel 3
IPRD IPU channel 4 IPU channel 5
IPRE IPU channel 6 IPU channel 7
IPRF SCil SCI2/SCI3

Table6-5 Interrupt Priority Settingsin IPRH and IPRL
Bits 6 to 4

or Bits 2to 0 Interrupt Priority Level
000 0

001
010
011
100
101
110
111

N oo~ |{w N

6.3.2 Timing of Priority Changes

The interrupt controller requires two system clock cycles (2¢) to determine the priority level of an
interrupt. Therefore, when an instruction modifies an instruction priority register (IPRA to IPRF),
the new priority takes effect starting from the third state after that instruction has been executed.
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6.4 Interrupt Operations

Interrupt operations are described next.

6.4.1 Operationsup to Interrupt Acceptance

Figure 6-2 isaflowchart of the interrupt sequence up to the point at which an interrupt is
accepted.

1.

Theinterrupt controller receives interrupt request signals from one or more on-chip
supporting modules or external interrupt sources.

Theinterrupt controller checks the interrupt priorities assigned in IPRA to IPRF and selects
the interrupt with the highest priority level. Interrupts with lower priorities remain pending.
Among interrupts with the same assigned level, the interrupt controller determines priority as
explained in table 6-3.

Theinterrupt controller compares the priority level of the selected interrupt request with the
mask level in SR bits12to 10. If the priority level is equal to or less than the mask level, the
interrupt request remains pending. If the priority level is higher than the mask level, the
interrupt controller accepts the interrupt request.

After accepting an interrupt, the interrupt controller checks the corresponding bit in DTEA to
DTEF. If thisbitisset to 1, the data transfer controller is started. If it iscleared to 0,
interrupt exception handling is started.
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Program
execution state

Address
error? N
Trace? 0
Yes
NMI?
Yes
Yes
Y Y
|
Held pending
Y
Data transfer
enabled?
Y Y] L
E Interrupt exception handling E Start DTC E

Figure6-2 Flowchart up to Interrupt Acceptance
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6.4.2 Interrupt Exception Handling

Interrupt exception handling is described below. Figure 6-3 shows aflowchart. For DTC
operations, see section 7, “Data Transfer Controller.”

1.

When the interrupt controller accepts an interrupt, after the H8/500 CPU finishes executing
the current instruction, PC and SR (in minimum mode) or PC, CP, and SR (in maximum
mode) are pushed on the stack, leaving the stack in the condition shown in section 6.4.4,
“Stack after Interrupt Exception Handling.”

Theinterrupt controller clearsthe T bit in SR to 0, and sets the interrupt mask level (12 to 10)
to the priority level of the interrupt.

In minimum mode, the interrupt controller reads a one-word vector address corresponding to
the accepted interrupt from the vector table and copies thisword into PC. Execution of the
interrupt handling routine then starts from the PC address. In maximum mode, the interrupt
controller reads a two-word vector address corresponding to the accepted interrupt from the
vector table, copiesthe lower byte of the first word into CP, and copies the second word into
PC. Execution of theinterrupt handling routine then starts from the address indicated by CP
and PC.
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Save PC

Maximum Yes

mode?

No \

Save CP
\
Save SR
Clear T bhit
Address

error? ¢

Yes Change mask level

)

Vectoring

To interrupt handling routine

Figure 6-3 Interrupt Exception Handling Flowchart
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6.4.3 Interrupt Exception Handling Sequence

Figure 6-4 isatiming diagram of the interrupt sequence in minimum mode, for the case in which
the interrupt handling routine starts at an even address and the program area and stack areaarein
the external 16-bit-bus two-state-access address space.

o R A A AR e
Address bus ( ) X N X N Xsp-zx SP-4 X Vedtor X ®) X X:
Ron(oia

Data bus
(16 bits)

R L LI

QHOH® [rc) ) [Vector @)

- B B B EE—— i
Priority level |Internal Stack access Interrupt | Prefetch first | Start
decision and |proces- vector |instruction instruction
wait forend  |sing of interrupt- | execution
of current cycles handling
instruction routine

Interrupt is accepted

(1) Instruction prefetch address (3) Starting address of interrupt-handling routine
(2) Operation code (4) Firstinstruction of interrupt-handling routine

Figure 6-4 Interrupt Sequencein Minimum Mode
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Figure 6-5 isatiming diagram of the interrupt sequence in maximum mode, for the case in which
the interrupt handling routine starts at an even address and the program area and stack areaarein
the external 16-bit-bus two-state-access address space.

o JutttuUttruU U ru U U U
Address bus  (*() @ Ksp2)spaf_ spe Ko Xy Y@K X )

NMI, IRQq,
IRQn (n = 1-3)

o ) (@HHO
I i | L L
R L

e R e o B L

Priority level |Inter- Stack access Interrupt vector | Prefetch first Start
decision and |nal instruction of instruc-
wait for end |cy- interrupt- tion

of current  [cles handling routine| execu-
instruction tion

Interrupt is accepted

(1) Instruction prefetch address (3) Starting address of interrupt-handling routine
(2) Operation code (4) First instruction of interrupt-handling routine

Figure6-5 Interrupt Sequencein Maximum Mode
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6.4.4 Stack after Interrupt Exception Handling

Figure 6-6 shows the stack before and after interrupt exception handling in minimum maode.
Figure 6-7 shows the stack before and after interrupt exception handling in maximum mode. The
PC value saved on the stack is the address of the next instruction to be executed.

SP must always point to an even address. If an odd addressis set in SP, an address error will
occur when the stack is accessed.

Address Address
2m-4 2m-4 | SR (upper8bits) | <ISP
2m-3 2m-3 SR (lower 8 bits)
2m-2 am-2 PC (upper 8 bits) |
2m-1 2m-1 PC (lower 8 bits)

Before exception handling

After exception handling

Save to stack

Figure6-6 Stack beforeand after Interrupt Exception Handling in Minimum Mode

Address T T Address T T
2m-6 2m-6 SR (upper 8 bits) Jsp
o oms | SR (owersbis)
2m-4 2m-4 Don't care
om-3 2m-3 CP
2m-2 2m-2 PC (upper 8 bits)
2m-1 2m1 | PC (lower8bits) |

Before exception handling After exception handling

Save to stack

Figure6-7 Stack before and after Interrupt Exception Handling in Maximum Mode
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6.5 Interruptsduring DTC Operation

If an interrupt is requested during a DTC data transfer cycle, the interrupt controller holds the
interrupt pending until the data transfer cycle has been completed and the next instruction has
been executed. An example is shown below.

Example:

Program flow

ADD.W R2,R0 <] DTC interrupt request
/ Data transfer cycle |<_J NMI interrupt request
After data transfer cycle, H8/500 CPU

executes next instruction before starting
exception handling

MOV.W RO,@H'FEOO

MOV.W  @H'FEO2,RO To NMI exception handling
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6.6 Interrupt Response Time

The H8/539F can access amemory areain two states viaa 16-bit bus. Fastest interrupt serviceis
obtained by placing the program and stack in thisarea. Table 6-6 indicates the interrupt response
time in minimum mode. The maximum number of states occurs when the LDM instruction is
executed with all registers specified.

Table 6-6 Number of States beforeInterrupt Servicein Minimum Mode

Number of States

Stack Area: 16™1 Stack Area: 82

Instruction: Instruction: Instruction: Instruction:
Reason for Wait 16*3 8*4 16*3 g4
Interrupt priority decision and 2 2 2 2
comparison with SR mask level
Maximum number of states to 38 — 38 —
completion of current instruction . 74 + 16 m _ 74 + 16 m
Saving of PC and SR 16 16 — —

— — 28+ 6 m 28+ 6m
Total number of states 56 92+16m 68+6m 104 +22m

Notes: 1. Stack area in 16-bit-bus two-state-access address space
2. Stack area in 8-bit-bus three-state-access address space
3. Instruction in 16-bit-bus two-state-access address space
4. Instruction in 8-bit-bus three-state-access address space
m: Number of wait states inserted in memory access
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Table 6-7 indicates the interrupt response time in maximum mode. The maximum number of
states occurs when the LDM instruction is executed with all registers specified.

Table6-7 Number of Statesbefore Interrupt Servicein Maximum M ode

Number of States

Stack Area: 16*1 Stack Area: 82

Instruction: Instruction: Instruction: Instruction:
Reason for Wait 16*3 g*4 16*3 8*4
Interrupt priority decision and 2 2 2 2
comparison with SR mask level
Maximum number of states to 38 74+ 16 m 38 74 +16m
completion of current instruction
Saving of PC, CP, and SR 21 21 41 +10m 41 +10m
Total number of states 61 97 +16m 81+10m 117 + 26 m

Notes: 1. Stack area in 16-bit-bus two-state-access address space
2. Stack area in 8-bit-bus three-state-access address space
3. Instruction in 16-bit-bus two-state-access address space
4. Instruction in 8-bit-bus three-state-access address space
m: Number of wait states inserted in memory access
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Section 7 Data Transfer Controller

7.1 Overview

An interrupt-triggered data transfer controller (DTC) isincluded on-chip. The DTC can transfer
data between memory and 1/0O, memory and memory, or 1/0 and 1/0O without using the CPU. For
example, the DTC can set datain the registers of an on-chip supporting module or send datato an
[/O port or serial communication interface (SCI) independently of program execution. The
H8/500 CPU halts while the DTC is operating.

7.1.1 Features

The features of the DTC are:

The source address and destination address can be set anywhere in the 64-kbyte address space
of pageO.

The source address and destination address can be incremented or left unchanged after a data
transfer.

The DTC can be programmed to transfer one byte or one word of data per interrupt.

A datatransfer count of up to 65,536 bytes or words can be set in the data transfer counter
register (DTCR).

After adatatransfer, if the datatransfer count is zero, the interrupt request that started the
DTC istransferred to the H8/500 CPU. The H8/500 CPU then starts normal interrupt
exception handling.
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7.1.2 Block Diagram
Figure 7-1 shows a block diagram of the data transfer controller.

When DTC serviceis requested, the DTC loads its control registers from memory with
information corresponding to the interrupt source, transfers a byte or word of data, and writes any
altered register information back to memory.

Internal data bus

DTC service request
—l Memory

- Interrupt controller DTC Register
IRQy— information 0
IRQ; ™ Register

\ information 1

DTEA DTMR s 1

DTEB DTSR T T

A~ A DTDR

DTEF DTCR

Legend

DTMR: Data transfer mode register

DTSR: Data transfer source address register

DTDR: Data transfer destination address register
DTCR: Data transfer count register

DTEA to DTEF: Data transfer enable registers Ato F

Figure7-1 Block Diagram of Data Transfer Controller
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7.1.3 Register Configuration

Table 7-1 summarizesthe DTC control registers.

Table 7-1 DTC Registers

Name

Abbreviation

R/W

Data transfer mode register

DTMR

Data transfer source address register DTSR _
Data transfer destination address register DTDR _
Data transfer count register DTCR

These registers cannot be accessed directly. To set information in the DTC control registers,
software should ater the information in memory.

Starting of the DTC is controlled by the interrupt controller’s data transfer enable registers.
Table 7-2 summarizes these registers.

Table 7-2 Data Transfer Enable Registers

Address Name Abbreviation R/W Initial Value
H'FF08 Data transfer enable register A DTEA R/W H'00
H'FF09 Data transfer enable register B DTEB R/W H'00
H'FFOA Data transfer enable register C DTEC R/W H'00
H'FFOB Data transfer enable register D DTED R/W H'00
H'FFOC Data transfer enable register E DTEE R/W H'00
H'FFOD Data transfer enable register F DTEF R/W H'00
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7.2 Register Descriptions
7.2.1 Data Transfer Mode Register

The datatransfer mode register (DTMR) is a 16-bit register that selects the data size and specifies
whether to increment the source and destination addresses. The DTMR bit structure is shown
next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[sz[sijo — - -] [=]-]~]
RW — — — — - - -

t Reserved bits

Destination increment mode bit
Selects destination address increment mode

- Source increment mode bit
Selects source address increment mode

L Size bit
Selects byte-size or word-size data transfer

(1 Bit 15—Size (Sz): Selects byte-size or word-size data transfer.

Bit 15

Sz Description

0 Byte transfer

1 Word (two-byte) transfer*

Note: * For word transfer, DTSR and DTDR must indicate even addresses.

(2) Bit 14—Source Increment Maode (Sl): Specifies whether to increment the source address.

Bit 14
Sl Description
0 Not incremented

1. If Sz = 0: incremented by 1 after each data transfer
2. If Sz =1: incremented by 2 after each data transfer
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(3) Bit 13—Destination Increment Mode (DI): Specifies whether to increment the destination
address.

Bit 13

DI Description

0 Not incremented

1 1. If Sz = 0: incremented by 1 after each data transfer

2. If Sz = 1: incremented by 2 after each data transfer

(4) Bits12to 0—Reserved: Reserved bits.
7.2.2 Data Transfer Source Address Register

The data transfer source address register (DTSR) is a 16-bit register that designates the data
transfer source address. The DTSR hit structure is shown next.

Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0

RW — — — — — — — — — - - - = = = —

For word transfer the source address must be even. In maximum mode, the source addressis
implicitly located in page 0.

7.2.3 Data Transfer Destination Address Register

The datatransfer destination address register (DTDR) is a 16-hit register that designates the data
transfer destination address. The DTDR bit structure is shown next.

Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0

RW — — — — — — - =

For word transfer the destination address must be even. In maximum mode, the destination
addressisimplicitly located in page O.
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7.2.4 Data Transfer Count Register

The datatransfer count register (DTCR) is a 16-bit register that designates the number of bytes or
words to be transferred. The initial count can be set from 1 to 65,536. A register value of 0
designates aninitial count of 65,536. The DTCR hit structure is shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RW — — - - - - - - = = = = = = - —

The data transfer count register is decremented automatically after each byte or word is
transferred. When the count reaches O, indicating that the designated number of bytes or words
have been transferred, the DTC sends the H8/500 CPU an interrupt request with the same interrupt
source that started the data transfer.

7.2.5 Data Transfer Enable RegistersA toF

The six data transfer enable registers (DTEA to DTEF) specify whether an interrupt starts the
DTC. (Certaininterrupts, such as NMI, cannot start the DTC.) The bit structure of DTEA to
DTEF is shown next.

Bit 7 6 5 4 3 2 1 0
(o [ [ T Tl T T ]

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 bitsin these registers are assigned to interrupts as indicated in table 7-3.

If the bit for a certain interrupt is set to 1, that interrupt is regarded as arequest for DTC service.
If the bitiscleared to 0, the interrupt is regarded as an H8/500 CPU interrupt request.

Only the interrupts indicated in table 7-3 can request DTC service in the H8/539F. DTE bits not
assigned to any interrupt (indicated by “—" in table 7-3) must be cleared to 0.
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Table 7-3 Bit Assignments of Data Transfer Enable Registers

On-Chip On-Chip

Supporting Supporting
Register Module Bits 7to 4 Module Bits 3to 0
DTEA IRQq, ADI 7 6 5 4 IRQ1_3 3 2 1

| — | api [(RQO)| IRQO | | — |IRQ3|IRQ2 | IRQ1 |

DTEB IPU (CH1) | — lowns2] iz | v | IPU (CH1) | — oz g | i3 |
DTEC IPU (CH2) | — o2 iz | v | IPU (CH3) | — lemin2) iz | i |
DYED IPU (CH4) | — lowns2] iz | v | IPU (CHS) | — o2 iz | i |
DTEE PUCHE) T — Timie [ | PUCHD iz [ e |
DTEF SCi1 ‘ _ ‘ - ‘ RI ‘ _ ‘ SCI2/SCI3 ‘ _ ‘ - ‘ RI ‘ _ ‘

7.2.6 Noteon Timing of DTE Modifications

Theinterrupt controller requires two system clock cycles (2g) to determine the priority level of an
interrupt. When an instruction modifies one of registers DTEA to DTEF, the new setting takes
effect starting from the third state after the instruction has been executed.
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7.3 Operation
DTC operations are described next.
7.3.1 DTC Operations

Datatransfer operations when the DTC is activated are described below. Figure 7-2 is aflowchart
of the DTC operations.

Figure 7-2 isaflowchart of the data transfer operations performed by the DTC. For operations
from the occurrence of an interrupt until the DTC is activated, see section 6.4.1, “ Operations up to
Interrupt Acceptance.”

1. Fromthe DTC vector table, the DTC reads the address at which the register information for
the interrupt is stored in memory and loads the stored information into its control registers.

When the DTC is activated, the interrupt source that activated the DTC is cleared, except for
interrupts from the serial communication interface.

2. TheDTC transfers the data and increments the source and destination addresses as required,
then decrements DTCR.

If the DTC was activated by an interrupt from the serial communication interface, the
interrupt sourceis cleared when the DTC accesses the transmit data register (TDR) or receive
dataregister (RDR).

3. The DTC writes updated register information back to memory.

4. |Ifthe DTCR vaueisO, the H8/500 CPU starts interrupt exception handling for the interrupt
that activated the DTC.
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( INT ) 7777777 Interrupt

= H8/500 CPU

DTC interrupt?
Yes

Read DTC vector |

1

Read data transfer mode |

1

Read source address |

i

Read data |

Source
address increment
mode?

Increment source address (+1 or +2) |

No v
| Write source address |

Read destination address |

1

Write data |

Destination
address increment
mode?

Yes

Increment destination address
No (+1 or +2)

| Write destination address

Read DTCR |

1

DTCR-1 — DTCR |

1

Write DTCR |

Yes

DTCR =07?
No

(Program execution state)

interrupt handling
starts. See section
6.4.2, “Interrupt
Exception Handling.”

Figure7-2 Flowchart of DTC Operations
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7.3.2 DTC Vector Table
Figure 7-3 shows how the DTC vector table works.

For each interrupt that can request DTC service, the DTC vector table provides a pointer to an
address in memory where the DTC control register information for that interrupt is stored.
Register information tables can be placed in any available locations in page 0.

Figure 7-3 shows an example in which the register information islocated in RAM. Register
information can also be stored in ROM if there is no need to update the information after each
transfer (if the source and destination addresses are not incremented and the desired data transfer
count isone).

Vector table RAM
TAO . DTMRO
Register DTSRO
Exception information O DTDRO
vector table
DTCRO
TAG* TAL DTMR1
,,,,,,,,,,,,,,,,,,,, Register DTSR1
TAT | information 1 DTDR1
”””””””””” DTCR1
DTC vector
table
Note: * TAO, TAL, .... Addresses of DTC register information tables in memory.

Figure7-3 DTC Vector Table

The DTC vector table structure differs between minimum and maximum modes. In maximum
mode there is no page specification: page 0 is assumed implicitly.

Figure 7-4 shows a DTC vector table entry in minimum and maximum mode.
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Vector table

Address

Memory

m | Address (high)

m+1 | Address (low)

Register information

(1) Minimum mode

Vector table

Don’t care*

Don’t care*

Address (high)

Address (low)

(2) Maximum mode

Address

2m

2m+1

2m+2

2m+3

Note: * Addresses 2m and 2 m + 1 are not accessed when the vector is read.

Table 7-4 lists the address of the entry in the DTC vector table for each interrupt source.

Figure 7-4 DTC Vector Table Entry
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Table 7-4 Addresses of DTC Vectors

Address of Vector Table Entry

Interrupt Source Minimum Mode Maximum Mode

IRQO H'00C0-00C1 H'0180-0183
Interval timer H'00C2-00C3 H'0184-0187
AD converter ADI H'00C4-00C5 H'0188-018B
IRQ1 H'00C8-00C9 H'0190-0193
IRQ2 H'00CA-00CB H'0194-0197
IRQ3 H'00CC-00CD H'0198-019B
IPU channel 1 IMI1 H'00D0-00D1 H'01A0-01A3
IMI2 H'00D2-00D3 H'01A4-01A7
CMI1/CMI2 H'00D4-00D5 H'01A8-01AB
IMI3 H'00D8-00D9 H'01B0-01B3
IMI4 H'00DA-00DB H'01B4-01B7
CMI3/CMI4 H'00DC-00DD H'01B8-01BB
IPU channel 2 IMI1 H'O0EO-00E1 H'01C0-01C3
IMI2 H'00E2-00E3 H'01C4-01C7
CMI1/CMI2 H'00E4-00E5 H'01C8-01CB
IPU channel 3 IMI1 H'O0E8-00E9 H'01D0-01D3
IMI2 H'O0EA-00EB H'01D4-01D7
CMI1/CMI2 H'00EC-00ED H'01D8-01DB
IPU channel 4 IMI1 H'00F0-00F1 H'01E0-01E3
IMI2 H'00F2—-00F3 H'01E4-01E7
CMI1/CMI2 H'00F4-00F5 H'01E8-01EB
IPU channel 5 IMI1 H'00F8-00F9 H'01F0-01F3
IMI2 H'0O0FA-00FB H'01F4-01F7
CMI1/CMI2 H'00FC-00FD H'01F8-01FB
IPU channel 6 IMI1 H'00A0-00A1 H'0140-0143
IMI2 H'00A2-00A3 H'0144-0147
IPU channel 7 IMI1 H'00A8-00A9 H'0150-0153
IMI2 H'00AA-00AB H'0154-0157
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Table 7-4 Addresses of DTC Vectors (H8/539) (cont)

Address of Vector Table Entry

Interrupt Source Minimum Mode Maximum Mode
SCI1 — — —

RI1 H'00B2-00B3 H'0164-0167

TI1 H'00B4-00B5 H'0168-016B
SCI2/SCI3 — — —

RI2/RI3 H'00BA-00BB H'0174-0177

TI2ITI3 H'00BC-00BD H'0178-017B

7.3.3 Location of Register Information in Memory

For each interrupt, the DTC control register information is stored in memory in the order shown in
figure 7-5.

Vector table Memory
DTMR
TA+2 DTSR
TA TA+4 DTDR
TA+6 DTCR
8hits ' 8 hits

Figure7-5 Order of Register Information in Memory
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7.3.4 Number of States per Data Transfer

Table 7-5 lists the number of states required per data transfer, assuming that the DTC control
register information is stored in the 16-bit-bus two-state-access address space.

Table 7-5 Number of Statesper Data Transfer

16-Bit-Bus On-Chip 8-Bit-Bus On-Chip
2-State-Access —~ Supporting 3-State-Access — Supporting
Increment Mode Address Space  Module Address Space  Module
Source Destination
(s (D)} Byte Transfer Word Transfer  Byte Transfer Word Transfer
0 0 31 34 32 38
0 1 33 36 34 40
1 0 33 36 34 40
1 1 35 38 36 42

Note: Numbers in the table are the number of states.

Thevaluesin table 7-5 are calculated from the formula:
N=26+2x8 +2xDI +Mg+Mp

Where Mg and Mp have the following meanings:

Ms: Number of states for reading source data
Mp: Number of states for writing data to destination

The values of Mg and Mp depend on the data |ocation as follows:
1. Byteor word datain 16-bit-bus two-state-access address space: 2 states

2. Bytedatain eight-hit-bus three-state-access address space or on-chip supporting
module: 3 states

3.  Word datain eight-bit-bus three-state-access address space or on-chip supporting
module: 6 states

If the DTC control register information is stored in the eight-hit-bus three-state-access address
space, 20 + 4 x S| + 4 x DI must be added to the valuesin table 7-5.

Table 7-6 indicates the number of additional states between the occurrence of an interrupt request
and the starting of the DTC (states during which the interrupt controller checks priority and waits
for execution of the current instruction to end). At maximum, this number of statesis the sum of
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the values indicated for items No. 1 and 2 in table 7-4.

If the data transfer count is O at the end of a data transfer cycle, the number of states from the end
of the datatransfer cycle until the first instruction of the interrupt-handling routine is executed is
the value given for item No. 3 in table 7-4. The maximum number of statesin table 7-6 occurs
when the LDM instruction is executed with all registers specified.

Table 7-6  Number of States before Interrupt Service

No. Reason for Wait

Number of States

Minimum Mode Maximum Mode

1 Interrupt priority decision and comparison

with mask level in SR

2

2 Number of states
to completion of
current instruction

Instruction is in 16-bit-bus
two-state-access address
space

(LDM instruction specifying all
registers)
38

Instruction is in 8-bit-bus

(LDM instruction specifying all

three-state-access address  registers)
space 74 + 16 m
3 Number of states Instruction is in 16-bit-bus 16 21
from saving of PC two-state-access address
and SR or PC, CP, space
and SR until Instruction is in 8-bit-bus 28+6m 41+10m

prefetching of first
instruction of
interrupt-handling
routine

three-state-access address
space

Notation

m: Number of wait states inserted in memory access
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7.4 Procedurefor Using DTC

The procedure for using the DTC is explained next. Figure 7-6 shows the flowchart.

Procedurefor Usingthe DTC

1. DTC register setup: Set the appropriate DTMR, DTSR, DTDR, and DTCR register
information in the memory location indicated in the DTC vector table.

2. DTEn, IPRn (n=AtoF), and SR setup: Set the data transfer enable bit of the pertinent
interrupt to 1, and set the priority of the interrupt source (in the interrupt priority register) and
the interrupt mask level (in the CPU status register) so that the interrupt can be accepted.

3. Interrupt enabling: Set the interrupt enable bit for the interrupt source in the control register of

the on-chip supporting module (or IRQ control register).

Following these preparations, the DTC will be started each time the interrupt occurs.

DTC

#DTMR- @DT_REG |

#DTSR- @DT_REG + 2 |

#DTDR- @DT_REG + 4 |

#DTCR- @DT_REG + 6 |

<1> _ DTE bit (DTEn) |

<Interrupt level> - IPRn |

| <Interrupt mask level> - SR |

Enable interrupt request |

|

DTC is enabled

Set DTC register values

Set DTEn, IPRn, and SR (h=Ato F)

Enable interrupt request

Figure7-6 Procedurefor Using DTC
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7.5 Example

@
2

Purpose: To receive 128 bytes of serial data via serial communication interface.
Conditions:

Operating mode: minimum mode.

Receive dataisto be stored in consecutive addresses starting at H'FCOO.

The DTC vector table contains H'F6 at address H'00B2 and H'80 at address H'00B3.

The desired interrupt mask level in the CPU status register is 4, and the desired SCI interrupt
priority level is5.

Table 7-7 shows the DTC control register information to be set in RAM.

Table7-7 DTC Control Register Information Set in RAM

Register Setting Value

DTMR Byte transfer H'2000

Source address fixed
Destination address incremented

DTSR Address of SCI1 receive data register H'FECD

DTDR Address H'FC00 H'FC00

DTCR Transfer count (128) H'0080

(3) Operation

(@) Softwaresets DTMR, DTSR, DTDR, and DTCR information in RAM addresses H'F680 to

(b)
(©

(d)

()

H'F687 as shown in table 7-7.
Software setsthe Rl (SCI1 Receive Interrupt) bit in data transfer enable register F (DTEF) to 1.

Software sets the interrupt mask level in SR bits 12 to 10 to 4, and the SCI 1 interrupt priority
level in the upper four bits of interrupt priority register F (IPRF) to 0101 (5).

Software sets SCI 1 to the appropriate receive mode, and sets the receive interrupt enable bit
(RIE) inthe serial control register (SCR) to 1 to enable receive interrupts.

Thereafter, each time SCI 1 receives one byte of data, the DTC is activated and transfers the
byte of receive datainto RAM. The DTC automatically clears the SCI1 receive interrupt
request.
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(f) When 128 bytes have been transferred (DTCR = 0), SCI1 receive interrupt exception

handling begins.

(9) Theinterrupt-handling routine executes a receive wrap-up routine.

Figure 7-7 isaflowchart for this example.

DTC setup

i

#DTMR - @F680

#DTSR - @F682

#DTDR - @F684

<1> - Rl blt (DTEF)

<100> — I2to 10(SR)

|
|
|
| #DTCR - @F686
|
|
|

<101> - IPRF (bits 6 to 4)

interrupt

Set up SCIl and enable

End of setup

Start DTC

it Bk

| @ DTSR - @DTDR+

| Clear mterrupt request |

| DTCR — 1 - DTCR

(f)

(e)

oo ="
Yes

(a) Write DTC control register information on RAM

(b) Set RI bitin DTEF to 1

(c) Set interrupt mask level (SR) and interrupt
priority level (IPRF)

(d) Set SCI1 to receive mode and enable interrupt
requests

(e) Transfer receive data to RAM

(f) Test for end of data: start interrupt handling if
DTCR=0
(9) Interrupt handling: receive-data wrap-up routine

<Interrupt handling routine>
_| SCI1 receive wrap-up (@)

routine

Figure 7-7 Flowchart for DTC Example
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Figure 7-8 shows an example of the use of the DTC for continuous SCI reception.

Data transfer
mode

Source address

Destination
address

Transfer count

DTC vector table RAM
~ ~ Address
Address H'F680 H'20
H'F681 '
H'00B2 H'F6 H00
H'FE
H'00B3 H'80
H'CD
H'FC
~~ ~ H'00
H'00
H'F687 H'80
H'FCO00 Receive data 1
Receive data 2
H'FC7F | Receive data 128

Transferred
by DTC

RDR

SCI

Figure7-8 Example of Use of DTC to Receive Continuous Serial Data
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Section 8 Wait-State Controller

8.1 Overview

For interfacing to low-speed external devices, an on-chip wait-state controller (WSC) can insert
wait states (Tyy) into bus cycles. The wait function can be used in CPU and DTC access cyclesto
the external three-state-access address space. It isnot used in access to the two-state-access
address space or the on-chip register area (H'FESO to H'FFFF).

Wait states are inserted between the T, state and T state in the bus cycle. The number of wait
states can be selected by avalue set in the wait control register (WCR), or by holding the WAIT
pin low for the required interval.

8.1.1 Features
The features of the wait-state controller are:
e Selection of three operating modes
Programmable wait mode, pin wait mode, or pin auto-wait mode
e Selection of number of wait states

0, 1, 2, or 3wait states can be inserted, and 4 or more wait states can be inserted in pin wait
mode by holding the WAIT pin low.
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8.1.2 Block Diagram

Figure 8-1 shows a block diagram of the wait-state controller.

< Internal data bus >

WCR
| — | — | — | — |wustwmsowci |weo|
| Wait counter |
Wait request -—— Control logic ~——— WAIT input
Legend

WCR: Wait control register
WMS1/0: Wait mode select bits 1 and 0
WC1/0: Wait count bits 1 and 0

Figure8-1 Block Diagram of Wait State Controller
8.1.3 Register Configuration
Table 8-1 summarizes the wait control register.

Table8-1 Wait Control Register

Address Name Abbreviation R/W Initial Value

H'FF14 Wait control register WCR R/W H'F3
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8.2 Wait Control Register

The wait control register (WCR) is an eight-hit register that specifies the wait mode and the
number of wait statesto be inserted. The WCR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0

| — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO |
Initial value 1 1 1 1 0 0 1 1
R/W — — — — R/W R/W R/W R/W

L Wait count 1 and 0
These bits indicate
the number of wait
states to be inserted

— Wait mode select 1 and 0
These bits select the wait mode

— Reserved bits

WCRisinitialized to H'F3 by areset and in hardware standby mode. WCR isnot initialized in
software standby mode.

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.

(2) Bits3 and 2—Wait Mode Select 1 and 0 (WM S1 and WM S0): These bits select the wait
mode.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Programmable wait mode (Initial value)
0 1 No wait states (Tw) inserted, regardless of wait count

1 0 Pin wait mode

1 1 Pin auto-wait mode
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(3) Bits1and 0—Wait Count 1 and 0 (WC1 and WCO): These bits specify the number of wait
states to be inserted. Wait states (Tyy) are inserted only in bus cyclesin which the CPU or DTC
accesses the external three-state-access address space.

Bit 1 Bit 0

WC1 wcCo Description

0 0 No programmable wait states (Tw) inserted
0 1 1 wait state inserted

1 0 2 wait states inserted

1 1 3 wait states inserted (Initial value)
8.3 Operation

Table 8-2 summarizes the operation of the three wait modes.

Table8-2 Wait Modes

Description
Number of Wait
Mode WAIT Pin Function Insertion Conditions States Inserted
Programmable Disabled Inserted in access to 1 to 3 states are
wait mode external three-state-access  inserted as specified
WMS1=0 address space by bits WC0 and WC1
WMS0 =0
Pin wait mode Enabled Inserted in access to » 0to 3 states are
WMS1 =1 external three-state-access inserted as
WMS0=0 address space specified by bits
WCO0 and WC1
» Additional states
can be inserted by
driving the WAIT
signal low
Pin auto-wait Enabled Inserted in access to 1to 3 states are
mode external three-state-access  inserted as specified
WMS1 =1 address space if by bits WCO0 and WC1
WMSO0 =1 WAIT is low
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8.3.1 Programmable Wait Mode
Programmable wait mode is selected when WM S1 = 0 and WM S0 = 0.

Whenever the CPU or DTC accesses the external three-state-access address space, the number of
wait states selected by bits WC1 and WCO are inserted. The PA,/WAIT pin is not used for wait

control; it is available for general-purpose input or output.

Figure 8-2 shows the timing of operation in this mode when the wait count is 1 (WC1 = 0,

WCO = 1).
One wait state inserted
'/ by wait count
. Ta | T2 | T | T2 | Tw | T3 T
A19-Ag X XExternaI three-state-access address space X
s T /
RD

(read access)

D15-Do
(read access)

HWR, LWR
(write access)

D15-Do
(write access)

]

Read data Read data

o\ /]

LT r
—

S

Write data

3-state access + 1 wait state

Llrr

Figure8-2 Pr

ogrammable Wait Mode

(Example of External 16-Bit-Bus, Three-State-Access Address Space)
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8.3.2 Pin Wait Mode

Pin wait mode is selected when WMS1 = 1 and WM S0 = 0. In this mode the WAIT function of
the PA4/WAIT pin is used automatically.

The number of wait states indicated by wait count bits WC1 and WCO are inserted into any bus
cyclein which the CPU or DTC accesses the external three-state-access address space. In
addition, wait states are inserted if the WAIT signal is driven low, even if the wait count is 0.
Wait states continue to be inserted until the WAIT signal goes high.

This mode is useful for inserting four or more wait states, or when different external devices
require different numbers of wait states.

Figure 8-3 shows the timing of operation in this mode when the wait count is 1 (WC1 =0, WCO =
1) and the WAIT signal is held low to insert one additional wait state.

One wait state inserted
by wait count

Pin-requested wait (one state)

HWR, LWR
(write access)

D15-Do
(write access)

I

WAIT
A19-Ag X X External three-state-access address space | X
s [ [
i ] [T
(read access)

Read dat Read data
D15-Do [ }
(read access) /

T

—{__H

Write data

11N;

3-state access + 1 wait state +

pin-requested wait (1 state)

Note: * Arrows indicate times at which the WAIT pin is sampled.

Figure 8-3 Pin Wait Mode
(Example of External 16-Bit-Bus, Three-State-Access Address Space)
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8.3.3 Pin Auto-Wait M ode

Pin auto-wait mode is selected when WMS1 = 1 and WM S0 = 1. In this mode the WAIT function
of the PA4/WAIT pin is used automatically. When the CPU or DTC accesses the externa three-
state-access address space, if the WAIT pin islow the number of wait states indicated by bits
WCL1 and WCO are inserted.

This mode offers a simple way to interface alow-speed device: wait states can be inserted by
routing the address strobe signal (AS) and a decoded address signal to the WAIT pin.

Figure 8-4 shows the timing of operation in this mode when thewait count is1 (WC1 =0, WC0 = 1).

In pin auto-wait mode the WAIT pin is sampled only once, on the falling edge of the system clock
(9) inthe T, state. If the WAIT signal islow at thistime, the wait-state controller inserts the number
of wait statesindicated by bits WC1 and WCO. The WAIT pin is not sampled during the T,y and
T3 states, so no additional wait states are inserted even if the WAIT signal continues to be held low.

Pin auto-wait (one wait state)
inserted by wait count

A1g—Ao X XExternal three-state-access address space X:
s ) [T\ [T
?TeDad access) \ /_ _\ /_ T

DieD Read data Read data
15-Do [ \ / \
(read access) 7/

|

HWR, LWR \ [ \
(write access)

D15-Do < >

(write access) _(

Write data

3-state access + pin auto-wait
(1 state)
Note: * Arrows indicate times at which the WAIT pin is sampled.

Figure8-4 Pin Auto-Wait Mode
(Example of External 16-Bit-Bus, Three-State-Access Address Space)
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Section 9 Clock Pulse Generator

9.1 Overview

This LSl has an on-chip clock pulse generator (CPG). The clock pulse generator consists of an
oscillator, system clock frequency divider, and frequency dividers (prescalers) for the clock
signals of the on-chip supporting modules.

The H8/539F has an on-chip 1:1 clock pulse generator.

The 1:1 clock pulse generator does not include afrequency divider, but includes a circuit for
adjusting the duty of the input clock.

9.1.1 Block Diagram

Figure 9-1 shows the configuration of the 1:1 clock pulse generator.

................................................. CPG..-....
XTAL ——»] Duty

Oscillator adjustment —e—{ Prescalers
EXTAL—+—| circuit

g  ©/2—8/4096

Figure9-1 Block Diagram of 1:1 Clock Pulse Generator
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9.2 Ogcillator Circuit

Clock pulses can be generated by connecting a crystal resonator to the clock oscillator circuit, or
by supplying an external clock signal. These two methods are described next.

9.2.1 Connecting a Crystal Resonator

(1) Circuit Configuration: A crystal resonator can be connected as in the example in figure 9-2.
An AT-cut parallel resonating crystal should be used. For the 1.1 clock pulse generator, insert a

damping resistor aslisted in table 9-1.

EXTAL

XTAL

W | }g
TR cL=10-22pF CL

Note: * Insert a damping resistor for the H8/539F.

Figure9-2 Example of Crystal Resonator Connection

Table9-1 Damping Resistance (Examples)

Frequency (MHz) 2 4

8 10 12 16

Rd max (Q) 1k 500

200 0 0 0

(2) Crystal Resonator: Figure 9-3 shows an equivalent circuit of the crystal resonator. The
crystal resonator should have the characteristics listed in table 9-2. Use a crystal resonator with a
frequency equal to the system clock frequency ().
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XTAL =-—so ¢— EXTAL

AT-cut parallel resonator

Figure9-3 Crystal Resonator Equivalent Circuit

Table9-2 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16
Rs max (Q) 500 120 80 70 60 50
Co max (pF) 7

(3) Noteson Board Design: When acrystal resonator is connected, the following points should
be noted:

e Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 9-4.

¢ When the board is designed, the crystal resonator and its load capacitors should be placed as
close as possible to the XTAL and EXTAL pins.

Signal  Signal
Not allowed ineA line B
Lo H8/539F
CL Voo
- XTAL

I PR EXTAL
CL

— L

Figure 9-4 Example of Incorrect Board Design
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9.2.2 External Clock Input

(1) Circuit Configuration: An external clock signal can beinput at the EXTAL pin as shown in
the example in figure 9-5. A reverse-phase clock should be input at the XTAL pin.

When the circuit configuration in figure 9-5 is used, the external clock should be held highin
standby mode.

EXTAL M External clock input

XTAL \

74HCO04 or equivalent

Figure 9-5 Example of External Clock Input

Note: The H8/539F can be driven with the X TAL pin left open if the stray capacitance at the
XTAL pin does not exceed 10 pF and the clock input can be held high in standby mode.

(2) External Clock
Table 9-3 and figure 9-6 indicate the required clock timing.

The external clock output settling delay timeis shown in table 22-5 in section 22.2.2, “AC
Characteristics’ and in table 23-5 in section 23.2.2 “ AC Characteristics’. The external clock
output settling delay timing is shown in figure 22-2 in section 22.3.3, “Clock Timing”, and in
table 23-11 in section 23.3.3, “Clock Timing”.

When the specified clock isinput at the EXTAL pin, internal clock signal output settles after

the elapse of the external clock output settling delay time (tpex ). Asthe clock signal output
remains unsettled during the tpex T period, the reset signal should be driven low to retain the

reset state.
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Table9-3 Clock Timing

VCC =50V +x10%

Item Symbol Min Max Unit Test Conditions
External texr — 5 ns Figure 9-6
clock rise
time
External text — 5 ns
clock fall
time
External — 30 70 % Figure 9-6
clock input
duty (a/teyc) 40 60 %
Clock duty — 40 60 % Figure 9-7
cycle
(blteyc)
tcyc
a |
/
EXTAL /
— VCC x 0.5
~— texr — = lex

Figure9-6 External Clock Input Timing
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teye

VCC x 0.5

Figure9-7 g Clock Output Timing

9.3 Duty Adjustment Circuit

When the external clock frequency is5 MHz or higher, the duty adjustment circuit adjusts the
duty cycleto create the system clock (2).
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Section 10 1/0O Ports

10.1 Overview

The H8/539F has twelve 1/0 ports. Ports 1, 2, 4, 5, 7, B, and C are eight-bit input/output ports.
Port 3 isasix-hit input/output port. Port 6 is a five-bit input/output port. Port A is a seven-hit
input/output port. Port 8 is afour-bit input port. Port 9 is an eight-bit input port.

These ports are multiplexed with inputs and outputs of the on-chip supporting modules. The
functions of ports 1, 2, A, B, and C aso differ depending on the operating mode.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for holding output data. In addition to DR and DDR, port A has a bus release control
register (BRCR), and ports B and C have MOS input pull-up transistor control registers (PBPCR
and PCPCR).

Ports 1, 2, A, B, and C can drive one TTL load and a 90-pF capacitive load. Ports 3 to 7 can drive
one TTL load and a 30-pF capacitive load. Ports 3 and 5 can drive LEDs (with 10-mA current
sink). Ports 4 and 5 have Schmitt-trigger input circuits.

PWM output pin functions have been added to ports 6 and 7 of the H8/539F, and both serial
communication input/output and PWM output pin functions have been added to port A.

Table 10-1 summarizes ports 1 to C of the H8/539F, giving the pin names and functionsin each
mode.
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Table 10-1 Ports1to C, Pin Names, and Functionsin Each Mode

Expanded Minimum Expanded Maximum

Mode 7
Modes Modes (Single-
Port Description  Pins land 6 Mode 2 3and 5 Mode 4 Chip Mode)
Port1  8-bitinput/ P1,—P1y/ Data bus (D45 to Dg) General-
output port D15—Dg purpose
input/output
Port2  8-bit input/ P2,—P2y/ Data bus General- Data bus Data bus General-
output port D;-Dg (D;to Dy)  purpose (D;toDg) (D;toDg)  purpose
input/ input/output
output
Port3  6-bit input/ P35—P3y/ Output (T20C,,1, TLOC3/,1) from 16-bit integrated-timer
output port T20C,, T20C4, pulse unit (IPU), and general-purpose input/output
T10C,-T10C,
Port4  8-bit input/ P4,/T710C,, Input and output (T710C,/;, T6IOC,,1, T5IOC,,,, T4IOC,,) for
output port P44/T710C,, 16-bit integrated-timer pulse unit (IPU), and general-purpose
P45/T6IOC,, input/output
P4,4/T6IOC,,
P4,/T510C,,
P4,/T510C,,
P4,/T410C,,
P4,/T410C,
Port5  8-bit input/ P5,—P5y/ Input and output (T3I0Cyq, T2I0C,/q, TLIOC,/3/5/1) for 16-bit
output port T3IOC,, T3IOC,, integrated-timer pulse unit (IPU), and general-purpose input/output
T2I0C,, T2I0C4,
T110C,-T1I0C,
Port 6  5-bitinput/ P64/ TCLK3, Clock input (TCLK3/,/1) for 16-bit integrated-timer pulse unit
output port P65/TCLK,, (IPU), external interrupt input (IRQg,), PWM timer output (PWS3),
P6,/TCLK{, and general-purpose input/output
P6,/IRQ;,
P6,/IRQ,/PWy
Port 7 8-bitinput/ P7,/SCKy/PW,,  Input and output (SCKy/q, TXDy/q, RXD,)y) for serial
output port P74/SCK4{/PWy, communication interfaces 1 and 2 (SCI1/2), external interrupt
P75/RXD,, input (IRQy ), A/D converter trigger input (ADTRG), PWM timer
P74TXD,, output (PWo,1), and general-purpose input/output
P75/RXDy,
P7,/TXD;,
P7,/IRQ,/
ADTRG,
P7,/IRQq
Port8  4-bit input P85—P8y/ Analog input for A/D converter (AN4; to ANg) and general-
port AN,;—ANg purpose input
Port9  8-bit input P9,—P9y/ Analog input for A/D converter (AN, to ANg) and general-purpose
port AN;—AN, input
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Table10-1 Ports1to C, Pin Names, and Functionsin Each Mode (cont)

Expanded Minimum Expanded Maximum
Mode 7
Modes Modes (Single-
Port Description  Pins land 6 Mode 2 3and 5 Mode 4 Chip Mode)
Port A 7-bit input/ PAG/T30C,/ Output from 16-bit integrated-timer pulse unit 16-bit
output port BACKI/TXD3, (IPV), input and output (TXD3, RXD3) for serial integrated-
PAg/T30C,/ communication interface 3 (SCI3), general- timer pulse
BREQ/RXD3, purpose input/output, and BACK, BREQ, and unit (IPU)
PA/WAIT WAIT input and output if enabled by settings in output, serial
bus release control register (BRCR), wait control communica-
register (WCR), and port A control register tion interface
(PACR) 3 (SCI3)
input and
output (TXD3,
RXD3), and
general-
purpose
input/output
(PA4: general-
purpose
input/output
only)
PA3/A o Output (T50Cy4, Page Page Page
T50C,/SCKg3, T40C,/,) from 16-bit address address address
PALIA g/ integrated-timer pulse output output (A9 output (Aqg
T50C,/PWS3, unit (IPU), and general-  (Ajgto Ajg) to Agg), to Aqg),
PA/A7/ purpose input/output serial com- serial com-
T40C,/PWS,, munication munication
PA/A6! interface interface
T40C,/PW, 3 (SCI3) 3 (SCI3)
input/output input/output
(SCKy), (SCKay),
output output
(PWipzi)  (PWyp)
from PWM from PWM
timers timers
(PWipz),  (PWyppp3),
and and
general- general-
purpose purpose
input/output input/output
Port B 8-bit input/ PB7;—PB/ Address Address Address Address General-
output port Ais—Ag output output output output purpose
(Aisto Ag) (AstoAg) (Asto Ag)  (Agsto Ag)  input/output
when when
DDR =1, DDR =1,
Port C  8-bit input/ PC,—PCy/ general- general-
output port A;—Ag purpose purpose
input when input when
DDR =0 DDR =0
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10.2 Port 1
10.2.1 Overview

Port 1 is an eight-bit general-purpose input/output port in mode 7. In modes 1 to 6, port 1 isadata
bus (D15 to D8)

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair.

Figure 10-1 summarizes the pin functions. Figure 10-2 shows examples of output |oads for port 1.

|— P17/D15
|— PlG/D14
|— PlS/Dl3
|— P14/D12
Port 1
|— P13/D11
~e— P15/D1g
e— P11/Dg

«— P1y/Dg

Figure10-1 Port 1 Pin Functions

———— | HD7404etc — ]
’ Darlington pair
H—o— ]
H8/539F H H8/539F
Port 1 HD74LS04 etc. Port 1
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure10-2 Examplesof Port 1 Output L oads
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10.2.2 Register Descriptions
Table 10-2 summarizes the registers of port 1.

Table 10-2 Port 1 Registers

Address Name Abbreviation R/W Initial Value
H'FE80 Port 1 data direction register P1DDR W H'00
H'FE82 Port 1 data register P1DR R/W H'00

(1) Port 1 Data Direction Register: The port 1 data direction register (PADDR) is an eight-bit
register. Each bit selectsinput or output for one pinin port 1. These input/output designations are
valid only in mode 7.

Bit 7 6 5 4 3 2 1 0

| P1;DDR ‘ P1¢DDR ‘ P1sDDR ‘ P1,DDR ‘ P1;DDR ‘ P1,DDR ‘ P1,DDR ‘ P1oDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W W W W W W W

A pinin port 1 becomes an output pin if the corresponding PIDDR bit is set to 1, and an input pin
if thishitiscleared to 0. PLDDR isawrite-only register. All bits always return the value 1 when
read.

P1DDR isinitialized to H'00 by areset and in hardware standby mode. PADDR isnot initialized
in software standby mode.

(2) Port 1 Data Register: The port 1 dataregister (P1DR) is an eight-bit register that stores data
for pins P1gto P1;. P1IDRisused only in mode 7. In modes 1 to 6, the bit valuesin P1DR cannot
be modified and always read 1.

Bit 7 6 5 4 3 2 1 0

| P1; ‘ Pls ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P1; ‘ Plo |
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 abit in PLDDR is set to 1, the corresponding P1DR bit value is output at the corresponding
pin. If port 1isread the value in PIDR isreturned, regardless of the actual state of the pin.
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When abit in PLDDR iscleared to O, it is possible to write to the corresponding P1DR bit but the
valueis not output at the pin. If PADR isread the value at the pin is returned, regardless of the
value written in PIDR.

P1DRisinitialized to H'00 by areset and in hardware standby mode. P1DR isnot initialized in
software standby mode.

10.2.3 Pin Functionsin Each M ode

The functions of port 1 differ between the externally expanded modes (modes 1 to 6) and single-
chip mode (mode 7). The pin functions in each mode are described bel ow.

(1) Pin Functionsin Externally Expanded Modes (Modes 1 to 6): The settingsin PADDR are
ignored. Port 1 automatically becomes a bidirectional databus. Figure 10-3 shows the pin
functionsin modes 1 to 6.

Pin Functions

~~—> D5 (bidirectional data bus)
~—> D14 (bidirectional data bus)
~—= D3 (bidirectional data bus)
~—= D15 (bidirectional data bus)
Port 1 .
~—> D1, (bidirectional data bus)
~— D (bidirectional data bus)

~— Dg (bidirectional data bus)

~—= Dg (bidirectional data bus)

Figure10-3 Pin Functionsin Modes1to 6
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(2) Pin Functionsin Single-Chip Mode (Mode 7): Port 1 consists of general-purpose
input/output pins. Input or output can be selected separately for each pin. A pin becomes an
output pin if the corresponding PLDDR hit is set to 1 and an input pin if this bit is cleared to O.
Figure 10-4 shows the pin functionsin mode 7.

Pin Functions

~—> P1; (input/output pin)
~— P1g (input/output pin)
~—= P15 (input/output pin)
~—> P14 (input/output pin)
Port 1 ~— P13 (input/output pin)
~— P1, (input/output pin)
~— P1; (input/output pin)
<— P11, (input/output pin)

Figure10-4 Pin Functionsin Mode 7

(3) Software Standby Mode: Transition to software standby does not change the pin functionsin
single-chip mode. In the externally expanded maodes, port 1 isin the high-impedance state during
software standby.
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10.2.4 Port 1 Read/Write Operations

P1DR and P1DDR have different read/write functions depending on whether port 1 isused as a
data bus (D15 to Dg) or for general-purpose input or output (P1; to P1y). The operating states and
functions of port 1 are described next.

(1) DataBus(Modes1to 6): Figure 10-5 shows a block diagram illustrating the data-bus
function. Table 10-3 indicates register read/write data. When port 1 operates as a data bus, the
valuesin the port 1 data register (P1DR) have no effect on the buslines. When read, PIDR
returnsall 1s.

_
" Data bus
5 D15-Dg
o)
<
= TVCC
3 Read
©
£
£ 1 write
- » PI1DR

Figure 10-5 DataBus: Dq5t0 Dg(Modes 1 to 6)

Table10-3 Register Read/Write Data

Read Write

P1DR Always 1 Don't care*

Note:The register can be written to, but the value is not output at the pines.

(2) Input Port (Mode 7): Figure 10-6 shows a block diagram illustrating the general-purpose
input function. Table 10-4 indicates register read/write data. When port 1 operates as an input
pin, values written in the port 1 data register (P1DR) have no effect on general-purpose input
lines. When read, P1DR returns the value at the pin.
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/

Read
- P1,-P1y

Write

Internal data bus

> PI1DR

S

Figure10-6 Input Port (Mode7)

Table 10-4 Register Read/Write Data

Read Write

P1DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(3) Output Port (Mode 7): Figure 10-7 shows a block diagram illustrating the general-purpose
output function. Table 10-5 indicates register read/write data. The value written in the port 1 data
register (P1DR) is output at the pin. When read, P1DR returns the value written in PIDR.

/

P1,-P1,

Read/

Write
- = P1DR

Internal data bus

\

Figure 10-7 Output Port (Mode 7)

Table10-5 Register Read/Write Data

Read Write

P1DR P1DR value Value output at pin
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10.3 Port 2
10.3.1 Overview

Port 2 is an eight-bit general-purpose input/output port in modes 2 and 7. In modes 1, 3, 4, 5, and
6, port 2 is adata bus (D7 to Dy).

Pinsin port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair.

Figure 10-8 summarizes the pin functions. Figure 10-9 shows examples of output |oads for port 2.

|—> |327/D7
|— P26/D6
|— P25/D5
|— P24/D4
Port 2
~e— P23/D3
— P2,/D)»
«—> P2:/D;

le— P2/Dg

Figure10-8 Port 2 Pin Functions

HD7404 etc. Darlington pair
[ H—o—
H8/539F u H8/539F
Port 2 HD74LS04 etc. Port 2
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure10-9 Examplesof Port 2 Output L oads
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10.3.2 Register Descriptions
Table 10-6 summarizes the registers of port 2.

Table 10-6 Port 2 Registers

Address Name Abbreviation R/W Initial Value
H'FE81 Port 2 data direction register P2DDR W H'00
H'FE83 Port 2 data register P2DR R/W H'00

(1) Port 2 Data Direction Register: The port 2 data direction register (P2DDR) is an eight-bit
register. Each bit selectsinput or output for one pinin port 2. These input/output designations are
valid only in modes 2 and 7.

Bit 7 6 5 4 3 2 1 0

| P2,DDR | P26DDR | P25DDR | P2,DDR | P23DDR | P2,DDR | P2;DDR | P2DDR |

Initial value 0 0 0 0 0 0 0 0
R/W w " w w W w w W

A pinin port 2 becomes an output pin if the corresponding P2DDR bit is set to 1, and an input pin
if thishitiscleared to 0. P2DDR isawrite-only register. All bits always return the value 1 when
read.

P2DDR isinitialized to H'00 by areset and in hardware standby mode. P2DDR is not initialized
in software standby mode.

(2) Port 2 Data Register: The port 2 dataregister (P2DR) is an eight-bit register that stores data
for pins P2; to P2g. P2DRisused only in modes 2 and 7. In modes 1, 3, 4, 5, and 6, the bit
valuesin P2DR cannot be modified and always read 1.

Bit 7 6 5 4 3 2 1 0
| P2, \ P26 \ P2s \ P2, \ P2, \ P2, \ P2, \ P2,

Initial value 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW RIW RIW RIW

When abit in P2DDR is set to 1, the corresponding P2DR bit value is output at the corresponding
pin. If port 2 isread the value in P2DR is returned, regardless of the actual state of the pin.
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When abit in P2DDR iscleared to O, it is possible to write to the corresponding P2DR bit but the
valueis not output at the pin. If P2DR isread the value at the pin is returned, regardless of the
value written in P2DR.

P2DR isinitialized to H'00 by areset and in hardware standby mode. P2DR isnot initialized in
software standby mode.

10.3.3 Pin Functionsin Each M ode

The functions of port 2 differ between modes 1, 3, 4, 5, and 6 on the one hand, and modes 2 and 7
on the other hand. The pin functionsin each mode group are described bel ow.

(1) Pin Functionsin Modes 1, 3, 4, 5, and 6: The settingsin P2DDR areignored. Port 2
automatically becomes a bidirectional data bus. Figure 10-10 shows the pin functionsin modes 1,
3,4, 5, and 6.

Pin Functions

~~—> D7 (bidirectional data bus)
~—= Dg (bidirectional data bus)
~—= Ds (bidirectional data bus)
~— D, (bidirectional data bus)
Port 2
~—= D3 (bidirectional data bus)
~—> D>, (bidirectional data bus)

~— D1 (bidirectional data bus)

~— Dg (bidirectional data bus)

Figure10-10 Pin Functionsin Modes1, 3, 4, 5, and 6

(2) Pin Functionsin Modes 2 and 7: Port 2 consists of general-purpose input/output pins. Input
or output can be selected separately for each pin. A pin becomes an output pin if the
corresponding P2DDR bit isset to 1 and an input pinif thisbit is cleared to 0. Figure 10-11
shows the pin functionsin modes 2 and 7.
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Pin Functions

~—> P27 (input/output pin)
~—> P24 (input/output pin)
~—> P25 (input/output pin)
~—> P2, (input/output pin)
Port 2
~— P23 (input/output pin)
~—> P2, (input/output pin)
~— P2, (input/output pin)

~— P2, (input/output pin)

Figure10-11 Pin Functionsin Modes2 and 7

(3) Software Standby Mode: Transition to software standby does not change the pin functionsin
modes 2 and 7. In the externally expanded modes, port 2 isin the high-impedance state during
software standby.

10.3.4 Port 2 Read/Write Operations

P2DR and P2DDR have different read/write functions depending on whether port 2 isused as a
data bus (D7 to D) or for general-purpose input or output (P27 to P2). The operating states and
functions of port 2 are described next.

(1) DataBus(Modes1, 3, 4,5, and 6): Figure 10-12 shows a block diagram illustrating the data-
bus function. Table 10-7 indicates register read/write data. When port 2 operates as a data bus,
the values in the port 2 data register (P2DR) have no effect on the bus lines. When read, P2DR
returnsall 1s.

~—

" Data bus
S - > D7-Do
o)

©

= Vee
£ reas

©

£

£ | write

= = P2DR

Figure10-12 DataBus: D;toDg(Modes1, 3,4, 5, and 6)
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Table 10-7 Register Read/Write Data

Read Write

P2DR Always 1 Don’t care*

Note:The register can be written to, but the value is not output at the pines.

(2) Input Port (Modes 2 and 7): Figure 10-13 shows a block diagram illustrating the general-
purpose input function. Table 10-8 indicates register read/write data. Values written in the port 2
dataregister (P2DR) have no effect on general-purpose input lines. When read, P2DR returns the
value at the pin.

/

Read
- P2,—P2g

Write

Internal data bus

= P2DR

—

Figure 10-13 Input Port (Modes2 and 7)

Table10-8 Register Read/Write Data

Read Write

P2DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(3) Output Port (Modes 2 and 7): Figure 10-14 shows a block diagram illustrating the general -
purpose output function. Table 10-9 indicates register read/write data. The value written in the
port 2 dataregister (P2DR) is output at the pin. When read, P2DR returns the value written in
P2DR.

/

P27;-P2g

Read/

Write
- = P2DR

Internal data bus

—

Figure 10-14 Output Port (Modes2 and 7)
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Table 10-9 Register Read/Write Data

Read Write

P2DR P2DR value Value output at pin

10.4 Port 3
10.4.1 Overview

Port 3is asix-bit input/output port that is multiplexed with output compare pins (T20C,, T20C,,
T10C, to T10C,) of the 16-bit integrated-timer pulse unit (IPU). Figure 10-15 summarizesthe
pin functions.

Pinsin port 3 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair or LED (with 10-mA current sink).

~— P35 (input/output)/T20C, (output)
—> P34 (input/output)/T20C (output)
~—> P33 (input/output)/T10C4 (output)
~—> P23, (input/output)/T10C3 (output)
~—> P3; (input/output)/T10C, (output)
~—= P3( (input/output)/T10C; (output)

Port 3

Figure 10-15 Port 3 Pin Functions

Figure 10-16 shows examples of output loads for port 3.

185



] HD7404 etc. ] Darlington pair
[H{>o— 1
H8/539F N H8/539F
Port 3 HD74LS04 etc. Port 3
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair
] 600 Q
H8/539F
Port 3
LED
]
\/\
(3) LED driving circuit

Figure10-16 Examplesof Port 3 Output L oads
10.4.2 Register Descriptions
Table 10-10 summarizes the registers of port 3.

Table 10-10 Port 3 Registers

Address Name Abbreviation R/W Initial Value
H'FE84 Port 3 data direction register P3DDR W H'CO
H'FE86 Port 3 data register P3DR R/W H'CO
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(1) Port 3 Data Direction Register: The port 3 data direction register (P3DDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| — | — |P3:DDR|P3,DDR | P3;DDR | P3,DDR | P3;DDR | P3,DDR |

Initial value 1 1 0 0 0 0 0 0
R/W — — w W " w w w

A pinin port 3 becomes an output pin if the corresponding P3DDR bit is set to 1, and an input pin

if thishitisclearedto 0. P3DDR isawrite-only register. All bits always return the value 1 when
read.

P3DDR isinitialized to H'CO by areset and in hardware standby mode. P3DDR isnot initialized
in software standby mode.

(2) Port 3 Data Register: The port 3 dataregister (P3DR) is an eight-bit register that stores data
for pins P35 to P3,.

Bit 7 6 5 4 3 2 1 0

| — | — | s | P3| P3| P3| Py | P |
Initial value 1 1 0 0 0 0 0 0
RIW — — RIW RIW RIW RIW RIW RIW

When abit in P3BDDR is set to 1, the corresponding P3DR bit value is output at the corresponding
pin. If port 3isread the value in P3DR is returned, regardless of the actual state of the pin.

When abit in P3DDR iscleared to O, it is possible to write to the corresponding P3DR hit but the
value is not output at the pin. If P3DR isread the value at the pin is returned, regardless of the
value written in P3DR.

P3DR isinitialized to H'CO by areset and in hardware standby mode. P3DR isnot initialized in
software standby mode.

10.4.3 Pin Functionsin Each M ode

In all modes port 3 can be used for general-purpose input or output, or for the output compare
function of the 16-bit integrated-timer pulse unit (1PU).
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(1) Pin Functionsin Modes1to 7: When apinisused for IPU output, the setting in P3BDDR is
ignored. T10C; to T10C,, T20C,, or T20C, output is selected automatically. For methods of
selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 3 becomes an input or output port according to P3BDDR and P3DR.

10.4.4 Port 3 Read/Write Operations

P3DR and P3DDR have different read/write functions depending on whether port 3 is used for the
output compare function (T10C; to T10C,, T20C,, T20C,) of the 16-bit integrated-timer pulse
unit (IPU) or general-purpose input or output (P35 to P3y). The operating states and functions of
port 3 are described next.

(1) Input Port (Modes1to 7): Figure 10-17 shows a block diagram illustrating the general-
purpose input function. Table 10-11 indicates register read/write data. Values written in the port 3
data register (P3DR) have no effect on general-purpose input lines. When read, P3DR returns the
value at the pin.

~—

2]

a

p Read

T P35—P3g
©

E

5| Write

£ = P3DR

Figure10-17 Input Port (Modes1to7)

Table 10-11 Register Read/Write Data

Read Write

P3DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(2) Output Port (Modes 1to 7): Figure 10-18 shows a block diagram illustrating the general-
purpose output function. Table 10-12 indicates register read/write data. The value written in the
port 3 dataregister (P3DR) is output at the pin. When read, P3DR returns the value written in
P3DR.
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/

P35-P3g

Read/
Write

Internal data bus

> P3DR

S

Figure10-18 Output Port (Modes1to7)

Table 10-12 Register Read/Write Data

Read Write

P3DR P3DR value Value output at pin

(3) Timer Output Pins(Modes 1to 7): Figure 10-19 shows ablock diagram illustrating the
output function using the output compare output pins. Table 10-13 indicates register read/write
data. When apinin port 3 is used as an output compare output pin, the setting in the port 3 data
direction register (P3DDR) isignored. The valuein the port 3 dataregister (P3DR) has no effect
on the timer output. When read, P3DR returns the timer output level (T10C; to T10C,4, T20C,,

or T20C,).

~—
Timer output
2]
=}
Keo)
© | Read |—> T10C;4
-g T20Cq 2
g
5 | Write
£ > P3DR

Figure10-19 Timer Output Pins (Modes1to 7)

Table 10-13 Register Read/Write Data

Read Write

P3DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.
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10.5 Port 4
10.5.1 Overview

Port 4 is an eight-bit input/output port that is multiplexed with output compare and input capture
pins (T710Cyq, T6IOC,;4, T5I0C,4, T4IOC,,) of the 16-hit integrated-timer pulse unit (IPU).
Figure 10-20 summarizes the pin functions.

Pinsin port 4 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair. P4; to P4y have Schmitt-trigger input circuits.

~—> P45 (input/output)/T7I0C, (input/output)
[<+— P4g (input/output)/T710C (input/output)
~<— P45 (input/output)/T6IOC, (input/output)
~— P4, (input/output)/T6IOC; (input/output)
Port4 ~— P43 (input/output)/T5I0C, (input/output)
~— P4, (input/output)/T5I0C; (input/output)

~— P4, (input/output)/T4I0C, (input/output)

~— P4, (input/output)/T410C; (input/output)

Figure10-20 Port 4 Pin Functions

Figure 10-21 shows examples of output loads for port 4.

——— | HD7404etc — - -
) Darlington pair
HDo— ]
H8/539F ] H8/539F
Port 4 HD74LS04 etc. Port 4
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure10-21 Examplesof Port 4 Output L oads
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10.5.2 Register Descriptions
Table 10-14 summarizes the registers of port 4.

Table 10-14 Port 4 Registers

Address Name Abbreviation R/W Initial Value
H'FE85 Port 4 data direction register PADDR W H'00
H'FE87 Port 4 data register P4DR R/W H'00

(1) Port 4 Data Direction Register: The port 4 data direction register (PADDR) is an eight-hbit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P47;DDR ‘ P4¢DDR ‘ P4sDDR ‘ P4,DDR ‘ P4;DDR ‘ P4,DDR ‘ P4,DDR ‘ P4oDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W W W w W w W

A pinin port 4 becomes an output pin if the corresponding PADDR bit is set to 1, and an input pin
if thishitisclearedto 0. PADDR isawrite-only register. All bits always return the value 1 when
read.

PADDR isinitialized to H'00 by areset and in hardware standby mode. PADDR is not initialized
in software standby mode.

(2) Port 4 Data Register: The port 4 dataregister (PADR) is an eight-bit register that stores data
for pins P47 to P4,

Bit 7 6 5 4 3 2 1 0

| P4, ‘ P4g ‘ P4s ‘ P4, ‘ P43 ‘ P4, ‘ P4, ‘ P4 |
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 abit in PADDR is set to 1, the corresponding PADR bit value is output at the corresponding
pin. If port 4 isread the value in PADR isreturned, regardless of the actual state of the pin.

When abit in PADDR iscleared to O, it is possible to write to the corresponding PADR bit but the
valueis not output at the pin. If PADR isread the value at the pin is returned, regardless of the
value written in PADR.
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PADR isinitialized to H'00 by areset and in hardware standby mode. PADR isnot initialized in
software standby mode.

10.5.3 Pin Functionsin Each M ode

In all modes port 4 can be used for general-purpose input or output, or for the input capture and
output compare functions of the 16-bit integrated-timer pulse unit (1PU).

(1) Pin Functionsin Modes 1to 7: When apin is used for the IPU output-compare function, the
setting in PADDR has no effect. T4l0C,, T410C,, T510C,, T5I0C,, T6IOC,, T6IOC,, T710C,,
or T710C, output is selected automatically. When the |PU input capture function is selected, the
PADDR setting is valid and the pin can simultaneously function as a general-purpose input or
output port. For methods of selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 4 becomes an input or output port according to PADDR and PADR.

10.5.4 Port 4 Read/Write Operations

PADR and PADDR have different read/write functions depending on whether port 4 is used for the
input capture or output compare function (T410C;5, T5IOC5, T6IOC, 5, T710C; ;) of the 16-bit
integrated-timer pulse unit (IPU) or for general-purpose input or output (P4 to P4g). The
operating states and functions of port 4 are described next.

(1) Input Port (Modes1to 7): Figure 10-22 shows ablock diagram illustrating the general -
purpose input function. Table 10-15 indicates register read/write data. Values written in the port 4
dataregister (PADR) have no effect on general-purpose input lines. When read, PADR returns the
value at the pin.

~—
3
ﬁ Read
T P47—P40
©
©
GE) Write
= P4DR

Figure10-22 Input Port (Modes1to7)
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Table 10-15 Register Read/Write Data

Read Write

P4ADR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(2) Output Port (Modes 1to 7): Figure 10-23 shows a block diagram illustrating the general-
purpose output function. Table 10-16 indicates register read/write data. The value written in the
port 4 data register (P4DR) is output at the pin. When read, PADR returns the value written in
PADR.

o~—

(%3]

35

o

<

= P4,-P4,
©

=< | Read/

S | write

gl= ~ P4DR

Figure 10-23 Output Port (Modes1to7)

Table 10-16 Register Read/Write Data

Read Write

P4DR P4DR value Value output at pin

(3 Timer Output Pins(Modes1to 7): Figure 10-24 shows ablock diagram illustrating the
output compare function. Table 10-17 indicates register read/write data. When apinin port 4 is
used for output compare, the value in the port 4 data register (P4DR) has no effect on the timer
output. When read, PADR returns the timer output level (T410C,, T410C,, T5I0C4, T5I0C,,
T6IOC,, T6IOC,, T710C,, or T710C,).

~—
Timer output
[%)]
>
'g Read |—>
T T4I0Cq, 2
©
E T5I0C
S| write 12
g ~| P4DR T6lOCy, 2
= T710Cy 2

Figure 10-24 Output Compare Pins (Modes1to 7)
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Table 10-17 Register Read/Write Data

Read Write

PADR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(4) Timer Input Combined with General-Purpose Output (Modes 1 to 7): Figure 10-25
shows a block diagram illustrating the input capture function when combined with general-
purpose output. Table 10-18 indicates register read/write data. An input capture pin can also
function as an output port, in which case the output value isinput to the timer.

~—
Input capture input
[%2]
3 t
g T410C, ,
©
< | Read/
CIEJ Write T5|OC1V 2
2 = P4DR T6I0Cy, 2
- T7|OC1V 2

Figure 10-25 Input Capture Combined with General-Purpose Output (Modes1to 7)

Table 10-18 Register Read/Write Data

Read Write
P4DR P4DR value Value output at pin (timer input)

(5) Timer Input Combined with General-Purpose Input (Modes 1to 7): Figure 10-26 shows a
block diagram illustrating the input capture function when combined with general-purpose input.
Table 10-19 indicates register read/write data. An input capture pin can also be read as an input
port, to monitor the timer input level at T410C4, T410C,, T510C4, T5I0C,, T610OC,, T610C,,
T710C4, or T710C,.

~—
Input capture input

2]
]
ﬁ Read f—
T T4|OC1’ 2
©
g T510Cy,
g | Write T610C;,
p= P4DR 12
= T710Cq, 2

Figure10-26 Input Capture Combined with General-Purpose Input (Modes1to 7)
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Table 10-19 Register Read/Write Data

Read Write

P4DR Timer input Don’t care*

Note:The register can be written to, but the value is not output at the pines.

10.6 Port 5
10.6.1 Overview

Port 5 is an eight-bit input/output port that is multiplexed with output compare and input capture
pins (T3IOCyq, T210C,1, TLIOC3/5/1) Of the 16-bit integrated-timer pulse unit (IPU). Figure
10-27 summarizes the pin functions.

Pinsin port 5 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair or LED (with 10-mA current sink). Inputs are Schmitt-triggered.

~—> P57 (input/output)/T3I0C, (input/output)
~—> P5g (input/output)/T3I0C; (input/output)
~—> P55 (input/output)/T2I0C; (input/output)
~—> P5, (input/output)/T210C (input/output)
Ports ~—> P53 (input/output)/T1IOC4 (input/output)
~— P5, (input/output)/T110C3 (input/output)
~— P5; (input/output)/T1IOC, (input/output)
— P5¢ (input/output)/T1IOC (input/output)

Figure 10-27 Port 5 Pin Functions

Figure 10-28 shows examples of output loads for port 5.
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T | HD740det ] Darlington pair
HDo— ]
H8/539F N H8/539F
Port 5 HD74LS04 etc. Port 5
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair
\/\ VCC
1 600 Q
H8/539F
Port 5
LED
1
\/\
(3) LED driving circuit

Figure 10-28 Examplesof Port 5 Output L oads
10.6.2 Register Descriptions
Table 10-20 summarizes the registers of port 5.

Table 10-20 Port 5 Registers

Address Name Abbreviation R/W Initial Value
H'FE88 Port 5 data direction register P5DDR W H'00
H'FEBA Port 5 data register P5DR R/W H'00
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(1) Port 5 Data Direction Register: The port 5 data direction register (PSDDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P5/DDR | P5GDDR | P5sDDR | P5,DDR | P53DDR | P5,DDR | P5;DDR | P5oDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W W W w W W W

A pinin port 5 becomes an output pin if the corresponding PSDDR bit is set to 1, and an input pin
if thishitiscleared to 0. PSDDR isawrite-only register. All bits always return the value 1 when
read.

PSDDR isinitialized to H'00 by areset and in hardware standby mode. PSDDR is not initialized
in software standby mode.

(2) Port 5 Data Register: The port 5 dataregister (PSDR) is an eight-bit register that stores data
for pins P57 to P5.

Bit 7 6 5 4 3 2 1 0

| PS5, \ P56 \ P5s \ PS5, \ P54 \ PS5, \ PS5, \ P5, |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

When abit in PSDDR is set to 1, the corresponding PSDR bit value is output at the corresponding
pin. If port 5isread the value in P5DR is returned, regardless of the actual state of the pin.

When abit in PSDDR iscleared to O, it is possible to write to the corresponding PSDR hit but the
value is not output at the pin. If PSDR isread the value at the pin is returned, regardless of the
value written in PSDR.

P5DR isinitialized to H'00 by areset and in hardware standby mode. P5DR isnot initialized in
software standby mode.

10.6.3 Pin Functionsin Each Mode

In all modes port 5 can be used for general-purpose input or output, or for the input capture and
output compare functions of the 16-hit integrated-timer pulse unit (1PU).
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(1) Pin Functionsin Modes1to 7: When apin is used for the IPU output compare function, the
setting in PSDDR isignored. T1I10C, to TLIOC,, T210C,, T210C,, T3IOC,, or T3I0C, output
is selected automatically. When the IPU input capture function is selected, the PSDDR setting is
valid and the pin can simultaneously function as a general -purpose input or output port. For
methods of selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 5 becomes an input or output port according to PSDDR and P5DR.

10.6.4 Port 5 Read/Write Operations

P5DR and PSDDR have different read/write functions depending on whether port 5 is used for the
input capture or output compare function (T11OC;5/3/4, T210Cy5, T3IOC,,) of the 16-bit
integrated-timer pulse unit (IPU) or for general-purpose input or output. The operating states and
functions of port 5 are described next.

(1 Input Port (Modes1to 7): Figure 10-29 shows a block diagram illustrating the general-
purpose input function. Table 10-21 indicates register read/write data. Values written in the port 5
dataregister (PSDR) have no effect on general-purpose input lines. When read, PSDR returns the
value at the pin.

)

Read
- P57—P5¢

Write

Internal data bus

= P5DR

\

Figure10-29 Input Port (Modes1to7)

Table 10-21 Register Read/Write Data

Read Write

P5DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(2) Output Port (Modes 1to 7): Figure 10-30 shows a block diagram illustrating the general-
purpose output function. Table 10-22 indicates register read/write data. The value written in the
port 5 dataregister (P5DR) is output at the pin. When read, PSDR returns the value written in
P5SDR.
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/

P5;—P50

Read/
Write

Internal data bus

P5DR

S

Figure 10-30 Output Port (Modes1to7)

Table10-22 Register Read/Write Data

Read Write

P5DR P5DR value Value output at pin

(3) Timer Output Pins(Modes 1to 7): Figure 10-31 shows ablock diagram illustrating the
output compare function. Table 10-23 indicates register read/write data. When apininport 5is
used for output compare, the value in the port 5 data register (PSDR) has no effect on the timer
output. PSDR can be read to monitor the timer output level (T11OC; to T1IOC,, T210C,,
T210C,, T3IOC,, T3IOC,).

[ ~—
Output compare output

%)

S

ﬁ Read |—>

T T1I0C1_4
o

g

5| Write T2I0Cq, »
s = PS5DR T3I0Cy, 2

Figure10-31 Output Compare Pins (Modes1to7)

Table 10-23 Register Read/Write Data

Read Write

P5DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.
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(4) Timer Input Combined with General-Purpose Output (Modes 1 to 7): Figure 10-32
shows a block diagram illustrating the input capture function when combined with general-
purpose output. Table 10-24 indicates register read/write data. An input capture pin can also
function as an output port, in which case the output value is input to the timer.

~—
Input capture input
2]
2 t
g T1I0C; 4
©
< | Read/
c .
§ Aerte T210Cy, 2
c PSDR T3I0Cy, 5

Figure 10-32 Input Capture Combined with General-Purpose Output (Modes1to 7)

Table10-24 Register Read/Write Data

Read Write
P5DR P5DR value Value output at pin (Timer input)

(5) Timer Input Combined with General-Purpose Input (Modes 1to 7): Figure 10-33 shows a
block diagram illustrating the input capture function when combined with general-purpose input.
Table 10-25 indicates register read/write data. Aninput capture pin can also be read as an input
port, to monitor the timer input level at T110C; to TLIOC,, T210C,, T210C,, T3I0C,, or T3I0C,.

~—
Input capture input

(2]

]

ﬁ Read 1—

T [ T1IOCq_4
©

g

5 | write T210Cy,
= > P5DR T3I0Cy, 2

Figure 10-33 Input Capture Combined with General-Purpose Input (Modes 1to 7)

Table 10-25 Register Read/Write Data

Read Write
P5DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.
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10.7 Port 6
10.7.1 Overview

Port 6 is afive-bit input/output port that is multiplexed with the external clock pins (TCLK35/1) of
the 16-bit integrated-timer pulse unit (IPU), with external interrupt pins (IRQz and IRQ,), and
with a PWM timer output pin (PW3). Figure 10-34 summarizes the pin functions.

Pinsin port 6 can drive one TTL load and a 30-pF capacitive load. They can also drivea
Darlington transistor pair.

~<— P64 (input/output)/TCLKj3 (input)

~—= P63 (input/output)/TCLK (input)

Port 6 [=— P6, (input/output)/TCLK; (input)

l«— P6; (input/output)/IRQ3 (input)

«— P6g (input/output)/IRQ; (input)/PW5 (output)

Figure 10-34 Port 6 Pin Functions

Figure 10-35 shows examples of output loads for port 6.

————— | HD7404etc —
) Darlington pair
[H—{>o— 1
H8/539F H H8/539F
Port 6 HD74LS04 etc. Port 6
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-35 Examplesof Port 6 Output L oads
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10.7.2 Register Descriptions
Table 10-26 summarizes the registers of port 6.

Table 10-26 Port 6 Registers

Address Name Abbreviation R/W Initial Value
H'FE89 Port 6 data direction register P6DDR W H'EO
H'FE8SB Port 6 data register P6DR R/W H'EO
H'FEDB Port 6/7 control register P67CR R/W H'3E

(1) Port 6 Data Direction Register: The port 6 data direction register (P6DDR) is an eight-hbit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

— | P64DDR | P6:DDR | P6;DDR | P61DDR | P6DDR |

Initial value 1 1 1 0 0 0 0 0
RIW — — — w W w w W
A pinin port 6 becomes an output pinif the corresponding P6DDR bit is set to 1, and an input pin

if thishitiscleared to 0. P6DDR isawrite-only register. All bits always return the value 1 when
read.

P6DDR isinitialized to H'EO by areset and in hardware standby mode. P6DDR is not initialized
in software standby mode.

(2) Port 6 Data Register: The port 6 dataregister (P6DR) is an eight-bit register that stores data
for pins P64 to P&y,

Bit 7 6 5 4 3 2 1 0
| — | — | — | pes | Pes | Pe; | Per | Pey |

Initial value 1 1 1 0 0 0 0 0

RIW — — — RIW RIW RIW RIW RIW

When abit in P6DDR is set to 1, the corresponding P6DR bit value is output at the corresponding
pin.

When abit in P6DDR iscleared to O, it is possible to write to the corresponding PEDR hit but the
value is not output at the pin. If PEDR isread the value at the pin is returned, regardless of the
value written in P6DR.
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PEDR isinitialized to H'EO by areset and in hardware standby mode. P6DR isnot initialized in
software standby mode.

(3) Port 6/7 Control Register: The port 6/7 control register (P67CR) is an eight-bit register that
controls the functions of pin PG in port 6 and pins P7; and P7g in port 7.

Bit 7 6 5 4 3 2 1 0
lpwe | Pwie | — | — | — | — | — | pwaE |

Initial value 0 0 1 1 1 1 1 0

RIW RIW RIW R R R R R RIW

Bits 7 and 6—PW, Enable and PW, Enable (PW2E, PW1E): These bits control the PWM
output function of pins P7-/SCK/PW, and P74/SCK/PW in port 7. When bits PW2E and PW1E
are set to 1, these pins can be used for PW, and PW output and cannot be used for SCK, and
SCK output.

Bit 0—PW3 Enable (PW3E): Controls the PWM output function of pin P6¢/IRQ./PW5 in port 6.
When bit PW3E is set to 1, this pin can be used for PW3 output.

10.7.3 Pin Functionsin Each M ode

(1) Pin Functionsin Modes1to 7: When apinisused for IPU external clock input (TCLK3/5/1)
or external interrupt input (IRQ3,), it can simultaneously function as a general-purpose input or
output port. When apin is used for PWM timer output (PW3), the PBDDR setting is disregarded
and the PW3 function is selected. For methods of selecting pin functions, see appendix D “Pin
Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 6 becomes an input or output port according to PBDDR and P6DR.

10.7.4 Port 6 Read/Write Operations

P6DR and PEDDR have different read/write functions depending on whether port 6 is used for
external clock input (TCLK3/,1) to the 16-bit integrated-timer pulse unit (IPU), external interrupt
input (IRQg/2), PWM timer output (PWs5), or general-purpose input or output (P6, to P6g). The
operating states and functions of port 6 are described next.
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(1) Input Port (Modes 1to 7): Figure 10-36 shows a block diagram illustrating the general-
purpose input function. Table 10-27 indicates register read/write data. Values written in the port 6
data register (P6DR) have no effect on general-purpose input lines. When read, PEDR returns the
value at the pin.

/

Read

P64—P6¢

Write
P6DR

Internal data bus

S

Figure10-36 Input Port (Modes1to7)

Table 10-27 Register Read/Write Data

Read Write

P6DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(2) Output Port (Modes 1to 7): Figure 10-37 shows a block diagram illustrating the general-
purpose output function. Table 10-28 indicates register read/write data. The value written in the
port 6 dataregister (P6DR) is output at the pin. When read, P6DR returns the value written in
PEDR.

/

P64—P6¢

Read/

Write
- = P6DR

Internal data bus

S

Figure 10-37 Output Port (Modes1to7)
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Table 10-28 Register Read/Write Data

Read Write

P6DR P6DR value Value output at pin

(3) IRQs0r IRQ, Input Combined with General-Pur pose Output (P6;, P6;: modes 1 to 7):
Figure 10-38 shows a block diagram illustrating the IRQ5 and IRQ input function of P6; and P6;
when combined with general-purpose output. Table 10-29 indicates register read/write data.
When P6, and P6 are used for IRQz and IRQ, input they can also function as general-purpose
output ports. If the general-purpose output function is used, however, output of afalling edge will
cause an interrupt.

[ ~—
IRQ2 or IRQ3 input
[%2)
2 t
m - -
IS IRQ2, IRQ3
e]
< | Read/
S | Write
2 |- = P6DR

Figure10-38 1RQgor IRQ, Input Combined with General-Purpose Output (Modes 1 to 7)

Table 10-29 Register Read/Write Data

Read Write

P6DR P6DR value Value output at pin

(4) IRQz0r IRQ, Input Combined with General-Purpose I nput (P6;, P65: Modes 1 to 7):
Figure 10-39 shows a block diagram illustrating the IRQz and IRQ, input function when
combined with general-purpose input. Table 10-30 indicates register read/write data. \When P6;
and P& are used for IRQz and IRQ, input they can also be read as general-purpose input ports, to
monitor the input level at IRQ5 or IRQ,.
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/

IRQ2 or IRQ3 input

Read ?—

IRQ2, IRQs

Write

Internal data bus

= P6DR

\

Figure 10-39 IRQzor IRQ, Input Combined with General-Purpose Input (Modes 1 to 7)

Table10-30 Register Read/Write Data

Read Write

P6DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(5) Timer Clock Input Combined with General-Pur pose Output (P64 to P6,: Modes 1 to 7):
Figure 10-40 shows a block diagram illustrating the TCLK 3 to TCLK 1 input function of P64 to
P6, when combined with general-purpose output. Table 10-31 indicates register read/write data.
When P64 to P6, are used for TCLK 3, TCLK 5, and TCLK ; input they can also function as
general-purpose output ports.

~—
TCLK3to TCLK; input
3
Ko}
g TCLKa_1
©
< | Read/
S | Write
g |- > P6DR

Figure10-40 TCLKg3to TCLK4 Input Combined with General-Purpose Output
(Modes1to7)

Table 10-31 Register Read/Write Data

Read Write

P6DR P6DR value Value output at pin
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(6) Timer Clock Input Combined with General-Purpose I nput (P64 to P6,: Modes1to 7):
Figure 10-41 shows a block diagram illustrating the TCLK 3 to TCLK 1 input function of P64 to
P6, when combined with general-purpose input. Table 10-32 indicates register read/write data.
When P6,4 to P6, are used for TCLK 3, TCLK 5, and TCLK ; input they can also be read as general -
purpose input ports, to monitor the input level at TCLK5to TCLKj.

~—
TCLKj3 to TCLK; input
[%2]
]
ﬁ Read ?—
T TCLK3_1
©
g
5 | Write
£ > P6DR

Figure10-41 TCLKg3to TCLK; Input Combined with General-Purpose I nput
(Modes1to7)

Table 10-32 Register Read/Write Data

Read Write

P6DR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(7) PW3 Output Combined with General-Purpose Input (P6y: Modes 1 to 7): Figure 10-42
shows a block diagram illustrating the PW5 output function of P6y when combined with general-
purpose input. Table 10-33 indicates register read/write data. When P6g is used for PW5 output it
can also be read as a general-purpose input port, to monitor the state of the PW3 pin.

~—
PW3 output
2]
-8 \—b
p Read
< [ PW3
©
g
5 | Write
£ P6DR

Figure 10-42 PW3 Output Combined with General-Purpose | nput (Modes 1 to 7)
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Table 10-33 Register Read/Write Data

Read Write

P6DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

10.8 Port 7
10.8.1 Overview

Port 7 is an eight-bit input/output port that is multiplexed with the seria clock input/output pins
(SCK, and SCK 1), transmit data output pins (TXD, and TXD,), and receive data input pins
(RXD, and RXD,) of the serial communication interface (SCI), with PWM timer output pins
(PW, and PW,), with external interrupt pins (IRQ and IRQg), and with the external trigger pin
(ADTRG) of the A/D converter. Figure 10-43 summarizes the pin functions. Pinsin port 7 can
drive one TTL load and a 30-pF capacitive load. They can aso drive a Darlington transistor pair.

~— P77 (input/output)/SCKj (input/output)/PW, (output)
~— P7¢ (input/output)/SCK; (input/output)/PW, (output)
~— P75 (input/output)/RXD> (input)

~— P74 (input/output)/TXD, (output)

Port 7 ~— P73 (input/output)/RXD1 (input)

~— P7, (input/output)/TXD4 (output)

<— P7; (input/output)/IRQ; (input)/ADTRG (input)
< P7; (input/output)/IRQg (input)

Figure 10-43 Port 7 Pin Functions

Figure 10-44 shows examples of output loads for port 7.
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] HD7404 etc. ] Darlington pair
[H—{>o— 1
H8/539F u H8/539F
Port 7 HD74LS04 etc. Port 7
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-44 Examplesof Port 7 Output L oads
10.8.2 Register Descriptions
Table 10-34 summarizes the registers of port 7.

Table 10-34 Port 7 Registers

Address Name Abbreviation R/W Initial Value
H'FE8SC Port 7 data direction register P7DDR W H'00
H'FESE Port 7 data register P7DR R/W H'00
H'FEDE Port 6/7 control register P67CR R/W H'3E

(1) Port 7 Data Direction Register: The port 7 data direction register (P7DDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P7,DDR | P76DDR | P75DDR | P7,DDR | P75DDR | P7,DDR | P7:DDR | P70DDR |

Initial value 0 0 0 0 0 0 0 0
R/W W w W W w W W w

A pinin port 7 becomes an output pin if the corresponding P7DDR bit is set to 1, and an input pin
if thisbitisclearedto 0. P7DDR isawrite-only register. All bits always return the value 1 when
read.

P7DDR isinitialized to H'00 by areset and in hardware standby mode. P7DDR isnot initialized
in software standby mode.

209



(2) Port 7 Data Register: The port 7 dataregister (P7DR) is an eight-bit register that stores data
for pins P7; to P7j.

Bit 7 6 5 4 3 2 1 0

| P77 ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P75 ‘ P71 ‘ P79 |
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 abit in P7TDDR is set to 1, the corresponding P7DR bit value is output at the corresponding
pin. If port 7 isread the value in P7DR isreturned, regardless of the actual state of the pin.

When abit in PTDDR iscleared to O, it is possible to write to the corresponding P7DR bit but the
valueis not output at the pin. If P7TDR isread the value at the pin is returned, regardless of the
value written in P7DR.

P7DRisinitialized to H'00 by areset and in hardware standby mode. P7DR isnot initialized in
software standby mode.

(3) Port 6/7 Control Register: The port 6/7 control register (P67CR) is an eight-bit register that
controls the functions of pin P6q in port 6 and pins P7; and P7gin port 7.

Bit 7 6 5 4 3 2 1 0

| PW2E ‘ PW1E ‘ — ‘ — ‘ — ‘ — ‘ — ‘ PW3E |
Initial value 0 0 1 1 1 1 1 0
R/W R/W R/W R R R R R R/W

Bits 7 and 6—PW, Enable and PW; Enable (PW2E, PW1E): These bits control the PWM
output function of pins P7,/SCK,/PW, and P7¢/SCK 1/PW1 in port 7. When bits PW2E and PW1E
are set to 1, these pins can be used for PW, and PW output and cannot be used for SCK, and
SCK output.

Bit 0—PW3 Enable (PW3E): Controls the PWM output function of pin P6¢/IRQ./PW3 in port 6.
When bit PW3E is set to 1, this pin can be used for PW3 output.

10.8.3 Pin Functionsin Each M ode

(1) Pin Functionsin Modes 1to 7: When apin isused for input or output by the serial
communication interface (SCI) or aPWM timer, the P7TDDR setting is disregarded and the piniis
used for serial clock input or output (SCK 1), transmit data output (TXDoy4), receive data input
(RXDgyq), or PWM timer output (PW15).

210



When P7; and P7q are used for external interrupt input (IRQ; and IRQg), they can simultaneously
function as general-purpose input or output ports. P7, can also function as the external trigger
signal (ADTRG) for the A/D converter.

For methods of selecting pin functions, see appendix D “Pin Function Selection.”

(2) Software Standby Mode: Transition to software standby mode initializes the on-chip
supporting modules, so port 7 becomes an input or output port according to P7DDR and P7DR.

10.8.4 Port 7 Read/Write Operations

P7DR and P7DDR have different read/write functions depending on whether port 7 is used for
output of transmit data (TXD4y), input of receive data (RXD4y,), input or output of serial clocks
(SCKyp) for the serial communication interface, PWM timer output (PWoq), external interrupt
input (IRQ4,0), or general-purpose input or output. The operating states and functions of port 7 are
described next.

(1) Input Port (Modes1to 7): Figure 10-45 shows ablock diagram illustrating the general-
purpose input function. Table 10-35 indicates register read/write data. Values written in the port 7
dataregister (P7DR) have no effect on general-purpose input lines. When read, P7DR returns the
value at the pin.

~—
2]
a
p Read
T P7:-P7g
o]
E
5 | Write
£ P7DR

Figure 10-45 Input Port (Modes1to7)

Table10-35 Register Read/Write Data

Read Write

P7DR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(2) Output Port (Modes 1to 7): Figure 10-46 shows a block diagram illustrating the general-
purpose output function. Table 10-36 indicates register read/write data. The value written in the
port 7 data register (P7DR) is output at the pin. When read, P7DR returns the value written in
P7DR.
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/

P77-P7o

Read/
Write

Internal data bus

= P7DR

\

Figure10-46 Output Port (Modes1to7)

Table10-36 Register Read/Write Data

Read Write
P7DR P7DR value Value output at pin

(3) TRQ1 or IRQg Input Combined with General-Purpose Output (P7,, P75: Modes 1to 7):
Figure 10-47 shows a block diagram illustrating the IRQ; and IRQq input function when
combined with general-purpose output. Table 10-37 indicates register read/write data. When P7,
and P7, are used for IRQ; and IRQ, input they can also function as general -purpose output ports.
If the general-purpose output function is used, however, output of afalling edge will cause an
interrupt.

/

IRQ or IRQg input

IRQ1, IRQo

Read/
Write

Internal data bus

= P7DR

\

Figure 10-47 1RQq or IRQq Input Combined with General-Purpose Output (Modes 1 to 7)

Table10-37 Register Read/Write Data

Read Write

P7DR P7DR value Value output at pin
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(4) IRQ; or IRQq Input Combined with General-Purpose Input (P7,, P75: Modes 1to 7):
Figure 10-48 shows a block diagram illustrating the IRQ; and IRQ input function when
combined with general-purpose input. Table 10-38 indicates register read/write data. When P7;
and P7; are used for IRQ; and IRQ input they can also be read as general-purpose input ports, to
monitor the input level at IRQ; or IRQ,.

~—
IRQ; or IRQq input
0
2 !
po Read _
ks IRQ1, IRQo
g
5 | Write
£ > P7DR

Figure 10-48 1RQq or IRQq Input Combined with General-Purpose Input (Modes1to 7)

Table 10-38 Register Read/Write Data

Read Write

P7DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(5) TXD,and TXD4 Output (P74 and P7,: Modes 1 to 7): Figure 10-49 shows a block diagram
illustrating the TXD, and TXD; output function. Table 10-39 indicates register read/write data.
When P7, and P7, are used for TXD, and TXD; output, the value written in P7DR isignored, but
P7DR can be read to monitor the levels at the TXD, and TXD; pins.

~—
Transmit data output
[%2]
>
f; Read |—>
= - TXDg, TXDq
©
g
5| Write
£ > P7DR

Figure 10-49 TXD, and TXD; Output (Modes1to 7)
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Table 10-39 Register Read/Write Data

Read Write
P7DR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(6) RXD, and RXD4 Input (P75 and P73: Modes 1 to 7): Figure 10-50 shows a block diagram
illustrating the RXD, and RXD; input function. Table 10-40 indicates register read/write data.
When P75 and P73 are used for RXD, and RXD1 input, the value written in P7DR isignored, but
P7DR can be read to monitor the levels at the RXD, and RXD1 pins (to detect the line break state,
for example).

~—
Receive data input

(2]

z t

p Read

< [ RXD2, RXD;
©

g

5 | Write

£ P7DR

Figure10-50 RXD, and RXD; Input (Modes1to7)

Table 10-40 Register Read/Write Data

Read Write

P7DR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(7) SCK, and SCK 4 Pins (P77 and P75: Modes 1 to 7): Figure 10-51 shows a block diagram
illustrating the SCK, and SCK ; input/output function. Table 10-41 indicates register read/write
data. When P7g and P7, are used for SCK, and SCK 4 input or output, the value written in P7TDR
isignored, but P7DR can be read to monitor the levels at the SCK, and SCK pins.
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M Serial clock input
or output
2]
>
ﬁ Read ?—>
T [ SCKj, SCK1
©
g
5 | Write
E - P7DR

S

Figure10-51 SCK, and SCK; Pins(Modes1to 7)

Table10-41 Register Read/Write Data

Read Write

P7DR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(8) PW, and PW, Output (P77 and P7g: Modes 1to 7): Figure 10-52 shows a block diagram
illustrating the PWM output function. Table 10-42 indicates register read/write data. When P7,
and P7g function as PW, and PW,, data written in the port 7 dataregister (P7DR) is not output at
the pins, but P7DR can be read to monitor the levels of the PW, and PW, pins.

B PWM output
2 \_ﬁ
a
- Read
k= PW,, PW,
©
g
5| Write
£ ~ P7DR

Figure 10-52 PW, and PW, Output (Modes1to7)

Table10-42 Register Read/Write Data

Read Write

P7DR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.
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10.9 Port 8
10.9.1 Overview

Port 8 isafour-bit input port that is multiplexed with analog input pins of the A/D converter.
Figure 10-53 summarizes the pin functions.

~—— P83/AN11 (input)
~—— P8,/ANjg (input)
~—— P81/ANg (input)
~—— P80/ANg (input)

Port 8

Figure 10-53 Port 8 Pin Functions
10.9.2 Register Descriptions

Table 10-43 summarizes the registers of port 8. Since port 8 is used only for input, thereis no
data direction register.

Table 10-43 Port 8 Registers

Address Name Abbreviation R/W Initial Value

H'FE8F Port 8 data register P8DR R Undetermined

(1) Port 8 Data Register: The port 8 data register (P8DR) is an eight-bit register that indicates
the values of pins P83 to P8,

Bit 7 6 5 4 3 2 1 0

| —  — | — | — [ es | Ps, | P& | e |
Initial value 1 1 1 1 — — — —
R/W — — — — R R R R
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P8DR is aread-only register. It cannot be written. The upper four bits of PBDR are reserved bits
that always return the value 1 when read.

10.9.3 Port 8 Read Operation
Figure 10-54 shows a block diagram of port 8.

While being used for analog input, port 8 can also function as a general -purpose input port. When
read, P8DR returns the values at the pins. If PBDR isread when the A/D converter is sampling an
analog input, however, the pin being sampled isread as 1.

g _
AN11 to ANg input
%)
>
o
8
©
°
T Read
C |- P85—P8
o)
E

Figure10-54 Analog | nput and General-Purpose Input (Modes 1to 7)

217



10.10 Port 9
10.10.1 Overview

Port 9 isan eight-bit input port that is multiplexed with analog input pins of the A/D converter.
Figure 10-55 summarizes the pin functions.

~—— P97/AN7 (input)
~<—— P9g/ANg (input)
+—— P95/AN; (input)
<—— P94/AN4 (input)
Port9 ~—— P93/AN3 (input)
~—— P9,/AN (input)
~<—— P97/AN; (input)
~<—— P90/ANp (input)

Figure 10-55 Port 9 Pin Functions
10.10.2 Register Descriptions

Table 10-44 summarizes the registers of port 9. Since port 9 is used only for input, thereis no
data direction register.

Table 10-44 Port 9 Registers

Address Name Abbreviation R/W Initial Value

H'FE92 Port 9 data register PODR R Undetermined

(1) Port 9 Data Register: The port 9 dataregister (PODR) is an eight-bit register that indicates
the values of pins P95 to P9,.

Bit 7 6 5 4 3 2 1 0

| Po; | pPos | Pos | Po; | Pos | po, | Po; | P9y |
Initial value — — — — — — — —
RIW R R R R R R R R

PIODR is aread-only register. It cannot be written.
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10.10.3 Port 9 Read Operation
Figure 10-56 shows a block diagram of port 9.

While being used for analog input, port 9 can also function as a general -purpose input port. When
read, PODR returns the values at the pins. If PODR isread when the A/D converter is sampling an
analog input, however, the pin being sampled isread as 1.

)

AN7 to ANg input

Read
- P9,—P9,

Internal data bus

Figure10-56 Analog Input and General-Purpose Input (Modes1to 7)
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10.11 Port A
10.11.1 Overview

Port A isaseven-bit input/output port that is multiplexed with output compare pins (T50C,;,
T40C,1, T30C,y) of the 16-bit integrated-timer pulse unit (IPU), pins for the BREQ, BACK,
and WAIT signals, PWM timer output pins (PW1,3), Serial communication interface 3 input and
output pins (TXD3, RXD3, SCK3), and the page address bus (A 19 t0 Ag). Figure 10-57
summarizes the pin functions. Pinsin port A can drive one TTL load and a 90-pF capacitive load.
They can aso drive a Darlington transistor pair.

=—> PAg (input/output)/T30C, (output)/BACK (output)/TXD3 (output)
=— PAs (input/output)/T30C (output)/BREQ (input)/RXD3 (input)
~— PA, (input/output)/WAIT (input)

Port A = PAg3 (input/output)/T50C, (output)/A1g (output)/SCKj3 (input/output)
~— PA; (input/output)/T50C; (output)/Asg (output)/PW3 (output)
~— PA; (input/output)/T40C> (output)/A17 (output)/PW, (output)
~— PA( (input/output)/T40C1 (output)/Ais (output)/PW, (output)

Figure10-57 Port A Pin Functions

Figure 10-58 shows examples of output loads for port A.

] HD7404 etc. ] Darlington pair
T ] gon p
H8/539F H8/539F |
Port A u HD74LS04 etc. Port A
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-58 Examplesof Port A Output Loads
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10.11.2 Register Descriptions
Table 10-45 summarizes the registers of port A.

Table 10-45 Port A Registers

Address Name Abbreviation R/W Initial Value
H'FE91 Port A data direction register PADDR W H'80
H'FE93 Port A data register PADR R/W H'80
H'FEDA Port A control register PACR R/W H'90

(1) Port A Data Direction Register: The port A data direction register (PADDR) is an eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| — ‘ PAsDDR ‘ PAsDDR ‘ PA4DDR ‘ PA3DDR ‘ PA,DDR ‘ PA;DDR ‘ PAoDDR |

Initial value 1 0 0 0 0 0 0 0
R/W — w w W W w w w

A pinin port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pinif thishit iscleared to 0. PADDR isawrite-only register. All bits always return the value 1
when read.

PADDR isinitialized to H'80 by areset and in hardware standby mode. PADDR is not initialized
in software standby mode.

(2) Port A Data Register: The port A dataregister (PADR) is an eight-hit register that stores data
for pins PAg to PA,.

Bit 7 6 5 4 3 2 1 0

| — ‘ PAg ‘ PAs ‘ PA4 ‘ PA3 ‘ PA; ‘ PA1 ‘ PAg |
Initial value 1 0 0 0 0 0 0 0
R/W — R/W R/W R/W R/W R/W R/W R/W

When abit in PADDR is set to 1, the corresponding PADR bit value is output at the corresponding
pin. If port A isread the valuein PADR is returned, regardless of the actua state of the pin.

When abitin PADDR iscleared to 0, it is possible to write to the corresponding PADR bit but the
value is not output at the pin. If PADR is read the value at the pin is returned, regardless of the
value written in PADR.
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PADR isinitialized to H'80 by areset and in hardware standby mode. PADR isnot initialized in
software standby mode.

(3) Port A Control Register: The port A control register (PACR) is an eight-bit register that
controls the functions of pin PAg to PA.

Bit 7 6 5 4 3 2 1 0

| — | 7Txo3E |RxD3E | — | sck3E | PW3E | Pw2E | PWIE |
Initial value 1 0 0 1 0 0 0 0
RIW R RIW RIW R RIW RIW RIW RIW

Bits 6, 5, and 3—TXD3 Enable, RXD3 Enable, and SCK 3 Enable (TXD3E, RXD3E,
SCK3E): These bits control the TXD3, RXD3, and SCK 3 functions of pins
PAg/T30OC,/BACK/TXD3, PA5/T30C,/BREQ/RX D3, and PA3/TS50OC,/A 1¢/SCK3in port A.
When bits TXD3E, RXD3E, and SCK3E are set to 1, pins PAg, PAg, and PA 3 can be used for
TXD3 output, RXD3 input, and SCK 3 input or output.

Bits 2to 0—PW3 Enable, PW, Enable, and PW, Enable, (PW3E, PW2E, PW1E): These bits
control the PWg,5/1 functions of pins PA,/T50C,/A1g/PW3, PA1/T40C,/A17/PW,, and
PAG/TA0C,/A1¢/PW4 in port A. When bits PW3E, PW2E, and PW1E are set to 1, these pins can
be used for PW3 output, PW,, output, and PW; output.

10.11.3 Pin Functionsin Each Mode

Port A has different functionsin different operating modes. A description for each modeis given
next.

(1) Pin Functionsin Modes 1, 2, and 6: Port A can be used for the output-compare function
(T30C,1, TAOC,q, T50C,1) of the 16-bit integrated-timer pulse unit (IPU), bus control (BREQ
and BACK), serial communication interface 3 input and output (SCK3, TXD3, RXD3), PWM
timer output (PW3, PW,, PW;), wait signal input (WAIT), and general-purpose output.

When apin is used for output compare, bus control, serial communication interface 3 input or
output, PWM timer output, or wait signal input, the PADDR setting isignored.

The priority of pin functions for PAg/T30C,/BREQ/RX D3 and PAg/T30C,/BACK/TXD3is:
Bus control > TXD3, RXD3 > output compare > general-purpose output

The TXD3 and RXD3 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.
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The priority of pin functions for PA3/T50C,/SCK 3, PA,/T50C,/PW3, PA1/T40C,/PW,, and
PA/T40C,/PW, is:

PWM output pins, serial communication interface pins > output compare output pins > output
portst

The SCK3, PW3, PW,, and PW pin functions are available when bits SCK3E, PW3E, PW2E, and
PW1E, respectively, are set to 1 in PACR. When these bits are set to 1, the corresponding pins
cannot be used as output compare pins.

For methods of selecting pin functions, see appendix D “Pin Function Selection.”

Figure 10-59 shows the functions of port A in modes 1, 2, and 6.

[~— PAg/T30C,/BACK/TXD3
l— PA5/T30C1/BREQ/RXDj
— PAJWAIT

Port A [=— PA3/T50C,/SCK3
e— PA,/T50C;/PW3

— PA1/T40C,/PW,

~— PA/T40C,/PW,

Figure10-59 Port A Pin Functionsin Modes 1, 2, and 6

(2) Pin Functionsin Modes 3 and 5: Port A has pins that can be used for the output compare
function (T30C,,4) of the 16-bit integrated-timer pulse unit (1PU), bus control (BREQ and
BACK), serial communication interface 3 input and output (TXD3, RXD3), wait signal input
(WAIT), or general-purpose input or output, and pins that are used for page address output (Aqg to
A46)- When apin is used for output compare, bus control, serial communication input/output, or
wait signal input, the PADDR setting is ignored.

The priority of pin functions for PAg/T30C,/BREQ/RXD3 and PAg/T30C,/BACK/TXD3is:
TXD3, RXD3 > bus control > output compare > general-purpose output

The TXD3 and RXD3 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.
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For methods of selecting pin functions, see appendix D “Pin Function Selection.”

Figure 10-60 shows the functions of port A in modes 3 and 5.

[~—= PAg/T30C,/BACK/TXD;
~— PA5/T30C{/BREQ/RXD3
~— PA4/WAIT

Port A — Ajg (page address bus)
— A1g (page address bus)
— A17 (page address bus)

— A1 (page address bus)

Figure10-60 Port A Pin Functionsin Modes 3 and 5

(3) Pin Functionsin Mode 4: Port A has pins that can be used for the output compare function
(T30Cyy) of the 16-bit integrated-timer pulse unit (IPU), bus control (BREQ and BACK), serial
communication interface 3 input and output (SCK 3, TXD3, RXD3), PWM timer output (PW1,
PW,, PW3), wait signal input (WAIT), page address output (A9 to A1), and general-purpose
input or output. When apin is used for output compare, bus control, serial communication
input/output, PWM timer output, or wait signal input, the PADDR setting isignored.

The SCK 3, PW3, PW,, and PW functions of pins PA3 to PAg are available when bits SCK3E,
PW3E, PW2E, and PW1E are set to 1 in the port A control register (PACR). When these bits are
set to 1, the corresponding pins cannot be used for page address output. When bits SCK 3E,
PW3E, PW2E, and PW1E are cleared to 0 in PACR, these pins are used for page address output if
the corresponding PADDR hit is set to 1, and for general-purpose input if the corresponding
PADDR bhit iscleared to O.

The priority of pin functions for PAg/T30C,/BREQ/RXD3 and PAg/T30C,/BACK/TXDsis:
Bus control > TXD3, RXD3 > output compare > general-purpose output

The TXD3 and RXD3 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.

The priority of pin functions for PA3/A19/SCK3, PAS/A 15/PW3, PA1/A17/PW,, and PAY/A 1/PW,
is:
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SCK 3, PW3,5q > address bus > general-purpose input
For methods of selecting pin functions, see appendix D “Pin Function Selection.”

Figure 10-61 shows the functions of port A in mode 4.

—> PAG/T30C»/BACK/TXD3

— PA5/T30C1/BREQ/RXD5

~— PA4/WAIT

Port A = PA3 (input)/A19 (page address bus)/SCKsz
~— PA, (input)/A1g (page address bus)/PW3
~— PA; (input)/A17 (page address bus)/PW,
~—> PA( (input)/A1s (page address bus)/PW,

Figure10-61 Port A Pin Functionsin Mode 4

(4) Pin Functionsin Mode 7: Port A can be used for the output compare function (T30Cy/4,
T40C,q, TSOC,y) of the 16-bit integrated-timer pulse unit (IPU), serial communication interface
3input and output (SCK 3, TXD3, RXD3), PWM timer output (PW,, PW,, PW3), and general-
purpose input or output. When apinis used for serial communication interface 3 input or output,
PWM timer output, or output compare, the PADDR setting isignored.

The priority of pin functions for PAg/T30C,/TXD3 and PAs/T30C,/RXDg3iis:
TXD3, RXD3 > output compare > general-purpose output

The TXD3 and RXD3 pin functions are available when bits TXD3E and RXD3E are set to 1 in the
port A control register (PACR). When these bits are set to 1, the corresponding pins cannot be
used for output compare.

The priority of pin functions for PA3/T50C,/SCK 3, PAS/T50C,/PW3, PA1/T40C,/PW,, and
PA(/T40C,/PW, is.

PWM output pins, serial communication interface pins > output compare output pins > output
ports

The SCK 3, PW3, PW5, and PW; pin functions are available when bits SCK3E, PW3E, PW2E, and
PW1E, respectively, are set to 1 in PACR. When these bits are set to 1, these pins cannot be used
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as output compare pins.
For methods of selecting pin functions, see appendix D “Pin Function Selection.”

Figure 10-62 shows the functions of port A in mode 7.

~— PAg/T30C,/TXD3
~— PAs/T30C;/RXD3
-~ PA,

Port A — PA3/T50C,/SCKg
= PAL/T50C,/PW;
> PA1/T40C,/PW,
= PAQ/T40C,/PW;

Figure 10-62 Port A Pin Functionsin Mode 7
10.11.4 Port A Read/Write Operations

PADR and PADDR have different read/write functions depending on whether port A is used for
bus control (BREQ, BACK), wait signal input (WAIT), the output compare function (T50C,,4,
T40C,1, T30C,y) of the 16-bit integrated-timer pulse unit (IPU), serial communication interface
3input or output (SCK3, TXD3, RXD3), or general-purpose input or output. The operating states
and functions of port A are described next.

(1) Input Port (PAgto PA4in Modes1to 7; PAgto PAgin Modes 1, 2, 4, 6, and 7): Figure 10-
63 shows a block diagram illustrating the general-purpose input function. Table 10-46 indicates
register read/write data. Values written in the port A dataregister (PADR) have no effect on
genera-purpose input lines. When read, PADR returns the value at the pin.
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/

Read

PAs—PAg

Write
PADR

Internal data bus

\

Figure 10-63 Input Port (Modes1to7)

Table 10-46 Register Read/Write Data

Read Write

PADR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(2) Output Port (PAgtoPA,in Modes1to7; PAgto PAgin Modes 1, 2, 4, 6, and 7): Figure
10-64 shows a block diagram illustrating the general -purpose output function. Table 10-47
indicates register read/write data. The value written in the port A data register (PADR) is output
at the pin. When read, PADR returns the value written in PADR.

e ~—
(%3]
=}
o)
I
T PAg—PAg
©
< | Read/
S | write
gl ~| PADR

Figure10-64 Output Port (Modes1to7)

Table 10-47 Register Read/Write Data

Read Write

PADR PADR value Value output at pin

(3) BREQ Pin (PA5: Modes 1 to 6): Figure 10-65 shows a block diagram illustrating the BREQ
function. Table 10-48 indicates register read/write data. When PAs is used for BREQ input, the
value written in the port A dataregister (PADR) has no effect.
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2

BREQ input

Read 1—

- BREQ

Write
= PADR

Internal data bus

—

Figure10-65 BREQ Input Pin (Modes1to 6)

Table 10-48 Register Read/Write Data

Read Write

PADR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(4 BACK Pin (PAg: Modes 1to 6): Figure 10-66 shows a block diagram illustrating the BACK
function. Table 10-49 indicates register read/write data. When PAg is used for BACK output, the
value written in the port A data register (PADR) has no effect. When read, PADR returns an
undetermined value.

—
2] BACK output

o)

(o] -
T |—> BACK
©

g

5| Write

£ = PADR

Figure10-66 BACK Output Pin (Modes1to 6)

Table 10-49 Register Read/Write Data

Read Write

PADR Undetermined value Don't care*

Note:The register can be written to, but the value is not output at the pines.
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(5) WAIT Pin (PA4: Modes1to 6): Figure 10-67 shows a block diagram illustrating the WAIT
function. Table 10-50 indicates register read/write data. When PA4 isused for WAIT input, the
value written in the port A dataregister (PADR) has no effect.

~—
WAIT input
(2]
>
ﬁ Read ?— _
< [ WAIT
©
g
5 | Write
£ PADR

Figure10-67 WAIT Input Pin (Modes1to 6)

Table 10-50 Register Read/Write Data

Read Write

PADR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(6) Timer Output Pins (PAg, PAg, PA3to PAg: Modes 1to 7): Figure 10-68 shows a block
diagram illustrating the timer output function. Table 10-51 indicates register read/write data.
When PAg, PA5, and PA3 to PAj are used for T30C,, T30C,, T50C,, T50C;, T40C,, and
T40C; output, values written in the port A data register (PADR) have no effect on the timer
output. PADR can be read to monitor the timer output level (T30C,, T30C,, T50C,, T50C,,
T40C,, T40C,).

o~—
Output compare output

2]

>

ﬁ Read |—>

T [ T30C;, 1
©

g

5 Write T50Cq, 2
j= = PADR T40Cq, 2

Figure 10-68 Output Compare Pins (Modes1to7)

229



Table 10-51 Register Read/Write Data

Read Write

PADR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(7) Page Address Bus (PA3to PAg: Modes 3 to 5): Figure 10-69 shows a block diagram
illustrating the page-address-bus function. Table 10-52 indicates register read/write data. When
PA3to PAg are used for A1g to A4 output, values written in the port A data register (PADR) have
no effect. When read, PADR returns an undetermined value.

~—

" Page address

>

o L~ A19-A1e
o

©

©

£

*qé Write

= > PADR

Figure 10-69 Page AddressBus (Modes 3to5)

Table 10-52 Register Read/Write Data

Read Write

PADR Undetermined value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(8) TXD3Output (PAg: Modes 1, 2, 4, 6, and 7): Figure 10-70 shows a block diagram
illustrating the TX D3 output function. Table 10-53 indicates register read/write data. When PAgis
used for TXD3 output, the value written in PADR isignored, but PADR can be read to monitor the
level at the TXD3 pin.
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TXDj

output
R L
a Read
8 |« TXD4
8
©
©
E
5 Write
£ PADR

—

Figure10-70 TXD3 Output (Modes1, 2, 4, 6, and 7)

Table 10-53 Register Read/Write Data

Read Write

PADR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(9) RXD3Input (PAs: Modes1, 2, 4, 6, and 7): Figure 10-71 shows a block diagram illustrating
the RXD3 input function. Table 10-54 indicates register read/write data. When PAg is used for
RXD3 input, the value written in PADR isignored, but PADR can be read to monitor the level at

the RXD3 pin.

RXDs
input
R L

@ Read

Qo [« RXD3

<

o

©

g

o Write

£ = PADR

\

Figure10-71 RXDgInput (Modes1, 2, 4, 6, and 7)
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Table 10-54 Register Read/Write Data

Read Write

PADR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.

(10) SCK 3 Pin (PA3: Modes, 2, 4, 6, and 7): Figure 10-72 shows ablock diagram illustrating

the SCK 3 input/output function. Table 10-55 indicates register read/write data. When PA3 is used

for SCK3 input or output, the value written in PADR isignored, but PADR can be read to monitor
the level at the SCK 3 pin.

SCK3
input or output
[ ~—
a Read
Q (- SCK3
<
o
©
g
oy Write
£ > PADR

\

Figure10-72 SCKj3Pins(Modes1, 2, 4, 6, and 7)

Table10-55 Register Read/Write Data

Read Write

PADR Pin value Don'’t care*

Note:The register can be written to, but the value is not output at the pines.
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10.12 Port B

10.12.1 Overview

Port B is an-eight-bit input/output port. Figure 10-73 summarizes the pin functions.

Pinsin port B can drive one TTL load and a 90-pF capacitive load. They can aso drivea
Darlington transistor pair. They have software-programmable built-in MOS pull-up transistors.

Port B

~— PB7 (input/output)/A,5 (output)
l«—s PBg (input/output)/A;4 (OUtpUL)
— PB; (input/output)/A,5 (output)
l«— PB, (input/output)/A;, (Output)
«—> PBj3 (input/output)/A, (0utput)
l«—> PB, (input/output)/A;o (0utput)
l«—s PB; (input/output)/Ag (Output)

—s PBg (input/output)/Ag (output)

Figure 10-73 Port B Pin Functions

Figure 10-74 shows examples of output loads for port B.

\/\

H8/539F
Port B

\/\

HD7404 etc.
—o—
] HD74LS04 etc.

(1) One TTL load or four LS-TTL loads

\/\

H8/539F
Port B

\/\

Darlington pair

(2) Darlington transistor pair

Figure 10-74 Examplesof Port B Output L oads




10.12.2 Register Descriptions
Table 10-56 summarizes the registers of port B.

Table 10-56 Port B Registers

Address Name Abbreviation  R/W Initial Value
H'FE94 Port B data direction register PBDDR W H'00
H'FE96 Port B data register PBDR R/W H'00
H'FE98 Port B pull-up transistor control register PBPCR R/W H'00

(1) Port B Data Direction Register: The port B data direction register (PBDDR) is an-eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| PB7DDR | PBEDDR | PBSDDR | PB4DDR | PB3DDR | PB,DDR | PB1DDR | PBGDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W W W W W w w

A pinin port B becomes an output pin if the corresponding PBDDR bit is set to 1, and an input
pinif thishit is cleared to 0. PBDDR isawrite-only register. All bits always return the value 1
when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. PBDDR is not initialized
in software standby mode.

(2) Port B Data Register: The port B dataregister (PBDR) is an-eight-bit register that stores
datafor pins PB- to PB,.

Bit 7 6 5 4 3 2 1 0
| P, | pPBs | PBs | PBs | PBs | PB, | PBi | PBo |

Initial value 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW RIW RIW RIW

When abit in PBDDR is set to 1, the corresponding PBDR bit value is output at the corresponding
pin. If port B isread the valuein PBDR isreturned, regardless of the actual state of the pin.

When abit in PBDDR iscleared to 0, it is possible to write to the corresponding PBDR bit but the
value is not output at the pin. If PBDR isread the value at the pin is returned, regardless of the
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vaue written in PBDR.

PBDR isinitialized to H'00 by areset and in hardware standby mode. PBDR isnot initialized in
software standby mode.

(3) Port B Pull-Up Transistor Control Register: The port B pull-up transistor control register
(PBPCR) is an-eight-bit register that turns the MOS pull-up transistors of PB to PBg on and off.
PBPCR isignored in modes 1 to 6 and used only in mode 7.

Bit 7 6 5 4 3 2 1 0

| PB7PON ‘ PBgPON ‘ PBsPON ‘ PB4PON ‘ PB3PON ‘ PB,PON ‘ PB;PON ‘ PBoPON |

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 PBDDR hit iscleared to 0, if the corresponding PBPCR bhit is set to 1, the built-in pull-up
transistor isturned on.

PBPCR isinitialized to H'00 by areset and in hardware standby mode. PBPCR is not initialized
in software standby mode.

10.12.3 Pin Functionsin Each Mode

Port B has one set of functionsin modes 1, 3, 5, and 6, another set of functions in modes 2 and 4,
and another set of functionsin mode 7. A description for each mode group is given next.

(1) Pin Functionsin Modes 1, 3, 5, and 6: Port B is used for address output (A5 to Ag). The
PBDDR settings are ignored. Figure 10-75 shows the pin functionsin modes 1, 3, 5, and 6.
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— Ajs (address bus)
— A4 (address bus)
— Aj3 (address bus)
— Aj, (address bus)
Port B
— Aj1 (address bus)
— Ajo (address bus)
—— Ag (address bus)

— Ag (address bus)

Figure 10-75 Pin Functionsin Modes1, 3, 5, and 6

(2) Pin Functionsin Modes 2 and 4: Port B can be used for address output (A5 to Ag) or
general-purpose input. A pinisused for address output if the corresponding PBDDR hit is set to
1, and for general-purpose input if thisbit is cleared to 0. Figure 10-76 shows the pin functionsin
modes 2 and 4.

~—> PBy (input)/A1s (address bus)
~—> PBg (input)/A14 (address bus)
~— PBs (input)/A;3 (address bus)
~—> PBy (input)/A1> (address bus)
Port B
~—s PBg3 (input)/A11 (address bus)
~—> PB, (input)/A1o (address bus)
~—= PB; (input)/Ag (address bus)

~— PBy (input)/Ag (address bus)

Figure10-76 Pin Functionsin Modes2 and 4

(3) Pin Functionsin Mode 7: Port B consists of general-purpose input/output pins. Input or
output can be selected separately for each pin. A pin becomes an output pin if the corresponding
PBDDR bitissetto 1 and an input pinif thisbit is cleared to 0. Figure 10-77 shows the pin
functionsin mode 7.
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~—> PBy7 (input/output pin)
~—> PBg (input/output pin)
~—> PBs (input/output pin)
~—> PBy (input/output pin)
PortB ~— PB3 (input/output pin)
~— PB, (input/output pin)
~~— PB; (input/output pin)
~— PBy (input/output pin)

Figure 10-77 Pin Functionsin Mode 7
10.12.4 Built-In Pull-Up Transistors

Port B has built-in MOS pull-up transistors that can be controlled by software. To turn an input
pull-up transistor on, clear its PBDDR bit to 0 and set its PBPCR bit to 1. Theinput pull-up
transistors are turned off by areset and in hardware standby mode. Table 10-57 summarizesthe
states of the input pull-ups in each mode.

Table 10-57 Pull-Up Transistor Statesin Each Mode

Hardware Other Modes (Including
Mode Reset Standby Mode Software Standby Mode)
1-6 Off Off Off
7 On/Off

10.12.5 Port B Read/Write Operations

PBDR and PBDDR have different read/write functions depending on whether port B is used for
address output (A5 to Ag) or general-purpose input or output. The operating states and functions
of port B are described next.

(1) Input Port (Modes 2 and 4): Figure 10-78 shows a block diagram illustrating the general-
purpose input function. Table 10-58 indicates register read/write data. Values written in the port
B dataregister (PBDR) have no effect on general-purpose input lines. When read, PBDR returns
the value at the pin.
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/

Read
- PBs—PBy

Write

Internal data bus

= PBDR

\

Figure 10-78 Input Port (Modes?2 and 4)

Table10-58 Register Read/Write Data

Read Write

PBDR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(2) Input Port with Internal Pull-Up (Mode 7): Figure 10-79 shows a block diagram
illustrating the general-purpose input function and built-in input pull-up transistors. Table 10-59
indicates register read/write data. Values written in the port B data register (PBDR) have no effect
on general-purpose input lines. When read, PBDR returns the value at the pin. When abit in the
port B pull-up transistor control register (PBPCR) is set to 1, the corresponding PBDR bit always
reads 1.

Read/
Write

PBPCR

A
\

Read
- +1 PB;-PBg

Internal data bus

Write
= PBDR

Figure 10-79 Input Port with Built-In Pull-Up Transistors (Mode 7)
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Table 10-59 Register Read/Write Data

Read Write
PBDR Pin value, or always 1*1 Don't care*?
PBPCR PBPCR value 0/171

Note: *1 If setto 1, the corresponding PBDR bit always reads 1.
*2 The register can be written to, but the value is not output at the pines.

(3) Output Port (Maode 7): Figure 10-80 shows ablock diagram illustrating the general-purpose
output function. Table 10-60 indicates register read/write data. The value written in the port B
dataregister (PBDR) is output at the pin. When read, PBDR returns the value written in PBDR.

/

PB;—PBy

Read/

Write
- PBDR

Internal data bus

\

Figure10-80 Output Port (Mode7)

Table10-60 Register Read/Write Data

Read Write

PBDR PBDR value Value output at pin
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(4) AddressBus(Modes1 to 6): Figure 10-81 shows a block diagram illustrating the address-
bus function. Table 10-61 indicates register read/write data. When port B is used as an address
bus, values written in the port B data register (PBDR) have no effect on the buslines. When read,
PBDR returns the value written in PBDR.

~—

" Address

>

o |—> A15-Ag
IS

©

©

g Read/

c Write

=l ~| PBDR

Figure10-81 AddressBus(Modes1to 6)

Table 10-61 Register Read/Write Data

Read Write

PBDR PBDR value Don't care*

Note:The register can be written to, but the value is not output at the pines.
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10.13 Port C

10.13.1 Overview

Port C is an-eight-bit input/output port. Figure 10-82 summarizes the pin functions.

Port Cis an address bus (A7 to Ag) inmodes 1, 3, 5, and 6. In modes 2 and 4 port C can be used
for address output (A7 to Ag) or general-purpose input. In mode 7 port C is a general-purpose

input/output port.

Pinsin port C can drive one TTL load and a 90-pF capacitive load. They can aso drivea
Darlington transistor pair. They have software-programmable built-in MOS pull-up transistors.

Port C

~—> PC- (input/output)/A; (output)
~— PCg (input/output)/Ag (output)
~—= PC;j (input/output)/Ag (output)
~—s PC, (input/output)/A, (output)
~—= PCj (input/output)/Az (output)
~—> PC, (input/output)/A, (output)
~— PC; (input/output)/A; (output)
~— PC, (input/output)/Ag (output)

Figure10-82 Port C Pin Functions

Figure 10-83 shows examples of output loads for port C.

e

H8/539F
Port C

\/\

HD7404 etc.
—o—
] HD74LS04 etc.

(1) One TTL load or four LS-TTL loads

e

H8/539F
Port C

\/\

Darlington pair

(2) Darlington transistor pair

Figure 10-83 Examplesof Port C Output L oads

241




10.13.2 Register Descriptions
Table 10-62 summarizes the registers of port C.

Table 10-62 Port C Registers

Address Name Abbreviation R/W Initial Value
H'FE95 Port C data direction register PCDDR W H'00
H'FE97 Port C data register PCDR R/W H'00
H'FE99 Port C pull-up transistor control register PCPCR R/W H'00

(1) Port C Data Direction Register: The port C data direction register (PCDDR) is an-eight-bit
register. Each bit selectsinput or output for one pin.

Bit 7 6 5 4 3 2 1 0

| PC,DDR \ PCeDDR \ PCsDDR \ PC4DDR \ PC3DDR \ PC,DDR \ PC,DDR \ PCoDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W W W W W W W w

A pinin port C becomes an output pin if the corresponding PCDDR bit is set to 1, and an input
pinif thishit is cleared to 0. PCDDR isawrite-only register. All bits always return the value 1
when read.

PCDDR isinitialized to H'00 by areset and in hardware standby mode. PCDDR is not initialized
in software standby mode.

(2) Port C Data Register: The port C dataregister (PCDR) is an-eight-bit register that stores
datafor pins PC; to PCy.

Bit 7 6 5 4 3 2 1 0
| pc; | pcs | Pes | Pes | Pes | Pe, | Per | oPeo |

Initial value 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW RIW RIW RIW

When abit in PCDDR is set to 1, the corresponding PCDR bit value is output at the corresponding
pin. If port Cisread the valuein PCDR isreturned, regardliess of the actual state of the pin.

When abit in PCDDR iscleared to 0, it is possible to write to the corresponding PCDR bit but the
value is not output at the pin. If PCDR isread the value at the pin is returned, regardless of the
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vaue written in PCDR.

PCDR isinitialized to H'00 by areset and in hardware standby mode. PCDR is not initialized in
software standby mode.

(3) Port C Pull-Up Transistor Control Register: The port C pull-up transistor control register
(PCPCR) is an-eight-bit register that turns the MOS pull-up transistors of PC; to PCy on and off.
PCPCR isignored in modes 1 to 6 and used only in mode 7.

Bit 7 6 5 4 3 2 1 0

| PC,PON \ PCsPON \ PCsPON \ PC4PON \ PC3PON \ PC,PON \ PC,PON \ PCoPON |

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 PCDDR hit iscleared to 0, if the corresponding PCPCR bit is set to 1, the built-in pull-up
transistor isturned on.

PCPCR isinitialized to H'00 by areset and in hardware standby mode. PCPCR is not initialized
in software standby mode.

10.13.3 Pin Functionsin Each Mode

Port C has one set of functionsin modes 1, 3, 5, and 6, another set of functionsin modes 2 and 4,
and another set of functionsin mode 7. A description for each mode group is given next.

(1) Pin Functionsin Modes 1, 3, 5, and 6: Port C isused for address output (A7 to Ag). The
PCDDR settings are ignored. Figure 10-84 shows the pin functionsin modes 1, 3, 5, and 6.
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— A7 (address bus)
— Ag (address bus)
— As (address bus)
— A4 (address bus)
Port C
— Ag3 (address bus)
— A, (address bus)
— A (address bus)

— Ap (address bus)

Figure10-84 Pin Functionsin Modes1, 3, 5, and 6

(2) Pin Functionsin Modes 2 and 4: Port C can be used for address output (A7 to Ag) or
general-purpose input. A pinisused for address output if the corresponding PCDDR bit is set to
1, and for general-purpose input if thisbit is cleared to 0. Figure 10-85 shows the pin functionsin
modes 2 and 4.

~—> PCy7 (input)/A7 (address bus)
~— PCg; (input)/As (address bus)
—= PC;5 (input)/As (address bus)
~—> PC4 (input)/A4 (address bus)
Port C
~—> PCj3 (input)/Az (address bus)
~—> PC, (input)/A; (address bus)
~=— PC; (input)/A; (address bus)

~— PCj (input)/Ag (address bus)

Figure 10-85 Pin Functionsin Modes2 and 4

(3) Pin Functionsin Mode 7: Port C consists of general-purpose input/output pins. Input or
output can be selected separately for each pin. A pin becomes an output pin if the corresponding
PCDDR bitissetto 1 and an input pinif thisbit is cleared to 0. Figure 10-86 shows the pin
functionsin mode 7.
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~—> PCy (input/output pin)
~—> PCg (input/output pin)
<— PC5 (input/output pin)
Port G ~— PC, (input/output pin)
~— PCg3 (input/output pin)
~— PC; (input/output pin)
~—= PC; (input/output pin)
~— PCg (input/output pin)

Figure10-86 Pin Functionsin Mode 7
10.13.4 Built-In MOS Pull-Up Transistors

Port C has built-in MOS pull-up transistors that can be controlled by software. To turn an input
pull-up transistor on, clear its PCDDR bit to 0 and set its PCPCR bit to 1. Theinput pull-up
transistors are turned off by areset and in hardware standby mode. Table 10-63 summarizesthe
states of the input pull-ups in each mode.

Table 10-63 Pull-Up Transistor Statesin Each Mode

Hardware Other Modes (Including
Mode Reset Standby Mode Software Standby Mode)
1-6 Off Off Off
7 On/Off

10.13.5 Port C Read/Write Operations

PCDR and PCDDR have different read/write functions depending on whether port C is used for
address output (A7 to Ag) or general-purpose input or output. The operating states and functions
of port C are described next.

(1) Input Port (Modes 2 and 4): Figure 10-87 shows a block diagram illustrating the general-
purpose input function. Table 10-64 indicates register read/write data. Values written in the port
C dataregister (PCDR) have no effect on general-purpose input lines. When read, PCDR returns
the value at the pin.
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/

Read

PC7—PCo

Write

Internal data bus

= PCDR

\

Figure 10-87 Input Port (Modes?2 and 4)

Table10-64 Register Read/Write Data

Read Write
PCDR Pin value Don't care*

Note:The register can be written to, but the value is not output at the pines.

(2) Input Port with Internal Pull-Up (Mode 7): Figure 10-88 shows a block diagram
illustrating the general-purpose input function of port C using the built-in input pull-up transistors.
Table 10-65 indicates register read/write data. Values written in the port C data register (PCDR)
have no effect on general-purpose input lines. When read, PCDR returns the value at the pin.
When abit in the port C pull-up transistor control register (PCPCR) is set to 1, the corresponding
PCDR bit alwaysreads 1.

Read/

Write
- = PCPCR

Read
- + PC;-PCy

Internal data bus

Write
PCDR

Figure 10-88 Input Port with Built-In Pull-Up Transistors (Mode 7)
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Table 10-65 Register Read/Write Data

Read Write
PCDR Pin value, or always 1*1 Don't care*?
PCPCR PCPCR value 0/1*1

Note: *1 If setto 1, the corresponding PCDR bit always reads 1.
*2 The register can be written to, but the value is not output at the pines.

(3) Output Port (Maode 7): Figure 10-89 shows a block diagram illustrating the general-purpose
output function. Table 10-66 indicates register read/write data. The value written in the port C
dataregister (PCDR) is output at the pin. When read, PCDR returns the value written in PCDR.

/

PC7-PCq

Read/
Write

Internal data bus

= PCDR

S

Figure10-89 Output Port (Mode7)

Table 10-66 Register Read/Write Data

Read Write
PCDR PCDR value Value output at pin

(4) AddressBus(Modes1to 6): Figure 10-90 shows a block diagram illustrating the address-
bus function. Table 10-67 indicates register read/write data. When port C is used as an address
bus, values written in the port C data register (PCDR) have no effect on the buslines. When read,
PCDR returns the value written in PCDR.
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)

Address

|—> A7-Ao

Read/

Write
- = PCDR

Internal data bus

Figure10-90 AddressBus(Modes1to 6)

Table10-67 Register Read/Write Data

Read Write

PCDR PCDR value Don't care*

Note:The register can be written to, but the value is not output at the pines.
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10.14 g Pin
10.14.1 Overview

The @ pin outputs the system clock. The g pin can drive one TTL load and a 90-pF capacitive
load.

10.14.2 Register Description
Table 10-68 summarizes the g pin control register.

Table 10-68 @ Pin Registers

Address Name Abbreviation R/W Initial Value

H'FE9A @ control register @CR R/W Undefined*1

Note: *1 In standby mode, gCR is initialized to H'FF.

(1) gControl Register: The g control register (2CR) is an eight-bit register that enables or
disables output of the system clock (g).

Bit 7 6 5 4 3 2 1 0
oo | — | = | = | = | =] = = |

Initial value Undefined™2 1 1 1 1 1 1 1

R/W R/W R R R R R R R

Note: *2 The gOE bit is initialized to 1 in standby mode. It is not initialized by a reset.

Bit 7—g@ Output Enable (aOE): Enables or disables output of the system clock (g).
When the gOE hit is cleared to 0, the @ pin goes to the high-impedance state.

Caution: Do not disable system clock output except in single-chip mode (mode 7). When using a
mode with on-chip ROM disabled (mode 1, 3, 5, or 6), standby mode must be entered at power-on,
so that the gOE bit is set to 1. Also note that the gOE bit must be set to 1 before accessing the
external space. If system clock (@) output is disabled in an expanded mode (modes 1-6), external
datainput and output will not be performed correctly. For details, see section 3.6, Notes on Use
of Externally Expanded Modes.

Bit 7

20E Description

0 System clock () output is disabled
1 System clock (@) output is enabled
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Section 11 16-Bit Integrated-Timer Pulse Unit

11.1 Overview

The built-in 16-bit integrated-timer pulse unit (IPU) has seven channels and three types of timers.
The IPU can output 28 independent waveforms, or output 12 waveforms and process 16 pulse
inputs or outputs. It can also provide six-phase PWM output, automatically measure pulse widths
and periods, count input from a two-phase encoder, and start the A/D converter.

11.1.1 Features

The IPU features are listed below.

¢ Twelve waveform outputs and sixteen pulse inputs or outputs

e Sixteen registers with software-assignable output compare or input capture functions

¢ Twenty-eight independent comparators

Channel Output Compare Registers Output Compare/Input Capture Registers
CH1 4 4
CH2-5 2 2
CHS6, 7 — 2

e Selection of sixteen counter clock sources (external clock sources are shared by al channels):

g, 912, a4, 28, 2116, &/32, 264, /128, &/256, 9512, @/1024, /2048, 2/4096, TCLK1,
TCLK2, TCLK3

e |nput capture function

Rising edge, falling edge, or both edges
e Pulse output

One-shot, toggle, or PWM output
e Counter synchronization function

Software can write to two or more timer counters simultaneously. Counters can be cleared
simultaneously by compare match or input capture.
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PWM output mode

One-phase, two-phase, or three-phase PWM output (up to nine-phase PWM output using the
counter synchronization function)

Auto-measure function

Two timer channels can be coordinated for automatic measurement of pulse width or
freguency and for two-phase encoder counting

Thirty-five interrupt sources

16 compare match/input capture interrupts, 12 compare match interrupts, and 7 overflow
interrupts: total 35 sources. The compare match/input capture interrupts and overflow
interrupts are independently vectored. The compare match interrupts have one interrupt vector
per two interrupt sources. The compare match/input capture interrupts and compare match
interrupts can start the data transfer controller (DTC) to transfer data.

11.1.2 Block Diagram

Figure 11-1 shows a block diagram of the IPU.

T1IMI1 to T7IMI2, TICMI1 to
TCLK1-3 ‘ Clock selector ‘ ‘ Interrupt control ‘ — T5CMI2, T1OVIto T70OVI

0-0/4096 (interrupt signals)
T10C1-T50C, <— Counter control and pulse L~ ADTRG
T1IOC;~T7I0C; == I/O control unit n

Py fatititd b4

é" 2] ™ < n © ~
=5 35|[3]|5]|5|5||5] F{mworalO|,
[{e] Q
— & On-chi
- wors 10| ()20
- 0
O 000oQocoo B
Module data bus >

TMDRA: Timer mode register A (8 bits)
TMDRB: Timer mode register B (8 bits)
TSTR: Timer start register (8 bits)

Figure11-1 1PU Block Diagram
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11.1.3 Input/Output Pins
Table 11-1 summarizes the IPU pins.

Table11-1 IPU Pins

Channel Pin Name Input/Output Function
1 T1I0C, Input/Output T1GR1 output compare/input capture pin
(multiplexed with PWM output)
T110C, Input/Output T1GR2 output compare/input capture pin
(multiplexed with PWM output)
T10C, Output T1DR1 output compare pin (multiplexed with
PWM output)
T10C, Output T1DR2 output compare pin
T1I0Cq Input/Output T1GRS3 output compare/input capture pin
T1IOC, Input/Output T1GR4 output compare/input capture pin
T10C, Output T1DRS3 output compare pin
T10C, Output T1DR4 output compare pin
2 T2I0C, Input/Output T2GR1 output compare/input capture pin
(multiplexed with PWM output)
T210C, Input/Output T2GR2 output compare/input capture pin
(multiplexed with PWM output)
T20C, Output T2DR1 output compare pin
T20C, Output T2DR2 output compare pin
3 T310C, Input/Output T3GR1 output compare/input capture pin
(multiplexed with PWM output)
T3I0C, Input/Output T3GR2 output compare/input capture pin
(multiplexed with PWM output)
T30C, Output T3DR1 output compare pin
T30C, Output T3DR2 output compare pin
4 T410C, Input/Output T4GR1 output compare/input capture pin
T410C, Input/Output T4GR2 output compare/input capture pin
T40C, Output T4DR1 output compare pin
T40C, Output T4DR2 output compare pin
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Table 11-1 1PU Pins (cont)

Channel Pin Name Input/Output Function
5 T5I0C, Input/Output T5GR1 output compare/input capture pin
T510C, Input/Output T5GR2 output compare/input capture pin
T50C; Output T5DR1 output compare pin
T50C, Output T5DR2 output compare pin
6 T6I0C, Input/Output T6GR1 output compare/input capture pin
(multiplexed with PWM output)
T6I0C, Input/Output T6GR2 output compare/input capture pin
7 T710C, Input/Output T7GR1 output compare/input capture pin
(multiplexed with PWM output)
T710C, Input/Output T7GR2 output compare/input capture pin
External TCLK, Input External clock 1 input pin (A phase input for
clock phase measurement mode)
TCLK, Input External clock 2 input pin (B phase input for

phase measurement mode)

TCLK3 Input External clock 3

11.2 Timer Countersand Compare/Capture Registers

The IPU has seven 16-hit timer counters (TCNTS), one for each channel. Each counter can be
accessed 16 hits at atime.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TCNT

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/W

Each of the seven channels has 16-bit capture and compare registers. A capture register latches
the TCNT value when an external capture signal isreceived or an event occurs. An interrupt can
also be requested at this time compare register contents are compared with the TCNT value at all
times, and a compare match signal and/or interrupt is generated when the two match. The
configuration of each channel will be described next.
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11.3 Channd 1 Registers

Channel 1 has four general registers used for both input capture and output compare, and four
dedicated registers used only for output compare.

The input capture/output compare registers function as output compare registers after areset.
They can be switched over to input capture by setting bits IEG41 to IEG10 in the timer control
registers.

Channel 1 can simultaneously generate a maximum of eight waveforms, or can simultaneously
generate four waveforms and measure four waveforms. Three-phase PWM output is possiblein
PWM mode. See section 11.8, “Examples of Timer Operation” for details.

Figure 11-2 shows a block diagram of channel 1.

——TCLK;_3
rﬂ—z/4096
———» T10C;1-T10C4
Clock selector ‘ ‘ Control logic ‘ < T1I0C;-T1I0C4
[
Comparator

Control registers

|
TT I 11 |

|
|
il

|
<]

On-chip
data bus

DR4 (OCR)
_|
(@]
m
X
!
_|
(@]
X
!
Bus interface

16-bit counter

GR1 (ICR/OCR)
GR2 (ICR/OCR)

DR1 (OCR)

DR2 (OCR)
GR3 (ICR/OCR)
GR4 (ICR/OCR)

DR3 (OCR)

=]

O

O
O

00 0Of
Module data bus >
11 L1

GR1 to GR4: Input capture/output compare registers (16 bits x 4)
DR1 to DR4: Output compare registers (16 bits x 4)

TCRH and TCRL: Timer control register (8 bits x 2)

TSRAH and TSRAL: Timer status register A (8 bits x 2)

TCRA: Timer control register A (8 bits)

TSRBH and TSRBL: Timer status register B (8 bits x 2)

TOERA: Timer output enable register A (8 bits)

TOERB: Timer output enable register B (8 bits)

O
=
Q)

Figure11-2 Channel 1 Block Diagram
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11.3.1 Register Configuration
Table 11-2 summarizes the channel 1 registers.

Table 11-2 Channel 1 Registers

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
1 H'FF20  Timercontrol ~ TICRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
HFF21  Timercontrol ~ TICRL RW — CCLR2 CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'80
register (low)
H'FF22  Timer status TISRAH RW — — — OVIE CMIE2 CMIE1l IMIE2 IMIE1 HEO
register A (high)
H'FF23  Timer status TISRAL RW — — — OVF  CMF2 CMF1 IMF2 IMF1 HEO
register A (low)
H'FF24  Timer output TIOERA R/W DOE21 DOE20 DOE1l DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register A
H'FF25  Timer mode TMDRA R/W MD67 MD47 MD35 MD2:6 SYNC3 SYNC2 SYNC1 SYNCO H'00
register A
H'FF26  Timercounter ~ TICNTH R/W H'00
register (high)
H'FF27  Timercounter ~ TICNTL R/W H'00
register (low)
H'FF28  General TIGRIH RMW H'FF
register 1 (high)
H'FF29  General TIGRIL RMW H'FF
register 1 (low)
H'FF2A  General TIGR2H RMW H'FF
register 2 (high)
H'FF2B  General TIGR2L RW H'FF
register 2 (low)
H'FF2C  Dedicated TIDRIH RMW H'FF
register 1 (high)
H'FF2D  Dedicated TIDRIL RMW H'FF
register 1 (low)
H'FF2E  Dedicated TIDR2H RMW H'FF
register 2 (high)
H'FF2F  Dedicated TIDR2L RMW H'FF
register 2 (low)
H'FF30  Timer start TSTR RW — STR7 STR6 STR5 STR4 STR3 STR2 STR1 H'80
register
H'FF31  Timercontrol ~ TICRA RW — — — — IEG41 |EG40 IEG31 IEG30 HFO

register A
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Table11-2 Channel 1 Registers (cont)

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
H'FF32  Timer status TISRBH RW — — — — CMIE4 CMIE3 IMIE4 IMIE3 HFO
register B (high)
H'FF33  Timer status TISRBL RW — — — — CMF4 CMF3 IMF4 IMF3 HFO
register B (low)
H'FF34  Timer output TIOERB R/W DOE41 DOE40 DOE31 DOE30 GOE41 GOE40 GOE31 GOE30 H'00
enable register B
H'FF35  Timer mode TMDRB  RW — — MDF  PWM4 PWM3 PWM2 PWM1 PWMO H'CO
register B
H'FF38  General TIGR3H RW H'FF
register 3 (high)
H'FF39  General TIGR3L RW HFF
register 3 (low)
H'FF3A  General TIGR4H R/W H'FF
register 4 (high)
H'FF3B  General TIGRAL R/W H'FF
register 4 (low)
H'FF3C  Dedicated TIDR3H R/W HFF
register 3 (high)
H'FF3D  Dedicated TIDR3L RMW H'FF
register 3 (low)
H'FF3E  Dedicated TIDR4H R/W H'FF
register 4 (high)
H'FF3F  Dedicated TIDR4L RW H'FF

register 4 (low)

257



11.3.2 Timer Control Register (High)

Timer control register high (TCRH) is an eight-bit readable/writable register that selects the timer
clock source. Each channel has one TCRH. The bit structure of TCRH in channel 1 is shown
next.

Bit 7 6 5 4 3 2 1 0
TCRH | _ \ — \ CKEG1 \ CKEGO \ TPSC3 \ TPSC2 \ TPSC1 \ TPSCO
Initial value 1 1 0 0 0 0 0 0
RIW R R RIW RIW RIW RIW RIW RIW

tTimer prescaler 3-0

These bits select the
clock source

L— Clock edge 1/0
These bits select the external clock edge

L— Reserved bits

(1) Bits7 and 6—Reserved: Read-only bits, always read as 1.

(2) Bits5and 4—Clock Edge 1/0 (CKEG1/0): These hits select the external clock edge.

Bit 5 Bit 4

CKEG1 CKEGO Description

0 0 Increment on rising edge (Initial value)
0 1 Increment on falling edge

1 0 Increment on both edges

1 1

CKEG1/0 can be set to increment the count on the rising edge, falling edge, or both edges of the
external clock. When TPSC3 to TPSCO are set so as not to select an external clock source,
CKEGL1 and CKEGO areignored.

For further details, see section 11.8.7, “External Event Counting.”
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(3) Bits3to0—Timer Prescaler (TPSC3to TPSCO): These bits select the clock source. One
of 16 clock sources can be selected, as listed next.

Bit 3 Bit 2 Bit 1 Bit O
TPSC3 TPSC2 TPSC1 TPSCO Description

0 0 0 0 2] (100 ns)* (Initial value)
0 0 0 1 /2 (200 ns)*

0 0 1 0 a/4 (400 ns)*

0 0 1 1 /8 (800 ns)*

0 1 0 0 2/16 (1.6 ps)*

0 1 0 1 @/32 (3.2 us)*

0 1 1 0 2/64 (6.4 us)*

0 1 1 1 2/128 (12.8 ps)*

1 0 0 0 2/256  (25.6 ps)*

1 0 0 1 2/512  (51.2 ps)*

1 0 1 0 /1024 (102.4 ps)*

1 0 1 1 /2048 (204.8 ps)*

1 1 0 0 2/4096 (409.6 ps)*

1 1 0 1 External clock (TCLK,)
1 1 1 0 External clock (TCLK5)
1 1 1 1 External clock (TCLK3)

Note: * Values in parentheses are resolution values for a 10-MHz clock rate.
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11.3.3 Timer Control Register (L ow)

Timer control register low (TCRL) is an eight-bit readable/writable register that selects input
capture edges, and selects the timer counter clear source.

Channel 1 has two timer control registers (low), designated TCRL and TCRA. The bit structure
of TCRL in channel 1 is shown next.

Bit 7 6 5 4 3 2 1 0
TCRL | — \ CCLR2 \ CCLR1 \ CCLRO \ IEG21 \ IEG20 \ IEG11 \ IEG10 |
Initial value 1 0 0 0 0 0 0 0
RIW — RIW RIW RIW RIW RIW RIW RIW

t Input capture edge 21/20/11/10
These bits select register
functions and the valid edges
of input capture signals

— Counter clear 2-0
These bits select the counter clear source

—Reserved bit

(1) Bit 7—Reserved: Read-only bit, dwaysread as 1.
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(2) Bits6to4—Counter Clear 2to 0 (CCLR2/1/0): These bits select the counter clear source.

Bit 6 Bit 5 Bit 4

CCLR2 CCLR1 CCLRO Description

0 0 0 Counter not cleared (Initial value)
0 0 1 Synchronized counter clearing enabled

0 1 0

0 1 1

1 0 0 Counter cleared on GR1 compare match or capture
1 0 1 Counter cleared on DR2 compare match

1 1 0 Counter cleared on GR3 compare match or capture
1 1 1 Counter cleared on DR4 compare match

When CCLR2 is0 and either CCLR1 or CCLRO is set to 1, or both CCLR1 and CCLRO are set to
1, the counter is cleared in synchronization with the clearing of atimer pair selected in timer mode
register A (TMDA).

If GR1 or GR3 is used as a compare register the counter is cleared by compare match. I1f GR1 or
GRS isused as a capture register the counter is cleared by input capture.

For further details, see section 11.8.4, “ Counter Clearing Function” and section 11.8.6,
“Synchronizing Mode.”

(3) Bits3 and 2—Input Capture Edge 21/20 (IEG21/20): These hits select the function of GR2
and the valid edge of the input capture signal.

Bit 3 Bit 2

IEG21 IEG20 Description

0 0 GR2 is not used for input capture (Initial value)*
0 1 Capture in GR2 on rising edge of input capture signal

1 0 Capture in GR2 on falling edge of input capture signal

1 1 Capture in GR2 on both edges of input capture signal

Note: * GR2 becomes an output compare register.

A reset clears bits IEG21 and IEG20 to 0, disabling input capture and making GR2 an output
compareregister. If IEG21 or IEG20 is set to 1, or both IEG21 and IEG20 are set to 1, GR2
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”
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(4) Bits1 and O—Input Capture Edge 11/10 (IEG11/10): These bits select the function of GR1
and the valid edge of the input capture signal.

Bit 1 Bit O

IEG11 IEG10 Description

0 0 GR1 is not used for input capture  (Initial value)*

0 1 Capture in GR1 on rising edge of input capture signal
1 0 Capture in GR1 on falling edge of input capture signal
1 1 Capture in GR1 on both edges of input capture signal

Note: * GR1 becomes an output compare register.

A reset clears hits IEG11 and IEG10 to 0, disabling input capture and making GR1 an output
compareregister. If IEG11 or IEG10issetto 1, or both IEG11 and IEG10 are set to 1, GR1
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”

TCRA isan eight-bit readable/writable register. The bit structure of TCRA in channel 1is shown
next.

Bit 7 6 5 4 3 2 1 0
TcRA | — | — | — | — | Ecar | iEc40 | iEG31 | IEG30 |
Initial value 1 1 1 1 0 0 0 0
RIW — — — — RIW RIW RIW RIW

t Input capture edge 41/40/31/30

These bits select register functions
and the valid edges of input capture
signals

L— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bits 3 and 2—Input Capture Edge 41/40 (IEG41/40): These bits select the function of GR4
and the valid edge of the input capture signal.

Bit 3 Bit 2

IEG41 IEG40 Description

0 0 GR4 is not used for input capture (Initial value)*
0 1 Capture in GR4 on rising edge of input capture signal

1 0 Capture in GR4 on falling edge of input capture signal

1 1 Capture in GR4 on both edges of input capture signal

Note: * GR4 becomes an output compare register.

A reset clears hits IEG41 and |EG40 to 0, disabling input capture and making GR4 an output
compareregister. If IEG41 or IEGA40 is set to 1, or both IEG41 and IEG40 are set to 1, GR4
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”

(3) Bits1and 0—Input Capture Edge 31/30 (IEG31/30): These hits select the function of GR3
and the valid edge of the input capture signal.

Bit 1 Bit 0

IEG31 IEG30 Description

0 0 GR3 is not used for input capture  (Initial value)*

0 1 Capture in GR3 on rising edge of input capture signal
1 0 Capture in GR3 on falling edge of input capture signal
1 1 Capture in GR3 on both edges of input capture signal

Note: * GR3 becomes an output compare register.

A reset clears bits IEG31 and IEG30 to 0, disabling input capture and making GR3 an output
compareregister. If IEG31 or IEG30 is set to 1, or both IEG31 and IEG30 are set to 1, GR3
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”
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11.3.4 Timer Status Register (High)

Timer status register high (TSRH) is an eight-bit readable/writable register that enables and
disables timer interrupts.

After OVIE, CMIE2, CMIEL, IMIE2, or IMIEL isset to 1in TSRH, aninterrupt is requested
when OVF, CMF2, CMFI, IMF2, or IMFlissetto 1in TSRL.

Channel 1 hastwo timer status registers (high), designated TSRAH and TSRBH. Channels2to 7
have one TSRH each. The bit structure of TSRAH in channel 1 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRAH | — ‘ — ‘ — ‘ OVIE ‘ CMIE2 ‘ CMIE1 ‘ IMIE2 ‘ IMIE1 |
Initial value 1 1 1 0 0 0 0 0
R/W — — — R/W R/W R/W R/W R/W

i

Input capture/
Compare match
interrupt enable
2/11

These bits enable
and disable GR2
and GR1 compare
match and input
capture interrupts

— Compare match interrupt enable 2/1

These bits enable and disable DR2
and DR1 compare match interrupts

“— Overflow interrupt enable
Enables or disables counter overflow

L Reserved bits interrupts

(1) Bits7to5—Reserved: Read-only bits, alwaysread as 1.
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(2) Bit 4—Overflow Interrupt Enable (OVIE): Enables or disables the counter overflow
interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4

OVIE Description

0 Counter overflow interrupt is disabled (Initial value)
1 Counter overflow interrupt is enabled

(3) Bit 3—Compare Match Interrupt Enable 2 (CMIE2): Enables or disablesthe DR2
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3

CMIE2 Description

0 DR2 compare match interrupt is disabled (Initial value)
1 DR2 compare match interrupt is enabled

(4) Bit 2—Compare Match Interrupt Enable 1 (CMIEL): Enables or disablesthe DR1
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMIE1 Description

0 DR1 compare match interrupt is disabled (Initial value)
1 DR1 compare match interrupt is enabled

(5) Bit 1—Input Capture/Compare Match Interrupt Enable 2 (IMIE2): Enables or disables
the GR2 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE2 Description

0 GR2 compare match or input capture interrupt is disabled (Initial value)
1 GR2 compare match or input capture interrupt is enabled
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(6) Bit 0—Input Capture/Compare Match Interrupt Enable 1 (IMIE1): Enables or disables
the GR1 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 0

IMIE1 Description

0 GR1 compare match or input capture interrupt is disabled (Initial value)
1 GR1 compare match or input capture interrupt is enabled

TSRBH is an eight-bit readable/writable register. The bit structure of TSRBH in channel 1is
shown next.

Bit 7 6 5 4 3 2 1 0
TSRBH | — \ — \ — \ — \ CMIE4 \ CMIE3 \ IMIE4 \ IMIE3 |
Initial value 1 1 1 1 0 0 0 0
RIW — — — — RIW RIW RIW RIW

L Input capture/
Compare match
interrupt enable
413
These bits enable
and disable GR4
and GR3 compare
match and input
capture interrupts

— Compare match interrupt enable 4/3

These bits enable and disable DR4
and DR3 compare match interrupts

L— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bit 3—Compare Match Interrupt Enable 4 (CMIE4): Enables or disablesthe DR4
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3

CMIE4 Description

0 DR4 compare match interrupt is disabled (Initial value)
1 DR4 compare match interrupt is enabled

(3) Bit 2—Compare Match Interrupt Enable 3 (CMIE3): Enables or disablesthe DR3
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMIE3 Description

0 DR3 compare match interrupt is disabled (Initial value)
1 DR3 compare match interrupt is enabled

(4) Bit 1—Input Capture/Compare Match Interrupt Enable 4 (IMI1E4): Enables or disables
the GR4 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE4 Description

0 GR4 compare match or input capture interrupt is disabled (Initial value)
1 GR4 compare match or input capture interrupt is enabled

(5) Bit 0—Input Capture/Compare Match Interrupt Enable 3 (IMIE3): Enables or disables
the GR3 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 0

IMIE3 Description

0 GR3 compare match or input capture interrupt is disabled (Initial value)
1 GR3 compare match or input capture interrupt is enabled
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11.3.5 Timer Status Register (L ow)

Timer status register low (TSRL) is an eight-bit readable/writable register that indicates timer
status. Writing to TSRL is restricted to clearing aflag to 0 after reading the 1 value of that flag.

After OVIE, CMIE2, CMIEL, IMIE2, or IMIEL isset to 1in TSRH, aninterrupt is requested
when OVF, CMF2, CMF1, IMF2, or IMFlissetto 1in TSRL.

Channel 1 has two timer status registers (low), designated TSRAL and TSRBL. Channels2to7
have one TSRL each. The bit structure of TSRAL in channel 1 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRAL | — \ — \ — \ OVF \ CMF2 \ CMF1 \ IMF2 \ IMF1 |
Initial value 1 1 1 0 0 0 0 0
RIW — — — RIW RIW RIW RIW RIW

LInput capture/
Compare match
flag 2/1
Flags indicating
GR2 and GR1
compare match
or input capture

— Compare match flag 2/1

Flags indicating DR2 and DR1
compare match

— Overflow flag
Flag indicating counter overflow

— Reserved bits

(1) Bits7to5—Reserved: Read-only bits, alwaysread as 1.
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(2) Bit 4—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000.
For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4
OVF Description
0 Cleared by reading OVF after OVF is set to 1, then writing 0 in OVF
(Initial value)
1 Set when counter overflow occurs

(3) Bit 3—CompareMatch Flag 2 (CMF2): Set to 1 when the counter value matches the DR2
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3
CMF2 Description
0 1. Cleared by reading CMF2 after CMF2 is set to 1, then writing 0 in CMF2
(Initial value)
2. Cleared when the DTC is activated by a CMI2 interrupt
1 Set when DR2 compare match occurs

(4) Bit 2—Compare Match Flag 1 (CMF1): Set to 1 when the counter value matches the DR1
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMF1 Description
0 1. Cleared by reading CMF1 after CMF1 is set to 1, then writing 0 in CMF1
(Initial value)
2. Cleared when the DTC is activated by a CMI1 interrupt
1 Set when DR1 compare match occurs

(5) Bit 1—Input Capture/Compare Match Flag 2 (IMF2): Set to 1 when the counter value
matches the GR2 value, or the counter value is captured in GR2. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF2 Description
0 1. Cleared by reading IMF2 after IMF2 is set to 1, then writing 0 in IMF2
(Initial value)
2. Cleared when the DTC is activated by an IMI2 interrupt
1 Set when GR2 input capture or compare match occurs
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(6) Bit 0—Input Capture/Compare Match Flag 1 (IMF1): Set to 1 when the counter value
matches the GR1 value, or the counter valueis captured in GR1. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF1 Description
0 1. Cleared by reading IMF1 after IMF1 is set to 1, then writing 0 in IMF1
(Initial value)
2. Cleared when the DTC is activated by an IMI1 interrupt
1 Set when GR1 input capture or compare match occurs

TSRBL isan eight-bit readable/writable register. The bit structure of TSRBL in channel 1is
shown next.

Bit 7 6 5 4 3 2 1 0
TSRBL | — \ — \ — \ — \ CMF4 \ CMF3 \ IMF4 \ IMF3 |
Initial value 1 1 1 1 0 0 0 0
RIW — — — — RIW RIW RIW RIW

t Input capture/

Compare match
flag 4/3

Flags indicating
GR4 and GR3
compare match
or input capture

— Compare match flag 4/3

Flags indicating DR4 and DR3
compare match

L— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bit 3—Compare Match Flag 4 (CMF4): Set to 1 when the counter value matches the DR4
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3
CMF4 Description
0 1. Cleared by reading CMF4 after CMF4 is set to 1, then writing 0 in CMF4
(Initial value)
2. Cleared when the DTC is activated by a CMI4 interrupt
1 Set when DR4 compare match occurs

(3) Bit 2—CompareMatch Flag 3 (CMF3): Set to 1 when the counter value matches the DR3
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMF3 Description
0 1. Cleared by reading CMF3 after CMF3 is set to 1, then writing 0 in CMF3
(Initial value)
2. Cleared when the DTC is activated by a CMI3 interrupt
1 Set when DR3 compare match occurs

(4) Bit 1—Input Capture/Compare Match Flag 4 (IMF4): Set to 1 when the counter value
matches the GR4 value, or the counter value is captured in GR4. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF4 Description
0 1. Cleared by reading IMF4 after IMF4 is set to 1, then writing O in IMF4
(Initial value)
2. Cleared when the DTC is activated by an IMI4 interrupt
1 Set when GR4 input capture or compare match occurs

(5) Bit 0—Input Capture/Compare Match Flag 3 (IMF3): Set to 1 when the counter value
matches the GR3 value, or the counter value is captured in GR3. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF3 Description
0 1. Cleared by reading IMF3 after IMF3 is set to 1, then writing O in IMF3
(Initial value)
2. Cleared when the DTC is activated by an IMI3 interrupt
1 Set when GR3 input capture or compare match occurs
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11.3.6 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readabl e/writable register that enables or
disables output of compare match signals and selects the output level.

Channel 1 has two timer output enable registers, designated TOERA and TOERB. Channels 2 to
7 have one TOER each. The hit structure of TOERA in channd 1 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, “ Timer Control Register
(Low).”

Bit 7 6 5 4 3 2 1 0

TOERA | DOE21 | DOE20 | DOE11 | DOE10 | GOE21 | GOE20 | GOE1l | GOE1O0 |

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

LGeneral register
output enable

General register ~ 11/10

output enable These bits enable
Dedicated 21/20 and disable output
register output These bits enable  ©f the counter-GR1
| Dedicated enable 11/10 and disable output COmpare match
—Eneaet These bits enabl of the counter-GR2 Signal, and select
register output ese bils enable o bare match the output level
enable 21/20 and disable output P

of the counter-DR1 ~ Signal, and select
the output level

These bits enable
and disable output
of the counter-DR2
compare match
signal, and select

the output level

compare match
signal, and select
the output level
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(1) Bits7 and 6—Dedicated Register Output Enable 21/20 (DOE21/20): These bits enable and
disable output of the counter-DR2 compare match signal, and select the output level. For further
details, see section 11.8.2, “ Selection of Output Level.”

Bit 7 Bit 6

DOE21 DOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(2) Bits5 and 4—Dedicated Register Output Enable 11/10 (DOE11/10): These hits enable and
disable output of the counter-DR1 compare match signal, and select the output level. For further
details, see section 11.8.2, “ Selection of Output Level.”

Bit 5 Bit 4

DOE11 DOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(3) Bits3 and 2—General Register Output Enable 21/20 (GOE21/20): These bits enable and
disable output of the counter-GR2 compare match signal, and select the output level.

Bit 3 Bit 2

GOE21 GOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR2 is used for input capture, however, compare match signal output is disabled regardless
of the setting of GOE21 and GOE20. Bits 3 and 2 are thus ignored except when IEG21 =
IEG20 =0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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(4) Bits1and 0—General Register Output Enable 11/10 (GOE11/10): These bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit 0

GOE11 GOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR1 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE11 and GOE10. Bits 1 and 0 are thusignored except when IEG11 =
IEG10=0.

For further details, see section 11.8.2, “ Selection of Output Level.”

TOERSB is an eight-bit readable/writable register. The bit structure of TOERB in channel 1is
shown next.

For the selection of general register (GR) functions, see section 11.3.3, “ Timer Control Register
(Low).”

Bit 7 6 5 4 3 2 1 0
TOERB | DOE41 \ DOE40 \ DOE31 \ DOE30 \ GOE41 \ GOE40 \ GOE31 \ GOE30 |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

LGeneral register
output enable

General register  31/30

output enable These bits enable
Dedicated 41/40 and disable output
register output These bits enable  ©f the counter-GR3

compare match

B . enable 31/30 and disable output ™
Dedicated These bits enable  ©f the counter-GR4 Signal, and select
register output > compare match the output level
enable 41/40 and disable output omp
enapie 252 of the counter-DR3  Signal, and select
These bits enable the output level

compare match
signal, and select
the output level

and disable output
of the counter-DR4
compare match
signal, and select
the output level
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(1) Bits7 and 6—Dedicated Register Output Enable 41/40 (DOE41/40): These bits enable and
disable output of the counter-DR4 compare match signal, and select the output level. For further
details, see section 11.8.2, “ Selection of Output Level.”

Bit 7 Bit 6

DOE41 DOE40 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(2) Bits5and 4—Dedicated Register Output Enable 31/30 (DOE31/30): These bits enable and
disable output of the counter-DR3 compare match signal, and select the output level. For further
details, see section 11.8.2, “ Selection of Output Level.”

Bit 5 Bit 4

DOE31 DOE30 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

(3) Bits3 and 2—General Register Output Enable 41/40 (GOE41/40): These bits enable and
disable output of the counter-GR4 compare match signal, and select the output level.

Bit 3 Bit 2

GOE41 GOE40 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR4 is used for input capture, however, compare match signal output is disabled regardless
of the setting of GOE41 and GOE40. Bits 3 and 2 are thus ignored except when IEG41 =
IEG40 =0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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(4) Bits1and 0—General Register Output Enable 31/30 (GOE31/30): These hits enable and
disable output of the counter-GR3 compare match signal, and select the output level.

Bit 1 Bit 0

GOE31 GOE30 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR3 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE31 and GOE30. Bits 1 and 0 are thus ignored except when IEG31 =
IEG30=0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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11.4 Channel 2to 5 Registers

Channels 2 to 5 each have two general registers used for output compare and input capture, and
two dedicated registers used only for output compare.

The general registers function as output compare registers after areset. They can be switched
over to input capture by setting bits IEG21 to IEG10 in the timer control registers.

Each of channels 2 to 5 can simultaneously generate a maximum of four waveforms, or can
simultaneously generate two waveforms and measure two waveforms. In programmed periodic
counting mode, channels 2 to 4 are used for setting the measurement period, and channel 5 isused
to measure the waveform. Channels 2 and 3 can provide two-phase PWM output. See section
11.8, “Examples of Timer Operation” for details.

Figure 11-3 shows a block diagram of channels 2 to 5.

TCLK;_3
rﬂ—z/4096

T20C1-T20C;

Control logic T210C,-T2I0C,

Clock selector

Comparator

|
| |
a4 tt Contol e

<—~| TCRH* | TCRL |(I)§
IR T ST e ]
= < i I [%)]
0
O] O]
OIototo 0O
( Module data bus )
'_l_l Note: The diagram shows 16-bit timer channel 2.

GR1 and GR2: Output compare/input capture registers (16 bits x 2)
DR1 and DR2: Output compare registers (16 bits x 2)

TCRH and TCRL: Timer control registers (8 bits x 2)

TSRH and TSRL: Timer status registers (8 bits x 2)

TOER: Timer output enable register (8 bits)

Note: * For TCRH, see section 11.3.2, “Timer Control Register (High).”

Figure11-3 Block Diagram of Channels2to 5
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11.4.1 Register Configuration

Table 11-3 summarizes the registers of channels 2 and 3.

Table 11-3 Registersof Channels2 and 3

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
2 H'FF40  Timercontrol ~ T2CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
H'FF41  Timercontrol ~ T2CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
H'FF42  Timer status T2SRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
register (high)
H'FF43  Timer status T2SRL  RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
H'FF44  Timer output T20ER R/W DOE21 DOE20 DOE1l DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register
H'FF46  Timercounter ~ T2CNTH R/W H'00
register (high)
H'FF47  Timercounter ~ T2CNTL R/W H'00
register (low)
H'FF48  General T2GR1IH RMW H'FF
register 1 (high)
H'FF49  General T2GRIL RW H'FF
register 1 (low)
H'FF4A  General T2GR2H RW H'FF
register 2 (high)
H'FF4B  General T2GR2L  RW H'FF
register 2 (low)
H'FF4C  Dedicated T2DRIH RW H'FF
register 1 (high)
H'FF4D  Dedicated T2DRIL RW H'FF
register 1 (low)
H'FF4E  Dedicated T2DR2H R/W H'FF
register 2 (high)
H'FF4F  Dedicated T2DR2L  RW H'FF

register 2 (low)
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Table 11-3 Registersof Channels 2 and 3 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/ Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
3 H'FF50  Timer control T3CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
HFF51  Timer control T3CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
HFF52  Timer status T3SRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
register (high)
HFF53  Timer status T3SRL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
HFF54  Timer output T30ER R/W DOE21 DOE20 DOE1l DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register
HFF56  Timercounter ~ T3CNTH R/W H'00
register (high)
HFF57  Timercounter ~ T3CNTL R/W H'00
register (low)
HFF58  General T3GR1H R/W HFF
register 1 (high)
HFF59  General T3GRIL RW HFF
register 1 (low)
HFF5A  General T3GR2H R/W HFF
register 2 (high)
HFF5B  General T3GR2L RW HFF
register 2 (low)
HFF5C  Dedicated T3DRIH R/W HFF
register 1 (high)
HFF5D  Dedicated T3DRIL RW HFF
register 1 (low)
HFF5E  Dedicated T3DR2H R/W HFF
register 2 (high)
H'FF5F  Dedicated T3DR2L RW HFF

register 2 (low)
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Table 11-4 summarizes the registers of channels4 and 5.

Table11-4 Registersof Channels4 and 5

Chan- Abbre- Initial
nel  Address Name viation RW Bit7 Bité Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
4 H'FF60  Timer control TACRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSCl1 TPSCO H'CO
register (high)
H'FF61  Timer control TACRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 HCO
register (low)
H'FF62  Timer status T4ASRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIEL HEO
register (high)
H'FF63  Timer status TASRL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
H'FF64  Timer output T40ER R/W DOE21 DOE20 DOE1l DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register
HFF66  Timercounter ~ TACNTH R/W H'00
register (high)
H'FF67  Timercounter ~ TACNTL R/W H'00
register (low)
HFF68  General T4GRIH R/W H'FF
register 1 (high)
HFF69  General T4GRIL RW H'FF
register 1 (low)
HFF6A  General T4GR2H R/W H'FF
register 2 (high)
HFF6B  General T4GR2L RW H'FF
register 2 (low)
HFF6C  Dedicated T4DRIH R/W H'FF
register 1 (high)
HFF6D  Dedicated T4DRIL RW H'FF
register 1 (low)
HFF6E Dedicated T4DR2H R/W H'FF
register 2 (high)
HFF6F  Dedicated T4DR2L  R/W H'FF

register 2 (low)
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Table 11-4 Registersof Channels4 and 5 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/ Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
5 H'FF70  Timer control T5CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
HFF71  Timer control T5CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
HFF72  Timer status T5SRH RW — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 HEO
register (high)
HFF73  Timer status T5SRL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
HFF74  Timer output T50ER  R/W DOE21 DOE20 DOE1l DOE10 GOE21 GOE20 GOE1l GOE10 H'00
enable register
HFF76  Timercounter ~ TSCNTH R/W H'00
register (high)
HFF77  Timercounter ~ TSCNTL R/W H'00
register (low)
HFF78  General T5GR1H R/W HFF
register 1 (high)
HFF79  General T5GRIL  RW HFF
register 1 (low)
HFF7A  General T5GR2H R/W HFF
register 2 (high)
HFF7B  General T5GR2L  RW HFF
register 2 (low)
HFF7C  Dedicated T5DR1IH  R/W HFF
register 1 (high)
HFF7D  Dedicated T5DRIL  R/W HFF
register 1 (low)
HFF7E  Dedicated T5DR2H  R/W HFF
register 2 (high)
HFF7F  Dedicated T5DR2L  R/W HFF

register 2 (low)
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11.4.2 Timer Control Register (Low)

Timer control register low (TCRL) is an eight-bit readable/writable register. For timer control
register high (TCRH), see section 11.3.2, “Timer Control Register (High).” The bit structure of
TCRL in channels 2 to 5 is shown next.

Bit 7 6 5 4 3 2 1 0
TCRL | — \ — \ CCLR1 \ CCLRO \ IEG21 \ IEG20 \ IEG11 \ IEG10 |
Initial value 1 1 0 0 0 0 0 0
RIW — — RIW RIW RIW RIW RIW RIW

t Input capture edge 21/20/11/10
These bits select register
functions and the valid edges
of input capture signals

— Counter clear 1/0
These bits select the counter clear source

L— Reserved bits

(1) Bits7 and 6 —Reserved: Read-only bits, alwaysread as 1.

(2) Bits5and 4—Counter Clear 1 and 0 (CCLR/0): These bits select the counter clear source.

Bit 5 Bit 4

CCLR1 CCLRO Description

0 0 Counter not cleared (Initial value)
0 1 Counter cleared on GR1 compare match or capture

1 0 Counter cleared on DR2 compare match*

1 1 Synchronous clearing of counter enabled

Note: * In channels 6 and 7 the counter is cleared on GR2 compare match or capture.

When CCLR1 = CCLRO = 1, the counter is cleared in synchronization with the clearing of the
paired timer selected in timer mode register A.

If GR1 is used as a compare register the counter is cleared by compare match. If GR1 isused asa
capture register the counter is cleared by input capture.
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For further details, see section 11.8.4, “ Counter Clearing Function” and section 11.8.6,
“Synchronizing Mode.”

(3) Bits3 and 2—Input Capture Edge 21/20 (IEG21/20): These bits select the function of GR2
and the valid edge of the input capture signal.

Bit 3 Bit 2

IEG21 IEG20 Description

0 0 GR2 is not used for input capture (Initial value)*
0 1 Capture in GR2 on rising edge of input capture signal

1 0 Capture in GR2 on falling edge of input capture signal

1 1 Capture in GR2 on both edges of input capture signal

Note: * GR2 becomes an output compare register.

A reset clears bits IEG21 and IEG20 to 0, disabling input capture and making GR2 an output
compareregister. If IEG21 or IEG20 is set to 1, or both IEG21 and IEG20 are set to 1, GR2
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”

(4) Bits1and 0—Input Capture Edge 11/10 (IEG11/10): These bits select the function of GR1
and the valid edge of the input capture signal.

Bit 1 Bit O

IEG11 IEG10 Description

0 0 GR1 is not used for input capture (Initial value)*
0 1 Capture in GR1 on s rising edge of input capture signal

1 0 Capture in GR1 on falling edge of input capture signal

1 1 Capture in GR1 on both edges of input capture signal

Note: * GR1 becomes an output compare register.

A reset clears bits IEG11 and IEG10 to 0, disabling input capture and making GR1 an output
compareregister. If IEG11 or IEG10is set to 1, or both IEG11 and IEG10 are set to 1, GR1
becomes an input capture register.

For further details, see section 11.8.3, “Input Capture Function.”
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11.4.3 Timer Status Register (High)

Timer status register high (TSRH) is an eight-bit readable/writable register. After OVIE, CMIE2,
CMIEL, IMIE2, or IMIELlissetto 1in TSRH, an interrupt is requested when OVF, CMF2, CMF1,
IMF2, or IMFlissetto 1in TSRL. The bit structure of TSRH in channels 2 to 5 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRH | — | — | — | ovie | cmE2 | cmiEL | miE2 | iMiEL |
Initial value 1 1 1 0 0 0 0 0
RIW — — - RIW RIW RIW RIW RIW

|

Input capture/
Compare match
interrupt enable
2/1

These bits enable
and disable GR2
and GR1 compare
match and input
capture interrupts

— Compare match interrupt enable 2/1

These bits enable and disable DR2
and DR1 compare match interrupts

“— Overflow interrupt enable
Enables or disables counter overflow

L Reserved bits interrupts

(1) Bits7to5—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 4—Overflow Interrupt Enable (OVIE): Enables or disables the counter overflow
interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4

OVIE Description

0 Counter overflow interrupt is disabled (Initial value)
1 Counter overflow interrupt is enabled
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(3) Bit 3—Compare Match Interrupt Enable 2 (CMIE2): Enables or disables the DR2
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3

CMIE2 Description

0 DR2 compare match interrupt is disabled (Initial value)
1 DR2 compare match interrupt is enabled

(4) Bit 2—CompareMatch Interrupt Enable 1 (CMIEL): Enables or disablesthe DR1
compare match interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2

CMIE1 Description

0 DR1 compare match interrupt is disabled (Initial value)
1 DR1 compare match interrupt is enabled

(5) Bit 1—Input Capture/Compare Match Interrupt Enable 2 (IMIE2): Enables or disables
the GR2 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE2 Description

0 GR2 input capture or compare match interrupt is disabled (Initial value)
1 GR2 input capture or compare match interrupt is enabled

(6) Bit 0—Input Capture/Compare Match Interrupt Enable 1 (IMIE1): Enables or disables
the GR1 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 0

IMIE1 Description

0 GR1 input capture or compare match interrupt is disabled (Initial value)
1 GR1 input capture or compare match interrupt is enabled
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11.4.4 Timer Status Register (L ow)

Timer status register low (TSRL) is an eight-bit readable/writable register. After OVIE, CMIE2,
CMIEL, IMIE2, or IMIELlissetto 1in TSRH, an interrupt is requested when OVF, CMF2, CMF1,
IMF2, or IMFlissetto 1in TSRL. Writing to TSRL is restricted to clearing aflag to O after
reading the 1 value of that flag. The bit structure of TSRL in channels 2 to 5 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRL | — | — | — | owv | cvwr2 | cvrr | vR2 | vR |
Initial value 1 1 1 0 0 0 0 0
RIW — — — RIW RIW RIW RIW RIW

]

Input capture/
Compare match
flag 2/1

Flags indicating
GR2 and GR1
compare match
or input capture

— Compare match flag 2/1

Flags indicating DR2 and DR1
compare match

— Overflow flag
Flag indicating counter overflow

— Reserved bits

(1) Bits7to5—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 4—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000.
For further details, see section 11.9.1, “Interrupt Timing.”

Bit 4
OVF Description
0 Cleared by reading OVF after OVF is set to 1, then writing 0 in OVF
(Initial value)
1 Set when counter overflow occurs
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(3) Bit 3—Compare Match Flag 2 (CMF2): Set to 1 when the counter value matches the DR2
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 3
CMF2 Description
0 1. Cleared by reading CMF2 after CMF2 is set to 1, then writing 0 in CMF2
(Initial value)
2. Cleared when the DTC is activated by a CMI2 interrupt
1 Set when DR2 compare match occurs

(4) Bit 2—CompareMatch Flag 1 (CMF1): Set to 1 when the counter value matches the DR1
value. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2
CMF1 Description
0 1. Cleared by reading CMF1 after CMF1 is set to 1, then writing 0 in CMF1
(Initial value)
2. Cleared when the DTC is activated by a CMI1 interrupt
1 Set when DR1 compare match occurs

(5) Bit 1—Input Capture/Compare Match Flag 2 (IMF2): Set to 1 when the counter value
matches the GR2 value, or the counter value is captured in GR2. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF2 Description
0 1. Cleared by reading IMF2 after IMF2 is set to 1, then writing O in IMF2
(Initial value)
2. Cleared when the DTC is activated by an IMI2 interrupt
1 Set when GR2 input capture or compare match occurs

(6) Bit 0—Input Capture/Compare Match Flag 1 (IMF1): Set to 1 when the counter value
matches the GR1 value, or the counter value is captured in GR1. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF1 Description
0 1. Cleared by reading IMF1 after IMF1 is set to 1, then writing O in IMF1
(Initial value)
2. Cleared when the DTC is activated by an IMI1 interrupt
1 Set when GR1 input capture or compare match occurs
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11.4.5 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readabl e/writable register. The bit
structure of TOER in channels 2to 5 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, “ Timer Control Register
(Low).”

Bit 7 6 5 4 3 2 1 0
TOER | DOE21 \ DOE20 \ DOE11 \ DOE10 \ GOE21 \ GOE20 \ GOE11 \ GOE10 |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

LGeneral register
output enable

General register ~ 11/10

output enable These bits enable
Dedicated 21/20 and disable output
register output These bits enable  °f the countetr-r?Rl
. and disable output  coMpare matc
- Dedicated M of the counter-C?RZ signal, and select
register output These bits enable compare match the output level
enable 21/20 and disable output P

signal, and select

of the counter-DR1
the output level

compare match
signal, and select
the output level

These bits enable
and disable output
of the counter-DR2
compare match
signal, and select
the output level

(1) Bits7 and 6—Dedicated Register Output Enable 21/20 (DOE21/20): These bits enable and
disable output of the counter-DR2 compare match signal, and select the output level. For further
details, see section 11.8.2, “ Selection of Output Level.”

Bit 7 Bit 6

DOE21 DOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1 Toggle on compare match*

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
output goes to 1 on compare match.
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(2) Bits5 and 4—Dedicated Register Output Enable 11/10 (DOE11/10): These hits enable and
disable output of the counter-DR1 compare match signal, and select the output level. For further
details, see section 11.8.2, “ Selection of Output Level.”

Bit 5 Bit 4

DOE11 DOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1 Toggle on compare match*

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
output goes to 1 on compare match.

(3) Bits3 and 2—General Register Output Enable 21/20 (GOE21/20): These bits enable and
disable output of the counter-GR2 compare match signal, and select the output level.

Bit 3 Bit 2

GOE21 GOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1 Toggle on compare match*

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
timer outputs 1 on compare match.

When GR2 is used for input capture, however, compare match signal output is disabled regardless
of the setting of GOE21 and GOE20. Bits 3 and 2 are thus ignored except when IEG21 = IEG20
=0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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(4) Bits1and 0—General Register Output Enable 11/10 (GOE11/10): These bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit 0

GOE11 GOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1 Toggle on compare match *

Note: * Channels 2 and 3 do not have an output toggle function. If these bits are set to 11, the
timer outputs 1 on compare match.

When GR1 is used for input capture, however, compare match signal output is disabled regardiess
of the setting of GOE11 and GOE10. Bits 1 and O are thusignored except when IEG11 =
IEG10=0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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11.5 Channel 6 and 7 Registers
Channels 6 and 7 each have two general registers used for output compare and input capture.

The general registers function as output compare registers after areset. They can be switched
over to input capture by setting bits IEG21 to IEG10 in the timer control registers.

Each of channels 6 and 7 can simultaneously measure two waveforms and generate one
waveform. Channels 6 and 7 can each be used to measure waveformsin programmed periodic
counting mode. Thetimer counter in channel 7 can count up or down according to the phase of
two external clock signalsin phase counting mode. Channels 6 and 7 can provide single-phase
PWM output in PWM output mode. See section 11.8, “ Examples of Timer Operation” for details.

Figure 11-4 shows a block diagram of channels6 and 7.

——TCLK;_3
r 2-0/4096

- T610C1-T6I0C>
‘ Clock selector ‘ ‘ Control logic

‘ Comparator ‘

t Control registers

“%‘I TCRH*1 | TCRL*2 |<t>
*—H TSRH | TSRL |<_t>
O

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

On-chip
data bus

Bus interface

16-bit counter
GR1 (ICR/OCR)
GR2 (ICR/OCR)

=)

B 18] (W]

( Module data bus
t I I Note: The diagram shows 16-bit timer channel 6.

GR1 and GR2: Output compare/input capture registers (16 bits x 2)
TCRH and TCRL: Timer control registers (8 bits x 2)

TSRH and TSRL: Timer status registers (8 bits x 2)

TOER: Timer output enable register (8 bits)

Notes: 1. For TCRH, see section 11.3.2, “Timer Control Register (High).”
2. For TCRL, see section 11.4.2, “Timer Control Register (Low)”

Figure11-4 Block Diagram of Channels6 and 7
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11.5.1 Register Configuration

Table 11-5 summarizes the registers of channels 6 and 7.

Table 11-5 Registersof Channels6and 7

Chan- Abbre- Initial
nel Address Name viation RW Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
6 HFF80  Timercontrol ~ T6CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
H'FF81  Timer control T6CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 HCO
register (low)
H'FF82  Timer status T6SRH RW — — — — — OVIE IMIE2 IMIE1 HF8
register (high)
H'FF83  Timer status T6SRL RW — — — — — OVF IMF2 IMF1 HF8
register (low)
H'FF84  Timer output T60ER RW — — — — GOE21 GOE20 GOE11 GOE10 H'FO
enable register
H'FF86  Timercounter ~ T6CNTH R/W H'00
register (high)
H'FF87  Timercounter ~ T6CNTL R/W H'00
register (low)
H'FF88  General T6GR1IH R/W H'FF
register 1 (high)
HFF89  General T6GRIL R/W H'FF
register 1 (low)
HFF8A  General T6GR2H R/W H'FF
register 2 (high)
HFF8B  General T6GR2L  R/W H'FF

register 2 (low)
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Table 11-5 Registersof Channels6 and 7 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/ Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
7 HFF90  Timer control T7CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
HFF91  Timer control T7CRL RW — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
HFF92  Timer status T7SRH RW — — — — — OVIE IMIE2 IMIE1 HF8
register (high)
HFF93  Timer status T7SRL RW — — — — — OVF IMF2 IMF1 HF8
register (low)
H'FF94  Timer output T/I0OER RW — — — — GOE21 GOE20 GOE1l1 GOE10 HFO
enable register
HFF96  Timercounter ~ T7CNTH R/W H'00
register (high)
HFF97  Timercounter ~ T7CNTL R/W H'00
register (low)
HFF98  General TIGR1IH R/W HFF
register 1 (high)
HFF99  General TIGRIL RW HFF
register 1 (low)
HFF9A  General TIGR2H R/W HFF
register 2 (high)
HFF9B  General TIGR2L RW HFF

register 2 (low)
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11.5.2 Timer Status Register (High)

Timer status register high (TSRH) is an eight-bit readable/writable register. After OVIE, IMIE2,
or IMIElissetto 1in TSRH, an interrupt is requested when OVF, IMF2, or IMFlissetto 1lin
TSRL. For timer control register high and low, see section 11.3.2, “Timer Control Register
(High)” and section 11.4.2, “Timer Control Register (Low).” The bit structure of TSRH in
channels 6 and 7 is shown next.

Bit 7 6 5 4 3 2 1 0
TSRH | — \ — \ — \ — \ — \ OVIE \ IMIE2 \ IMIEL |
Initial value 1 1 1 1 1 0 0 0
RIW — — — — — RIW RIW RIW

L Input capture/
Compare match
interrupt enable
2/1

These bits enable
and disable
compare match
and input capture
interrupts

— Overflow interrupt enable

Enables or disables counter
overflow interrupts

L— Reserved bits

(1) Bits7to3—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the counter overflow
interrupt. For further details, see section 11.9.1, “Interrupt Timing.”

Bit 2

OVIE Description

0 Counter overflow interrupt is disabled (Initial value)
1 Counter overflow interrupt is enabled
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(3) Bit 1—Input Capture/Compare Match Interrupt Enable 2 (IMIE2): Enables or disables
the GR2 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 1

IMIE2 Description

0 GR2 input capture or compare match interrupt is disabled (Initial value)
1 GR2 input capture or compare match interrupt is enabled

(4) Bit 0—Input Capture/Compare Match Interrupt Enable 1 (IMIE1): Enables or disables
the GR1 compare match or input capture interrupt. For further details, see section 11.9.1,
“Interrupt Timing.”

Bit 0

IMIEL Description

0 GR1 input capture or compare match interrupt is disabled (Initial value)
1 GR1 input capture or compare match interrupt is enabled
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11.5.3 Timer Status Register (L ow)

Timer status register low (TSRL) is an eight-bit readable/writable register. After OVIE, IMIE2, or
IMIELlissetto 1in TSRH, an interrupt is requested when OVF, IMF2, or IMFlissetto 1in
TSRL. Writing to TSRL isrestricted to clearing aflag to O after reading the 1 value of that flag.
The bit structure of TSRL in channels 6 and 7 is shown next.

Bit 7 6 5 4 3 2 1 0
st [ = | — 1 — ] = 1 — | o | w2 | wr |
Initial value 1 1 1 1 1 0 0 0
R/W — — — — — R/W R/W R/W

L Input capture/
Compare match
interrupt enable
2/11
Flags indicating
GR2 and GR1
compare match
or input capture

— Overflow flag

Flag indicating counter
overflow

— Reserved bits

(1) Bits7to3—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 2—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000
or when the counter in channel 7 underflows from H'0000 to H'FFFF in phase counting mode.
For further details, see section 11.9.1, “Interrupt Timing,” and section 11.8.9, “Phase counting
Mode.”

Bit 2
OVF Description
0 Cleared by reading OVF after OVF is set to 1, then writing 0 in OVF
(Initial value)
1 Set when counter overflow occurs
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(3) Bit 1—Input Capture/Compare Match Flag 2 (IMF2): Set to 1 when the counter value
matches the GR2 value, or the counter value is captured in GR2. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 1
IMF2 Description
0 1. Cleared by reading IMF2 after IMF2 is set to 1, then writing O in IMF2
(Initial value)
2. Cleared when the DTC is activated by an IMI2 interrupt
1 Set when GR2 input capture or compare match occurs

(4) Bit 0—Input Capture/Compare Match Flag 1 (IMF1): Set to 1 when the counter value
matches the GR1 value, or the counter value is captured in GR1. For further details, see section
11.9.1, “Interrupt Timing.”

Bit 0
IMF1 Description
0 1. Cleared by reading IMF1 after IMF1 is set to 1, then writing O in IMF1
(Initial value)
2. Cleared when the DTC is activated by an IMI1 interrupt
1 Set when GR1 input capture or compare match occurs
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11.5.4 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readabl e/writable register. The bit
structure of TOER in channels 6 and 7 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, “ Timer Control Register
(Low).”

Bit 7 6 5 4 3 2 1 0
ToeR | — | — | — | — |coea| coE2 | GoE11 | GOE |
Initial value 1 1 1 1 0 0 0 0
RIW — — — — RW RW RW  RW

LGeneral register
output enable
11/10
These bits enable
and disable output
of the counter-GR1
compare match
signal, and select
the output level

— General register output enable
21/20
These bits enable and disable
output of the counter-GR2 compare
match signal, and select the output
level

— Reserved bits

(1) Bits7to4—Reserved: Read-only bits, alwaysread as 1.
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(2) Bits3 and 2—General Register Output Enable 21/20 (GOE21/20): These bits enable and
disable output of the counter-GR2 compare match signal, and select the output level.

Bit 3 Bit 2

GOE21 GOE20 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR2 is used for input capture, however, compare match signal output is disabled regardless
of the setting of GOE21 and GOE20. Bits 3 and 2 are thus ignored except when IEG21 =
IEG20 =0.

For further details, see section 11.8.2, “ Selection of Output Level.”

(3) Bits1and 0—General Register Output Enable 11/10 (GOE11/10): These bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit 0

GOE11 GOE10 Description

0 0 Compare match signal output is disabled (Initial value)
0 1 Output 0 on compare match

1 0 Output 1 on compare match

1 1

When GR1 is used for input capture, however, compare match signal output is disabled regardliess
of the setting of GOE11 and GOE10. Bits1 and 0 are thus ignored except when IEG11 =
IEG10=0.

For further details, see section 11.8.2, “ Selection of Output Level.”
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11.6 1PU Register Descriptions
11.6.1 Timer Mode Register A

Timer mode register A (TMDRA) is an eight-bit readable/writable register that selects timer
synchronizing and operating modes. The bit structure of TMDRA is shown next.

Bit 7 6 5 4 3 2 1 0
TMDRA | MD6-7 \ MD4-7 \ MD3-5 \ MD2-6 \ SYNC3 \ SYNC2 \ SYNC1 \ SYNCO |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

LTimer synchronizing bits 3-0
These bits synchronize
two timers
Timer mode 6-7, 4-7, 3-5, 2-6
These bits operate two timers
in programmed periodic counting mode

(1) Bit 7—Timer Mode 6-7 (MD6-7): Operates channels 6 and 7 in programmed periodic
counting mode.

Bit 7

MD6-7 Description

0 Timers 6 and 7 operate normally (Initial value)
1 Timers 6 and 7 operate in programmed periodic counting mode

The counter value in channel 7 is captured in GR2 in channel 7 at intervals set in GR2 in channel
6. If channel 7 is externally clocked, the number of external events occurring in regular intervals
timed by channel 6 can be counted. For further details see section 11.8.8, “Programmed Periodic
Counting Mode.”
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(2) Bit 6—Timer Mode 4-7 (M D4-7): Operates channels 4 and 7 in programmed periodic
counting mode.

Bit 6

MD4-7 Description

0 Timers 4 and 7 operate normally (Initial value)
1 Timers 4 and 7 operate in programmed periodic counting mode

The counter value in channel 7 is captured in GR1 in channel 7 at intervals set in DR2 in channel
4. If channel 7 is externally clocked, the number of external events occurring in regular intervals
timed by channel 4 can be counted. For further details see section 11.8.8, “Programmed Periodic
Counting Mode.”

(3) Bit 5—Timer Mode 3-5 (MD3-5): Operates channels 3 and 5 in programmed periodic
counting mode.

Bit 5

MD3-5 Description

0 Timers 3 and 5 operate normally (Initial value)
1 Timers 3 and 5 operate in programmed periodic counting mode

The counter value in channel 5 is captured in GR1 in channel 5 at intervals set in DR2 in channel
3. If channel 5isexternally clocked, the number of external events occurring in regular intervals
timed by channel 3 can be counted. For further details see section 11.8.8, “ Programmed Periodic
Counting Mode.”

(4) Bit 4—Timer Mode 2-6 (MD2-6): Operates channels 2 and 6 in programmed periodic
counting mode.

Bit 4

DM2-6 Description

0 Timers 2 and 6 operate normally (Initial value)
1 Timers 2 and 6 operate in programmed periodic counting mode

The counter value in channel 6 is captured in GR1 in channel 6 at intervals set in DR2 in channel
2. If channel 6 isexternally clocked, the number of external events occurring in regular intervals
timed by channel 2 can be counted. For further details see section 11.8.8, “ Programmed Periodic
Counting Mode.”
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(5) Bit 3—Timer Synchronizing Bit 3 (SYNC3): Synchronizes two timer channels.

Bit 3

SYNC3 Description

0 Timer counters in channels 6 and 7 operate independently (Initial value)
1 Timer counters in channels 6 and 7 are synchronized

When SYNC3 = 1, timer counters can be preset and cleared in synchronization. If two or more
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

(6) Bit 2—Timer Synchronizing Bit 2 (SYNC2): Synchronizestwo timer channels.

Bit 2

SYNC2 Description

0 Timer counters in channels 4 and 5 operate independently (Initial value)
1 Timer counters in channels 4 and 5 are synchronized

When SYNC2 = 1, timer counters can be preset and cleared in synchronization. If two or more
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

(7) Bit 1—Timer Synchronizing Bit 1 (SYNCZ1): Synchronizes two timer channels.

Bit 1

SYNC1 Description

0 Timer counters in channels 2 and 3 operate independently (Initial value)
1 Timer counters in channels 2 and 3 are synchronized

When SYNC1 = 1, timer counters can be preset and cleared in synchronization. If two or more
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

(8) Bit 0—Timer Synchronizing Bit 0 (SYNCO): Synchronizes the timer countersin channel 1
and other channels.

Bit O
SYNCO Description
0 Timer counters in channel 1 and other channels operate independently
(Initial value)
1 Timer counters in channel 1 and other channels are synchronized
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When SYNCO = 1, timer counters can be preset and cleared in synchronization. If two or more
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected timer
counters are synchronized. For further details, see section 11.8.6 “ Synchronizing Mode.”

11.6.2 Timer Mode Register B

Timer mode register B (TMDRB) is an eight-hit readabl e/writable register that selects timer
operating modes. The bit structure of TMDRB is shown next.

Bit 7 6 5 4 3 2 1 0
TMDRB | — ‘ — ‘ MDF ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO |
Initial value 1 1 0 0 0 0 0 0
R/W — — R/W R/W R/W R/W R/W R/W

tPWM timer mode 4-0
These bits operate
channels 7, 6, 3, 2,
and 1 as pulse-width
modulators

— Phase counting mode
Operates channel 7 in phase counting mode

— Reserved bits

(1) Bits7 and 6—Reserved: Read-only bits, alwaysread as 1.

(2) Bit 5—Phase Counting M ode (M DF): Operates channel 7 in phase counting mode. For
further details see section 11.8.9, “Phase Counting Mode.”

Bit 5

MDF Description

0 Channel 7 operates normally (Initial value)
1 Channel 7 operates in phase counting mode
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(3) Bit 4—PWM Timer Mode 4 (PWM4): Operates channel 7 asaPWM timer.

Bit 4

PWM4 Description

0 Channel 7 operates normally (Initial value)
1 Channel 7 operates as a PWM timer

Channel 7 operates asaPWM timer with independent period and duty cycle, providing one PWM
output. When PWM4 = 1, settings of GOE11 and GOE10 in the channel 7 timer output enable
register (TOER) areignored. For further details, see section 11.8.5 “PWM Output Mode.”

(4) Bit 3—PWM Timer Mode 3 (PWM 3): Operates channel 6 asaPWM timer.

Bit 3

PWM3 Description

0 Channel 6 operates normally (Initial value)
1 Channel 6 operates as a PWM timer

Channel 6 operates asaPWM timer with independent period and duty cycle, providing one PWM
output. When PWM3 = 1, settings of GOE11 and GOE10 in the channel 6 timer output enable
register (TOER) areignored. For further details, see section 11.8.5 “PWM Output Mode.”

(5) Bit 2—PWM Timer Mode 2 (PWM 2): Operates channel 3 asaPWM timer.

Bit 2

PWM2 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates as a PWM timer

Channel 3 operates asaPWM timer with independent period and duty cycle. Channel 3 can
provide two-phase PWM output. When PWM?2 = 1, settings of GOE21, GOE20, GOE11, and
GOE10 in the channel 3 timer output enable register (TOER) areignored. For further details, see
section 11.8.5 “PWM Output Mode.”
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(6) Bit 1—PWM Timer Mode 1 (PWM 1): Operates channel 2 asa PWM timer.

Bit 1

PWM1 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates as a PWM timer

Channel 2 operates asa PWM timer with independent period and duty cycle. Channel 2 can
provide two-phase PWM output. When PWM1 = 1, settings of GOE21, GOE20, GOE11, and
GOE10 in the channel 2 timer output enable register (TOER) areignored. For further details, see
section 11.8.5 “PWM Output Mode.”

(7) Bit 0—PWM Timer Mode 0 (PWMO): Operates channel 1 asaPWM timer.

Bit 0

PWMO Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates as a PWM timer

Channel 1 operates asaPWM timer with independent period and duty cycle. Channel 1 can
provide three-phase PWM output. When PWMO = 1, settings of DOE11, DOE10, GOE21,
GOEZ20, GOE11, and GOE10 in the channel 1 timer output enable register (TOER) are ignored.
For further details, see section 11.8.5 “PWM Output Mode.”
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11.6.3 Timer Start Register

Thetimer start register (TSTR) is an eight-bit readable/writable register that starts and stops the
counters. The bit structure of TSTR is shown next.

Bit 7 6 5 4 3 2 1 0
TSTR | — \ STR? \ STR6 \ STR5 \ STR4 \ STR3 \ STR2 \ STR1 |
Initial value 1 0 0 0 0 0 0 0
RIW — RIW RIW RIW RIW RIW RIW RIW

L Counter start 7to 1

These bits start and stop the
Reserved bit counters

(1) Bit 7—Reserved: Read-only bhit, alwaysread as 1.

(2) Bit 6—Counter Start 7 (STR7): Starts and stops the counter in channel 7.

Bit 6

STR7 Description

0 Timer counter 7 is halted (Initial value)
1 Timer counter 7 is counting

(3) Bit 5—Counter Start 6 (STR6): Starts and stops the counter in channel 6.

Bit 5

STR6 Description

0 Timer counter 6 is halted (Initial value)
1 Timer counter 6 is counting

(4) Bit 4—Counter Start 5 (STR5): Starts and stops the counter in channel 5.

Bit 4

STR5 Description

0 Timer counter 5 is halted (Initial value)
1 Timer counter 5 is counting
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(5) Bit 3—Counter Start 4 (STR4): Starts and stops the counter in channel 4.

Bit 3

STR4 Description

0 Timer counter 4 is halted (Initial value)
1 Timer counter 4 is counting

(6) Bit 2—Counter Start 3 (STR3): Starts and stops the counter in channel 3.

Bit 2

STR3 Description

0 Timer counter 3 is halted (Initial value)
1 Timer counter 3 is counting

(7) Bit 1—Counter Start 2 (STR2): Starts and stops the counter in channel 2.

Bit 1

STR2 Description

0 Timer counter 2 is halted (Initial value)
1 Timer counter 2 is counting

(8) Bit 0—Counter Start 1 (STR1): Starts and stops the counter in channel 1.

Bit 0

STR1 Description

0 Timer counter 1 is halted (Initial value)
1 Timer counter 1 is counting
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11.7 H8/500 CPU Interface

Some | PU registers can be accessed 16 bits at atime, while others are limited to eight-bit access.
These two types of registers differ in their write timing, as explained next.

11.7.1 16-Bit Accessible Registers

The timer counters (TCNT), general registers (GR), and dedicated registers (DR) are 16-bit
registers. The H8/500 CPU can access these registers aword at atime using a 16-bit data bus.
Byte accessis also possible.

Figure 11-5 shows an example of word write timing to atimer counter. Figure 11-6 shows an
example of byte write timing to atimer counter.

T

B e I e —l

N

T3

.

A19-Ao

Timer counter address

Internal write
signal

Internal data
bus

New value

value Old value

Ne

value

I
|
Timer counter !
I
|

Figure11-5 Example of Word Write Timing for Timer Counter
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: | i o | i i
w 1 \/[/ ‘ \ \ |
A19—Ao X Low address Xj X High address X:

‘ | ! (

Internal write ‘ R
signal ‘ ! ! !
Internal data :>—< New value / H§—~< New value />7
bus w ! : ; ! ‘ ‘ |

. — . .
Timer counter ! Old value ! >< | Lower byte only ><Upper byte only
value ! . ! ! )5 s . . .

Figure11-6 Example of Byte Write Timing for Timer Counter

* Read and Write Operations: Timer counters, general registers, and dedicated registers can
be written and read aword at atime or abyte at atime. Figure 11-7 illustrates word read/write
operations. Figure 11-8illustrates upper byte read/write operations. Figure 11-9 illustrates
lower byte read/write operations.

On-chip
data bus 16 16 Module data bus
H8/500 CPU _Bus
interface
8 8
High Low
address address

Figure 11-7 Word Read/Write Operations
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On-chip

data bus 16 16 Module data bus
H8/500 CPU _ Bus >
interface
8
High Low
address address
Figure11-8 Upper Byte Read/Write Operations
On-chip
data bus 16 16 Module data bus
H8/500 CPU _Bus >
interface

High
address

Low
address

Figure11-9 Lower Byte Read/Write Operations
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11.7.2 Eight-Bit Accessible Registers

The IPU’stimer control registers (TCRH and TCRL), timer status registers (TSRH and TSRL),
timer output enable registers (TOER), timer mode register A (TMDA), timer mode register B
(TMDB), and timer start register (TSTR) are eight-bit registers. The H8/500 CPU accesses these
registers abyte at atime using an eight-bit data bus. If an instruction specifies word size, two
registers are accessed at consecutive addresses, upper byte (even address) first and lower byte
(odd address) second.

Figure 11-10 shows an example of byte write timing to atimer control register. Figure 11-11
shows an example of write timing to atimer control register by an instruction specifying word
operand size.

T1

- -,

’ M
Timer control register address fX

T2 T3

A19-Ao

Internal write
signal

Internal data ; N |
bus i i ew value i !

Timer control

register value Old value

|
|
>< New value

Figure11-10 Example of Byte Write Timing for Timer Control Register



A19-Ao X TCRH address >< T

-0 -
2y
-
Q
Q
o
D
~» -
n

signal

Internal data 4>_<
bus j

Timer control |

Internal write

New value ( >—

X Updated TCRL

register value

Old value >< . Updated TCRH

Figure11-11 Exampleof Write Timing for Timer Control Register by Instruction
Specifying Word Operand Size

¢ Read and Write Operations: Table 11-6 lists the byte-accessed registers. Figure 11-12
illustrates upper byte read/write operations. Figure 11-13 illustrates lower byte read/write
operations.

Table11-6 Eight-Bit Access Registers

Abbreviation

Name Byte Access Word Access
Timer control registers (high) TCRH TCR Upper
Timer control registers (low) TCRL Lower
Timer status registers (high) TSRH TSR Upper
Timer status registers (low) TSRL Lower
Timer output enable registers TOER TOER Upper
Timer mode registers TMDR TMDR Lower
Timer start registers TSTR TSTR Upper
T1CRB Lower
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On-chip
data bus

8

Module data bus

H8/500 CPU _Bus >
interface
8
High Low
address address
Figure11-12 Upper Byte Read/Write Operations
On-chip
databus 8 8 Module data bus
H8/500 CPU _Bus >
interface

High
address

Low
address

Figure11-13 Lower Byte Read/Write Operations
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11.8 Examplesof Timer Operation

The 16-bit integrated-timer pulse unit (IPU) has several application-oriented operating modes.
These are outlined and examples are given below.

11.8.1 Examples of Counting

When a start (STR) bit in the timer start register (TSTR) is set to 1, the corresponding counter
starts counting from H'0000. There are two counting modes: a free-running mode and a periodic
mode. Figure 11-14 shows the procedure for selecting the counting mode.

Procedurefor Selecting Counting M ode

Counting mode
selection

| STR bit=1 | 1) (1) Set the counter’'s STR hit in
TSTR to 1.

(2) Periodic counter: Set the
count period in a dedicated or

( Periodic counter ) Free-running general register and select
counter the clear source in TCRH.
(3) Free-running counter: No

| Set period in DR or GR | @) ®) need to set count period or
select clear source.

Select clear source
CCLR #00

\j
<Periodic counter> <Free-running counter>

Figure11-14 Procedurefor Selecting Counting Mode
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Counter Operation: Figure 11-15 illustrates counter operations.

(Counter operation>
No
STR=17?
Yes (1)

Hold value

<Increment>

C Periodic counter )

No
Compare match?*

Free-running
counter

Overflow?

Note: * TCNT = count period

Yes Yes
3 4)
CMF/IMF=1 (3) | | OVF=1 (5)
TCNT < 0 (6)

(1) When an STR bit is
setto 1, the
corresponding
counter starts
counting up.

(2) Periodic counter:
After incrementing,
the counter value is
checked against
the count period.

(3) Periodic counter: If
the counter value
matches the count
period, the CMF or
IMF bit in TSRL is
setto 1.

(4) Free-running
counter: After
incrementing,
counter overflow is
checked.

(5) Free-running
counter: If the
count has
overflowed, the
OVF bitin TSRL is
setto 1.

(6) The timer counter
is reset and starts
counting up again
from zero.

Figure11-15 Counter Operation
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A reset leaves the IPU in free-running mode. Figure 11-16 shows an example of free-running
counting. The counter starts from H'0000, counts up to H'FFFF, then returns to H'0000, at which
point the OVF flag is set in timer status register high (TSRH). Counting then continues from
H'0000.

If compare match is selected as a counter clear source, the |PU operates in periodic counting
mode. Figure 11-17 shows an example of periodic counting. The counter starts from H'0000 and
counts up to H'8000. At this point a compare match with DR2 occurs, so the CMF2 flag in TSRH
isset to 1 and the counter is automatically cleared. Counting then continues from H'0000.

Timer —5 : X ) X § : X ' X( : X : X
counter value _5( H'0000 H'0001 ) H'FFFE H'FFFF H'0000 H'0001
«

STR bit

(TSTR) Counting starts when STR bit is setto 1
OVF flag
(TSRH) (C

Overflow flag (OVF) is set
when count changes from
H'FFFF to H'0000

Figure11-16 Free-Running Counter Operation

Timer —45 (:I
counter value_s( H'0000 X H'0001 >< ) H'7FFF X*X H'OOOOX H'0001 X H'0002 X
(C

STR bit gj -
kL
(TSTR) Counting starts when STR bit ’> )/ Note: * H'8000

CMF2 flag issettol .

(TSRH) » Compare match with DR2 sets
compare match flag 2 (CMF2)
and clears counter

DR2 value H'FFFF >< » H'8000

Cycle length H'8000 is set in DR2

Figure11-17 Periodic Counter Operation
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11.8.2 Selection of Output Level

Compare match signals can be output in three modes: high, low, or toggle. Figure 11-18 shows
the procedure for selecting the output level.

Procedurefor Selecting Output Level

( Output selection )
(1) Select the counting mode.
(2) Set a value in a dedicated or general register to
select the pulse output time.

(3) Low output: To have the output go low at
compare match, set the GOE or DOE bits in
the timer output enable register (TOER) to 01.

Select counting mode 1)

Set compare value
P )

in DR or GR (4) High output: To have the output go high at

compare match, set the GOE or DOE bits in
TOER to 10.

(5) Toggle output: To have the output toggle at
compare match, set the GOE or DOE bits in
TOER to 11. Toggle output is available only
on channels 4 and 5.

C Low output )(3) C High output )(4) C Toggle output )(5)

GOE/DOE = 01 GOE/DOE = 10 GOE/DOE =11
(channel 4 or 5)
<Waveform output> <Waveform output> <Waveform output>

Figure11-18 Procedurefor Selecting Output L evel
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Waveform Output Operation: Figure 11-19 illustrates waveform output operations.

(Waveform 0utput> (1) CMF or IMF bit in timer status register
low (TSRL) is set to 1 at compare match.

<Compare match> @ | waveform is output according
(3) » to setting of timer output enable
4 register (TOER).

| CMF/IMF = 1 | @

C Low output ) C High output ) CToggIeoutput)

v
@ ®) @)

o
o _ o
_

Pin level Pin level Pin level
(low output) (high output) (toggles between low and high)

Figure11-19 Waveform Output
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Figure 11-20 shows examples of waveform output on channel 4. High output is selected from
T410C,4, low output from T41OC,, and toggle output from T40C,;.

High output is selected by setting bits GOE11 and GOE10 to 10 in the channel 4 timer output
enableregister (TOER). TheIPU drives T4lOC; high when the counter matches the valuein GR1
(H'0001). Low output is selected by setting bits GOE21 and GOE20 to 01 in the channel 4 TOER.
The IPU drives T4l10C, low when the counter matches the value in GR2 (H'0003). Toggle output
is selected by setting bits GOE11 and GOE10 to 11 in the channel 4 TOER. The IPU toggles
T40C, when the counter matches the value in DR1 (H'0004). The counter is cleared when the
count matches the value in DR2 (H'00FF).

If high or low output is selected, when compare match occurs, and if the pin is aready at the
selected output level, the output level does not change.

e Settings

— TOER (channel 4): H'36
— TCRL (channel 4): H'EO (clear on TADR2 compare match)

‘ ‘ ‘ ‘ Note: * OOFF ‘
Timer counter : : : ‘ ;
valie 10001X0002><0003X0004 00FE :*Xoooo)( 0001><0002><0003X 0004X:
:AK — i \ i
GR1 value 3 ! ! H'0001 : !
/ : : : ‘
output | A | | |
GR2 value | goes ) : H'0003 i :
—high at : ! "] Counter is |
1 cont1phare 1 o | | cleared at
DR1 value mé/‘ ¢ ) H'0004 . | compare match
: ——f :
L Houtput | - /
DR2 value i goes i i H'O0FF 3 i
3 low at 3 3 N4 3
! compare|, ! i
T410C; o |match | : ]
(GOE11/10 = 10) i i !
! ! Output toggles at !
T410C, } compare match !
(GOE21/20 = 01) tb i — 3
T40C, N
(GOE11/10 = 11) ®_

Figure11-20 Example of Waveform Output on Channel 4
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11.8.3 Input Capture Function

The counter value can be captured into aregister when atransition occurs at an input capture pin.
Capture can take place on the rising edge, falling edge, or both edges. Figure 11-21 shows the
procedure for selecting the input capture function.

Procedurefor Selecting Input Capture Mode

C Input selection )

| Select counting mode |(1)

(1) Select the counting mode.

(2) Capture on rising edge: To capture on the rising
edge of the capture input signal, set the IEG bits in
timer control register low (TCRL) to 01.

(3) Capture on falling edge: To capture on the falling
edge of the capture input signal, set the IEG bits in
TCRL to 10.

(4) Capture on both edges: To capture on both edges
of the capture input signal, set the IEG bits in TCRL
to 11.

C Rising edge )
|

|
C Falling edge ) C Both edges )

| IEG =01 | | IEG =10 | | IEG =11 |
| 2) | ®) | 4
Pin level Pin level Pin level
(low input) (high input) (low or high input)

_

o
. o

_

|

<Capture>

| |

<Capture> <Capture>

Figure11-21 Procedurefor Selecting Capture Input Mode
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Capture Operation: Figure 11-22 illustrates input capture operations.

Capture operation

<Edge detect>

| IMF bit = 1 | 1)

| Counter value - GR | 2

(1) The capture pin is monitored, and when
the edge selected by the IEG bits in
timer control register low (TCRL) is
detected, the IMF bit in timer status
register low (TSRL) is set to 1.

(2) The counter value is transferred to and
held in a general register (GR).

Figure 11-22

Capture M ode Operation
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Figure 11-23 shows an example of input capture on channel 1.

Therising edge of T1IOC; is selected by setting bits IEG11 and IEG10 to 01 in channel 1 timer
control register low (TCRL). The IPU transfers the counter value (H'0001 and H'0100) to GR1 on
therising edge of the TLIOC; input. Thefalling edge of T1IOC, is selected by setting bits IEG21
and IEG20 in channel 1 TCRL to 10. The IPU transfers the counter value (H'0002 and H'0102) to
GR2 on thefalling edge of the T1IOC, input. Therising and falling edges of T11OC3 are selected
by setting bits IEG31 and IEG30 in channel 1 timer control register A (TCRA) to 11. ThelPU
transfers counter value H'0004 on the rising edge and value H'0104 on the falling edge of the

T110C; input, to GR3.
e Settings

— TCRL: H'89
— TCRA: H'F3

Timer

N\

counter value X OOQ]'X OQQZXOOO3 X OQQ4X:§;:X 0\1100 X 0101X 0;92 X0103X0194 X0105 X:

\

GRlvalue  H0000) H'0§001 \ i Ho100
R N \
GR2value  HO000 ) HO0002 | | | wowz ||
1 R 1
GR3value  H0000 \ rrooos | H'0104

T110C; :
(IEG11/10 = 01) gj : @
T110C, |

(IEG21/20 = 10) ]

T110C5 @
(IEG31/30 = 11)

Figure 11-23 Example of Input Capture on Channel 1
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Figure 11-24 shows an example of input capture timing on channel 2. The IPU latches the input
capture signal input at the T210C, pin on the rising edge of the system clock (). One system
clock cycle (1.0tcy o) after the input capture signal is latched, the counter value (n + 1) is
transferred to T2GR1. The IMF1 flag in timer status register low (TSRL) is set 1.5ty ¢ after the
input capture signal is latched.

The pulse width of the input capture signal must be at least 1.5ty c.

Note: tyics: 50 ns (min)

trics

—
T210Cq |

Internal capture

trics
-

signal

TCNT2 n X
((
)]
(C
))

T2GR1 HEFFFE  (Initial vaIue)X n+1

IMF1

(channel 2) [

Figure 11-24 Capture Input Timing
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11.8.4 Counter Clearing Function

A counter can be cleared by input capture or compare match. When compare match is selected as
acounter clear source, the count repeats cyclically from H'0000 to the value in the compare
register. When input capture is selected as a counter clear source, the counter can be cleared at
intervals determined by external events. Figure 11-25 shows the procedure for selecting the
counter clear source.

Procedurefor Selecting Counter Source

Selection
of clear source (1) Clear on compare match:

To clear the counter on
compare match, set the
clear period in a dedicated
or general register, then

@ set the CCLR bits in TCRL
to 01 or 10. (The counter
operates as a periodic
counter.)

Compare match ) (1) Capture

Select edge(s)

| cclr=01(EG#00) |

Set period in DR or GR |
|

Set CCLR = 01 (IEG = 00)

(2) Clear on capture:
To clear the counter by
input capture, select the

or CCLR = 10 input edge or edges in
TCRL, then set the CCLR
bits to 01.

<Counter clear> <Counter clear>

Figure11-25 Procedurefor Selecting Counter Clear Source

Counter Clear Operation: Figure 11-26 illustrates the counter clear operation.

( Counterclear )

(1) When the counter clear source condition occurs,
TCNT is reset to 0 and starts counting up again.
If capture is selected, the counter value is first

<Clear condition satisfied> captured in a register, then the counter is cleared.

TCNT < 0 (1)

Figure11-26 Counter Clearing Operation

324



Figure 11-27 shows an example of counter clearing on channel 4.

In this example the channel-4 counter is cleared by input capture at T41OC;. This clear condition
is selected by setting CCLR1 and CCLRO in channel 4 timer control register low (TCRL) to 01.
Therising edge is selected by setting IEG11 and IEG10 to 01. The IPU transfers the counter
value (H'0003) on therising edge of the T410C; input to GR1, then clears the counter.

To clear the counter on DR2 compare match, set CCLR1 and CCLROto 10in TCRL.
e Settings

— TCRL (channel 4): H'D4 (to clear on input capture in TAGR1)
— TCRL (channel 4): H'EO (to clear on compare match with T4ADR2)

Counter cleared by
input capture

H'0003 / 0000

Timer counter XoomXoooz%X XOOOlX:Z:XOOFEX*X  0001)(0002)(0003) 0004)

0000

GR1 value H'0000 X H'0003
1 Counter cleared by
1 compare match
DR2 value } H'00FF
T410C, @
(IEG =01) Note: * H'OOFF

Figure 11-27 Example of Input Counter Clearing on Channel 4
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11.8.5 PWM Output Mode

Channels 1, 2, 3, 6, and 7 can be used as PWM timers. Channel 1 can provide three-phase PWM
output, channels 2 and 3 can provide two-phase PWM output, and channels 6 and 7 can provide
single-phase PWM output. Figure 11-28 shows the procedure for selecting PWM output mode.

Procedurefor Selecting PWM Mode

PWM mode
selection

Set C(i)r:ng;r;(ag\éalues (1) (1) First set the goun'ting p_eriod, pulse set time, and
pulse reset time in dedicated (DR) or general (GR)
‘ registers.
Select periodic counting 2) (2) Select periodic counting and the counter clear
(CCLR # 00) source by setting the CCLR bits in timer control

register low (TCRL).

PWM bit = 1 ) (3) Set the PWM bit in timer mode register B
(TMDRB) to 1.

<PWM mode>

Figure11-28 Procedurefor Selecting PWM Output Mode
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PWM Output Operation: Figure 11-29 illustrates PWM output operations.

PWM output*

GR1: TCNT | | GR3: TCNT
1) (2)

<Compare match> <Compare match>
\ \
U phase set command | | U phase reset command

®) (4)

Yes

Output remains

Contention?
) unchanged

<U phase set or reset>

(6)

(1) U phase set time:
The GR1 value is
constantly compared
with the TCNT value.

(2) U phase reset time:
The GR3 value is
constantly compared
with the TCNT value.

(3) GR1-TCNT compare
match generates a U
phase set command.

(4) GR3-TCNT compare
match generates a U
phase reset
command.

(5) Contention decision:
Contention between
U phase set and
reset commands is
tested; if contention
occurs, the output
level remains
unchanged.

(6) If there is no set-
reset contention, the
output is set or reset.

Note: * Channel 1:
Example of U
phase in 3-phase
PWM output.

Figure11-29 PWM Output Operation

Figure 11-30 shows an example of three-phase PWM output on channel 1.

The U phaseis output at the TLIOC; pin. TheV phaseis output at the TLIOC, pin. The W phase
is output at the T1OC, pin. The IPU sets T110C; when the timer counter matches GR1 (H'0001),

and resets T110C, when the timer counter matches GR3 (H'00FE). The IPU sets T110C, when

the timer counter matches GR2 (H'0002), and resets T110C, when the timer counter matches GR4

(H'0OFD). The IPU sets T11OC3; when the timer counter matches DR1 (H'0003), and resets

T110C3 when the timer counter matches DR3 (H'00FC).

The IPU clears the counter when the timer counter matches DR4 (H'00FF).
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— TMDRB: H'C1 (PWM output on channel 1)
— TCRL: H'FO (clear on T1DR4 compare match)

— TCRA: H'FO

Settings
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Ex 1, X g oo xS X = X = xz
= > (O 0= (O o ns ns (AR

Note: * H'OOFF

Figure11-30 Example of Three-Phase PWM Output on Channel 1
328




In PWM mode the compare registers are paired: one register sets the pulse; the other register
resets the pulse. The counter should be set to periodic counting mode. Table 11-7 indicates the
register pair assigned to each output pin.

Table 11-7 Output Pinsand Register Pairs

Channel Output Pin Set Reset PWM Period

1 T1I0C, GR1 GR3 DR2, GR3, DR4
T1l0C, GR2 GR4
T10C, DR1 DR3

2 T210C, GR1 DR1 DR2
T210C, GR2 DR2

3 T3I0C, GR1 DR1 DR2
T3I0C, GR2 DR2

6 T6I0C, GR1 GR2 GR2
T710C, GR1 GR2 GR2

Usage Notes

1. In PWM output mode, the output levels of PWM output pins cannot be set in the timer output
enableregister (TOER). Any output level settings made will be ignored.

2. Settings of the IEG bitsin timer control register low (TCRL) are valid in PWM output mode.
The |EG bits must be cleared to O.

3. In PWM output mode, periodic counting should be used by selecting a counter clear sourcein
TCRL. Table 11-7 lists the registers that can set the PWM period in each channel.
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11.8.6 Synchronizing Mode

In synchronizing mode two or more timer counters can be rewritten or cleared simultaneously.
Figure 11-31 shows the procedure for selecting synchronizing mode.

Procedurefor Selecting Synchronizing Mode

Selection of )
synchronizing mode

| SYNC bit = 1 |

@) ©)

Master or slave?

Master

(1) Set desired SYNC bit(s) in TMDRA
to 1.

(2) Synchronized preset: Enabled by
setting a SYNC bit to 1.

(3) Synchronized clear: A function that
clears one counter in synchronization
with another counter.

Synchronized Synchronized (4) Master: Select the clear source.
preset clear

(5) Slave: Select synchronized reset
(CCLR =11).

Slave

Select clear source:

CCLR bits = 00, 01, or 10

Select synchronized clear:
CCLR bits = 11*

Y
<Synchronized preset> <Counter clear>

4)

(®)

<Synchronized clear>

Note: * Channels 2to 7

Figure11-31 Procedurefor Selecting Synchronizing Mode
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Synchronized Operation: Figure 11-32 shows an example of synchronized operation of channels
2and 3.

(1) When a counter clear
condition occurs on
C Counter clear ) channel 2, channel 3 is
commanded to clear in
‘ synchronization.

<Clear condition satisfied>

1) ‘ (2) | The counters in
- channels 2 and 3 are
@ynchronlzed Clea@ (3) | cleared simultaneously.
| TCNT2 - O 2) | | TCNT3 - 0 (3) |

4 Note: * Example of synchronized

operation of channels 2 and 3

Synchronizing
preset*

<Write>

Synchronizing preset:
(4) | Writing to channel 2 or
3 writes the same
(5) | value simultaneously
‘ ‘ into both counters.

TCNT2 — DATA | | TCNT3 —~ DATA

“ (®)

Note: * Example of synchronized
operation of channels 2 and 3

Figure 11-32 Example of Synchronized Operation of Channels2 and 3
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Figure 11-33 shows an example of the synchronization of timer counters 2 and 3.

Timer counters 2 and 3 are synchronized by setting the SYNCL bit in timer mode register A
(TMDRA) to 1. Thetimer counters are synchronously preset by writing a new value to either
timer counter 2 or 3; the IPU simultaneously writes the same value in the other timer counter.
Synchronized clearing is selected by setting CCLRO = CCLR1 = 1 in timer control register low
(TCRL) asthe clear source for timer counter 3. The IPU clearstimer counters 2 and 3
simultaneously when timer counter 2 matches T2GR1 (H'00FF).

e Settings

— T2GR1: H'00FF

— TMDRA: H'02 (SYNC1=1)

— TCRL (channel 2): H'DO (clear at compare match with T2GR1)
— TCRL (channel 3): H'FO (enabling synchronized clearing)

Write to TCNT2 TCNT2 and TCNT3
and TCNT3 are simultaneously
Write to Write to (synchronizing clearefi by compare
TCNT2 TCNT3 preset) match*2
0000

;i\Tale goumer XooooXoomXooosz;X XOOO?/XOOOlX::XOOFEXJX /)(oom)(:
;i\r/nairj counter { n Yo+ 1><oooo><j_><m + 2 0000 ooijJoom)M 0001X:

0000

T2GR1 value — X TOOFF )
(channel 2) 00
TMDRA value H'0000 X H'0001 (SYNC1 =1)

Synchronization of timer

counters 2 and 3 enabled

Timer counter 2 Timer counter 2 and timer
— > —_—

and timer counter counter 3 operate in
3 are not synchronized synchronization

Notes: 1. H'OOFF
2. Set CCLR1 = CCLRO = 1 (synchronized clearing)
as the clear source for timer counter 3.

Figure 11-33 Example of Synchronization of Timer Counters2 and 3
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11.8.7 External Event Counting

The IPU has three external clock input pins. If external event signals are input at these external
clock input pins, external events can be counted. The counter can be set to increment on therising
or falling edge, or on both edges of the external clock signal. The value of an externally clocked
counter can be captured at regular intervals to measure external event frequencies. Figure 11-34
shows the procedure for selecting external event counting mode.

Procedurefor Selecting External Event Counting M ode

(1) Set the TPSC bits in timer control register high (TCRH) to
( Input selection ) select an external clock.
(2) Count on rising edge: To count rising edges of the

external clock signal, set bits CKEG1 and CKEGO to 00

in TCRH.

Count on falling edge: To count falling edges of the

external clock signal, set bits CKEG1 and CKEGO to 01

in TCRH.

(4) Count on both edges: To count both rising and falling
edges of the external clock signal, set bits CKEG1 and
CKEGO to 10 or 11 in TCRH.

(5) Counting starts when the corresponding STR bit in the
timer start register (TSTR) is set to 1.

( Rising edge ) Falllng edge m

| Select external clock |(1) ©)

CKEG1/0 =00 CKEG1/0 =01 CKEG1/0 =10, 11
| (2) | (s> | (4)
Pin level Pin level Pin level

(high input) (low input) (low or high input)
| ! |
f { or

| STRbit=1 |

l ®)

<Start incrementing>

Figure11-34 Procedurefor Selecting External Event Counting M ode
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External Event Counting Operation: Counting operations are the same asfor an internal clock.
For details, see section 11.8.1, “Examples of Counting.”

Figure 11-35 shows an example of external event counting.

In this example timer counters 1, 2, and 3 count external event inputs at TCLK4. In channel 1, the
rising edge of TCLK; is selected by setting the CKEG1 and CKEGO bitsin TCRH to 00. The
IPU countsrising edges of TCLK4. In channel 2, the falling edge of TCLK; is selected by setting
the CKEG1 and CKEGO bitsin TCRH to 01. The IPU countsfalling edges of TCLK;. In channel
3, both edges of TCLK; are selected by setting the CKEG1 and CKEGO bitsin TCRH to 10 or 11.
The IPU counts both rising and falling edges of TCLK;.

e Settings
— TCRH (channel 1): H'CD (count rising edges)

— TCRH (channel 2): H'DD (count falling edges)
— TCRH (channel 3): H'ED or H'FD (count both rising and falling edges)

Incremented on rising
edge of TCLK,

Timer counter 1 \j

edges of TCLK;

value (CKEG = ) H0001 | - 'H'0002 ! X H'0003 - H'0004 |
00) : : : : : T : :

| | | | Incremented on falling | |

! ! ! ! edge of TCLK; ! !
Timer counter 2 - ‘ ‘ ‘ 1 ‘ 1 ‘
value (CKEG = | H'0000 ) H0001 | X/ Hooo2. Y Ho003 | X:
01) : : : Incrémented oh both :

Timer counter 3
value (CKEG = X H' !

0001 ) H'OOOZX H'OOO3X H'0004X1 H'OOOSX H'OOOGX H'OOO?X:
10 or 11) ! ‘ ‘ !

Figure 11-35 Example of External Event Counting
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Figure 11-36 shows an example of external clock input timing.

The IPU latches external clock signals (TCLK4 to TCLK3) on the rising edge of the system clock
(9). TCNT2isincremented 1.5 system clock cycles (1.5tcy ) after the externa clock islatched.
The pulse width of the external clock signal must be at least 1.5tcy .

trcks: 50 ns (min)

M\ ‘.

Internal counter
clock

TCLK;_3 7

trcks

Mlnlmum W|dth

— |-
B

(C
))

1.5tcvce

/\@f\/x

N
S~

TCNT2

NSNS
>
3

NS SN =Y

Figure11-36 External Clock Input Timing
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11.8.8 Programmed Periodic Counting M ode

In programmed periodic counting mode, the value of an externally clocked counter is captured
into a general register by compare match on adifferent channel. No external input capture signal
isneeded. Figure 11-37 shows the procedure for selecting programmed periodic counting mode.

Procedurefor Selecting Programmed Periodic Counting M ode : Example when bit MD2-6 =

1lintimer mode register A (TMDRA)

(Setup procedure )
(Channel 6) | (Channel 2)

External event Measurement
counting period setup

(1) 2

| Select external clock | | Select clock source |

| Select edge(s) | Set measurement
interval in DR2

|Se|ect counter clear source
| MD2-6 bit = 1 I&

| STR bits = 1 | (4)

|

<Programmed periodic counting mode>

(1) Channel 6: Select
external event
counting mode.
Select the external
clock and edge or
edges in timer control
register high (TCRH).

(2) Channel 2: Select the
channel 6 measurement
period. Select the clock
source in TCRH, then
set the measurement
period in DR2.

Select DR2 compare
match as the counter
clear source in timer
control register low
(TCRL).

(3) After setting up
channels 2 and 6, set
the MD2-6 bit in
TMDRA to 1.

(4) Operation begins
when the STR2 and
STR6 bits are setto 1
in the timer start
register (TSTR).

Figure 11-37 Procedurefor Selecting Programmed Periodic Counting M ode
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Programmed Periodic Counting Operation: Figure 11-38 shows the programmed periodic
counting operation.

Programmed
periodic counting

(Channel 6)

(Channel 2)

-

<Edge detect>

TCNT «~ TCNT +1 (1)|

o

<Capture>

TCNT6 - GR1 (3)|

]

<Compare match>

<Increment>

2 |

TCNT < 0 (4) |

I

(1) Channel 6: Counts
external events.

(2) Channel 2: Counts
the measurement
period and
generates
compare matches.

(3) When a compare
match occurs on
channel 2, the
counter value in
channel 6 is
captured in GR1.

(4) The channel 2
counter is cleared
to 0 and starts
counting a new
measurement
period.

Figure11-38 Operation in Programmed Periodic Counting Mode
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Figure 11-39 shows an example of programmed periodic counting. Table 11-8 lists the possible
combinations of compare-match channels and capture channels.

In this example external events are counted over a programmed period using channels 2 and 6.
The IPU automatically transfers the value of timer counter 6 (H'0012) to T6GR1 when timer
counter 2 matches T2DR2 (H'0100). Timer counter 2 is set to be cleared by compare match with
T2DR2.

e Settings

— TCRL (channel 2): H'EO (cleared by compare match with T2DR2)
— TCRH (channel 6): H'ED or H'FD (increment on both rising and falling edges)
— TMDRA: H'10 (capture in T6GR1 on compare match with T2DR2)

Timer counter 2 Y @ 0002000340004
value

T2DR2 value
(channel 2)

H'0100

|
|

|

)

:

- |

Counter is cleared !
|

|

|

|

|

by compare match
TCLK, J 1' J 1 il
§ /
T'mercoumerex H'0000 X H'0001 H'0010 X H0011 X/H'OOlz) X
value {

Timer counter 6 value is captured 1
T6GR1 value in T6GR1 on compare match in
(channel 6) HFFFF channel 2 X H'0012
TMDRA value H'00 X H'10 (MD2-6 = 1)

Note: * H'0100

Figure11-39 Example of Programmed Periodic Counting
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Table 11-8 Combinations of Compare Match Channels and Capture Channels

Compare Match Channel Capture Channel

Channel No. Register Channel No. Register
MD2-6 Channel 2 DR2 Channel 6 GR1
MD3-5 Channel 3 DR2 Channel 5 GR1
MD4-7 Channel 4 DR2 Channel 7 GR1
MD6-7 Channel 6 GR2 Channel 7 GR2

11.8.9 Phase Counting M ode

One application of phase counting mode is control of an AC servo motor. |If the output of atwo-
phase encoder is fed to two externa clock pins, the phase relationship between the two clock
signalsis detected and the counter isincremented or decremented accordingly. Phase counting is
available only on channel 7. Figure 11-40 shows the procedure for selecting phase counting
mode.

Procedurefor Selecting Phase Counting M ode

C Mode selection )

(1) Set the MDF bit to 1 in timer mode

it = 1
| MDF bit = 1 | @ register B (TMDRB) to select
‘ phase counting mode.
| STR7 bit = 1 | @) (2) Counting begins when the STR7

bit is set to 1 in the timer start
register (TSTR).

<Increment or decrement>

Figure11-40 Procedurefor Selecting Phase Counting M ode
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Phase Counting Operation: Figure 11-41 shows the phase counting operation.

( Phase counting )

D (1) The phases of TCLK,
. and TCLK; are
| Phase comparison (1) | compared.
@) ‘ ) (2) | The channel 7 counter
is incremented or
TCLK; TCLK; High @) decremented according
r to the counting
. conditions.
TCLK, High TCLK,
or or
TCLK, T TCLK; Low
TCLKZ Low TCLK2
<Decrement> <Increment>
No No
(4) When an overflow or
underflow occurs, the
Yes (4) Yes OVF bit in timer status
register low (TSRL)
‘ is setto 1.
OVF - 1

Figure11-41 Operation in Phase Counting Mode
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Figure 11-42 shows an example in which the counter counts up, overflows, then counts down.

In up-counting, the counter counts repeatedly from H'0000 to H'FFFF. The IPU sets the overflow
flag (OVF) in timer status register low (TSRL) when the count returns from H'FFFF to H'0000.
For the up/down counting conditions, see figure 11-44 * Counting Conditions” and table 11-9
“Up/Down-Counting Conditions.”

Counting

Counting up -] down

;i\r/“a'irjgo“mer :XOOOOXOOOIXOOOZXj:XFFFEXFFFFXOOOOXOOOlX ooozXoomXooooX:

TCLK; m ﬁL h
L R S R S ]

OVF flag
(TSRL)

Overflow flag (OVF) is setto 1
when count changes from
H'FFFF to H'0000

Figure 11-42 Example of Up-Counting, Overflow, and Down-Counting
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Figure 11-43 shows an example in which the counter counts down, underflows, then counts up.

In down-counting, the counter counts repeatedly from H'FFFF to H'0000. The IPU setsthe
overflow flag (OVF) in timer status register low (TSRL) when the count returns from H'0000 to
H'FFFF. For the up/down counting conditions, see figure 11-44 “Counting Conditions” and table
11-9, “Up/Down-Counting Conditions.”

Counting
up

;i\':‘aelagoumer :XOlOOXOOFFXOOFEXj;;XOOOlXOOOOXFFFFXFFFEXFFFDXFFFEXFFFFX:
TCLK, f f | f

OVF flag
(TSRL)

Counting down -

——

Overflow flag (OVF) is setto 1
when count changes from
H'0000 to H'FFFF

Figure 11-43 Example of Down-Counting, Underflow, and Up-Counting
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Figure 11-44 shows the counting conditions. Table 11-9 indicates the up- and down-counting

conditions. The IPU counts all edges of TCLK; and TCLK..

Counter value
A

/

Counting up

Timer counter 7

Counting down

= Time

TCLK,

TCLK, j
1

F
|

Figure11-44 Counting Conditions

Table 11-9 Up/Down-Counting Conditions

Counting Direction Up-Counting Down-Counting
TCLK, Ky High KR Low Ky Low K2 High
TCLK, Low Y High E2 High Y Low K2
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Figure 11-45 shows the external clock input timing in phase counting mode.

The IPU latches the external clock signals on the rising edge of the system clock (). The counter
isincremented 1.5 system clock cycles (1.5tcy c) after the external clock is latched.

The external clock pulse width must be at least 1.5 system clock cycles (1.5tcy ). The phase
difference between TCLK and TCLK, must be at least 1.0ty c.

tTCKS: 50 ns (mln)

: AR S22
treks
~ T
TCLK, / ‘ Minimum width:
1.5tcve

- : » Minimum phase
Minimum phase \ ! difference:
difference: trcks: 1.0tcyc ~ treks:
‘l-OtCYC? e — : . - :
/ } (( }
TCLK, T ! ! + |
Minimum|width: 1.5tcyc ~ &——

Internal counter \ v \ ‘ V
clock / \ \
TCNT2 n Y oner ¥ n+2 X

Figure 11-45 External Clock Input Timing in Phase Counting Mode
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11.9 Interrupts

The IPU can request three types of interrupts: compare match, input capture, and overflow. The
timing of each type of interrupt request is described next.

11.9.1 Interrupt Timing

(1) Output Compare Timing: Figure 11-46 shows the timing from counter incrementation to
generation of a compare match interrupt request. One system clock cycle (1.0tcy ) after timer
counter 2 matches the T2GR1 value (N), the IPU sets the input capture/compare match flag
(IMF). A compare match signal (T210C,) isoutput 0.5tcy ¢ after IMF isset. The interrupt
request (T2IM11) is generated 0.5ty ¢ after the T210C; output. The T2IMI1 interrupt request
therefore comes 2.0ty ¢ after the counter isincremented to N.

20tcyce
° _ A [\
Timer counter N_1 )< N X N+ 1
2 value
- Compare match
Internal compare /——
match signal
=:I..Ot(_jyc=
IMF2 (TSRL)
T210C, )
- 1.5tcve g
T2IMI1
Compare match
interrupt request
T2GR1 N

Figure11-46 Timing from Incrementation to Compare Match Interrupt Request
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(2) Input Capture Timing: Figure 11-47 shows the timing from capture signal input to
generation of an input capture interrupt request. A maximum 1.5ty ¢ after input of the capture
signal, the IPU transfers the timer counter value (N) to T2GR1. The input capture/compare match
flag (IMF) is set 0.5tcy ¢ after the input capture transfer. Theinterrupt request (T2IMI1) is
generated 1.0ty ¢ after IMF isset. The T2IMI1 interrupt request therefore comes a maximum
3.0tcy ¢ after the counter value becomes N.

3.0tcyc (max)

? [\ / [\
T210Cy
Timer counter
2 value N-1 N ) N+1
Internal capture /_ R
signal
T2GR1 X N

-~
IMF2 (TSRL) 1.5tcyc (Max)

2.0tcyc (max)
T2IMI1
| Input capture
interrupt request

Figure11-47 Timing from Capture Input to Input Capture Interrupt Request
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(3) Overflow Timing: Figure 11-48 shows the timing from counter incrementation to generation
of an overflow interrupt request. When the value of timer counter 2 returns from H'FFFF to
H'0000 the IPU sets the overflow flag (OVF). The interrupt request (T20VI) is generated 1.0tcy ¢
after OVF is set.

In phase counting mode, the IPU sets the overflow flag (OVF) when the timer counter value
returns from H'0000 to H'FFFF. For usage in phase counting mode, see section 11.8.9 “Phase
Counting Mode.”

1.0tcve

-
o AW AW AN WA
Timer counter HFFFF ) H'0000 X H'0001
2 value
OVF (TSRL)
T20VI

—— Overflow interrupt request —

Figure11-48 Timing from Counter Incrementation to Overflow Interrupt Request
11.9.2 Interrupt Sourcesand DTC Interrupts

The IPU has 35 interrupt sources. Of these, the compare match interrupt sources and the compare
match/input capture interrupt sources can start the data transfer controller (DTC) to transfer data.
Table 11-10 lists the interrupt sources and indicates which can start the DTC.

The exclusive compare match interrupt sources (such as TICMI4 and T1CMI,) are paired. Both
sources in each pair share the same vector. Datatransfer should not be enabled for both interrupt
sources at the same time.
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Table 11-10 Interrupt Sourcesand DTC Interrupts

Interrupt DTC Activation Priority
Channel Source Description Possible Order
1 T1IMIy GR1 compare match or input capture Yes High
T1IMI, GR2 compare match or input capture Yes A
T1CMI,y/ DR1 or DR2 compare match Yes
T1CMI,
T10VI Timer counter 1 overflow No
T1IMI5 GR3 compare match or input capture Yes
T1IMl, GR4 compare match or input capture Yes
T1CMI3/  DR3 or DR4 compare match Yes
T1CMl,
2 T2IMI4 GR1 compare match or input capture Yes
T2IMI, GR2 compare match or input capture Yes
T2CMI,/ DR1 or DR2 compare match Yes
T2CMI,
T20VI Timer counter 2 overflow No
3 T3IMIy GR1 compare match or input capture Yes
T3IMI, GR2 compare match or input capture Yes
T3CMI,/ DR1 or DR2 compare match Yes
T3CMI,
T30VI Timer counter 3 overflow No
4 T4IMI4 GR1 compare match or input capture Yes
T4IMI, GR2 compare match or input capture Yes
T4CMIy/ DR1 or DR2 compare match Yes
TACMI,
T40VI Timer counter 4 overflow No
5 T5IMI4 GR1 compare match or input capture Yes
T5IMI, GR2 compare match or input capture Yes
T5CMIy/ DR1 or DR2 compare match Yes
T5CMl,
T50VI Timer counter 5 overflow No
6 T6IMI GR1 compare match or input capture Yes
T6IMI, GR2 compare match or input capture Yes
T6OVI Timer counter 6 overflow No
7 T7IMI4 GR1 compare match or input capture Yes
T7IMI, GR2 compare match or input capture Yes Y
T70VI Timer counter 7 overflow No Low
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11.10 Notes and Precautions

This section describes contention between the compare registers and various | PU operations, and
other matters requiring special attention.

(1) Contention between Counter Read/Write by the H8/500 CPU and IPU Operations

Contention between Writing to Timer Counter by H8/500 CPU (T3) and Clearing by
Compare Match: Clearing the counter has priority.

o T2 T3 If the internal write signal
- N N o followed the dotted line,
2 _\_ a write would occur on the
falling edge of Ts3.
A19-Aog >< Timer counter address ><
Timer counter N—1 >< N X H'0000
value
Internal counter
clear signal
Masked

The internal counter
Internal write \ / ; clear signal masks the
signal Yt 4 write signal, so clearing
of the counter takes
priority. (The dotted

line shows the normal
write signal.)

Figure 11-49 Contention between Writing to Timer Counter by H8/500 CPU (T3) and
Clearing by Compare Match
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Contention between Writing to Timer Counter by H8/500 CPU (T 3) and Clearing by
Capture Input: Clearing the counter has priority.

If the internal write signal
. Ty . T2 . T3 followed the dotted line,
- b D o a write would occur on the
2 \ falling edge of T3.
|
A19-Ao X Timer counter address X

Input capture

in
P Capture input generates clear signal
Timer counter .
value N X o000
Internal counter \
clear signal

The internal counter
Internal write \ / J clear signal masks the
signal [ / write signal, so clearing
of the counter takes
priority. (The dotted line

shows the normal write
signal.)

Figure 11-50 Contention between Writing to Timer Counter by H8/500 CPU (T3) and
Clearing by Capture Input
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Contention between Timer Counter Write (T3) and I ncrement: Writing has priority.

oo T o ~ T L T3 N
A19—Ao >< Timer counter address ><
Internal write /
signal \ m /

Even if HAAAA is set in
a compare register,

Internal data :
bus —< Write data (H'AAAA) >— a compare match does

not occur here.

The internal write signal masks
the increment signal, so writing
to the counter takes priority.
(The dotted line shows the
normal increment signal.)

Timer counter

value N \ | H'AAAA
Masked

Internal increment gmmmmmpee- X

signal / —

Figure11-51 Contention between Timer Counter Write (T 3) by H8/500 CPU and

Increment
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Contention between Timer Counter Write (T3) and Setting of Overflow Flag: Setting the
overflow flag has priority.

- T -l T2 -l T3 -
ﬂ Walalaw
A19-Ag X Timer counter address X

Internal write \ /
signal !
Ibnljgrnal data —< Write data (H'AAAA) —

Timer counter
value

HFFFF X H'AAAA

Overflow flag

(OVF) If the write occurs at the instant

when the count would have
changed from H'FFFF to H'0000,
the overflow flag (OVF) is set.

Figure 11-52 Contention between Timer Counter Write (T3) by H8/500 CPU and
Setting of Overflow Flag
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Contention between Timer Counter Byte Write (T,) and Increment: If the writeisto the
upper byte, the new value is written in the upper byte and the lower byte retainsits old value. If
the write isto the lower byte, the new value is written in the lower byte and the upper byte retains
itsold value. If the contention occurs at T3, however, the byte that is not written isincremented.

- T | T2 - Ts -
7] _\_ \ P_\ —\
A19—Ao X Timer counter address X

Internal write \ /
signal ‘
Internal data h ; ‘
bus —< Write data (H'AA) | >—

Timer counter | \
value (upper H'FF X H'AA
byte)

Timer counter
value (lower H'00 X H'01 >< H'00
byte)

Value prior to increment

Internal ) |
increment 4/—\ is retained.

signal

Figure 11-53 Contention between Timer Counter Byte Write (T,) by H8/500 CPU
and Increment
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Contention between Capture Register Read (T3) and Input Capture: The H8/500 CPU reads
the data prior to capture.

T . T2 . T3
A19-Ao >< Timer counter address X

Internal read \—/—
signal ‘

/‘ Value prior to capture is read

Read data (H'FFFF
Internal data —< {( ‘) )—

bus

Capture register H'EEEF X’ H'AAAA
value 1

Input capture Data updated by input capture
pin g

Figure 11-54 Contention between Capture Register Read (T 3) by H8/500 CPU
and Input Capture
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Contention between Writing to General Register or Dedicated Register by H8/500 CPU (T 3)
and Compare Match: Compare match does not occur.

If the internal write

T, ‘ T, Ts signal fgllowed the

- e L - dotted line, a write

5 )/ world occur on the
\ \ falling edge of Tj.

A19-Ag >< GR or DR address X

Internal write \

signal

Internal data —< Write data (H'0AOA) >—
bus /

Timer counter H'0A09 X/ H'0AOA

value

GR or DR value H'AAAA \ >< H'0OAOA
Masked

Internal compare VA U \

match signal / AN

The internal write signal masks the compare
match signal, so compare match does not occur.
(Dotted line indicates normal compare match
signal.)

Figure 11-55 Contention between Writing to General Register or Dedicated Register
by H8/500 CPU (T 3) and Compare Match
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(2) Noteon Writing in Synchronizing Mode: After awrite in synchronizing mode, all 16 bits of
all specified counters have the same value as the counter that was written. Thisistrue regardless

of the operand size (word or byte).

Example: When channels 2 and 3 are synchronized

*  Word write to channel 2 or word write to channel 3

TeNt2 | FF | 00 |

_ =

TCNT3| AA ‘ 55

Upper byte Lower byte

Tent2 | o1 | o |

| witeHow01 TNt [ 01 | o1 |

Upper byte Lower byte

* Bytewriteto channel 2 or byte write to channel 3

Write H'01 to
upper byte

of channel 2
e

TCNT2 | FF ‘ 00 |

TCNT3 | AA ‘ 55 |

Upper byte Lower byte

Write H'01 to
lower byte of
channel 3

\
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Tent2 | o1 | o0 |

TCNT3 | 01 ‘ 00 |

Upper byte Lower byte

tont2 | Aa | o1 |

TCNT3| AA ‘ 01 |

Upper byte Lower byte



(3) Noteon Compare Register Setting: The compare match frequency differs depending on
whether the timer counter clock source is the system clock () or another source.

When the counter increments on the system clock asin figure 11-56, the compare match
frequency is:

T=a/(N+1)
(T: compare match frequency. @. system clock frequency. N: value set in compare register.)

When the counter increments on a clock source other than the system clock asin figure 11-57, the
compare match frequency is:

T = a/(D* x N) * Example: If the counter clock sourceis @/2, then D = 2.

(T: compare match frequency. @. system clock frequency. D: frequency ratio of system
clock to counter clock source. N: value set in compare register.)

Inthis case, if H'0000 is set in the compare register, compare match does not occur.

Counter clock I\I\I\NW
source
Counte ‘ j A
ounter . . ' ) .
value \N) XH OOOOXH OOOlXH OOOZX (i:X N-1 X !\l] XH OOOOX H'0001)
WV ) U
Compare match \ -
signal

(toggle output)

- Cycle: T=g/(N+1) —— >

Figure11-56 Compare Match Frequency when Clock Sourceis System Clock
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Counter clock \ \ [ Sm
source ‘ !

Counter r[\ ) A
Coun v roong wooor w1 | Jrrosngffroos

\ U
C_ompare match @ N
signal

(toggle output)

‘47 Cycle: T = g/(D x N)

Figure 11-57 Compare Match Frequency when Clock Sourceisnot System Clock
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Note on Rewriting the Compare Match Register: To generate a compare match after rewriting
the register, the following condition must be satisfied. Note that even if the counter value when
rewriting the register and the register value after rewriting the register do match, a compare match
will not be generated.

1. Slowing down compare match timing
Reg < Count < Reg' ...ocvvveveerevieieeeeenns @
However, if Reg = TCNT, the following condition must be met:
Count < REQ' ...oeeereireresienie e (8]

Where Reg: Register value before rewriting
Count: Register value during rewriting
Reg: Register value after rewriting
teyc:  Counter refresh cycle or overflow cycle
2. Speeding up compare match timing
Reg < Count S teyc v 2

Where Reg: Register value before rewriting
Count: Register value during rewriting

teyc:  Counter refresh cycle or overflow cycle
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Rewriting the Compare Match Register in PWM Mode: In PWM mode, to shorten the pulse
width, two register values must be rewritten within the same cycle. Restrictions regarding writing
to the register are as described previoudly. Refer to figure 11-58 for atiming diagram of actual
rewrite processing (updating).

¢ Example: PWM pulse output on channel 1

— Pulse set: GR1
— Pulsereset: GR3

e Setting range

— GR1: Between 0 and /2ty (Between 1 and 1/2 t,c when gis selected as the clock
source.)
— GR3: Between /2t and ty.

Here, tey refersto one cycle of the counter.
¢ Rewriting register to shorten pulse width

— GR1 rewrite: At GR1, or while 1/2 t. < count < to¢
— GR3 rewrite: At GR3 or while 0 < count <t (1 < count < 1/2t,. if gisthe clock
source).

TO TO TO TO

tcyc

Counter value
12 teye

’% GRl rewrite —» GRl rewrite-»|
A |«GR§ rewrlte+. ; |<—Gf%3 rewrite —

L .

T1l0C,

match

Compare
‘ match

GR1

‘ Compare

GR3

GRl GR3

GR1

GR3

Figure11-58 Example of Register Rewrite Timing in PWM Mode
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Section 12 PWM Timers

12.1 Overview

The H8/539F has a built-in pulse-width modulation (PWM) timer modul e with three independent
channels. Each PWM timer has an eight-bit timer counter (TCNT) and an eight-bit duty register
(DTR). DTR settings can provide pulse output with any duty cycle from 0% to 100%.

12.1.1 Features

The PWM timer features are:

e Selection of eight counter clock sources

e Selection of duty cyclesfrom 0% to 100% with 1/250 resolution

» Selection of direct or inverted PWM output
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12.1.2 Block Diagram

Figure 12-1 shows a block diagram of one PWM timer.

PW —=——

Legend

Internal clock sources

DTR: Duty register
TCNT: Timer counter

DTR
Compare U
Output _match
Comparator
control m
i S
™ TCNT
TCR
Y
|
Clock| Clock [
select
TCR: Timer control register -~

a/2
2/8

Internal
data bus

Module
data
bus

/32

2/128

/256

/1024
/2048
/4096

Bus interface

Figure12-1 Block Diagram of PWM Timer
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12.1.3 Pin Configuration
Table 12-1 summarizes the PWM timer output pins.

Table12-1 PWM Timer Pins

Name Abbreviation 1/0 Function

PWM1 output pin PW, Output PWM timer 1 pulse output
PWM2 output pin PW, Output PWM timer 2 pulse output
PWM3 output pin PW; Output PWM timer 3 pulse output

12.1.4 Register Configuration
Table 12-2 summarizes the internal registers of the PWM timers.

Table12-2 PWM Timer Registers

Channel Name Abbreviation RIW Initial Value  Address
1 Timer control register TCR RIW H'38 H'FEFO
Duty register DTR RIW H'FF H'FEF1
Timer counter TCNT R/(W)* H'00 H'FEF2
2 Timer control register TCR R/W H'38 H'FEF4
Duty register DTR RIW H'FF H'FEF5
Timer counter TCNT R/(W)* H'00 H'FEF6
3 Timer control register TCR RIW H'38 H'FEF8
Duty register DTR R/W H'FF H'FEF9
Timer counter TCNT R/(W)* H'00 H'FEFA

Note: * Can be written and read, but the write function is for test purposes only. Do not write to

these registers during normal operation.
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12.2 Register Descriptions

12.2.1 Timer Counter (TCNT)

Bit 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
RIW RI(W)  RAW)  RIW)  RIW)  RAW)  RIW) RIW)  RIW)

The timer counter (TCNT) is an eight-bit up-counter. When the output enable bit (OE) issetto 1in
TCR, TCNT starts counting pulses of the internal clock selected by clock select bits 2 to 0 (CKS2
to CKS0). After counting from H'00 to H'F9, the count repeats from H'00.

TCNT can be written to and read, but the write function is for test purposes only. Do not write to
TCNT during normal operation, because this may have unpredictable effects.

TCNT isinitialized to H'00 by areset and in standby mode, and when the OE bit is cleared to 0.

12.2.2 Duty Register (DTR)

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

The duty register (DTR) specifies the duty cycle of the output pulse. Any duty cycle from 0% to
100% can be output by setting the corresponding value in DTR. The resolution is 1/250. Writing O
(H'00) in DTR gives a 0% duty cycle. Writing 125 (H'7D) gives a 50% duty cycle. Writing 250
(H'FA) gives a100% duty cycle.

The DTR and TCNT values are constantly compared. When the values match, the PWM output is
placed in the O state. When the TCNT value changes from H'00 to H'01, the PWM output is placed
in the 1 state, unlessthe DTR value is H'00, in which case the duty cycle is 0% and the PWM
output remainsin the O state.

DTR isdouble-buffered. A new value written in DTR does not become valid until after the timer
count changes from H'F9 to H'00. While the OE bit is cleared to 0 in TCR, however, new values
written in DTR become valid immediately. When DTR isread, the value read is the currently valid
value.

DTRisinitialized to H'FF by areset and in standby mode.
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12.2.3 Timer Control Register (TCR)

Bit 7 6 5 4 3 2 1 0
| o | os | — | — | — | cksz2 | ckst | ckso |

Initial value 0 0 1 1 1 0 0 0

RIW RW  RW — — — RW  RW  RW

Thetimer control register (TCR) is an eight-bit readable/writable register that selects the clock
input to TCNT and controls PWM output.

TCRisinitialized to H'38 by areset and in standby mode.

Bit 7—Output Enable (OE): Starts or stops TCNT and controls PWM output.

Bit 7

OE Description

0 PWM output is disabled and the TCNT value is cleared to 0 (Initial value)
1 PWM output is enabled and TCNT is counting

Bit 6—Output Select (OS): Selectsdirect or inverted PWM output.

Bit 6

(O Description

0 Direct PWM output (Initial value)
1 Inverted PWM output

Bits 5 to 3—Reserved: Read-only bits, alwaysread as 1.
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Bits 2to 0—Clock Select (CKS2 to CK S0): These bits select one of eight internal clock sources,
obtained by dividing the system clock (@), for input to TCNT.

Bit 2 Bit 1 Bit 0

CKS2 CKs1 CKS0 Description

a/2 (Initial value)
2/8

/32

/128

/256

/1024

/2048

/4096

PP |P|POlOC|O|O
PP OIOC|FR, |, | OO
PRI O, | O, | O|F,|O

The PWM resolution, period, and frequency can be calculated as follows from the frequency of the
selected internal clock source.

Resolution = 1/(internal clock frequency)
PWM period = resolution x 250
PWM frequency = 1/(PWM period)

Table 12-3 lists the resolution, PWM period, and PWM frequency for each clock source when the
system clock frequency (2) is 10 MHz.

Table 12-3 PWM Period and Resolution

Internal Clock Frequency Resolution PWM Period PWM Frequency
a/2 200 ns 50 ps 20 kHz

o/8 800 ns 200 ps 5 kHz

2132 3.2pus 800 ps 1.25 kHz

/128 12.8 ps 3.2ms 312.5 Hz

/256 25.6 ps 6.4 ms 156.3 Hz

/1024 102.4 ps 25.6 ms 39.1Hz

/2048 204.8 ps 51.2ms 19.5Hz

/4096 409.6 ps 102.4 ms 9.8 Hz
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12.3 PWM Timer Operation

PWM timer operation is described below. Figure 12-2 shows atiming diagram.
(1) Direct Output (OS=0)

e When OE=0/[(a) infigure 12-2]

The timer count is held at H'00 and PWM output is disabled. The pin state depends on the port
data register (DR) and data direction register (DDR) settings. A value (N) writtenin DTR
becomes valid immediately.

e WhenOEissettol
— TCNT begins counting up, and the PWM output goes to the 1 state. [(b) in figure 12-2]

— When the count reaches the DTR value, the PWM output goes to the O state. [(c) in figure
12-2]

— If the DTR valueis changed (by writing M), the new value becomes valid after TCNT
changes from H'F9 to H'00. [(d) in figure 12-2]

(2) Inverted Output (OS=1): The PWM output isinverted. [(€) in figure 12-2]
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Figure12-2 PWM Operation Timing
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12.4 Usage Notes
When using the PWM timers, note the following points.

To use port 6, 7, or A for PWM output, first set the appropriate bit (PWM1E, PWM2E, or
PWM3E) to 1 in P67CR or PACR. Each of these bits can be set independently.

The H8/538 has no PWM timers.

* Any necessary changes to bits CKS2 to CK S0 and OS should be made before the OE hit is set
tol.

¢ |If the DTR valueis H'00, the duty cycleis 0% (always 0). If the DTR valueis H'FA to H'FF,
the duty cycleis 100% (always 1).

For inverted output, these output levels are inverted.
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Section 13 Watchdog Timer

13.1 Overview

System operation can be monitored by the on-chip watchdog timer (WDT, one channel). The
WNDT can generate areset signal for the entire chip if a system crash allows the timer counter
(TCNT) to overflow. When this watchdog function is not needed, the WDT can be used as an
interval timer. In interval timer operation, an IRQO interrupt is requested at each counter overflow.
The WDT isalso used in recovering from software standby mode.

13.1.1 Features

WDT features are listed bel ow.

e Selection of eight counter clock sources

e |Interval timer option

e Timer counter overflow generates areset signal or interrupt

Thereset signal is generated in watchdog timer operation. An IRQO interrupt is requested in
interval timer operation.

e Overflow reset signal resets the entire chip internally, and can aso be output externally

Thereset signal generated by timer counter overflow during watchdog timer operation resets
the entire chip internally. 1f enabled by the reset output enable bit, an external reset signal can
be output to reset other system devices simultaneously, in the H8/539F (dual power source
model).

The H8/539F S-mask model (single power source) does not have areset external output
function.
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13.1.2 Block Diagram

Figure 13-1 shows a block diagram of the WDT.

Overflow Internal
Interrupt signal | Interrupt |- TONT | > Read/ | databus
P M S wite <
(interval timer) ‘ TCSR K > control
T
v Internal clock sources
RSTCSR 232
' -« /64
- /128
Reset <—| Reset control Clock| Clock
. %1 select [«—— @/256
(internal *1, external) 2/512
<« /2048
-« 3/4096
Legend
TCNT: Timer counter
TCSR: Timer control/status register
RSTCSR: Reset control/status register
Figure13-1 WDT Block Diagram
13.1.3 Register Configuration
Table 13-1 summarizes the WDT registers.
Table13-1 WDT Registers
Address
Write Read Name Abbreviation R/W Initial Value
H'FF10 H'FF10  Timer control/status register TCSR R/(W)*2  H'18
H'FF11 Timer counter TCNT R/W H'00
H'FF1F Reset control/status register RSTCSR R/(W)*2  H'3F

Note: 1. The H8/539F dual power source model has an external reset output function, but the
H8/539F S-mask model (single power source) does not.
2. Software can write 0 in bit 7 to clear the flag, but cannot write 1.
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13.2 Register Descriptions
The watchdog timer has three registers, which are described next.
13.2.1 Timer Counter

The timer counter (TCNT) is an eight-bit readable and writable* up-counter. The TCNT bit
structure is shown next.

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 the timer enable bit (TME) in the timer control/status register (TCSR) is set to 1, the timer
counter starts counting pulses of an internal clock source selected by clock select bits 2 to 0
(CKS2 to CKS0) in TCSR. When the count overflows (changes from H'FF to H'00), an overflow
flag (OVF) in TCSRisset to 1. Thetimer count isinitialized to H'00 by areset and when the
TME bitiscleared to O.

Note: * TCNT iswrite-protected by a password. See section 13.2.4, “Notes on Register Access’
for details.
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13.2.2 Timer Control/Status Register

The timer control/status register (TCSR) is an eight-bit readable and partly writable1 register.
Its functions include selecting the timer mode and clock source. The TCSR bit structureis shown
next.

Bit 7 6 5 4 3 2 1 0

| ove | wmim | ™TMve | — | — | cks2 | cks1 | ckso |
Initial value 0 0 0 1 1 0 0 0
RIW RIW)™2  RIW RIW — — RIW RIW RIW

i

Clock select bits

These bits select the
TCNT clock source

Reserved bits

— Timer enable bit
Enables and disables the timer

— Timer mode select bit
Selects the mode

— Overflow flag
Status flag indicating overflow

Bits 7 to 5 areinitialized to 0 by areset, in hardware standby mode, and in software standby
mode. Bits2to 0 areinitialized to 0 by areset and in hardware standby mode, but retain their
values in software standby mode.

Notes: 1. TCSRiswrite-protected by a password. See section 13.2.4 “Notes on Register
Access’ for details.
2. Software can write 0 in bit 7 to clear the flag, but cannot write 1.

(1 Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has
overflowed from H'FF to H'00 in interval timer mode. When OVF =1, an IRQO interrupt is
requested.

Bit 7

OVF Description

0 Cleared by reading OVF after it has been set to 1, (Initial value)
then writing 0 in OVF

1 Set when TCNT overflows
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(2) Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer
or interval timer. If used asan interval timer (WT/IT = 0), the WDT generates an IRQO interrupt
request when the timer counter (TCNT) overflows. If used as awatchdog timer (WT/IT = 1), the
WDT generates areset when the timer counter (TCNT) overflows.

Bit 6

WTAT Description

0 Interval timer: IRQO interrupt request (Initial value)
1 Watchdog timer: reset request

(3) Bit 5—Timer Enable (TME): Enables or disables the timer counter (TCNT). Always clear
TME to 0 before entering software standby mode.

Bit 5

TME Description

0 Timer disabled: TCNT is initialized to H'00 and stopped. (Initial value)
1 Timer enabled: TCNT starts counting.

(4) Bits4 and 3—Reserved: Read-only bits, alwaysread as 1.

(5) Bits2to0—Clock Select 2to 0 (CK S2/1/0): These bits select one of eight internal clock
sources for input to TCNT. The clock signals are obtained by prescaling the system clock ().
The overflow interval listed in the following table is the time from when TCNT begins counting
from H'00 until an overflow occurs. When the WDT operates as an interval timer, IRQO
interrupts are requested at thisinterval. Set CKS2 to CKS0 to the clock settling time before
entering software standby mode.

Bit 2 Bit 1 Bit O Description

CKS2 CKs1 CKSO Clock Source Overflow Interval (g = 10 MHz)
0 0 0 al2 51.2 us (Initial value)
0 0 1 2132 819.2 us

0 1 0 /64 1.6 ms

0 1 1 /128 3.3ms

1 0 0 2/256 6.6 ms

1 0 1 @/512 13.1 ms

1 1 0 /2048 52.4 ms

1 1 1 /4096 104.9 ms
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13.2.3 Reset Control/Status Register

The H8/539F S-mask model (single power source) does not have aRESO pin or areset external
output function. RSTOE in the RSTCSR register can be set and read, but areset external output
operation is not performed.

The reset control/status register (RSTCSR) is an eight-bit readable and partly writable*! register
that indicates when areset signal has been generated by WDT overflow, and controls external
output of thisreset signal.

Bit 7 6 5 4 3 2 1 0

| wesT [RsToE| — | — | — | — | — | — |

Initial value 0 0 1 1 1 1 1 1
R/W R/(W)*2 R/W — — — — — —

]

Reserved bits

Reset output enable bit
Enables or disables external reset signal output

— Watchdog timer reset bit
Indicates reset occurrence

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initialized by a
reset signal generated by the WDT.

Notes: 1. RSTCSR is write-protected by a password. See section 13.2.4, “Notes on Register
Access” for details
2. Only a 0 can be written in bit 7 to clear the flag, after first reading the RSTCSR register.

(1) Bit 7—Watchdog Timer Reset (WRST): Indicates that the watchdog timer counter has
overflowed and generated areset signal. Thisreset signal resets the entire chip. If the reset output
enable bit (RSTOE)is set to 1, the reset signal is also output (low) at the RESO pin to initialize
external system devices.

Bit 7

WRST Description

0 Cleared to 0 by reset signal input at RES pin, when 0 is written in WRST after
reading WRST = 1 by software (Initial value)

1 Set by TCNT overflow when WDT is used as a watchdog timer, generating a
reset signal

Note: If O is written in WRST without reading WRST = 1, the WRST bit will not be cleared.
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(2) Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO
pin* of the reset signal generated if the timer counter (TCNT) overflows when the WDT is used as
awatchdog timer.

Bit 6

RSTOE Description

0 Reset signal generated by TCNT overflow is not (Initial value)
output externally

1 Reset signal generated by TCNT overflow is output externally

Note: * H8/539F (Dual power source model):
The RESO pin is an open-drain output pin. Regardless of whether reset output is uesd,
the RESO pin