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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party'srights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or al of theinformation contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atota system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for usein adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained i
this document. Hitachi bears no responsibility for problems that may arise with third party’

rights, including intellectual property rights, in connection with use of the information

contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that
have received the latest product standards or specifications before final design, purchase «
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’'s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may direc
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment f
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitact
particularly for maximum rating, operating supply voltage range, heat radiation characterist
installation conditions and other characteristics. Hitachi bears no responsibility for failure c
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this docum
without written approval from Hitachi.

7. Contact Hitachi's sales office for any questions regarding this document or Hitachi
semiconductor products.




Preface

The H8/539F is an F-ZTAT*" microcontroller with on-chip flash memory that can be
reprogrammed onboard, offering even better field-programmability than ZIFAT
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 a wide range of medium-scale office and industrial equipment and consumer prodt

The general-register architecture and highly orthogonal, optimized instruction set of the H8/50
CPU enable even programs coded in the high-level C language to be compiled into efficient o
code.

Many of the peripheral functions needed in microcontroller application systems are provided o
chip, including large RAM and ROM, a powerful set of timers, a serial interface, a high-precisi
A/D converter, and I/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 tHé8/500 Series Programming Manual

Notes: 1. F-ZTAD (Flexible-ZTAT) is a trademark of Hitachi, Ltd.
2. ZTATO (Zero Turn-Around Time) is a trademark of Hitachi, Ltd.
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H8/539F Product Specification Comparison

To facilitate comparisons of H8/539F product specifications, the portions of the manual describ
points of difference are listed below. For information on the differences between the single pow
source and dual power source models, refer to 1.4 Notes on S-Mask and A-Mask Models (Sing
Power Source). The differences between the S-mask and A-mask models are described in 1.5
H8/539F A-Mask Overview

Portions of H8/539F Manual Describing Points of Difference

H8/539F H8/539F S-Mask H8/539F A-Mask
Product Dual power source Single power source Single power source
Specification On-chip step-down circuit
(EMI noise reduction)
Model HD64F5398F16 HD64F5398SF16 HD64F5398AF16
Pin Arrangement Figure 1.2 (a) H8/539F Figure 1.2 (b) H8/539F  Figure 1.2 (c) H8/539F
Pin Arrangement S-Mask Model Pin A-Mask Model Pin
Arrangement Arrangement
RAM Section 17 RAM (H8/539F) Section 18 RAM (H8/539F S-Mask and A-Mask
Dual Power Source Models)
(V,,=12V)
Flash Memory  Section 19 Flash Memory Section 20 Flash Memory
(H8/539F) Dual Power (H8/539F S-Mask and A-Mask Models:
Source Single Power Source)
(Ve =12V)
Electrical Section 22 Electrical Section 23 Electrical Section 24 Electrical
Characteristics Characteristics (H8/539F) Characteristics Characteristics
Dual Power Source (S-Mask Model) (A-Mask Model)
(V,,=12V)
Limitations 3.6 Notes on Use of 3.7 Notes on H8/539F S-Mask and A-Mask Models
Externally Expanded Modes (Single Power Source), Power-On Timing
of H8/539F
(Dual Power Source Model)
Notes oooooo 1.4 Notes on S-Mask and A-Mask Models
(Single Power Source)
On-Chip Step- goooono goooono 1.5 H8/539F A-Mask
Down Circuit Overview
On-Chip Appendix C On-Chip Appendix C On-Chip Registers
Registers Registers (2) H8/539F S-Mask and A-Mask Models

(1) H8/539F
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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 a
data sizes to be specified independently in each instruction. An internal 16-bit architecture an
16-bit, two-state access to both on-chip memory and external memory enhance the CPU's dat
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 data in either direction between memory and I/O without using the CP

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 ce
be programmed once only. Flash memory, on the other hand, is electrically programmable an
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 EEPRC
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 ev
after embedding in the application system, offering QTAT capability for small-lot, multiple-moc
production, and the possibility of optimization tuning on an individual product basis, as well as
version upgrading and maintenance affer shipment.

Note: * ZTAT™ is a trademark of Hitachi, Ltd.

Table 1-1 lists the main features of the H8/539F.
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Table 1-1 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
e Maximum clock rate : 16 MHz (oscillator frequency: 16 MHz)

Two operating modes
e Minimum mode: maximum 64-kbyte address space
¢ 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 V,, =12 V

¢ ROM:

128-kbyte flash memory

8 block divisions

(32kB x 3,28 kB x 1, 1 kB x 4)

S-mask and A-mask models single power source
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Table 1-1  Features (cont)

Feature

Description

16-bit integrated-
timer pulse unit
(IPV)

Pulse unit with seven 16-bit timer channels

Compare/Capture
Channel Compare Registers Registers
Channel 1 4 4
Channels 2to 5 2 each 2 each
Channels 6 & 7 d 2 each

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

Two counting modes
e Free-running timer
e Interval timer

Three types of pulse output
e 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
interface (SCI)

e Asynchronous or clocked synchronous mode (selectable)
e Full duplex: can send and receive simultaneously
Dedicated on-chip baud rate generator
e 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
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Table 1-1  Features (cont)

Feature Description

I/O ports .

74 input/output pins
12 input-only pins

Interrupt controller

Five external interrupt pins (NMI, IRQ, to IRQ,)

(INTC) «  Thirty-nine internal interrupt sources
» Eight programmable priority levels
Data transfer » Can transfer data in both directions between memory and 1/O without using

controller (DTC)

the CPU

Wait-state + Can insert wait states (T,,) in access to external I/O or memory
controller (WSC)

Bus controller * Address space can be partitioned into 16-bit-bus and 8-bit-bus areas
(BSC) » 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.

3.

4.

High-speed 16-bit bus modes, starting in 2-state 16-bit mode at reset
e 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

e Expanded minimum mode (mode 6)
e Expanded maximum mode (mode 5)

Low-speed 8-bit bus mode

e Expanded minimum mode (mode 2)

Single-chip mode

e Maximum mode (mode 7)

Power-down state Three power-down modes

Sleep mode
Software standby mode
Hardware standby mode

Watchdog timer .
(WDT)

Timer overflow can generate reset output
(H8/539F dual power source model only)

Also usable as an interval timer

PWM timer .

Duty cycle: 0% to 100%
Resolution: 1/250
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Table 1-1

Features (cont)

Feature Description
Multiplier » 16 bit x 16 bit signed or unsigned multiplication
(MULT) »  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 Flash memory
source system plastic QFP (V.. =12V)

(FP-112)

Single power HD64F5398SF 112-pin Flash memory
source system plastic QFP  (single power
(S-mask model) (FP-112) source)
Single power HD64F5398AF

source system
Noise reduction
(A-mask model)

RENESAS
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1.2 Block D

lagram

Figure 1-1 shows a block diagram of the H8/539F.
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Port A

Port 9

Port 8

Port 7

< PAg/BACKIT30C,/TXDs
<= PA/BREQ/T30C,/RXDj
<> PA/WAIT

= PA4/A14/TEOC,/SCKy
[+ PA,/A 5/ TEOC,/PW,
[ PAL/AL7/TAOC,/PW,
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[ J«—P9,/AN;

«—P9s/ANg
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le—P9,/AN,
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L__l«—P9y/AN,
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+—P8,/AN; o
«—P8,/AN,
«—P8y/ANg

<> P7,/SCK,/PW,

[« P7¢/SCK,/PW,
l«>P75/RXD,
> P7,/TXD,
[« P74/RXD,
[« P7,/TXD;
l«—>P7,/IRQ,/ADTRG

L l>P7,IRQ,

Note: *1 In the dual power source model (Vpp = 12 V), this is the RESO (output)/Vpp (input) pin.
In the S-mask and A-mask models (single power source), it is the FWE (input) pin.
*2 In the A-mask model (single power source), pin 1 (FP-112) is the VCL pin, not the V¢ pin.

Figure 1-1 H8/539F Block Diagram
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1.3 Pin Descriptions

131 Pin Arrangement

Figure 1-2 (a) shows the pin arrangement of the H8/539F (FP-112 package).
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P75/RXD, [] 105 36 [ ] P1y/Dg
P7¢/SCK,/PW, []106 35 [ ] Vgs
P74/SCK,/PW, []107 34 [] P2,/D,;
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Note: *Pin 19 is the RESO/Vpp pin in the dual power source
model (Vpp = 12 V), and the FWE pin in the S-mask @ H8/539
and A-mask models. (The S-mask and A-mask
HD64F5398F

models do not have a RESO output.)
JAPAN

Pin 1—»

Figure 1-2 (a) H8/539F Pin Arrangement (FP-112, Top View)
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Figure 1-2 (b) shows the pin arrangement of the H8/539F S-mask model (FP-112 package). -
pin arrangement is the same for the S-mask model (single power source) and dual power sou
model, but the function of the FWE pin (pin 19) is different.
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P9,/AN; [ 89 52 [_] PC//A;
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P9s/ANs [ 91 50 [] PCs/As
P9¢/ANg [] 92 49 []1 PCy/A,
P9,/AN, []93 48 [ PC4/A;
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P8,/ANg [] 95 46 [ PCy/A,
P8,/AN,o []96 45 [] PCy/A,
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P7,/IRQ,/ADTRG []101 40 [] P1,/Dy,
P7,/TXD, []102 39 [ ] P1,4/Dy;
P74/RXD,; []103 38 [] P1,/Dy,
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P7s/RXD, [] 105 36 [ P1y/Dg
P76/SCKy/PW; [] 106 35 [ ] Vgg
P74/SCK,/PW, []107 34 []P2,/D,
P6,/IRQ,/PW; [] 108 33 [] P24/Dg
P6,/IRQ; [ 109 32 [] P2g/Ds
P6,/TCLK, []110 31 []P2,D,
P64/TCLK, []111 30 [_] P24/Ds
P6,/TCLK; []112 29 [ P2,/D,
CNOtTLorooadadaSd9532IINIILERE
OO0
ISR ESESYSRONCUONUISRONCHO RSN RONC Y S YRS HERENE IR Ja o]
>99999999>99999999EQQQQQQ S
EEEECERE EEREEBEEE*EEEEEE oo
ST TS TISTITITST PPP9PY
foQaAQaQooda AQaaooaoaoada faooaa
Notes: * (1) Pin 19 is the RESO/Vpp pin in the dual power source
model (Vpp = 12 V), and the FWE pin* in the S-mask
model (single power source). (* The S-mask model ® H8/539
does not ha_ve a RESO output.) HDGAF5398F
(2) Under no circumstances apply 12V to the JAPAN
S-mask model (single power source), as this
may cause permanent damage to the chip. Pin 1—»

Figure 1-2 (b) HB8/539F S-Mask Model Pin Arrangement (FP-112, Top View)
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Figure 1.2 (c) shows the pin arrangement of the H8/539F A-mask model. The pin arrangement
the A-mask model (single power source) and the dual power source model are the same, with
exception of VCL (pin 1). Also, the function of the FWE pin (pin 19) is different. The pin
arrangements of the A-mask and S-mask models (single power source) and the dual power so
model are the same, with the exception of VCL (pin 1). Also, the function of the FWE pin (pin 1
is identical.
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P9,/AN, |87 54 [] PBy/Ag
P9,/AN, (|88 53 [ ] Vss
P9,/AN; [ 89 52 [_] PC//A;
P9,/AN, []90 51 [_] PCg¢/Ag
P9s/ANs [ 91 50 [] PCs/As
P9¢/ANg [] 92 49 [ ] PCA,
P9,/AN; []93 48 [ PC4/Ag
P8y/ANg []94 47 [ PC,IA,
P8,/ANg [] 95 46 [ PCy/A,
P8,/AN;o []96 45 [] PCy/A,
P83/AN,; [|97 44 [ Vec
AVgg [98 Top view 43 [] P1,/Dys
Vss []99 (FP-112) 42 [ 71 P1¢/Dyy
P7,/IRQ, [] 100 41 [ ] P1g/Dyg
P7,/IRQ,/ADTRG []101 40 [] P1,/Dy,
P7,/TXD, []102 39 [ ] P1,4/Dy,
P74/RXD, []103 38 [ P1,/Dy,
P7,/TXD, []104 37 [ P1,/Dg
P7s/RXD, []105 36 [ P1y/Dg
P7¢/SCKy/PW; [] 106 35 [ ] Vgg
P7,/SCK,/PW, []107 34 [] P2,/D;
P6,/IRQ,/PW; [] 108 33 [] P24/Dg
P6,/IRQ; [ 109 32 [] P2g/Dg
P6,/TCLK, []110 31 []P2,D,
P64/TCLK, []111 30 [_] P24/Ds
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Note: 1. (1) Pin19 is the RESO/Vpp pin in the dual power source @ H8/539
model (Vpp = 12 V), and the FWE pin* in the A-mask
model. (*The A-mask model does not have a RESO HD64F5398F
output.) JAPAN
(2) 12V must not be applied to the A-mask i1

model (single power source), as this may
cause permanent damage to the chip.

2. (1) Connect a 0.1pF capacitor between VCL and Vgg (located near the pin) .

(2) The V¢ power supply must not be connected to the VCL pin.

Figure 1-2 (c) H8/539F A-Mask Model Pin Arrangement (FP-112, Top View)
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1.3.2 Pin Functions

(1) Pin Assignments in Each Operating ModeTable 1-2 lists the assignments of the pins of the
FP-112 package in each operating mode.

Table 1-2  Pin Assignments in Each Operating Mode (FP-112)

Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes
No. 1land6 Mode 2 3and5 Mode 4 Mode 7 Notes
1 Ve V. V. V. V. Dual power
source S-mask
model
VCL VCL VCL VCL VCL A-mask model
2 P5/T1I0C, P5/T1IOC, P5/T1IOC, P5/T1I0OC, P5/T1I0C,
3 P5/T1IOC, P5/T1IOC, P5/T1I0OC, P5/T1IOC, P5,/T1I0C,
4 P5,/T1IOC, P5/T1IOC, P5/T1I0OC, P5,/T1IOC, P5/T1I0C,
5 P5/T1I0C, P5/T1IOC, P5/T1IOC, P5/T1IOC, P5/T1IOC,
6 P5,/T2I0C, P5/T2I0C, P5,/T2I0C, P5/T2I0C, P5,/T2I0C,
7 P5/T2I0C, P5/T2I0C, P5/T2I0C, P5/T2I0C, P5,/T2I0C,
8 P5/T3I0C, P5/T3I0OC, P5/T3I0C, P5/T3I0OC, P5/T3I0C,
9 P5/T3I0C, P5/T3I0C, P5/T3I0C, P5/T3I0C, P5/T3IOC,
10 VSS VSS VSS VSS VSS
11 P4/T4IOC, P4/T4IOC, P4,/T4IOC, P4/T410C, P4/T4I0C,
12 P4 /T410C, P4/T4I0C, P4/T4I0C, P4/T4I0C, P4/T4IOC,
13 P4,/T510C, P4,/T5I0C, P4,/T510C, P4/T5I0C, PA4,/T510C,
14 P4/T510C, PA4/T5I0C, PA4/T5I0C, P4/T510C, P4,/T5I0C,
15 P4,/T6I0C, P4,/T6IOC, P4,/T6I0C, P4,/T6I0C, P4,/T6IOC,
16 P4,/T6I0C, P4/T6IOC, P4,/T6I0C, P4/T6IOC, PA4,/T6IOC,
17 P4/T710C, PA4,/T7I0C, P4,/T7I0C, P4JT710C, P4/T710C,
18 P4 /T710C, P4/T7I0C, P4/T7I0C, P4JT710C, P4/T710C,
19 RESO/V,, RESO/V,, RESO/V,, RESO/V,, RESO/V,, Dual power
source (V,,=12V)
FWE*! FWE*! FWE*! FWE*! FWE*! S Mask model
(single power
source)
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Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes

No. 1land6 Mode 2 3and5 Mode 4 Mode 7 Notes

20 P3,/T10C, P3/T10C, P3,/T10C, P3/T10C, P3,/T10C,

21 P3,/T10C, P3,/T10C, P3,/T10C, P3,/T10C, P3,/T10C,

22 P3,T10C, P3,/T10C, P3,/T10C, P3,/T10C, P3,/T10C,

23 P3,/T10C, P3,/T10C, P3,/T10C, P3,/T10C, P3,/T10C,

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

25 P3/T20C, P3,/T20C, P3,/T20C, P3,/T20C, P3,/T20C,

26 Vg Ve Ve Vg Vi

27 DX P2, D,** D,** P2,

28 DX P2, D,*? D** P2,

29 DX P2, D,** D, P2,

30 DX P2, D,** D, P2,

31 DX P2, D,** D, P2,

32 DX P2, D.** D, P2,

33 DX P2, D*? D, P2,

34 D P2, D** D, P2,

35 Vg Ve Ve Vg Vi

36 D, D, D, D, P1,

37 D, D, D, D, P1,

38 D, D, D,, D, P1,

39 D, D, D, D, P1,

40 D, D, D, D, P1,

4 D, D, D, D, P1,

42 D, D, D, D, P1,

43 D, D, D, D, P1,

RENESAS
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Expanded Minimum

Expanded Maximum

Single-Chip

Modes Modes Mode
Modes Modes

No. 1land6 Mode 2 3and5 Mode 4 Mode 7 Notes

44 VCC VCC VCC VCC VCC

45 A PC/A, A, PC/A, PC,

46 A PCJ/A, A PCJ/A, PC,

47 A, PC/A, A, PC/A, PC,

48 A, PC/A, A, PC/A, PC,

49 A, PC/A, A, PC/A, PC,

50 A, PC./A, A, PC./A, PC,

51 A, PC/A, A, PC/A, PC,

52 A PCJA, A, PCJA, PC,

53 Vg Ve Ve Ve Ve

54 A, PB/A, A, PB/A, PB,

55 A, PB,/A, A, PB /A, PB,

56 A, PB,JA,, A, PB,JA,, PB,

57 A, PB,A, A, PB/A, PB,

58 A, PB,A,, A, PB,A,, PB,

50 A, PB.JA,, A, PBJA,, PB,

60 A, PB/A,, A, PB/A,, PB,

61 A, PB,JA, A, PB,JA, PB,

62  PAJT40C/ PA/T40C/ A, PAJA,/ PA /T40C /
PW, PW, PW, PW,

63 PA/TA0C,/ PA/T40C,/ A, PAJ/A. PA,/T40C,/
PW, PW, PW, PW,

64 PA/T50C/ PAJT50C,/ A, PAJA,/ PA,/T50C /
PW, PW, PW, PW,

65  PAJT50C,/ PAJT50C,/ A, PAJA / PA,/T50C,/
SCK, SCK, SCK, SCK,

66  PA/WAIT  PA/J/WAIT PA/WAIT  PA/WAIT PA,

67 PA/BREQ/ PA/BREQ/ PA,/BREQ/ PA,/BREQ/ PA/T30C/
T30C/RXD, T30C/RXD, T30C/RXD, T30C/RXD, RXD,

68 PA/BACK  PA/BACK PA/BACK  PA/BACK PA/T30C,
T30C,/TXD, T30C/TXD, T30C,/TXD, T30C/TXD, TXD,

69 () () () ) ()
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Expanded Minimum Expanded Maximum Single-Chip
Modes Modes Mode
Modes Modes
No. 1land6 Mode 2 3and5 Mode 4 Mode 7 Notes
70  STBY STBY STBY STBY STBY
71  RES RES RES RES RES
72 NMI NMI NMI NMI NMI
73 Vg Ve Ve Vg Vi
74 EXTAL EXTAL EXTAL EXTAL EXTAL
75 XTAL XTAL XTAL XTAL XTAL
76 VCC VCC VCC VCC VCC
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,** MD,** MD,** MD,**
84 AV, AV AV AV AV
85 V.. Ve Ve V.. V..
86 P9 /AN, P9,/AN, P9,/AN, P9,/AN, P9,/AN,
87  P9J/AN, P9, /AN, P9, /AN, P9, /AN, P9, /AN,
88  P9,/AN, P9,/AN, P9,/AN, P9,/AN, P9,/AN,
89  P9,/AN, P9./AN, P9./AN, P9./AN, P9./AN,
90  P9/AN, P9,/AN, P9,/AN, P9,/AN, P9,/AN,
91  P9JAN, P9./AN, P9./AN, P9./AN, P9./AN,
92  P9/AN, P9,/AN, P9,/AN, P9,/AN, P9./AN,
93  P9/AN, P9./AN, P9./AN, P9./AN, P9./AN,
94  P8/AN, P8 /AN, P8 /AN, P8 /AN, P8 /AN,
95  P8J/AN, P8 /AN, P8 /AN, P8 /AN, P8 /AN,
96  P8/JAN,, P8,JAN,, P8,JAN,, P8,JAN,, P8,JAN,,
97  P8JAN, P8,/AN,, P8,/AN,, P8,/AN,, P8,/AN,,

RENESAS
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Expanded Minimum Expanded Maximum Single-Chip

Modes Modes Mode
Modes Modes
No. 1and6 Mode 2 3and5 Mode 4 Mode 7 Notes
98 AV AV AV AV AV
99 VSS VSS VSS VSS VSS
100 P7,/IRQ, P7/IRQ, P7/IRQ, P7/IRQ, P7,/IRQ,
101 P7/IRQ/ P7./IRQ/ P7./IRQ/ P7./IRQ/ P7./IRQ/
ADTRG ADTRG ADTRG ADTRG ADTRG

102 P7/TXD,  P7/TXD, P7/JTXD,  P7,/TXD, P7,/TXD,

103 P7/RXD,  P7/RXD, P7/RXD,  P7/RXD, P7./RXD,

104 P7/TXD,  P7/TXD, P7/TXD,  P7,/TXD, P7/TXD,

105 P7/RXD,  P7/RXD, P7/RXD,  P7/RXD, P7_/RXD,

106 P7/SCK/ P7/SCK/  P7/SCK/  P7/SCK/  P7/SCK/

PW, PW, PW, PW, PW,
107 P7,/SCK,/  P7,/SCK,/ P7,/SCK,/  P7,/SCK,/ P7,/SCK,/
PW, PW, PW, PW, PW,
108 P6/IRQ/  P6/IRQ,/ P6/IRQ/  P6/IRQ,/ P6,/IRQ,/
PW, PW, PW, PW, PW,

109 P6/IRQ, P6,/IRQ, P6,/IRQ, P6,/IRQ, P6,/IRQ,

110 P6/TCLK, P6/TCLK, P6/TCLK, P6/TCLK,  P6/TCLK,

111 P6/TCLK, P6/TCLK, P6/TCLK, P6/TCLK,  P6/TCLK,

112 P6/TCLK, P6/TCLK, P6/TCLK, P6/TCLK,  P6/TCLK,

Notes: For the PROM mode, see section 19, "Flash Memory (H8/539F)" and section 20, "Flash
Memory (H8/539F S-Mask and A-Mask Models)".

1. 12 V must not be applied to the S-mask or A-mask model (single power source), as this
will permanently damage the device.

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 (D, to D,) is enabled,
and the lower half (D, to D,) is disabled. The bus width can be changed to 16 bits (D,
to D,) 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 (D, to D,) 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 (D, to D,) is enabled, and the lower half (D, to
D,) is disabled. For details of the settings, see section 16, Bus Controller.
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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.

I/0

Name and Function

Power Ve
(Dual power-
source S-mask

model)

VCL
(A-mask
model)

1

Input

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

Output

VCL pin: Not necessary to connect to the power
supply (4.5 to 5.5 V). Connect to the V pin via a
0.1 pF capacitor (located near the pin).

\Y,

cc

44,76

Input

Power: Connected to the power supply (4.5 V to
5.5V). 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.

SS

10, 26,
35, 53,
73, 99

Input

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

Clock XTAL

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 9.2, "Oscillator Circuit"
for examples of connections at XTAL and EXTAL.

69

Output

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

System BACK
control

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.

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).

|

s
m
(@]

71

Input

Reset: Input pin for transition to the reset state.
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Type Symbol Pin No. /O Name and Function
Address A A, 65-54, Output  Address bus: Address output pins.
bus 52-45
Data bus D,-D** 43-36, Input/ Data bus: Sixteen-bit bidirectional data bus.
34-27 Output
Bus WAIT 66 Input Wait: Requests insertion of wait states (T,) in
control external-device access cycles by the CPU; used
signals 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 (D, to D,) during external-device access.
LWR 80 Output  Low write: Indicates output of data on the lower
data bus (D, to D) during external-device access.
Interrupt  NMI 72 Input Nonmaskable interrupt:  Nonmaskable interrupt
signals request signal. The input edge can be selected in
the NMI control register (NMICR).
IRQ, 100 Input Interrupt request 0 to 3:  Maskable interrupt
IRQ, 101 request signals. The type of input can be selected
IRQ, 108 in the IRQ control register (IRQCR).
IRQ, 109
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Type Symbol Pin No. /O Name and Function
Operating MD,** 83 Input Mode 2 to mode 0: Input pins for setting the
mode MD, 82 operating mode. The following table lists the
control MD, 81 operating modes and bus widths.
H8/500
Pin Settings cPU Exter-
—  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 0O
maximum
Serial TXD, 102 Output Transmit data 1, 2, and 3: Serial transmit data
commu-  TXD, 104 output pins for SCI1, SCI2, and SCI3.
nication  TXD, 68
|rét(e:rlface RXD, 103 Input Receive data 1, 2, and 3: Serial receive data
(SCh RXD, 105 input pins for SCI1, SCI2, and SCI3.
RXD, 67
SCK, 106 Input/ Serial clock 1, 2, and 3: Serial clock input/output
SCK, 107 Output  pins for SCI1, SCI2, and SCI3. Used for input and
SCK, 65 output of the serial clock in clocked synchronous
mode, and of the SCI operating clock in
asynchronous mode.
PWM PW, 62 Output PWM1, PWM2, and PWM3 output: Output pins
timer 106 for PWM1, PWM2, and PWM3.
PW, 63 Output
107
PW, 64 Output
108
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Type Symbol Pin No. /O Name and Function
16-bit T110C, 2 Input/ Input capture/output compare 1 to 4 (channel
integrated- T1I10C, 3 Output 1): Input capture input or output compare output
timer pulse T1I0C, 4 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 (channel
T2I0C, 7 Output  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.
T3I0C, 8 Input/ Input capture/output compare 1 and 2 (channel
T3I0C, 9 Output  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 (channel
T410C, 12 Output  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.
T5I10C, 13 Input/ Input capture/output compare 1 and 2 (channel
T5I0C, 14 Output 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.
T610C, 15 Input/ Input capture/output compare 1 and 2 (channel
T6I10C, 16 Output  6): Input capture input or output compare output
pins for IPU channel 6.
T710C, 17 Input/ Input capture/output compare 1 and 2 (channel
T710C, 18 Output 7): Input capture input or output compare output
pins for IPU channel 7.
TCLK, 110 Input Timer clock 1 to 3 (all channels):  IPU external
TCLK, 111 clock input pins. All channels can select these
TCLK, 112 clock inputs.
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Type

Symbol Pin No.

I/0

Name and Function

A/D
converter

AN_-AN,  97-86

Input

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

V 85

REF

Input

Reference power supply (V ... SAV_): Input pin
for the A/D converter's reference voltage. Apply a
voltage corresponding to the A/D conversion full-

scale value.

AV 84

cc

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.

AV 98

Ss

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.

ADTRG 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
timer

RESO 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 V. (+5 V)
externally, regardless of whether reset output is
selected or not. The S-mask and A-mask models
do not have this function.

Flash
Memory

Dual power 19
source type
V

PP

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).
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Type Symbol Pin No. /O Name and Function

I/O ports  P3.-P3, 25-20 Input/ Port 3: 6-bit input/output port. Input or output can
Output  be set for each bit in the port 3 data direction
register (P3DDR). LEDs can be driven directly
(10-mA sink).
P4 -P4, 18-11 Input/ Port 4: 8-bit input/output port with Schmitt-trigger

Output  inputs. Input or output can be set for each bit in
the port 4 data direction register (P4DDR).

P5.-P5, 9-2 Input/ Port 5: 8-bit input/output port with Schmitt-trigger
Output 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,-P6, 112-108 Input/ Port 6: 5-bit input/output port. Input or output can
Output  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 can
Output  be set for each bit in the port 7 data direction
register (P7DDR).

P8.—P8, 97-94 Input Port 8: 4-bit input port.
P9.—-P9, 93-86 Input Port 9: 8-bit input port.
PA—PA, 68—-62 Input/ Port A: 7-bit input/output port. Input or output can

Output  be set for each bit in the port A data direction
register (PADDR).

PB.—-PB, 61-54 Input/ Port B: 8-bit input/output port with MOS input pull-
Output  up transistors. Input or output can be set for each
bit in the port B data direction register (PBDDR).

PC-PC, 52-45 Input/ Port C: 8-bit input/output port with MOS input pull-
Output  up transistors. Input or output can be set for each
bit in the port C data direction register (PCDDR).

Notes: 1. When the external bus space uses an 8-bit bus width, D,, to D, are enabled and D, to D,
are disabled.

2. 12 V must not be applied to the S-mask or A-mask model (single power source), as this
will permanently damage the device.
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1.4 Notes on S-Mask and A-Mask Models (Single Power Source)

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

14.1 Voltage Application

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

The flash memory programming power source for the S-mask and A-mask models (single po
source) is V..

The programming power source for the dual power source model was the VPP pin (12 V), but
there is no VPP pin in the single power source models. In the S-mask and A-mask models th
FWE pin is provided at the same pin position as the VPP pin in the dual power source model,
FWE is not a power source pin-it is used to control flash memory write enabling.

Also, in boot mode, 12 V must be applied to the D in the dual power source model, but this
is not necessary in the S-mask and A-mask models (single power source).

The maximum rating of the FWE and Mpins in the S-mask and A-mask models (single power
source) is Y. +0.3 V. Applying a voltage in excess of the maximum rating will permanently
damage the device.

Do not select the HN28F101 programmer setting for the S-mask or A-mask model (single pow
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 or A-m
model (single power source), use a PROM programmer that supports Hitachi microcomputer
device types with 128-kbyte on-chip flash memory.
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1.4.2 Product Type Names and Markings

Table 1-4 shows examples of product type names and markings for the H8/539F (dual power
source model), H8/539F S-mask model (single power source), and the H8/539F A-mask mode!

(single power source), and the differences in flash memory programming power source.

Table 1-4  Differences in H8/539F and H8/539F S-Mask and A-Mask Models Markings

Dual Power Source Single Power Source Single Power Source
Model: Model: Model:
H8/539F H8/539F S-Mask Model H8/539F A-Mask Model
Product type nameHD64F5398F16 HD64F5398SF16 HD64F5398AF16
Sample markings
® HB8/539 ® H8/539 ® H8/539
S A
HD64F539816 HD64F539816 HD64F5398F16
JAPAN JAPAN JAPAN

"S" is printed above "A" is printed above

the type name the type name
Flash memory V,, power source V. power source V. power source
programming (12.0£0.6 V) (5.0 £10%) (5.0 £10%)

power source

1.4.3 Differences in S-Mask and A-Mask Models

Table 1-5 shows the differences between the H8/539F (dual power source model) and H8/539I

mask and A-mask models (single power source model).
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Table 1-5

Differences between H8/539F and H8/539F S-Mask and A-Mask Models

Item Dual Power Source Model: Single Power Source Model:
H8/539F H8/539F S-Mask and A-Mask Models
Program/ 12 V must be applied to VPP power 12 V application not required.

erase voltage

source pin from off-chip

V. single power source programming

V.. (FWE) pin
function

Dual function as VPP power
source and RESO output

FWE pin function only.
RESO pin function eliminated

Programming
modes

* PROM mode

e On-board: Boot mode
User program mode

* PROM mode

e On-board: Boot mode
User program mode

Operating modes
allowing on-board
programming

Modes 4 and 7

Modes 4 and 7

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)

RENESAS
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Table 1-5  Differences between H8/539F and H8/539F S-Mask and A-Mask Models (cont)
Item Dual Power Source Model: Single Power Source Model:

H8/539F H8/539F S-Mask and A-Mask Models
Boot mode MD, =V, /RESO =12V FWE = 1 input

setting method

Reset release

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

Pin
Mode MD2 MDi1 MDo FWE
Mode 4 1 0 1 1
Mode 7 1 1 0 1

User program
mode setting

V,/RESO =12V

FWE =1

method
Programming L os /7 twos
mode timing RES RES
MDg to MD; )( MDg to MD5 )(
12V 5V
MD3 FWE
E— <—'min O ps R —
12V
Vep
tmps: 4tcyc (min.) tmps: 4tcyc (min.)
Prewrite Required before erasing Not required
processing
Multiple-block Multiple blocks can be erased Block-unit erasing. Multiple blocks
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)
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Table 1-5 Differences between H8/539F and H8/539F S-Mask and A-Mask Models (cont)

Item Dual Power Source Model: Single Power Source Model:
H8/539F H8/539F S-Mask and A-Mask Models
EBR register EBR1, EBR2 EBR1
configuration (See section 19 for bit functions) (See section 20 for bit functions)
Memory map EBO (1 kbyte)
(block LB7 (12 kbytes) EBL (1 kbyte)
configuration) SBO (512 bytes) EB2 (1 kbyte)
IiIShadow area SB1 (512 bytes) EB3 (1 koyte)
Page 0 SB2l(bI2RbyES) 16 kbytes Page 0 16 kbytes
SB3 (512 bytes)
SB4 (512 bytes)
EB4 (12 kbytes)
SB5 (512 bytes)
SB6 (512 bytes)
SB7 (512 bytes)
EBO (1 kb
LB7 (12 kbytes) EB1 El kbif,tt:;
SBO (512 bytes) EB2 (1 kbyte)
SB1 (512 bytes) EB3 (1 kbyte)
SB2 (512 bytes)
SB3 (512 bytes)
I EB4-(28 kbytes)
SB4 (512 bytes)
SB5 (512 bytes)
SB6 (512 bytes)
SB7 (512 bytes)
LB6 (16 kbytes)
Page 1 €s Page 1 EBS (32 kbytes)
to 128 kbytes to 128 kbytes
Page 2 | LB5 (16 kbytes) Page 2
LB4 (16 kbytes)
EB6 (32 kbytes)
LB3 (16 kbytes)
LB2 (16 kbytes)
LB1 (16 kbytes) EB7 (32 kbytes)
LBO (16 kbytes)
Block configuration: 16 blocks Block configuration: 8 blocks
16 kbytes x 7: LBO to LB6 32 kbytes x 3: EB5 to EB7
12 kbytes x 1: LB7 28 kbytes x 1: EB4
512 bytes x 8: SBO to SB7 1 kbyte x 4: EBO to EB3
Reset during Drive RES pin low for at least Drive RES pin low for at least 20
operation 6 system clock cycles (6¢) system clock cycles (20¢)
(RES pulse width tRESW = (RES pulse width tRESW =
min. 6.0 tcyc) min. 20 tcyc)
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Table 1-5 Differences between H8/539F and H8/539F S-Mask and A-Mask Models (cont)

Item Dual Power Source Model: Single Power Source Model:
H8/539F H8/539F S-Mask and A-Mask Models
FLMCR register 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
[Ver [VepE] - | - Jev[pv] E ] P ][rwe[swelesu]psu] ev][pv] 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 confi.guration EES0 0000 EES0 0000
IiIShading J i
shows areas for 090 = = Fo00 EBO
which ROM/RAM ' F200 2FFF 03FF
overlapping is SBO 3000 F3FF 0400
permitted during ~ F400 3200 400 EB1
RAM emulation E600 [F67F 1 SB1 F7FF [F67E |
F680 3400 Fgo0 |F680 07FF
F800 SB2 0800
B3 3600 EB2
FA0O 3800 OBFF
FCO0 SB4 FBFF 0C00
FDFF 3A00 EB3
FE7F S8° 3coo FE7F OFFF
SB6 1000
3D00 =~ ==
L]
3FFF 3FFF
FLMER register 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
[owee - [ - [ - Jaue[awe[ae]| - Jfowred - [ - | - [auefawe] - [ - |
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 0
‘RAMEl‘ - ‘RAMEZ‘ - \ - \ RAM2 \ RAM1L \ RAMO‘ ‘RAMEl‘ - ‘RAMEZ‘ - \ - \ RAM2 \ RAM1L \ - \
Bit 0 = RAMO bit Bit 0 = Reserved
(See sections 17 and 19 for bit (See sections 18 and 20 for bit
functions) functions)
Details concerning See section 19, Flash Memory See section 20, Flash Memory
flash memory (H8/539F) Dual Power System (H8/539F, S-Mask and A-Mask Models:
(V.. =12V) Single Power Source)

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

Electrical See section 22, See section 23, Electrical
characteristics ElectricalCharacteristics (H8/539F) Characteristics (H8/539F S-Mask
Model) Section 24, Electrical
Characteristics (H8/539F A-Mask
Model)
(Wait times during programming/
erasing, etc., are also different)

List of registers ~ See Appendix C, See Appendix C, Registers, (2)
Registers, (1) H8/539F H8/539F S-Mask and A-Mask Models
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15 H8/539F A-Mask Overview

The A-mask version of the H8/539F is a microcomputer developed based on the S-mask (sing
power source) model and incorporating EMI noise reduction. An on-chip step-down circuit is
built-in to reduce EMI noise, the output buffers have been further miniaturized, and the interna
power supply has been optimized.

Table 1.7 lists the points of difference with the S-mask model.

For the most effective noise reduction, it is recommended that the A-mask model be used in tl
singe-chip mode (mode 7).

A description of the H8/539F A-mask model is provided below.

151 Features
The features of the H8/539F A-mask model with on-chip step-down circuit are as follows.

» EMI Noise
EMI noise has been reduced approximately 10 to 20 dB compared with the H8/539F S-ma
model.

» Current Consumption
Current consumption during normal operation has been reduced approximately 30% comp
with the H8/539F S-mask model.

e Compatibility with S-Mask Version
The H8/539F A-mask model is functionally compatible with the S-mask model. With the
exception of the VCL pin, it is also completely pin compatible. In the single-chip mode, its
electrical characteristics are compatible* as well. The bus timing AC characteristics differ ir
the externally expanded modes due to the slower bus interface.

Note: * The (p clock output AC characteristics,(tt,,, t.., t,) differ from those of the S-mask
model.

152 On-Chip Step-Down Circuit

The on-chip step-down circuit automatically lowers the microcomputer's internal power source
voltage to the optimum level. The H8/539F A-mask model is equipped with a VCL (internal ste
down pin) which must be connected to a 0.1 puF capacitor to stabilize the internal voltage.

Table 1.6 lists pin functions and Figure 1.3 shows the method for connecting the external
capacitor.
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Do not connect the ) power source to the VCL pin of the A-mask model. (As before, connect
the V_. power source to the otherMins.) Care should be exercised as the VCL output pin of the
A-mask model is in the same pin position as one of theMs of the S-mask model.

Table 1.6  Pin Functions

Pin Name Symbol /0 Function

Internal step-down pin VCL Output Pin for connecting to a capacitor to stabilize
the internal voltage

Ve power
External source
capacitor <E
F VCL Vee
0.1pF
H8/539F A-mask model H8/539F S-mask model
Note: Do not connect the V¢ power source to the Note: The S-mask model has a V¢ pin in the
VCL pin of the A-mask model. (As before, same position as the VCL output pin of the
connect the V. power source to the other A-mask model.
Vec pins.)
Position the capacitor near the pin.

Figure 1.3 Method of Connecting A-Mask VCL Capacitor and Differences with S-Mask Model
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153 Differences Between the S-Mask and A-Mask Models
Table 1.7 lists the points of difference between the S-mask and A-mask models.

Table 1.7  Points of Difference Between S-Mask and A-Mask Models

H8/539F S-Mask Model H8/539F A-Mask Model
Product type HD64F5398SF16 HD64F5398AF16
name
Sample markings
® H8/539 ® H8/539
S A
HD64F5398F16 HD64F5398F16
\ JAPAN \ JAPAN
"S" is printed above "A" is printed above
the type name. the type name.
Flash memory V. single power source
programming
power source
Internal power V. power source Internal step-down power source
source voltage
Pin arrangement Pin 1 (FP-112): V. pin Pin 1 (FP-112): VCL pin
V. pin is connected to the V A 0.1 pF capacitor must be connected
power source. between VCL and V.
The VCL pin must not be connected to
the V. power source.
(As before, connect the V. power
source to the other V__ pins.)
Current Normal operating current: 65 mA (typ) Normal operating current: 45 mA (typ)
consumption (f =16 MHz) (f =16 MHz)

AC  Single- AC characteristics are the same except for the bus timing.

char- chip (The @clock output AC characteristics (t, t.,, t.. t.) differ between the S-mask
acter- mode and A-mask models.)
Istics Expanded Bus timing compatible with both fast Bus timing compatible with slow mode.
modes  and slow modes. (Wait states inserted as necessary.)
Refer to AC Characteristics (H8/539F  Refer to AC Characteristics (H8/539F A-
S-Mask Model), Bus Timing. Mask Model), Bus Timing.
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Section2 CPU

2.1 Overview

The H8/539F has the H8/500 CPU, which is common to all chips in 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 interne
paths, and an optimized instruction set.

The H8/500 CPU is suitable for control of a wide 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.

» General-register machine
0 Eight 16-bit general registers
0 Seven control registers (two 16-bit registers, five 8-bit registers)
» High-speed operation: 16 MHz maximum clock rate
At 16 MHz a register-register add operation takes only 125 ns.
e Maximum address space: 1 Mbyte
0 Managed in 64-kbyte pages
O Four pages available simultaneously: code page, stack page, data page, and extende
page.

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

» Two CPU operating modes
O  Minimum mode: 64-kbyte address space
0 Maximum mode: 1-Mbyte address space
» Highly orthogonal instruction set
Addressing modes and data sizes can be specified independently within each instruction.
* Register and memory addressing modes
Register-register and register-memory (or memory-register) operations are supported.
» Instruction set optimized for C language

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

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

Table 2-1 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

H'FFFF

Figure 2-1 Memory Map in Minimum Mode
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H'00000

Page O
(64 kbytes)
Page 1
(64 kbytes)

H'OFFFF
H'10000

H'1FFFF

H'20000 >~1 Mbyte

H'FO000

Page 15
(64 kbytes)

HFFFFF

Figure 2-2 Memory Map in Maximum Mode
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2.1.3 Programming Model

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 87 0
T - - - - g hi- - - = N Z V CJ

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
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2.2 General Registers
The H8/500 CPU has eight 16-bit general registers.

The general registers are described next.

221 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
word size can be selected.

When these registers are accessed as address registers, word size is 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

Figure 2-4 General Register Configuration

2.2.3 Stack Pointer

R7 functions as the stack pointer (SP), and is used implicitly in exception handling and subrot
calls. Itis also used implicitly in pre-decrement or post-increment mode by the LDM and STV
instructions, which load and store multiple registers on the stack.
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224 Frame Pointer

R6 functions as a frame pointer (FP). The LINK and UNLK instructions use R6 implicitly to
reserve or release a stack frame.

2.3 Control Registers
The H8/500 CPU has two control registers.

The control registers are described next.

231 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.

15 0
PC

PC: Program counter

SR

CCR

15 8 7 0
T - - - — b lg lpi- - - - N Z V C

SR: Status register
CCR: Condition code register

Figure 2-5 Program Counter and Status Register
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2.3.3 Program Counter

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

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

e [ I T [ [T T TP T T[]

234 Status Register

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 O

sk [T -[-[-[-[klufl/-[-]-T-[n[z]vC]
—[—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) Bits 14 to 11—ReservedRead-only bits, always read as O.
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(3) Bits 10 to 8—Interrupt mask (1, 1, I): These bits indicate the interrupt request mask level
(0 to 7) of the program that is currently executing. Table 2-2 explains the interrupt request mas
levels.

Table 2-2  Interrupt Mask Levels

Interrupt Mask

N

Level Priority  Acceptable Interrupts
High NMI

Level 7 and NMI
Levels 6, 7 and NMI
Levels 5 to 7 and NMI
Levels 4 to 7 and NMI
Levels 3 to 7 and NMI
Levels 2 to 7 and NMI
Low Levels 1 to 7 and NMI

iy
o

o|lo|o|o|r|r|r|r
o|lo|r|r|o|lo|lr|r
o|lr|o|r|o|lr|o|r
o|lr|N|w|aslo|lo| N

The CPU accepts only interrupts higher than the interrupt mask level. NMI (level 8) is acceptec
any interrupt mask level*. After accepting an interrupt, the H8/500 CPU updatesuhd | to

the level of the interrupt. Table 2-3 indicates the values of the interrupt mask bits after an
interrupt is accepted. A reset sets all three interrupt mask bits to 1.

Note: * The exception is when programming or erasing flash memory, in which case NMI input
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 (1, I, 1)) after an Interrupt is Accepted

Interrupt Mask

Level of Interrupt Accepted I

2 1 0
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

(4) Bits 7 to 4—ReservedRead-only bits, always read as 0.
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(5) Bit 3—Negative (N):The most significant data bit, regarded as a sign bit.
(6) Bit 2—Zero (Z): Set to 1 to 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 a carry or borrow occurs at the most significant data bit ar
cleared to O at other times.

The specific changes that occur in the condition code bits when each instruction is executed a
listed in Appendix A.1 "Instruction Tables." See Hi®/500 Series Programming Manuar
further details.

2.4 Page Registers
The H8/500 CPU has four page registers.

The page registers are described next.

24.1 Overview
All page registers are eight-bit registers.

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

The page registers are not used to calculate effective addresses in minimum mode. In maxim
mode, the page registers combine with the program counter and general registers to generate
bit effective addresses as shown in figure 2-6, thereby expanding the program area, data aree
stack area.
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Page register General register

8 bits 16 bits

cp | PC

RO

DP | R2

R3

|
|
| R1
|
|
|

@aa:16

| R6
| P |
| R7

24 bits (effective address)

Figure 2-6 Combinations of Page Registers with 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

| il |

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
address. CP contains the upper eight bits of the address.

In maximum mode, CP is initialized at a reset to a value loaded from the vector table, and CP
PC are both saved and restored in exception handling.

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

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

DP is used to calculate effective addresses in register indirect addressing mode using RO to R
and in absolute addressing mode (but not short absolute addressing mode).

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

245 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 Rt

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 addr
TP contains the upper eight bits of the address.

TP is used to calculate effective addresses in the register indirect addressing mode using R6 o
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-bit base register.

The base register is described next.

251 Overview

The eight-bit base register (BR) stores the base address used in short absolute addressing m:
(representing the upper eight bits of an address in page 0). Figure 2-8 illustrates the base reg
and short absolute addressing mode. In this addressing mode a 16-bit effective address is

generated by using the BR contents as the upper eight bits and an address given in the instru
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

B EE——

BR | | @aa:8

16 bits (effective address)

Figure 2-8 Short Absolute Addressing Mode and Base Register

252 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 o
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 ar
divide instructions operate on longword data.

The data formats are described next.

26.1 Data Formats in General Registers

Table 2-4 indicates the data formats in general registers. All sizes of data can be stored: one-t
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 is the most significant bit and bit O is the least significant bi
BCD and byte data are stored in the lower eight bits of a general register. All 16 bits of a gene!
register are used to store word data. Two general registers are used for longword data: the up,
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
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Table 2-4

General Register Data Formats

Data Type Register No. Data Structure
One bhit Rn 15 0
115[14 (13|12 (11|10 |9 |8 |7 |6 |5 |4 [3[2]1]0]
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
| MsSB LB
Longword* Rn 31 16

Rn+l MSB Upper 16 bits

Lower 16 bits LSB
15 0

Note: * For longword data n must be even (0, 2, 4, or 6).

2.6.2 Data Formats in Memory

Table 2-5 indicates the data formats in memory.

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

Access to word data in 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 sto
address n (where n is an even number); the lower eight bits are stored in address n + 1.

RENESAS
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Table 2-5 Data Formats in Memory

Data Type Data Format
One bit (in byte operand data) ~ _
Address n 7]6]/5][4]3]2][1]0
One bit (in word operand data)
Even address 15|14 |13 |12 |11 |10 8
Odd address 716 |54 |3]| 2 0
Byte
Address n MSB LSB
Word
Even address | MSB Upper 8 bits
Odd address Lower 8 bits LSB

g

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, C
page register, or status register), word access is always performed, regardless of the actual da
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 adc

error will occur if the stack pointer indicates an odd address.

Table 2-6  Data Formats on the Stack

Data Type Data Format
Byte data on stack

Even address Undetermined data

Odd address MSB LSB
Word data on stack .

Even address | MSB Upper 8 bits

Odd address Lower 8 bits LSB

T
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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 oopr~wDdhRE

Due to the highly orthogonal nature of the instruction set, most instructions having operands c
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.

(1) Reagister Direct Addressing ModeThe contents of a general register Rn are used directly &
operand data. This addressing mode is specified by giving the general register name.

Register direct addressing mode

BnE

General register name
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(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 moc
specified by giving the general register name with an address qualifier (@).

Register indirect addressing mode

@Rn

LE General register name

Address qualifier

(3) Register Indirect Addressing Mode with DisplacementA displacement value is added to
the contents of a general register Rn, the sum is used as a memory address, and data access
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)

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

Address qualifier

(4) Register Indirect Addressing Mode with Pre-Decrement or Post-Incrementn register
indirect addressing mode with pre-decrement, a general register value is first decremented by -
-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
as a memory address and data access is performed at that memory address, then the register
is incremented by 1 or 2. This addressing mode is specified by giving the general register nam
with the address qualifier (@) and a plus or minus sign (+ or -).

Register indirect addressing mode with pre-decrement or post-increment

@-Rn or @Rn+

E General register name —D Plus sign (post-increment)

Minus sign (pre-decrement) General register name

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

Immediate addressing mode

#XX:8 or #XX:16

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

Data qualifier Data qualifier

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

Absolute addressing mode

@aa:16 or @aa:8

E[w-bit absolute address —[8—bit absolute address

(lower 8 bits of address*)
Address qualifier

Address qualifier

* Upper 8 bits are specified by BR

(7) PC-Relative Addressing ModeAn 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
memory address is moved into the program counter. This addressing mode is specified by gi
the displacement value.

PC-relative addressing mode

disp

L

Displacement
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Table 2-7  Addressing Modes
No. Addressing Mode Mnemonic  EA Field EA Extension
1 Register direct Rn None
[1]ofa1lofsz[r]r][r]
*1 *2
2 Register indirect @Rn None
(1[a1]ofafsz[r]r]r
3 Register indirect @(d:8,Rn) Displacement
with displacement @(d:16,Rn) (afafafofsz[r[r][r (1 byte)
(afafafafsz[r]r]r Displacement
(2 bytes)
4 Register indirect @-Rn None
with pre-decrement ~ @Rn+ (1fofala]szlr]r]r
Rgg|sterlpd|rect ‘1‘1‘0‘0‘52‘ r \r\r
with post-increment
5 Immediate #xx:8 Immediate data
#xx:16 lofolofofo[1]0[0] (1byte)
‘0‘0‘ ‘0‘1‘1‘0‘0 Immediate data
(2 bytes)
6 Absolute (@aa:8is @aa:8 1-byte absolute
short absolute) @aa:16 [ofofofolsz[1]0[1] zqdress (offset
oJoJoJ1[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
2.7.2 Effective Address Calculation

Table 2-8 explains how an effective address is calculated in each addressing mode.
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The page registers are not used to calculate 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 \ DP2 ] Rn |
1101Sz[r r 1] N
Or TP or EP
3 Register indirect 23 15 0
with displacement 15 0 \ DP2 | Result |
@(d:8,Rn) \ RN }—+ ~— A
rrr Or TP or EP
1110Sz ®
15 0
\ Displacement
16 bits
(8 bits with sign-bit extension)
@(d:16,Rn) 23 - 15 0
11115]rrr] 15 o | DP? | Result \
\ RN }—+ ~— A
Or TP or EP
m
15 0
\ Displacement
4  Register indirect 23 15 0
with pre- 15 0 \ DP2 | Result |
decrement ‘ RN W ~ A
@-Rn Or TP or EP
1011S7r rr] o 9
Rn is decremented by 1 or 2 before
instruction execution.
Register indirect - 23 15 0
yvith post- ‘ DP 2 ‘ RN ‘
increment Rn is incremented by 1 or 2 after < )
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- RO DP

Rev. 3.0, 02/99, page 53 of 904
RENESAS



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
0000Sz101 ‘ H'00 ‘ BR EA extension data ‘
Z

@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 \ CP \ Result \
No EA field. \ PC A

\ Displacement

16 bits
(8 bits with sign extension)

No EA field. 15 o | cP Result \
Specified in \ PC A
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 mode
selected by the mode pins (M MD,).

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 ignore
Instructions that branch across page boundaries (PJMP, PJSR, PRTS, PRTD) are invalid.

2.8.2 Maximum Mode

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

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

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

29 Basic Operational Timing

When an external clock signal is fed to the EXTAL pin or a crystal resonator is connected acre
the XTAL and EXTAL pins, supplying a signal of the same frequency as the systemglock (
duty adjustment is performed by the duty adjustment circuit to generapekbek. Figure 2-10
shows a block diagram of the clock oscillator.

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

XTAL — | | Duty adjustment |
EXTAL — | circuit I

¢ @/2- /4096

Figure 2-10 Block Diagram of Clock Oscillator
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29.1 Overview

The system clockg) produced by duty adjustment of the clogk Jfsupplied from the clock
oscillator is the H8/500 CPU's time base. One cycle of the system clock is referred to as a "sta
The H8/500 CPU's bus cycle consists of two or three states. The CPU uses different methods
access on-chip memory, on-chip supporting modules, and external devices.

These access methods are described next.

29.2 Access to 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—— »

~——T; state ——»=——T, state ——>

¢

Internal address bus X Address X

Internal read signal \ '/

Internal data bus —r\
(read access) ‘

Internal write signal \ /

Read data \

Internal databus ~ —— / _
(write access) ‘ ‘ Write data

Figure 2-11 On-Chip Memory Access Cycle
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< Ty state—»=—— T state—>

@ | |

A19-Ao X Add:ress X

S : High |

‘ High impedance
D15-Do : ;

Figure 2-12 Pin States during Access to On-Chip Memory

293 Access to Two-State-Access Address Space

Two-state access permits high-speed processing. No wait stgfesuiTbe inserted in access to
the two-state-access address space. The external two-state-access address space is access
16-bit bus. Figure 2-13 shows the access cycle for the external two-state-access address spé

'« Buscycle ——

~ Tystate— == T,state =
® i : |
A19-Ag X Address X
AS, RD : \ | /
D15-Dg ‘ Read data 1
HWR, LWR : \ 3 / |

| / -
D15-Dg ; Write data

Figure 2-13 Access Cycle for External Two-State-Access Address Space
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294 Access to On-Chip Supporting Modules

The on-chip supporting modules are always accessed in three states. The data bus is eight bit
wide, except that some of the registers in the 16-bit integrated-timer pulse unit (IPU) are acces:
via a 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 ‘ -

}<— Tq state —»*47 T, state —»HiTg state —»‘
Internal \ ‘ ‘ :

| Address iX
address bus X ; ; 1
Internalread ———————\ /
signal w ! 1 !
Internal data bus ‘ Read data ‘
(read access) 1 1
Internal write 1 ! ‘
signal : \ ‘ / |
Internal data bus N | Write data |
(write access) ! ‘ !

Figure 2-14 Access Cycle for On-Chip Supporting Modules

< Tj State——»ie— T, State ——»«— T3 State ——»

A19-Ao X Address X
AS, RD, HWR, i | High |
LWR | | i
} ' High impedance |
D1s-Do ! ! !

Figure 2-15 Pin States during Access to On-Chip Supporting Modules
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2.9.5 Access to Three-State-Access Address Space
Three-state access is used for interfacing to low-speed devices.

The wait-state controller (WSC) can insert wait state} ifT 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 ‘ -

~—— T state e T,state —»FiTg state ——»

0 Y/ W A W A W A

A19-Ao X Address X
AS )
oo T

High

Dis-Do
(read access)

< Read data )

Figure 2-16 Read Access Cycle for Three-State-Access Address Space
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- ‘ Write cycle ‘ -

l«—— Ty state s e Tstate 4’3‘71—3 state —»

0 S S U A U A W

Write data

(write access)

Ai9-Ag X Address x
& I S— — /]
RD | | High | |
HWR, LWR 3 | | |

| ; \ _/ ;
DisDo : | | |

Figure 2-17 Write Access Cycle for Three-State-Access Address Space
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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-har
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 hard\
standby mode. Table 2-9 summarizes these states. Figure 2-18 shows a map of the state
transitions.

Table 2-9  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 Software

state

standby mode

Hardware
standby mode
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Program execution

Sleep mode
Exception-handling }4 NMI Software standby
sty mode
'
RES =1 STBY =1
RES=0

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.

Figure 2-18 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 a transient 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 bus to an external devi
While an external device has the bus right, the H8/500 CPU is said to be in the bus-released :

Granting of the bus is controlled by tBBEQ andBACK signals. Bus requests are input at the
BREQ pin. When the bus has been released, an acknowledging signal is outpBt/aCKein.

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
‘ = Low —— becomes the bus master.
\| Check BACK | It can use the address bus
Place Aig to Ag, D15 (A1g 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)Fhis register (BRCR) enables and disables
BREQ input andBACK output. BRCR is initialized to H'FE by a reset and in hardware standby
mode. Itis not initialized in software standby mode. The BRCR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0
- - -1 - -] -] - [erE]

Initial value 1 1 1 1 1 1 1 0

R/W - - - - - _ _ RIW

L Reserved bits t Bus release

enable bit

Selects port A
functions

Bits 7 to 1—ReservedRead-only bits, always read as 1.

Bit 0—Bus Release Enable Bit (BRLE)Selects the functions of pins PA6 and PA5.

Bit 0

BRLE Description

0 PA, and PA, are used for general-purpose input and output
1 PA, is used for BACK output; PA, is used for BREQ input

(1) Case in whichBREQ is Acknowledged at End of Bus Cycle

Figure 2-20 shows the timing when the H8/500 CPU acknowledg®Rih@ signal at the end of
a bus cycle.

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

- T]— e To— e T3— >« TX—»la—TX
¢ )

A19-Ao X Address Hi-Z
Dis-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 oBREQ Acknowledged at End of Bus Cycle (Read Cycle Example)
(2) Case in whichBREQ is Acknowledged at End of Machine Cycle

Figure 2-21 shows the timing when the H8/500 CPU acknowledg®&Rik@ signal at the end of
a machine cycle.

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

MULXU or DIVXU calculation cycles —»« TX—» Tx
v A N A W A N 2
A1g-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 —

Figure 2-21 Case oBREQ Acknowledged at End of Machine Cycle
(During Execution of MULXU or DIVXU Instruction)

(3) Case in whichBREQ is Acknowledged in Sleep Mode

Figure 2-22 shows the timing when the H8/500 CPU acknowledg®&Rih@ signal in sleep
mode.

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

A

Sleepmode ——————————————»

TX—»le—TX
? A N A N A W 2 \_J’—L

A19-Ao 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 oBREQ Acknowledged in Sleep Mode
(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 th
released state as follows:

(1) TheBREQ pin is sampled at the start of thestate. IIBREQ is low, at the end of the bus
cycle the H8/500 CPU halts and enters the bus-released state.

(2) In the case of two-state access, at the end of ts&fE theBACK signal goes low to indicate
that the bus-released state has been entered. The addresg twd jAdata bus (R to D),
and bus control signal&§, RD, LWR, HWR) are placed in the high-impedance state.

(3) While the bus is released, the H8/500 CPU constantly sampIBRE@ pin (at each Tx state)
and remains in the bus-released state VBREQ is low.

(4) WhenBREQ is high during a Tx state, at the end of the next state the H8/500 CPU drives tl
BACK signal high to indicate that it has regained possession of the bus (and that CPU cyc|
will resume).

(5) CPU cycles resume at the end of the next stateBft€K goes high.
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CPU cycles A Bus-released cycles _|_CPU cycles
Two-state
= access — ™|

Ty —ft—T1 —fat—Toy ot TX >t TX—>fa— TX—> TX—— T —
v A\
A19-Ag Address X Address ‘
Dis-Do { Data
AS, RD | i ‘
LWR, HWR High 1 1
BREQ (input) \ -/
BACK (output) 3 3 : /

@ @ ® 4) ®)

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

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

(1) TheBREQ pin is sampled at the start of thg T,, and T, states. IBREQ is low, at the end
of the bus cycle the H8/500 CPU halts and enters the bus-released state.

(2) In the case of three-state access, at the end of 8tat& theBACK signal goes low to indicate
that the bus-released state has been entered. The addresg twd jAdata bus (R to D),
and bus control signalsA§, RD, LWR, HWR) are placed in the high-impedance state.

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

(4) CPU cycles resume at the end of the next stateBft€K goes high.
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CPU cycles _|_  Bus-released cycles | CPU cycles
Three-state access

< TX—»faTX—>|aTX—>eT1 >
° L
A19-Ao X Address
Dis-Do ( Data ‘
AS, RD \ | |
LWR, HWR High 1 1
BREQ (input) /
BACK (output) | \ | /

(€] @ 3 ()]

Figure 2-24 Bus Release during Three-State Access (Read Cycle Example)
(6) Bus-Release Operation during Internal CPU Operations
Figure 2-25 shows the timing when the bus is requested during internal CPU operations.

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

(1) TheBREQ pin is sampled at the start of thestate. IfBREQ is low, at the end of the internal
cycle the H8/500 CPU halts and enters the bus-released state.

(2) In the case of internal CPU operations, at the end ostaie thBACK signal goes low to
indicate that the bus-released state has been entered. The addresstbus)(Alata bus (R
to D,), and bus control signalsA§, RD, LWR, HWR) are placed in the high-impedance state.

(3) WhenBREQ is high during a Tx state, at the end of the next state the H8/500 CPU drives tl
BACK signal high to indicate that it has regained possession of the bus (and that CPU cyc|
will resume).

(4) CPU cycles resume at the end of the next stateBft€K goes high.
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CPU cycles _|_  Bus-released cycles | CPU cycles
Internal CPU operation

|« TX < TX—>|eTX—>faT; >
¢ L
A1g-Ao X Address
D15-Do Hi-Z : — Hi-Z
AS, RD High | 1
LWR, HWR High 1
BREQ (input) /
BACK (output) \ } /

(1) (2 (3 4
Figure 2-25 Bus Release during Internal CPU Operation

(7) Notes

* The H8/500 CPU does not accept interrupts while in the bus-released state.

» TheBREQ signal must be held low unBACK goes low. IfBREQ returns to the high level
beforeBACK 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 place
the stopped state. The H8/500 CPU enters the reset state when®ES$ tiie goes low, unless
the H8/500 CPU is currently in the hardware standby mode.

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 mo
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 Mode
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 device
be accessed. Modes 1, 2, and 6 are expanded minimum modes, supporting a 64-kbyte addre
space. Modes 3, 4, and 5 are expanded maximum modes, supporting a maximum 1-Mbyte a
space. When using modes 1 to 6, refer to section 3.6, Notes on Use of Externally Expanded
Modes of H8/539F (Dual Power-Source Model). See section 3.7, Notes on H8/539F S-Mask
A-Mask Models (Single Power Source Model), concerning all modes (1 to 7) in the H8/539F S
mask and A-mask models (single power source model).

Mode 7 is a single-chip mode: all 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 summarize
selection of operating modes.

Table 3-1 Operating Mode 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 g a g g g
Mode 1 0 0 1 Expanded Minimum  Enabled*' Disabled 16 bits
minimum mode
mode
Mode 2*° 0 1 0 Expanded Minimum  Enabled*' Enabled 8 bits
minimum mode
mode
Mode 3 0 1 1 Expanded Maximum  Enabled*' Disabled 16 bits
maximum mode
mode
Mode 4*° 1 0 0 Expanded Maximum  Enabled** Enabled 16 bits
maximum mode
mode
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Table 3-1 Operating Mode Selection (cont)

MCU CPU

Operating Operating  On-Chip On-Chip Data Bus

Mode MD, MD, MD, Description Mode RAM ROM Width

Mode 5 1 0 1 Expanded Maximum  Enabled*' Disabled 16 bits*’
maximum mode
mode

Mode 6 1 1 0 Expanded Minimum  Enabled*' Disabled 16 bits*?
minimum mode
mode

Mode 7*° 1 1 1 Single-chip  Maximum  Enabled Enabled d
mode mode

Legend

0: Low

1: High

O : 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 source model (V,, = 12 V), when pin settings are made for mode 2, 4,
or 7 and 12 V is applied to the V,, pin, flash memory can be programmed or erased.
See section 19, Flash Memory (H8/539F Dual Power Source System (V,, = 12 V)) for
details.

In the S-mask model (single power source), when pin settings are made for mode 4 or 7
and pin FWE is in the high level input state, flash memory can be programmed or
erased. See section 20, Flash Memory (H8/539F S-Mask and A-Mask Models: Single
Power Source) for details.

S-Mask and A-Mask Models (Single Power SourceProgramming/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 and A-Mas
Models).

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 mpsi| 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 MD2 to MDg. MDCR latches the inputs at the mode pins
(MD> to MDy) at the rise of the RES signal.

(1) Bits 7 and &1 Reserved:Read-only bits, always read as 1.
(2) Bits 5 to 31 Reserved:Read-only bits, always read as O.

(3) Bits 2 to @ Mode Select 2 to 0 (MDS2 to MDS0)These bits indicate the values of pins
MD, to MD, latched at the rise of tHRES signal (the current operating mode).

MDS2 to MDSO correspond to pins M MD,.

MDS2 to MDSO are read-only bits.
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3.3 Operating Mode Descriptions

331 Mode 1 (Expanded Minimum Mode)

In mode 1 the data bus is 16 bits wide. The bus controller's byte area register (ARBT) is enabils
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 Mode)
In mode 2 the data bus is eight bits wide. The on-chip ROM is enabled.
The maximum address space supported in mode 2 is 64 kbytes.

The bus controller's byte-area register (ARBT) is disabled in mode 2.

3.3.3 Mode 3 (Expanded Maximum Mode)

In mode 3 the data bus is 16 bits wide. The bus controller's byte area register (ARBT) is enabils
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.

3.34 Mode 4 (Expanded Maximum Mode)

In mode 4 the data bus is 16 bits wide. The bus controller's byte area register (ARBT) is enabils
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.

3.35 Modes 5 and 6

Mode 5 is functionally identical to mode 3, and mode 6 is functionally identical to mode 1. Whe
the chip comes out of reset, however, the bus controller's byte area register (ARBT) is disabled
modes 5 and 6 and eight-bit, three-state access is performed throughout the address space. T
byte area register can be enabled by setting the BCRE bit to 1 in the bus control register (BCR]

3.3.6 Mode 7 (Single-Chip Mode)
The external address space cannot be accessed.
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3.4 Pin Functions in Each Operating Mode

The pin functions of the 1/O ports vary depending on the operating mode. Table 3-3 summari:
the functions in each mode. Selection of pin functions is described in section 10, "I/O Ports."

Table 3-3 Pin Functions in Each Mode

Expanded Minimum Modes Expanded Maximum Modes Single-Chip Mode

Port Modes 1 and 6 Mode 2 Modes 3 and 5 Mode 4 Mode 7
Port1 Data bus*® Data bus Data bus*® Data bus Input/output
(D, to D) (D, to D,) (D, to D,) (D, to D) port
Port2 Data bus Input/output Data bus Data bus Input/output
(D,t0 D,) port (D,t0 D) (D,t0 D,) port
Port 3  Input/output Input/output Input/output Input/output Input/output port**
port** port** port** port**
Port4  Input/output Input/output Input/output Input/output Input/output port**
port** port** port** port**
Port5 Input/output Input/output Input/output Input/output Input/output port**
port** port** port** port**
Port 6 Input/output Input/output Input/output Input/output Input/output port**
port** port** port** port** IRQ,, IRQ,
IRQ,, IRQ, IRQ,, IRQ, IRQ,, IRQ, IRQ,, IRQ,
Port 7 Input/output Input/output Input/output Input/output Input/output port*®
port® _ port” port* _ portt IRQ, IRQ,,
IRQ,, IRQ,, IRQ,, IRQ,, IRQ,, IRQ,, IRQ,, IRQ,, ADTRG
ADTRG ADTRG ADTRG ADTRG
Port 8 Input port*® Input port*® Input port*® Input port** Input port*®
Port9 Input port*® Input port*® Input port*® Input port*® Input port*®
Port A Input/output Input/output Input/output Input/output Input/output port*?,
port*?, ** port*?, ** port*?, *? port*?, ** *4
BREQ, BACK, BREQ, BACK, BREQ, BACK, BREQ, BACK,
WAIT WAIT WAIT, address WAIT, address
bus (A, to A,) bus (A toA)
Port B Address bus  Input port/ Address bus Input port/ Input/output
(A t0A) address bus (A t0A) address bus port
(A t0A) (A t0A)
Port C Address bus  Input port/ Address bus Input port/ Input/output
(A,t0A) address bus (A,t0A) address bus port
(A, to A) (A, to A)

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 (D, to D,) is enabled,
and the lower half (D, to D,) 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 (D, to
D,) by a byte area top register (ARBT) setting. In modes 1, 3, and 4, the external bus
space has a 16-bit bus width (D, to D ) 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 (D,, to D,) is enabled,
and the lower half (D, to D,) 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). Figur
2 shows a memory map for the expanded maximum modes (modes 3, 5, and 4). Figure 3-3 sh
a memory map for single-chip mode (mode 7).

H'0000 H'0000
HooFF | _Vectortable | HOOFF | Vectortable |
H'0100 H'0100
On-chip ROM
External (16 kbytes)
Memory space
H'3FFF
H'4000 External
H'EETF H'EE7F Memory space
H'EESO On-chip RAM H'EESO 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 ( ytes)
Modes 1 and 6 Mode 2

Figure 3-1 Memory Map in Expanded Minimum Modes
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H'00000

H'001FF
H'00200

H'OEE7F
H'OEE80

H'OFE7F
H'OFE80

H'OFFFF
H'10000

H'1FFFF
H'20000

HFFFFF

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
2to 15

H'00000

H'001FF
H'00200

H'03FFF
H'04000

H'OEE7F
H'OEES80

H'OFETF
H'OFE80

H'OFFFF
H'10000

H'1FFFF
H'20000

H2FFFF
H'30000

HFFFFF

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
2t015

Figure 3-2 Memory Map in Expanded Maximum Modes
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H'00000

Hoo1FF | Vectortable
H'00200
On-chip ROM
(16 kbytes)
H'03FFF
H'04000
H'OEE7F
H'OEE80 |  On-chip RAM
H'OFETE (4 kbytes)
H'OFES80 . .
On-chip registers
H'OFFFF (384 bytes)
H'10000 .
On-chip ROM
H'1FEEE (64 kbytes)
H'20000 .
On-chip ROM
(64 kbytes)
H'2FFFF

Mode 7

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

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

 Initialize the@OE bit* to 1 before an external space access.

When using the H8/539F in an externally expanded mode with on-chip ROM enabled (mode ~
4), the@OE bit in theg control registerCR) must be initialized to 1 before accessing the extern:
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
5, or 6), hardware standby mode must be entered at power-on. Figure 3-4 shows the power-c
timing.

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

Note: * For details, see section 21¢5Clock Output Prohibit Function.

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

45v |
Vee
A~ VIH (V0.7 V)
STBY " VIL (0.4 V)
Ay e
VIL (0.4 V)
RES /]

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

Figure 3-4 Power-On Timing
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3.7 Notes on H8/539F S-Mask and A-Mask Models (Single Power Source
Model)

The following points should be noted when using the H8/539F S-mask and A-mask models (sir
power source model) in any of modes 1to 7.

At power-on, set hardware standby mode in all modes (1 to 7) with the H8/539F S-mask and A
mask Models (single power source).

Figure 3-5 shows the power-on timing.

Note that when g output is disabled ghgin 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
of Externally Expanded Mode of H8/539F (Dual Power Supply Model).

Note: For details, refer to 21¢Clock Output Prohibit Function.

45V 7

Vee
| VIH (V0.7 V)
STBY CIVIL 0.4V)
VIL (0.4 V)
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 excep
There are three types of instruction exceptions: invalid instruction, trap instruction, and DIVXU
instruction with zero divisor.

Handling of these exceptions is described next.

4.1.1 Exception Handling Types and 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 prio
order.

Table 4-2 lists the types of instruction exception handling. Instruction exceptions cannot occu
simultaneously, so there is no priority order.

Table 4-1 Exception Types and Priority

Priority Exception Type Source Start of Exception Handling

High Reset RES input Rising edge of RES signal

TD Address error Invalid access (address error) End of instruction execution

E Trace Trace hit (T) =1 in SR End of instruction execution

% Interrupt External or internal interrupt End of instruction execution or
I_low request end of exception handling

Table 4-2  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 a flowchart 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.
maximum mode the code page register (CP), PC, and SR are saved on the stack. Nextthe T |
the status register is cleared to 0, the start address corresponding to the exception source is re
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 |

!

Start of program execution

Figure 4-1 Exception Handling Flowchart
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4.1.3 Exception Sources and 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 vect
table is located in page 0. For internal interrupt vectors, see table 6-3, "Interrupt Priorities anc
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

* Instructions

Figure 4-2 Classification of Exception Sources
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Table 4-3  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 below.

When theRES pin goes low, all processing halts and the chip enters the reset state. A reset
initializes the internal state of the H8/500 CPU and the registers of on-chip supporting module
When theRES 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 wherRIB8 pin goes low.

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

See appendix G, "Pin States" for the states of the pins in the reset state.

When theRES pin rises to the high level after being held low for the necessary time, the H8/50
CPU begins reset exception handling. Figure 4-3 shows the sequence of operations at the er
the reset state.

RES pin

End of reset (low-to-high transition)

( Reset exception handling )
[

| MD2-¢ - MDS2-0 | (1) Values of mode pins (MD2 to MDy) are latched
T in bits MDS2 to MDSO0 in MDCR.
| 0 - T bit (SR) |
T (2) T bitin SR is cleared to 0 to disable trace mode.
| 1~ I to I bits (SR) | Interrupt mask bits I, to Io are all set to 1 (level 7).
I
| Start address - CP |
I (3) Start address is loaded from vector table. H8/500
| Start address — PC | CPU starts program execution from that address.

Program execution begins

Figure 4-3 Reset Exception Handling Flowchart

Rev. 3.0, 02/99, page 85 of 904
RENESAS



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 is located at addresses H'0000 and H'0001. When exceptio
handling begins, the H8/500 CPU copies the reset vector into the program counter (PC). Prog
execution then starts from the PC address.

H'0000 PCH
H'0001 PCL

_ _

Figure 4-4 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 eif
bit-bus three-state-access address space.

o JUUTUUUTUITUUIUUTUTUUruirvurvrivruryuiuuiy
RES
\
A15Ag Vector address |\ Vector address ?3) X X
D7 —Do—{(2)} (Vector (PCH)>——( Vector (PC,) )——( 4) )—( )——( )—
RD [ [ [] 1 [
Reset interval* Internal pro-  Fetching Fetching Prefetching first instruc- Instruction
cessing cycles reset reset tion of program execution
vector (PCy)  vector (PC) starts
(1) Instruction prefetch address (3) Program start address
(2) Operation code (4) First operation code of program
Note: * H8/539F: at least six system clock cycles (6¢)
HB8/539F S-mask model: at least 20 system clock cycles (20¢)

Figure 4-5 Reset Sequence in 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 is located at addresses H'0000 to H'0003. When exceptio
handling begins, the H8/500 CPU copies the reset vector into the code page register (CP) anc
program counter (PC), ignoring the vector data at H'0000. Program execution then starts fron
CP and PC address.

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

_ _

Figure 4-6 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 1
bus two-state-access address space.

|
RES _‘—, V: Vector address
Internal
address bus VNV ) X X:X X X:
Internal HoHOHH -
data bus —@ @_m_ Bal
Dy5- Dy CP PC
Internal
e LI L] RN
Reset
vector

Reset interval*

Internal processing
cycles

Fetching Prefetching

Instruction execution

reset
vector

first instruction starts
of program

(1) Instruction prefetch address

(3) Program start address
(2) Operation code

(4) First operation code of program
Note: * H8/539F: at least six system clock cycles (6¢)
HB8/539F S-mask model: at least 20 system clock cycles (20¢)

Figure 4-7 Reset Sequence in Maximum Mode
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4.2.3 Interrupts after Reset

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

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

Examples:

1. Minimum mode
.ORG H'0000
MOV.W #H'FE8O0, SP

2. Maximum mode
.ORG H'0000
LDC.B #H'00, TP
MOV.W #H'FE8O0, SP

4.3 Address Error
An address error occurs when invalid access is attempted. There are three types of address e

1. Address error in instruction prefetch
2. Address error in word data access
3. Address error in single-chip mode

When an address error occurs, the H8/500 CPU begins address error exception handling and «
the 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 Address Error in Instruction Prefetch

An attempt to prefetch an instruction from the on-chip registers at addresses H'FE80 to H'FFF
causes an address error.

The address error exception handling sequence for this case is:

| Instruction prefetch from on-chip register area (H'FE80 to H'FFFF)

l

| Wait for execution of current instruction to end

i

| Address error exception handling

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

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

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

<Page 0>
H'0000
H'FE7D (3 bytes)
H'FE80
On-chip register area Areas in which instruction
H'FFFF prefetch leads to address error

Figure 4-8 Areas in which Instruction Prefetch Leads to Address Error

4.3.2 Address Error in Word Data Access

An address error occurs if an attempt is made to access word data starting at an odd address
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 Upper data Word data located at
2m+2 Lower data odd address (error)

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

Figure 4-9 Example of lllegal Location of Word Data

4.3.3 Address Error in Single-Chip Mode

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

(1) Access to Addresses H'04000 to H'OEE7F and H'30000 to H'FFFFFt single-chip mode
these addresses form a missing address area; they are assigned neither to on-chip memory nc
on-chip registers.

Instruction prefetch, byte data access, or word data access in the missing address area causes
address error. An address error also occurs if an instruction is located in the last three bytes of
chip ROM in page 0, because the H8/500 CPU will attempt to prefetch the next instruction fron
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-chij
ROM in page 1 or page 2.
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Page O

H'00000
ROM area (3 bytes)
HO3FFD - Missing address area
H'04000 | - (data access also causes an address error)
H'OEE7F | ’
H'OEE80
On-chip
: RAM area

H'OFE7D (3 bytes)
H'OFE80 ] ] |:| Areas in which instruction prefetch
H'OFFFF On-chip register area leads to address error

Figure 4-10 Areas in which Instruction Prefetch Leads to Address Error
(Single-Chip Mode)

(2) Access to Disabled RAM AreaWhen the on-chip RAM area is disabled in single-chip mode
addresses H'04000 to H'OFE7F are also a missing area. Instruction prefetch, byte data access
word data access in this missing address area causes an address error. An address error als
if an instruction is located in the last three bytes of on-chip ROM in page 0, because the H8/5(
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-ch
ROM in page 1 or page 2.

H'00000
ROM area
/(3 bytes)

H'0O3FFD -
H'04000 | 1
H'OEESO | TSI Missing address area

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

: (on-chip RAM

: disabled) :
H'OFE80 . .

On-chip register area I:I Areas in which instruction prefetch

H'OFFFF leads to address error

Figure 4-11 Areas in which Instruction Prefetch Leads to Address Error
(Single-Chip Mode with On-Chip RAM Disabled)
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4.4 Trace

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

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

In trace exception handling the T bit in SR is cleared to O to disable trace mode. The interrupt
mask level in bits 12 to 10 is not changed, however; interrupts are accepted during trace excepti
handling.

The trace exception-handling routine should end with an RTE instruction. When the trace routi
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 a bus cycle, so it does not normally conflict with trace exception handling.
One instruction is always 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 pri
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 tl
address error exception handling routine. After return from address error exception handling, c
instruction is executed, then trace mode resumes.

4.5 Interrupts

There are five external sources of interrupt exception handling (WQ|, IRQ,, IRQ,, IRQ.) and

39 sources in the on-chip supporting modules. Table 4-4 classifies the interrupt sources. The
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 is the highest-priority interrupt and is always accepted*. The other 43 interrupt sources ar
controlled by the interrupt controller. The interrupt controller arbitrates between simultaneous
interrupts by means of internal registers in which interrupt priorities are assigned to each modu

The interrupt priorities are set in interrupt priority registers A to F (IPRA to IPRF) in the interrup
controller. An interrupt priority level from 7 to O can be assigned to IRQO. A single priority leve
from 7 to O can be assigned collectively to IRQ1, IRQ2, and IRQ3. Independent priority levels
from 7 to 0 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 inpu
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 respor
to an interrupt. The DTC can transfer data in either direction between memory and 1/0 withou
using the CPU.

Whether to start the DTC can be selected on an individual interrupt basis in data transfer enalt
registers A to F (DTEA to DTEF) in the interrupt controller. The DTC is started if the
corresponding bit in DTEA to DTEF is set to 1. If this bit is cleared to 0, 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.”

Table 4-4  Interrupt Sources

Interrupt Category Number of Sources
External interrupts NMI 1
IRQO 1
IRQ1-IRQ3 3
Internal interrupts IPU 29
SCI1 4
SCI2/SCI3 4
A/D converter 1
WDT 1
4.6 Invalid Instructions

An invalid 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 starts invalid
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 clearec
0, but the interrupt mask level (12 to 10) is not changed.
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4.7 Trap Instructions and Zero Divide

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

In the exception-handling sequences for these exceptions the T bit of the status register is clea
to 0, but the interrupt mask level (12 to 10) is not changed.

If a normal interrupt is requested during execution of a trap or zero-divide instruction, interrupt
handling begins after the exception-handling sequence for the trap or zero-divide instruction ha
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 address is read from
corresponding location in the vector table.

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

If the V flag is 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 DIVXU instruction.
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4.8 Cases in which Exception Handling is Deferred

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

48.1 Instructions that Disable Exception Handling

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

After executing one of these instructions, the H8/500 CPU always executes the next instructio
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 exect
See the following example.

Example:

Program flow

- Interrupt controller notifies H8/500 CPU

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

MOV.W  #H'FEBO,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 Immediately after a Reset

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

If an interrupt is accepted after a reset but before SP is initialized, the program counter and sta
register will not be saved correctly, leading to a program crash. To prevent this, in minimum
mode the first instruction after a reset should initialize SP. In maximum mode, the first instructi
after a reset should be an LDC instruction initializing TP, and the next instruction should initiali
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
transfer cycle, when the data transfer cycle ends, the H8/500 CPU always executes the next
instruction before handling the second interrupt.

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

Example:

! Program flow

<] DTC interrupt request

/ Data transfer cycle | <] 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,R0O To NMI exception handling
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4.9

Stack Status after 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 exceptic

in minimum and maximum modes.

Table 4-5  Stack after Exception Handling
Exception
Source Minimum Mode Maximum Mode
Trace, interrupt, B s ~ ~
trap instruction,
DIVXU sP]> SR (upper 8 bits) TP:SP)> SR (upper 8 bits)
(zero divide) SR (lower 8 bits) SR (lower 8 bits)
| Nextinstruction address (upper 8 bits) | | [ Dontcare .
Next instruction address (lower 8 bits) Next instruction page address (8 bits)
Next instruction address (upper 8 bits)
Next instruction address (lower 8 bits)
~ ~ ~l ~

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

the exception occurred.

Invalid instruction

SPD> SR (upper 8 bits) TP:SPD SR (upper 8 hits)
””””” SR (lower 8 bits) | SR(lower8bits)
| PC (upper 8 bits) when error occurred Don't care

PC (lower 8 bits) when error occurred L Cﬁ(éélts)whehérr;)r occhrfeci o
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 not necessarily the address of the first byte
of the invalid instruction.

Address error

sP> SR (upper 8 bits) TP:SP)

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

PC (lower 8 bits) when error occurred

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

~

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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49.1 PC Value Pushed on Stack for Trace, Interrupts, Trap Instructions, and Zero
Divide Exceptions

The PC value pushed on the stack for a trace, 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 Instruction 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.

410 Notes on Use of the Stack

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

1. Always set SP on an even address.
If SP indicates an odd address, an address error will occur when the H8/500 CPU accesses
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 ¢
from the stack.

2. @-SP and @SP+ addressing modes
To keep SP pointing to an even address, in thi8and @SP+ addressing modes the H8/500
CPU performs word access even if the instruction specifies byte size.
This is not true in the @n (pre-decrement) and @Rn+ (post-increment) addressing modes
when Rn is a register from RO to R6.
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Section 5 H8 Multiplier (H8MULT)

51 Overview

The on-chip multiplier module (H8MULT) can perform 16-kil6-bit signed or unsigned
multiply and multiply-accumulate operations. These operations can be speeded up by a bus-
stealing function.

51.1 Features
Features of the HBMULT module are listed below.

» 16-bitx 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.
» Multiply-and-accumulate operations can be executed in three clock cycles
Saturating or non-saturating operation can be selected. The results of non-saturating multi
accumulate operations are stored in 42-bit form. The results of saturating multiply-accumul
operation are stored in 32-bit form. Up to three multiplier values can be designated in the
H8MULT registers in advance, an arrangement ideally suited for second-order digital filteri
e Built-in bus-stealing function
For higher-speed operation, the bus-stealing function enables multipliers and multiplicands
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 HBMULT module.

Legend
MLTCR:
MLTAR:

MLTMAR:

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

C

<

Internal address bus (A;s to Ag) >
Internal data bus (Dj5 to Do) >
MLTBR
il
y -
- i A [
Y Y Y
MLTCR | MLTAR || MLTMAR |
S-ON
Y y A
1]
a MAC,
©
£ MUL,
© CLR
Q
S L~
e}
o
= Y -
A
V
-~ MCA
Multiplier matrix
-~ MACXH ~— MCB
- MACH
- MACL MCC
~ - = MR
MULT control register
MULT multiplier address register <—>| MMR
MULT multiplicand address register Y

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

Figure 5-1 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.

Table 5-1 H8MULT Registers

Type Address Name Abbreviation R/W Initial Value
Control H'FFAO  MULT control register MLTCR R/W  H'38
registers  \yFEA1 MULT base address register MLTBR RIW  H'00
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
registers*” iFFB2  MULT multiplier register B MCB R/W  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*? Undetermined
H'FFBA  MULT result register, low word MACL R/W*? 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: MOV.W #aa:16, @MACH
MOV.W #aa:16, @MACL
These instructions must be executed consecutively.
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5.2 Register Descriptions

This section describes the HBMULT 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

| etk | son| - | - | - [ sieN | muL | maC |
Initial value 0 0 1 1 1 0 0 0
R/W R/W R/W R R R R/W R/W R/W

Multiply-accumulate bit
Enables or disables the
multiply-accumulate
function

Multiply bit
Enables or disables
the multiply function

Sign hit
Selects signed arithmetic

L-Reserved bits

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

—Clear hit

Simplifies the procedure for initializing MULT result
registers MACXH, MACH, and MACL

Bit 7—Clear (CLR): The purpose of this bit is to simplify the procedure for initializing MULT
result registers MACXH, MACH, and MACL. If the CLR bit is set to 1, when a write 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.
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Bit 6—Bus-Steal On (S_ON):Enables or disables the bus-stealing function. If the S_ON bit is ¢
to 1, data can be set in the MULT registers at the same time as the CPU accesses memory. |f
S _ON bit is cleared to 0, this bus-stealing function is disabled.

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

Bits 5 to 3—ReservedThese bits are reserved for future expansion. They are always read as
and cannot be modified.

Bit 2—Sign (SIGN): Specifies signed arithmetic. The multiplication is performed in signed moc
if the SIGN bit is set to 1, and in unsigned mode if the SIGN bit is cleared to 0. When a multipl
accumulate operation is executed, the operation is performed in non-saturating mode or satur
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 occt
set bit 0 in the MACXH register to 1. The results of non-saturating multiply-accumulate
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 Multipl
Accumulate Functions."”

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 ti
same time. If both bits are set to 1, neither function is enabled.

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 function is enable

5.2.2 MULT Base Address Register

The MULT base address register (MLTBR) is a readable/writable register that specifies the up
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

| | | | | | | | |
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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5.2.3 MULT Multiplier Address Register

The MULT multiplier address register (MLTAR) is a readable/writable register that specifies the
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

5.24 MULT Multiplicand Address Register

The MULT multiplicand address register (MLTMAR) is a readable/writable register that specifie
the lower eight bits of the memory address of the multiplicand in multiply or multiply-accumulat
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

5.2.5 MULT Multiplier Register A

MULT multiplier register A (MCA) 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 R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

MULT multiplier register B (MCB) 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 R/W R/W R/W R/W R/W R/W 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 R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: MCC requires word-size access.

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 wW W W W W W W W W W W W W W W W

MR is a write-only register. When read, it always returns H'FFFF.

Note: MR requires word-size access.
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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-accumulate operations.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value - - - - - - - - - - - - - - - -
R/W wW wW W W W W W W W W W W W W W W

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

Note: MMR requires word-size access.

5.2.10 MULT Result Register, Extended High Word

The MULT result register (MACXH) is a 16-bit readable/writable register that stores the upper 1
bits of the 42-bit result of a non-saturating multiply-accumulate operation. The sign-extended
value of bit 9 is set in bits 15 to 10 of MACXH.

MACXH is not 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 value - - - - - - - - - - - - - - - -
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

Bit 0 of the MACXH register is an overflow flag (OVF) that is set to 1 when the result of a
saturating multiply-accumulate 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 b
31 to 16 of a non saturating multiply-accumulate operation.
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value - - - - - - - - - - _ _ _ _ _ _

R/W R/W R/W R/W R/W R/W R/W R/W R/W 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 bi
15 to 0 of a non saturating multiply-accumulate operation.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Initial value - - - - - - - - - - - - - - - -
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: MACL requires word-size access.

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-accumulate operations.

5.3.1 Initialization of MULT Result Registers

MULT result registers MACXH, MACH, and MACL are not initialized by a reset. In a multiply-

accumulate operation, in which the multiplication result is added to the value in the MULT rest
registers, the MULT result registers must be initialized before use, either by clearing them or k
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 be initialized by writing to them
individually. The MACH and MACL registers must be written to consecutively.

Rev. 3.0, 02/99, page 107 of 904
RENESAS



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

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

(2) One-Step Initialization: All three registers can be initialized at once. MACXH, MACH, and
MACL are all 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 access to MACXH, MACH, or MACL. It
does not operate at a read access, or a write access to any other register, so the CLR bit does
necessarily have to be cleared to 0 after one-step initialization.

5.3.2 Writing to 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 writes to MCA, MCB, or MCC by direct addressing. Specify
the address of MCA, MCB, or MCC as the destination operand in a write instruction. Be sure tc
use a word-size instruction.

Example:

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

(2) Loading Data by Bus StealingWhen the CPU accesses its memory address space, the dat
on the data bus can be loaded automatically into a MULT 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."
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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 @FES80 and load same data into MCA

MOV.W @FES80, RO ; Read data from @FES80 and load same data into MCA
: TST.W @FES8O 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
multiply-and-accumulate two values stored in memory.

The bus-stealing function can be enabled or disabled by bit 6 (S_ON) in the MULT control
register (MLTCR).

(1) Loading of Multiplier by Bus Stealing: Figure 5-2 shows the loading of data into register
MCA by bus stealing. If the S_ON bit is set to 1, the HBMULT module monitors the address bl
when the CPU accesses its memory address space, and compares the address on the bus wi
MULT base address register (MLTBR) and MULT multiplier address register (MLTAR).

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

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

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

S_ON (MLTCR bit 6)

A

MCA (#aa: 16) |-

Bus Read/write

interface

t «

MCB -

Mcc - Controls writing to registers

Data on bus loaded into MCA

Figure 5-2 Loading of Data into Register MCA by Bus Stealing

(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.
the S_ON bit is set to 1, the HSMULT module monitors the address bus when the CPU access
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 bits) = @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 accumulated.

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

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

;] Address comparator ‘
Multiplier matrix | ] |
- S_ON (MLTCR bit 6) |
- - |
Multiplier ! . !
| ! Read/write 1
MCA (#aa: 16) > S — Bus-stealing control section -----------
| Bus | |
mcB " |interface
MCC > Multiplier selected automatically

Figure 5-3 Loading of Multiplicand and Activation of Multiplier by Bus Stealing

5.34 Multiply and Multiply-Accumulate Functions

The HBMULT module can execute ¥616-bit multiplication, and accumulate products up to a
data length 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 data in memo
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.

(a) Select the multiply function.

O Unsigned multiplication: Set bits 2 to 0 (SIGN, MUL, MAC) in the MULT control register
(MLTCR) to 010.

0 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.
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Be sure to use word-size data transfer instructions to load the multiplier and multiplicand. Tt
instruction that loads MMR must be executed immediately after the instruction that loads Mt
A coding example is given next.

Example: signed multiplication, #AAAAX #BBBB
MOQOV.B #06, @MLTCR ;SIGN=1, MUL =1
MOV.W #AAAA, @MR ; Load multiplier
MOV.W #BBBB, @MMR ; Load multiplicand and start multiplying

(2) Multiply: Multiplier Loaded by Bus Stealing, Multiplicand Loaded Directly: The
procedure is given next.

(a) Select the multiply function.
See under (1).

(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 address in MLTBR and th
lower eight bits in 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)

Figure 5-4 MLTBR and MLTAR Settings

(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.
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Example: Unsigned multiplication, multiplier#BBBB, multiplier loaded from @EES80 on
memory by bus stealing

MOV.B #42, @MLTCR
MOV.B #EE, @MLTBR
MOV.B #80, @MLTAR

MOV.W @EES80, RO

MOV.W #BBBB, @MMR
multiplier x #BBBB

;S ON=1,MUL=1
; Multiplier address = #EE80
; Access multiplier address

; Bus-stealing function loads multiplier into MCA
; Load multiplicand to start multiplying

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

Multiplier matrix

#BBBB #(multiplier 0) is loaded by bus stealing

into MCA and multiplier matrix

MCA

MCB

MCC

Figure 5-5 Multiplication Data Flow

(3) Multiply: Multiplier and Multiplicand Loaded by Bus Stealing

(a) Select the multiply function.

See under (1).

(b) Select the bus-stealing function.

See under (2) (b).

To load the multiplicand by bus stealing, in addition to the steps in (2) (b), set the lower eig
bits of the address where the multiplicand will be located in the MULT multiplicand address
register (MLTMAR). See the example in figure 5-6.
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Memor
H8MULT emory

MLTBR HEE HEESO

MLTAR #80 H'EE82 #(multiplier 1)

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

#(multiplier 0)

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

Figure 5-6 MLTBR, MLTAR, and MLTMAR Settings

(c) Set the multiplier and multiplicand

Access the multiplier, then the multiplicand. The two accesses do not have to be consecutiv
When the multiplier is accessed in memory, it is temporarily 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 HBMULT 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. Figur
5-7 shows the data flow.

Example: Unsigned multiplication, multiplier (@ EE80)nultiplicand (@EEAO), loaded
from memory by bus stealing

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

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

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

MOV.W @EEAOQ, 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 Loading of Multiplier and Multiplicand: The procedure
is given next.

(a) Select the multiply-accumulate function.

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

O 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.

(b) 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)(multiplicand) + (constant).

Be sure to use word-size data transfer instructions to load the multiplier and multiplicand.

instruction that loads MMR must be executed immediately after the instruction that loads M

A coding example is given next.

Example: Non-saturating multiply-accumulate, #AAAABBBB + #CCCC
BSET.B #7, @MLTCR ;CLR=1
CLR.W @MACXH ; Initialize MACXH, MACH, and MACL
BCLR.B #7, @MLTCR ;CLR=0

MOV.W #0000, @MACH

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

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

MOV.W #AAAA, @MR ; Load multiplier

MOV.W #BBBB, @MMR ; Load multiplicand and start multiplying

(5) Multiply and Accumulate: Multiplier Loaded by Bus Stealing, Multiplicand Loaded
Directly: The procedure is given next.

(a) Select the multiply-accumulate function.
See under (4).
(b) Select the bus-stealing function.
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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 address in MLTBR and th
lower eight bits in MLTAR.

(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.

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

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

MOV.W #0000, @ MACH

MOV.W #CCCC, @MACL

MOV.B #41, @MLTCR ;S ON=1, MAC=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.

(6) Multiply and Accumulate: Multiplier and Multiplicand Loaded by Bus Stealing

(a) 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 steps in (5) (b), set the lower eigt
bits of the address where the multiplicand will be located in the MULT multiplicand address
register (MLTMAR).
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(c) Set the multiplier and multiplicand

Access the multiplier, then the multiplicand. The two accesses do not have to be consecut
When the multiplier is accessed in memory, it is temporarily 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 HBMULT 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 (@ KE80)
multiplicand (@EEAOQ) + #CCCC

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

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

MOV.B #41, @MLTCR ;S ON=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 @EEAQ, RO ; Access multiplicand address; HBMULT loads
; multiplicand by bus-stealing function, fetches
; multiplier from MCA, loads multiplier into
; multiplier matrix, and starts multiplying
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Section 6 Interrupt Controller

6.1 Overview

The interrupt controller decides when to start interrupt exception handling and when to start th
data transfer controller (DTC), and arbitrates between competing interrupts. This section
describes the interrupts and the functions, features, internal structure, and registers of the inte
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:

» Six interrupt priority registers (IPR)
Priority levels from 7 to 0 can be assigned to IRQO, IRQ1 to IRQ3, and each of the on-chip
supporting modules, covering all interrupts except NMI.

» Default priority order for simultaneous interrupts on the same level

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

» Six data transfer 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 inpu
disabled. See section 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.

P Interrupt controller --------------—---
NMI - NMI
— S ! request
IRQg 1 = |
IRQ; to IRQ3 —m 2 |
%) ! & o !
g | ipu —= 2 ‘
D2 | . 0}
(n 2 : - -c —
- + >\ I
§ § wWDT ‘ é ,g % |
< scil : 2 g :
g g O |E o g "1 )—=Interrupt
- SCI2/SCI3 : L 5 " request
2 * | AIDconverter ——— ] o
3] R
= ‘ L ‘
! e !
| a K 3
3 m ~DTC
! = —
! a | 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

Figure 6-1 Block Diagram of Interrupt Controller

6.1.3 3Register Configuration

The interrupt 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"
details of DTEA to DTEF.

Table 6-1 summarizes these registers.
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Table 6-1 Interrupt Controller Registers

Address Name Abbreviation R/W Initial Value
H'FFO0 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 IF
flag register (IRQFR).

Table 6-2  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 H'F1

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 addre
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 a module basis. Rele
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 a reset, all interrupts except NMI are assigned priority 0 and are disabled.
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Table 6-3

Interrupt Priorities and Vector Addresses

Assignable Vector Table Entry Address
Priority Priority Priority 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
Interval timer upper 1 H'0042-0043 H'0084-0087
A/ID ADI 4 bits 0 H'0044-0045 H'0088-008B
converter
IRQ1 7-0 (0) IPRA 2 H'0048-0049 H'0090-0093
IRQ2 lower 1 H'004A-004B H'0094-0097
IRQ3 4 bits 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'00AC-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 CMIL/CMI2 4 bits 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 bits 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'O0E0-00E3
channel IMI2 upper 2 H'0072-0073 H'00E4-00E7
4 CMI1/CMI2 4 bits 1 H'0074-0075 H'O0E8-00EB
ovI 0 H'0076-0077 H'O0EC-00EF
IPU IMI1 7-0 (0) IPRD 3 H'0078-0079 H'00F0-00F3
channel IMI2 lower 2 H'007A-007B H'00F4-00F7
5 CMI1/CMI2 4 bits 1 H'007C-007D H'00F8-00FB
ovI 0 H'007E-007F H'00FC-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 bits 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 bits 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 bits 1 H'009C-009D H'0138-013B
TEI2ITEI3 0 H'009E-009F H'013C-013F Low
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The five external interrupts are NMI and IRQO to IRQS3.

Each external interrupt is described below.

6.2.1 NMI Interrupt

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

In NMI exception handling the T bit in the status register (SR) is cleared to 0 and 12 to 10 are a
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 inpu
disabled. See section 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. NMICR is initialized to H'FE by a reset and in hardware stan
mode. It is not initialized in software standby mode. The NMICR bit structure is shown next.

Bit 7 6 5 4 3 2 1 0
I R N R Y

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

Bits 7 to 1—ReservedRead-only bits, always read as 1.

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

Bit 0

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 frofRQepin or an interrupt signal
from the watchdog timer (WDT). These two interrupt sources have different vectors.

The interrupt from th&RQ, pin is level-sensed. IRQ, input requests an IRQO interrupt if the
interrupt request enable 0 bit (IRQOE) in the IRQ control register (IRQCR) is setto 1. A WDT
overflow requests an IRQO interrupt when the WDT is set to interval timer mode. The WDT the
requests an IRQO interrupt each time the timer counter (TCNT) overflows.

A priority level from 7 to O can be assigned to IRQO in the upper four bits of IPRA. If bit 4 in
DTEA is setto 1, IRQO is served by the DTC.

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

6.2.3 IRQ1 to IRQ3 Interrupt

Interrupts IRQ1 to IRQ3 are requested by interrupt signals frodR@Q@geto IRQ, pins. ThdRQ,

to @3 inputs are sensed on the falling edge. The falling edge generdR,dn | IRQ,

interrupt request if the interrupt request enable 1, 2, or 3 bit (IRQ1E, IRQ2E, or IRQ3E) in the
IRQ control register (IRQCR) is set 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 bits 2 to 0 in DTEA are set, these interrupts are served by the DTC.

In IRQ1, IRQ2, and IRQ3 exception handling the T bit in SR is cleared to 0 and the interrupt m:
level is set to the value selected in the lower four bits of IPRA.

IRQ Control Register (Address H'FF1D): The IRQ control register (IRQCR) enables and
disables inputs dRQ, to IRQ,, andIRQ,. IRQCR is initialized to H'FO by a reset and in hardware
standby mode. It is not initialized in software standby mode. The bit structure of IRQCR is
shown next.

Bit 7 6 5 4 3 2 1 0
| - | - | - | - |irQse | RQeE | IRQIE | 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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Bits 7 to 4—ReservedRead-only bits, always read as 1.

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

Bit 3

IRQT Description

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

Bit 2—Interrupt Request 2 Enable (IRQ2E): Selects the function of pin R6

Bit 2

IRQ2E Description

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

Bit 1—Interrupt Request 1 Enable (IRQ1E): Selects the function of pin R7

Bit 1

IRQLE Description

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

Bit O—Interrupt Request 0 Enable (IRQOE): Selects the function of pin R7

Bit 0

IRQOE Description

0 P7, is used for general-purpose input and output (Initial value)
1 P7, is used for IRQ, 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 inp
the H8/500 CPU sets the 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. T
H8/500 CPU clears IRQ1F, IRQ2F, or IRQ3F to 0 when it outputs the interrupt vector.

IRQFR is initialized to H'F1 by a reset and in hardware standby mode. It is not initialized in
software standby mode. The bit structure of IRQFR is shown next.

Bit 7 6 5 4 3 2 1 0

| - | - | - | - |irosr | RQeF| RQIF| - |
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.

Bits 7 to 4—ReservedRead-only bits, always read as 1.

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 O, in which case the pending
IRQ3 interrupt request is deleted
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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]

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

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

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

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]

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

e Can also be cleared by reading 1, then writing 0, in which case the pending
IRQL1 interrupt request is deleted

Bit 0—Reserved:Read-only bit, always read as 1.

6.24 Internal Interrupts

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

Priority levels from 7 to O are assigned to each module in IPRA to IPRF. DTEA to DTEF indic
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 interrup
mask level in 12 to 11 is set to the value selected in IPRA to IPRF.
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6.3 Register Descriptions

6.3.1 Interrupt Priority Registers Ato F

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 IPRF to H'00.

The bit structure of IPRA to IPRF is shown next.

Bit 7 6 5 4 3 2 1 0

[ o 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

L L Lower four bits

Upper four bits

Bits 7 to 4—Interrupt Priority, Upper Four Bits: These bits select an interrupt priority level.
Bit 7 must always be cleared to 0.

Bits 3 to O—Interrupt Priority, Lower Four Bits: These bits select an interrupt priority level.
Bit 3 must always be cleared to 0.

The on-chip supporting modules are mapped onto the interrupt priority registers as shown in ta
6-4. Each interrupt priority register is assigned two on-chip supporting modules. The upper fol
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 7 to SCI1, set bits 6 to 4 in IPRF to 111.
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Table 6-4  On-Chip Supporting Modules and Interrupt Priority Registers

Bits 6 to 4 Bits 2to O
Register On-Chip Supporting Module On-Chip Supporting Module
IPRA IRQ,, WDT, A/D converter IRQ, to IRQ,
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 SClI1 SCI2/SCI3

Table 6-5 Interrupt Priority Settings in IPRH and IPRL
Bits 6 to 4

orBits2to 0 Interrupt Priority Level
000
001
010
011
100
101
110
111

~N|lo|lga|bh|[lW|N|[F] O

6.3.2 Timing of Priority Changes

The interrupt controller requires two system clock cycles (@ determine the priority level of an
interrupt. Therefore, when an instruction modifies an instruction priority register (IPRA to IPRI
the new priority takes effect starting from the third state after that instruction has been execute

6.4 Interrupt Operations

Interrupt operations are described next.

6.4.1 Operations up to Interrupt Acceptance
Figure 6-2 is a flowchart of the interrupt sequence up to the point at which an interrupt is acce

1. The interrupt controller receives interrupt request signals from one or more on-chip suppor
modules or external interrupt sources.
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2. The interrupt controller checks the interrupt priorities assigned in IPRA to IPRF and selects
interrupt with the highest priority level. Interrupts with lower priorities remain pending.
Among interrupts with the same assigned level, the interrupt controller determines priority a
explained in table 6-3.

3. The interrupt controller compares the priority level of the selected interrupt request with the
mask level in SR bits 12 to 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.

4. After accepting an interrupt, the interrupt controller checks the corresponding bit in DTEA t

DTEF. If this bit is set to 1, the data transfer controller is started. If it is cleared to O,
interrupt exception handling is started.
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Figure 6-2 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 a flowchart. For DTC
operations, see section 7, "Data Transfer Controller.”

1. When the interrupt controller accepts an interrupt, after the H8/500 CPU finishes executing
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 af
Interrupt Exception Handling."

2. The interrupt controller clears the T bit in SR to 0, and sets the interrupt mask level (12 to 10

to the priority level of the interrupt.

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

Maximum Yes

mode?
No Y
Save CP
Y
Save SR
Clear T bit
Trace?
Address
error? ¢

Change mask level

Yes

Y -

L

Y
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 is a timing diagram of the interrupt sequence in minimum mode, for the case in whic
the interrupt handling routine starts at an even address and the program area and stack area a
the external 16-bit-bus two-state-access address space.

0 JUrtiUuriUrriiuur iyt
addressbus (@ Y @ f @  Ysp2) SP-4 e Yo X X
ROT(OL1y |

Data bus
(16 bits)

R L LI
WR N

. -]

QXK@ [pPc) [sr) [vector @)

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) First instruction of interrupt-handling routine

Figure 6-4 Interrupt Sequence in Minimum Mode

Figure 6-5 is a timing diagram of the interrupt sequence in maximum mode, for the case in whit
the interrupt handling routine starts at an even address and the program area and stack area a
the external 16-bit-bus two-state-access address space.
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Address bus ((1) KX @ XSP-ZXSP-4X SP-6 X;dz?ggs)( apector -.

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

@00
RD |_||_||_|
w L

- e B —

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

Figure 6-5 Interrupt Sequence in Maximum Mode

6.4.4 Stack after Interrupt Exception Handling

Figure 6-6 shows the stack before and after interrupt exception handling in minimum mode.
Figure 6-7 shows the stack before and after interrupt exception handling in maximum mode. °
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 address is set in SP, an address error wi
occur when the stack is accessed.
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Address Address

SR (upper 8 bhits)
SR (lower 8 bits)

2m-4 2m-4
2m-3 2m-3
2m-2 2m-2
2m-1 2m-1

Before exception handing ————— =
Save to stack

PC (upper 8 hits)

PC (lower 8 bits)

After exception handling

Jsp

Figure 6-6 Stack before and after Interrupt Exception Handling in Minimum Mode

SR (upper 8 bits)

SR (lower 8 bits)

Don't care

Address i T Address ]
2m-6 2m-6
2m-5 2m-5
2m-4 2m-4
2m-3 2m-3
2m-2 2m-2
2m-1 2m-1

PC (lower 8 bits)

<]sp

Before exception handling ———— »
Save to stack

After exception handling

Figure 6-7 Stack before and after Interrupt Exception Handling in Maximum Mode
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6.5 Interrupts during 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
executed. An example is shown below.

Example:
| Program flow
ADD.W R2,RO <] DTC interrupt request
/ Data transfer cycle |[<_1 NMI interrupt request
MOV.W RO,@H'FE00 After data transfer cycle, H8/500 CPU
executes next instruction before starting
exception handling
MOV.W  @H'FEO2,RO To NMI exception handling
6.6 Interrupt Response Time

The H8/539F can access a memory area in two states via a 16-bit bus. Fastest interrupt serv
obtained by placing the program and stack in this area. Table 6-6 indicates the interrupt respe
time in minimum mode. The maximum number of states occurs when the LDM instruction is
executed with all registers specified.
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Table 6-6  Number of States before Interrupt Service in Minimum Mode

Number of States

Stack Area: 16 ** Stack Area: 8 *?

Instruction:  Instruction: Instruction:  Instruction:
Reason for Wait 16*° g** 16*° g**
Interrupt priority decision and 2 2 2 2
comparison with SR mask level
Maximum number of states to 38 ad 38 ad
completion of current instruction 0 74+16m 0 74+16m
Saving of PC and SR 16 16 ad ad

ad ad 28+6m 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

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.

Table 6-7  Number of States before Interrupt Service in Maximum Mode

Number of States

Stack Area: 16 ** Stack Area; 8 **

Instruction:  Instruction Instruction Instruction
Reason for Wait 16*° g** 16*° g**
Interrupt priority decision and 2 2 2 2
comparison with SR mask level
Maximum number of states to 38 74+ 16 m 38 74+ 16 m
completion of current instruction
Saving of PC, CP, and SR 21 21 41+10m 41 +10m
Total number of states 61 97 +16 m 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) is included on-chip. The DTC can transfe
data between memory and 1/0O, memory and memory, or I/O and I/O without using the CPU. |
example, the DTC can set data in the registers of an on-chip supporting module or send data
I/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:

e The source address and destination address can be set anywhere in the 64-kbyte address
of page 0.

» The source address and destination address can be incremented or left unchanged after a
transfer.

e The DTC can be programmed to transfer one byte or one word of data per interrupt.

« A data transfer count of up to 65,536 bytes or words can be set in the data transfer counte
register (DTCR).

» After a data transfer, if the data transfer count is zero, the interrupt request that started the
is transferred 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 service is 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 a
altered register information back to memory.

Internal data bus

DTC service request
l Memory

o Interrupt controller DTC Register
IRQo—> information O
IRQ; Register

‘ information 1

DTEA DTMR s 1

DTEB DTSR T T

-~ 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

Figure 7-1 Block Diagram of Data Transfer Controller

Rev. 3.0, 02/99, page 140 of 904
RENESAS



7.1.3 Register Configuration
Table 7-1 summarizes the DTC control registers.

Table 7-1 DTC Registers

Name Abbreviation R/W
Data transfer mode register DTMR ad
Data transfer source address register DTSR ad
Data transfer destination address register DTDR ad
Data transfer count register DTCR ad

These registers cannot be accessed directly. To set information in the DTC control registers,
software should alter 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 data transfer mode register (DTMR) is a 16-bit register that selects the data size and speci
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
[szstfo - [-1-[-]-1-]-/-/--[-]-]"-]
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 Mode (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. If Sz =0: incremented by 1 after each data transfer
2. If Sz = 1: incremented by 2 after each data transfer

(4) Bits 12 to 0—ReservedReserved 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 bit structure is shown next.

Bit 15 14 13 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 address i
implicitly located in page 0.
7.2.3 Data Transfer Destination Address Register

The data transfer destination address register (DTDR) is a 16-bit register that designates the ¢
transfer destination address. The DTDR bit structure is shown next.

Bit 15 14 13 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
address is implicitly located in page O.
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7.2.4 Data Transfer Count Register

The data transfer count register (DTCR) is a 16-bit register that designates the number of byte:
words to be transferred. The initial count can be set from 1 to 65,536. A register value of 0
designates an initial count of 65,536. The DTCR bit 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 0, indicating that the designated number of bytes or worc
have been transferred, the DTC sends the H8/500 CPU an interrupt request with the same inte
source that started the data transfer.

7.2.5 Data Transfer Enable Registers A to F

The six data transfer enable registers (DTEA to DTEF) specify whether an interrupt starts the
DTC. (Certain interrupts, 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[ [ [ Tol[ [ 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 bits in 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 a request for DTC service
If the bit is cleared 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 no
assigned to any interrupt (indicated by ih table 7-3) must be cleared to O.
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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

= 7 6 5 4 RO 3 2 1
DTEA 'RQo, ADI | - | ADI [(RQO)| IRQO | RQ | - | IRQ3|IRQ2|IRQ1 |
DTEB IPU (CH1) | - leminz) iz | v | IPU (CHI) | - lomiza ivia | vi3 |
DTEC — IPUCH2) ™ Tomw 2l 2 i | PYCHS) T owin 2 iz i |
DTED  IPUCH:) ™ Tomw 2l 2 i | PYCHS) T owin 2 iz i |
DTEE IPU (CH®6) o ez [ IPU (CH7) BRI
DTEF  scCi T w R -] SOR@SCR [ a ] -

7.2.6 Note on Timing of DTE Modifications

The interrupt controller requires two system clock cyclegs {@ 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

Data transfer operations when the DTC is activated are described below. Figure 7-2 is a flowcl
of the DTC operations.

Figure 7-2 is a flowchart 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 uf
Interrupt Acceptance."”

1. From the DTC vector table, the DTC reads the address at which the register information for
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 fo
interrupts from the serial communication interface.

2. The DTC transfers the data and increments the source and destination addresses as requir
then decrements DTCR.

If the DTC was activated by an interrupt from the serial communication interface, the interru
source is cleared when the DTC accesses the transmit data register (TDR) or receive data
register (RDR).

3. The DTC writes updated register information back to memory.

4. If the DTCR value is 0, the H8/500 CPU starts interrupt exception handling for the interrupt

that activated the DTC.
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( INT ) 7777777 Interrupt

DTC interrupt?
Yes

| Read DTC vector |

1

| Read data transfer mode |

'

| Read source address |

1

| Read data |

Source
address increment
mode?

Increment source address (+1 or +2) |

No v
| Write source address |

| Read destination address |

i

| Write data |

Destination
address increment
mode?

Yes

Increment destination address
No (+1 or +2)

| Write destination address

| Read DTCR |

i

| DTCR-1 - DTCR |

1

| Write DTCR |

Yes

DTCR =0?
No

(Program execution state)

i H8/500 CPU

interrupt handling
starts. See section
6.4.2, "Interrupt
Exception Handling."

Figure 7-2 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 is located 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 trar

count is one).

Vector table RAM
TAO - DTMRO
Register DTSRO
Exception information O DTDRO
vector table
DTCRO
TAO* TAL _ DTMR1
,,,,,,,,,,,,,,,,,,,, Register DTSR1
TALY . information 1 DTDR1
”””””””””” DTCR1
DTC vector
table

Note: * TAO, TAL, .... Addresses of DTC register information tables in memory.

Figure 7-3 DTC Vector Table

The DTC vector table structure differs between minimum and maximum modes.
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 Memory Vector table

Address Address
m | Address (high) regisieninImation Don't care* | 2m
m+1 | Address (low) Don't care* 2m+1

Address (high) | 2m+ 2

Address (low) [2m+3

(1) Minimum mode (2) Maximum mode

Note: * Addresses 2m and 2 m + 1 are not accessed when the vector is read.

Figure 7-4 DTC Vector Table Entry

Table 7-4 lists the address of the entry in the DTC vector table for each interrupt source.
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Table 7-4  Addresses of DTC Vectors

Interrupt Source

Address of Vector Table Entry

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
CMIL/CMI2 H'00D4-00D5 H'01A8-01AB
0 0 0
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'00E0-00E L H'01C0-01C3
IMI2 H'00E2-00E3 H'01C4-01C7
CMI1/CMI2 H'00E4-00E5 H'01C8-01CB
0 0 0

IPU channel 3 IMI1 H'00ES-00E9 H'01D0-01D3
IMI2 H'00EA-00EB H'01D4-01D7
CMI1/CMI2 H'00EC-00ED H'01D8-01DB
0 0 0

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
0 0 0

IPU channel 5 IMI1 H'00F8-00F9 H'01F0-01F3
IMI2 H'00FA-00FB H'01F4-01F7
CMI1/CMI2 H'00FC-00FD H'01F8-01FB
0 0 0

IPU channel 6 IMI1 H'00A0-00A1 H'0140-0143
IMI2 H'00A2-00A3 H'0144-0147
0 0 0

IPU channel 7 IMIL H'00A8-00A9 H'0150-0153
IMI2 H'00AA-00AB H'0154-0157
0 0 0
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Table 7-4  Addresses of DTC Vectors (H8/539) (cont)

Interrupt Source

Address of Vector Table Entry

Minimum Mode

Maximum Mode

SCi1 g g g
RI1 H'00B2-00B3 H'0164-0167
TI1 H'00B4-00B5 H'0168-016B
g g g

SCI2/SCI3 g g g
RI2/RI3 H'00BA-00BB H'0174-0177
TI2ITI3 H'00BC-00BD H'0178-017B
g g g

7.3.3 Location of Register Information in Memory

For each interrupt, the DTC control register information is stored in memory in the order show

figure 7-5.

Vector table

TA

TA+2
TA+4
TA+6

Memory

DTMR

DTSR

DTDR

DTCR

8 bits ' 8 bits

Figure 7-5 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 States per 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
(sh (s])} 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.

The values in table 7-5 are calculated from the formula:
N=26+2xSl+2xDl+M,+M,
Where M, and M, have the following meanings:

Mg Number of states for reading source data

M, Number of states for writing data to destination

The values of Mand M, depend on the data location as follows:

1. Byte or word data in 16-bit-bus two-state-access address space: 2 states

2. Byte data in eight-bit-bus three-state-access address space or on-chip supporting module: :
states

3. Word data in eight-bit-bus three-state-access address space or on-chip supporting module:
states

If the DTC control register information is stored in the eight-bit-bus three-state-access address
space20 + 4x S| + 4x DI must be added to the values in table 7-5.

Table 7-6 indicates the number of additional states between the occurrence of an interrupt reqt
and the starting of the DTC (states during which the interrupt controller checks priority and wait
for execution of the current instruction to end). At maximum, this number of states is the sum c
the values indicated for items No. 1 and 2 in table 7-4.
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If the data transfer count is 0 at the end of a data transfer cycle, the number of states from the
of the data transfer cycle until the first instruction of the interrupt-handling routine is executed
the value given for item No. 3 in table 7-4. The maximum number of states in table 7-6 occurs
when the LDM instruction is executed with all registers specified.

Table 7-6  Number of States before Interrupt Service

Number of States

No. Reason for Wait Minimum Mode  Maximum Mode
1 Interrupt priority decision and comparison 2
with mask level in SR
2 Number of states to  Instruction is in 16-bit-bus  (LDM instruction specifying all
completion of current  two-state-access address  registers)
instruction space 38

Instruction is in 8-bit-bus  (LDM instruction specifying all
three-state-access address registers)

space 74 + 16 m
3 Number of statues Instruction is in 16-bit-bus 16 21
from saving of PC two-state-access address
and SR or PC, CP, space
andf SRh_untll i Instruction is in 8-bit-bus 28+6m 41 +10m
pre etc 1ing o Irst three-state-access address
instruction of
. . space
interrupt-handling
routine
Notation

m: Number of wait states inserted in memory access
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7.4 Procedure for Using DTC

The procedure for using the DTC is explained next. Figure 7-6 shows the flowchart.
Procedure for Using the 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. DTENn, IPRn (n = Ato F), 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) anc
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
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 |
\ Set DTC register values

| #DTDR- @DT_REG +4 |
\

| #DTCR- @DT_REG + 6 |

| <1> . DTE bit (DTENn) |
\

| <Interrupt level> . IPRN | Set DTEn, IPRn, and SR (n = A to F)
\

| <Interrupt mask level> - SR |

| Enable interrupt request | Enable interrupt request

i

DTC is enabled

Figure 7-6 Procedure for Using DTC
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7.5 Example
(1) Purpose: To receive 128 bytes of serial data via serial communication interface.
(2) Conditions:

» Operating mode: minimum mode.
» Receive data is to be stored in consecutive addresses starting at H'FCO0O.
» 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 interrt
priority level is 5.

Table 7-7 shows the DTC control register information to be set in RAM.

Table 7-7  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

(a) Software sets DTMR, DTSR, DTDR, and DTCR information in RAM addresses H'F680 to
H'F687 as shown in table 7-7.

(b) Software sets the RI (SCI1 Receive Interrupt) bit in data transfer enable register F (DTEF)
1.

(c) Software sets the interrupt mask level in SR bits 12 to 10 to 4, and the SCI1 interrupt priorit
level in the upper four bits of interrupt priority register F (IPRF) to 0101 (5).

(d) Software sets SCI1 to the appropriate receive mode, and sets the receive interrupt enable
(RIE) in the serial control register (SCR) to 1 to enable receive interrupts.

(e) Thereafter, each time SCI1 receives one byte of data, the DTC is activated and transfers tl
byte of receive data into RAM. The DTC automatically clears the SCI1 receive interrupt
request.

() When 128 bytes have been transferred (DTCR = 0), SCI1 receive interrupt exception hand
begins.

(9) The interrupt-handling routine executes a receive wrap-up routine.
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Figure 7-7 is a flowchart for this example.

DTC setup

i

#DTMR - @F680
I

#DTSR - @F682
I

#DTDR - @F684
\

| |
| |
| |
| #DTCR - @F686 |
| |
| |
| |

I
<1> - RI bit (DTEF)
I

<100> - 12t0 10(SR)
I

<101> - IPRF (bits 6 to 4)

[
Set up SCI1 and enable
interrupt

End of setup

Start DTC

L

| @DTSR - @DTDOR+ |
\
| Clear interrupt request |

| DTCR-1 - DTCR (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 Q)
routine

Y

Figure 7-7 Flowchart for DTC Example

Rev. 3.0, 02/99, page 156 of 904

RENESAS




Figure 7-8 shows an example of the use of the DTC for continuous SCI reception.

DTC vector table RAM
~ ~ Address
Address H'F680 H'20 Data transfer
H'F681 - mode
H'00B2 H'F6 H00
. . H'FE
H'00B3 H'80 Source address
H'CD
HFC Destination
AL ~L H'00 address
H'00
Transfer count
H'F687 H'80

H'FCO00 Receive datal |[=

Receive data 2

Transferred
| by DTC

H'FC7F | Receive data 128

RDR |

SCI

Figure 7-8 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 inse
wait states () into bus cycles. The wait function can be used in CPU and DTC access cycles
the external three-state-access address space. It is not used in access to the two-state-acces
address space or the on-chip register area (H'FE80 to H'FFFF).

Wait states are inserted between thetate and Jstate in the bus cycle. The number of wait
states can be selected by a value set in the wait control register (WCR), or by hol#igthe
pin low for the required interval.

8.1.1 Features
The features of the wait-state controller are:

« Selection of three operating modes
Programmable wait mode, pin wait mode, or pin auto-wait mode
» Selection of number of wait states

0, 1, 2, or 3 wait states can be inserted, and 4 or more wait states can be inserted in pin wi
mode by holding th& AIT 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
| - -] -] - |wwsiwwsqweci|wcol
| 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 O

Figure 8-1 Block Diagram of Wait State Controller

8.1.3 Register Configuration

Table 8-1 summarizes the wait control register.

Table 8-1 Wait Control Register

Address Name

Abbreviation R/W

Initial Value

H'FF14 Wait control register

WCR R/W

HF3
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8.2 Wait Control Register

The wait control register (WCR) is an eight-bit register that specifies the wait mode and the
number of wait states to 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

WCR is initialized to H'F3 by a reset and in hardware standby mode. WCR is not initialized in
software standby mode.

Bits 7 to 4—ReservedRead-only bits, always read as 1.

Bits 3 and 2—-Wait Mode Select 1 and 0 (WMS1 and WMSOT.hese bits select the wait mode.

Bit 3 Bit 2

WMS1 WMSO0 Description

0 0 Programmable wait mode (Initial value)
0 1 No wait states (T,,) inserted, regardless of wait count

1 0 Pin wait mode

1 1 Pin auto-wait mode
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Bits 1 and 0-Wait Count 1 and 0 (WC1 and WCO)These bits specify the number of wait states
to be inserted. Wait states,jTare inserted only in bus cycles in which the CPU or DTC accesse:
the external three-state-access address space.

Bit 1 Bit O

WC1 WCO Description

0 0 No programmable wait states (T,) 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.

Table 8-2 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 inserted
wait mode external three-state- as specified by bits WCO
WMS1=0 access address space and WC1
WMS0 =0
Pin wait mode Enabled Inserted in access to e 0to 3 states are
WMS1=1 external three-state- inserted as specified
WMS0 =0 access address space by bits WCO and WC1
e Additional states can
be inserted by driving
the WAIT signal low
Pin auto-wait Enable Inserted in access to 1 to 3 states are inserted
mode external three-state- as specified by bits WCO
WMS1=1 access address space and WC1
WMS0 =1 if WAIT is low
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8.3.1 Programmable Wait Mode
Programmable wait mode is selected when WMS1 = 0 and WMSO0 = 0.

Whenever the CPU or DTC accesses the external three-state-access address space, the nun
wait states selected by bits WC1 and WCO are inserted. TH&RAT 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 countis 1 (WC1 = 0, WC
1).

One wait state inserted
'/ by wait count

T3 T1 }‘

v
A
A

)
i

Y

‘ A

Y

‘ i

A19-Ag X XExternal three-state-access address space X

s T T /

Read data Read data
D15-Do < > / \
(read access) _

Write data

Ll

HWR, LWR \ / \ /’
(write access)

e acsesy

(write access)

—~ —

- >

3-state access + 1 wait state

Figure 8-2 Programmable 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 = 0 and WMSO0 = 1. In this mo®éAIi€ function of
the PA/ WAIT pin is used automatically.

The number of wait states indicated by wait count bits WC1 and WCO are inserted into any bus
cycle in which the CPU or DTC accesses the external three-state-access address space. In
addition, wait states are inserted if WRIT signal is driven low, even if the wait count is 0.

Wait states continue to be inserted until 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 theWAIT signal is held low to insert one additional wait state.
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WAIT

A19-Ao

AS

RD
(read access)

Di5-Do
(read access)

One wait state inserted Pin-requested wait (one state)
by wait count /

L

X External three-state-access address space x

o

Read data

by
ﬁ‘ﬁ

Read data

—

HWR, LWR
(write access)

Di5-Do
(write access)

—
—4 F

|

Write data

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 Mode

Pin auto-wait mode is selected when WMS1 = 1 and WMSO0 = 1. In this mod&ttiefunction

of the PA/ WAIT pin is used automatically. When the CPU or DTC accesses the external three
state-access address space, iMdT pin is low the number of wait states indicated by bits

WC1 and WCO are inserted.

This mode offers a simple way to interface a low-speed device: wait states can be inserted by
routing the address strobe signaBj and a decoded address signal towh&IT pin.

Figure 8-4 shows the timing of operation in this mode when the wait countis 1 (WC1 = 0, WCO
1).

In pin auto-wait mode th&/AIT pin is sampled only once, on the falling edge of the system clock
() in the T, state. If theWAIT signal is low at this time, the wait-state controller inserts the
number of wait states indicated by bits WC1 and WCO. WRET pin is not sampled during the

T, and T, states, so no additional wait states are inserted evenW A& signal continues to be
held low.
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WAIT

A19-Ao

AS

RD
(read access)

D1s-Do
(read access)

Pin auto-wait (one wait state)
inserted by wait count

L

XExternaI three-state-access address space x

J -

Read data

[T\
-

—

-

|

Read data

[\
| S

HWR, LWR
(write access)

Dis-Do
(write access)

[

—

>_

o
_(

Write data

L

3-state access + pin auto-wait

(1 state)

Note: * Arrows indicate times at which the WAIT pin is sampled.

Figure 8-4 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 LSI has an on-chip clock pulse generator (CPG). The clock pulse generator consists of &
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 a frequency 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.

Freessseeenenss i CPG ===
XTAL ] Duty :

5 Oscillator adjustment [—e— Prescalers :
EXTAL——> circuit

¢® @/2-¢ /4096

Figure 9-1 Block Diagram of 1:1 Clock Pulse Generator
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9.2 Oscillator Circuit

Clock pulses can be generated by connecting a crystal resonator to the clock oscillator circuit,
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 :
damping resistor as listed in table 9-1.

CL
EXTAL | }—77[7
1 |
' Rd
XTAL {—AAA— 1 | }—T/I7
""""" *CL=10-22pF CL

Note: * Insert a damping resistor for the H8/539F.

Figure 9-2 Example of Crystal Resonator Connection

Table 9-1 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 wit
frequency equal to the system clock frequemgy (
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XTAL =-—9 — EXTAL

AT-cut parallel resonator

Figure 9-3 Crystal Resonator Equivalent Circuit

Table 9-2  Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16
Rs max (Q) 500 120 80 70 60 50
C, max (pF) 7

(3) Notes on Board DesignWhen a crystal resonator is connected, the following points should
be noted:

« Other signal lines should be routed away from the oscillator circuit to prevent induction fror
interfering with correct oscillation. See figure 9-4.

* When the board is designed, the crystal resonator and its load capacitors should be placec
close as possible to the XTAL and EXTAL pins.

Signal  Signal
Not allowed » lineA lineB
b H8/539F
CL

ZJ;—{E i XTAL
I i i EXTAL
CL

HO

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 be input 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 high in
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 XTAL 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 time is 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 tab
23-11 in section 23.3.3, "Clock Timing".

When the specified clock is input at the EXTAL pin, internal clock signal output settles after the
elapse of the external clock output settling delay time )Xt As the clock signal output remains
unsettled during thet, period, the reset signal should be driven low to retain the reset state.
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Table 9-3  Clock Timing

V,.=50V*10%

cc

ltem Symbol Min Max Unit Test Conditions
External te O 5 ns Figure 9-6
clock rise
time
External [ O 5 ns
clock fall
time
External d 30 70 % ©®=5MHz Figure 9-6
clock input
40 60 % <5 MHz

duty (aft, ) ° ¢
Clock duty 0O 40 60 % Figure 9-7
cycle
(bft,,)

tcyc

a |
/
EXTAL /
— VCC x 0.5
— | tEXI‘ — | tEXf
Figure 9-6 External Clock Input Timing
tcyc
b |
@ VCC x 0.5

Figure 9-7 ¢ Clock Output Timing
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9.3 Duty Adjustment Circuit

When the external clock frequency is 5 MHz or higher, the duty adjustment circuit adjusts the d
cycle to create the system clog.(
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Section 10 1/O Ports

10.1  Overview

The H8/539F has twelve I/O ports. Ports 1, 2, 4, 5, 7, B, and C are eight-bit input/output ports.
Port 3 is a six-bit input/output port. Port 6 is a five-bit input/output port. Port A is a seven-bit
input/output port. Port 8 is a four-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 also 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 (PBPC
and PCPCR).

Ports 1, 2, A, B, and C can drive one TTL load and a 90-pF capacitive load. Ports 3to 7 can ¢
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 functions in ea
mode.
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Table 10-1 Ports 1 to C, Pin Names, and Functions in Each Mode

Expanded Minimum Expanded Maximum

Mode 7
Modes Modes (Single-Chip
Port Description Pins land 6 Mode 2 3and5 Mode 4 Mode)
Port1 8-bitinput/ P1-P1/ Data bus General-
output port  D,,-D, (D, to Dy) purpose
input/output
Port2  8-bitinput/  P2-P2/ Databus  General- Databus  Databus  General-
output port  D,-D, (D, to D,) purpose (D, to D,) (D, to D,) purpose
input/ input/output
output
Port3  6-bitinput/  P3,-P3/ Output (T20C,, T20C,, T10C, to T10C,) from 16-bit integrated-
output port  T20C,, T20C,, timer pulse unit (IPU), and general-purpose input/output
T10C,-T10C,
Port4  8-bitinput/  P4,/T710C,, Input and output (T710C,, T7I0C,, T6IOC,, T6IOC,, T510C,, T5I0C,,
output port  P4,/T710C,, T410C,, T410C,) for 16-bit integrated-timer pulse unit (IPU), and
P4,/T6I10C,, general-purposeinput/output
P4,/T6I0C,,
P4,/T5I0C,,
P4,/T5I10C,,
P4,/T410C,,
P4,/T410C,
Port5 8-bitinput/  P5-P5/ Input and output (T310C,, T3IOC,, T2I0C,, T2I0C,, T1I0C, to
output port  T3IOC,, T3IOC,, T1IOC,) for 16-bit integrated-timer pulse unit (IPU), and general-
T2I0C,, T2I0C,, purpose input/output
T1I0C,-T1I0C,
Port6 5-bitinput/  P6,/TCLK,, Clock input (TCLK, to TCLK,) for 16-bit integrated-timer pulse unit
output port  P6,/TCLK,, (IPV), external interrupt input (IRQ,, IRQ,), PWM timer output (PW,),
P6,/TCLK,, and general-purpose input/output
P6./IRQ,,
P6,/IRQ,/PW,
Port 7 8-bitinput/  P7.,/SCK,/PW,, Input and output (SCK,, SCK,, TXD,, TXD,, RXD,, RXD,) for serial
output port  P7/SCK,/PW,, communication interfaces 1 and 2 (SCI1/2), external interrupt input
P7,/RXD,, (IRQ,, TRQ,), A/D converter trigger input (ADTRG), PWM timer
P7,/TXD,, output (PW,, PW,), and general-purpose input/output
P7,/RXD,,
P7,/TXD,,
P7./IRQ/
ADTRG,
P7,/IRQ,
Port 8  4-bit input P8,-P8/ Analog input for A/D converter (AN,, to AN,) and general-purpose
port AN,,-AN, input
Port9  8-bit input P9,-P9/ Analog input for A/D converter (AN, to AN,) and general-purpose
port AN,-AN, input
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Table 10-1 Ports 1 to C, Pin Names, and Functions in Each Mode (cont)

Expanded Minimum

Expanded Maximum

Mode 7
Modes Modes (Single-Chip
Port Description Pins land 6 Mode 2 3and5 Mode 4 Mode)
Port A 7-bitinput/  PA/T30C,/ Output from 16-bit integrated-timer pulse unit (IPU),  16-bit
output port  BACK/TXD,, input and output (TXD,, RXD,) for serial integrated-
PA/T30C,/ communication interface 3 (SCI3), general-purpose  timer pulse
BREQ/RXD,, input/output, and BACK, BREQ, and WAIT input and unit (IPU)
PA,/WAIT output if enabled by settings in bus release control output, serial
register (BRCR), wait control register (WCR), and port communica-
A control register (PACR) tion interface
3 (SCI3) input
and output
(TXD,, RXD,),
and general-
purpose
input/output
(PA,: general-
purpose
input/output
only)
PAJA,/ Output (T50C,, T50C,, Page Page Page address
T50C,/SCK,, T40C,, T40C,) from 16-bit address address output
PAJA,/ integrated- output output (Agto A,
T50C,/PW,, timer pulse unit (IPU), (A t0A,) (AytoA,), serialcom-
PAJA./ and general-purpose serial com- munication
T40C,/PW,, input/output munication interface 3
PAJA,/ interface 3 (SCI3)
T40C,/PW, (SCI3) input/output
input/output (SCK,),
(SCK)), output (PW,
output (PW, to PW,) from
to PW,) PWM timers
from PWM (PW, to PW,),
timers (PW, and general-
to PW,), purposeinput/
and general- output
purpose
input/output
Port B 8-bitinput/  PB-PB,/ Address Address Address Address General-
output port  A-A, output output output output purpose
PortC 8bitinput!  PC-PC/ (Ast0A) (A t0A) (AgtoA) (AgtoA) input/output
output port A -A, when DDR = when DDR =
1, general- 1, general-
purpose purpose
input when input when
DDR =0 DDR =0

RENESAS

Rev. 3.0, 02/99, page 177 of 904



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 is a
bus (D, to D).

Pins in 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 loads for por

[— P17/D15
|— P16/D14
|— PlS/D13
- P14/D12
Port 1
e— P13/D1;
— P1,/Dqg

[~—> P11/D9

e— P1/Dg

Figure 10-1 Port 1 Pin Functions

————— | HD7404etc —
) Darlington pair
[ Ho— ]
H8/539F H H8/539F
Port 1 HD74LS04 etc. Port 1
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-2 Examples of Port 1 Output Loads
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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 (P1DDR) is an eight-bit
register. Each bit selects input or output for one pin in port 1. These input/output designation:
valid only in mode 7.

Bit 7 6 5 4 3 2 1 0

| P1,DDR | P16DDR | P1sDDR | P1,DDR | P13DDR | 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 pin in port 1 becomes an output pin if the corresponding P1DDR bit is set to 1, and an input
if this bit is cleared to 0. P1DDR is a write-only register. All bits always return the value 1 whe
read.

P1DDR is initialized to H'00 by a reset and in hardware standby mode. P1DDR is not initialize
in software standby mode.

(2) Port 1 Data Register:The port 1 data register (P1DR) is an eight-bit register that stores dat
for pins P1to P1. P1DR is used only in mode 7. In modes 1 to 6, the bit values in P1DR canr
be modified and always read 1.

Bit 7 6 5 4 3 2 1 0

| P1l; ‘ Plg ‘ Plg ‘ Pl, ‘ Pls ‘ Pl, ‘ P1, ‘ Plg |
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 bit in P1DDR is set to 1, the corresponding P1DR bit value is output at the correspon
pin. If port 1 is read the value in P1DR is returned, regardless of the actual state of the pin.
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When a bit in P1DDR is cleared to 0, it is possible to write to the corresponding P1DR bit but tf
value is not output at the pin. If P1DR is read the value at the pin is returned, regardless of the
value written in P1DR.

P1DR is initialized to H'00 by a reset and in hardware standby mode. P1DR is not initialized in
software standby mode.

10.2.3  Pin Functions in Each Mode

The functions of port 1 differ between the externally expanded modes (modes 1 to 6) and singl
chip mode (mode 7). The pin functions in each mode are described below.

(1) Pin Functions in Externally Expanded Modes (Modes 1 to 6)he settings in PLDDR are
ignored. Port 1 automatically becomes a bidirectional data bus. Figure 10-3 shows the pin
functions in modes 1 to 6.

Pin Functions

~—> D15 (bidirectional data bus)
— D34 (bidirectional data bus)
~— D;3 (bidirectional data bus)
~—> D3, (bidirectional data bus)
Port 1
~—> D1, (bidirectional data bus)
~—> Djo (bidirectional data bus)
~— Dg (bidirectional data bus)

~— Dg (bidirectional data bus)

Figure 10-3 Pin Functions in Modes 1 to 6
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(2) Pin Functions in 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 P1DDR bit is set to 1 and an input pin if this bit is cleared to 0.
Figure 10-4 shows the pin functions in mode 7.

Pin Functions

~—> P21, (input/output pin)
~— P1s (input/output pin)
~—= P15 (input/output pin)
~— P1, (input/output pin)
Port 1
~— P13 (input/output pin)
~— P1, (input/output pin)
~— P1, (input/output pin)

~— P1, (input/output pin)

Figure 10-4 Pin Functions in Mode 7

(3) Software Standby Mode:Transition to software standby does not change the pin functions
single-chip mode. In the externally expanded modes, port 1 is in the high-impedance state du
software standby.

10.2.4  Port 1 Read/Write Operations

P1DR and P1DDR have different read/write functions depending on whether port 1 is used as
data bus ([) to D,) or for general-purpose input or output (R1P1). The operating states and
functions of port 1 are described next.

(1) Data Bus (Modes 1 to 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, 1
values in the port 1 data register (P1DR) have no effect on the bus lines. When read, P1DR
returns all 1s.
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_
" Data bus
3 Di5-Dg
o
o
= TVCC
5}
° Read
©
£
21 write
= > P1DR

Figure 10-5 Data Bus: [}, to D, (Modes 1 to 6)

Table 10-3 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 (P1LDR) have no effect on general-purpose input
lines. When read, P1DR returns the value at the pin.

Read
- P1,-P1

Write
P1DR

Internal data bus

—

Figure 10-6 Input Port (Mode 7)

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.
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(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
register (P1DR) is output at the pin. When read, P1DR returns the value written in P1DR.

)

P17,-P1ly

Read/

Write
- = P1DR

Internal data bus

——

Figure 10-7 Output Port (Mode 7)

Table 10-5 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,
6, port 2 is a data bus (b D).

Pins in 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 loads for por

|— |Z>27/D7
|— P26/D6
|— P25/D5
- P24/D4
Port 2
~e— P23/D3
e— P2,/D>
e— P24/Dq

e— P20/Dg

Figure 10-8 Port 2 Pin Functions

\/\ \/\ . .
HD7404 etc. Darlington pair
[H—{>o—
H8/539F H H8/539F
Port 2 HD74LS04 etc. Port 2
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-9 Examples of Port 2 Output Loads
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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 selects input or output for one pin in port 2. These input/output designation:
valid only in modes 2 and 7.

Bit 7 6 5 4 3 2 1 0

| P2,DDR | P26DDR | P25DDR | P24DDR | P25DDR | P2,DDR | P2;DDR | P2oDDR |

Initial value 0 0 0 0 0 0 0 0
R/W w W w w " w w w

A pin in port 2 becomes an output pin if the corresponding P2DDR bit is set to 1, and an input
if this bit is cleared to 0. P2DDR is a write-only register. All bits always return the value 1 whe
read.

P2DDR is initialized to H'00 by a reset and in hardware standby mode. P2DDR is not initialize
in software standby mode.
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(2) Port 2 Data Register:The port 2 data register (P2DR) is an eight-bit register that stores date
for pins P2to P2. P2DR is used only in modes 2 and 7. In modes 1, 3, 4, 5, and 6, the bit valu
in P2DR cannot be modified and always read 1.

Bit 7 6 5 4 3 2 1 0
| P2 | P | P2 | P2 | P2y | P2 | P2 | P2 |

Initial value 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW RIW RIW RIW

When a bit in P2DDR is set to 1, the corresponding P2DR bit value is output at the correspond
pin. If port 2 is read the value in P2DR is returned, regardless of the actual state of the pin.

When a bit in P2DDR is cleared to 0, it is possible to write to the corresponding P2DR bit but tf
value is not output at the pin. If P2DR is read the value at the pin is returned, regardless of the
value written in P2DR.

P2DR is initialized to H'00 by a reset and in hardware standby mode. P2DR is not initialized in
software standby mode.

10.3.3  Pin Functions in Each Mode

The functions of port 2 differ between modes 1, 3, 4, 5, and 6 on the one hand, and modes 2 al
on the other hand. The pin functions in each mode group are described below.

(1) Pin Functions in Modes 1, 3, 4, 5, and @he settings in P2DDR are ignored. Port 2
automatically becomes a bidirectional data bus. Figure 10-10 shows the pin functions in mode
3,4,5,and 6.

Pin Functions

~—=> D7 (bidirectional data bus)
—= Dg (bidirectional data bus)
~— D5 (bidirectional data bus)
~— D, (bidirectional data bus)
Port 2
-~— D3 (bidirectional data bus)
~— D, (bidirectional data bus)
~~— D1 (bidirectional data bus)

«— D (bidirectional data bus)

Figure 10-10 Pin Functions in Modes 1, 3, 4, 5, and 6
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(2) Pin Functions in Modes 2 and 7Port 2 consists of general-purpose input/output pins. Inpu
or output can be selected separately for each pin. A pin becomes an output pin if the
corresponding P2DDR bit is set to 1 and an input pin if this bit is cleared to 0. Figure 10-11
shows the pin functions in modes 2 and 7.

Pin Functions

~— P27 (input/output pin)
~—> P2g (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)

Figure 10-11 Pin Functions in Modes 2 and 7

(3) Software Standby Mode:Transition to software standby does not change the pin functions
modes 2 and 7. In the externally expanded modes, port 2 is in the high-impedance state durir
software standby.

10.3.4 Port 2 Read/Write Operations

P2DR and P2DDR have different read/write functions depending on whether port 2 is used as
data bus (Dto D)) or for general-purpose input or output (R2P2). The operating states and
functions of port 2 are described next.
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(1) Data Bus (Modes 1, 3, 4, 5, and Gfigure 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 bu
the values in the port 2 data register (P2DR) have no effect on the bus lines. When read, P2DI

returns all 1s.

_
" Data bus

S D7'D0
o

©

= TVCC

©

° Read

©

£

21 write

= = P2DR

Figure 10-12 Data Bus: Dto D, (Modes 1, 3, 4, 5, and 6)

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 por
data register (P2DR) have no effect on general-purpose input lines. When read, P2DR returns
value at the pin.

)

Read
- P27-P2¢

Write

Internal data bus

= P2DR

—

Figure 10-13 Input Port (Modes 2 and 7)
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Table 10-8 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 th
port 2 data register (P2DR) is output at the pin. When read, P2DR returns the value written in
P2DR.

/

P27-P2 ¢

Read/
Write

Internal data bus

P2DR

——

Figure 10-14 Output Port (Modes 2 and 7)

Table 10-9 Register Read/Write Data

Read Write
P2DR P2DR value Value output at pin
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10.4 Port 3

10.4.1  Overview

Port 3 is a six-bit input/output port that is multiplexed with output compare pins (J2ZQ0C,
T10C, to T1OQ) of the 16-bit integrated-timer pulse unit (IPU). Figure 10-15 summarizes the
pin functions.

Pins in 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)
~— P3, (input/output)/T20C; (output)
~— P33 (input/output)/T1OC4 (output)
Port3 ~—> P23, (input/output)/T1OC3 (output)
~— P34 (input/output)/T1OC, (output)

~— P3( (input/output)/T1OC; (output)

Figure 10-15 Port 3 Pin Functions

Figure 10-16 shows examples of output loads for port 3.
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] HD7404 etc. ] Darlington pair
[ F—{>o— ]
H8/539F H 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

Figure 10-16 Examples of Port 3 Output Loads

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

(1) Port 3 Data Direction Register:The port 3 data direction register (P3DDR) is an eight-bit
register. Each bit selects input or output for one pin.
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Bit 7 6 5 4 3 2 1 0

| P35DDR | P3,DDR | P3:DDR | P3,DDR | P3;DDR | P3oDDR |

Initial value 1 1 0 0 0 0 0 0
R/W - - W W w W W W

A pin in port 3 becomes an output pin if the corresponding P3DDR bit is set to 1, and an input f
if this bit is cleared to 0. P3DDR is a write-only register. All bits always return the value 1 whel
read.

P3DDR is initialized to H'CO by a reset and in hardware standby mode. P3DDR is not initialize:
in software standby mode.

(2) Port 3 Data Register:The port 3 data register (P3DR) is an eight-bit register that stores date
for pins P3to P3.

Bit 7 6 5 4 3 2 1 0
| - | - | e | 3 | P3| P3| Py | P3|

Initial value 1 1 0 0 0 0 0 0

RIW - - RIW RIW RIW RIW RIW RIW

When a bit in P3DDR is set to 1, the corresponding P3DR bit value is output at the correspond
pin. If port 3 is read the value in P3DR is returned, regardless of the actual state of the pin.

When a bit in P3DDR is cleared to 0, it is possible to write to the corresponding P3DR bit but tf
value is not output at the pin. If P3DR is read the value at the pin is returned, regardless of the
value written in P3DR.

P3DR is initialized to H'CO by a reset and in hardware standby mode. P3DR is not initialized in
software standby mode.
10.4.3  Pin Functions in Each Mode

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 (IPU).

(1) Pin Functions in Modes 1 to 7When a pin is used for IPU output, the setting in P3DDR is
ignored. T1OCto T10G, T20GC, 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 P3DDR and P3DR
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10.4.4  Port 3 Read/Write Operations

P3DR and P3DDR have different read/write functions depending on whether port 3 is used for
output compare function (T1Q® T10G, T20G, T20C) of the 16-bit integrated-timer pulse
unit (IPU) or general-purpose input or output(R3P3). The operating states and functions of
port 3 are described next.

(1) Input Port (Modes 1 to 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
3 data register (P3DR) have no effect on general-purpose input lines. When read, P3DR retu
the value at the pin.

/

Read
- P35-P3 ¢

Write

Internal data bus

P3DR

—

Figure 10-17 Input Port (Modes 1 to 7)

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 1 to 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
port 3 data register (P3DR) is output at the pin. When read, P3DR returns the value written in
P3DR.
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)

P35-P3

Read/

Write
- = P3DR

Internal data bus

——

Figure 10-18 Output Port (Modes 1 to 7)

Table 10-12 Register Read/Write Data

Read Write
P3DR P3DR value Value output at pin

(3) Timer Output Pins (Modes 1 to 7):Figure 10-19 shows a block diagram illustrating the
output function using the output compare output pins. Table 10-13 indicates register read/write
data. When a pin in port 3 is used as an output compare output pin, the setting in the port 3 da
direction register (P3DDR) is ignored. The value in the port 3 data register (P3DR) has no effe
on the timer output. When read, P3DR returns the timer output level (TdOCOGC, T20G, or
T20C).

~—
Timer output
(2]
>
o]
P Read T10C; to T10C4
g T20C;, T20C;
g
5| Write
£ P3DR

Figure 10-19 Timer Output Pins (Modes 1 to 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 captur
pins (T710C, T7I0C, T6I0OC, T6I0C, T5I0C, T5I0C, T4IOC, T4I0C) of the 16-bit
integrated-timer pulse unit (IPU). Figure 10-20 summarizes the pin functions.

Pins in port 4 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair. P#o P4 have Schmitt-trigger input circuits.

~—> P4, (input/output)/T710C; (input/output)
—> P4g (input/output)/T710C; (input/output)
~—> P45 (input/output)/T610C, (input/output)
~—> P4, (input/output)/T6IOC; (input/output)
Port4 ~— P43 (input/output)/T510C; (input/output)
~—> P4, (input/output)/T510C; (input/output)
~— P4 (input/output)/T410C> (input/output)
~— P4 (input/output)/T410C; (input/output)

Figure 10-20 Port 4 Pin Functions

Figure 10-21 shows examples of output loads for port 4.

——— ] HD7404etc — ] . .
' Darlington pair
[—"Do— ]
H8/539F 1 H8/539F
Port 4 HD74LS04 etc. Port 4
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-21 Examples of Port 4 Output Loads
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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 P4DDR 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 (P4DDR) is an eight-bit
register. Each bit selects input or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P4;DDR \ P4gDDR \ P4sDDR \ P4,DDR \ P43DDR \ 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 pin in port 4 becomes an output pin if the corresponding PADDR bit is set to 1, and an input y
if this bit is cleared to 0. PADDR is a write-only register. All bits always return the value 1 whe
read.

PADDR is initialized to H'00 by a reset and in hardware standby mode. P4DDR is not initializec
in software standby mode.

(2) Port 4 Data Register:The port 4 data register (P4DR) is an eight-bit register that stores date
for pins P4to P4.

Bit 7 6 5 4 3 2 1 0

| P4y | Pag | Pas | pPay | Pag | P4 | Pay | Pag |
Initial value 0 0 0 0 0 0 0 0
RIW RW RW RW RW RW RW RW  RW

When a bit in PADDR is set to 1, the corresponding P4DR bit value is output at the correspond
pin. If port 4 is read the value in P4ADR is returned, regardless of the actual state of the pin.

When a bit in PADDR is cleared to 0, it is possible to write to the corresponding P4DR bit but tf
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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P4DR is initialized to H'00 by a reset and in hardware standby mode. P4DR is not initialized i
software standby mode.

10.5.3  Pin Functions in Each Mode

In all modes port 4 can be used for general-purpose input or output, or for the input capture ar
output compare functions of the 16-bit integrated-timer pulse unit (IPU).

(1) Pin Functions in Modes 1 to 7When a pin is used for the IPU output-compare function, the
setting in P4DDR has no effect. T41QCT4I0C, T5I0C, T5I0C, T6l0C, T6I0C, T710C, or

T710C, output is selected automatically. When the IPU input capture function is selected, the
P4DDR 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 P4ADDR and P4DI

10.5.4  Port 4 Read/Write Operations

P4DR and P4DDR have different read/write functions depending on whether port 4 is used for
input capture or output compare function (T4I0TAOC, T510C, T5I0C, T6IOC, T610C,
T710C, T7I10C) of the 16-bit integrated-timer pulse unit (IPU) or for general-purpose input or
output (P4to P4). The operating states and functions of port 4 are described next.

(1) Input Port (Modes 1 to 7):Figure 10-22 shows a block diagram illustrating the general-
purpose input function. Table 10-15 indicates register read/write data. Values written in the p
4 data register (P4DR) have no effect on general-purpose input lines. When read, PADR retu
the value at the pin.

o~—

[%2)

>

ﬁ Read

<[ P4,-P4 o
©

©

GE) Write

2 = P4DR

Figure 10-22 Input Port (Modes 1 to 7)
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Table 10-15 Register Read/Write Data

Read Write

P4DR 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 1 to 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 tt
port 4 data register (P4DR) is output at the pin. When read, P4DR returns the value written in
P4DR.

/

P4;-P4

Read/
Write

Internal data bus

P4ADR

——

Figure 10-23 Output Port (Modes 1 to 7)

Table 10-16 Register Read/Write Data

Read Write
P4DR P4DR value Value output at pin

(3) Timer Output Pins (Modes 1 to 7):Figure 10-24 shows a block diagram illustrating the
output compare function. Table 10-17 indicates register read/write data. When a pin in port 4 |
used for output compare, the value in the port 4 data register (P4DR) has no effect on the timel
output. When read, P4DR returns the timer output level (T4IDEOC, T5I0C, T5I0C,

T610C, T6IOC, T7I0C, or T7I0C).
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)

Timer output

Read |—>
T410C,, T4IOC ;

Write <T5|oc1, T5IOC2>

T710Cq, T710C,

Internal data bus

——

Figure 10-24 Output Compare Pins (Modes 1 to 7)

Table 10-17 Register Read/Write Data

Read Write
P4DR 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
an output port, in which case the output value is input to the timer.

 ~—
Input capture input

2

o}

8 T410C;, T4IOC »
©

< | Read/

S | write T5I0C4, T5I0C;
g - =~ P4DR T6I0C;, TEIOC,
= T710C;, T710C,

Figure 10-25 Input Capture Combined with General-Purpose Output (Modes 1 to 7)

Table 10-18 Register Read/Write Data

Read Write
P4DR P4DR value Value output at pin (timer input)
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(5) Timer Input Combined with General-Purpose Input (Modes 1 to 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 inp
port, to monitor the timer input level at TAIQT410C, T510C, T510C, T610C, T610C,

T710C, or T710C,

~—
Input capture input

[%2]

>

ﬁ Read t—

ks T410Cy, T4I0C
1 e T510C;, T510C,
= ~| P4DR T6I0C4, T6IOC,
= T710C;, T710C;

Figure 10-26 Input Capture Combined with General-Purpose Input (Modes 1 to 7)

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.
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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 captur
pins (T3IOC, T3IOC, T2I0C, T2I0C, T1IOC, to T1IOC) of the 16-bit integrated-timer pulse
unit (IPU). Figure 10-27 summarizes the pin functions.

Pins in 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)
<—= P5¢ (input/output)/T3I0C; (input/output)
~— P55 (input/output)/T210C; (input/output)
~—s P5, (input/output)/T2I0C1 (input/output)
Port ~—> P53 (input/output)/T1IOC4 (input/output)
~— P5;, (input/output)/T1IOC3 (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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] HD7404 etc. ] Darlington pair
{>o— ]
H8/539F n H8/539F
Port 5 HD74LS04 etc. Port 5
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair
] 600 Q
H8/539F
Port 5
LED
1
\/\

(3) LED driving circuit

Figure 10-28 Examples of Port 5 Output Loads

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'FE8SA 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 (P5DDR) is an eight-bit
register. Each bit selects input or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P5;DDR \ P5¢DDR \ P55DDR \ P5,DDR \ P53DDR \ P5,DDR \ P5,DDR \ P5,DDR |

Initial value 0 0 0 0 0 0 0 0
R/W W w W W w W W W

A pin in port 5 becomes an output pin if the corresponding P5DDR bit is set to 1, and an input
if this bit is cleared to 0. P5DDR is a write-only register. All bits always return the value 1 whe
read.

P5DDR is initialized to H'00 by a reset and in hardware standby mode. P5DDR is not initialize
in software standby mode.

(2) Port 5 Data Register:The port 5 data register (P5DR) is an eight-bit register that stores dat
for pins P5to P5.

Bit 7 6 5 4 3 2 1 0

| ps; | pPss | Pss | P, | Ps; | Ps, | Ps; | Psp |
Initial value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

When a bit in P5DDR is set to 1, the corresponding P5DR bit value is output at the correspon
pin. If port 5 is read the value in P5DR is returned, regardless of the actual state of the pin.

When a bit in P5DDR is cleared to 0, it is possible to write to the corresponding P5DR bit but 1
value is not output at the pin. If P5DR is read the value at the pin is returned, regardless of th
value written in P5DR.

P5DR is initialized to H'00 by a reset and in hardware standby mode. P5DR is not initialized i
software standby mode.

10.6.3  Pin Functions in Each Mode

In all modes port 5 can be used for general-purpose input or output, or for the input capture ar
output compare functions of the 16-bit integrated-timer pulse unit (IPU).

(1) Pin Functions in Modes 1 to 7When a pin is used for the IPU output compare function, the
setting in P5DDR is ignored. T110@® T110C, T2I0C, T2I0C, T3IOC, or T3IOC output is
selected automatically. When the IPU input capture function is selected, the P5SDDR setting is
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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 P5DDR have different read/write functions depending on whether port 5 is used for
input capture or output compare function (T1IQECT1IOC, T2I0C, T2I0C, T3I0C, T3I0C)

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 (Modes 1 to 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 pc
5 data register (P5DR) have no effect on general-purpose input lines. When read, P5DR returr
the value at the pin.

/

Read
- P57-P5¢

Write

Internal data bus

PS5DR

—

Figure 10-29 Input Port (Modes 1 to 7)

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 1 to 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 tt
port 5 data register (P5DR) is output at the pin. When read, P5DR returns the value written in
P5DR.
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)

P57-P5 g

Read/

Write
- = P5DR

Internal data bus

——

Figure 10-30 Output Port (Modes 1 to 7)

Table 10-22 Register Read/Write Data

Read Write
P5DR P5DR value Value output at pin

(3) Timer Output Pins (Modes 1 to 7):Figure 10-31 shows a block diagram illustrating the
output compare function. Table 10-23 indicates register read/write data. When a pin in port 5
used for output compare, the value in the port 5 data register (P5DR) has no effect on the time
output. P5DR can be read to monitor the timer output level (TU®T1IOC, T2I10C, T2I0C,
T310C, T3I0C).

~—
Output compare output

2]

=}

}?, Read |—>

< [ T1IOC;1-T1I0Cy
©

g

S| Write T210Cq, T2I10C;
= P5DR T3I0C4, T3IOC,

Figure 10-31 Output Compare Pins (Modes 1 to 7)

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 ¢
an output port, in which case the output value is input to the timer.

~—
Input capture input
(2]
2 (A
& T110C{-T1I0C,4
©
< | Read/
g Write T2I0Cq, T2I0C;
£ [= = P5DR T3I0C4, T3IOC,

Figure 10-32 Input Capture Combined with General-Purpose Output (Modes 1 to 7)

Table 10-24 Register Read/Write Data

Read Write
P5DR P5DR value Value output at pin (Timer input)

(5) Timer Input Combined with General-Purpose Input (Modes 1 to 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. An input capture pin can also be read as an inp
port, to monitor the timer input level at T110 T1I0C, T2I0C, T2I0C, T3IOC, or T3IOC.

[ ~—
Input capture input

(2]

2 t

p Read

T [ T1IOC;-T1IOCy
©

g

5 | Write T210C1, T210C;
= > P5DR T3I0Cq, T3IOC;

Figure 10-33 Input Capture Combined with General-Purpose Input (Modes 1 to 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 a five-bit input/output port that is multiplexed with the external clock pins (JT©LK
TCLK)) of the 16-bit integrated-timer pulse unit (IPU), with external interrupt pR@,(and
IRQ,), and with a PWM timer output pin (PYVFigure 10-34 summarizes the pin functions.

Pins in port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a
Darlington transistor pair.

<— P64 (input/output)/TCLK3 (input)

~—= P63 (input/output)/TCLK> (input)

Port 6 [=— P6, (input/output)/TCLK; (input)

<— P6; (input/output)/IRQ3z (input)

=— P6q (input/output)/IRQ, (input)/PW3 (output)

Figure 10-34 Port 6 Pin Functions

Figure 10-35 shows examples of output loads for port 6.

———— ] HD7404etc — ]
' Darlington pair
HDo— ]
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 Examples of Port 6 Output Loads
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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-bit
register. Each bit selects input or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P64DDR | P63DDR | P6,DDR | P61DDR | P6DDR |

Initial value 1 1 1 0 0 0 0 0
R/W - - - W w W W W

A pin in port 6 becomes an output pin if the corresponding P6DDR bit is set to 1, and an input |
if this bit is cleared to 0. PEDDR is a write-only register. All bits always return the value 1 whe
read.

P6DDR is initialized to H'EO by a reset and in hardware standby mode. P6DDR is not initializes
in software standby mode.

(2) Port 6 Data Register:The port 6 data register (P6DR) is an eight-bit register that stores date
for pins P§to P6.

Bit 7 6 5 4 3 2 1 0

| - | - | - | P&, | Pes | Pe, | Per | Peo |
Initial value 1 1 1 0 0 0 0 0
RIW - - - RIW RIW RIW RIW RIW

When a bit in P6DDR is set to 1, the corresponding P6DR bit value is output at the correspond
pin.

When a bit in P6DDR is cleared to 0, it is possible to write to the corresponding P6DR bit but tf
value is not output at the pin. If P6DR is read the value at the pin is returned, regardless of the
value written in P6DR.
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P6DR is initialized to H'EO by a reset and in hardware standby mode. P6DR is not initialized i
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 Pt port 6 and pins Rand PYin 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 P/SCK/PW, and PSCK/PW, in port 7. When bits PW2E and PW1E are set
to 1, these pins can be used for fAd PW output and cannot be used for SGikd SCK

output.

Bit 0-PW, Enable (PW3E): Controls the PWM output function of pin ARQ,/PW, in port 6.
When bit PW3E is set to 1, this pin can be used foy ®put.

10.7.3  Pin Functions in Each Mode

(1) Pin Functions in Modes 1 to 7When a pin is used for IPU external clock input (TCkdK
TCLK,) or external interrupt inpulRQ,, IRQ,), it can simultaneously function as a general-
purpose input or output port. When a pin is used for PWM timer outpuj) (f\& P6DDR setting
is disregarded and the RWnction 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 PEDDR and P6DI

10.7.4  Port 6 Read/Write Operations

P6DR and P6DDR have different read/write functions depending on whether port 6 is used for
external clock input (TCLKto TCLK)) to the 16-bit integrated-timer pulse unit (IPU), external
interrupt input IRQ,, mz), PWM timer output (PW), or general-purpose input or output (R6
P6). The operating states and functions of port 6 are described next.

(1) Input Port (Modes 1 to 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 p
6 data register (P6DR) have no effect on general-purpose input lines. When read, P6DR retu
the value at the pin.
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)

Read
- P64-P6 o

Write
» P6DR

Internal data bus

—

Figure 10-36 Input Port (Modes 1 to 7)

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 1 to 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 tt
port 6 data register (P6DR) is output at the pin. When read, P6DR returns the value written in
P6DR.

/

P64-P6 ¢

Read/
Write

Internal data bus

P6DR

——

Figure 10-37 Output Port (Modes 1 to 7)

Table 10-28 Register Read/Write Data

Read Write

P6DR P6DR value Value output at pin

(3) IRQ, or IRQ, Input Combined with General-Purpose Output (P6, P§; modes 1 to 7):
Figure 10-38 shows a block diagram illustratingliR@, andIRQ, input function of Pgand P6
when combined with general-purpose output. Table 10-29 indicates register read/write data.
When P§and Pgare used folRQ, andIRQ, input they can also function as general-purpose
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output ports. If the general-purpose output function is used, however, output of a falling edge
cause an interrupt.

~—
IRQ2 or IRQ3 input
%)
E t
(5 - -
bl IRQ2, IRQ3
©
< | Read/
S | Write
2 = PG6DR

Figure 10-38 IRQ, or 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) IRQ, or IRQ, Input Combined with General-Purpose Input (P§, P6: Modes 1 to 7):

Figure 10-39 shows a block diagram illustratingliR@, andIRQ, input function when combined
with general-purpose input. Table 10-30 indicates register read/write data. Wl PG are
used forIR—Q3 and@2 input they can also be read as general-purpose input ports, to monitor tt
input level aiRQ, or IRQ,.

M ~—
IRQ2 or IRQ3 input
[%2]
>
ﬁ Read ?—
©
g
5 | Write
£ P6DR

Figure 10-39 IRQ, or IRQ, Input Combined with General-Purpose Input (Modes 1 to 7)

Table 10-30 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.
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(5) Timer Clock Input Combined with General-Purpose Output (P§to P6: Modes 1 to 7):
Figure 10-40 shows a block diagram illustrating the TCIGKTCLK; input function of Pgto P§
when combined with general-purpose output. Table 10-31 indicates register read/write data.
When Pgto P§ are used for TCLK TCLK,, and TCLK input they can also function as general-
purpose output ports.

~—
TCLK3 to TCLK; input
3
o
<
= TCLK3-TCLK;
©
< | Read/
S | Write
2 |- > P6DR

Figure 10-40 TCLK, to TCLK , Input Combined with General-Purpose Output
(Modes 1to 7)

Table 10-31 Register Read/Write Data

Read Write
P6DR P6DR value Value output at pin

(6) Timer Clock Input Combined with General-Purpose Input (P§ to P6: Modes 1 to 7):
Figure 10-41 shows a block diagram illustrating the TCIKTCLK; input function of Pgto PG

when combined with general-purpose input. Table 10-32 indicates register read/write data. W

P6, to Pg are used for TCLK TCLK,, and TCLK input they can also be read as general-purpose
input ports, to monitor the input level at TCL#& TCLK..

~—
TCLK3 to TCLK; input

2 t

P Read

5 |- TCLK3 -TCLK 1
©

g

5 | Write

£ ~ P6DR

—

Figure 10-41 TCLK, to TCLK , Input Combined with General-Purpose Input
(Modes 1to 7)
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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) PW, Output Combined with General-Purpose Input (P6: Modes 1 to 7):Figure 10-42
shows a block diagram illustrating the Pwtput function of Pewhen combined with general-
purpose input. Table 10-33 indicates register read/write data. Wh&3éd for P\Woutput it
can also be read as a general-purpose input port, to monitor the state of, fsie. PW

M ~—
PWj3 output
[%2]
B \—>
< Read
T [ PW3
©
g
5 | Write
= P6DR

—

Figure 10-42 PW Output Combined with General-Purpose Input (Modes 1 to 7)

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.
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10.8 Port 7

10.8.1  Overview

Port 7 is an eight-bit input/output port that is multiplexed with the serial clock input/output pins
(SCK, and SCK), transmit data output pins (TX@Rnd TXD), and receive data input pins (RXD
and RXD) of the serial communication interface (SCI), with PWM timer output pins, g/

PW,), with external interrupt pins (IR@nd IRQ), and with the external trigger piADTRG) of

the A/D converter. Figure 10-43 summarizes the pin functions. Pins in port 7 can drive one TTL
load and a 30-pF capacitive load. They can also 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)

~— P7, (input/output)/TXD, (output)

Port? ~— P73 (input/output)/RXD1 (input)

~e— P7, (input/output)/TXD1 (output)

~— P71 (input/output)/IRQ1 (input)/ADTRG (input)

~—= P7q (input/output)/IRQq (input)

Figure 10-43 Port 7 Pin Functions

Figure 10-44 shows examples of output loads for port 7.

] HD7404 etc. ] Darlington pair
[ Ho— ]
H8/539F H H8/539F
Port 7 HD74LS04 etc. Port 7
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-44 Examples of Port 7 Output Loads
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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 selects input or output for one pin.

Bit 7 6 5 4 3 2 1 0

| P7,DDR | P76DDR | P75DDR | P7,DDR | P73:DDR | P7,DDR | P7:DDR | P74DDR |

Initial value 0 0 0 0 0 0 0 0
R/W w W w W w w w w

A pin in port 7 becomes an output pin if the corresponding P7DDR bit is set to 1, and an input
if this bit is cleared to 0. P7DDR is a write-only register. All bits always return the value 1 whe
read.

P7DDR is initialized to H'00 by a reset and in hardware standby mode. P7DDR is not initialize
in software standby mode.

(2) Port 7 Data Register:The port 7 data register (P7DR) is an eight-bit register that stores dat
for pins P7to P7.

Bit 7 6 5 4 3 2 1 0

| P7- ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P75 ‘ P74 ‘ 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 a bit in P7DDR is set to 1, the corresponding P7DR bit value is output at the correspon
pin. If port 7 is read the value in P7DR is returned, regardless of the actual state of the pin.

When a bit in P7DDR is cleared to 0, it is possible to write to the corresponding P7DR bit but 1
value is not output at the pin. If P7DR is read the value at the pin is returned, regardless of th
value written in P7DR.
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P7DR is initialized to H'00 by a reset and in hardware standby mode. P7DR is not 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 Pt port 6 and pins Rand PYin 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 P/SCK/PW, and PSCK/PW, in port 7. When bits PW2E and PW1E are set
to 1, these pins can be used for fAd PW output and cannot be used for SGikd SCK

output.

Bit 0-PW, Enable (PW3E): Controls the PWM output function of pin ARQ,/PW, in port 6.
When bit PW3E is set to 1, this pin can be used foy ®put.

10.8.3  Pin Functions in Each Mode

(1) Pin Functions in Modes 1 to 7When a pin is used for input or output by the serial
communication interface (SCI) or a PWM timer, the P7DDR setting is disregarded and the pin i
used for serial clock input or output (SCIECK), transmit data output (TXPTXD,), receive

data input (RXD, RXD,), or PWM timer output (P PW,).

When P7and P7are used for external interrupt inplRQ, andIRQ,), they can simultaneously
function as general-purpose input or output portscB 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 (TXPTXD,), input of receive data (RXDRXD,), input or output of

serial clocks (SCK SCK)) for the serial communication interface, PWM timer output {FRW)),
external interrupt inpuiRQ,, IRQ,), or general-purpose input or output. The operating states and
functions of port 7 are described next.
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(1) Input Port (Modes 1 to 7):Figure 10-45 shows a block diagram illustrating the general-
purpose input function. Table 10-35 indicates register read/write data. Values written in the pc
data register (P7DR) have no effect on general-purpose input lines. When read, P7DR returns
value at the pin.

)

Read
- P77-P7 ¢

Write
» P7DR

Internal data bus

—

Figure 10-45 Input Port (Modes 1 to 7)

Table 10-35 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 1 to 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
port 7 data register (P7DR) is output at the pin. When read, P7DR returns the value written in
P7DR.

)

P77-P7 ¢

Read/

Write
- = P7DR

Internal data bus

—

Figure 10-46 Output Port (Modes 1 to 7)

Table 10-36 Register Read/Write Data

Read Write
P7DR P7DR value Value output at pin
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(3) IRQ, or IRQ, Input Combined with General-Purpose Output (PZ, P7, Modes 1 to 7):

Figure 10-47 shows a block diagram illustratingIik@, andIRQ, input function when combined
with general-purpose output. Table 10-37 indicates register read/write data. Whed P{are
used forRQ, andIRQ, input they can also function as general-purpose output ports. If the
general-purpose output function is used, however, output of a falling edge will cause an interru,

)

IRQ; or IRQq input

IRQ1, IRQo

Read/

Write
- =~ P7DR

Internal data bus

—

Figure 10-47 IRQ, or IRQ, Input Combined with General-Purpose Output (Modes 1 to 7)

Table 10-37 Register Read/Write Data

Read Write

P7DR P7DR value Value output at pin

(4) IRQ, or IRQ, Input Combined with General-Purpose Input (P7, P7;: Modes 1 to 7):

Figure 10-48 shows a block diagram iIIustrating@1 and@0 input function when combined
with general-purpose input. Table 10-38 indicates register read/write data. Wl P7 are

used forRQ, andIRQ, input they can also be read as general-purpose input ports, to monitor the
input level aiRQ, or IRQ,

o~—
IRQ; or IRQq input
1)
=}
:; Read ¢—
ks IRQ1, IRQg
E
5 | Write
§ > P7DR

Figure 10-48 IRQ, or IRQ, Input Combined with General-Purpose Input (Modes 1 to 7)
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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 TXD, Output (P7, 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 P7and P7are used for TXDand TXD, output, the value written in P7DR is ignored, but
P7DR can be read to monitor the levels at the Jadial TXD, pins.

M ~—
Transmit data output
[%2]
=}
ﬁ Read |—>
z |- TXD,, TXD1
©
g
5 | Write
€ P7DR

Figure 10-49 TXD, and TXD, Output (Modes 1 to 7)

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 RXD, Input (P7, and P7;: 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 P7and P7are used for RXPand RXD input, the value written in P7DR is ignored, but
P7DR can be read to monitor the levels at the R¢fol RXD pins (to detect the line break state,
for example).
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)

Receive data input

Read ?—

RXD2, RXD1

Write
> P7DR

Internal data bus

——

Figure 10-50 RXD and RXD, Input (Modes 1 to 7)

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, Pins (P7 and P7: Modes 1 to 7):Figure 10-51 shows a block diagram
illustrating the SCKand SCKinput/output function. Table 10-41 indicates register read/write
data. When RP7nd P are used for SCKand SCKinput or output, the value written in P7DR is
ignored, but P7DR can be read to monitor the levels at the, &IKSCK pins.

B Serial clock input
or output
(2]
E t
< Read
T [ SCKj, SCK1
©
8
5 | Write
= ~ P7DR

Figure 10-51 SCK and SCK Pins (Modes 1 to 7)

Table 10-41 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.
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(8) PW, and PW, Output (P7, and P7: Modes 1 to 7):Figure 10-52 shows a block diagram
illustrating the PWM output function. Table 10-42 indicates register read/write data. When P7
and P function as PWand PW, data written in the port 7 data register (P7DR) is not output at
the pins, but P7DR can be read to monitor the levels of theaRUMPW pins.

M PWM output
(2]
E \_V
< Read
< - PWl, PW2
©
8
5 | Write
E ~ P7DR

Figure 10-52 PW and PW, Output (Modes 1 to 7)

Table 10-42 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 is a four-bit input port that is multiplexed with analog input pins of the A/D converter.
Figure 10-53 summarizes the pin functions.

~—— P83/AN;1 (input)
~—— P8,/ANqq (input)
Port 8 .
~—— P81/ANg (input)

~—— P8p/ANg (input)

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, there is 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 R& P§.

Bit 7 6 5 4 3 2 1 0
- | - [ - | - [P | Ps | Pa | P8 |

Initial value 1 1 1 1 - - - -

R/W - - - - R R R R

P8DR is a read-only register. It cannot be written. The upper four bits of PBDR are reserved b
that always return the value 1 when read.
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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. W/
read, P8DR returns the values at the pins. If P8DR is read when the A/D converter is samplin
analog input, however, the pin being sampled is read as 1.

)

ANj1 to ANg input

Read

P85-P8 o

Internal data bus

—

Figure 10-54 Analog Input and General-Purpose Input (Modes 1 to 7)

10.10 Port9

10.10.1 Overview

Port 9 is an 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)
~+—— P95/ANg (input)
<—— P95/ANs (input)
~—— P94/ANy4 (input)
Port9 ~—— P93/AN3 (input)
~—— P9,/AN; (input)
~—— P9;/AN1 (input)
~—— P9o/ANg (input)

Figure 10-55 Port 9 Pin Functions
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10.10.2 Register Descriptions

Table 10-44 summarizes the registers of port 9. Since port 9 is used only for input, there is no
data direction register.

Table 10-44 Port 9 Registers

Address Name Abbreviation R/W Initial Value
H'FE92 Port 9 data register PO9DR R Undetermined

(1) Port 9 Data Register:The port 9 data register (P9DR) is an eight-bit register that indicates
the values of pins P% P9Q.

Bit 7 6 5 4 3 2 1 0
| P, | Pos | Pos | Po, | Po; | Po, | Poy | P9y |

Initial value - - - - - - - _

RIW R R R R R R R R

PIDR is a read-only register. It cannot be written.

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. Wi
read, PODR returns the values at the pins. If PODR is read when the A/D converter is sampling
analog input, however, the pin being sampled is read as 1.

/

AN7 to ANg input

Read
- P97-P9

Internal data bus

—

Figure 10-56 Analog Input and General-Purpose Input (Modes 1 to 7)
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10.11 Port A

10.11.1 Overview

Port A is a seven-bit in

T50C, T40C, T40C, T30C, T30CQC) of the 16-bit integrated-timer pulse unit (IPU), pins for

put/output port that is multiplexed with output compare pins {T50C

the BREQ, BACK, andWAIT signals, PWM timer output pins (PW PW), serial

communication interface 3 input and output pins (TXRXD,, SCK), and the page address bus
(A, to A. Figure 10-57 summarizes the pin functions. Pins in port A can drive one TTL load

a 90-pF capacitive load. They can also drive a Darlington transistor pair.

Port A [«—

PAg (input/output)/T30C, (output)/BACK (output)/TXD3 (output)
PAs (input/output)/T30C; (output)/BREQ (input)/RXD3 (input)

PA4 (input/output)/WAIT (input)

PA3z (input/output)/T50C; (output)/A19 (output)/SCKj3 (input/output)
PA; (input/output)/T50C; (output)/A1g (output)/PW3 (output)

PA; (input/output)/T40C, (output)/A17 (output)/PW, (output)

PA (input/output)/T40C; (output)/A1s (output)/PW, (output)

Figure 10-57 Port A Pin Functions

Figure 10-58 shows examples of output loads for port A.

] HD7404 etc. ] Darlington pair
—Do— 1 gone
H8/539F 1 H8/539F |
Port A HD74LS04 etc. Port A
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-58 Examples of 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 selects input or output for one pin.

Bit 7 6 5 4 3 2 1 0

| - | PAGDDR | PAsDDR | PA,DDR | PASDDR | PA;DDR | PA;DDR | PAGDDR |

Initial value 1 0 0 0 0 0 0 0
R/W - W W W w w w w

A pin in port A becomes an output pin if the corresponding PADDR bit is set to 1, and an input
pin if this bit is cleared to 0. PADDR is a write-only register. All bits always return the value 1
when read.

PADDR is initialized to H'80 by a reset and in hardware standby mode. PADDR is not initialize
in software standby mode.

(2) Port A Data Register:The port A data register (PADR) is an eight-bit register that stores
data for pins PAto PA,.

Bit 7 6 5 4 3 2 1 0

| - | pas | Pas | Pay | PAs | PA; | PAL | PAy |
Initial value 1 0 0 0 0 0 0 0
RIW - RIW RIW RIW RIW RIW RIW RIW

When a bit in PADDR is set to 1, the corresponding PADR bit value is output at the correspond
pin. If port A is read the value in PADR is returned, regardless of the actual state of the pin.

When a bit in PADDR is cleared to 0, it is possible to write to the corresponding PADR bit but tl
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 is initialized to H'80 by a reset and in hardware standby mode. PADR is not initialized
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 RAo PA,.

Bit 7 6 5 4 3 2 1 0

‘ TXD3E ‘ RXD3E ‘ ‘ SCKB3E ‘ PW3E ‘ PW2E ‘ PWI1E |

Initial value 1 0 0 1 0 0 0 0
R/W R R/W R/W R R/W R/W R/W R/W

Bits 6, 5, and 3—TXD Enable, RXD, Enable, and SCK Enable (TXD3E, RXD3E, SCK3E):
These bits control the TXPRXD,, and SCKfunctions of pins PAT30C/BACK/TXD,,
PA/T30C/BREQ/RXD,, and PAITSOC/A,/SCK; in port A. When bits TXD3E, RXD3E, and
SCKS3E are set to 1, pins RAA,, and PA can be used for TXDbutput, RXD input, and SCK
input or output.

Bits 2 to 0—PW, Enable, PW, Enable, and PW Enable, (PW3E, PW2E, PW1E)These bits
control the PWto PW, functions of pins PATSOC/A,/PW,, PA/TA0C/A,/PW,, and

PA/T40C/A /PW, in port A. When bits PW3E, PW2E, and PW1E are set to 1, these pins can
used for PWoutput, PW output, and P\Moutput.

10.11.3 Pin Functions in Each Mode

Port A has different functions in different operating modes. A description for each mode is give
next.

(1) Pin Functions in Modes 1, 2, and 6Port A can be used for the output-compare function
(T30C, T30G, T40C, T40G, T50C, T50C) of the 16-bit integrated-timer pulse unit (IPU),
bus control BREQ andBACK), serial communication interface 3 input and output (STKD,,
RXD,), PWM timer output (P\W PW,, PW,), wait signal inputWAIT), and general-purpose
output.

When a pin is used for output compare, bus control, serial communication interface 3 input or
output, PWM timer output, or wait signal input, the PADDR setting is ignored.

The priority of pin functions for PAT3OC/BREQ/RXD, and PAIT3OC/BACK/TXD, is:
Bus control > TXD, RXD, > output compare > general-purpose output

The TXD, and RXD pin functions are available when bits TXD3E and RXD3E are setto 1 in th
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 PATSOC/SCK,, PAJT50C/PW,, PA/T40C/PW,, and
PAJT40C/PW, is:

PWM output pins, serial communication interface pins > output compare output pins > outp
portst

The SCK, PW,, PW,, and PW pin functions are available when bits SCK3E, PW3E, PW2E, and
PWL1E, 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/RXD3
—= PA4/WAIT

Port A [=—= PA3/T50C,/SCK3
le— PA,/T50C;/PWS;

e— PA1/T40C,/PW,

~— PA(/T40C,/PW,

Figure 10-59 Port A Pin Functions in Modes 1, 2, and 6

(2) Pin Functions in Modes 3 and 5Port A has pins that can be used for the output compare
function (T30G, T30GQ) of the 16-bit integrated-timer pulse unit (IPU), bus conBRKQ and
BACK), serial communication interface 3 input and output (TXEXD,), wait signal input

(WALIT), or general-purpose input or output, and pins that are used for page address quiiput (A
A,). When a pin 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 PAT3OC/BREQ/RXD, and PA'T30C/BACK/TXD, is:
TXD,, RXD, > bus control > output compare > general-purpose output

The TXD, and RXD, 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.

For methods of selecting pin functions, see appendix D "Pin Function Selection."
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Figure 10-60 shows the functions of port A in modes 3 and 5.

~— PAg/T30C,/BACK/TXD3
~— PA5/T30C1/BREQ/RXD3
~— PA4/WAIT

Port A — A9 (page address bus)
— Aig (page address bus)
—— A17 (page address bus)

— A1 (page address bus)

Figure 10-60 Port A Pin Functions in Modes 3 and 5

(3) Pin Functions in Mode 4:Port A has pins that can be used for the output compare function
(T30C, T30Q) of the 16-bit integrated-timer pulse unit (IPU), bus conBRKQ andBACK),
serial communication interface 3 input and output (SGKD,, RXD,), PWM timer output (P
PW,, PW,), wait signal inputWAIT), page address output.(Ao A, ), and general-purpose input
or output. When a pin is used for output compare, bus control, serial communication input/out
PWM timer output, or wait signal input, the PADDR setting is ignored.

The SCK, PW,, PW,, and PWfunctions of pins PAto PA are available when bits SCK3E,
PW3E, PW2E, and PWL1E are set to 1 in the port A control register (PACR). When these bits :
set to 1, the corresponding pins cannot be used for page address output. When bits SCK3E, F
PW2E, and PWL1E are cleared to 0 in PACR, these pins are used for page address output if tt
corresponding PADDR bit is set to 1, and for general-purpose input if the corresponding PADI
bit is cleared to 0.

The priority of pin functions for PAT3OC/BREQ/RXD, and PAIT3OC/BACK/TXD, is:
Bus control > TXD, RXD, > output compare > general-purpose output

The TXD, and RXD pin functions are available when bits TXD3E and RXD3E are setto 1 in th
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 PAA /SCK,, PA/A J/PW,, PA/A /PW,, and PA/A J/PW, is:
SCK,, PW, to PW, > 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.

Rev. 3.0, 02/99, page 229 of 904
RENESAS



—> PAG/T30C,/BACK/TXD;

[~—> PA5/T30C,/BREQ/RXD4

~—= PA4JWAIT

Port A [=— PA3 (input)/A19 (page address bus)/SCKj3
~—= PA, (input)/A1g (page address bus)/PW;
<— PA; (input)/A17 (page address bus)/PW,
~— PA( (input)/Ai16 (page address bus)/PW,

Figure 10-61 Port A Pin Functions in Mode 4

(4) Pin Functions in Mode 7:Port A can be used for the output compare function (T30C
T30C, T40C, T40G, T50C, T50C) of the 16-bit integrated-timer pulse unit (IPU), serial
communication interface 3 input and output (SCRXD,, RXD,), PWM timer output (PVY PW,,

PW,), and general-purpose input or output. When a pin is used for serial communication interfa
3 input or output, PWM timer output, or output compare, the PADDR setting is ignored.

The priority of pin functions for PAT30C/TXD, and PA/'T3OC/RXD, is:
TXD,, RXD, > output compare > general-purpose output

The TXD, and RXD, 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 PATSOC/SCK,, PAJT50C/PW,, PA/T40C/PW,, and
PAJTAOC/PW, is:

PWM output pins, serial communication interface pins > output compare output pins >
output ports

The SCK, PW,, 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, these pins cannot be u
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.
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~— PAg/T30C,/TXD;3
~— PA5/T30C;/RXD3
<~ PA,

Port A — PA3/T50C,/SCK3
= PA,/T50C;/PWj
— PA/T40C,/PW,
> PAQ/T40C,/PW;

Figure 10-62 Port A Pin Functions in 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 fc
bus control BREQ, BACK), wait signal input WAIT), the output compare function (T5QC
T50C, T40C, T40G, T30C, T30C) of the 16-bit integrated-timer pulse unit (IPU), serial
communication interface 3 input or output (SCKRXD,, RXD,), or general-purpose input or
output. The operating states and functions of port A are described next.

(1) Input Port (PA,to PA, in Modes 1 to 7; PAto PA,in Modes 1, 2, 4, 6, and 7)Figure 10-

63 shows a block diagram illustrating the general-purpose input function. Table 10-46 indicate
register read/write data. Values written in the port A data register (PADR) have no effect on
general-purpose input lines. When read, PADR returns the value at the pin.

)

Read
- PAg-PA o

Write

= PADR

Internal data bus

—

Figure 10-63 Input Port (Modes 1 to 7)
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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 (PA, to PA, in Modes 1 to 7; PAto PA, in 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 outpu
at the pin. When read, PADR returns the value written in PADR.

/

PAg-PA o

Read/
Write

PADR

Internal data bus

——

Figure 10-64 Output Port (Modes 1 to 7)

Table 10-47 Register Read/Write Data

Read Write
PADR PADR value Value output at pin

(3) BREQ Pin (PA.: Modes 1 to 6):Figure 10-65 shows a block diagram illustrating BIREQ
function. Table 10-48 indicates register read/write data. WhefsRAed foBREQ input, the
value written in the port A data register (PADR) has no effect.

 ~—
BREQ input
[%2]
]
ﬁ Read t—
= BREQ
g
5 | Write
£ - PADR

Figure 10-65 BREQ Input Pin (Modes 1 to 6)
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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 (PA,: Modes 1 to 6):Figure 10-66 shows a block diagram illustratingB2eCK
function. Table 10-49 indicates register read/write data. WhemsR&ed foBACK output, the
value written in the port A data register (PADR) has no effect. When read, PADR returns an

undetermined value.

~—

@ BACK output

o]

(o] PR
© I—* BACK
©

E

5 | Write

€ > PADR

Figure 10-66 BACK Output Pin (Modes 1 to 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.

(5) WAIT Pin (PA,: Modes 1 to 6):Figure 10-67 shows a block diagram illustratingWh&IT
function. Table 10-50 indicates register read/write data. WhemsR&ed fotWAIT input, the
value written in the port A data register (PADR) has no effect.

~—
WAIT input
2]
>
ﬁ Read L _
< [ WAIT
©
g
5| Write
£ > PADR

—

Figure 10-67 WAIT Input Pin (Modes 1 to 6)
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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 (PA,, PA,, PA,to PA: Modes 1 to 7):Figure 10-68 shows a block
diagram illustrating the timer output function. Table 10-51 indicates register read/write data.
When PA, PA,, and PAto PA are used for T3OCT30C, T50C, T50GC, 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 (T3080G, T50C, T50C, T40C,
T40C).

~—
Output compare output

[%2]

>

ﬁ Read |—>

= | T30C,, T30C;
©

g

5 | Write T50C;, T50C,
£ = PADR T40C;, T40C;

Figure 10-68 Output Compare Pins (Modes 1 to 7)

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 (PAo PA,: 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. Whe
PA, to PA are used for Ato A, output, values written in the port A data register (PADR) have
no effect. When read, PADR returns an undetermined value.
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/

Page address

|—> A19-A 15

Write

Internal data bus

PADR

—

Figure 10-69 Page Address Bus (Modes 3 to 5)

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) TXD, Output (PA,;: Modes 1, 2, 4, 6, and 7)Figure 10-70 shows a block diagram
illustrating the TXD output function. Table 10-53 indicates register read/write data. Wheis PA
used for TXD output, the value written in PADR is ignored, but PADR can be read to monitor t
level at the TXD pin.

TXDs
output
R L

2 Read

¥ TXD3

o

o

©

g

Py Write

E ~ PADR

Figure 10-70 TXD, Output (Modes 1, 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.
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(9) RXD, Input (PA,: Modes 1, 2, 4, 6, and 7)Figure 10-71 shows a block diagram illustrating
the RXD, input function. Table 10-54 indicates register read/write data. Wheis Réed for
RXD, input, the value written in PADR is ignored, but PADR can be read to monitor the level at

the RXD, pin.

RXD3
input
R L
a Read
3 |« RXD3
s
IS
©
g
= Write
£ PADR

—

Figure 10-71 RXD Input (Modes 1, 2, 4, 6, and 7)

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, Pin (PA; Modes 1, 2, 4, 6, and 7)Figure 10-72 shows a block diagram illustrating
the SCK input/output function. Table 10-55 indicates register read/write data. Whes &ged
for SCK, input or output, the value written in PADR is ignored, but PADR can be read to monito

the level at the SCHpin.

SCKj3
input or output
~—
2 Read
Q SCKj3
©
o
©
g
Py Write
£ > PADR

—

Figure 10-72 SCK Pins (Modes 1, 2, 4, 6, and 7)
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Table 10-55 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.

10.12 PortB

10.12.1 Overview
Port B is an-eight-bit input/output port. Figure 10-73 summarizes the pin functions.

Pins in port B can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair. They have software-programmable built-in MOS pull-up transistors.

~— PB- (input/output)/A,5 (output)
l~—s PBg (input/output)/A; 4 (Output)
le—s PBg (input/output)/A; 5 (Output)
~—» PB, (input/output)/A,, (output)
Port B .
~—= PBj (input/output)/A4 (output)
l«—> PB,, (input/output)/A; o (output)

l«—= PB; (input/output)/Ag (OUtpUL)

— PB (input/output)/Ag (output)

Figure 10-73 Port B Pin Functions

Figure 10-74 shows examples of output loads for port B.
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] HD7404 etc. ] Darlington pair
F—{>o— ]
H8/539F u H8/539F
Port B HD74LS04 etc. Port B
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-74 Examples of Port B Output Loads

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 selects input or output for one pin.

Bit 7 6 5 4 3 2 1 0

| PB,DDR \ PBgDDR \ PBsDDR \ PB,DDR \ PB3DDR \ PB,DDR \ PB;DDR \ PBoDDR |

Initial value 0 0 0 0 0 0 0 0
R/W W w W W w W W W

A pin in port B becomes an output pin if the corresponding PBDDR bit is set to 1, and an input |
if this bit is cleared to 0. PBDDR is a write-only register. All bits always return the value 1 whe
read.

PBDDR is initialized to H'00 by a reset and in hardware standby mode. PBDDR is not initialize
in software standby mode.
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(2) Port B Data Register:The port B data register (PBDR) is an-eight-bit register that stores d:
for pins PB7 to PBO.

Bit 7 6 5 4 3 2 1 0

| PB7 ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB» ‘ PB1 ‘ PBo |
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 bit in PBDDR is set to 1, the corresponding PBDR bit value is output at the correspon
pin. If port B is read the value in PBDR is returned, regardless of the actual state of the pin.

When a bit in PBDDR is cleared to 0, it is possible to write to the corresponding PBDR bit but
value is not output at the pin. If PBDR is read the value at the pin is returned, regardless of th
value written in PBDR.

PBDR is initialized to H'00 by a reset and in hardware standby mode. PBDR is not initialized |
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 PB7 to PB0O on and c
PBPCR is ignored in modes 1 to 6 and used only in mode 7.

Bit 7 6 5 4 3 2 1 0

| PB,PON \ PBGPON \ PB5PON \ 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 bit is cleared to O, if the corresponding PBPCR bit is set to 1, the built-in pull-
transistor is turned on.

PBPCR is initialized to H'00 by a reset and in hardware standby mode. PBPCR is not initializ¢
in software standby mode.
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10.12.3 Pin Functions in Each Mode

Port B has one set of functions in modes 1, 3, 5, and 6, another set of functions in modes 2 anc
and another set of functions in mode 7. A description for each mode group is given next.

(1) Pin Functions in Modes 1, 3, 5, and &ort B is used for address outpui (#® A). The
PBDDR settings are ignored. Figure 10-75 shows the pin functions in modes 1, 3, 5, and 6.

— Ajs (address bus)
— Aj4 (address bus)
— A3 (address bus)
— Aj> (address bus)
Port B
— Aj1 (address bus)
— Ajo (address bus)
—— Ag (address bus)

— Ag (address bus)

Figure 10-75 Pin Functions in Modes 1, 3, 5, and 6

(2) Pin Functions in Modes 2 and 4Port B can be used for address outpyt {&\A,) or
general-purpose input. A pin is used for address output if the corresponding PBDDR bit is set 1
1, and for general-purpose input if this bit is cleared to 0. Figure 10-76 shows the pin functions
modes 2 and 4.

~~—> PBy (input)/A15 (address bus)
~—> PBg (input)/A14 (address bus)
—s PBg (input)/A13 (address bus)
<—> PB4 (input)/A1> (address bus)
Port B
~— PB3 (input)/A11 (address bus)
~— PB,; (input)/A1o (address bus)
~—> PB; (input)/Ag (address bus)

~~— PB (input)/Ag (address bus)

Figure 10-76 Pin Functions in Modes 2 and 4
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(3) Pin Functions in 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 correspon
PBDDR bit is set to 1 and an input pin if this bit is cleared to 0. Figure 10-77 shows the pin
functions in mode 7.

~—> PB>7 (input/output pin)
~~—= PBg (input/output pin)
~—= PBgs (input/output pin)
~— PB4 (input/output pin)
Port B ~— PB3 (input/output pin)
~— PB> (input/output pin)
~— PB; (input/output pin)
~— PBg (input/output pin)

Figure 10-77 Pin Functions in 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 inpu
pull-up transistor on, clear its PBDDR bit to 0 and set its PBPCR bit to 1. The input pull-up
transistors are turned off by a reset and in hardware standby mode. Table 10-57 summarizes
states of the input pull-ups in each mode.

Table 10-57 Pull-Up Transistor States in Each Mode

Hardware Other Modes (Including
Mode Reset Standby Mode Software Standby Mode)
1-6 Off Off Off
’ On/Off
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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 (Ato A) 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 pc
B data register (PBDR) have no effect on general-purpose input lines. When read, PBDR retur
the value at the pin.

/

Read
- PB7-PB

Write
PBDR

Internal data bus

—

Figure 10-78 Input Port (Modes 2 and 4)

Table 10-58 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 a bit in the
B pull-up transistor control register (PBPCR) is set to 1, the corresponding PBDR bit always re:
1.
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Read/

Write
- = PBPCR

Read

PB7-PB o

Internal data bus

Write

PBDR

—

Figure 10-79 Input Port with Built-In Pull-Up Transistors (Mode 7)

Table 10-59 Register Read/Write Data

Read Write
PBDR Pin value, or always 1**  Don't care*’
PBPCR PBPCR value 0/1**

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 (Mode 7): Figure 10-80 shows a block diagram illustrating the general-purpos:
output function. Table 10-60 indicates register read/write data. The value written in the port E
data register (PBDR) is output at the pin. When read, PBDR returns the value written in PBDI

/

PB7-PB

Read/
Write

Internal data bus

PBDR

—

Figure 10-80 Output Port (Mode 7)

Table 10-60 Register Read/Write Data

Read Write
PBDR PBDR value Value output at pin
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(4) Address Bus (Modes 1 to 6)rigure 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 addre:
bus, values written in the port B data register (PBDR) have no effect on the bus lines. When re
PBDR returns the value written in PBDR.

~—
" Address
>
-g |—> Ais-Ag
S
e]
©
% Read/
< Write
= PBDR

Figure 10-81 Address Bus (Modes 1 to 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 PortC

10.13.1 Overview
Port C is an-eight-bit input/output port. Figure 10-82 summarizes the pin functions.

Port C is an address bus, (& A) in modes 1, 3, 5, and 6. In modes 2 and 4 port C can be used
for address output (Ao A) or general-purpose input. In mode 7 port C is a general-purpose
input/output port.

Pins in port C can drive one TTL load and a 90-pF capacitive load. They can also drive a
Darlington transistor pair. They have software-programmable built-in MOS pull-up transistors.

~—> PC; (input/output)/A; (output)
~—> PCg (input/output)/Ag (output)
~~—= PC5 (input/output)/Asg (output)
~<— PC, (input/output)/A, (output)
Port C
~— PC; (input/output)/Az (output)
~—> PC, (input/output)/A, (output)
~— PC, (input/output)/A; (output)
~— PCg (input/output)/Aq (output)

Figure 10-82 Port C Pin Functions

Figure 10-83 shows examples of output loads for port C.

————— | HD7404etc — ]
' Darlington pair
[ F—o— ]
H8/539F u H8/539F
Port C HD74LS04 etc. Port C
\/\ \/\
(1) One TTL load or four LS-TTL loads (2) Darlington transistor pair

Figure 10-83 Examples of Port C Output Loads

Rev. 3.0, 02/99, page 245 of 904
RENESAS



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 selects input or output for one pin.

Bit 7 6 5 4 3 2 1 0

| PCDDR | PC4DDR | PCSDDR | PC4DDR | PC5DDR | PC;DDR | PC1DDR | PCODDR |

Initial value 0 0 0 0 0 0 0 0
R/W w W w W w w w w

A pin in port C becomes an output pin if the corresponding PCDDR bit is set to 1, and an input
if this bit is cleared to 0. PCDDR is a write-only register. All bits always return the value 1 whe
read.

PCDDR is initialized to H'00 by a reset and in hardware standby mode. PCDDR is not initialize
in software standby mode.

(2) Port C Data Register:The port C data register (PCDR) is an-eight-bit register that stores da
for pins PCto PG.

Bit 7 6 5 4 3 2 1 0

| PCy ‘ PCg ‘ PCs ‘ PCy4 ‘ PC3 ‘ PC, ‘ PCq ‘ PCo |
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 bit in PCDDR is set to 1, the corresponding PCDR bit value is output at the corresponc
pin. If port C is read the value in PCDR is returned, regardless of the actual state of the pin.

When a bit in PCDDR is cleared to 0, it is possible to write to the corresponding PCDR bit but t
value is not output at the pin. If PCDR is read the value at the pin is returned, regardless of the
value written in PCDR.
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PCDR is initialized to H'00 by a reset and in hardware standby mode. PCDR is not initialized
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, ¢ PG, on and off.
PCPCR is ignored in modes 1 to 6 and used only in mode 7.

Bit 7 6 5 4 3 2 1 0

| PC;PON | PCGPON | PCSPON | PC4PON | PCSPON | PC,PON | PC1PON | PCGPON |

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 bit is cleared to 0, if the corresponding PCPCR bit is set to 1, the built-in pull-
transistor is turned on.

PCPCR is initialized to H'00 by a reset and in hardware standby mode. PCPCR is not initializ
in software standby mode.

10.13.3 Pin Functions in Each Mode

Port C has one set of functions in modes 1, 3, 5, and 6, another set of functions in modes 2 ar
and another set of functions in mode 7. A description for each mode group is given next.

(1) Pin Functions in Modes 1, 3, 5, and @ort C is used for address output (& A)). The
PCDDR settings are ignored. Figure 10-84 shows the pin functions in modes 1, 3, 5, and 6.

— Ay (address bus)
— Ag (address bus)
— Ags (address bus)
— A4 (address bus)
Port C
— A3 (address bus)
— A, (address bus)
—— A; (address bus)

—— Ap (address bus)

Figure 10-84 Pin Functions in Modes 1, 3, 5, and 6
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(2) Pin Functions in Modes 2 and 4Port C can be used for address outpytt¢s ) or general-
purpose input. A pin is used for address output if the corresponding PCDDR bit is set to 1, and
general-purpose input if this bit is cleared to 0. Figure 10-85 shows the pin functions in modes
and 4.

~<— PCj7 (input)/A; (address bus)
~—> PCg (input)/As (address bus)
~—= PCs (input)/As (address bus)
~— PC, (input)/A4 (address bus)
Port C .
~—> PC3 (input)/A3 (address bus)
~— PC, (input)/As (address bus)
~— PC; (input)/A; (address bus)

~—= PCy (input)/Ag (address bus)

Figure 10-85 Pin Functions in Modes 2 and 4

(3) Pin Functions in 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 correspondi
PCDDR bit is set to 1 and an input pin if this bit is cleared to 0. Figure 10-86 shows the pin
functions in mode 7.

~—> PC7 (input/output pin)
~—> PCg (input/output pin)
~— PC;5 (input/output pin)
[<— PC,4 (input/output pin)
Port C
~— PCg3 (input/output pin)
~— PC, (input/output pin)
~— PC; (input/output pin)

<— PCj (input/output pin)

Figure 10-86 Pin Functions in Mode 7
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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 inpt
pull-up transistor on, clear its PCDDR bit to 0 and set its PCPCR bit to 1. The input pull-up
transistors are turned off by a reset and in hardware standby mode. Table 10-63 summarizes
states of the input pull-ups in each mode.

Table 10-63 Pull-Up Transistor States in 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 fc
address output (Ao A,) or general-purpose input or output. The operating states and functions
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
C data register (PCDR) have no effect on general-purpose input lines. When read, PCDR ret
the value at the pin.

/

Read
- PC7-PCo

Write
PCDR

Internal data bus

—

Figure 10-87 Input Port (Modes 2 and 4)

Table 10-64 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.
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(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 1(
65 indicates register read/write data. Values written in the port C data register (PCDR) have n
effect on general-purpose input lines. When read, PCDR returns the value at the pin. When a
in the port C pull-up transistor control register (PCPCR) is set to 1, the corresponding PCDR bi
always reads 1.

Read/

Write
- PCPCR

Read
- PC7-PCo

Internal data bus

Write
PCDR

—

Figure 10-88 Input Port with Built-In Pull-Up Transistors (Mode 7)

Table 10-65 Register Read/Write Data

Read Write
PCDR Pin value, or always 1**  Don't care**
PCPCR PCPCR value 0/1**

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 (Mode 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
data register (PCDR) is output at the pin. When read, PCDR returns the value written in PCDF

)

PC7-PC

Read/

Write
- = PCDR

Internal data bus

——

Figure 10-89 Output Port (Mode 7)
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Table 10-66 Register Read/Write Data

Read Write
PCDR PCDR value Value output at pin

(4) Address Bus (Modes 1 to 6)igure 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 addr
bus, values written in the port C data register (PCDR) have no effect on the bus lines. When |
PCDR returns the value written in PCDR.

~—
" Address
>
ﬁ |—> A7-Ag
T
©
©
% Read/
] Write
= PCDR

Figure 10-90 Address Bus (Modes 1 to 6)

Table 10-67 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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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 tim
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 wi
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
« Sixteen registers with software-assignable output compare or input capture functions
« Twenty-eight independent comparators

Channel  Output Compare Registers  Output Compare/lnput Capture Registers

CH1 4 4
CH2-5 2 2
CHe6, 7 — 2

» Selection of sixteen counter clock sources (external clock sources are shared by all channi

0, @2, g4, @8, 916, @32, @64, ¢/128,@256, @512, ¢/1024,@/2048,¢/4096, TCLK1,
TCLK2, TCLK3

« Input 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 clearec
simultaneously by compare match or input capture.

PWM output mode

One-phase, two-phase, or three-phase PWM output (up to nine-phase PWM output using 1
counter synchronization function)

* Auto-measure function

Two timer channels can be coordinated for automatic measurement of pulse width or
frequency and for two-phase encoder counting
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e 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 ve
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

TCLK1D3 —* ‘ Clock selector ‘ ‘ Interrupt control ‘ —= T5CMI2, TIOVI to T70VI
@-@4096 —= (interrupt signals)
T10C;-T50C, =— Counter control and pulse = ADTRG
T1l0C;-T710C, 1/0 control unit |

IR ERENN]

@

N A R

5G||S||d||S||o||5]||o TMDRA |(O)

[{e]

= on-chi
TVDRE |C) data st

Bus interface

~_sR O
0 000000

Module data bus >

TMDRA: Timer mode register A (8 bits)
TMDRB: Timer mode register B (8 bits)
TSTR: Timer start register (8 bits)

Figure 11-1 [PU Block Diagram
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11.1.3  Input/Output Pins

Table 11-1 summarizes the IPU pins.

Table 11-1 IPU Pins

Channel Pin Name Input/Output Function
1 T1I0C, Input/Output T1GR1 output compare/input capture pin
(multiplexed with PWM output)
T1I0C, 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
T1I0C, Input/Output T1GR3 output compare/input capture pin
T1I0C, Input/Output T1GR4 output compare/input capture pin
T10C, Output T1DR3 output compare pin
T10C, Output T1DR4 output compare pin
2 T210C, Input/Output T2GR1 output compare/input capture pin
(multiplexed with PWM output)
T2I10C, 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 T3I0C, 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 TAGR1 output compare/input capture pin
T410C, Input/Output TAGR2 output compare/input capture pin
T40C, Output T4DR1 output compare pin
T40C, Output T4ADR2 output compare pin
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Table 11-1 IPU Pins (cont)

Channel Pin Name Input/Output Function
5 T510C, Input/Output T5GR1 output compare/input capture pin
T5I0C, Input/Output T5GR2 output compare/input capture pin
T50C, Output T5DR1 output compare pin
T50C, Output T5DR2 output compare pin
6 T610C, Input/Output T6GR1 output compare/input capture pin
(multiplexed with PWM output)
T6I10C, 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 phase
clock measurement mode)
TCLK, Input External clock 2 input pin (B phase input for phase
measurement mode)
TCLK, Input External clock 3

11.2  Timer Counters and Compare/Capture Registers

The IPU has seven 16-bit timer counters (TCNTSs), one for each channel. Each counter can be
accessed 16 bits at a time.

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 latch
the TCNT value when an external capture signal is received or an event occurs. An interrupt c
also be requested at this time compare register contents are compared with the TCNT value at
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 Channel 1 Registers

Channel 1 has four general registers used for both input capture and output compare, and fou
dedicated registers used only for output compare.

The input capture/output compare registers function as output compare registers after a reset
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 simultaneous!
generate four waveforms and measure four waveforms. Three-phase PWM output is possible
PWM mode. See section 11.8, "Examples of Timer Operation” for details.

Figure 11-2 shows a block diagram of channel 1.

——TCLK, ~TCLKj

r(p—(p/4096
—— T10C;-T10C 4
‘ Clock selector ‘ ‘ Control logic ‘ <—— T1I0C;-T1I0OC4
|
‘ Comparator ‘
i t t i ¢ t i i ,,,,, Control registers
—T— TCRH TerL (D

[}

. Q
@

TOERA @ 5 On-chip

IS data bus
(2]}
>
@

DR1 (OCR)
DR2 (OCR)
DR3 (OCR)

DR4 (OCR)
H
(@}
Py
>

16-bit counter
GR1 (ICR/OCR)
GR2 (ICR/OCR)
GR3 (ICR/OCR)
GR4 (ICR/OCR)

slis isksis] sl iske) O

Module data bus

11 1

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)

e

Figure 11-2 Channel 1 Block Diagram
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11.31

Register Configuration

Table 11-2 summarizes the channel 1 registers.

Table 11-2 Channel 1 Registers

Chan- Address Name Abbre- R/W Bit7 Bit6é Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial
nel viation Value
1 H'FF20 Timer control TICRH R/W — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
H'FF21 Timer control TICRL RW — CCLR2 CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'80
register (low)
H'FF22 Timer status T1SRAH R/IW — — — OVIE CMIE2 CMIE1l IMIE2 IMIE1 HEO
register A (high)
H'FF23 Timer status T1ISRAL RIW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register A (low)
H'FF24 Timer output T10ERA R/W DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOE11 GOE10 H'00
enable register A
H'FF25 Timer mode TMDRA R/W MD6-7 MD4-7 MD3-5 MD2:6 SYNC3 SYNC2 SYNC1 SYNCO H'00
register A
H'FF26 Timer counter TICNTH R/W H'00
register (high)
H'FF27 Timer counter TICNTL R/W H'00
register (low)
H'FF28 General T1GR1H R/W H'FF
register 1 (high)
H'FF29 General T1GR1L R/W H'FF
register 1 (low)
H'FF2A General T1GR2H R/W H'FF
register 2 (high)
H'FF2B General T1GR2L R/W H'FF
register 2 (low)
H'FF2C Dedicated T1DR1H R/W H'FF
register 1 (high)
H'FF2D Dedicated T1DR1L R/W H'FF
register 1 (low)
H'FF2E Dedicated T1DR2H R/W H'FF
register 2 (high)
H'FF2F Dedicated T1DR2L R/W H'FF
register 2 (low)
H'FF30 Timer start TSTR RW — STR7 STR6 STR5 STR4 STR3 STR2 STR1 H'80
register
H'FF31 Timer control TICRA RW — — — — IEG41 |IEG40 IEG31 IEG30 H'FO

register A
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Table 11-2 Channel 1 Registers (cont)

Chan- Address Name Abbre- R/W Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO Initial
nel viation Value

H'FF32 Timer status T1SRBH RIW — — — — CMIE4 CMIE3 IMIE4 IMIE3 H'FO
register B (high)

H'FF33 Timer status T1SRBL RIW — — — — CMF4 CMF3 IMF4 IMF3 HFO
register B (low)

H'FF34 Timer output T10ERB R/W DOE41 DOE40 DOE31 DOE30 GOE41 GOE40 GOE31 GOE30 H'00
enable register B

H'FF35 Timer mode TMDRB R/W — — MDF PWM4 PWM3 PWM2 PWM1 PWMO H'CO
register B

H'FF38 General T1GR3H R/W H'FF
register 3 (high)

H'FF39 General T1GR3L R/W H'FF
register 3 (low)

H'FF3A General T1GR4H R/W H'FF
register 4 (high)

H'FF3B General T1GR4L R/W H'FF
register 4 (low)

H'FF3C Dedicated T1DR3H R/W H'FF
register 3 (high)

H'FF3D Dedicated T1DR3L R/W H'FF
register 3 (low)

H'FF3E Dedicated T1DR4H R/W H'FF
register 4 (high)

H'FF3F Dedicated T1DR4AL R/W H'FF

register 4 (low)
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11.3.2 Timer Control Register (High)

Timer control register high (TCRH) is an eight-bit readable/writable register that selects the tim
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 | - | - | CKEGL | 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

Bits 7 and 6—ReservedRead-only bits, always read as 1.

Bits 5 and 4—Clock Edge 1/0 (CKEG1/0)These bits 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 tt
external clock. When TPSC3 to TPSCO are set so as not to select an external clock source,
CKEGL1 and CKEGO are ignored.

For further details, see section 11.8.7, "External Event Counting."
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(3) Bits 3 to 0—Timer Prescaler (TPSC3 to TPSCO)rhese 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 [0} (100 ns)* (Initial value)
0 0 0 1 @2 (200 ns)*
0 0 1 0 @4 (400 ns)*
0 0 1 1 @8 (800 ns)*
0 1 0 0 @16 (1.6 ps)*

0 1 0 1 @32 (3.2 ps)*

0 1 1 0 @64 (6.4 ps)*

0 1 1 1 @128 (12.8 ps)*
1 0 0 0 @256 (25.6 ps)*
1 0 0 1 @512 (51.2 ps)*
1 0 1 0 @1024 (102.4 ps)*
1 0 1 1 @2048 (204.8 ps)*
1 1 0 0 @4096 (409.6 ps)*
1 1 0 1 External clock (TCLK))

1 1 1 0 External clock (TCLK))

1 1 1 1 External clock (TCLK,)

Note: * Values in parentheses are resolution values for a 10-MHz clock rate.
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11.3.3  Timer Control Register (Low)

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
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

Bit 7 —Reserved:Read-only bit, always read as 1.
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Bits 6 to 4—Counter Clear 2 to 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 is 0 and either CCLR1 or CCLRO is set to 1, or both CCLR1 and CCLRO are se
1, the counter is cleared in synchronization with the clearing of a timer pair selected in timer
register A (TMDA).

If GR1 or GR3 is used as a compare register the counter is cleared by compare match. If GR
GR3 is used 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. "

Bits 3 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
compare register. If IEG21 or IEG20 is set to 1, or both IEG21 and IEG20 are setto 1, GR2
becomes an input capture register.

For further details, see section 11.8.3, "Input Capture Function. "
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Bits 1 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 bits IEG11 and IEG10 to 0, disabling input capture and making GR1 an output
compare register. If IEG11 or IEG10 is set to 1, or both IEG11 and IEG10 are setto 1, GR1
becomes an input capture register.

For further details, see section 11.8.3, "Input Capture Function. "

TCRA is an eight-bit readable/writable register. The bit structure of TCRA in channel 1 is show
next.

Bit 7 6 5 4 3 2 1 0
TcRA | - | - | - | - | IEGal | IEG40 | IEG31 | IEG30 |
Initial value 1 1 1 1 0 0 0 0
RIW - - - - RW  RW  RW  RW

t Input capture edge 41/40/31/30

These bits select register functions
and the valid edges of input capture
signals

L— Reserved bits

Bits 7 to 4 —ReservedRead-only bits, always read as 1.
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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 bits IEG41 and IEG40 to 0, disabling input capture and making GR4 an output
compare register. If IEG41 or IEG40 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. "

Bits 1 and 0—Input Capture Edge 31/30 (IEG31/30)These bits 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
compare register. If IEG31 or IEG30 is set to 1, or both IEG31 and IEG30 are setto 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, CMIE1, IMIE2, or IMIEL is set to 1 in TSRH, an interrupt is requested
when OVF, CMF2, CMFI, IMF2, or IMF1 is setto 1 in TSRL.

Channel 1 has two timer status registers (high), designated TSRAH and TSRBH. Channels 2 t
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 \ IMIEL |
Initial value 1 1 1 0 0 0 0 0
RIW - - - RIW RIW RIW RIW RIW

i

Input capture/
Compare match
interrupt enable
21

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

Bits 7 to 5—ReservedRead-only bits, always read as 1.
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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

Bit 3—Compare Match Interrupt Enable 2 (CMIEZ2): 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

Bit 2—Compare Match Interrupt Enable 1 (CMIE1): Enables or disables the 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

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, "Interrt
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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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, "Interruy
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 1 is
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
4/3
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) Bits 7 to 4—ReservedRead-only bits, always read as 1.
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Bit 3—Compare Match Interrupt Enable 4 (CMIE4): Enables or disables the 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

Bit 2—Compare Match Interrupt Enable 3 (CMIE3): Enables or disables the 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

Bit 1—Input Capture/Compare Match Interrupt Enable 4 (IMIE4): Enables or disables the
GR4 compare match or input capture interrupt. For further details, see section 11.9.1, "Interrt
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

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, "Interrt
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 (Low)

Timer status register low (TSRL) is an eight-bit readable/writable register that indicates timer
status. Writing to TSRL is restricted to clearing a flag to 0 after reading the 1 value of that flag.

After OVIE, CMIE2, CMIE1, IMIE2, or IMIEL is set to 1 in TSRH, an interrupt is requested
when OVF, CMF2, CMF1, IMF2, or IMF1 is setto 1 in TSRL.

Channel 1 has two timer status registers (low), designated TSRAL and TSRBL. Channels 2 to
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 | - | - | - | ovw | cmr2 | cMF1 | mF2 | iMFL |
Initial value 1 1 1 0 0 0 0 0
RIW - - - RIW RIW RIW RIW RIW

L 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

Bits 7 to 5—ReservedRead-only bits, always read as 1.
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Bit 4—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000. Fo
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

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

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
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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

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 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
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TSRBL is an eight-bit readable/writable register. The bit structure of TSRBL in channel 1 is
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
R/W - - - - R/W R/W R/W R/W

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

Bits 7 to 4—ReservedRead-only bits, always read as 1.

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
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Bit 2—Compare Match 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

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 0 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

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 0 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 readable/writable register that enables
disables output of compare match signals and selects the output level.

Channel 1 has two timer output enable registers, designated TOERA and TOERB. Channels
7 have one TOER each. The bit structure of TOERA in channel 1 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, "Timer Control Registi
(Low). "

Bit 7 6 5 4 3 2 1 0

TOERA | DOE21 ‘ DOEZ20 ‘ DOE11 ‘ DOE10 ‘ GOE21 ‘ GOE20 ‘ GOE11 ‘ GOE10 |

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

L LGeneral register
General register ~ Output enable

Dedicated Dedicated output enable 1110
— register output 21/20 These bits enable
register output enable 11/10 These bits enable and disable output

enable 21/20
These bits enable
and disable output
of the counter-DR2
compare match
signal, and select
the output level

of the counter-GR1
compare match
signal, and select
the output level

These bits enable  and disable output
and disable output  of the counter-GR2
of the counter-DR1  compare match
compare match signal, and select
signal, and select  the output level

the output level
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Bits 7 and 6—Dedicated Register Output Enable 21/20 (DOE21/20)hese bits enable and
disable output of the counter-DR2 compare match signal, and select the output level. For furth
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

Bits 5 and 4—Dedicated Register Output Enable 11/10 (DOE11/10)hese bits enable and
disable output of the counter-DR1 compare match signal, and select the output level. For furth
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

Bits 3 and 2—General Register Output Enable 21/20 (GOE21/20)hese 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 regard
of the setting of GOE21 and GOEZ20. 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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Bits 1 and 0—General Register Output Enable 11/10 (GOE11/10}hese bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit O

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 regar
of the setting of GOE11 and GOE10. Bits 1 and O are thus ignored 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 1 is
shown next.

For the selection of general register (GR) functions, see section 11.3.3, "Timer Control Registi
(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

[

General register
output enable
General register  31/30

Dedicated output enable These bits enable
Mtp " 41/40 and disable output
i utpu —

L ; e o ; of the counter-GR3
Deghcated enable 31/30 Thssde_ bﬁ enatblet compare match
register output These biits enable and disable outpu signal, and select
enable 41/40 of the counter-GR4

and disable output
These bits enable  of the counter-DR3
and disable output compare match
of the counter-DR4  sjgnal, and select
compare match the output level
signal, and select
the output level

compare match the output level

signal, and select
the output level
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Bits 7 and 6—Dedicated Register Output Enable 41/40 (DOE41/40)hese bits enable and
disable output of the counter-DR4 compare match signal, and select the output level. For furth
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

Bits 5 and 4—Dedicated Register Output Enable 31/30 (DOE31/30)hese bits enable and
disable output of the counter-DR3 compare match signal, and select the output level. For furth
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

Bits 3 and 2—General Register Output Enable 41/40 (GOE41/40)hese 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 regard
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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Bits 1 and 0—General Register Output Enable 31/30 (GOE31/30}hese bits enable and
disable output of the counter-GR3 compare match signal, and select the output level.

Bit 1 Bit O

GOE31 GOES30 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 regar
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. "

Rev. 3.0, 02/99, page 279 of 904
RENESAS



11.4  Channel 2 to 5 Registers

Channels 2 to 5 each have two general registers used for output compare and input capture, al
two dedicated registers used only for output compare.

The general registers function as output compare registers after a reset. They can be switchec
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 periodi
counting mode, channels 2 to 4 are used for setting the measurement period, and channel 5 is
to measure the waveform. Channels 2 and 3 can provide two-phase PWM output. See sectior
11.8, "Examples of Timer Operation" for details.

Figure 11-3 shows a block diagram of channels 2 to 5.

— TCLK; -TCLKg
[ 9-9/4096

‘ = T20C1-T20C,

Clock selector ‘ Control logic T210C1-T210C
D 1~ 2

Comparator

|
| |
i i i Control registers

<-F| TCRH* | TCRL |C:)§
=& = RS e
% § é %‘ § <—~| TSRH | TSRL |D% on-en.
I 0%
£ b, N % % L o e ___ !
Clle||x
V] V]
a|ototo o
( Module data bus
t I I 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)."

Figure 11-3 Block Diagram of Channels 2to 5
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1141

Register Configuration

Table 11-3 summarizes the registers of channels 2 and 3.

Table 11-3 Registers of Channels 2 and 3

Chan- Abbre- Initial
nel  Address Name viation R/W Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
2 H'FF40 Timer control T2CRH R/W — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
H'FF41 Timer control T2CRL R/W — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
H'FF42 Timer status T2SRH R/W — — — OVIE CMIE2 CMIE1l IMIE2 IMIE1 HEO
register (high)
H'FF43 Timer status T2SRL R/W — — — OVF CMF2 CMF1 IMF2 |IMF1 HEO
register (low)
H'FF44 Timer output T20ER R/W DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOE11 GOE10 H'00
enable register
H'FF46 Timer counter T2CNTH R/W H'00
register (high)
H'FF47 Timer counter T2CNTL R/W H'00
register (low)
H'FF48 General T2GR1H R/W H'FF
register 1 (high)
H'FF49 General T2GR1L R/W H'FF
register 1 (low)
H'FF4A General T2GR2H R/W H'FF
register 2 (high)
H'FF4B Genera T2GR2L R/W H'FF
register 2 (low)l
H'FF4C Dedicated T2DR1H R/W H'FF
register 1 (high)
H'FF4D Dedicated T2DR1L R/W H'FF
register 1 (low)
H'FF4E Dedicated T2DR2H R/W H'FF
register 2 (high)
H'FF4F Dedicated T2DR2L R/W H'FF

register 2 (low)
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Table 11-3 Registers of Channels 2 and 3 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/W 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)
H'FF51 Timer control T3CRL R/W — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
H'FF52 Timer status T3SRH R/W — — — OVIE CMIE2 CMIE1l IMIE2 IMIE1 HEO
register (high)
H'FF53 Timer status T3SRL RW — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
H'FF54 Timer output T30ER R/W DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOE11 GOE10 H'00
enable register
H'FF56 Timer counter T3CNTH R/W H'00
register (high)
H'FF57 Timer counter T3CNTL R/W H'00
register (low)
H'FF58 General T3GR1H R/W H'FF
register 1 (high)
H'FF59 General T3GR1L R/W H'FF
register 1 (low)
H'FF5A General T3GR2H R/W H'FF
register 2 (high)
H'FF5B General T3GR2L R/W H'FF
register 2 (low)
H'FF5C Dedicated T3DR1H R/W H'FF
register 1 (high)
H'FF5D Dedicated T3DR1L R/W H'FF
register 1 (low)
H'FF5E Dedicated T3DR2H R/W H'FF
register 2 (high)
H'FF5F Dedicated T3DR2L R/W H'FF

register 2 (low)
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Table 11-4 summarizes the registers of channels 4 and 5.

Table 11-4 Registers of Channels 4 and 5

Chan- Abbre- Initial
nel  Address Name viation R/W Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
4 H'FF60 Timer control T4CRH R/W — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
H'FF61 Timer control T4CRL R/W — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
H'FF62 Timer status T4SRH R/W — — — OVIE CMIE2 CMIE1 IMIE2 IMIE1 H'EO
register (high)
H'FF63 Timer status T4SRL R/W — — — OVF CMF2 CMF1 IMF2 [IMF1 HEO
register (low)
H'FF64 Timer output T40ER R/W DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOE11 GOE10 H'00
enable register
H'FF66 Timer counter T4CNTH R/W H'00
register (high)
H'FF67 Timer counter TACNTL R/W H'00
register (low)
H'FF68 General T4A4GR1H R/W H'FF
register 1 (high)
H'FF69 General T4GR1L R/W H'FF
register 1 (low)
H'FF6A General T4GR2H R/W H'FF
register 2 (high)
H'FF6B General T4AGR2L R/W H'FF
register 2 (low)
H'FF6C Dedicated T4DR1H R/W H'FF
register 1 (high)
H'FF6D Dedicated T4DR1L R/W H'FF
register 1 (low)
H'FF6E Dedicated T4DR2H R/W H'FF
register 2 (high)
H'FF6F Dedicated T4ADR2L R/W H'FF

register 2 (low)
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Table 11-4 Registers of Channels 4 and 5 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/W 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)
H'FF71 Timer control T5CRL R/W — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
H'FF72 Timer status T5SRH R/W — — — OVIE CMIE2 CMIE1l IMIE2 IMIE1 HEO
register (high)
H'FF73 Timer status T5SRL R/W — — — OVF CMF2 CMF1 IMF2 IMF1 HEO
register (low)
H'FF74 Timer output T50ER R/W DOE21 DOE20 DOE11 DOE10 GOE21 GOE20 GOE11 GOE10 H'00
enable register
H'FF76 Timer counter T5CNTH R/W H'00
register (high)
H'FF77 Timer counter T5CNTL R/W H'00
register (low)
H'FF78 General T5GR1H R/W H'FF
register 1 (high)
H'FF79 General T5GR1L R/W H'FF
register 1 (low)
HFF7A General T5GR2H R/W H'FF
register 2 (high)
H'FF7B General T5GR2L R/W H'FF
register 2 (low)
H'FF7C Dedicated T5DR1H R/W H'FF
register 1 (high)
H'FF7D Dedicated T5DR1L R/W H'FF
register 1 (low)
H'FF7E Dedicated T5DR2H R/W H'FF
register 2 (high)
H'FF7F Dedicated T5DR2L R/W H'FF

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
R/W - - R/W R/W R/W R/W R/W R/W

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

Bits 7 and 6 —ReservedRead-only bits, always read as 1.

Bits 5 and 4—Counter Clear 1 and 0 (CCLR1/0)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 is uset
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. "

Bits 3 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
compare register. 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. "

Bits 1 and 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 0

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
compare register. If IEG11 or IEG10is setto 1, or both IEG11 and IEG10 are setto 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, CMIE
CMIEL, IMIE2, or IMIEL is set to 1 in TSRH, an interrupt is requested when OVF, CMF2, CMF
IMF2, or IMF1lis setto 1 in 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 \ CMIE2 \ CMIE1 \ IMIE2 \ IMIEL |
Initial value 1 1 1 0 0 0 0 0
RIW - - - RIW RIW RIW RIW RIW

|

Input capture/
Compare match
interrupt enable
211

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

Bits 7 to 5—ReservedRead-only bits, always read as 1.

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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Bit 3—Compare Match Interrupt Enable 2 (CMIEZ2): 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

Bit 2—Compare Match Interrupt Enable 1 (CMIE1): Enables or disables the 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

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, "Interruy
Timing."™

Bit 1

IMIE2 Description

0 GR?2 input capture or compare match interrupt is disabled (Initial value)
1 GR2 input capture or compare match interrupt is enabled

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, "Interruy
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 (Low)

Timer status register low (TSRL) is an eight-bit readable/writable register. After OVIE, CMIE2
CMIEL, IMIE2, or IMIEL is set to 1 in TSRH, an interrupt is requested when OVF, CMF2, CMF
IMF2, or IMF1is setto 1 in TSRL. Writing to TSRL is restricted to clearing a flag to 0 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 | - \ - \ - \ OVF \ CMF2 \ CMF1 \ IMF2 \ IMF1 |
Initial value 1 1 1 0 0 0 0 0
RIW - - - RIW RIW RIW RIW RIW

L 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

Bits 7 to 5—ReservedRead-only bits, always read as 1.

Bit 4—Overflow Flag (OVF): Set to 1 when the counter overflows from H'FFFF to H'0000. Fol
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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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

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

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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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.:
"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

11.4.5 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readable/writable register. The bit
structure of TOER in channels 2 to 5 is shown next.

For the selection of general register (GR) functions, see section 11.3.3, "Timer Control Registi
(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
R/W R/W R/W R/W R/W R/W R/W R/W R/W

LGeneral register
output enable

General register 1110

output enable These bits enable
Dedicated 2120 and disable output
register output These bits enable  ©f the counter-GR1
enable 11/10 and disable output COMPare maich

— Dedicated e
register output These bits enable

enable 21/20 and disable output
of the counter-DR1
compare match
signal, and select
the output level

signal, and select
the output level

of the counter-GR2
compare match
chable £1/2U signal, and select
These bits enable the output level
and disable output
of the counter-DR2
compare match
signal, and select
the output level
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Bits 7 and 6—Dedicated Register Output Enable 21/20 (DOE21/20)hese bits enable and
disable output of the counter-DR2 compare match signal, and select the output level. For furth
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.

Bits 5 and 4—Dedicated Register Output Enable 11/10 (DOE11/10)hese bits enable and
disable output of the counter-DR1 compare match signal, and select the output level. For furth
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.

Bits 3 and 2—General Register Output Enable 21/20 (GOE21/20}hese 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.
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When GR2 is used for input capture, however, compare match signal output is disabled regar
of the setting of GOE21 and GOEZ20. Bits 3 and 2 are thus ignored except when IEG21 = IEC
0.

For further details, see section 11.8.2, "Selection of Output Level. "

Bits 1 and 0—General Register Output Enable 11/10 (GOE11/10Jhese bits enable and
disable output of the counter-GR1 compare match signal, and select the output level.

Bit 1 Bit O

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 regar
of the setting of GOE11 and GOE10. Bits 1 and O are thus ignored except when IEG11 =
IEG10 =0.

For further details, see section 11.8.2, "Selection of Output Level. "

Rev. 3.0, 02/99, page 293 of 904
RENESAS



11.5

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 a reset. They can be switchec

Channel 6 and 7 Registers

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 wave
Channels 6 and 7 can each be used to measure waveforms in programmed periodic counting r
The timer counter in channel 7 can count up or down according to the phase of two external clc
signals in phase counting mode. Channels 6 and 7 can provide single-phase PWM output in P

output mode. See section 11.8, "Examples of Timer Operation” for details.

Figure 11-4 shows a block diagram of channels 6 and 7.

TCLK;-TCLKj
04096

‘ Clock selector

‘ ‘ Control logic

‘ Comparator

il

16-bit counter
GR1 (ICR/OCR)
GR2 (ICR/OCR)

B W (W]

Control registers

- T6I0C1-T6I0C;,

( Module data bus

L1l

| TcRL*2 |D g
TSRH | TsRL (1) % ot bus
m

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:

The diagram shows 16-bit timer channel 6.

1. For TCRH, see section 11.3.2, "Timer Control Register (High)."
2. For TCRL, see section 11.4.2, "Timer Control Register (Low)"

Figure 11-4 Block Diagram of Channels 6 and 7
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Table 11-5 summarizes the registers of channels 6 and 7.

Register Configuration

Table 11-5 Registers of Channels 6 and 7

Chan- Abbre- Initial
nel  Address Name viation R/W Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
6 H'FF80  Timer control T6CRH RW — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
H'FF81 Timer control T6CRL R/W — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
H'FF82 Timer status T6SRH R/W — — — — OVIE IMIE2 IMIE1 H'F8
register (high)
H'FF83 Timer status T6SRL R/W — — — — OVF IMF2 IMF1 HF8
register (low)
H'FF84 Timer output T60ER R/W — — — GOE21 GOE20 GOE11 GOE10 H'FO
enable register
H'FF86 Timer counter T6CNTH R/W H'00
register (high)
H'FF87 Timer counter T6CNTL R/W H'00
register (low)
H'FF88 General T6GR1H R/W H'FF
register 1 (high)
H'FF89 General T6GR1L R/W H'FF
register 1 (low)
H'FF8A General T6GR2H R/W H'FF
register 2 (high)
H'FF8B General T6GR2L R/W H'FF

register 2 (low)
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Table 11-5 Registers of Channels 6 and 7 (cont)

Chan- Abbre- Initial
nel  Address Name viation R/W Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Value
7 H'FF90 Timer control T7CRH R/W — — CKEG1 CKEGO TPSC3 TPSC2 TPSC1 TPSCO H'CO
register (high)
H'FF91 Timer control T7CRL R/W — — CCLR1 CCLRO IEG21 IEG20 IEG11 IEG10 H'CO
register (low)
H'FF92 Timer status T7SRH R/W — — — — OVIE IMIE2 IMIE1 H'F8
register (high)
H'FF93 Timer status T7SRL RW — — — — OVF IMF2 IMF1 HF8
register (low)
H'FF94 Timer output T70ER R/W — — — GOE21 GOE20 GOE11 GOE10 H'FO
enable register
H'FF96 Timer counter T7CNTH R/W H'00
register (high)
H'FF97 Timer counter T7CNTL R/W H'00
register (low)
H'FF98 General T7GR1H R/W H'FF
register 1 (high)
H'FF99 General T7GR1L R/W H'FF
register 1 (low)
H'FF9A General T7GR2H R/W H'FF
register 2 (high)
H'FF9B General T7GR2L R/W H'FF

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, IMIEZ
or IMIE1 is set to 1 in TSRH, an interrupt is requested when OVF, IMF2, or IMF1l is setto 1 in
TSRL. For timer control register high and low, see section 11.3.2, "Timer Control Register (Hi
" and section 11.4.2, "Timer Control Register (Low). " The bit structure of TSRH in channels €
and 7 is shown next.

Bit 7 6 5 4 3 2 1 0
TSR | - | - | - | - | - | ove | mE2 | mEL |
Initial value 1 1 1 1 1 0 0 0
RIW - - - - - RW  RW  RW

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

Bits 7 to 3—ReservedRead-only bits, always read as 1.

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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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, "Interruy
Timing. "

Bit 1

IMIE2 Description

0 GR2 input capture or compare match interrupt is disabled (Initial value)
1 GR?2 input capture or compare match interrupt is enabled

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, "Interruy
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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11.5.3 Timer Status Register (Low)

Timer status register low (TSRL) is an eight-bit readable/writable register. After OVIE, IMIE2,
IMIEL is set to 1 in TSRH, an interrupt is requested when OVF, IMF2, or IMF1l is setto 1 in
TSRL. Writing to TSRL is restricted to clearing a flag to 0 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
TsRe | - - | - | - | - | oW | w2 | F |
Initial value 1 1 1 1 1 0 0 0
RIW - - - - - RW  RW  RW

L Input capture/
Compare match
interrupt enable
211
Flags indicating
GR2 and GR1
compare match
or input capture

— Overflow flag

Flag indicating counter
overflow

— Reserved bits

Bits 7 to 3—ReservedRead-only bits, always read as 1.

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. F
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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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

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 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
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11.5.4 Timer Output Enable Register

The timer output enable register (TOER) is an eight-bit readable/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 Registi
(Low)."

Bit 7 6 5 4 3 2 1 0
TOER | - \ - \ - \ - \ GOE21 \ GOE20 \ GOE11 \ GOE10 |
Initial value 1 1 1 1 0 0 0 0
RIW - - - - RIW RIW RIW RIW

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

Bits 7 to 4—ReservedRead-only bits, always read as 1.
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Bits 3 and 2—General Register Output Enable 21/20 (GOE21/20}hese 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 regard
of the setting of GOE21 and GOEZ20. Bits 3 and 2 are thus ignored except when IEG21 =
IEG20 = 0.

For further details, see section 11.8.2, "Selection of Output Level."

Bits 1 and 0—General Register Output Enable 11/10 (GOE11/10)hese 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 regard
of the setting of GOE11 and GOE10. Bits 1 and O 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  IPU 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
R/W R/W R/W R/W R/W R/W R/W R/W R/W

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

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 char
6. If channel 7 is externally clocked, the number of external events occurring in regular intervz
timed by channel 6 can be counted. For further details see section 11.8.8, "Programmed Peri
Counting Mode."
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Bit 6—Timer Mode 4-7 (MD4-7): 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 chanr
4. If channel 7 is externally clocked, the number of external events occurring in regular interva
timed by channel 4 can be counted. For further details see section 11.8.8, "Programmed Perio
Counting Mode."

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 chanr
3. If channel 5 is externally clocked, the number of external events occurring in regular interval
timed by channel 3 can be counted. For further details see section 11.8.8, "Programmed Perio
Counting Mode."

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 chanr
2. If channel 6 is externally clocked, the number of external events occurring in regular interval
timed by channel 2 can be counted. For further details see section 11.8.8, "Programmed Perio
Counting Mode."
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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 mor
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected tinr
counters are synchronized. For further details, see section 11.8.6 "Synchronizing Mode."

Bit 2—Timer Synchronizing Bit 2 (SYNCZ2): Synchronizes two 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 mor
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected tinr
counters are synchronized. For further details, see section 11.8.6 "Synchronizing Mode."

Bit 1—Timer Synchronizing Bit 1 (SYNC1): 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 mor
bits among SYNC3, SYNC2, SYNC1, and SYNCO are set to 1 simultaneously, all selected tim
counters are synchronized. For further details, see section 11.8.6 "Synchronizing Mode."

Bit 0—Timer Synchronizing Bit 0 (SYNCO): Synchronizes the timer counters in channel 1 and
other channels.

Bit 0

SYNCO Description

0 Timer counters in channel 1 and other channels operate independently
(Initial value)

1 Timer counters in channels 2 and 3 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 time
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-bit readable/writable register that selects timer
operating modes. The bit structure of TMDRB is shown next.

Bit 7 6 5 4 3 2 1 0
bR | - | - | MDF | pwma | Pwm3 | Pwm2 | Pwm1 | PWMO |
Initial value 1 1 0 0 0 0 0 0
RIW - - RIW RIW RIW RIW RIW RIW

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

Bits 7 and 6—ReservedRead-only bits, always read as 1.

Bit 5—Phase Counting Mode (MDF):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 Timer counters in channels 2 and 3 are synchronized
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Bit 4—PWM Timer Mode 4 (PWM4): Operates channel 7 as a PWM timer.

Bit 4

PWM4 Description

0 Channel 7 operates normally (Initial value)
1 Channel 7 operates as a PWM timer

Channel 7 operates as a PWM timer with independent period and duty cycle, providing one P
output. When PWM4 = 1, settings of GOE11 and GOE10 in the channel 7 timer output enable
register (TOER) are ignored. For further details, see section 11.8.5 "PWM Output Mode."

Bit 3—PWM Timer Mode 3 (PWM3): Operates channel 6 as a PWM timer.

Bit 3

PWM3 Description

0 Channel 6 operates normally (Initial value)
1 Channel 6 operates as a PWM timer

Channel 6 operates as a PWM timer with independent period and duty cycle, providing one P'
output. When PWM3 = 1, settings of GOE11 and GOE10 in the channel 6 timer output enable
register (TOER) are ignored. For further details, see section 11.8.5 "PWM Output Mode."

Bit 2—PWM Timer Mode 2 (PWM2): Operates channel 3 as a PWM timer.

Bit 2

PWM2 Description

0 Channel 3 operates normally (Initial value)
1 Channel 3 operates as a PWM timer

Channel 3 operates as a PWM timer with independent period and duty cycle. Channel 3 can
provide two-phase PWM output. When PWM2 = 1, settings of GOE21, GOE20, GOE11, and
GOE10 in the channel 3 timer output enable register (TOER) are ignored. For further details,
section 11.8.5 "PWM Output Mode."
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Bit 1—PWM Timer Mode 1 (PWM1): Operates channel 2 as a PWM timer.

Bit 1

PWM1 Description

0 Channel 2 operates normally (Initial value)
1 Channel 2 operates as a PWM timer

Channel 2 operates as a PWM timer with independent period and duty cycle. Channel 2 can
provide two-phase PWM output. When PWML1 = 1, settings of GOE21, GOE20, GOE11, and
GOE10 in the channel 2 timer output enable register (TOER) are ignored. For further details, s
section 11.8.5 "PWM Output Mode."

Bit 0—PWM Timer Mode 0 (PWMO): Operates channel 1 as a PWM timer.

Bit 0

PWMO Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates as a PWM timer

Channel 1 operates as a PWM 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

The timer start register (TSTR) is an eight-bit readable/writable register that starts and stops t
counters. The bit structure of TSTR is shown next.

Bit 7 6 5 4 3 2 1 0
TSTR | - \ STR7 \ STR6 \ STR5 \ STR4 \ STR3 \ STR2 \ STR1 |
Initial value 1 0 0 0 0 0 0 0
RIW - RIW RIW RIW RIW RIW RIW RIW

Counter start 7to 1
These bits start and stop the
Reserved bit counters

Bit 7—Reserved:Read-only bit, always read as 1.

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

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

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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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

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

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

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 IPU registers can be accessed 16 bits at a time, while others are limited to eight-bit acc
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 a word at a time using a 16-bit data b
Byte access is also possible.

Figure 11-5 shows an example of word write timing to a timer counter. Figure 11-6 shows an
example of byte write timing to a timer counter.

|
|
-

AU

A19-Ao >< Timer counter address

Internal write
signal

Internal data N |
bus | ew val uei

Timer counter !

Old value

value

Figure 11-5 Example of Word Write Timing for Timer Counter
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(
‘ J
A19-Ag ;)( Low address Xj X

Internal write
signal

Internal data
bus

Timer counter
value

New valpe / H §—< New value

(<
1 )) I T
>< | Lower byte only
1 C !

Old value

) ! '

Figure 11-6 Example of Byte Write Timing for Timer Counter

Read and Write Operations: Timer counters, general registers, and dedicated registers can be
written and read a word at a time or a byte at a time. Figure 11-7 illustrates word read/write
operations. Figure 11-8 illustrates upper byte read/write operations. Figure 11-9 illustrates low
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
Figure 11-8 Upper Byte Read/Write Operations
On-chip
data bus 16 16 Module data bus
H8/500 CPU _Bus
interface

High
address

Low
address

Figure 11-9 Lower Byte Read/Write Operations
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11.7.2  Eight-Bit Accessible Registers

The IPU's timer 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 the

registers a byte at a time 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 byt

address) second.

Figure 11-10 shows an example of byte write timing to a timer control register. Figure 11-11
shows an example of write timing to a timer control register by an instruction specifying word
operand size.

T2

? M

A19-Ag >< Timer control register adqress !

Lp) T3

Internal write
signal

Internal data N |
bus ew value| ‘
>< New value

register value Old value

i
I
|
i
:

Timer control !
I
|
|
‘
i
|

Figure 11-10 Example of Byte Write Timing for Timer Control Register
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A19-Ag X TCRH address >< TCRL address X

Internal write
signal

Internal data >—< New value / >—< NewvaILJe ( >—
e ‘ : : \ | | \‘

Timer control ‘ : : 1 ‘ : f
register value | ol yalue ! >< 3 Updateql TCRH XUpdgted TCRL

Figure 11-11 Example of 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.

Table 11-6 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

databus 8 Module data bus
H8/500 CPU _ Bus
interface
8
High Low
address address
Figure 11-12 Upper Byte Read/Write Operations
On-chip
databus 8 Module data bus
H8/500 CPU _Bus >
interface

High
address

Low
address

Figure 11-13 Lower Byte Read/Write Operations
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11.8 Examples of 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 perio
mode. Figure 11-14 shows the procedure for selecting the counting mode.

Procedure for Selecting Counting Mode

Counting mode
selection

| STRbit=1 | Q) (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 | @) 3) need to set count period or
select clear source.

Select clear source
CCLR #00

Y
<Periodic counter> <Free-running counter>

Figure 11-14 Procedure for Selecting Counting Mode
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Counter Operation: Figure 11-15 illustrates counter operations.

(Counter operation)

(1) When an STR bit is
No Hold value set to 1, the
corresponding
counter starts
B counting up.

STR=17?

Yes
(2) Periodic counter:
After incrementing,
the counter value is
<Increment> checked against
the count period.

Y
A

(3) Periodic counter: If
the counter value
matches the count
period, the CMF or
IMF bit in TSRL is
setto 1.

( Periodic counter ) Free-running

counter

No

(4) Free-running
counter: After
incrementing,

Compare match?* Overflow?

Yes Yes counter overflow is
2 (4) checked.
CMF/IMF=1 (3) | | OVF=1 (5) (5) Free-running
counter: If the
count has

- overflowed, the
OVF bitin TSRL is
setto 1.

TCNT -0  (6) (6) The timer counter

is reset and starts
counting up again
from zero.

Note: * TCNT = count period

Figure 11-15 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 wh
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 IPU operates in periodic counting
mode. Figure 11-17 shows an example of periodic counting. The counter starts from H'0000
counts up to H'8000. At this point a compare match with DR2 occurs, so the CMF2 flag in TS
is set to 1 and the counter is automatically cleared. Counting then continues from H'0000.

Ic')’L‘ﬁtrer Value Hoooo X H'0001 X é:x H'FFFE X H'FFFF X( H'0000 X H'0001 X

STR hit

(TSTR) Counting starts when STR bit is set to 1
OVF flag

(TSRH) (C

Overflow flag (OVF) is set
when count changes from
H'FFFF to H'0000

Figure 11-16 Free-Running Counter Operation

I(')Tﬁ{er Value_g( H'0000 X H'0001 X ;X H'7FFF XDXHOOOOX H'0001 X H'0002 X

STR hit {5

(TSTR) Counting starts when STR bit ’>// Note: JH'8000

CMF2 flag issetto 1

(TSRH) [ @ Compare match with DR2 sets
J compare match flag 2 (CMF2)

and clears counter

DR2 value H'FFFF >< N H'8000

Cycle length H'8000 is set in DR2

Figure 11-17 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 show
the procedure for selecting the output level.

Procedure for Selecting Output Level

C Output selection )

(1) Select the counting mode.

(2) Set a value in a dedicated or general register to
select the pulse output time.

Select counting mode 1)

(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.

(2 (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.

Set compare value
in DR or GR

( 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>

Figure 11-18 Procedure for Selecting Output Level
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Waveform Output Operation: Figure 11-19 illustrates waveform output operations.

CWaveform output>

<Compare match>

(1) CMF or IMF bit in timer status register
low (TSRL) is set to 1 at 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 ) CToggIe output )

/
2 ®3) 4
I _ o
Pin level Pin level Pin level
(low output) (high output) (toggles between low and high)

Figure 11-19 Waveform Output
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Figure 11-20 shows examples of waveform output on channel 4. High output is selected from
T410C,, low output from T410¢; and toggle output from T4QC

High output is selected by setting bits GOE11 and GOE10 to 10 in the channel 4 timer output
enable register (TOER). The IPU drives T4|M@h when the counter matches the value in GR1
(H'0001). Low output is selected by setting bits GOE21 and GOEZ20 to 01 in the channel 4 TOI
The IPU drives T4IOClow when the counter matches the value in GR2 (H'0003). Toggle outpu
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'0O0FF).

If high or low output is selected, when compare match occurs, and if the pin is already at the
selected output level, the output level does not change.

e Settings
0 TOER (channel 4): H'36
O TCRL (channel 4): H'EO (clear on T4ADR2 compare match)

‘ ‘ Note: * O0FF
Timer counter
value X0001)(0002X0003X0004Xj}tXOOFEX*X0000X 0001X0002X0003X0004>C
I ! ! !
GR1 value N L HO0001 | |
\r/ | | ; !
|| Output | n 1 1 1
GR2 value | goes o H0003 | |
- high at ; ; | Counter is 1
i compare /w o) __| cleared at
DR1 value m?tCh / J H'0004 | | compare match
! [ A ! ‘
L Output | : L) /T
DR2 value i [ |goes 3 3 H'00FF 3 3
! low at : ; W !
'/ |compare ! ;
T410C, match | ] :
GOE11/10 = 10 1 1 ‘
( ) \ ‘ : Output toggles at :
T410C, compare match
(GOE21/20 = 01) 3 — |
T40C; ‘ < ‘
(GOE11/10 = 11) ( i )

Figure 11-20 Example of Waveform Output on Channel 4
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11.8.3 Input Capture Function

The counter value can be captured into a register when a transition occurs at an input capture
Capture can take place on the rising edge, falling edge, or both edges. Figure 11-21 shows tt
procedure for selecting the input capture function.

Procedure for Selecting Input Capture Mode

C Input selection ) (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
| Select counting mode | @) 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 ) ( Falling edge ) C Both edges )
| | |

| IEG =01 | | IEG =10 | | IEG =11 |
| @ | 3) | (@)
Pin level Pin level Pin level
(low input) (high input) (low or high input)

T
o - .

¥

| | |

<Capture> <Capture> <Capture>

Figure 11-21 Procedure for Selecting Capture Input Mode
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Capture Operation: Figure 11-22 illustrates input capture operations.

Capture operation

A

<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 setto 1.

(2) The counter value is transferred to and
held in a general register (GR).

Figure 11-22
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Figure 11-23 shows an example of input capture on channel 1.

The rising edge of T110Js 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
the rising edge of the T1IQ@hput. The falling edge of T11QGs selected by setting bits IEG21
and IEG20 in channel 1 TCRL to 10. The IPU transfers the counter value (H'0002 and H'010-

GR2 on the falling edge of the T1IQ@put. The rising and falling edges of T1IQaEe selected

by setting bits IEG31 and IEG30 in channel 1 timer control register A (TCRA) to 11. The IPU
transfers counter value H'0004 on the rising edge and value H'0104 on the falling edge of the

T1I0C, input, to GR3.

e Settings
0 TCRL: H'89
0 TCRA: H'F3

Timer
counter value

N

000‘1 0002 X 0003 0004 0100 0101%0102 0103 02.\04 0105
X\,X\,XX \,XXXX,

\

H 0100 |

(IEG11/10 = 01)

GR1 value HOOOOX} H'0001 \ \
R v
GR2value  HO000 ) Hoo02 | | ™ wowz | |
_ R i R
GR3 value HO000 | X Hooos | \ Ho104

T1l0C,
(IEG21/20 = 10)

T110C3
(IEG31/30 = 11)

Figure 11-23 Example of Input Capture on Channel 1

Rev. 3.0, 02/99,

RENESAS

page 325 of 904




Figure 11-24 shows an example of input capture timing on channel 2. The IPU latches the inpl
capture signal input at the T21Qg@in on the rising edge of the system clogk (One system

clock cycle (1.Qt,.) 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 sgi. h#ér the

input capture signal is latched.

The pulse width of the input capture signal must be at leas{1.5t

Note: trcs: 50 ns (min)

T2I0Cq

Internal capture

signal (¢ ‘
(L 3

))
TCNT2 n X m 1
(« |
e T )T [ T
T2GR1 HFFFF  (Initial vaIue)X n+1 ) )( m+1
| | )) |

I(lt\:/lh'fs\lnnel 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 select
a counter 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 cleare
intervals determined by external events. Figure 11-25 shows the procedure for selecting the
counter clear source.

Procedure for 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
C Compare match >(1) C Capture ) O] set the CCLR bits in TCRL
‘ ‘ to 01 or 10. (The counter
operates as a periodic
Set period in DR or GR ( Select edge(s) ) counter.)

‘ (2) Clear on capture:
CCLR = 01 (IEG # 00) To clear the counter by

Set CCLR = 01 (IEG = 00) input capture, select the
or CCLR = 10 input edge or edges in
TCRL, then set the CCLR
bits to 01.
<Counter clear> <Counter clear>

Figure 11-25 Procedure for Selecting Counter Clear Source

Counter Clear Operation: Figure 11-26 illustrates the counter clear operation.

C Counter clear )

(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)

Figure 11-26 Counter Clearing Operation
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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 T4TQIS clear condition

is selected by setting CCLR1 and CCLRO in channel 4 timer control register low (TCRL) to 01.
The rising edge is selected by setting IEG11 and IEG10 to 01. The IPU transfers the counter v
(H'0003) on the rising edge of the T4IO@put to GR1, then clears the counter.

To clear the counter on DR2 compare match, set CCLR1 and CCLRO to 10 in TCRL.

e Settings
0 TCRL (channel 4): H'D4 (to clear on input capture in TAGR1)
0 TCRL (channel 4): H'EO (to clear on compare match with T4ADR2)

Counter cleared by
input capture

H'0003 / 0000

Jmercounter Y0001 0002% 17 0001><:?;XOOFE>®(  0001)(0002) 0003 f 0004

- N

0000

GR1 value H'0000 X H'0003
! Counter cleared by
! compare match
DR2 value j H'00FF
T410C, @
(IEG =01) Note: [OH'OOFF

Figure 11-27 Example of Input Counter Clearing on Channel 4

Rev. 3.0, 02/99, page 328 of 904
RENESAS



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 F
output, channels 2 and 3 can provide two-phase PWM output, and channels 6 and 7 can prov
single-phase PWM output. Figure 11-28 shows the procedure for selecting PWM output mod

Procedure for Selecting PWM Mode

PWM mode
selection

Set c??ggrlz\éalues (1) (1) First set the <_:oun_ting p(_eriod, pulse set time, and
pulse reset time in dedicated (DR) or general (GR)
registers.

Select periodic counting | () (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) (3) Set the PWM bit in timer mode register B
(TMDRB) to 1.

<PWM mode>

Figure 11-28 Procedure for Selecting PWM Output Mode
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PWM Output Operation: Figure 11-29 illustrates PWM output operations.

C PWM output* )
|
C U phase )

GRL: TCNT || GR3: TCNT
) @
<Compare match> <Compare match>
\ \
U phase set command | | U phase reset command

®) (4)

(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: OChannel 1:
Example of U
phase in 3-phase
PWM output.

Figure 11-29 PWM Output Operation

Figure 11-30 shows an example of three-phase PWM output on channel 1.

The U phase is output at the T1IQ@n. The V phase is output at the T1IQh. The W phase
is output at the TLOGin. The IPU sets T1IOG@vhen the timer counter matches GR1 (H'0001),
and resets T110Gvhen the timer counter matches GR3 (H'00FE). The IPU sets TWlleD the

timer counter matches GR2 (H'0002), and resets T1¥@@n the timer counter matches GR4
(H'OOFD). The IPU sets T11Q@hen the timer counter matches DR1 (H'0003), and resets

T1I0C, 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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— TCRL: H'FO (clear on TLDR4 compare match)

— TMDRB: H'C1 (PWM output on channel 1)
— TCRA: H'FO

Settings
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Note: * H'0OOFF

Rev. 3.0, 02/99, page 331 of 904

RENESAS

Figure 11-30 Example of Three-Phase PWM Output on Channel 1




In PWM mode the compare registers are paired: one register sets the pulse; the other register
the pulse. The counter should be set to periodic counting mode. Table 11-7 indicates the regi
pair assigned to each output pin.

Table 11-7 Output Pins and Register Pairs

Channel Output Pin Set Reset PWM Period
1 T110C, GR1 GR3 DR2, GR3, DR4
T1I0C, GR2 GR4
T10C, DR1 DR3
2 T210C, GR1 DR1 DR2
T210C, GR2 DR2
3 T310C, GR1 DR1 DR2
T3I0C, GR2 DR2
T610C, 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 outpt
enable register (TOER). Any output level settings made will be ignored.

2. Settings of the IEG bits in timer control register low (TCRL) are valid in PWM output mode.
The IEG bits must be cleared to 0.

3. In PWM output mode, periodic counting should be used by selecting a counter clear source
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.

Procedure for Selecting Synchronizing Mode

Selection of (1) Set desired SYNC bit(s) in TMDRA
synchronizing mode, (1) to 1.

(2) Synchronized preset: Enabled by
| setting a SYNC bit to 1.

| SYNC bit = 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

(2 ®) (5) Slave: Select synchronized reset
(CCLR = 11).

Master or slave? Slave
Select clear source: Select synchronized clear:
CCLR bits =00, 01, or 10 CCLR bits = 11*
4 ®)
Y
<Synchronized preset> <Counter clear> <Synchronized clear>

Note: * Channels 2to 7

Figure 11-31 Procedure for Selecting Synchronizing Mode
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Synchronized Operation: Figure 11-32 shows an example of synchronized operation of channel

2 and 3.

( Counter clear )

<Clear condition satisfied>

() ‘
CSynchronized cIearD

| Tont20 @ | |

TCNT3 -0 (3 |

Synchronizing
preset*

<Write>

TCNT2 — DATA | | TCNT3 — DATA
(4) ©)

(1) When a counter clear
condition occurs on
channel 2, channel 3 is
commanded to clear in
synchronization.

(2) | The counters in
channels 2 and 3 are
(3) | cleared simultaneously.

Synchronizing preset:
(4) | writing to channel 2 or
3 writes the same
(5) | value simultaneously
into both counters.

Note: * Example of synchronized operation of channels 2 and 3.

Figure 11-32 Example of Synchronized Operation of Channels 2 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 SYNCL1 bit in timer mode register A

(TMDRA) to 1. The timer 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) as the clear source for timer counter 3. The IPU clears timer counters 2 and 3
simultaneously when timer counter 2 matches T2GR1 (H'00FF).

e Settings

0 T2GR1: H'OOFF

0 TMDRA: H'02 (SYNC1 =1)
0 TCRL (channel 2): H'DO (clear at compare match with T2GR1)
0 TCRL (channel 3): H'FO (enabling synchronized clearing)

Timer counter
2 value

Timer counter
3 value

T2GR1 value
(channel 2)

TMDRA value

TCNT2 TCNT3

/

Write to TCNT2 TCNT2 and TCNT3
and TCNT3 are simultaneously
(synchronizing cleared by compare

preset) match*2
/ / 0000

XooooXoomXooozX:z:X

Xoooz/XoomX:z:XOOFEXJX /XoomX:

f
{0 Yn+ 1Xoooo><j_><m + 2X0000X0001X1J00FEX . Joooz)

and timer counter

0000
H'FFFF X H'O0FF )
H'0000 X H'0001 (SYNC1 =1)
Synchronization of timer
counters 2 and 3 enabled
Timer counter 2 Timer counter 2 and timer
e -

3 are not synchronized

counter 3 operate in
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 Counters 2 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 externe
clock input pins, external events can be counted. The counter can be set to increment on the r
or falling edge, or on both edges of the external clock signal. The value of an externally clocke
counter can be captured at regular intervals to measure external event frequencies. Figure 11-
shows the procedure for selecting external event counting mode.

Procedure for Selecting External Event Counting Mode

(1) Set the TPSC bits in timer control register high (TCRH) to

C 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.

| Select external clock | (1) (3) 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
CKEGOto 10 or 11 in TCRH.

(5) Counting starts when the corresponding STR bit in the
timer start register (TSTR) is set to 1.

| |
C Rising edge ) C Falling edge ) C Both edges )
| | |

CKEG1/0 =00 CKEG1/0 =01 CKEG1/0 =10, 11
| @ | 3) | @)
Pin level Pin level Pin level

(high input) (low input) (low or high input)
\ \

‘ —1
_

_ ]

| STRbit=1 |

l 5)

<Start incrementing>

Figure 11-34 Procedure for Selecting External Event Counting Mode
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External Event Counting Operation: Counting operations are the same as for 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.T@L¢hannel 1, the
rising edge of TCLKis selected by setting the CKEG1 and CKEGO bits in TCRH to 00. The IP
counts rising edges of TCLK In channel 2, the falling edge of TCLIS selected by setting the
CKEG1 and CKEGO bits in TCRH to 01. The IPU counts falling edges of TClrtkchannel 3,
both edges of TCLKare selected by setting the CKEG1 and CKEGO bits in TCRH to 10 or 11.
The IPU counts both rising and falling edges of TCLK

e Settings
0 TCRH (channel 1): H'CD (count rising edges)
0 TCRH (channel 2): H'DD (count falling edges)
O TCRH (channel 3): H'ED or H'FD (count both rising and falling edges)

Incremented on rising
edge of TCLK;

Timer counter 1
value (CKEG = X 0001 | " "H0002 | \ Hooos | } Hooo4 |
00) : ! : : T :

i i | Incremented on falling ;

| | | edge of TCLK, |
Timer counter 2 ‘ ‘ ‘ 1 ‘ ‘
value (CKEG = | H0000 } H0001 ! -/ H'0002! X H'0003 X:
01) | Incremented on both

edges of TCLK,
Timer counter 3 1 ‘
value (CKEG = X H'0001

10 or 11)

H'OOOZX H'OOOBX H'OOO4X H'OOOSX

TCLK; f f f f

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 (TGL& TCLK,) on the rising edge of the system clock
(p. TCNT2 is incremented 1.5 system clock cycles (])5after the external clock is latched.
The pulse width of the external clock signal must be at least 1.5t

trcks: 50 ns (min)

treks
—

TCLK; -TCLK 77 ‘

Internal counter
clock

TCNT2

Figure 11-36 External Clock Input Timing

Rev. 3.0, 02/99, page 338 of 904
RENESAS



11.8.8 Programmed Periodic Counting Mode

In programmed periodic counting mode, the value of an externally clocked counter is capturec
into a general register by compare match on a different channel. No external input capture sic
is needed. Figure 11-37 shows the procedure for selecting programmed periodic counting mc

Procedure for Selecting Programmed Periodic Counting Mode Example when bit MD2-6 = 1
in timer mode register A (TMDRA)

(Setup proced