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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always 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
(i) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. 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 Corp. or
a third party.

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

3. 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 Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. 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 Corp. 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 Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

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

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. 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.

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

7. 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.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
areintheir open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note: When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileit isin this
undefined state. For those products which have areset function, reset the LSl immediately
after the power supply has been turned on.

4, Prohibition of Accessto Undefined or Reserved Addresses

Note: Access to undefined or reserved addressesis prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.

Rev. 5.00 Mar 28, 2005 page iii of Ixii

RENESAS




Rev. 5.00 Mar 28, 2005 page iv of Ixii

RENESAS



Preface

These LSIs are high-performance microcomputers with a 32-bit H8S/2600 CPU core and a variety
of built-in peripheral functions necessary for a system configuration.

The built-in peripheral devicesinclude a 16-bit timer pulse unit (TPU), a programmable pulse
generator (PPG)**, awatchdog timer (WDT), 8-bit timers, a 14-bit PWM timer (PWM)**, serial
communication interfaces (SCI, IrDA*Y), an A/D converter, a D/A converter™?*, and I/O ports. An
I2C bus interface (11C)** can also be incorporated as an option. An on-chip DMA controller
(DMAC)** and data transfer controller (DTC)** perform high-speed data transfer without using
the CPU, enabling use of these LSIs as embedded microcomputers in various advanced control
systems. Two types of internal ROM-flash memory (F-ZTAT ™*?) and mask ROM-are available,
providing a quick and flexible response to conditions from ramp-up through full-scale volume
production, even for applications with frequently changing specifications.

Notes: 1. Thisfunction is not available in the H8S5/2695.
2. F-ZTAT isatrademark of Renesas Technology Corp.

Target Users: This manual was written for users who will be using the H8S/2633 Group,
H8S/2633R, or H8S/2695 in the design of application systems. Readers are
expected to understand the fundamentals of electrical circuits, logic circuits, and
microcomputers.

Objective:  This manual was written to provide users with an explanation of the hardware
functions and electrical characteristics of the H8S/2633 Group, H8S/2633R, and
H8S/2695. Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual
for a detailed description of theinstruction set.

Notes on reading this manual:

» Inorder to understand the overall functions of the chip
Read the manual according to the contents. This manual is broadly divided into parts covering
the CPU, system control functions, peripheral functions, and electrical characterigtics.

* |norder to understand the details of the CPU's functions
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual.

Example: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals: The latest versions of all related manuals are available from our website.
Please ensure that you have the latest versions of all documents you require.
http://www.renesas.com/eng/
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H8S/2633 Group manuals:

Document Title

Document No.

H8S/2633 Group Hardware Manual

This manual

H8S/2600 Series, H8S/2000 Series Programming Manual

REJ09B0139

Users manuals for development tools:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimized Linkage REJ10B0058
Editor User's Manual

H8S, H8/300 Series Simulator/Debugger (for Windows) User's Manual ~ ADE-702-037
High-performance Embedded Workshop User's Manual ADE-702-201

Application Notes:

Document Title

Document No.

H8S Family Technical Q & A

REJO5B0397
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Comparison of H85/2633, H85/2632, H8S/2631,
H8S/2633F-ZTAT, H8S/2633RF-ZTAT, and H8S/2695

Product Specifications

A comparative listing of the specifications of the H852633, H8S5/2632, H852631, H8S/2633F-
ZTAT, H8Y2633RF-ZTAT, and H852695 is provided below.

Comparison of H85/2633, H85/2632, H85/2631, H8S/2633F-ZTAT, H8S2633RF-ZTAT, and
H8S/2695 Product Specifications

H8S/2633 Group

H8S/2633R Group

H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631 H8S/2633RF-ZTAT H8S/2695
Model HD64F2633F25 |HD6432633F25 |HD6432632F25 |HD6432631F25 |HD64F2633RF28 |HD6432695F28
HD64F2633TE25 |HD6432633TE25 |HD6432632TE25 [HD6432631TE25 HD64F2633RTE28
HD64F2633F16 |HD6432633F16 |HD6432632F16 |HD6432631F16
HD64F2633TE16 |HD6432633TE16 |HD6432632TE16 [HD6432631TE16
RAM 16 kbytes 16 kbytes 12 kbytes 8 kbytes 16 kbytes 8 kbytes
ROM 256-kbyte flash  |256-kbyte mask |192-kbyte mask |128-kbyte mask [256-kbyte flash 192-kbyte mask
memory ROM ROM ROM memory ROM
ROM, H'000000 --t-- r- r- - -r- --
RAM On-chip On-chip OQ'C‘)’K‘A"J On-chip On-chip
memory HOLFFFE --f1--L.. . ROM__ 1| | __ROM || |[(128Kbytes)| | | _ROM | || | ROM ___|
map (256 kbytes) (192 kbytes) (256 kbytes) (192 kbytes)
H'O2FFFF --}--f - e S --
HO3FFFF --}--b— o . L- ped e
H'FFBOOO - -f=-—————————[=--=-=--=-=--=f-----------o-- F- SRR REEEEEEEEEEE
H'FFC000 --f--f---------- e O I R et e
HFFDO00 -~ =g ciin ™ [[ "1 Gnchip [ T Onchip | [ [ Gnchip On-chip
RAM RAM RAM RAM RAM
H'FEEEBFE - -1 -- (16k-64)bytes| | | (12k-64)bytes| | | (8k-64)bytes| | [(16k-64)bytes| || (8k-64)bytes
HFFFFCO --7- On-chip T Onchip | [ T Onchip || OnK:'r\}lip On-chip
HEFFEEE --L-- (64 bytes) (64 bytes) | | | (64bytes) | | | (64 bytes) (64 bytes)
Input clock|2 to 25 MHZ" (2 to 16 MHz for 16 MHz operation version)
frequency
range
Operating |25 MHz operation version: 2 to 25 MHz 2 to 28 MHz"
frequency |16 MHz operation version: 2 to 16 MHz
range

Rev. 5.00 Mar 28, 2005 page vii of Ixii

RENESAS




H8S/2633 Group

H8S/2633R Group

H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631

H8S/2633RF-ZTAT H8S/2695

Operating |25 MHz operation version PVcc=45Vto55V
voltage PVec =45V 1055V, Vee = PLLVc =3.0V103.6 V, AVcc =4.5V105.5 |(Single power supply version lacking Vec
range V, Vref =4.5V to AVcc and PLLVcc pins)
16 MHz operation version (low-voltage version) AVec=45Vto55V
PVee =30V 1055V, Ve =PLLVc =3.0 V10 36 V Vref = 4.5V 10 AVec
[When using A/D or D/A]
AVcec =3.6 V10 5.5V, Vref = 3.6 V to AVcc
[When not using A/D or D/A]
AVcec =3.3V 10 5.5V, Vref = 3.3 V to AVcc
Power 2 power supply configurations, PVcc (5 V power supply) and * PVcc (5 V power supply) single power
supply Vce (3 V power supply), PLLVcc is 3 V power supply supply configuration
pins * Do not connect the VCL pin to the
power supply. Instead, connect it to a
ground via a 0.1 pF power supply
stabilizer capacitor (which should be
mounted close to the pin).

« Do not connect the Vcc power supply
to the VCL pin.

* Note that the VCL pin is located in the
same position as the V¢c pin on the
older H8S/2633 Group and
H8S/2633F.

External
capacitor
VCL (pin 11: FP128B)
01 uF 7 (pin 7: TFP120)
ﬁ Vss (pin 9: FP128B)
(pin 5: TFP120)
* There is no PLLVc power supply pin.
EXTAL Vi: Vee X 0.8 Vto Ve + 0.3V Viy: PVec x 0.8V to PVcc + 0.3V
inputlevel |y . 93V to Ve x0.2V Vi —0.3 Vo PVec X 0.2 V
(Vcc=3.0V1t03.6V) (PVec =45V 1t05.5V)
Interrupt  |External interrupts: NMLIRQ7 to IRQO External interrupts:
sources |Internal interrupts: 72 sources NMLIRQ7 to IRQO
Internal interrupts:
49 sources
32 kHz Yes (subactive mode, subsleep mode, and watch mode supported) No (subactive
oscillator mode, subsleep

mode, and watch
mode not
supported)
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H8S/2633 Group

H8S/2633R Group

H8S/2633F-ZTAT H8S/2633 ‘ H8S/2632 H8S/2631 H8S/2633RF-ZTAT H8S/2695

l\_/le;thod of Ve power supply No 32 kHz

fixing OSC I l 0sc1 oND oscillator.

g;‘ k":‘he” 0sc1 The HD6432695 is

z
the HD6432633.
i 0sc2 o]

oscillator pen The pins

not used 0OSC2 —— Open corresponding to
OSC1 and OSC2in
the HD64F2633 are
NC pins in the
HD6432695.

Properties |Output of pins 34 and 35 is normally NMOS push-pull output, but is NMOS open-drain output No IIC function.

of multi-  |when the IIC bus drive function is selected. Pins 34 and 35

use pins output is CMOS

(pins 34 output.

and 35)

Recom- |See section 23A, Clock Oscillator (H8S/2633, H8S/2632, H8S/2631, See section 23B, Clock Oscillator

mended |H8S/2633F). (H8S/2633R, H8S/2695).

external

PLL circuit

PC break Yes No

controller

(PBC)

DRAM Yes No

interface

DMA Yes No

controller

(DMAC)

Data Yes No

transfer

controller

(DTC)

1/0 ports  |Functions of H8S/2633, H8S/2632, H8S/2631, H8S/2633F, and H8S/2633R are identical. Some functions of

See section 10A, I/O Ports, for details. the H8S/2633

Group have been
eliminated. See
section 10B, I/0
Ports, for details.

Program- Yes No

mable

pulse

generator

(PPG)

8-bit timer Yes No

(TMR)

14-bit Yes No

PWM

timer

WDTI Yes No

IrDA Yes No

RENESAS
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H8S/2633 Group H8S/2633R Group
H8S/2633F-ZTAT H8S/2633 H8S/2632 H8S/2631 H8S/2633RF-ZTAT H8S/2695
I°C bus Yes [option] Yes No
interface
(nc)
D/IA Yes No
converter

Note: * The input clock frequency range is 2 to 25 MHz (2 to 16 MHz on 16 MHz operation version: H8S/2633 Group only).
For 25 MHz < @< 28 MHz operation on the H8S/2633R and H8S/2695, make sure to use a PLL with a multiplying

factor set to x2 or x4 (¢ = operating frequency).
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Notes on H852695
1. Noteson P35 Pin Functions (SCK 1, SCK4) in H85/2695

The following restrictions apply to the functions of P35 (SCK1, SCK4) in the H852695. The
functions indicated by *2 below cannot be used in the H8S2695, and these combinations must not
be set.

(1) P35 Pin Functionsin H852633 Group and H8S/2633R

ICE 0

CKE1(SCI1) 0
CKE1(SCl4) 0

= o
e

Hor

C/A(SCI1) 0 1
C/A(SCl4) 0

[

1 ] O

[eNelNeoNolNoNaeRN

CKEO(SCI1) 0 0,
CKEO(SCI4) 0 1,

1,
0,1
P35DDR 0 1 O O O O

Pin function P35 P35 SCK1/SCK4 | SCK1/SCK4 | SCK1/SCK4 SCLO
input pin | output pin** | output pin®* | output pin** input pin input/output pin

IRQ5 input

(2) P35 Pin Functionsin H85/2695

CKE1(SCI1) 0 *2 1*2 1
CKE1(SCl4) 0 1*? 0*? 1

o

C/A(SCI1) 0
C/A(SCl4) 0

e
O
O
O

O
O
O
O

CKEO(SCI1) 0
CKEO(SCl4) 0

ko
e

iopr

P35DDR 0 1 O ] ] 0*3

Pin function P35 P35 SCK1/SCK4 | SCK1/SCK4 O O SCK1/SCK4
input pin output pin | output pin | output pin input pin
IRQ5 input
Notes: 1. The output type is normally NMOS push-pull output, but NMOS open-drain output when P350DR = 1.
2. These combinations must not be set.
3. If SCK1 and SCK4 are used as input (clock input) pins on the H8S/2695, P35DDR must be cleared
to 0.

2. Notes on H85/2695 Development (Using H85/2633 Emulator Chip)

The H8S52695 is not equipped with an 12C bus function and output from pins 34 and 35 is CMOS
output (unless P340DR or P350DR is set to 1, respectively). These pins are used for NMOS
push-pull output on the H8S2633 emulator chip, so the output characterigtics of these pins are
different than isthe case with the H8S/2695. If it is necessary to use pins 34 and 35 for CMOS
output, use an appropriate resistance to pull up pins 34 and 35 of the H8S/2633 emulator chip.
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Manual Reference Pages

H8S/2633 Group H8S/2633R Group

H8S/2631 | HB8S/2633RF-ZTAT

H88/2633F-ZTAT‘ H8S/2633 H8S/2632

H8S/2695

RAM

See section 21, RAM

ROM

See section 22, ROM

Interrupt Controller
(INT)

See section 5, Interrupt Controller

PC Break Controller
(PBC)

See section 6, PC Break Controller (PBC)

DRAM Interface

See section 7, Bus Controller

DMA Controller
(DMAC)

See section 8, DMA Controller (DMAC)

Data Transfer
Controller (DTC)

See section 9, Data Transfer Controller (DTC)

1/0 Ports

See section 10A, I/O Ports (H8S/2633, H8S/2632, H8S/2631, H8S/2633R)

See section 10B, I/O
Ports (H8S/2695)

16-Bit Timer Pulse
Unit (TPU)

See section 11, 16-Bit Timer Pulse Unit (TPU)

Programmable
Pulse Generator
(PPG)

See section 12, Programmable Pulse Generator (PPG)

8-Bit Timers (TMR)

See section 13, 8-Bit Timers (TMR)

14-Bit PWM D/A

See section 14, 14-Bit PWM D/A

WDTO See section 15, Watchdog Timer
WDT1 See section 15, Watchdog Timer —
Serial See section 16, Serial Communication Interface (SCI, IrDA)

Communication
Interface (SCI)

IrDA

Smart Card
Interface

See section 16, Serial Communication Interface (SCI, IrDA) ‘

See section 17, Smart Card Interface

I°C Bus Interface
ac)

A/D Converter
D/A Converter

32 kHz oscillator

Clock Pulse
Generator

See section 18, I°C Bus Interface (IIC)

See section 19, A/D Converter
See section 20, D/A Converter

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 23B,
Clock Pulse
Generator
(H8S/2633R,

H8S/2695)

See section 23A, Clock Pulse Generator (H8S/2633, See section 23B, Cloc

H8S/2632, H8S/2631, H8S/2633F)

(H8S/2633R, H8S/2695)

k Pulse Generator

EXTAL input level

See section 25, Electrical Characteristics (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 26,
Electrical
Characteristics
(H8S/2633R)
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H8S/2633 Group

H8S/2633R Group

H8S/2633F-ZTAT

H8S/2633

H8S/2632

H8S/2631

H8S/2633RF-ZTAT

H8S/2695

Recommended
external PLL circuit

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F)

See section 23B, Cloc

(H8S/2633R, H8S/2695)

k Pulse Generator

Interrupt processing
vector table

See table 5.4 (a)

See section 5, Interrupt Controller

See section 5,
Interrupt Controller

See table 5.4 (b)
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Item

Main Revisionsin This Edition

Page

Revision (See Manual for Details)

1.1 Overview

Table 1.1

1

Description amended
(Before) (SCI, IrDA)*2 - (After) (SCI, IrDA*z)

Note *1 added

Overview Possible to connect™® PC break controller**
3 Note *1 added
Programmable pulse generator (PPG)*1
5 Specification of Power-down mode amended
» Subclock operation*1 (subactive mode, subsleep mode, watch
mode)
1.3.2 Internal 8 Figure amended

Block Diagram

Figure 1.1 (a)
H8S/2633,
H8S/2633F,
H8S/2632,
H8S/2631 Internal
Block Diagram

Figure 1.1 (b)
H8S/2633R
Internal Block
Diagram

P77/TXD3
P76/RxD3
P75/TMO3/SCK3

P74/TMO2/MRES Rad
P73/TMOLTEND1/CS7 |
P72/TMOO/TENDO/CSE  ~~|
P71/THR23/TMC23/DREQI/CSS ~—~|
P70/TMROLTMCOLDREQUICS? ~~1

P33/TXD1/SCLL

P32/SCKO/SDALIRQ4

14-bit PWM timer = :|

P31/RXDO/IrRXD

DIA converter
P30/TXDO/IFTXD

P97/AN15/DA3
P96/AN14/DA2

P95/AN13
P94/AN12

P93/AN1L

PWM3/TCLKD
PWM2/IRQT
TCLKC

iRQO
TCLKBIA23

0CB2,
0CA2/
OCB1,
OCAL/

P17
P16/
P15/
P14/
P12
P11
P10/

P92/AN10
P91/ANY
P90/ANS

Figure amended

P77/TxD3
P76/RXD3
P75/TMO3/SCK3
P74/ TMO2/MRES

P73/TMOLTENDT/CS7 ~ ~=|
P72/TMOO/TENDO/CSE =~
P71/TMR23/TMC23/DREQI/CS5 |
P70/TMROLTMCOL/DREQOICS4

P32/SCKO/SDALIRQA
P31/RXDO/IrRXD
P30/TXDO/I'TXD

' """ PERITOUSCLL

P97/AN15/DA3
P96/AN14/DA2

DJ/A converter
z il

|_ AID converter
— | —

P95/AN13
4 | P94/AN12
= P93/AN1L
P92/AN10
PO1/ANY
P9O/ANS
o 508 2%
2 o 892 &3
a6 S¥qg >%% Spusoazo
2l 2288 22322222
a9 ZEEE EEEEEEEN
22383353 589I995°
£ELERRERR f58dfddd
S§a353898
D<o <0022
[SESRSRTRRS R I
00000088
EEEFEEQYQ
BIsggsEl
23284253
00000000
gegegeee

P17,
P16,
P15,
P14,
P13,
P12,
P11,
P10,

RENESAS
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Item Page Revision (See Manual for Details)

1.3.1 Pin 11 Figures amended

Arrangement 112 pin (Before) P72/TMOO/TENDO/CS6/SYNCI - (After)
Figure 1.2 (a) P72/TMOO/TENDO/CS6

H8S/2633,

H8S/2633F,

H8S/2632,

H8S/2631 Pin
Arrangement (TFP-
120: Top View)

Figure 1.2 (b) 12
H8S/2633R Pin
Arrangement (TFP-
120: Top View)

Figure 1.3 (a) 13 Figures amended

H8S/2633, 122 pin (Before) P72/TMOO/TENDO/CSEISYNCI — (After)

HBS/2633F, P72/TMOO/TENDO/CS6

H8S/2632,

H8S/2631 Pin

Arrangement

(FP-128B: Top

View)

Figure 1.3 (b) 14

H8S/2633R Pin

Arrangement

(TFP-128B: Top

View)

1.3.2 Pin 16 Table amended

Functions in Each Pin No. Pin Name

Operating Mode TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

Table 1.2 (a) Pin u 15 vss T yss T ves T vss T

Fu nctl ons |n EaCh 12 16 PBO/A8/TIOCA3 PBO/A8/TIOCA3 PBO/A8/TIOCA3 PBO/TIOCA3

Opera’[lng Mode 13 17 PVCC1 PVCC1 PVCC1 PVCC1
14 18 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/TIOCB3

(H 88/2633’ 15 19 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/TIOCC3

H88/2633 F’ 16 20 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/TIOCD3

H88/26321 17 21 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/TIOCA4

H8S/2631) 18 22 PBSALITIOCBA  PBS/ALITIOCBA  PBS/AI3TIOCBA  PBS/TIOCBA
19 23 PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/A14/TIOCA5 PB6/TIOCAS
20 24 PB7/A15/TIOCB5 PB7/A15/TIOCBS PB7/A15/TIOCBS PB7/TIOCBS
21 25 PAO/A16 PAO/A16 PAO/A16 PAO
22 26 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2
23 27 PA2/A18/RxD2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2
24 28 PA3/A19/SCK2 PA3/A19/SCK2 PA3/A19/SCK2 PA3/SCK2
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1.3.2 Pin 17 Table amended, note *1 added
Functions in Each NCH
Operating Mode
Pin No. Pin Name
Table 1.2 (a) Pin TFP-120 FP-1288 Mode 4 Mode 5 Mode 6 Mode 7
Functions in Each 3B 3 P17/POISITIOCB2/  P17/PO1STIOCB2/  P17/PO1S/TIOCB2/ P17/PO1S/TIOCB2/
Op eratin g Mode . - E\é\;h//l;:)TCLKD z\é\;h//ls;TCLKD E\é\g\//l;/)TCLKD :;\;MCSITCLKD
(HSS/2633’ 35 41 PE1/D1 PEL/D1 PE1/D1 PE1
H8S/2633F, 36 42 PE2/D2 PE2/D2 PE2/D2 PE2
H8S/2632, 37 43 PE3/D3 PE3/D3 PE3/D3 PE3
H8S/263 1) 38 44 PE4/D4 PE4/D4 PE4/D4 PE4
39 45 PE5/D5 PE5/DS PE5/DS PE5
40 46 PE6/D6 PE6/D6 PE6/D6 PE6
41 47 PE7/D7 PE7/D7 PE7/D7 PE7
42 48 Vss VsS Vss Vss
18 NC*' FWE*?
19 NCH
Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
86 9 ] BVR WWR  HWR pra
87 95 PF3IWR/ADTRG/ ~ PF3/WR/ADTRG/ ~ PF3/IWR/ADTRG/ ~ PF3/ADTRG/RQ3
IRQ3 1RQ3 1RQ3
88 96 PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2
BRFQO BRFQO BRFQO
20 NCH
Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
01T PTTNRIZITMCIZY PTUTMRIZAITMCIZY P7LTWRIZITNCIZ3] PTLITMRIZATMCIZS
DREQT/CS5 DREQT/CS5 DREQ1/CS5 DREQ1
112 122 P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO
CS6 CS6 CS6
113 123 P73/TMOL/TENDT/  P73/TMOL/TEND1/ P73/TMOL/TENDT/ P73/TMOLTENDT
Cs7 Cs7 Cs7
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1.3.2 Pin 21 Table amended, note *1 added
Functions in Each Pin No. Pin Name
Operating Mode TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
Table 1.2 (b) Pin 17T T Ves T VggTTT
Functions in Each 12 16 PBO/ASITIOCA3 PBO/ASITIOCA3 PBO/AS/TIOCA3 PBO/TIOCA3
. 13 17 PVCC1 PVCC1 PVCC1 PVCC1
Operating Mode
14 18 PB1/A9ITIOCB3 PB1/A9ITIOCB3 PB1/A9/TIOCB3 PB1/TIOCB3
(H8S/2633R) 15 19 PB3/A11/TIOCD3  PB3/ALLTIOCD3  PB3/ALLTIOCD3  PB3/TIOCD3
17 21 PB4/A12[TIOCA4  PB4/A12[TIOCA4  PB4/A12/TIOCA4  PB4/TIOCA4
18 22 PBS/A13/TIOCB4  PBS/A13[TIOCB4  PBS/AL3/TIOCB4  PB5/TIOCB4
19 23 PB6/A14ITIOCAS  PB6/AL4ITIOCAS  PB6/AL4/TIOCAS  PB6/TIOCAS
20 24 PB7/A15[TIOCB5  PB7/AL5/TIOCB5  PB7/A15/TIOCBS  PB7/TIOCBS
21 25 PA0/AL6 PA0/AL6 PAO/A16 PAO
22 26 PAL/A17/TXD2 PAL/A17/TXD2 PAL/AL7/TXD2 PAL/TXD2
23 27 PA2/A18IRXD2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2
24 28 PA3/A19/SCK2 PA3/A19/SCK2 PA3/AL9/SCK2 PA3/SCK2
25 29 Vss Vss Vss Vss
22 NCH
Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
B 39 P17/PO1S/TIOCB2/ P17/PO1S/TIOCB2/ P17/PO1STIOCB2/ P17/PO15/TIOCB2/
PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD
34 40 PE0/DO PEO/DO PEO/DO PEO
35 41 PE1/D1 PE1/D1 PE1/D1 PE1
36 42 PE2/D2 PE2/D2 PE2/D2 PE2
37 43 PE3/D3 PE3/D3 PE3/D3 PE3
38 44 PE4/D4 PE4/D4 PE4/D4 PE4
39 45 PE5/D5 PE5/D5 PE5/D5 PE5
40 46 PE6ID6 PE6/D6 PE6/D6 PE6
41 47 PE7/D7 PE7/D7 PE7/D7 PE7
42 48 Vss Vss Vss Vss
23 NCH
24 NCH!
Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
86 94 HWR HWR HWR PF4
87 95 PF3[(WR/ADTRG/ PF3/(WR/ADTRG/ PF3/LWR/ADTRG/ PF3/ADTRG/IRQ3
RQ3 TRCB RQ3
88 96 PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2
BREQO BREQO BREQOC
m 121 P71/TMRI23/TMCI23/ P7LTMRI23/TMCI23/ P7L/TMRIZ3/TMCI23/ P71/TMRI23/TMCI23/
DRCQ1/CSE DREQI/CSE DREQI/CSE DREQT
112 122 P72/TMOO/TENDO/ ~ P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO
CS6 CS6 CS6
25 NCH
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1.3.2 Pin 26 Table amended, note *1 added
Functions in Each

i Pin No. Pin Name
Operatlng MOde FP-128B Mode 4 Mode 5 Mode 6 Mode 7
Table 1.2 (c) Pin 15T vss T T vss T vss T vss T
Functlons in EaCh 16 PBO/A8/TIOCA3 PBO/ABITIOCA3 PBO/A8/TIOCA3 PBO/TIOCA3
Operati ng MOde 17 PVCC1 PVCC1 PVCC1 PVCC1
18 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/TIOCB3
(H88/2695) 19 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/TIOCC3
20 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/TIOCD3
21 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/TIOCA4
22 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/TIOCB4
23 PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/TIOCAS5
24 PB7/A15/TIOCB5 PB7/A15/TIOCB5S PB7/A15/TIOCB5 PB7/TIOCB5
25 PAO/A16 PAO/A16 PAO/A16 PAO
26 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2
27 PA2/A18/RxD2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2
28 PA3/A19/SCK2 PA3/A19/SCK2 PA3/A19/SCK2 PA3/SCK2
29 VSs VSS VSsS VSS
27 NC*
Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
3 P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2TCLKD P17/TIOCB2/TCLKD |
40 PEO/DO PEO/DO PEO/DO PEO
41 PE1/D1 PE1/D1 PE1/D1 PE1
42 PE2/D2 PE2/D2 PE2/D2 PE2
43 PE3/D3 PE3/D3 PE3/D3 PE3
44 PE4/D4 PE4/D4 PE4/D4 PE4
45 PE5/D5 PES5/D5 PE5/D5 PE5
46 PE6/D6 PE6/D6 PE6/D6 PE6
47 PE7/D7 PE7/D7 PE7/D7 PE7
48 VSss VSS VSS VSS
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1.3.2 Pin 28 Table amended, note *1 added
Functions in Each pin No. pin Name
Operating Mode FP-128B Mode 4 Mode 5 Mode 6 Mode 7
Table 1.2 (C) Pin 65 %g;scm/scm/ %g/bscm/scm/ %scwscm/ %scm/scml
Functions in Each 66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4
Operating Mode 67 NCH NCH NCH NCH
(H8S/2695) 68 NCH N NCH NCH
69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4
70 PGO/IRQ6 PGO/IRQ6 PGO/RQ6 PGO/RQ6
71 PG1/CS3/RQ7 PG1/CS3/RQ7 PG1/CS3IRQ7 PG1IRQ7
72 PG2/CS2 PG2/CS2 PG2/CS2 PG2
73 PG3/CST PG3/CST PG3/CST PG3
74 PG4/CS0 PG4/CS0 PG4/CS0 PG4
75 WDTOVF WDTOVF WDTOVF WDTOVF
76 NC*t NC* NCH? NCE?
77 PLLCAP PLLCAP PLLCAP PLLCAP
78 PLLVSS PLLVSS PLLVSS PLLVSS
79 RES RES RES RES
80 NMI NMI NMI NMI
81 STBY STBY STBY STBY
82 NC*? NC*? NC*? NC*
83 XTAL XTAL XTAL XTAL
84 NC* NC*? NCH? NCE?
85 EXTAL EXTAL EXTAL EXTAL
86 Vss VsS Vss Vss
87 NC* NC*! NCF? NCF?
88 NC* NCH NCH NCH
89 PVCC1 PVCC1 PVCCl PVCC1
29 NCH!
Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
95 PFS/LWR/ADTRG/ PF3/LWR/ADTRG/ PF3/LWR/ADTRG/ PF3/ADTRG/RQ3
IRQ3 TRQ3 IRQ3
96 PF2/WAIT/BREQD PF2/WAITBREQD PF2/WAIT/BREQD PF2
30 NCH

Notes: 1. NC pins should be connected to VSS or left open.

2. In the flash memory version this is the FWE pin. In the mask
ROM version this pin should be connected to VSS or left open.
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1.3.3 Pin 35 Table amended
Functions Type Symbol 110 Name and Function
Table 1.3 (a) Pin Serial TxD4,TxD3, Output Transmit data (channel O to 4): Data output pins.
. communication  TxD2, TxD1,
Functions interface (SCI)/  TxDO
(H8S/2633, ;’tg?f';feard RxD4, RxD3, Input  Receive data (channel O to 4): Data input pins.
H8S/2633F, RAD2, iDL,
H88/2632’ SCK4, SCK3, 1/0 Serial clock (channel 0 to 4): Clock I/O pins.
H85/2631) SCK2, SCK1, SCKO output type is NMOS push-pull.
SCKO
Table 1.3 (b) Pin 41 Table amended
Functions Type Symbol 110 Name and Function
(HSS/2633R) Serial TxD4, TxD3, Output Transmit data (channel O to 4): Data output pins.

communication  TxD2, TxD1,
interface (SCI)/  TxDO

_Sman Card RxD4, RxD3, Input Receive data (channel 0 to 4): Data input pins.
interface RxD2., RXDL,
RxDO
SCK4, SCK3, 1/0 Serial clock (channel 0 to 4): Clock I/O pins.
SCK2, SCK1, SCKO output type is NMOS push-pull.
SCKO
IrDA-equipped IrTXD Output/  IrDA transmission data/receive data: Input/output pins
SCI 1 channel IrRXD Input for the data encoded for the IrDA.
(SCl0)
I°C bus interface  SCLO 110 I°C clock input (channel 1, 0):
(IIC) (optional) SCL1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
SDAO 110 I°C data input/output (channel 1, 0):
SDA1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
2.6.1 Overview 66 Note *5 added
Table 2.1 STM*®« LDM*®
Inlstru_c]:‘_tlon_ Note: 5. Only register ERO to ER6 should be used when using the
Classification STM/LDM instruction.
2.6.2 Instructions 67, 68 Note *3 added
and Addressing STM*®  LDM*®
Modes i i
Table 2.2 Note: 3. Only register ERO to ER6 should be used when using the
able 2.

= STM/LDM instruction.
Combinations of

Instructions and
Addressing Modes
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2.6.3 Table of 70 Note *2 added

Instru_c_tions STM*2 « LDM*2

Classified by e
Function no TAST 7
Table 2.3 77 Note: 2. Only register ERO to ER6 should be used when using the
|nstructi0ns STM/LDM inStrUCtiOn.

Classified by 3. When using the TAS instruction, ...

Function

2.8.1 Overview 86 Note * amended

Figure 2.14 Note: * The power-down state also includes a medium- speed
Processing States mode, module stop mode, subactive mode, subsleep mode, and

watch mode. (In the H8S/2695, the subactive mode, subsleep
mode, and watch mode are not available.)

Figure 2.15 State 87 Note *3 amended

Transitons Note: 3. Apart from these states, there are also the watch mode,

subactive mode, and subsleep mode. (In the H8S/2695, the watch
mode, subactive mode, and subsleep mode are not available.)

See section ...
2.10.2 STM/LDM 95 2.10.2 added
Instruction
2.10.3 Bit 95 2.10.3 added
Manipulation
Instructions
3.4 Pin Functions 105 Table amended
in EaCh Operatlng Port M ode 4 Mode 5 Mode 6 Mode 7
Mode Port 1 P1, PIAY PIA* P*IA P
Table 3.3 Pin P1, to P1, P*IA P*IA P*IA P
Functions in Each Port A PA, to PA, PIA* PIA* P*IA P
Mode PO ] o . N PO e P

3.5 Address Map 107 to Figures amended
in Each Operating 110
Mode

Figure 3.1 Memory
Map in Each
Operating Mode in
the H8S/2633,
H8S/2633R to

Figure 3.4 Memory
Map in Each
Operating Mode in
the H8S/2695

(Before) External area — (After) External address space
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5.2.2 Interrupt
Priority Registers A
tL, O (IPRAto
IPRL, IPRO)

Table 5.3
Correspondence
between Interrupt
Sources and IPR
Settings

127

Note * added
DMAC* Refresh timer*

5.3.3 Interrupt
Exception Handling
Vector Table

Table 5.4 (a)
Interrupt Sources,
Vector Addresses,
and Interrupt
Priorities (H8S/2633,

133

Table title amended

H8S/2633F,

H8S/2632,

H8S/2631,

H8S/2633R)

5.5.5 IRQ Interrupt 154 5.5.5 added

5.5.6 NMI Interrupt 154 5.5.6 added

Usage Notes

7.1.1 Features 172 Note * added
* Other features
O Refresh counter* (refresh timer) can be used as an interval
timer
O ..

7.2.4 Bus Control 183 Note * added to bit table

Register H (BCRH) DRAM space* Contiguous DRAM space*
Note: * This function is not available in the H8S/2695. Only 0 may
be written to RMTS2, RMTS1, or RMTSO.

7.2.5 Bus Control 184 Note * amended

Register L (BCRL)

Note: * This function is not available in the H8S/2695. In writing to
OES, DDS, RCTS, the initial value should be written to these bits.
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10A.1 Overview 373 SYNCI deleted from table
Table 10A.1 Port Port [Description | Pins | Mode4 | Modes | Modes | Mode7
1 Port 7 |+ 8-bit 110 P77/TxD3 8-bit 1/0 port also functionin, 8-bit timer 1/0 |8-bit I/0
FUnCthﬂS o port P76/RXD3 pinsI (TM%?Ola, ‘SI'?\ASIOCl.OTMgRIaZZ TN}CIZ??. also func‘t)i(;rr:-
TMOO, TMO1, TMO2, TMO3), DMAC I/O pins |ing as 8-bit
P75/TMO3/SCK3 (DREQO, TENDO, DREQT, TENDT), bus timer 1/0 pins
P74/TMO2/MRES control output pins (CS4 to C§7), SCI I/0 pins |(TMRIO1,
%/TMO:U‘W/ i(:;i}t(?’;,mRz’(\;)%gm), and the manual reset img:gé
TMCI23,
P72/TMOO/TENDO/ TMOO0, TMO1,
CS6 TMO2, TMO3),
DMAC I/0 pins
TENDO,
P70/TMRI01/TMCIO1/ DREQ1,
DREQO/CS4 TENDT), SCI
1/0 pins
(SCK3, RxD3,
TxD3), and the
manual reset
input pin
_____________________________________________________________________________________ MRES)
10A.2.1 Overview 377 Description amended
... Port 1 pins also function as PPG output pins, ... (PWM2 and
PWM3), external interrupt input pins (IRQO, IRQ1), and address
bus output pins (A23 to A20). ...
10A.2.2 Register 378 Port 1 Data Direction Register (P1DDR)
Configuration Description amended
Because PPG, TPU, DMAC, and PWM are initialized at a manual
reset, pin states are determined by P1DDR and P1DR.
10A.3.2 Register 393 Port 3 Data Direction Register (P3DDR)
Configuration Description amended
... iIn hardware standby mode. The previous state is maintained by
a manual reset and in software standby mode. In manual reset
SClI and IIC are initialized, so the pin state is determined by the
specification of P3DDR and P3DR.
10A.3.3 Pin 394 Description amended
Functions

The port 3 pins double as SCI I/O input pins (TxD0O, RxDO0, SCKO,
IrTxD, IrRxD, TxD1, RxD1, SCK1, TxD4, RxD4, SCK4), external

interrupt input pins (IRQ4, IRQ5), and IIC I/0 pins (SCLO, SDAO,

SCL1, SDA1). The functions ...
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10A.3.3 Pin 395
Functions

Table 10A.5 Port 3
Pin Functions

Table amended

Pin Selection Method and Pin Functions

P35/SCK1/  Switches as follows according to combinations of ICCRO ICE bit of 11CO, SMR C/A
SCK4/SCLO/  bit of SCI1 or SCI4, SCR CKEO and CKEL bits, and the P35DDR bit.

IRQS When used as a SCLO /O pin, always be sure to clear the following bits to 0: SMR
C/A bits of SCI1 or SCI4, and SCR CKEO and CKEL1 bits. Do not set SCK1 and
SCK4 to simultaneous output.

The SCLO output format is NMOS open drain output, enabling direct bus driving.

ICE 0 1
CKEL (SCI1) 0 0,1,1 0
CKE1 (SCl4) 0 1,0,1 0
C/A(SCl1) 0 1 0
C/A (SCl4) 0 1 0
CKEO (SCI1) 0 0,1,1%? _ _ 0
CKEO (SCl4) 0 1,0,1* 0
P35DDR 0 1 — — —
Pin function P35 P35 SCK1/SCK4 | SCK1/SCK4 | SCK1/SCK4| SCLO
input pin | output pin**| output pin** | output pin** | input pin | 1/O pin
IRQ5 input

Notes: 1. Output type is NMOS push-pull. When P350DR = 1, it becomes NMOS open
drain output.

2. SCK1 and SCK4 must not be output simultaneously.

10A.5.1 Overview 400

Figure 10A.4 Port
7 Pin Functions

Description amended

... The port 7 is a multipurpose port for the 8-bit timer 1/0 pins
(TMRIO1, TMCIO1, TMRI23, TMCI23, TMOO, TMO1, TMO2, and
TMO3), DMAC 1/O pins (DREQO, TENDO, DREQ1, and TEND1),
bus control output pins (CS4 to CS7), SCI I/0 pins (SCK3, RxD3,
and TxD3), and manual reset input pins (MRES). ...

Figure amended

Port 7 pins Pin functions in modes 4 to 6

f«— P77/ TxD3 P77 (1/0) / TXD3 (output)
f«— P76/RxD3 P76 (1/0) / RxD3 (input)
f«—— P75/ TMO3/SCK3 P75 (1/0) / TMO3 (output) / SCK3 (I/0)

Port7 f«— P74/TMO2/MRES P74 (1/0) / TMO2 (output) / MRES (input)
{«— P73/ TMO1/TENDT /TS7 P73 (input) / TMO1 (output) / TENDT (output) / CS7 (output)
{«—— P72/ TMOO / TENDO / CS6 P72 (input) / TMOO (output) / TENDO (output) / CS6 (output)
«—— P71/ TMRI23/TMCI23 / DREQT / CS5 P71 (input) / TMRI23 (input) / TMCI23 (input) / DREQT (input) / CS5 (output)
=—— P70/ TMRIO1 / TMCIO1 / DREQO / CS4 P70 (input) / TMRIO1 (input) / TMCIO1 (input) / DREQO (input) / CS4 (output)

10A.5.3 Pin 403
Functions

Description amended

The port 7 are mulipurpose pins which function as 8-bit timer I/O
pins, (TMRIO1, TMCIO1, TMRI23, TMCI23, TMOO, TMO1, TMO?2,
and TMO3), DMAC /O pins (DREQO, TENDO, DREQ1, and
TEND1), bus control output pins (CS4 to CS7), SCI I/O pins
(SCKS3, RxD3, and TxD3), and manual reset input pins (MRES). ...
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10A.5.3 Pin 404
Functions

Table 10A.8 Port 7
Pin Functions

SYNCI deleted from table

Pin Selection Method and Pin Functions

P72/TMOO0/  Switches as follows according to combinations of operating mode and DMATCR
TENDO/CS6  TEEO bit of DMAC, OS3 to OSO bits of 8-bit timer TCSRO, and the P72DDR bit.

Operating Modes 4 to 6 M ode 7

Mode

TEEO 0 1 0 1
0S3to 0S0 All0 Anyisl — All0 Anyis1l —
P72DDR 0 1 —_ —_ 0 1 —_ —_

Pin function P72 CS6  TMOO TEND1 P72 P72 | TMOO | TEND1
input | output output output input | output | output | output
pin pin pin pin

10A.7.2 Register 409
Configuration

Port A Data Direction Register (PADDR)
Description amended
* Modes 4 to 6

... irrespective of the value of bits PASDDR to PAODDR. When
pins are not used as address outputs, ...

410

Port A Data Register (PADR)
Description amended

PADR is an 8-bit readable/writable register that stores output data
for port A pins (PA3 to PAQ). ...

Port A Register (PORTA)
Description amended

... Writing of output data for the port A pins (PA3 to PAO) must
always be performed on PADA. ...

411

Port A Open Drain Control Register (PAODR)
Description amended

PAODR is an 8-bit readable/writable register that controls whether
PMOS is on or off for each port A pin (PA3 to PAO). ...
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10A.9.1 Overview 420 Figure amended
Figure 10A.12 Port Port C pins Pin functions in modes 4 and 5
C Pin Functions {—s PC7/A7/PWM1 A7 (output)
= PC6/A6/PWMO A6 (output)
t=—= PC5/A5 A5 (output)
portc [ PC4A4 A4 (output)
t—s PC3/A3 A3 (output)
{e—s PC2/A2 A2 (output)
fe—m PCI1/ALl Al (output)
{=— PCO/AOQ A0 (output)
Pin functions in mode 6 Pin functions in mode 7
When PCDDR =1 When PCDDR =0 PC7 (1/0) / PWM1 (output)
A7 (output) PC7 (input) / PWM1 (output) PC6 (1/0) / PWMO (output)
A6 (output) PC6 (input) / PWMO (output) PCS5 (I/0)
A5 (output) PC5 (input) PC4 (1/0)
A4 (output) PC4 (input) PC3 (1/0)
A3 (output) PC3 (input) PC2 (I/0)
A2 (output) PC2 (input) PC1 (1/0)
Al (output) PC1 (input) PCO (I/0)
A0 (output) PCO (input)
10A.13.2 Register 444 Port A Data Direction Register (PADDR)

Configuration Description amended

... In modes 4 and 5, the PGDDR bits are initialized to H'10 ...

10B.3.3 Pin 472 Description amended

Functions The port 3 pins double as SCI I/O input pins (TxD0, RxDO, SCKO,
TxD1, RxD1, SCK1, TxD4, RxD4, SCK4), external interrupt input
pins (IRQ4, IRQ5). The functions ...

10B.4.1 Overview 475 Description amended
... Port 4 pins also function as A/D converter analog input pins
(ANO to AN7). ...
10B.5.3 Pin 481 Table amended
Functions Pin Selection Method and Pin Functions
Table 10B.8 Port 7 P72/CS6  Switches as follows according to combinations of operating mode and the P72DDR
. . bit.
Pin Functions Operating Modes 4 to 6 Mode 7
Mode
P72DDR 0 1 0 1
Pin function P72 input CS6 output P72 input P72 output
pin pin pin pin
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10B.7.2 Register 486 Port A Data Register (PADR)
Configuration Description amended
PADR is an 8-bit readable/writable register that stores output data
for port A pins (PA3 to PAQ). ...
Port A Register (PORTA)
Description amended
... Writing of output data for the port A pins (PA3 to PAO) must
always be performed on PADA. ...
487 Port A Open Drain Control Register (PAODR)
Description amended
PAODR is an 8-bit readable/writable register that controls whether
PMOS is on or off for each port A pin (PA3 to PAO). ...
10B.9.1 Overview 496 Figure amended
Figure 10B.12 Port Port C pins Pin functions in modes 4 and 5
C Pin Functions
te—» PC7/A7 A7 (output)
[a—= PC6/A6 A6 (output)
|+—» PC5/A5 A5 (output)
|a—= PC4/A4 A4 (output)
Port C
la—= PC3/A3 A3 (output)
[—w PC2/A2 A2 (output)
«— PC1/Al A1l (output)
[—= PCO/AD AO (output)
Pin functions in mode 6 Pin functions in mode 7
When PCDDR =1 When PCDDR =0 PC7 (1/0)
A7 (output) PC7 (input) PC6 (I/0)
A6 (output) PC6 (input) PC5 (I/0)
A5 (output) PC5 (input) PC4 (1/0)
A4 (output) PC4 (input) PC3 (I/0)
A3 (output) PC3 (input) PC2 (I/0)
A2 (output) PC2 (input) PC1 (1/0)
Al (output) PC1 (input) PCO (I/0)
AO (output) PCO (input)
10B.13.2 Register 519 Port G Data Direction Register (PGDDR)

Configuration

Description amended
... Inmodes 4 and 5, the PGDDR bits are initialized to H'10 ...
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11.2.1 Timer 534 Bits 4 and 30 Clock Edge 1 and 0 (CKEG1, CKEGO)
Control Register Note of bit table amended

(TCR)

Note: Internal clock edge selection is valid when the input clock is
@4 or slower. This setting is ignored if the input clock is @/1, or
when overflow/underflow of another channel is selected. (The
clock is counted at the falling edge when @/1 is selected.)

11.7 Usage Notes 615

Figure amended

Figure 11.57 Y S
Contention TCNT HEEFE >< M
between TCNT oroibited
. rohibite g
Write and Overflow TCFV flag \}
15.1.2 Block 684 Note *2 added
Diagram
. Overflow @2*2
Figure 15.1 (a) WOVIO<_L Interrupt e @/64*2
Block Diagram of (interrupt request control <7q)/128:§
WDTO e cock | G T paose
le—— /81922
o DE— 2 |
WOTOVF ey DAY
Internal reset signaI”«}— control Internal clock 3
! sources |
....................... T LJm
Notes: 1. The type of internal reset signal depends on a register
setting.
2. The @in the subactive and subsleep mode is ¢SUB.
15.2.2 Timer 691 WDTO Input Clock Select
Control/Status

Register (TCSR)

Note *2 added

Clock*? Overflow Period™*

Notes: 1. An overflow period is the time interval ...

2. The @in the subactive and subsleep mode is ¢SUB.

16.3.2 Operation 746
in Asynchronous
Mode

Figure 16.7
Sample Serial
Reception Data
Format

Note * added
DMAC* DTC*
Note: * The DMAC and DTC are not available in the H8S/2695.
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16.5 Usage Notes 776 Operation in Case of Mode Transmission
» Transmission
Note * added

Operation should be also stopped ... before making a transition
from transmission by DTC* transfer to module stop mode,
software standby mode, watch mode*, subactive mode*, or
subsleep mode* transition. To perform transmission with the DTC*
after the relevant mode is cleared, setting TE and TIE to 1 will set
the TXI flag and start DTC* transimmsion.

Note: * The DTC is not available in the H8S/2695.

Figure 16.28 779 Note * added
Sample Flowchart
for Mode Transition
during Reception

[2] Includes module stop mode, watch mode*, subactive mode*,
and subsleep mode?*.

Note: * In the H8S/2695, the watch mode, subactive mode, and
subsleep mode are not available.

17.3.6 Data 803 Serial Data Transmission (Except Block Transfer Mode)
Transfer Note * added
Operations

DMAC* DTC*

Note: * The DMAC and DTC are not available in the H8S/2695.

807 Serial Data Reception (Except Block Transfer Mode)
Note * added
DMAC* DTC*
Note: * The DMAC and DTC are not available in the H8S/2695.

18.2.2 Slave 825 Description amended

Address Register Bit 0 O Format Select (FS): Used together with the FSX bit in
(SAR) SARX to select the communication format.

826 Bit table amended

SAR SARX
Bit 0 Bit 0

FS FSX Operating Mode
0 0 I°C bus format
* SAR and SARX slave addresses recognized
1 I°C bus format (Initial value)

* SAR slave address recognized
* SARX slave address ignored

1 0 I’C bus format
* SAR slave address ignored

* SARKX slave address recognized
1 Synchronous serial format

* SAR and SARX slave addresses ignored
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18.2.3 Second 826
Slave Address
Register (SARX)

Bit 0 0 Format Select X (FSX):
Description amended

Used together with the FS bit in SAR to select the communication
format.

18.2.5 1°C Bus 832
Control Register
(ICCR)

Bit 4 00 Transmit/Receive Select (TRS)
No.4 description deleted from clearing conditions

18.2.6 1°C Bus 842
Status Register
(ICSR)

Description amended
Bit 0 O Acknowledge Bit (ACKB)

... the value set by internal software is read. In addition, writing to
this bit overwrites the setting for acknowledge data sent when
receiving data, regardless of the TRS value. In this case the value
loaded from the receive device is maintained unchanged, so
caution is necessary when using instructions that manipulate the
bits in this register.

18.3.2 Initial Setting 848

Figure amended

Figure 16.6
Flowchart for IIC
Initialization SetMSTPa =0 (ico) | Clear module stop.
(Example) MSTP3 = 0 (IIC1)
(MSTPCRL)
[
| Set IICE = 1 (STCR) | Enable CPU access by IIC control register and data register.
[
| Set DDCSWR | Clear IIC internal latch
____________ e e e e e e mmeecmmmmmemaaan
18.3.4 Master 853 Figure amended
Receive Operation .
[vaster receve moce |
Figure 18.10

Flowchart for Master
Receive Mode
(Receiving Multiple
Bytes) (WAIT = 1)
(Example)

[ Set TRS = 0 (ICCR) |
\
[ Set ACKB = 0 (ICSR)
[
[ Set WAIT = 1 (ICMR) |
.................... g i g

| [1] Set to receive mode.

Description amended

[1] Clear the TRS bit in ICCR to 0 to switch from transmit mode to
receive mode. Clear the ACKB bitin ICSR to 0 (acknowledge data
setting). Then set the WAIT bitin ICMR to 1.
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18.3.11 Initialization 869
of Internal State

Description amended
To prevent problems ... the IC state.

1. Execute initialization of the internal state according to the setting
of bits CLR3 to CLRO.

2. Clear of bits BC2 to BCO.
3. Execute a stop condition issuance instruction ...

4. R-execute initialization of internal state according to the setting
of bits CLR3 to CLRO.

5. Initialize (reset) the IIC registers.

18.4 Usage Notes 871

Table 18.7
Permissible SCL

Table amended

Time Indication

I’C Bus
Lo Specification @= o= 0= 9= 0= 0= 9=
IICX_Indication (Max.) 5MHz 8MHz 10 MHz 16 MHz 20 MHz 25MHz 28 MHz

Rise Time (tsr)
Values 0 75t Standard 1000 ns 1000ns 937ns 750ns 468ns 375ns — =
mode
High-speed 300 ns 300ns 300ns 300ns 300ns 300ns — =
,,,,,,,,,,,,,,,,, M
Note: When 7.5 t.. is selected as the transfer rate, the actual
transfer rate may be extended if ¢ exceeds 20 MHz.
878,879 Notes on Arbitration Lost in Master Mode
Description added
19.2.2 AID 886 Description and note * amende
Control/Status

Register (ADCSR)

Bit 7 0 A/D End Flag (ADF)
[Clearing conditions]

... * When the DMAC* or DTC* is activated by an ADI interrupt
and ADDR is read

Note: * The DMAC and DTC functions are not available in the
H8S/2695.

20.1.4 Register 907
Configuration

Table 20.2 D/A
Converter Registers

Address of MSTPCRA amended
(Before) HFDE8 - (After) HFDES8

22.1 Overview 917

Description amended

The H8S/2633 Group and H8S/2633R have 256-kbytes of on-chip
flash memory, or 256 kbytes of on-chip mask ROM, the H8S/2632,
H8S/2695 have 192 kbytes of mask ROM, and H8S/2631 has 128
kbytes of mask ROM. The ROM is ...
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22.11.1 Socket 961
Adapter and

Description replaced

Memory Map

Table 22.14 Table 22.14 added

Socket Adapter

Models

ad Figure of Socket Adapter Pin Correspondence Diagram deleted

22.14 Note on 980 Table amended

SWItChlng f.rom F- Register Abbreviation Address

ZTAT Version tO. Flash memory control register 1 FLMCR1 H'FFA8

mask ROM Version Flash memory control register 2 FLMCR2 H'FFA9

Table 22.27 Erase block register 1 EBR1 HFFAA

. ) Erase block register 2 EBR2 H'FFAB

Registers Present o T

in F-ZTAT Version

but Absent in mask

ROM Version

23A.2.2 Low- 984 Note amended

Eow_ert Control Bits 1 and 00 Frequency Multiplication Factor (STC1, STCO)

egister o S

(LPWRCR) Note: A system clock frequency multiplied by the multiplication
factor (STC1 and STCO) should not exceed the maximum
operating frequency defined in section 25, Electrical
Characteristics. Current consumption and noise can be reduced by
using this function’s PLL x4 setting and lowering the external clock
frequency.

23B.2.2 Low- 997 Note amended

;owgrt' Control Bits 1 and 00 Frequency Multiplication Factor (STC1, STCO)

egister

(LPWRCR) Note: A system clock frequency multiplied by the multiplication
factor (STC1 and STCO) should not exceed the maximum
operating frequency defined in sections 26 and 27, Electrical
Characteristics. Current consumption and noise can be reduced by
using this function’s PLL x4 setting and lowering the external clock
frequency. The input clock frequency ...

24.1 Overview 1006 Note 6 amended

Table 24.1 LSI Note: 6. With the exception of ports D and E, an I/O port always

Internal States in
Each Operating
Mode

returns a value of 1 when read in the H8S/2633 Group and
H8S/2633R. Use as an output port is possible.
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24.6.3 Setting 1024 Description amended

Oscillation Using a Crystal Oscillator: Set bits STS2 to STSO so that the

Stablllzathn Time standby time is at least 8 ms (the oscillation stabilization time) (at

after Clearing least 5 ms for the H8S/2633R or H85/2695).

Software Standby

Mode

24.10.3 Usage 1033 (2) Interrupt sources and subactive mode/watch mode transition

Notes Description amended
For on-Chip peripheral modules that stop operating in subactive
mode (DMAC, DTC, TPU, PCB, IIC), a corresponding interrupt
cannot be cleared in subactive mode. ...

24.12 @Clock 1034 Description amended, note * added

SS;FC’ELE'Sab"ng ... in each processing state. Using the on-chip PLL circuit to lower

the oscillator frequency or prohibiting external ¢ clock output also
have the effect of reducing unwanted electromagnetic
interference*. Therefore, consideration should be given to these
options when deciding on system board settings.

Note: * Electromagnetic interference: EMI (Electro Magnetic
Interference)

25.3.1 Clock Timing 1045

Table 25.5 Clock
Timing

Table amended

Condition A Condition B
16MHz 25MHz

Item Symbol  Min Max Min Max  Unit Test Conditions
Clock fall time t — 12 — 5 ns
Clock oscillator settling toscr 20 — 10 — ms Figure 25.3
time at reset (crystal)
Clock oscillator settling tosc 10 — 8 — ms Figure 24.3
time in software standby
(crystal)
External clock output toexr 2 — 2 — ms Figure 25.3

stabilization delay time

25.4 A/D
Conversion
Characteristics

Table 25.11 A/D
Conversion
Characteristics

1071

Table condition amended and notes *1, *2 added

Condition A: Vec = PLLVec =3.0V10 3.6 V, PVec =3.0 V10 5.5V,
AVcc = 3.6 V10 5.5 V¥, Vs = 3.6 V t0 AV ?, Vss = AVss =
PLLVss =0V, ¢=32.768 kHz, 2 to 16 MHz, ...

Condition B: ... ¢ = 32.768 kHz, 2 to 25 MHz, ...

Notes: 1. AVce = 3.3 Vto 5.5 V if the A/D and D/A converters are
not used (used as /O ports).

2. Vief = 3.3 V to AV if the A/D and D/A converters are not used
(used as I/O ports).
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25.5 D/A 1072 Table condition amended and notes *1, *2 added

Conversion Condition A: Vec = PLLVcc =3.0 V10 3.6 V, PVec =3.0V10 5.5V,
Characteristics AVce = 3.6 V10 5.5 V!, Vier = 3.6 V t0 AVcc*?, Vss = AVss =
Table 25.12 D/A PLLVss =0V, ¢=32.768 kHz, 2 to 16 MHz, ...

Conversion Condition B: ... ¢ = 32.768 kHz, 2 to 25 MHz, ..

Characteristics .
Notes: 1. AVce = 3.3 Vto 5.5 V if the A/D and D/A converters are

not used (used as /O ports).

2. Vief = 3.3 V to AV if the A/D and D/A converters are not used
(used as I/O ports).

A.1 Instruction List 1137 (1) Data Transfer Instructions
Table A.1 Note *4 added
Instruction Set LDM* STM*

1156 Notes *4, [10], [11] added

Notes: 4. Only register ERO to ER6 should be used when using the
STM/LDM instruction.

[10] MAC instruction results are indicated in the flags when the
STMAC instruction is executed.

[11] A maximum of three additional states are required for
execution of one of these instructions within three states after
execution of a MAC instruction. For example, if there is a one-state
instruction (such as NOP) between a MAC instruction and one of
these instructions, that instruction will be two states longer.

A.2 Instruction 1165 Note *3 added
Codes LDM*3
Table A.2 1170 STM*?
Instruction Codes .
1171 Note: 3. Only register ERO to ER6 should be used when using the
STM/LDM instruction.
1166 Table amended
(Before) MOV.L #xx:32,Rd — (After) MOV.L #xx:32,ERd
A.4 Number of 1184 Note *5 added
States Required for LDM*®
Instruction g
Execution 1188 ST™M 7
Table A.5 Number 1189 Note: 5. Only register ERO to ER6 should be used when using the
of Cycles in STM/LDM instruction.
Instruction
Execution
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A.5 Bus States 1197 Note *9 added
during Instruction LDM.L @SP+, (ERn-ERn+1)*®
Execution %9
LDM.L @SP+, (ERn-ERN+2)
LDM.L @SP+, (ERn-ERn+3)**
1202 STM.L (ERn-ERn+1), @-SP*?
STM.L (ERn-ERn+2), @-SP **°
STM.L (ERn-ERNn+3), @-SP **°
1203 Note: 9. Only register ERO to ER6 should be used when using the
STM/LDM instruction.
A.6 Condition 1206 Note *2 added
Code Modification LDM*2
Table A.7 Tona oI k2 T B
1208 STM
Condition Code =
Modification 1209 TAS
Notes: 1. This instruction should be used with ...
2. Only register ERO to ER6 should be used when using the
STM/LDM instruction.
B.1A Addresses 1210 Table amended

(H8S/2633 Group,
H8S/2633F,
H8S/2633R)

Data Bus

Register Module  Width
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit 0 Name (bits)
HFDBO IrCR Ire IrCKS2 IrCKS1 IrCKSO — — — — ScClo, 8

IrDA

HFDB4 SCRX — lICX1 1ICX0 IICE FLSHE — — — nc 8
HFDB5 DDCSWR — = = | | CLR3 CLR2 CLR1 CLRO nc 8
H'FDB8 DADRAHO/ DA13/ DA12/ DA11l/ DA10/ DAY/ DAS8/ DA7/ DA6/ PWMO 8

DACRO TEST PWME — _ OEB OEA os CKs
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: '
B.2 Functions 1228 SCRX H'FDB4 IIC
Bit : 7 6 5 4 3 2 1 0
- ‘ lICX1 ‘ 1ICX0 ‘ IICE ‘ FLSHE ‘ - ‘ - ‘ - ‘
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/IW R/W R/W R/W R/W RIW RIW
Flash memory control register enable
0 |Excludes addresses H'FFFFA8 to H'FFFFAC as flash control
registers. (Initial value)
1 |Selects addresses H'FFFFA8 to H'FFFFAC as flash control
registers.
12C master enable
0 |Disables CPU access of 1°C bus interface data register and control
register.
1 [Enables CPU access of I°C bus interface data register and control
register.
12C transfer rate select 1, 0
Selects the transfer rate in master mode in conjunction with CKS2 to CKSO0 in ICMR.
See the section on the I2C bus mode register (ICMR) for details.
'
1246 MDCA H'FDE7 System

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value : 1 0 0 0 0 —* —* —*
R/W : RW — — — — R R R

p—

Mode select 2 to 0
* Input level determined by mode pins.

Note: * Determined by pins MD2 to MDO.

MSTPCRA H'FDE8 System

Bit : 7 6 5 4 3 2 1 0
‘ MSTPA7‘ MSTPAG‘MSTPAS‘MSTPA4 ‘ MSTPAB‘ MSTPAZ‘ MSTPAl‘MSTPAO ‘
Initial value : 0 0 1 1 1 1 1 1
R/W : R/IW RIW R/IW R/W R/W R/W R/IW R/IW
Module stop

0 | Module stop mode is cleared.
1 | Module stop mode is set.

MSTPCRB H'FDE9 System

Bit : 7 6 5 4 3 2 1 0
‘MSTPB?‘ MSTPBG‘ MSTPBS‘ MSTPB4‘ MSTPB3‘MSTPBZ‘ MSTPBl‘ MSTPBO‘
Initial value : 1 1 1 1 1 1 1 1
RIW : RIW RIW RIW RIW R/W RIW RIW RIW
Module stop

0 | Module stop mode canceled.
1 | Module stop mode enabled.
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B.2 Functions 1247 MSTPCRC H'FDEA System
Bt C7 6 5 4 3 2 1 0
[MsTPC7| MsTPC6| MsTPC5 | MSTPC4[MSTPC3 | MSTPC2| MSTPC1 MSTPCO|
Initial value : 1 1 1 1 1 1 1 1
RIW © RW _RW RW RW RW _RW _RW _ RW

Module stop

0 | Module stop mode canceled.
1 | Module stop mode enabled.

1249 LPWRCR H'FDEC System

Bit : 7 6 5 4 3 2 1 0
‘DTON“‘ Lsom'l‘NESEL“‘SUBSTP“‘RFCUT“‘ — ‘ STC1 ‘ STCO ‘

Initial value : 0 0 0 0 0 0 0 0

R/W : RW R/W R/W R/W R/W RIW RW _ RMW

Frequency multiplier

STC1 STCO D
0 0 x 1 (initial value)
1 x2
1 0 x4
1 Do not set.

Note: A system clock frequency multiplied by the multiplication factor
(STC1 and STCO) should not exceed the maximum operating
frequency defined in sections 25, 26, and 27, Electrical
Characteristics.

Current consumption and noise can be reduced by using this
function’s PLL x4 setting and lowering the external clock frequency.

1279 Description amended
TCNT30O Timer Counter 3 H'FE86 TPU3 (Up Counter)
TCNT40O Timer Counter 4 H'FE96 TPU4 (Up/Down Counter*)
TCNT50 Timer Counter 5 H'FEA6 TPUS5 (Up/Down Counter*)
TCNTOO Timer Counter 0 H'FF16 TPUO (Up Counter)
TCNT10O Timer Counter 1 H'FF26 TPU1 (Up/Down Counter*)
TCNT20O Timer Counter 2 H'FF36 TPU2 (Up/Down Counter*)

1286 Note * added
Refresh timer*
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C.4 Port 7 Block 1341 Figure amended

Diagram e R RORT T TIii
Figure C.4 (b) Port l { e o THOS

7 Block Diagram i Timer output enable

(Pin P72) weor7 | |
N g s
L

C.12 Port G Block 1366 Figure amended
Diagram

Figure C.12 (b)
Port G Block
Diagram (Pin PG1)

OE output
OE output enable
Bus controller

,,,,,,,,,,

c[> IRQ interrupt input

C.16 Port 7 Block 1384 Figure title amended
Diagram

Figure C.16 (a)
Port 7 Block
Diagram (Pins P70
to P73)

g Figure of Port 7 Block Diagram (Pin P72) deleted

O Figure of Port 7 Block Diagram (Pin P73) deleted

C.20 Port C Block 1395 Figure title amended
Diagram
Figure C.20 Port C

Block Diagram
(Pins PCO to PC7)

ad Figure of Port C Block Diagram (Pins PC6 and PC7) deleted
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C.24 Port G Block 1407
Diagram

Figure C.24 (b)
Port G Block
Diagram (Pin PG1)

Figure amended

RDRG

RPORG

V4

IRQ interrupt input

Appendix G 1420
Package
Dimensions

Figure G.1
TFP-120 Package
Dimensions

Figure G.1 replaced

Figure G.2 1421
FP-128B Package
Dimensions

Figure G.2 replaced
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Section 1 Overview

Section 1l Overview

11 Overview

The H85/2633 Group is a series of microcomputers (MCUSs: microcomputer units), built around
the H8S2600 CPU, employing Renesas' proprietary architecture, and equipped with peripheral
functions on-chip.

The H85/2600 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include DMA controller
(DMAC)*?, datatransfer controller (DTC)*? bus masters, ROM and RAM memory, a 16-bit
timer-pulse unit (TPU), programmable pulse generator (PPG)*?2, 8-bit timer*?, 14-bit PWM timer
(PWM)*2, watchdog timer (WDT), serial communication interface (SCI, IrDA*?), A/D converter,
D/A converter®?, and /O ports. It is also possible to incorporate an on-chip PC bus interface
(11C)*2 as an option.

On-chip ROM is available as 256-kbyte flash memory (F-ZTAT™ version)** or as 256-, 128-, or
64-kbyte mask ROM. ROM is connected to the CPU via a 16-bit data bus, enabling both byte and
word datato be accessed in one state. Instruction fetching has been speeded up, and processing
speed increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

The features of the H8S2633 Group are shown in table 1.1.

Notes. 1. F-ZTAT™ isatrademark of Renesas Technology Corp.
2. Thisfunctionisnot available in the H8S/2695.
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Section 1 Overview

Tablel.1 Overview

Item Specification

CPU e General-register machine

0 Sixteen 16-bit general registers (also usable as sixteen 8-hit registers

or eight 32-bit registers)
« High-speed operation suitable for realtime control

O Maximum clock rate: 25 MHz (H8S/2633 Group, H8S/2633F),
28 MHz (H8S/2633R, H8S/2695)

O High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 40 ns, 35 ns

16 x 16-bit register-register multiply 1160 ns, 140 ns
16 x 16 + 42-bit multiply and accumulate : 160 ns, 140 ns
32 + 16-bit register-register divide : 800 ns, 700 ns

« Instruction set suitable for high-speed operation

0 Sixty-nine basic instructions
8/16/32-bit move/arithmetic and logic instructions
Unsigned/signed multiply and divide instructions
Multiply-and accumulate instruction

o

Powerful bit-manipulation instructions
e Two CPU operating modes

O Normal mode: 64-kbyte address space
(cannot be used in the H8S/2633 Group)

0 Advanced mode: 16-Mbyte address space

Bus controller * Address space divided into 8 areas, with bus specifications settable
independently for each area

¢ Choice of 8-bit or 16-bit access space for each area

- 2-state or 3-state access space can be designated for each area
* Number of program wait states can be set for each area

* Burst ROM directly connectable

+ Possible to connect™* a maximum of 8 MB of DRAM (alternatively, it is
also possible to use an interval timer)
e Externa busrelease function

PC break e Supports debugging functions by means of PC break interrupts

*1
controller * Two break channels
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Section 1 Overview

Item

Specification

DMA controller
(DMAC)**

Short address mode and full address mode selectable
Short address mode: 4 channels

Full address mode: 2 channels

Transfer possible in repeat mode/block transfer mode
Transfer possible in single address mode

Activation by internal interrupt possible

Data transfer
controller (DTC)**

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/0 processing capability for up to 16 pins'
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)**

8-bit timer**
4 channels

Watchdog timer
2 channels*?

14-bit PWM timer

Maximum 16-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

8-bit up counter (external event count possible)

Time constant register x 2

2 channel connection possible

Watchdog timer or interval timer selectable

Operation using sub-clock supported (WDT1 only)

Maximum of 4 outputs

(PWM™ - Resolution: 1/16384
e Maximum carrier frequency: 390.6 kHz (operating at 25 MHz),
437.6 kHz (operating at 28 MHz)
Serial * Asynchronous mode or synchronous mode selectable

communication
interface (SCI)
5 channels

(SCI0 to SCl4)

Multiprocessor communication function
Smart card interface function
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Section 1 Overview

Item Specification

IrDA-equipped SCI**« Supports IrDA standard version 1.0
1 channel (SCI0) TxD and RxD encoding/decoding in IrDA format

e Start/stop synchronization mode or clock synchronization mode selectable
e Multiprocessor communications function

¢ Smart card interface function

A/D converter ¢ Resolution: 10 bits
e Input: 16 channels

e High-speed conversion: 10.72 pus minimum conversion time
(at 25-MHz operation)

« Single or scan mode selectable
e Sample and hold circuit
* A/D conversion can be activated by external trigger or timer trigger

D/A converter** + Resolution: 8 bits

e Output: 4 channels

1/0 ports e 731/0 pins, 16 input-only pins

Memory ¢ PROM or mask ROM
¢ High-speed static RAM
Product Name ROM RAM
H8S/2633 256 kbytes 16 kbytes
H8S/2632 192 kbytes 12 kbytes
H8S/2631 128 kbytes 8 kbytes
H8S/2633R 256 kbytes 16 kbytes
H8S/2695 192 kbytes 8 kbytes

Interrupt controller «  Nine external interrupt pins (NMI, IRQO to IRQ7)

e 72 internal interrupt sources (including options), 49 interrupt sources in
the H8S/2695

« Eight priority levels settable
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Section 1 Overview

Item

Specification

Power-down state

¢ Medium-speed mode

e Sleep mode

e Module stop mode

» Software standby mode
* Hardware standby mode

«  Subclock operation*! (subactive mode, subsleep mode, watch mode)

Operating modes

Four MCU operating modes

External Data Bus

CPU
Operating On-Chip Initial  Maximu
Mode Mode Description ROM Value m Value
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5 On-chip ROM disabled  Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled  Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled — —
Clock pulse H8S/2633, H8S/2632, H8S/2631
generator e On-chip PLL circuit (x1, x2, x4)
« Input clock frequency: 2 to 25 MHz
H8S/2633R, H8S/2695
e On-chip PLL circuit (%1, x2, x4): 2 to 25 MHz
(%2, x4): 25 to 28 MHz
* Input clock frequency: 2 to 25 MHz
Packages e 120-pin plastic TQFP (TFP-120)

e 128-pin plastic QFP (FP-128B)

I°C bus interface
(1C)** 2 channels
(optional)

« Conforms to I°C bus interface type advocated by Philips

¢ Single master mode/slave mode

¢ Possible to determine arbitration lost conditions

e Supports two slave addresses
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Section 1 Overview

Item

Specification

Product lineup

H8S/2633 Group, H8S/2633F, H8S/2633R, H8S/2695 Operating Frequencies

and Voltages

28-MHz Operation
Version

25-MHz Operation
Version

16-MHz Operation
Version

Input clock 210 25 MHz 210 25 MHz 210 16 MHz
frequency range
Operating 2 to 25 MHz 2 to 25 MHz 2t0 16 MHz

frequency range

(For 25 to 28 MHz
operation, make sure to
use a PLL with a
multiplying factor set to
x2 or x4.)

Operating voltage
range

PVec=45t055V
(This is a single power
supply and has no Vcc

PVcc=45t055V
Vee=3.0t03.6V

pin. Refer to sections 26 AVcec=4.5t05.5V

and 27, for details.)
AVec=451t055V
Ve = 4.5t0 AV

Vier = 4.5 10 AVce

PVce=3.0t055V
Vee=3.0t03.6V

[When using A/D or
D/A]™2

AVec =3.6t055V
Viet = 3.6 V 10 AVcc

[When not using A/D or
DIA]"?
AVcec=33t055V

Vet = 3.3 V 10 AV

Flash version HD64F2633RF28 HD64F2633F25 HD64F2633F16
Model (ROM/RAM) (256 kbytes/16 kbytes) (256 kbytes/16 kbytes) (256 kbytes/16 kbytes)
HD64F2633RTE28 HD64F2633TE25 HD64F2633TE16
(256 kbytes/16 kbytes) (256 kbytes/16 kbytes) (256 kbytes/16 kbytes)
Mask version HD6432695F28™* HD6432633F25 HD6432633F16
Model (ROM/RAM) (192 kbytes/8 kbytes) (256 kbytes/16 kbytes) (256 kbytes/16 kbytes)
HD6432633TE25 HD6432633TE16
(256 kbytes/16 kbytes) (256 kbytes/16 kbytes)
HD6432632F25 HD6432632F16
(192 kbytes/12 kbytes) (192 kbytes/12 kbytes)
HD6432632TE25 HD6432632TE16
(192 kbytes/12 kbytes) (192 kbytes/12 kbytes)
HD6432631F25 HD6432631F16
(128 kbytes/8 kbytes) (128 kbytes/8 kbytes)
HD6432631TE25 HD6432631TE16

(128 kbytes/8 kbytes)

(128 kbytes/8 kbytes)

Notes: 1. The module configuration of the HD6432695 differs from that of the HD6432633,
HD64F2633, and HD64F2633R. (For information on the module configuration refer to
comparison of H8S/2633, H8S/2632, H8S/2631, H8S/2633F-ZTAT, H8S/2633RF-ZTAT,
and H8S/2695 Product Specifications.

2. In the case of the 16-MHz operation version, the operating power supply ranges differ
depending on whether A/D or D/A conversion is used.
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Item

Specification

Product lineup

Models and Corresponding Packages

Model Name

Package

HD64F2633F25
HD64F2633F16
HD6432633F25

FP-128B

HD6432633F16

HD6432632F25

HD6432632F16
HD6432631F25

HD6432631F16

HD64F2633RF28

HD6432695F28

HD64F2633TE25
HD64F2633TE16

TFP-120

HD6432633TE25

HD6432633TE16

HD6432632TE25

HD6432632TE16
HD6432631TE25

HD6432631TE16

HD64F2633RTE28

Notes: 1. This function is not available in the H8S/2695.
2. The watchdog timer in the H8S/2695 has one channel only.

12 Internal Block Diagram

Figure 1.1 (a) shows an internal block diagram of the H8S/2633, H852633F, H8S/2632, and
H8S/2631. Figure 1.1 (b) showstheinternal block diagram of the H8S/2633R. Figure 1.1 (c)
showsthe internal block diagram of the H8S/2695.
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Vref
AVCC
AVSS

P47/ANT/DAL
P46/AN6/DAO

P45/ANS
P44/ANA
P43/AN3
P42/AN2
PA1/ANL

P40/ANO

Port A

Port B

Port C

Port 3

Port 9

[+~ PA3/A19/SCK2
PA2/A18/RxD2
PA1/A17/TxD2
PAO/A16

P,

e

[+ PB7/A15/TIOCB5
PB6/A14/TIOCAS
PB5/A13/TIOCB4
PB4/A12/TIOCA4
PB3/A11/TIOCD3
PB2/A10/TIOCC3
PB1/A9/TIOCB3

PBO/A8/TIOCA3

PC7/A7/PWM1
PC6/A6/PWMO
PC5/A5

PC4/A4

PC3/A3

PC2/A2

PC1/AL

PCO/AOD

P37/TxD4

P36/RxD4
P35/SCK1/SCK4/SCLO/IRQ5
P34/RxD1/SDAO
P33/TxD1/SCL1
P32/SCKO/SDALIRQ4
P31/RxDO/IFRXD

P30/ TXDO/IF TXD
P97/AN15/DA3
P96/AN14/DA2
P95/AN13

P94/AN12

P93/AN11

P92/AN10

P91/AN9

P,

e

P,

e

[—

P90/AN8

Figurel.l(a) H8S2633, H85/2633F, H852632, H8S/2631 I nternal Block Diagram
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Figure1l.1(b) H8S2633R Internal Block Diagram
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Figure1.1(c) H8Y2695 Internal Block Diagram
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13

131

Pin Description

Pin Arrangement

Figures 1.2 (a) and 1.3 (&) show the pin arrangement of the H8S2633, H8S/2633F, H852632, and
H8S/2631. Figures 1.2 (b) and 1.3 (b) show the pin arrangement of the H8S/2633R. Figure 1.3 (C)
shows the pin arrangement of the H8S/2695.

AVCC
Vref

P40/ANO

P41/AN1

P42/AN2

P43/AN3

P44/AN4

P45/ANS

P46/AN6/DAO

P47/AN7/DAL

P90/ANS

P91/AN9

P92/AN10

P93/AN11

P94/AN12

P95/AN13

P96/AN14/DA2

P97/AN15/DA3

AVSS
P70/TMRIOL/TMCIOL/DREQO/CS4
P71/TMRI23/TMCI23/DREQT/CS5
P72/TMOO/TENDO/CS6
P73/TMO1/TEND1/CS7
P74/TMO2/MRES
P75/TMO3/SCK3

P76/RxD3

P77/TxD3

MDO

MD1

MD2

BREQ/IRQ2

90 1 PFO
89 PFL
88 PF2
87 [ PF3
86 [1 PF4
851 PF5
841 PF6

© © 9
IS

BACK/BUZZ

LCAS/WAIT/BREQO

LWR/ADTRG/IRQ3

HWR
RD

PC1/AL OO 2

PC2/A2 OO 3

PC3/A3 [ 4

PC4/A4 O 6

/ASILCAS

PC5/A5 [ 8

PC6/A6/PWMO [ 9

820 PF7ig
81 pvccl
80 osc2
790 osci

PC7/A7/PWM1 [ 10

PBO/A8/TIOCA3 [ 12

Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.

770 EXTAL

753 XTAL
740 FWE*
73 STBY

TOP VIEW
(TFP-120)

ocB3 [ 14

OCC3 []15

OCD3 [] 16

OCA4 [17

OoCcB4 []18

OCA5 []19

OCB5 [ 20

PB1/A9/T!
PB2/A10/T|
PB3/A11/T|
PB4/A12/T|
PB5/A13/T|
PB6/A14/T!
PB7/A15/T|

703 PLLVSS
69 [ PLLCAP
68 [ PLLVCC

PAO/A16 []21
PA1/A17/TxD2 [ 22

PA2/A18/RxD2 [] 23

WDTOVF

67 3

PA3/A19/SCK2 [ 24

66 1 PG4/CSO

651 PG3/CS1

P10/PO8/TIOCA0/DACKO/A20 [] 26

P11/PO9/TIOCBO/DACK1/A21 [ 27

641 PG2/CS2

63 [ PG1/CS3/OE/IRQ7

P12/PO10/TIOCCO/TCLKA/A22 [ 28

62 [0 PGO/CAS/IRQ6
61[1 P37/TxD4

P13/PO11/TIOCDO/TCLKB/A23 [ 29

P14/PO12/TIOCAL/IRQO [] 30

OO0 000000000000000000000000000

P36/RxD4
P35/SCK1/SCK4/SCLO/IRQS
P34/RxD1/SDAO
P33/TxD1/SCL1

Vss

P32/SCKO/SDA1/IRQ4
PvCC2

P31/RxDO/IrRXD
P30/TXDO/ITXD

PD7/D15

PD6/D14

PD5/D13

PD4/D12

PD3/D11

PD2/D10

PD1/D9

pvCCl

PDO/D8

Vss

PE7/D7

PE6/D6

PE5/D5

PE4/D4

PE3/D3

PE2/D2

PE1/D1

PEO/DO
P17/PO15/TIOCB2/PWM3/TCKLD
P16/PO14/TIOCA2/PWM2/IRQT
P15/PO13/TIOCBL/TCLKC

Figure 1.2 (a) H852633, H85/2633F, H8S/2632, H8S/2631 Pin Arrangement
(TFP-120: Top View)
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AvVCC

Vref

P40/ANO
P41/AN1
P42/AN2
P43/AN3
P44/AN4
P45/ANS
P46/AN6/DAO
P47/AN7/DAL
P90/AN8
P91/AN9
P92/AN10
P93/AN11
P94/AN12
P95/AN13
P96/AN14/DA2
P97/AN15/DA3

P72/TMOO/TENDO/CS6
P73/TMOL/TEND1/CS7
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Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.
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Figure1.2(b) H8S/2633R Pin Arrangement (TFP-120: Top View)
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Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.
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Figure 1.3 (a) H852633, H8Y2633F, H85/2632, H8S/2631 Pin Arrangement
(FP-128B: Top View)
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Note: * The FWE pin is used only in the flash memory version.
In the mask ROM version the FWE pin is an NC pin, and should be left open or connected to VSS.
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Figure 1.3 (b) H8S2633R Pin Arrangement (FP-128B: Top View)
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In the mask ROM version this pin should be left open or connected to VSS.

Note: * In the flash memory version this is the FWE pin.

Figure1.3(c) H8Y2695 Pin Arrangement (FP-128B: Top View)

Rev. 5.00 Mar 28, 2005 page 15 of 1422

REJ09B0234-0500

RENESAS



Section 1 Overview

132

Table 1.2 (a) shows the pin functions of the H8S/2633, H85/2633F, H852632, and H85/2631 in
each of the operating modes. Table 1.2 (b) shows the pin functions of the H8S2633R in each of

Pin Functionsin Each Operating M ode

the operating modes. Table 1.2 (¢) shows the pin functions of the H8S2695 in each of the

operating modes.

Table1.2 (a) Pin Functionsin Each Operating M ode (H8S52633, H8S/2633F, H852632,

H8S/2631)

Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
1 5 AO A0 PCO/A0 PCO
2 6 Al Al PC1/A1 PC1
3 7 A2 A2 PC2/A2 PC2
4 8 A3 A3 PC3/A3 PC3
5 9 VSS VSS VSS VSS
6 10 A4 A4 PC4/A4 PC4
7 11 VCC VCC VCC VCC
8 12 A5 A5 PC5/A5 PC5
9 13 A6 A6 PC6/A6/PWMO PC6/PWMO
10 14 A7 A7 PC7/A7/PWM1 PC7/PWM1
11 15 VSS VSS VSS VSS
12 16 PBO/A8/TIOCAS PBO/A8/TIOCA3 PBO/A8/TIOCA3 PBO/TIOCA3
13 17 PVCC1 PVCC1 PVCC1 PVCC1
14 18 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/TIOCB3
15 19 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/TIOCC3
16 20 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/TIOCD3
17 21 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/TIOCA4
18 22 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/TIOCB4
19 23 PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/TIOCAS
20 24 PB7/A15/TIOCB5 PB7/A15/TIOCB5 PB7/A15/TIOCB5 PB7/TIOCB5
21 25 PAO/A16 PAO/A16 PAO/A16 PAO
22 26 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2
23 27 PA2/A18/RxD2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2
24 28 PA3/A19/SCK2 PA3/A19/SCK2 PA3/A19/SCK2 PA3/SCK2
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

25 29 VSS VSsS VSsS VSss

26 30 P10/PO8/TIOCA0/  P10/PO8/TIOCA0/  P10/PO8/TIOCAO0/  P10/PO8/TIOCAO/
DACKO/A20 DACKO/A20 DACKO/A20 DACKO

27 31 P11/PO9/TIOCBO/  P11/PO9/TIOCBO/  P11/PO9/TIOCBO/  P11/PO9/TIOCBO/
DACK1/A21 DACK1/A21 DACK1/A21 DACK1

28 32 P12/PO10/TIOCCO/  P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

29 33 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB

30 34 P14/PO12/TIOCAL/ P14/PO12/TIOCAL/ P14/PO12/TIOCAL/ P14/PO12/TIOCAL/
IRQO IRQO IRQO IRQO

— 35 NC* NC* NC* NC*

— 36 NC* NC* NC* NC*

31 37 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCBL/
TCLKC TCLKC TCLKC TCLKC

32 38 P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/ P16/PO14/TIOCA2/
PWM2/IRQT PWM2/IRQT PWM2/IRQT PWM2/IRQ1

33 39 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
PWM3/TCLKD PWMS3/TCLKD PWMS3/TCLKD PWMB3/TCLKD

34 40 PEO/DO PEO/DO PEO/DO PEO

35 41 PE1/D1 PE1/D1 PE1/D1 PE1

36 42 PE2/D2 PE2/D2 PE2/D2 PE2

37 43 PE3/D3 PE3/D3 PE3/D3 PE3

38 44 PE4/D4 PE4/D4 PE4/D4 PE4

39 45 PE5/D5 PE5/D5 PE5/D5 PE5

40 46 PE6/D6 PE6/D6 PE6/D6 PE6

41 47 PE7/D7 PE7/D7 PE7/D7 PE7

42 48 VSS vss vss VSS

43 49 D8 D8 D8 PDO

44 50 PVCC1 PVCC1 PVCC1 PVCC1

45 51 D9 D9 D9 PD1

46 52 D10 D10 D10 PD2

a7 53 D11 D11 D11 PD3

48 54 D12 D12 D12 PD4

49 55 D13 D13 D13 PD5
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

50 56 D14 D14 D14 PD6

51 57 D15 D15 D15 PD7

52 58 P30/TxDO0/IrTxD P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO0/IrTxD

53 59 P31/RxD0/IrRxD P31/RxD0/IrRxD P31/RxD0/IrRxD P31/RxD0/IrRxD

54 60 PVCC2 PVCC2 PVCC2 PVCC2

55 61 P32/SCKO/SDA1/  P32/SCKO/SDA1/  P32/SCKO/SDA1/  P32/SCKO/SDA1/
IRQ4 IRQ4 IRQ4 IRQ4

56 62 VSS VSS VSS VSS

57 63 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1

58 64 P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO

59 65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
SCLO/IRQ5 SCLO/IRQ5 SCLO/IRQ5 SCLO/IRQ5

60 66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

— 67 NC*! NC*! NC*! NC*!

— 68 NC*t NC*! NC*! NC*!

61 69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

62 70 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/IRQ6

63 71 PG1/CS3/OE/IRQ7 PG1/CS3/OE/IRQ7 PG1/CS3/OE/IRQ7 PGLIRQ7

64 72 PG2/CS2 PG2/CS2 PG2/CS2 PG2

65 73 PG3/CS1 PG3/CS1 PG3/CS1 PG3

66 74 PG4/CS0O PG4/CS0 PG4/CS0 PG4

67 75 WDTOVF WDTOVF WDTOVF WDTOVF

68 76 PLLVCC PLLVCC PLLVCC PLLVCC

69 77 PLLCAP PLLCAP PLLCAP PLLCAP

70 78 PLLVSS PLLVSS PLLVSS PLLVSS

71 79 RES RES RES RES

72 80 NMI NMI NMI NMI

73 81 STBY STBY STBY STBY

74 82 FWE™2 FWE™? FWE™? FWE™?

75 83 XTAL XTAL XTAL XTAL

76 84 vce \Y/elo) \Y/ele) vce

77 85 EXTAL EXTAL EXTAL EXTAL
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

78 86 VSS VSS VSS VSS

79 87 osc1 osc1 osc1 0osc1

80 88 0osc2 0sc2 0sc2 0sc2

81 89 PvCC1 PVCC1 PVCC1 PVCC1

82 90 PF7/o PF7/¢ PF7/¢ PF7/¢

83 91 VSS VSS VSS VSS

84 92 AS/LCAS ASILCAS ASILCAS PF6

85 93 RD RD RD PF5

86 94 HWR HWR HWR PF4

87 95 PF3/LWR/ADTRG/  PF3/LWR/ADTRG/ PF3/LWR/ADTRG/ PF3/ADTRG/IRQ3
IRQ3 IRQ3 IRQ3

88 96 PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2
BREQO BREQO BREQO

89 97 PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BUZZ

90 98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2

— 99 NC** NC*™ NC*™ NC*!

— 100 NC** NC*™ NC*™ NC*!

91 101 AVCC AVCC AVCC AVCC

92 102 Vref Vref Vref Vref

93 103 P40/ANO P40/ANO P40/ANO P40/ANO

94 104 P41/AN1 P41/AN1 P41/AN1 P41/AN1

95 105 P42/AN2 P42/AN2 P42/AN2 P42/AN2

96 106 P43/AN3 P43/AN3 P43/AN3 P43/AN3

97 107 P44/AN4 P44/AN4 P44/AN4 P44/AN4

98 108 P45/AN5 P45/AN5 P45/AN5 P45/ANS

99 109 P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO

100 110 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DAL

101 111 P90/ANS P90/ANS P90/ANS P90/ANS

102 112 P91/AN9 P91/AN9 P91/AN9 P91/AN9

103 113 P92/AN10 P92/AN10 P92/AN10 P92/AN10

104 114 P93/AN11 P93/AN11 P93/AN11 P93/AN11

105 115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

106 116 P95/AN13 P95/AN13 P95/AN13 P95/AN13

107 117 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2

108 118 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3

109 119 AVSS AVSS AVSS AVSS

110 120 P70/TMRI01/TMCI01/ P70/TMRI01/TMCI01/ P70/TMRIO1/TMCIO1/ P70/TMRIO1/TMCIOL/
DREQO/CS4 DREQ0/CS4 DREQO/CS4 DREQO

111 121 P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/
DREQ1/CS5 DREQ1/CS5 DREQ1/CS5 DREQ1

112 122 P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO
CSsé Cs6 Cs6

113 123 P73/TMOLTEND1/ P73/TMOLTEND1/ P73/TMOLTEND1/ P73/TMOLTENDT
Cs7 Cs7 Cs7

114 124 P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES

115 125 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3

116 126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3

117 127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3

118 128 MDO MDO MDO MDO

119 1 MD1 MD1 MD1 MD1

120 2 MD2 MD2 MD2 MD2

— 3 NC*t NC*! NC*! NC*!

— 4 NC*! NC*! NC*! NC*!

Notes: 1. NC pins should be connected to VSS or left open.

2. FWE is used only in the flash memory version. Leave open or connect VSS in the mask
ROM version.
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Table 1.2 (b) Pin Functionsin Each Operating M ode (H8S2633R)

Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

1 5 A0 A0 PCO/AQ PCO

2 6 Al Al PC1/A1 PC1

3 7 A2 A2 PC2/A2 PC2

4 8 A3 A3 PC3/A3 PC3

5 9 VSS VSS VSS VSS

6 10 A4 A4 PC4/A4 PC4

7 11 VCL VCL VCL VCL

8 12 A5 A5 PC5/A5 PC5

9 13 A6 A6 PC6/A6/PWMO PC6/PWMO

10 14 A7 A7 PC7/A7/PWM1 PC7/PWM1

11 15 VSS VSS VSS VSS

12 16 PBO/A8/TIOCA3 PBO/A8/TIOCA3 PBO/A8/TIOCA3 PBO/TIOCA3

13 17 PVCC1 PVCC1 PVCC1 PVCC1

14 18 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/TIOCB3

15 19 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/TIOCD3

17 21 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/TIOCA4

18 22 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/TIOCB4

19 23 PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/TIOCAS

20 24 PB7/A15/TIOCB5 PB7/A15/TIOCB5 PB7/A15/TIOCB5 PB7/TIOCB5

21 25 PAO/A16 PAO/A16 PAO/A16 PAO

22 26 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2

23 27 PA2/A18/RxD2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2

24 28 PA3/A19/SCK2 PA3/A19/SCK2 PA3/A19/SCK2 PA3/SCK2

25 29 VSS VSS VSS VSS

26 30 P10/PO8/TIOCAO/  P10/PO8/TIOCAO0/  P10/POS8/TIOCAO/  P10/PO8/TIOCAO/
DACKO/A20 DACKO/A20 DACKO/A20 DACKO

27 31 P11/PO9/TIOCBO/  P11/PO9/TIOCBO/  P11/PO9/TIOCBO/  P11/PO9/TIOCBO/
DACK1/A21 DACK1/A21 DACK1/A21 DACK1

28 32 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

29 33 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

30 34 P14/PO12/TIOCAL  P14/PO12/TIOCAL/ P14/PO12/TIOCAY  P14/PO12/TIOCAL/
IRQO IRQO IRQO IRQO

— 35 NC** NC** NC** NC*

— 36 NC™ NC* NC™ NC*

31 37 P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/ P15/PO13/TIOCB1/
TCLKC TCLKC TCLKC TCLKC

32 38 PlG/POi/TIOCAZ/ PlG/PO@OCAZ/ PlG/PO@OCAZ/ PlG/PO@OCAZ/
PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1

33 39 P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/ P17/PO15/TIOCB2/
PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD PWM3/TCLKD

34 40 PEO/DO PEO/DO PEO/DO PEO

35 41 PE1/D1 PE1/D1 PE1/D1 PE1

36 42 PE2/D2 PE2/D2 PE2/D2 PE2

37 43 PE3/D3 PE3/D3 PE3/D3 PE3

38 44 PE4/D4 PE4/D4 PE4/D4 PE4

39 45 PES5/D5 PE5/D5 PES5/D5 PES5

40 46 PE6/D6 PE6/D6 PE6/D6 PE6

41 47 PE7/D7 PE7/D7 PE7/D7 PE7

42 48 VSS VSS VSS VSS

43 49 D8 D8 D8 PDO

44 50 PVCC1 PVCC1 PVCC1 PVCC1

45 51 D9 D9 D9 PD1

46 52 D10 D10 D10 PD2

47 53 D11 D11 D11 PD3

48 54 D12 D12 D12 PD4

49 55 D13 D13 D13 PD5

50 56 D14 D14 D14 PD6

51 57 D15 D15 D15 PD7

52 58 P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO/IrTxD

53 59 P31/RxDO/IrRxD P31/RxDO/IrRxD P31/RxDO/IrRxD P31/RxDO/IrRxD

54 60 PVCC2 PVCC2 PVCC2 PVCC2

55 61 P32/SCKO/SDA1/ P32/SCKO/SDA1/ P32/SCKO/SDA1/ P32/SCKO/SDA1/
IRQ4 IRQ4 IRQ4 IRQ4

56 62 VSS VSS VSS VSS
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

57 63 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1

58 64 P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO

59 65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
SCLO/RQ5 SCLO/IRQ5 SCLO/IRQ5 SCLONRQ5

60 66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

— 67 NC*t NC*! NC*! NC*!

— 68 NC** NC*™ NC*™ NC*!

61 69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

62 70 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/IRQ6

63 71 PG1/CS3/OE/IRQ7 PG1/CS3/OE/IRQ7 PG1/CS3/OE/RQ7 PGLIRQ7

64 72 PG2/CS2 PG2/CS2 PG2/CS2 PG2

65 73 PG3/CST PG3/CST PG3/CST PG3

66 74 PG4/CS0 PG4/CSO PG4/CSO PG4

67 75 WDTOVF WDTOVF WDTOVF WDTOVF

68 76 NC*! NC*! NC*! NC*!

69 77 PLLCAP PLLCAP PLLCAP PLLCAP

70 78 PLLVSS PLLVSS PLLVSS PLLVSS

71 79 RES RES RES RES

72 80 NMI NMI NMI NMI

73 81 STBY STBY STBY STBY

74 82 FWE FWE FWE FWE

75 83 XTAL XTAL XTAL XTAL

76 84 NC*t NC*! NC*! NC*!

77 85 EXTAL EXTAL EXTAL EXTAL

78 86 VSS VSS VSS VSS

79 87 osc1 oscC1 oscC1 osc1

80 88 0sc2 0sc2 0sc2 0sc2

81 89 pPvCC1 PVCC1 PVCC1 PVCC1

82 90 PF7/¢ PF7/@ PF7/@ PF7/@

83 91 VSS VSS VSS VSS

84 92 AS/LCAS AS/LCAS AS/LCAS PF6

85 93 RD RD RD PF5
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Pin No. Pin Name

TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7

86 94 HWR HWR HWR PF4

87 95 PF3/LWR/ADTRG/  PF3/LWR/ADTRG/ PF3/LWR/ADTRG/ PF3/ADTRG/IRQ3
IRQ3 IRQ3 IRQ3

88 96 PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2
BREQO BREQO BREQO

89 97 PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BUZZ

90 98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2

— 99 NC*! NC*! NC*! NC*!

— 100 NC*t NC*! NC*! NC*!

91 101 AvVCC AVCC AVCC AVCC

92 102 Vref Vref Vref Vref

93 103 P40/ANO P40/ANO P40/ANO P40/ANO

94 104 P41/AN1 P41/AN1 P41/AN1 P41/AN1

95 105 P42/AN2 P42/AN2 P42/AN2 P42/AN2

96 106 P43/AN3 P43/AN3 P43/AN3 P43/AN3

97 107 P44/AN4 P44/AN4 P44/AN4 P44/AN4

98 108 P45/AN5 P45/AN5 P45/AN5 P45/AN5

99 109 P46/AN6/DAQ P46/AN6/DAO P46/AN6/DAO P46/AN6/DAO

100 110 P47/AN7/DAL P47/AN7/DAL P47/AN7/DAL P47/AN7/DAL

101 111 P90/ANS P90/ANS P90/ANS P90/ANS

102 112 P91/AN9 P91/AN9 P91/AN9 P91/AN9

103 113 P92/AN10 P92/AN10 P92/AN10 P92/AN10

104 114 P93/AN11 P93/AN11 P93/AN11 P93/AN11

105 115 P94/AN12 P94/AN12 P94/AN12 P94/AN12

106 116 P95/AN13 P95/AN13 P95/AN13 P95/AN13

107 117 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2

108 118 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3

109 119 AVSS AVSS AVSS AVSS

110 120 P70/TMRI01/TMCI01/ P70/TMRI01/TMCI01/ P70/TMRIO1/TMCIO1/ P70/TMRIO1/TMCIOL/
DREQO/CS4 DREQO/CS4 DREQO/CS4 DREQO

111 121 P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/ P71/TMRI23/TMCI23/
DREQ1/CS5 DREQ1/CS5 DREQ1/CS5 DREQ1

112 122 P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO/  P72/TMOO/TENDO
CSé Cs6 Cs6
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Section 1 Overview

Pin No. Pin Name
TFP-120 FP-128B Mode 4 Mode 5 Mode 6 Mode 7
113 123 P73/TMOLTEND1/ P73/TMOLTENDT/ P73/TMOLTEND1/ P73/TMOLTENDT
Cs7 Cs7 Cs7
114 124 P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES
115 125 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3
116 126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3
117 127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3
118 128 MDO MDO MDO MDO
119 1 MD1 MD1 MD1 MD1
120 2 MD2 MD2 MD2 MD2
— 3 NC*! NC*! NC*! NC*!
— 4 NC*t NC*! NC*! NC*!
Note: 1. NC pins should be connected to VSS or left open.
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Table 1.2 (c) Pin Functionsin Each Operating M ode (H852695)

Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

5 A0 A0 PCO/AQ PCO

6 Al Al PC1/A1 PC1

7 A2 A2 PC2/A2 PC2

8 A3 A3 PC3/A3 PC3

9 VSS VSS VSS VSS

10 A4 A4 PC4/A4 PC4

11 VCL VCL VCL VCL

12 A5 A5 PC5/A5 PC5

13 A6 A6 PC6/A6 PC6

14 A7 A7 PC7/A7 PC7

15 VSS VSS VSS VSS

16 PBO/A8/TIOCA3 PBO/A8/TIOCA3 PBO/A8/TIOCA3 PBO/TIOCA3

17 PVCC1 PVCC1 PVCC1 PVCC1

18 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/A9/TIOCB3 PB1/TIOCB3

19 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/A10/TIOCC3 PB2/TIOCC3

20 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/A11/TIOCD3 PB3/TIOCD3

21 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/A12/TIOCA4 PB4/TIOCA4

22 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/A13/TIOCB4 PB5/TIOCB4

23 PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/A14/TIOCAS PB6/TIOCAS

24 PB7/A15/TIOCB5 PB7/A15/TIOCB5 PB7/A15/TIOCB5 PB7/TIOCB5

25 PAO/A16 PAO/A16 PAO/A16 PAO

26 PA1/A17/TxD2 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2

27 PA2/A18/RxD2 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2

28 PA3/A19/SCK2 PA3/A19/SCK2 PA3/A19/SCK2 PA3/SCK2

29 VSS VSS VSS VSS

30 P10/TIOCA0/A20 P10/TIOCAO0/A20 P10/TIOCAO0/A20 P10/TIOCAO

31 P11/TIOCBO/A21 P11/TIOCBO0/A21 P11/TIOCBO/A21 P11/TIOCBO

32 P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA

33 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
34 P14/TIOCAL/IRQ0  P14/TIOCALIRQO  P14/TIOCALIRQ0  P14/TIOCALIRQO
35 NC*t NC*! NC*! NC*!
36 NC** NC*™ NC*™ NC*!
37 P15/TIOCB1/TCLKC P15/TIOCBL/TCLKC P15/TIOCB1/TCLKC P15/TIOCB1/TCLKC
38 P16/TIOCA2/IRQT  P16/TIOCA2/IRQT  P16/TIOCA2/RQ1  P16/TIOCA2/IRQT
39 P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD
40 PEO/DO PEO/DO PEO/DO PEO
41 PE1/D1 PE1/D1 PE1/D1 PE1
42 PE2/D2 PE2/D2 PE2/D2 PE2
43 PE3/D3 PE3/D3 PE3/D3 PE3
44 PE4/D4 PE4/D4 PE4/D4 PE4
45 PE5/D5 PE5/D5 PE5/D5 PE5
46 PE6/D6 PE6/D6 PE6/D6 PE6
47 PE7/D7 PE7/D7 PE7/D7 PE7
48 VSS VSS VSS VSS
49 D8 D8 D8 PDO
50 pPvCC1 PvCC1 PvVCC1 PVCC1
51 D9 D9 D9 PD1
52 D10 D10 D10 PD2
53 D11 D11 D11 PD3
54 D12 D12 D12 PD4
55 D13 D13 D13 PD5
56 D14 D14 D14 PD6
57 D15 D15 D15 PD7
58 P30/TxDO P30/TxDO P30/TxDO P30/TxDO
59 P31/RxDO0 P31/RxDO0 P31/RxDO0 P31/RxD0
60 PVCC2 PVCC2 PVCC2 PVCC2
61 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4
62 VSS VSS VSS VSS
63 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1
64 P34/RxD1 P34/RxD1 P34/RxD1 P34/RxD1
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7

65 P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/  P35/SCK1/SCK4/
IRQ5 IRQ5 IRQ5 IRQ5

66 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

67 NC*! NC*! NC*! NC*!

68 NC*! NC*! NC*! NC*!

69 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

70 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6 PGO/IRQ6

71 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/IRQ7

72 PG2/CS2 PG2/CS2 PG2/CS2 PG2

73 PG3/CS1 PG3/CS1 PG3/CS1 PG3

74 PG4/CS0O PG4/CS0 PG4/CS0 PG4

75 WDTOVF WDTOVF WDTOVF WDTOVF

76 NC** NC*™ NC*™ NC*!

77 PLLCAP PLLCAP PLLCAP PLLCAP

78 PLLVSS PLLVSS PLLVSS PLLVSS

79 RES RES RES RES

80 NMI NMI NMI NMI

81 STBY STBY STBY STBY

82 NC*? NC*? NC*? NC*?

83 XTAL XTAL XTAL XTAL

84 NC*! NC*! NC*! NC*!

85 EXTAL EXTAL EXTAL EXTAL

86 VSS VSS VSS VSS

87 NC** NC*™ NC*™ NC*!

88 NC*t NC*! NC*! NC*!

89 pPvCC1 PvVCC1 PVCC1 PVCC1

90 PF7/o PF7/g PF7/g PF7/¢

91 VSS VSS VSS VSS

92 AS AS AS PF6

93 RD RD RD PF5

94 HWR HWR HWR PF4
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Pin No. Pin Name
FP-128B Mode 4 Mode 5 Mode 6 Mode 7
95 PF3/LWR/ADTRG/  PF3/LWR/ADTRG/ PF3/LWR/ADTRG/ PF3/ADTRG/IRQ3

IRQ3 IRQ3 IRQ3

96 PF2/WAIT/BREQO PF2/WAIT/BREQO PF2/WAIT/BREQO PF2
97 PF1/BACK PF1/BACK PF1/BACK PF1
98 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2
99 NC*t NC*! NC*! NC*!
100 NC** NC*™ NC*™ NC*!
101 AvVCC AVCC AVCC AVCC
102 Vref Vref Vref Vref
103 P40/ANO P40/ANO P40/ANO P40/ANO
104 P41/AN1 P41/AN1 P41/AN1 P41/AN1
105 P42/AN2 P42/AN2 P42/AN2 P42/AN2
106 P43/AN3 P43/AN3 P43/AN3 P43/AN3
107 P44/AN4 P44/AN4 P44/AN4 P44/AN4
108 P45/AN5 P45/ANS P45/ANS P45/AN5
109 P46/AN6 P46/ANG P46/ANG P46/AN6
110 P47/AN7 P47/AN7 P47/AN7 P47/IAN7
111 P90/ANS P90/ANS P90/ANS P90/ANS
112 P91/AN9 P91/AN9 P91/AN9 P91/AN9
113 P92/AN10 P92/AN10 P92/AN10 P92/AN10
114 P93/AN11 P93/AN11 P93/AN11 P93/AN11
115 P94/AN12 P94/AN12 P94/AN12 P94/AN12
116 P95/AN13 P95/AN13 P95/AN13 P95/AN13
117 P96/AN14 P96/AN14 P96/AN14 P96/AN14
118 P97/AN15 P97/AN15 P97/AN15 P97/AN15
119 AVSS AVSS AVSS AVSS
120 P70/CS4 P70/CS4 P70/CS4 P70
121 P71/CS5 P71/CS5 P71/CS5 P71
122 P72/CS6 P72/CS6 P72/CS6 P72
123 P73/CS7 P73/CS7 P73/CS7 P73
124 P74/MRES P74/MRES P74/MRES P74/MRES
125 P75/SCK3 P75/SCK3 P75/SCK3 P75/SCK3
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Pin No. Pin Name

FP-128B Mode 4 Mode 5 Mode 6 Mode 7
126 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3
127 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3
128 MDO MDO MDO MDO

1 MD1 MD1 MD1 MD1

2 MD2 MD2 MD2 MD2

3 NC*! NC*! NC*! NC*!

4 NC*t NC*! NC*! NC*!

Notes: 1. NC pins should be connected to VSS or left open.

2. In the flash memory version this is the FWE pin. In the mask ROM version this pin
should be connected to VSS or left open.
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1.3.3 Pin Functions

Table 1.3 (a) outlines the pin functions of the H8S/2633, H8Y2633F, H8Y2632, and H8S/2631.
Table 1.3 (b) outlines the pin functions of the H8S2633R. Table 1.3 (c) outlines the pin functions

of the H8S/2695.

Table1.3 (a) Pin Functions (H852633, H85/2633F, H85/2632, H85/2631)

Type Symbol

110

Name and Function

Power VCC

PVCC1,
PVCC2

Input

Input

Power supply: For connection to the power supply.

All VCC pins should be connected to the system power
supply.

Port power supply pin. Connect all pins to the same
power supply.

VSS

Clock PLLVCC

Input

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

PLL power supply: Power supply for on-chip PLL
oscillator.

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for typical
connection diagrams for a crystal oscillator and
external clock input.

EXTAL

0OSC1

0SC2

Input

Input

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for typical
connection diagrams for a crystal oscillator and
external clock input.

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for examples of
connections to a crystal oscillator.

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23A, Clock Pulse Generator (H8S/2633,
H8S/2632, H8S/2631, H8S/2633F), for examples of
connections to a crystal oscillator.
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Type Symbol

110

Name and Function

Clock [0}

Output  System clock: Supplies the system clock to an external

device.

Operating mode MD2 to MDO

control

System control  RES

Input

Input

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Group is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4

Mode 5

Mode 6

[EEY
o
ROl Ol O|FL| O

Mode 7

Reset input: When this pin is driven low, the chip is
reset.

Input

Input

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

BREQO

Input

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Group.

Output  Bus request output: The external bus request signal

used when an internal bus master accesses external
space in the external bus-released state.

BACK

FWE

Output  Bus request acknowledge: Indicates that the bus has

Input

been released to an external bus master.

Flash write enable: Pin for flash memory use (in
planning stage).

Rev. 5.00 Mar 28, 2005 page 32 of 1422

REJ09B0234-0500

RENESAS



Section 1 Overview

Type

Symbol

110

Name and Function

Interrupts

NMI

IRQ7 to IRQO

Input

Input

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus

A23 to AO

Output

Address bus: These pins output an address.

Data bus

Bus control

D15 to DO

CS71to CSO

11O

Output

Data bus: These pins constitute a bidirectional data
bus.

Chip select: Selection signal for areas 0 to 7.

Output

Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

Output

Read: When this pin is low, it indicates that the
external address space can be read.

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

CAS

Output

Upper column address strobe/column address strobe:
The 2CAS type DRAM upper column address strobe
signal.

LCAS

Output

Lower column address strobe:
The 2CAS type DRAM lower column address strobe
signal.

Output

Output enable:
Output enable signal for DRAM space read access.

WAIT

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.
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Type Symbol /0 Name and Function
DMA controller  DREQT1, Input DMA request 1,0:
(DMAC) DREQO Requests DMAC activation.

TEND1, Output DMA transfer completed 1,0:

TENDO Indicates DMAC data transfer end.

DACKT1, Output DMA transfer acknowledge 1,0:

DACKO DMAC single address transfer acknowledge pin.
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, I/0 Input capture/ output compare match AO to DO:

TIOCBO, The TGROA to TGROD input capture input or output

TIOCCO, compare output, or PWM output pins.

TIOCDO

TIOCAL, I/0 Input capture/ output compare match Al and B1:

TIOCB1 The TGR1A and TGR1B input capture input or output

compare output, or PWM output pins.

TIOCA2, I/O Input capture/ output compare match A2 and B2:

TIOCB2 The TGR2A and TGR2B input capture input or output

compare output, or PWM output pins.

TIOCAS, I/0 Input capture/ output compare match A3 to D3:

TIOCBS, The TGR3A to TGR3D input capture input or output

TIOCC3, compare output, or PWM output pins.

TIOCD3

TIOCA4, I/0 Input capture/output compare match A4 and B4:

TIOCB4 The TGR4A and TGR4B input capture input or output

compare output, or PWM output pins.

TIOCAS5, I/O Input capture/output compare match A5 and B5:

TIOCB5 The TGR5A and TGR5B input capture input or output

compare output, or PWM output pins.
Programmable = PO15to PO8 Output Pulse output 15 to 8: Pulse output pins.
pulse generator
(PPG)
8-bit timer TMOO to Output  Compare match output: The compare match output

TMO3 pins.

TMCIO1, Input Counter external clock input: Input pins for the external

TMCI23 clock input to the counter.

TMRIO1, Input Counter external reset input: The counter reset input

TMRI23 pins.
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Type Symbol /0 Name and Function
14-bit PWM timer PWMO to Output  PWMX timer output: PWM D/A pulse output pins.
(PWMX) PWMS3
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
BUzZ Output  BUZZ output: Output pins for the pulse divided by the
watchdog timer.
Serial TxD4, TxD3, Output Transmit data (channel 0 to 4): Data output pins.
communication  TxD2, TxD1,
interface (SCI)/  TxDO
_Smafrt Card RxD4, RxD3, Input Receive data (channel 0 to 4): Data input pins.
interface RxD2, RxD1,
RxDO
SCK4, SCK3, 110 Serial clock (channel 0 to 4): Clock I/O pins.
SCK2, SCK1, SCKO output type is NMOS push-pull.
SCKO
IrDA-equipped IrTxD Output/  IrDA transmission data/receive data: Input/output pins
SCI 1 channel IrRxD Input for the data encoded for the IrDA.
(SClo)
I°C bus interface  SCLO I/0 I°C clock input (channel 1, 0):
(IIC) (optional) SCL1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
SDAO I/0 I°C data input/output (channel 1, 0):
SDA1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
A/D converter AN15 to ANO Input Analog 15 to 0: Analog input pins.
ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.
D/A converter DA3to DAO Output Analog output: Analog output pins for D/A converter.
A/D converter, AVCC Input A/D converter and D/A converter power supply pin.
D/A converter When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).
AVSS Input Analog circuit ground and reference voltage

A/D converter and D/A converter ground and reference
voltage.

Connect to system power supply (0 V).
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Type

Symbol

110

Name and Function

A/D converter,
D/A converter

Vref

Input

A/D converter and D/A converter reference voltage
input pin.

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).

1/0 ports

P17 to P10

I/0

Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P37 to P30

P47 to P40

I/0

Input

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

Port 4: An 8-bit input port.

P77 to P70

I/0

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90
PA3 to PAO

Input
I/0

Port 9: An 8-bit input port.

Port A: A 4-bit 1/O port. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7 to PBO

110

Port B: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PBDDR).

PC7 to PCO

PD7 to PDO

110

11O

Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

Port D: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).

PE7 to PEO

110

Port E: An 8-bit I/0O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7 to PFO

PG4 to PGO

110

11O

Port F: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port F data
direction register (PFDDR).

Port G: An 5-hit I/O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Table 1.3 (b) Pin Functions (H852633R)

Type

Symbol

110

Name and Function

Power

VCL

Output

On-chip power supply stabilizer pin: The VCL pin need
not be connected to the power supply. Connect this pin
to VSS via a 0.1 pF capacitor (placed close to the
pins).

PVCC1,
PVCC2

Input

Port power supply pin. Connect all pins to the same
power supply.

VSS

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

EXTAL

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

OSC1

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for examples of connections to a crystal
oscillator.

0SsC2

Input

Subclock: Connects to a 32.768 kHz crystal oscillator.
See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for examples of connections to a crystal
oscillator.

Output

System clock: Supplies the system clock to an external
device.
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Type Symbol 11O

Name and Function

Operating mode MD2 to MDO Input
control

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Group is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4
Mode 5

Mode 6

[EnY
o
R O Ok, O, O

Mode 7

System control ~ RES Input

MRES Input

Reset input: When this pin is driven low, the chip is
reset.

Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

STBY Input

BREQ Input

Standby: When this pin is driven low, a transition is
made to hardware standby mode.

Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Group.

BREQO Output

Bus request output: The external bus request signal
used when an internal bus master accesses external
space in the external bus-released state.

BACK Output

Bus request acknowledge: Indicates that the bus has
been released to an external bus master.

FWE Input

Interrupts NMI Input

Flash write enable: Pin for flash memory use (in
planning stage).

Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO Input

Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus A23 to AO Output

Address bus: These pins output an address.
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Type

Symbol

110

Name and Function

Data bus

D15 to DO

11O

Data bus: These pins constitute a bidirectional data
bus.

Bus control

CS7to CSO

Output

Chip select: Selection signal for areas 0 to 7.

Output

Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

Output

Read: When this pin is low, it indicates that the
external address space can be read.

Output

High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Output

Low write/lower column address strobe/lower write
enable:

A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.

The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.

The 2WE type DRAM lower write enable signal.

CAS

Output

Upper column address strobe/column address strobe:
The 2CAS type DRAM upper column address strobe
signal.

LCAS

OE

Output

Output

Lower column address strobe:
The 2CAS type DRAM lower column address strobe
signal.

Output enable:
Output enable signal for DRAM space read access.

WAIT

Input

Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.

DMA controller
(DMAC)

DREQT,
DREQO

Input

DMA request 1,0:
Requests DMAC activation.

TENDf1,
TENDO

Output

DMA transfer completed 1,0:
Indicates DMAC data transfer end.

DACKT,
DACKO

Output

DMA transfer acknowledge 1,0:
DMAC single address transfer acknowledge pin.
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Type Symbol /0 Name and Function
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA
TIOCAO, I/0 Input capture/ output compare match AO to DO:
TIOCBO, The TGROA to TGROD input capture input or output
TIOCCO, compare output, or PWM output pins.
TIOCDO
TIOCAL, I/0 Input capture/ output compare match Al and B1:
TIOCB1 The TGR1A and TGR1B input capture input or output
compare output, or PWM output pins.
TIOCA2, I/0 Input capture/ output compare match A2 and B2:
TIOCB2 The TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.
TIOCAS, I/0 Input capture/ output compare match A3 to D3:
TIOCBS, The TGR3A to TGR3D input capture input or output
TIOCC3, compare output, or PWM output pins.
TIOCD3
TIOCA4, I/0 Input capture/output compare match A4 and B4:
TIOCB4 The TGR4A and TGR4B input capture input or output
compare output, or PWM output pins.
TIOCAS, I/O Input capture/output compare match A5 and B5:
TIOCB5 The TGR5A and TGR5B input capture input or output
compare output, or PWM output pins.
Programmable  PO15to PO8 Output Pulse output 15 to 8: Pulse output pins.
pulse generator
(PPG)
8-bit timer TMOO to Output Compare match output: The compare match output
TMO3 pins.
TMCIO1, Input Counter external clock input: Input pins for the external
TMCI23 clock input to the counter.
TMRIOZ, Input Counter external reset input: The counter reset input
TMRI23 pins.
14-bit PWM timer PWMO to Output  PWMX timer output: PWM D/A pulse output pins.
(PWMX) PWMS3
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
BUZzZ Output  BUZZ output: Output pins for the pulse divided by the

watchdog timer.
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Type Symbol /0 Name and Function
Serial TxD4, TxD3, Output Transmit data (channel 0 to 4): Data output pins.
communication  TxD2, TxD1,
interface (SCI)/  TxDO
_Smart Card RxD4, RxD3, Input Receive data (channel 0 to 4): Data input pins.
interface RxD2, RxDL1,
RxDO
SCK4, SCK3, I/0 Serial clock (channel 0 to 4): Clock I/O pins.
SCK2, SCK1, SCKO output type is NMOS push-pull.
SCKO
IrDA-equipped IrTxD Output/  IrDA transmission data/receive data: Input/output pins
SCI 1 channel IrRxD Input for the data encoded for the IrDA.
(SCl0)
I°C bus interface  SCLO 110 I°C clock input (channel 1, 0):
(lIC) (optional) SCL1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
SDAO 110 I’C data input/output (channel 1, 0):
SDA1 I°C clock input/output pins.
These functions have a bus driving function.
SCLO's output format is an NMOS open drain.
A/D converter AN15 to ANO Input Analog 15 to 0: Analog input pins.
ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.
D/A converter DA3to DAO Output Analog output: Analog output pins for D/A converter.
A/D converter, AVCC Input A/D converter and D/A converter power supply pin.
D/A converter
When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).
AVSS Input Analog circuit ground and reference voltage
A/D converter and D/A converter ground and reference
voltage.
Connect to system power supply (0 V).
Vref Input A/D converter and D/A converter reference voltage

input pin.

When the A/D converter and D/A converter are not
used, this pin should be connected to the system
power supply (+5 V).
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Type

Symbol

110

Name and Function

1/0O ports

P17 to P10

110

Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P37 to P30

110

Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40

Input

Port 4: An 8-bit input port.

P77 to P70

110

Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA3 to PAO

110

Port A: A 4-bit I/O port. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7 to PBO

I/0

Port B: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port B data
direction register (PBDDR).

PC7 to PCO

110

Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7 to PDO

110

Port D: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).

PE7 to PEO

I/0

Port E: An 8-bit I/0O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7 to PFO

110

Port F: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port F data
direction register (PFDDR).

PG4 to PGO

110

Port G: An 5-bit I/O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Table1.3(c) Pin Functions (H852695)

Type

Symbol

110

Name and Function

Power

VCL

Output

On-chip power supply stabilizer pin: The VCL pin need
not be connected to the power supply. Connect this pin
to VSS via a 0.1 pF capacitor (placed close to the
pins).

PVvCC

Input

Port power supply pin. Connect all pins to the same
power supply.

VSS

Input

Ground: For connection to ground
(0 V). All VSS pins should be connected to the system
power supply (0 V).

Clock

Operating mode
control

PLLVSS

Input

PLL ground: Ground for on-chip PLL oscillator.

PLLCAP

Input

PLL capacitance: External capacitance pin for on-chip
PLL oscillator.

XTAL

Input

Connects to a crystal oscillator.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

EXTAL

Input

Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.

See section 23B, Clock Pulse Generator (H8S/2633R,
H8S/2695), for typical connection diagrams for a
crystal oscillator and external clock input.

¢

MD2 to MDO

Output

Input

System clock: Supplies the system clock to an external
device.

Mode pins: These pins set the operating mode.

The relation between the settings of pins MD2 to MDO
and the operating mode is shown below. These pins
should not be changed while the H8S/2633 Group is
operating.

MD2 MD1 MDO Operating Mode

0 0 0 —
1 J—
1 0 —
1 —
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7
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Type Symbol /0 Name and Function

System control  RES Input Reset input: When this pin is driven low, the chip is
reset.

MRES Input Manual reset: When this pin is driven low, a
transmission is made to manual reset mode.

STBY Input Standby: When this pin is driven low, a transition is
made to hardware standby mode.

BREQ Input Bus request: Used by an external bus master to issue
a bus request to the H8S/2633 Group.

BREQO Output  Bus request output: The external bus request signal
used when an internal bus master accesses external
space in the external bus-released state.

BACK Output  Bus request acknowledge: Indicates that the bus has
been released to an external bus master.

Interrupts NMI Input Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed
high.

IRQ7 to IRQO Input Interrupt request 7 to 0: These pins request a
maskable interrupt.

Address bus A23 to AO Output  Address bus: These pins output an address.

Data bus D15 to DO I/O Data bus: These pins constitute a bidirectional data
bus.

Bus control CS7to CSO  Output  Chip select: Selection signal for areas 0 to 7.

AS Output  Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

RD Output  Read: When this pin is low, it indicates that the
external address space can be read.

HWR Output  High write/write enable/upper write enable:

A strobe signal that writes to external space and
indicates that the upper half (D15 to D8) of the data
bus is enabled.

The 2CAS type DRAM write enable signal.

The 2WE type DRAM upper write enable signal.

Rev. 5.00 Mar 28, 2005 page 44 of 1422

REJ09B0234-0500

RENESAS



Section 1 Overview

Type Symbol /0 Name and Function
Bus control LWR Output  Low write/lower column address strobe/lower write
enable:
A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus
is enabled.
The 2CAS type (LCASS = 1) DRAM lower column
address strobe signal.
The 2WE type DRAM lower write enable signal.
WAIT Input Wait: Requests insertion of a wait state in the bus
cycle when accessing external 3-state address space.
16-bit timer- TCLKD to Input Clock input D to A: These pins input an external clock.
pulse unit (TPU) TCLKA
TIOCAOQ, I/0 Input capture/ output compare match AO to DO:
TIOCBO, The TGROA to TGROD input capture input or output
TIOCCO, compare output, or PWM output pins.
TIOCDO
TIOCAL, IO Input capture/ output compare match Al and B1:
TIOCB1 The TGR1A and TGR1B input capture input or output
compare output, or PWM output pins.
TIOCA2, Ie] Input capture/ output compare match A2 and B2:
TIOCB2 The TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.
TIOCAS, I/0 Input capture/ output compare match A3 to D3:
TIOCBS, The TGR3A to TGR3D input capture input or output
TIOCC3, compare output, or PWM output pins.
TIOCD3
TIOCA4, I/0 Input capture/output compare match A4 and B4:
TIOCB4 The TGR4A and TGR4B input capture input or output
compare output, or PWM output pins.
TIOCAS, I/0 Input capture/output compare match A5 and B5:
TIOCB5 The TGR5A and TGR5B input capture input or output
compare output, or PWM output pins.
Watchdog WDTOVF Output  Watchdog timer overflows: The counter overflows
timer (WDT) signal output pin in watchdog timer mode.
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Type Symbol /0 Name and Function

Serial TxD4, TxD3, Output Transmit data (channel 0, 1, 2): Data output pins.
communication  TxD2, TxD1,

interface (SCI)/  TxDO

_Smart Card RxD4, RxD3, Input Receive data (channel 0, 1, 2): Data input pins.
interface RxD2, RxDL1,

RxDO

SCK4, SCK3, I/0 Serial clock (channel 0, 1, 2): Clock I/O pins.

SCK2, SCK1, SCKO output type is NMOS push-pull.

SCKO

A/D converter AN15 to ANO Input Analog 15 to 0: Analog input pins.

ADTRG Input A/D conversion external trigger input: Pin for input of
an external trigger to start A/D conversion.

AVCC Input A/D converter power supply pin.

When the A/D converter are not used, this pin should
be connected to the system power supply (+5 V).

AVSS Input Analog circuit ground and reference voltage
A/D converter ground and reference voltage.
Connect to system power supply (0 V).

Vref Input A/D converter reference voltage input pin.

When the A/D converter are not used, this pin should
be connected to the system power supply (+5 V).

I/O ports P17to P10 /O Port 1: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 1 data
direction register (P1DDR).

P37to P30 I/O Port 3: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 3 data
direction register (P3DDR).

P47 to P40  Input Port 4: An 8-bit input port.

P77to P70 1/O Port 7: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 7 data
direction register (P7DDR).

P97 to P90  Input Port 9: An 8-bit input port.

PA3to PAO I/O Port A: A 4-bit I/O port. Input or output can be
designated for each bit by means of the port A data
direction register (PADDR).

PB7 to PBO I/O Port B: An 8-bit I/0O port. Input or output can be

designated for each bit by means of the port B data
direction register (PBDDR).

Rev. 5.00 Mar 28, 2005 page 46 of 1422
REJ09B0234-0500

RENESAS



Section 1 Overview

Type Symbol /0 Name and Function

1/0O ports PC7to PCO 1/O Port C: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port C data
direction register (PCDDR).

PD7 to PDO 1/O Port D: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port D data
direction register (PDDDR).

PE7 to PEO I/O Port E: An 8-bit I/0O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7to PFO I/O Port F: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port F data
direction register (PFDDR).

PG4 to PGO 1/O Port G: An 5-bit I/O port. Input or output can be
designated for each bit by means of the port G data
direction register (PGDDR).
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Section2 CPU

21 Overview

The H85/2600 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H85/2600 CPU has sixteen 16-hit
genera registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

211 Features

The H85/2600 CPU has the following features.

Upward-compatible with H8/300 and H8/300H CPUs

0 Can execute H8/300 and H8/300H object programs

General-register architecture

0 Sixteen 16-bit general registers (also usable as sixteen 8-hit registers or eight 32-bit
registers)

Sixty-nine basic instructions

0 8/16/32-bit arithmetic and logic instructions

0 Multiply and divide instructions

O Powerful bit-manipulation instructions

0 Multiply-and-accumulate instruction

Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [ @(d: 16,ERn) or @(d:32,ERn)]

Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]

Absolute address [ @aa:8, @aa:16, @aa:24, or @aa:32)

Immediate [#xx:8, #xX:16, or #xx:32]

Program-counter relative [ @(d:8,PC) or @(d:16,PC)]

Memory indirect [ @@aa:8]

16-Mbyte address space

O Program: 16 Mbytes

0 Data 16 Mbytes (4 Gbytes architecturally)

Oo0oooood
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» High-speed operation
O All frequently-used instructions execute in one or two states

O Maximum clock rate: 25 MHz (H8S/2633, H85/2633F, H852632, H85/2631),
28 MHz (H852633R, H852695)

0 8/16/32-hit register-register add/subtract: 40 ns (25 MHz), 35 ns (28 MHz)

0 8 x 8-bit register-register multiply: 120 ns (25 MHz), 105 ns (28 MHz)
O 16 + 8-bit register-register divide: 480 ns (25 MHz), 420 ns (28 MHz)
0 16 x 16-bit register-register multiply: 160 ns (25 MHZz), 140 ns (28 MHz)
0 32+ 16-hit register-register divide: 800 ns (25 MHz), 700 ns (28 MHZz)

« Two CPU operating modes
0 Normal mode*
0 Advanced mode
Note: * Not available in the H8S2633 Group.

* Power-down state
0 Transition to power-down state by SLEEP instruction
O CPU clock speed selection

2.1.2 Differ ences between H85/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S2000 CPU are as shown below.

* Register configuration
The MAC register is supported only by the H8S2600 CPU.

e Basicinstructions
The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S2600 CPU.

*  Number of execution states

The number of execution states of the MULXU and MULXS instructionsis different in each
CPU.

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21
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In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.

213 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2600 CPU has the following enhancements.

* More general registers and control registers

O Eight 16-bit expanded registers, and one 8-bit and two 32-hit control registers, have been
added.

» Expanded address space
0 Normal mode* supports the same 64-kbyte address space as the H8/300 CPU.
0 Advanced mode supports a maximum 16-Mbyte address space.

Note: * Not available in the H8S2633 Group.

» Enhanced addressing

0 The addressing modes have been enhanced to make effective use of the 16-Mbyte address
Space.

» Enhanced ingtructions
Addressing modes of bit-manipulation instructions have been enhanced.
Signed multiply and divide instructions have been added.
A multiply-and-accumulate instruction has been added.
Two-bit shift instructions have been added.
Ingtructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.
« Higher speed
0 Basicinstructions execute twice as fast.

O O0Oo0oo0ood
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214 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S2600 CPU has the following enhancements.

« Additional control register
O One 8-bit and two 32-hit control registers have been added
» Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced
A multiply-and-accumulate instruction has been added
Two-bit shift instructions have been added
Ingtructions for saving and restoring multiple registers have been added
A test and set instruction has been added
« Higher speed
0 Basicinstructions execute twice as fast

O0ooO0ood

2.2 CPU Operating Modes

The H8S5/2600 CPU has two operating modes. normal and advanced. Normal mode* supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Note: * Not available in the H8S2633 Group.

Normal mode* Maximum 64 kbytes, program
and data areas combined

CPU operating modes }7

Maximum 16-Mbytes for

—' Advanced mode program and data areas
combined

Note: * Not available in the H8S/2633 Group.

Figure2.1 CPU Operating M odes
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(1) Normal M ode (Not Availablein the H8S2633 Group)
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-bit registers, or as
the upper 16-bit segments of 32-bit registers. When En is used as a 16-hit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If the
general register isreferenced in the register indirect addressing mode with pre-decrement (@—Rn)
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.

Exception Vector Tableand Memory Indirect Branch Addresses: |n normal mode thetop area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits (figure 2.2). The exception vector table differs depending on the microcontroller. For details
of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001
H'0002 |
H'0003
H'0004 |
H0005 | (Reserved for system use)  --- )
H'0006 Exception

H'0007 | 1 [ vector table
H'0008 |
H'0009
H'000A|
H'000B

- -- Power-on reset exception vector - -

- Manual reset exception vector --

Exception vector 1 -

Exception vector 2 -

\/\/

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
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bit branch address. Branch addresses can be stored in the top area from H'0000 to H'O0FF. Note
that this areais also used for the exception vector table.

Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onto
the stack in exception handling, they are stored as shown in figure 2.3. When EXR isinvalid, it is
not pushed onto the stack. For details, see section 4, Exception Handling.

J\ \/\

SP—~ | PC Sp— EXR"!
(16 bits) -2 Reserved 1"3
(SP—) CCR
\/\ CCR™
- - - - Pc -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure2.3 Stack Structurein Normal Mode
(2) Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit registers, or as
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: |n advanced mode the top
area gtarting at H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32
bits, the upper 8 bits are ignored and a branch addressis stored in the lower 24 bits (figure 2.4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved N
~ Power-on reset exception vector |
H'00000003
H'00000004 | | Reserved |
~ Manual reset exception vector |
H'00000007
H'00000008
I 1 > Exception vector table
H'00000008 | ]
(Reserved for system use) .
H'0000000C | |
H'00000010 Reserved
7 Exception vector 1 |

Figure2.4 Exception Vector Table (Advanced M ode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved area that is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
firgt part of thisrange is also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a

subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2.5. When
EXRisinvalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

sp—

\/\

Reserved

PC
(24 bits)

\/\

(a) Subroutine Branch

2. SP when EXR is not used.
3. Ignored when returning.

sp—

*2
(SP—)

\/\

EXR*1

Reserved 13

CCR

o PC I
(24 bits)

\/\

(b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.

Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H8S2600 CPU. The H852600 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
HFFFF Program area
H'0O0FFFFFF Data area
Cannot be
used by the
H8S/2633
Group
H'FFFFFFFF
(@) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2633 Group.

Figure2.6 Memory Map
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2.4 Register Configuration

24.1 Overview

The CPU has the internal registers shown in figure 2.7. There are two types of registers. general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0

| PC |

76543210
EXR [T]—| == -}i2]i1]d

76543210

ccr [ LIHUNZIV]

63 41 32
MAC Sign extension MACH
MACL

31 0
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
I12'to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit MAC:  Multiply-accumulate register

ul: User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in the H8S/2633 Group.

Figure2.7 CPU Registers
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24.2 General Registers

The CPU has eight 32-hit general registers. These general registersare all functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

e Address registers

» 32-bit registers » 16-bit registers ¢ 8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure2.8 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.9 shows the
stack.
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Free area

SP (ER7) —»]

Stack area

/\_/

Figure29 Stack

243 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
8-bit condition-code register (CCR), and 64-bit multiply-accumulate register (MAC).

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0.)

(2) Extended Control Register (EXR)
This 8-bit register contains the trace bit (T) and three interrupt mask bits (12 to 10).

Bit 7—Trace Bit (T): Selects trace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, atrace exception is generated each time an instruction is
executed.

Bits 6 to 3—Reserved: They areawaysread as 1.

Bits2 to O—Interrupt Mask Bits (12 to 10): These bits designate the interrupt mask level (0to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bitsby the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.
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(3) Condition-Code Register (CCR)

This 8-bit register containsinternal CPU status information, including an interrupt mask bit (1) and
half-carry (H), negative (N), zero (2), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. (NMI is accepted
regardless of the | bit setting.) The | bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt mask
bit. For details, refer to section 5, Interrupt Controller.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Storesthe value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

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

Bit 0—Carry Flag (C): Set to 1 when acarry occurs, and cleared to 0 otherwise. Used by:

e Addinstructions, to indicate a carry
e Subtract instructions, to indicate a borrow
« Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, Instruction List.
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Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) ingtructions.

(4) Multiply-Accumulate Register (MAC)

This 64-bit register stores the results of multiply-and-accumulate operations. It consists of two 32-
bit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the upper bits are
asign extension.

244 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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25 Data Formats
The CPU can process 1-bit, 4-bit (BCD), 8-hit (byte), 16-hit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit databy accessingbitn(n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructionstreat byte data as two digits of 4-bit
BCD data.

251 General Register Data Formats

Figure 2.10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH ‘<O
7]6[5]43[2[1]o]  Dontcare
1-bit data rRoL 7 0
| Dontcare |7]6[5]4[3]2[1]0]
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Dontcare
4-bit BCD data R 7 43 0
L Don‘tcare | Upper | Lower |
Byte data RnH 7 O
; | Don't care ,
MSB s T
Byte data R 7 0
H Don’t care |
""""""""""" MSB LSB

Figure2.10 General Register Data Formats
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Data Type Register Number Data Format

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERN

31 16 15 0

MSB En Rn LSB

Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.10 General Register Data Formats (cont)
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252 Memory Data Formats

Figure 2.11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is madeto
access word or longword data at an odd address, no address error occurs but the least significant
bit of the address is regarded as 0, so the access starts at the preceding address. This also appliesto
instruction fetches.

Data Type Data Format
Address /\/
0
1-bit data AddressL| 7|6 |54 |3|2|1]|0
Byte data Address L [MSB: ¢ ¢ ¢ 1 ILSB
Word data Address 2M [MSB:  : 1
Address 2M + 1 : : : : : : ELSB
Longword data Address 2N [MSB: ¢+ 1
Address 2N + 1 : :
Address 2N + 2
Address 2N + 3 Co0 0 sB

Figure2.11 Memory Data Formats

When ER7 is used as an address register to access the stack, the operand size should be word size
or longword size.
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2.6 Instruction Set

2.6.1 Overview

The H85/2600 CPU has 69 types of instructions. The instructions are classified by function in
table 2.1.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*!, PUSH™! WL
LDM*°, STM*® L
MOVFPE*®, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS* B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL 8
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1
Legend:
B: Byte
W: Word
L: Longword

Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
ERn, @-SP.

Bcc is the general name for conditional branch instructions.

Not available in the H8S/2633 Group.

When using the TAS instruction, use register ERO, ER1, ER4, or ER5.

Only register ERO to ER6 should be used when using the STM/LDM instruction.

akrwn
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2.6.2 Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S2600 CPU
can use.

Table2.2 Combinationsof I nstructions and Addressing M odes
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2.6.3 Table of Instructions Classified by Function

Table 2.3 summarizes the instructions in each functional category. The notation used in table 2.3
is defined below.

Operation Notation

Rd General register (destination)”
Rs General register (source)*

RN General register”

ERN General register (32-bit register)
MAC Multiply-accumulate register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

g Logical AND

ad Logical OR

O Logical exclusive OR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.3 Instructions Classified by Function

Type Instruction Size*'  Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (Ead)
Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.
MOVFPE B Cannot be used in the H8S/2633 Group.
MOVTPE B Cannot be used in the H8S/2633 Group.
POP WIL @SP+ -~ Rn
Pops a register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH WIL Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @—SP. PUSH.L ERn is identical
to MOV.L ERn, @-SP.
LDM*? L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
STM*? L Rn (register list) » @-SP
Pushes two or more general registers onto the stack.
Arithmetic ADD B/W/L Rd*Rs - Rd, Rdz*#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted
from byte data in a general register. Use the SUBX or
ADD instruction.)
ADDX B Rd+Rs+C - Rd, Rd+#MM+C - Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC BW/L Rd*l-Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1 - Rd, Rd+2 - Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.
DAA B Rd decimal adjust -~ Rd
DAS Decimal-adjusts an addition or subtraction resultin a

general register by referring to the CCR to produce 4-bit
BCD data.
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Type Instruction Size*!  Function
Arithmetic MULXU B/W Rd x Rs - Rd
operations Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits - 32 bits.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits - 32 hits.
DIVXU B/W Rd +Rs - Rd
Performs unsigned division on data in two general
registers: either 16 bits + 8 bits - 8-bit quotient and 8-bit
remainder or 32 hits + 16 bits - 16-bit quotient and 16-
bit remainder.
DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general
registers: either 16 bits + 8 bits - 8-hit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
CMP B/W/L Rd-Rs, Rd-#MM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG BW/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU WI/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by padding with zeros on the left.
EXTS WiL Rd (sign extension) —» Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by extending the sign bit.
TAS*? B @ERd -0, 1 - (<bit 7> of @Erd)

Tests memory contents, and sets the most significant bit
(bit 7) to 1.
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Type Instruction Size*!  Function
Arithmetic MAC — (EAs) x (EAd) + MAC - MAC
operations Performs signed multiplication on memory contents and
adds the result to the multiply-accumulate register. The
following operations can be performed:
16 bits x 16 bits + 32 bits - 32 bits, saturating
16 bits x 16 bits + 42 bits — 42 bits, non-saturating
CLRMAC — 0 - MAC
Clears the multiply-accumulate register to zero.
LDMAC L Rs - MAC, MAC - Rd
STMAC Transfers data between a general register and a
multiply-accumulate register.
Logic AND B/W/L RdORs - Rd, RdO#MM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L = (Rd) - (Rd)
Takes the one's complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) —» Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) -~ Rd
ROTXR Rotates general register contents through the carry flag.

1-bit or 2-bit rotation is possible.
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Type

Instruction

Size*

Function

Bit-
manipulation
instructions

BSET

1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory
operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BCLR

0 - (<hit-No.> of <EAd>)

Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.

BNOT

= (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.

BTST

BAND

BIAND

BOR

BIOR

= (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory
operand and sets or clears the Z flag accordingly. The
bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

C O (<bit-No.> of <EAd>) - C

ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

C 0~ (<bit-No.> of <EAd>) - C

ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.

C O (<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

C 0~ (<bit-No.> of <EAd>) - C

ORs the carry flag with the inverse of a specified bitin a
general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.
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Type Instruction Size* Function
Bit- BXOR B C O (<bit-No.> of <EAd>) - C
manipulation Exclusive-ORs the carry flag with a specified bitin a
instructions general register or memory operand and stores the
result in the carry flag.
BIXOR B C O = (<bit-No.> of <EAd>) -~ C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) -~ C
Transfers a specified bit in a general register or memory
operand to the carry flag.
BILD B = (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a
general register or memory operand.
BIST B - C - (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
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1

Type Instruction Size* Function
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High coz=o0
BLS Low or same chz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set v=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONOV) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine.

RENESAS
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Type Instruction

Function

System control TRAPA

Starts trap-instruction exception handling.

instructions RTE

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

LDC

STC

B/W

B/W

(EAs) - CCR, (EAs) - EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.
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1

Type Instruction Size* Function

Block data EEPMOV.B — if R4L # 0 then
transfer Repeat @ER5+ -~ @ERG6+
instruction R4L-1 - R4L
UntilR4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ER5+ -~ @ERG6+
R4-1 - R4
UntiilR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ER6.

R4L or R4: size of block (bytes)
ERS5: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word
L:  Longword

2. Only register ERO to ER6 should be used when using the STM/LDM instruction.
3. When using the TAS instruction, use register ERO, ER1, ER4, or ERS5.

2.6.4 Basic I nstruction Formats

The H85/2633 Group instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), aregister field (r field), an effective address extension (EA field), and a
condition field (cc).

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field always includes the first 4 bits of
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifies ageneral register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.
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(4) Condition Field: Specifies the branching condition of Bec inst

Figure 2.12 shows examples of instruction formats.

ructions.

(1) Operation field only

op

(2) Operation field and register fields

op m rm

(3) Operation field, register fields, and effective address extension

op n rm

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp)

NOP, RTS, etc.

ADD.B Rn, Rm, etc.

MOV.B @(d:16, Rn), Rm, etc.

BRA d:16, etc.

Figure2.12 Instruction Formats (Examples)
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing M ode

The CPU supports the eight addressing modes listed in table 2.4. Each instruction uses a subset of
these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-counter
relative and memory indirect. Bit manipulation instructions use register direct, register indirect, or
absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and
BTST ingtructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.4 Addressing M odes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate H#XX:8/#xX: 16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

(1) Register Direct—Rn: The register field of the instruction specifiesan 8-, 16-, or 32-bit
genera register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified
as 32-bit registers.

(2) Register Indirect—@ERN: The register field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the addressis a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-bit or 32-bit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-hit
displacement is sign-extended when added.
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(4) Register Indirect with Post-1ncrement or Pre-Decrement—@ERN+ or @-ERn:

Register indirect with post-increment—@ERn+

The register field of the instruction code specifies an address register (ERn) which contains the
address of a memory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

Register indirect with pre-decrement—@-ERn

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the result becomes the address of a memory operand. The result is
also stored in the address register. The value subtracted is 1 for byte access, 2 for word transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa:32: The ingtruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits
long (@aa:16), 24 bitslong (@aa:24), or 32 bitslong (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 hits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF).
For a 16-bit absolute address the upper 16 bits are asign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are al assumed to be 0 (H'00).

Table 2.5 indicates the accessible absol ute address ranges.

Table25 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FFO00 to H'FFFF H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 hits (@aa:24)
address

Note: * Not available in the H8S/2633 Group.
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(6) Immediate—#xx:8, #xx:16, or #xx:32: The instruction contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): This modeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-bit PC contents to generate a branch address. Only the lower 24 hits of this branch
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768 bytes (16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be 0,
so the address range is 0 to 255 (H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in
advanced mode). In normal mode™ the memory operand is aword operand and the branch address
is 16 hits long. In advanced mode the memory operand is alongword operand, the first byte of
which is assumed to be al 0 (H'00).

Note that thefirst part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not available in the H8S2633 Group.
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\/\ J\

Specified —~ Specified —~ Reserved
by @aa:8 | Branch address  ----- by @aa:8

\/_\

Branch address

(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2633 Group.

Figure2.13 Branch Address Specification in Memory Indirect M ode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

272 Effective Address Calculation

Table 2.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode” the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.

Note: * Not available in the H8S2633 Group.
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Effective Address Calculation

Table2.6
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states. the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2.14 shows a diagram of the
processing states. Figure 2.15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode

Power-down state Software standby

mode

CPU operation is stopped

to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
subactive mode, subsleep mode, and watch mode. (In the H8S/2695, the subactive mode,
subsleep mode, and watch mode are not available.)

Figure2.14 Processng States
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End of bus request

Bus request

instruction
wit

Notes: 1. From any state except hardware standby mode, a transition to the power-on reset state occurs whenever RES
goes low. From any state except hardware standby mode and power-on reset mode, a transition to the manual
reset state occurs whenever MRES goes low. A transition can also be made to the reset state when the
watchdog timer overflows.

2. From any state, a transition to hardware standby mode occurs when STBY goes low.
3. Apart from these states, there are also the watch mode, subactive mode, and subsleep mode. (In the H8S/2695,
the watch mode, subactive mode, and subsleep mode are not available.) See section 24, Power-Down States.

Figure2.15 State Transitions

2.8.2 Reset State

The CPU entersthe reset state when the RES pin goes low, or when the MRES pin goes low while
manual resets are enabled by the MRESE bit. In the reset state, currently executing processing is
halted and all interrupts are disabled.

For details of MRESE bit setting, see section 3.2.2, System Control Register (SY SCR).
Reset exception handling starts when the RES or MRES pin* changes from low to high.

The reset state can also be entered in the event of watchdog timer overflow. For details see section
15, Watchdog Timer.

Note: * MRES pin in the case of a manual reset.
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2.8.3

Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Typesof Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 2.7
indicates the types of exception handling and their priority. Trap instruction exception handling is
always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.

Table2.7 Exception Handling Typesand Priority
Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
4 immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence™! exception-handling sequence

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence™? current exception-handling

sequence

Trap instruction When TRAPA instruction  Exception handling starts when

v is executed a trap (TRAPA) instruction is
Low executed*®
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception-handling is not

executed at the end of the RTE instruction.

Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,

or immediately after reset exception handling.

Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, when RES pin goes high
again, reset exception handling starts. After the reset state has been entered by driving the MRES
pin low while manual resets are enabled by the MRESE bit, reset exception handling starts when
MRES pin is driven high again. The CPU enters the power-on reset state when the RES pinislow,
and enters the manual reset state when the MRES pin islow. When reset exception handling starts
the CPU fetches a start address (vector) from the exception vector table and starts program
execution from that address. All interrupts, including NMI, are disabled during reset exception
handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR
isset to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of atrace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

TheT bit saved on the stack retains its value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace mode is not entered in interrupt control mode 0, regardless of the state of the T hit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2.16 shows the stack after exception handling ends.
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Normal mode™?2

sp—

CCR

CCR"!

PC
(16 bits)

\/\

(a) Interrupt control mode 0

Advanced mode

Sp—

CCR

Lo PC I
(24 bits)

\/\

(c) Interrupt control mode O

Notes: 1. Ignored when returning.

2. Not available in the H8S/2633 Group.

SP—

\/\

EXR
Reserved'!

CCR

CCR™

PC
(16 bits)

\/\

(b) Interrupt control mode 2

\/\

EXR
Reserved™!
CCR

L - - - PC R
(24 bits)

\/\

(d) Interrupt control mode 2

Figure2.16 Stack Structure after Exception Handling (Examples)

284

Program Execution State

In this state the CPU executes program instructions in sequence.
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2.85 Bus-Released State

Thisisastate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the bus is released, the CPU halts operations.

Bus masters other than the CPU are DMA controller (DMAC)* and data transfer controller
(DTC)*.

For further details, refer to section 7, Bus Controller.

Note: * DMAC and DTC functions are not available in the H85/2695.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode™*, and watch mode™*. There are
also three other power-down modes. medium-speed mode, module stop mode, and subactive
mode”*. In medium-speed mode the CPU and other bus masters operate on a medium-speed clock.
Module stop mode permits halting of the operation of individual modules, other than the CPU.
Subactive mode™?, subsleep mode™?, and watch mode™* are power-down states using subclock
input. For details, refer to section 24, Power-Down Modes.

(1) Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while
the software standby bit (SSBY) in the standby control register (SBYCR) is cleared to 0. In sleep
mode, CPU operations stop immediately after execution of the SLEEP instruction. The contents of
CPU registers are retained.

(2) Software Standby M ode; A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit in SBYCR isset to 1, the LSON bit in LPWRCR is set
to 0, and the PSS bit in TCSR (WDT1)*? is set to 0. In software standby mode, the CPU and
clock halt and all MCU operations stop. As long as a specified voltage is supplied, the contents of
CPU registers and on-chip RAM areretained. The I/O ports also remain in their existing states.

(3) Hardware Standby Mode: A transition to hardware standby mode is made when the STBY
pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip
RAM contents are retained.

Notes: 1. Thisfunction isnot available in the H8S/2695.
2. WDT1isnot available in the H8S2695.
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29 Basic Timing

29.1 Overview

The H85/2600 CPU is driven by a system clock, denoted by the symbol ¢. The period from one
rising edge of @to the next isreferred to asa"state." The memory cycle or bus cycle consists of
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The databusis 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.17 shows the on-chip memory access cycle. Figure 2.18 shows
the pin states.

! Bus cycle !

Internal address bus X Address X
Internal read signal A\ /
Read ! !
access ; 1
Internal data bus ‘ ( Readdata »——
Internal write signal N\ /
Write ! 1
access | ‘
Internal data bus } (__ Writedata }——

Figure2.17 On-Chip Memory Access Cycle
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1 Bus cycle 1

(p i i
Address bus Unchanged
AS High
RD High
HWR, LWR High
Data bus 3High-impedance statei
Figure2.18 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data busis either 8 bits or 16 hits
wide, depending on the particular internal I/O register being accessed. Figure 2.19 shows the
access timing for the on-chip supporting modules. Figure 2.20 shows the pin states.
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L Bus cycle J
L T1 L T2 J
Internal address bus >< Address X
Internal read signal N\ /
Read : ! :
access ! | ‘
Internal data bus : < Read data >—
Internal write signal 1 ; 1/
Write \ :
access ! !
Internal data bus ——( Write data >—
Figure2.19 On-Chip Supporting M odule Access Cycle
L Bus cycle ‘
L T1 L T2 N
Address bus Unchanged
AS : High :
RD ‘ High ‘
HWR, LWR ‘ High ‘
Data bus High-impedance state

Figure2.20 Pin States during On-Chip Supporting M odule Access
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294 External Address Space Access Timing

The external address space is accessed with an 8-hit or 16-bit data bus width in atwo-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 7, Bus Controller.

210 Usage Note

2.10.1 TASInstruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Renesas H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER4, or
ER5 is used.

2.10.2 STM/LDM Instruction

With the STM or LDM instruction, the ER7 register is used as the stack pointer, and thus cannot
be used as aregister that allows save (STM) or restore (LDM) operation.

With asingle STM or LDM instruction, two to four registers can be saved or restored. The
available registers are as follows:

For two registers. ERO and ER1, ER2 and ER3, or ER4 and ER5
For threeregisters: ERO to ER2, or ER4 to ER6
For four registers: ERO to ER3

For the Renesas H8S or H8/300 Series C/C++ Compiler, the STM/LDM instruction including ER7
is not created.

2.10.3 Usage Noteson Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST ingtructions are used to read data in byte-wise, operate
the datain bit-wise, and write the result of the bit-wise operation in bit-wise again. Therefore,
special careis necessary to use these instructions for the registers and the ports that include write-
only bit.

The BCLR instruction can be used to clear to O the flagsin the internal 1/0 registers. In thistime,
if it is obvious that the flag has been set to 1 in the interrupt handler, there is no need to read the
flag beforehand.
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Section3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H85/2633 Group has four operating modes (modes 4 to 7). These modes enabl e selection of
the CPU operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, by
setting the mode pins (MD2 to MDO).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

MCU CPU External Data Bus

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0" o 0 0 — — — —

1* 1

2" 1 0

3 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

5 1 expanded mode 8bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode —

Note: * Not available in the H8S/2633 Group.

The CPU’s architecture allows for 4 Gbytes of address space, but the H8S/2633 Group actually
accesses a maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After
program execution starts, an 8-bit or 16-bit address space can be set for each area, depending on
the bus controller setting. If 16-bit accessis selected for any one area, 16-bit bus modeis set; if 8-
bit accessis selected for all areas, 8-bit bus mode is set.
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Note that the functions of each pin depend on the operating mode.

The H85/2633 Group can be used only in modes 4 to 7. This means that the mode pins must be set
to select one of these modes. Do not change the inputs at the mode pins during operation.

312 Register Configuration

The H85/2633 Group has a mode control register (MDCR) that indicates the inputs a the mode
pins (MD2 to MDO0), and a system control register (SY SCR) that controls the operation of the
H8S/2633 Group. Table 3.2 summarizes these registers.

Table3.2 MCU Registers

Name Abbreviation R/W Initial Value Address”
Mode control register MDCR R/W Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDES
Pin function control register PFCR R/W H'OD/H'00 H'FDEB

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

321 Mode Control Register (M DCR)

Bit : 7 6 5 4 3 2 1 0

| - | — | — | — | — | MDS2 | MDS1 | MDSO0 ‘
Initial value : 1 0 0 0 0 —* —* —*
R/W : R/W — — — — R R R

Note: * Determined by pins MD2 to MDO.
MDCR is an 8-hit register that indicates the current operating mode of the H8S2633 Group.
Bit 7—Reserved: Only 1 should be written to this bit.
Bits 6 to 3—Reserved: These bits always read as 0 and cannot be modified.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These hitsindicate the input levels at pins
MD2 to MDO (the current operating mode). Bits MDS2 to MDSD0 correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD2 to MDO) input
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levels are latched into these bits when MDCR is read. These latches are cancelled by a power-on
reset, but maintained by a manual reset.

322 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| MACS | — | INTM1 | INTMO | NMIEG |MRESE| — | RAME ‘
Initial value : 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-hit readable-writable register that selects saturating or non-saturating calculation
for the MAC instruction, selects the interrupt control mode, selects the detected edge for NMI,
enables or disables MRES pin input, and enables or disables on-chip RAM.

SYSCRisinitialized to H'O1 by a power-on reset and in hardware standby mode. MACS, INTM1,
INTMO, NMIEG, and RAME bits areinitialized in manual reset mode, but the MRESE bit is not
initialized. SY SCR is not initialized in software standby mode.

Bit 7—MAC Saturation (MACS): Selects either saturating or non-saturating calculation for the
MAC instruction.

Bit 7
MACS Description

0 Non-saturating calculation for MAC instruction (Initial value)

1 Saturating calculation for MAC instruction

Bit 6—Reserved: This bit always read as 0 and cannot be modified.

Bits5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTM 0): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited
1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited
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Bit 3—NMI Edge Select (NMIEG): Selects the valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2—Manual Reset Selection Bit (M RESE): Enables or disables manual reset input. It is
possible to set the P74/TMO2/MRES pin to the manual reset input (MRES).

Table 3.3 shows the relationship between the MRES pin power-on reset and manual reset.

Bit 2
MRESE Description
0 Disables manual reset.
Possible to use P74/TM02*/MRES pin as P74/TM02" input pin. (Initial value)
1 Enables manual reset.

Possible to use P74/TM02*/MRES pin as MRES input pin.
Note: * This function is not available in the H8S/2695.

Table3.3 Relationship Between Power-On Reset and Manual Reset

Pin
RES MRES Reset Type
0 * Power-on reset (Initial state)
1 0 Manual reset
1 1 Operation state

*: Don't care

Bit 1—Reserved: This bit always read as 0 and cannot be modified.
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Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset status is released. It isnot initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC” is used, the RAME bit must be set to 1.
* The DTC function is not available in the H8S/2695.

323 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0

| CSS07 | CSSS6| BUZZE | LCASS | AE3 | AE2 | AE1 | AEOQ ‘
Initial value : 0 0 0 0 1/0 1/0 0 1/0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable-writable register that carries out CS selection control for PG4 and PG1
pins, LCAS selection control for PF2 and PF6 pins, and address output control during extension
modes with ROM.

PFCR isinitialized by H'OD/H'00 by a power-on reset or a hardware standby mode. The
immediately previous state is maintained in manual reset or software standby mode.

Bit 7—CS0/CS7 Select (CSS07): Selectsthe CS output content for PG4 pin. In modes 4 to 6, the
selected CSis output by setting the corresponding DDR to 1.

Bit 7
CSS07 Description
0 Select CS0 (Initial value)
1 Select CS7
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Bit 6—CS3/CS6 Sdlect (CSS36): Selects the CS output content for PG1 pin. In modes 4 to 6, the
selected CSis output by setting the corresponding DDR to 1.

Bit 6

CSS36 Description

0 Select CS3 (Initial value)
1 Select CS6

Bit 5—BUZZ Output Enable (BUZZE)*: Disables/enables BUZZ output of PF1 pin. Input
clock of WDT1 selected by PSS, CKS2 to CKS0 hits is output asa BUZZ signal.

Bit 5

BUZZE Description

0 Functions as PF1 input pin (Initial value)
1 Functions as BUZZ output pin

Note: * Thisfunction is not available in the H8S2695. This bit should not be set to 1.

Bit 4—L CAS Output Pin Selection Bit (LCASS)*: Selectsthe LCASsignal output pin.

Bit 4

LCASS Description

0 Outputs LCAS signal from PF2 (Initial value)
1 Outputs LCAS signal from PF6

Note: * Thisfunction is not available in the H8S/2695. This bit should not be set to 1.

Bits 3to 0—Address Output Enable 3to 0 (AE3-AEOQ): These bits select enabling or disabling
of address outputs A8 to A23 in ROMIess expanded mode and modes with ROM. When apinis
enabled for address output, the address is output regardless of the corresponding DDR setting.
When a pin is disabled for address output, it becomes an output port when the corresponding DDR
bitisset to 1.
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Bit3 Bit2 Bitl BitO
AE3 AE2 AEl AEQ Description
0 0 0 A8—-A23 address output disabled (Initial value®)
A8 address output enabled; A9—A23 address output disabled
1 0 A8, A9 address output enabled; A10-A23 address output
disabled
1 A8-A10 address output enabled; A11-A23 address output
disabled
1 0 0 A8-Al1l address output enabled; A12—-A23 address output
disabled
1 A8-A12 address output enabled; A13—A23 address output
disabled
1 0 A8-A13 address output enabled; A14-A23 address output
disabled
1 A8-A14 address output enabled; A15-A23 address output
disabled
1 0 0 0 A8-A15 address output enabled; A16—A23 address output
disabled
1 A8-A16 address output enabled; A17—-A23 address output
disabled
1 0 A8—-A17 address output enabled; A18—A23 address output
disabled
1 A8-A18 address output enabled; A19-A23 address output
disabled
1 0 0 A8-A19 address output enabled; A20—-A23 address output
disabled
1 A8-A20 address output enabled; A21-A23 address output
disabled (Initial value™)
1 0 A8-A21 address output enabled; A22, A23 address output
disabled
1 A8—-A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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3.3 Operating Mode Descriptions

331 Mode4
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports 1, A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

Theinitial bus mode after areset is 16 bits, with 16-bit access to all areas. However, notethat if 8-
bit accessis designated by the bus controller for al areas, the bus mode switchesto 8 bits.

332 Mode5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports 1, A, B, and C, function as an address bus, ports D and E function as a data bus, and part of
port F carries bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes a data bus.

333 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Ports 1, A, B, and C, function asinput port pins immediately after a reset. Address output can be
performed by setting the corresponding DDR (data direction register) bitsto 1.

Port D function as a data bus, and part of port F carries data bus signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit access is designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes a data bus.
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334 Mode7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.

34 Pin Functionsin Each Operating Mode

The pin functions of ports A to G vary depending on the operating mode. Table 3.4 shows their
functions in each operating mode.

Table3.4 Pin Functionsin Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port 1 P, P/A* P/A* P*IA P
P1;to P13 P*IA P*IA P*IA P
Port A PA, to PAy P/A* P/A* P*IA P
Port B P/A* P/A* P*IA P
Port C A A P*IA P
Port D D D D P
Port E P/D* P*ID P*ID P
Port F PF; P/C* p/C* p/C* P*/IC
PFe to PF4 C C C P
PF3 p/C* P*/IC P*/IC
PF, to PFo P*/IC P*/IC P*/IC
Port G PGy C C P*/IC
PGsto PGy P*/C P*/C P*/C P
Legend:
P: 1/O port
A: Address bus output
D: Data bus I/O
C: Control signals, clock I/O
*:  After reset
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35 Address Map in Each Operating Mode

An address map of the H852633, H8S/2633R are shown in figure 3.1, and an address map of the
H8S/2632 in figure 3.2, and an address map of the H8S/2631 in figure 3.3, and an address map of
the H85/2695 in figure 3.4.

The address space is 16 Mbytesin modes 4 to 7 (advanced modes).

The address space is divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
External address On-chip ROM On-chip ROM
space
H'03FFFF
R ] H'040000 | External address |
N N space N
H'FFB000 H'FFB000 H'FFB000
On-chip RAM*1 On-chip RAM*1 On-chip RAM
H'FFEFBF
HFFEFCO External address space HFFEFCO External address space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers*?2 Internal I/O registers*?2 Internal I/O registers*?2
H'FFFF3F
HFFFF40 External address space HFFFF40 External address space
H'FFFF60 . ' : ' i
Internal 1/O registers HFFFF60 Internal 1/O registers HFFFF60 Internal 1/O registers
H'FFFFCO e *1 H'FFFFCO e *1 H'FFFFCO e
HEFEEFE On-chip RAM H'EEEEEF On-chip RAM H'EFEEFE On-chip RAM

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3.1 Memory Map in Each Operating Modein the H852633, H852633R
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Section 3 MCU Operating Modes

Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address
space
H'02FFFF
H'030000
Reserved area
R | H040000 | External address |
T T N space
H'FFBO00 |  Reserved area HFFBO00 |  Reserved area
H'FFC000 H'FFC000 H'FFC000
On-chip RAM*1 On-chip RAM*1 On-chip RAM
H'FFEFBF
HFFEFCO External address space HFFEFCO External address space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers*?2 Internal I/O registers*?2 Internal I/O registers*?2
H'FFFF3F
HFFFF40 External address space HFFFF40 External address space
HFFFF60 Internal 1/O registers HFFFF60 Internal 1/O registers HFFFF60 ||nternal 110 registers
H'FFFFCO e w1 H'FFFFCO o 1 H'FFFFCO e
HEEFEFE On-chip RAM H'EEFEEF On-chip RAM H'EEEEFE On-chip RAM

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3.2 Memory Map in Each Operating Modein the H85/2632
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Section 3

MCU Operating Modes

Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000 H'000000
On-chip ROM
H'020000
External address
space
Reserved area
R | H040000 | External address |
T T T space
HFFBO00 |  Reserved area H'FFBO00 |  Reserved area
H'FFD0O00 H'FFD000
On-chip RAM*1 On-chip RAM*1
HFFEFCO External address space HFFEFCO External address space
H'FFF800 H'FFF800
Internal 1/O registers*?2 Internal 1/0 registers*?2
HFFFF40 External address space HFFFF40 External address space
HFFFF60 Internal 1/O registers HFFFFE0 Internal 1/O registers
H'FFFFCO o o H'FFFFCO o o
HEFEFEE On-chip RAM HEEFEFE On-chip RAM

(advanced single-chip mode)

Mode 7

H'000000
On-chip ROM
H'01FFFF
H'FFDO00
On-chip RAM
H'FFEFBF
H'FFF800
Internal 1/0 registers*?2
H'FFFF3F
HFFFFE0 ||hternal 110 registers
H'FFFFCO .
H'EEEEEE On-chip RAM

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3.3 Memory Map in Each Operating Modein the H852631
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Section 3 MCU Operating Modes

Modes 4 and 5 Mode 6 Mode 7
(advanced expanded modes (advanced expanded mode (advanced single-chip mode)
with on-chip ROM disabled) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
External address
space
H'02FFFF
H'030000
Reserved area
. _| HO040000 | External address |
T T N space
HFFBO00 |  Reserved area HFFBO00 |  Reserved area
H'FFD000 H'FFD000 H'FFD000
On-chip RAM*1 On-chip RAM*1 On-chip RAM
H'FFEFBF
HFFEFCO External address space HFFEFCO External address space
H'FFF800 H'FFF800 H'FFF800
Internal I/O registers*?2 Internal I/O registers*?2 Internal I/O registers*?2
) H'FFFF3F
HFFFF40 External address space HFFFF40 External address space
HFFFF60 Internal 1/O registers HFFFF60 Internal 1/O registers HFFFFEO0 | |hternal 110 registers
H'FFFFCO e *1 H'FFFFCO e 1 H'FFFFCO e
HEFFEFE On-chip RAM H'FEFEEF On-chip RAM H'EEFFFE On-chip RAM

Notes: 1. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
2. Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3.4 Memory Map in Each Operating Modein the H85/2695
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Section 4 Exception Handling

41 Overview

411 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, direct transition, trap
instruction, or interrupt. Exception handling is prioritized as shown in table 4.1. If two or more
exceptions occur simultaneously, they are accepted and processed in order of priority. Trap
instruction exceptions are accepted at all times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SY SCR.

Table4.1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES
4 pin or MRES pin, or when the watchdog overflows. The
CPU enters the power-on reset state when the RES pin is
low, and the manual reset state when the MRES pin is low
Trace™* Starts when execution of the current instruction or exception
handling ends, if the trace (T) bitis setto 1
Direct transition Starts when a direct transition occurs due to execution of a
SLEEP instruction
Interrupt Starts when execution of the current instruction or exception
v handling ends, if an interrupt request has been issued*?
Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

3. Trap instruction exception handling requests are accepted at all times in program
execution state.
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412 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled asfollows:

1. The program counter (PC), condition code register (CCR), and extended register (EXR) are
pushed onto the stack.

2. Theinterrupt mask bits are updated. The T bit iscleared to O.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.

4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

Power-on reset

Reset
Manual reset
Trace
Exception
sources External interrupts: NMI, IRQ7 to IRQO
Interrupts . . .
P Internal interrupts: 72 interrupt sources in
on-chip supporting modules

Trap instruction

Figure4.1 Exception Sources
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Table4.2

Exception Source

Exception Vector Table

Vector Number

Vector Address™*

Advanced Mode

Power-on reset 0 H'0000 to H'0003
Manual reset*? 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct transition** 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt*2 2‘4 H'0060 t‘o H'0063
127 H'01FC to H'O1FF

Notes: 1. Lower 16 bits of the address.
2. For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling
Vector Table.
3. See section 24.11, Direct Transitions, for details on direct transitions.
This function is not available in the H8S/2695.
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4.2 Reset

421 Overview

A reset has the highest exception handling priority. There are two kinds of reset: a power-on reset
executed viathe RES pin, and amanual reset executed viathe MRES pin.

When the RES or MRES pin* goes low, currently executing processing is halted and the chip
entersthe reset sate. A reset initializes the internal state of the CPU and the registers of on-chip
supporting modules. Immediately after areset, interrupt control mode 0 is set.

Reset exception handling starts when the RES or MRES pin* changes from low to high.

The reset state can also be entered in the event of watchdog timer overflow. For details see
section 15, Watchdog Timer.

Note: * MRES pin in the case of a manual reset.

422 Types of Reset
There are two types of reset: power-on reset and manual reset.
Table 4.3 shows the types of reset. When turning power on, do so as a power-on reset.

Both power-on reset and manual reset initialize the internal state of the CPU. In a power-on reset,
all of the registers of the built-in vicinity modules are initialized, while in amanual reset, the
registers of the built-in vicinity models except for bus controllers and I/O ports are initialized. The
states of the bus controllers and I/O ports are maintained.

During amanual reset built-in vicinity modules are initialized, and ports used as input pins for
built-in vicinity modules switch to the input ports controlled by DDR and DR.

If using manual reset, set the MRESE hit to 1 beforehand, thereby enabling manual resets.
See section 3.2.2, System Control Register (SY SCR) for settings of the MRESE bit.

There are also power-on resets and manual resets as the two types of reset carried out by the
watchdog timer.
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Table4.3 Typesof Reset

Conditions for

Transition to Reset Internal State
Type MRES RES CPU Built-in vicinity module
Power-on reset * Low Initialization  Initialization
Manual reset Low High Initialization  Initialization except for bus controller
and I/O port

*: Don't Care

423 Reset Sequence

ThisLSl entersreset state when the RES pin or MRES pin goes low.

To ensurethat thisLSl isreset, hold the RES pin or the MRES pin low for at least 20 ms at power-
up. To reset during operation, hold the RES pin or the MRES pin low for at least 20 states.

When the RES pin or the MRES pin goes high after being held low for the necessary time, this
LSl starts reset exception handling as follows.

1. Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bit is cleared to 0 in EXR, and the | bit isset to 1in EXR and CCR.

2. The reset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.2 and 4.3 show examples of the reset sequence.
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Vector Internal Prefetch of first program
fetch processing instruction

Address bus | ) X @ X ><

HWR, LWR | High | ‘
| Ca e l
D15 to DO 3 ) / { @) ) | { (6) :>—

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000*,
(3) = H'000002; when manual reset, (1)= H'000004, (3)= H'000006)

(2) (4) start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure4.2 Reset Sequence (M odes4 and 5)
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Prefetch of
Vector Internal  first program
fetch processing instruction

S

3
;
-

address bus

Internal >< (1) >< (3)§ >< ®) ><:

Internal read
signal

Internal write
signal

Internal data - 2) i m : m
bus | | | |

(1) (3) Reset exception handling vector address (when power-on reset, (1) = H'000000,
(3) = H'000002)

(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Figure4.3 Reset Sequence (M odes6 and 7)

424 Interrupts after Reset

If aninterrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogramiis
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).
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425 State of On-Chip Supporting M odules after Reset Release

After reset release, MSTPCRA to MSTPCRC are initialized to H'3F, H'FF, and H'FF, respectively,
and all modules except the DMAC* and DTC*, enter module stop mode. Consequently, on-chip
supporting module registers cannot be read or written to. Register reading and writing is enabled
when module stop modeis exited.

Note: * DMAC and DTC functions are not available in the H8S/2695.

4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bit in EXR isset to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace mode is canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4.4 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retainsits value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode
| | ul 2to10 | T
Trace exception handling cannot be used.
1 | — — | 0
Legend:
1. Settol

0: Clearedto 0
—: Retains value prior to execution
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44  Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
72 internal sources in the on-chip supporting modules. Figure 4.4 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-hit timer-pulse unit (TPU), 8-bit timer*, serial communication interface (SCI), data transfer
controller (DTC)*, DMA controller (DMAC)*, PC break controller (PBC)*, A/D converter, and
I2C bus interface (11C)*. Each interrupt source has a separate vector address.

NMI isthe highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

Note: * Thisfunction is not available in the H8S/2695.

External NMI (1)
interrupts IRQ7 to IRQO (8)

WDT™ (2)

Refresh timer*23 (1)
TPU (26)

8-bit timer"3 (12)
Internal SCI (20)

interrupts DTC*3 (1)

DMAC™3 (4)

PBC*3 (1)

A/D converter (1)
I1C*3 (4) (Option)

Interrupts

Notes: Numbers in parentheses are the numbers of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.
2. When refresh timer is used as an interval time, an interrupt request
is generated by compare match.
3. This function is not available in the H8S/2695.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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4.5 Trap Instruction

Trap ingtruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at al times in the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 4.5 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table4.5 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend:
1. Settol

0: Clearedto 0
—: Retains value prior to execution
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4.6 Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\ \/—\
SP —» EXR
Reserved*
SP —» CCR CCR
CCR* CCR*
P PC
(16 bits) (16 bits)
\_/\ \/\
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Normal Modes. Not Availablein the
H85/2633 Group)

\/\ \/\

SP —» EXR
Reserved*
SP —» CCR CCR
———————— PC - PC -
,,,,,,,, (24 bits) .- -~ L (24 bits)________

(a) Interrupt control mode O (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4.5(2) Stack Statusafter Exception Handling (Advanced M odes)
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4.7 Noteson Use of the Stack

When accessing word data or longword data, the H8S/2633 Group assumes that the lowest address
bit is 0. The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP, ER7) should always be kept even. Use the
following instructions to save registers:

PUSH W Rn (or MOV. WRn, @ SP)
PUSH.L ERn (or MOV.L ERn, @SP)

Use the following instructions to restore registers:

POP.W  Rn (or MOV. W @P+, Rn)
POP.L  ERn  (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.

CCR SP- R1L H'FFFEFA
SP - H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
SPw| 1 1 [
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
— —

SP setto HFFFEFF  Data saved above SP Contents of CCR lost

Legend:

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is O,
in advanced mode.

Figure4.6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

The H85/2633 Group controls interrupts by means of an interrupt controller. The interrupt
controller hasthe following features:

» Two interrupt control modes

O Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR)

* Priorities settable with IPR
O Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for al interrupts except NMI
O NMI isassigned the highest priority level of 8, and can be accepted at all times
* Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine

e Nine external interrupts
O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI

O Faling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO

« DTC* and DMAC” control
0 DTCand DMAC activation is performed by means of interrupts

Note: * Thisfunction is not available in the H8S52695.
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51.2 Block Diagram

A block diagram of the interrupt controller is shown in Figure 5.1.

| INTM1, INTMO

SYSCR|

NMIEG $

NMI input

IRQ input

Internal interrupt

request
SWDTEND to
TEI4
Interrupt controller
Legend:
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register
IPR: Interrupt priority register

= NMI input unit

ISR

IRQ input unit

Priority
determination

Interrupt
request

Vector
number

CPU

12to 10

| CCR

| EXR

SYSCR: System control register

£

Figure5.1 Block Diagram of Interrupt Controller
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513 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Interrupt Controller Pins

Name Symbol 11O Function

Nonmaskable interrupt  NMI Input Nonmaskable external interrupt; rising or
falling edge can be selected

External interrupt IRQ7 to IRQO Input Maskable external interrupts; rising, falling, or

requests 7to 0 both edges, or level sensing, can be selected

514 Register Configuration
Table 5.2 summarizes the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address™**
System control register SYSCR R/W H'01 H'FDES
IRQ sense control register H ISCRH RIW H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 H'FE14
IRQ status register ISR R/(W)*2  H'00 H'FE15
Interrupt priority register A IPRA R/W H'77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H'77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register E IPRE R/W H'77 H'FEC4
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H'77 H'FEC6
Interrupt priority register H IPRH R/W H'77 H'FEC7
Interrupt priority register | IPRI R/W H'77 H'FECS8
Interrupt priority register J IPRJ R/W H'77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register L IPRL R/W H'77 H'FECB
Interrupt priority register O IPRO R/W H'77 H'FECE

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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52 Register Descriptions

521 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| MACS | — | INTM1 | INTMO | NMIEG |MRESE| — | RAME ‘
Initial value : 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W — R/W

SY SCR is an 8-bit readable/writable register that selects the interrupt control mode, and the
detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SYSCR).

SYSCRisinitialized to H'O1 by a power-on reset, manual reset, and in hardware standby mode.
SYSCRis not initialized in software standby mode.

Bits5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTM 0): These bits select one of two
interrupt control modes for the interrupt controller.

Bit 5 Bit 4 Interrupt

INTM1 INTMO Control Mode Description

0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NM I Edge Select (NMIEG): Selectsthe input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input
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522 Interrupt Priority RegistersAtoL, O (IPRA toIPRL, IPRO)

Bit : 7 6 5 4 3 2 1 0

| — | IPR6 | IPR5 | IPR4 | — | IPR2 | IPR1 | IPRO ‘
Initial value : 0 1 1 1 0 1 1 1
R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are thirteen 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMI.

The correspondence between | PR settings and interrupt sourcesis shown in table 5.3.
The IPR registers set a priority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by areset and in hardware standby mode.
Bits 7 and 3—Reserved: These bits are always read as 0 and cannot be modified.

Table5.3 Correspondence between Interrupt Sourcesand IPR Settings

Bits

Register 6to4 2t00
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC*

IRQ7
IPRD Watchdog timer 0 Refresh timer”
IPRE PC break® AID converter, watchdog timer 1*
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-hit timer channel 0* 8-bit timer channel 1*
IPRJ DMAC* SClI channel 0
IPRK SCl channel 1 SClI channel 2
IPRL 8-bit timer 2, 3" IIC (Option)*
IPRO SCI channel 3 SCI channel 4

Note: * This function is not available in the H8S/2695.
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As shown in table 5.3, multiple interrupts are assigned to one IPR. Setting a value in the range
from H'0 to H'7 in the 3-bit groups of bits6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level O, is assigned by setting H'O, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registersis selected. Thisinterrupt level is then compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request isissued to
the CPU.

523 IRQ Enable Register (IER)

Bit : 7 6 5 4 3 2 1 0

| IRQ7E | IRQ6E| IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE ‘
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

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER isinitialized to H'00 by areset and in hardware standby mode.
They are not initialized in software standby mode.

Bits 7 to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bit n
IRQNE Description

0 IRQn interrupts disabled (Initial value)

1 IRQn interrupts enabled

(n=71t00)
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524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

ISCRH
Bit : 15 14 13 12 11 10 9 8

| |RQ7SCB| IRQ7SCA| IRQ68CB| IRQ65CA| IRQ5SCB | IRQ58CA| IRQ4SCB | IRQ4SCA‘
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
ISCRL
Bit : 7 6 5 4 3 2 1 0

| IRQ3SCB| IRQ3SCA| IRQ28CB| IRQZSCA| IRQ1SCB | IRQLSCA | IRQOSCB | IRQOSCA ‘
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 ISCR registers are 16-hit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

The ISCR registers are initialized to H'0000 by areset and in hardware standby mode.

They are not initialized in software standby mode.

Bits15to 0: IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQ0 Sense Control A and
B (IRQOSCA, IRQOSCB)

Bits 15to 0
IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input
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525  IRQ StatusRegister (ISR)

Bit : 7 6 5 4 3 2 1 0

| IRQ7F | IRQ6F| IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF ‘
Initial value : 0 0 0 0 0 0 0 0
R/W R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only 0 can be written, to clear the flag.

ISR is an 8-hit readable/writable register that indicates the status of |RQ7 to IRQO interrupt

requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.

They are not initialized in software standby mode.

Bits 7 to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These bitsindicate the status of IRQ7 to
IRQO interrupt requests.

Bit n

IRQNF  Description

0 [Clearing conditions] (Initial value)

Cleared by reading IRQnF flag when IRQnF = 1, then writing 0 to IRQnNF flag
When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high

When IRQn interrupt exception handling is executed when falling, rising, or both-
edge detection is set (IRQnSCB =1 or IRQNSCA = 1)

When the DTC" is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC" is cleared to 0

1 [Setting conditions]

When IRQn input goes low when low-level detection is set (IRQnNSCB = IRQnNSCA =
0)

When a falling edge occurs in TRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA = 1)

When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB = 1, IRQnNSCA = 0)

When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA =1)

(n=71t00)

Note: * The DTC function is not available in the H8S/2695.
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5.3 Interrupt Sour ces

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (72
Sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ7 to IRQO can
be used to restore the H85/2633 Group from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or afalling
edge on the NM1 pin.

The vector number for NMI interrupt exception handlingis 7.

IRQ7to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pinsIRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to |RQO can be selected with |ER.

e Theinterrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO isindicated in ISR. I SR flags can be cleared to O
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.

IRQNE
IRQNSCA, IRQNSCB

# IRQNF
Edge/level s IRQn interrupt
detection circuit = Q request
IRQn input r R

Clear signal

Note: n:7to 0

Figure5.2 Block Diagram of Interrupts|RQ7 to IRQO
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Figure 5.3 shows the timing of setting |RQNF.

IRQN
input pin

IRQNF |

Figure5.3 Timing of Setting IRQNF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for
input or output. However, when apin is used as an external interrupt input pin, do not clear the
corresponding DDR to 0 and use the pin as an I/O pin for another function.

53.2 Internal Interrupts
There are 72** sources for internal interrupts from on-chip supporting modules.

 For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bitsthat select enabling or disabling of these interrupts. If both of theseareset to 1
for aparticular interrupt source, an interrupt request isissued to the interrupt controller.

e Theinterrupt priority level can be set by means of IPR.

« TheDMAC*?and DTC*? can be activated by a TPU, 8-bit timer*?, SCI, or other interrupt
request. When the DMAC*? and DTC*? are activated by an interrupt, the interrupt control
mode and interrupt mask bits are not affected.

Notes: 1. The H852695 has 54 sources for internal interrupts from on-chip supporting modules.
2. Thisfunctionisnot available in the H8S/2695.
533 Interrupt Exception Handling Vector Table

Tables 5.4(a) and 5.4(b) show interrupt exception handling sources, vector addresses, and interrupt
priorities. For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within amodule, are fixed as shown in
table 5.4.
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Table5.4 (a) Interrupt Sources, Vector Addresses, and Interrupt Priorities
(H8S/2633, H852633F, H85/2632, H85/2631, H8S/2633R)

Vector
*
Origin of Address
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRA6to 4 4
IRQ1 17 H'0044 IPRA2to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2to O
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved — 26 H'0068 IPRD2to 0
PC break PC break 27 H'006C IPREG6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE21t0 0
WOVI1 (interval timer) Watchdog 29 H'0074
timer 1
Reserved — 30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098 v
39 H'009C Low
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Vector
*
Origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00A0 IPRF2to 0 High
capture/compare match) channel 1 4
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) a7 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2t0 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved — 53 H'00D4

54 H'00D8

55 H'00DC
TGI4A (TGRA4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'00E4
capture/compare match)
TCIl4V (overflow 4) 58 H'O0E8 v
TCl4U (underflow 4) 59 H'00EC Low
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Vector
*
Origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2to 0 High
capture/compare match) channel 5 4
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'0O0F8
TCI5U (underflow 5) 63 H'00FC
CMIAQ (compare match AO) 8-bit timer 64 H'0100 IPRI6 to 4
CMIBO (compare match BO) channel 0 65 H'0104
QVI0 (overflow 0) 66 H'0108
Reserved — 67 H'010C
CMIAL (compare match Al) 8-bit timer 68 H'0110 IPRI2to O
CMIB1 (compare match B1) channel 1 ggq H'0114
OVI1 (overflow 1) 70 H'0118
Reserved — 71 H'011C
DEDOA (channel O/channel 0A DMAC 72 H'0120 IPRJ6 to 4
transfer end)
DENDOB (channel 0B transfer end) 73 H'0124
DEND1A (channel 1/channel 1A 74 H'0128
transfer end)
DEND1B (channel 1B transfer end) 75 H'012C
Reserved — 76 H'0130

77 H'0134

78 H'0138

79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ21t0 0
RXI0 (reception completed 0) channel 0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channel 1 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158 v
TEI1 (transmission end 1) 87 H'015C Low

Rev. 5.00 Mar 28, 2005 page 135 of 1422
REJ09B0234-0500
RENESAS



Section 5 Interrupt Controller

Vector
*
Origin of Address
Interrupt  Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
ERI2 (receive error 2) SCI 88 H'0160 IPRK2to 0 High
; channel 2 : A

RXI2 (reception completed 2) 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C
CMIAO (compare match A2) 8 bit timer 92 H'0170 IPRL6 to 4
CMIBO (compare match B2) channel 2 g3 H'0174
QVIO (overflow 2) 94 H'0178
Reserved — 95 H'017C
CMIAL (compare match A3) 8 bittimer 96 H'0180
CMIB1 (compare match B3) channel 3 g7 H'0184
OVI1 (overflow 3) 98 H'0188
Reserved — 99 H'018C
IICIO (1 byte IIC channel 100 H'0190 IPRL2 to O
transmission/reception completed) O (optional)
DDCSW!1 (format switch) 101 H'0194
IICI1 (1 byte IIC channel 102 H'0198
transmission/reception completed) 1 (optional)
Reserved 103 H'019C
Reserved — 104 H'01A0 IPRM6 to 4

105 H'01A4

106 H'01A8

107 H'01AC
Reserved — 108 H'01BO IPRM21t0 0

109 H'01B4

110 H'01B8

111 H'01BC
Reserved — 112 H'01CO IPRNG to 4

113 H'01C4

114 H'01C8

115 H'01CC
Reserved — 116 H'01D0 IPRN2to 0

117 H'01D4

118 H'01D8 v

119 H'01DC Low
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Vector

Origin of Address”®

Interrupt  Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
ERI3 (reception error 3) SCI 120 H'01EO0 IPRO6to 4 High
RXI3 (reception completed 3) channel 3 121 H'01E4
TXI3 (transmission data empty 3) 122 H'01E8
TEI3 (transmission end 3) 123 H'01EC
ERI4 (reception error 4) SCI 124 H'01FO0 IPRO21t0 0
RXI4 (reception completed 4) channel 4 15 H'01F4
TXI4 (transmission data empty 4) 126 H'01F8
TEI4 (transmission end 4) 127 H'01FC Low

Note: * Lower 16 bits of the start address.
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Table5.4 (b) Interrupt Sources, Vector Addresses, and Interrupt Priorities (H852695)

Vector
*
Origin of Address
Interrupt  Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAGto4 4
IRQ1 17 H'0044 IPRA2to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to O
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
Reserved — 24 H'0060 IPRC2t0 0
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
Reserved — 26 H'0068 IPRD2 to O
27 H'006C IPRES6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2t0 O
Reserved — 29 H'0074
30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel O
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098 v
39 H'009C Low
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Vector
*
Origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00A0 IPRF2to 0 High
capture/compare match) channel 1 4
TGI1B (TGR1B input 41 H'00A4
capture/compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00BO IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B input 45 H'00B4
capture/compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) a7 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2t0 0
capture/compare match) channel 3
TGI3B (TGR3B input 49 H'00C4
capture/compare match)
TGI3C (TGR3C input 50 H'00C8
capture/compare match)
TGI3D (TGR3D input 51 H'00CC
capture/compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved — 53 H'00D4

54 H'00D8

55 H'00DC
TGI4A (TGRA4A input TPU 56 H'00EO IPRH6 to 4
capture/compare match) channel 4
TGI4B (TGR4B input 57 H'00E4
capture/compare match)
TCIl4V (overflow 4) 58 H'O0E8 v
TCl4U (underflow 4) 59 H'00EC Low
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Vector
*
Origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH2to 0 High
capture/compare match) channel 5 A
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'0O0F8
TCI5U (underflow 5) 63 H'00FC
Reserved — 64 H'0100 IPRI6 to 4

65 H'0104

66 H'0108

67 H'010C
Reserved — 68 H'0110 IPRI2to O

69 H'0114

70 H'0118

71 H'011C
Reserved — 72 H'0120 IPRJ6 to 4

73 H'0124

74 H'0128

75 H'012C

76 H'0130

77 H'0134

78 H'0138

79 H'013C
ERIO (receive error 0) SCI 80 H'0140 IPRJ21t0 0
RXI0 (reception completed 0) channel 0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channel 1 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to O
RXI2 (reception completed 2) channel 2 g9 H'0164
TXI2 (transmit data empty 2) 90 H'0168 v
TEI2 (transmission end 2) 91 H'016C Low
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Vector
*
Origin of Address
Interrupt  Vector Advanced

Interrupt Source Source Number  Mode IPR Priority
Reserved — 92 H'0170 IPRL6to 4 High

93 H'0174 4

94 H'0178

95 H'017C

96 H'0180

97 H'0184

98 H'0188

99 H'018C
Reserved — 100 H'0190 IPRL2 to O

101 H'0194

102 H'0198

103 H'019C
Reserved — 104 H'01A0 IPRM6 to 4

105 H'01A4

106 H'01A8

107 H'01AC
Reserved — 108 H'01BO IPRM2 to O

109 H'01B4

110 H'01B8

111 H'01BC
Reserved — 112 H'01CO0 IPRNG to 4

113 H'01C4

114 H'01C8

115 H'01CC
Reserved — 116 H'01D0 IPRN2to 0

117 H'01D4

118 H'01D8

119 H'01DC
ERI3 (reception error 3) SCI 120 H'01EO0 IPROG6 to 4
RXI3 (reception completed 3) channel 3 151 H'01E4
TXI3 (transmission data empty 3) 122 H'01E8
TEI3 (transmission end 3) 123 H'01EC
ERI4 (reception error 4) SCI 124 H'01FO0 IPRO21t0 0
RXI4 (reception completed 4) channel 4 15 H'01F4
TXI4 (transmission data empty 4) 126 H'01F8 v
TEI4 (transmission end 4) 127 H'01FC Low

Note: * Lower 16 bits of the start address.
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54 Interrupt Operation

54.1 Interrupt Control Modesand Interrupt Operation
Interrupt operationsin the H8S/2633 Group differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to O disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5.5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in IPR, and the masking state indicated
by the | and Ul bitsin the CPU’s CCR, and bitsI2to 10in EXR.

Table5.5 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5.4 shows a block diagram of the priority decision circuit.

Interrupt source

!

Interrupt
control
mode 0

!

Interrupt
acceptance
control
Default priority
determination
8-level
mask control

i

?

IPR

12to 10

Interrupt control mode 2

> Vector number

Figure5.4 Block Diagram of Interrupt Control Operation
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(1) Interrupt Acceptance Contral
Ininterrupt control mode O, interrupt acceptance is controlled by the | bit in CCR.
Table 5.6 shows the interrupts selected in each interrupt control mode.

Table5.6 Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode I Selected Interrupts
0 0 All interrupts

1 NMI interrupts
2 * All interrupts
Legend:

*: Don't care

(2) 8-Leve Contral

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).

The interrupt source selected isthe interrupt with the highest priority level, and whose priority
level set in IPR is higher than the mask level.

Table5.7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10)
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(3) Default Priority Determination

When an interrupt is selected by 8-level control, its priority is determined and a vector number is
generated.

If the same valueis set for IPR, acceptance of multiple interrupts is enabled, and so only the
interrupt source with the highest priority according to the preset default priorities is selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5.8 shows operations and control signal functionsin each interrupt control mode.

Table5.8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt
Interrupt Setting Acceptance 8-Level Control Default Priority T
Control Control L
Mode Determination | (Trace)
INTM1 INTMO | 12to 10 IPR
0 0 0 O IM X — —*? O —
2 1 0 x| =t |0 IM PR O T
Legend:

O: Interrupt operation control performed

X: No operation (All interrupts enabled)

IM: Used as interrupt mask bit

PR: Sets priority

—: Not used

Notes: 1. Setto 1 when interrupt is accepted.
2. Keep the initial setting.
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54.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR. Interrupts are enabled when the | bit is cleared to 0, and
disabled when set to 1.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

[2] Thel bit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the |
bit isset to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, thel bitin CCR is set to 1. This masks al interrupts except NMI.

[7] A vector addressis generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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1

Program execution status

No
Interrupt generated?

Yes

Hold pending

| Save PC and CCR |

Y

| |

Y

| Read vector address |

1

|Branch to interrupt handling routine|

Figure5.5 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode O
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54.3 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits12 to 10 of EXR in the CPU with IPR.

Figure 5.6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If aninterrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If anumber of interrupt requests with the same priority are
generated at the sametime, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. Aninterrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of thefirst instruction to be executed after returning from
the interrupt handling routine.

[6] TheT bitin EXRiscleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.
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Figure5.6 Flowchart of Procedure Up to Interrupt Acceptancein
Interrupt Control Mode 2
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Interrupt Controller
Interrupt Exception Handling Sequence

where interrupt control mode 0 is set in advanced mode, and the program area and stack area are

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case
in on-chip memory.

Section 5
544
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Figure5.7 Interrupt Exception Handling
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545 Interrupt Response Times

The H85/2633 Group is capable of fast word transfer instruction to on-chip memory, and the
program areais provided in on-chip ROM and the stack area in on-chip RAM, enabling high-
speed processing.

Table 5.9 shows interrupt response times—the interval between generation of an interrupt request
and execution of thefirst ingtruction in the interrupt handling routine. The execution status
symbols used in table 5.9 are explained in table 5.10.

Table5.9 Interrupt Response Times

Normal Mode*® Advanced Mode
No. Execution Status INTM1=0 INTM1=1 INTM1=0 |INTM1=1
Interrupt priority determination** 3 3 3 3
2 Number of wait states until executing 1 to 1to 1to 1to
instruction ends*? (19+2-S)) (19+2-S)) (19+2-S)) (19+2-S))
3 PC, CCR, EXR stack save 2-Sk 3-Sk 2-Sk 3-Sk
4 Vector fetch S S 2-S 2-S
5 Instruction fetch*® 2.5 2.5 2-S 2-S
6 Internal processing™* 2 2 2 2
Total (using on-chip memory) 11to 31 12 to 32 12 to 32 131to 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.
5. Not available in the H8S/2633 Group.
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Table5.10 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S 1 4 6+2m 2 3+m
Branch address read S;
Stack manipulation Sk
Legend:

m: Number of wait states in an external device access.

55 Usage Notes

551 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if an interrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to O.

Figure 5.8 shows an example in which the CMIEA hit in the TMR'S TCR register iscleared to O.
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TCR write cycle by CPU CMIA exception handling

e o e —
i |

Internal

address bus TCR address X

Internal !
write signal |

CMIEA

CMFA

CMIA
interrupt signal

Figure5.8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.

55.2 Instructionsthat Disable Interrupts

Ingtructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NM1 are disabled and the next instructionis
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

55.3 Timeswhen Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.
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554 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMOV.B ingtruction, an interrupt request (including NM1) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W ingtruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

555 IRQ Interrupt

When operating by clock input, acceptance of input to an IRQ is synchronized with the clock. In
software standby mode, the input is accepted asynchronously. For details on the input conditions,
see section 25.3.2, Control Signal Timing.

5.5.6 NMI Interrupt Usage Notes

The NMI interrupt is part of the exception processing performed cooperatively by the LSl’s
internal interrupt controller and the CPU when the system is operating normally under the
specified electrical conditions. No operations, including NMI interrupts, are guaranteed when
operation isnot normal (runaway status) due to software problems or abnormal input to the LSI’s
pins. In such cases, the LSl may be restored to the normal program execution state by applying an
external reset.
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5.6 DTC and DMAC Activation by Interrupt

(DMAC and DTC functions are not available in the H8S/2695)

56.1 Overview

The DTC and DMAC can be activated by an interrupt. In this case, the following options are
available:

Interrupt request to CPU
Activation request to DTC
Activation request to DMAC
Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC and DMAC, see
section 9, Data Transfer Controller (DTC) and section 8, DMA Controller (DMAC).
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5.6.2 Block Diagram

Figure 5.9 shows a block diagram of the DTC and DMAC interrupt controller.
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o 2
g5 o
35 3
(a7 o
\ \
Interrupt DTC activation
request Selection ——— request vector
L |>election number
circuit
IRQ
interrupt Select
signal ) .
Clear signal Control logic DTCH
. Interrupt source DTCER .
On-ch|p clear signal Clear signal
supporting
module
DTVECR -
SWDTE _
clear signal CPU interrupt
request vector
Determinati f number
eterminationof | — | p,
priority 1,120 10
Interrupt controller =~

Note: * This function is not available in the H8S/2695.

Figure5.9 Interrupt Control for DTC* and DMAC*
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5.6.3 Operation (DMAC and DTC functions are not available in the H8S/2695)
The interrupt controller has three main functionsin DTC and DMAC control.

(1) Selection of Interrupt Source: DMAC inputs activation factor directly to each channel. The
activation factors for each channel of DMAC are selected by DTF3 to DTFO bits of DMACR. The
DTA hit of DMABCR can be used to select whether the selected activation factors are managed
by DMAC. By setting the DTA bit to 1, the interrupt factor which were the activation factor for
that DMAC do not act asthe DTC activation factor or the CPU interrupt factor.

Interrupt factors other than the interrupts managed by the DMAC are selected as DTC activation
request or CPU interrupt request by the DTCERA to DTCERF of DTC and the DTCE bit of
DTCERI.

By specifying the DISEL bit of the DTC's MRB, it is possible to clear the DTCE hit to O after
DTC datatransfer, and request a CPU interrupt.

If DTC carries out the designate number of data transfers and the transfer counter reads O, after
DTC datatransfer, the DTCE hit is also cleared to 0, and a CPU interrupt requested.

(2) Determination of Priority: The DTC activation source is selected in accordance with the
default priority order, and is not affected by mask or priority levels. See section 8.6, Interrupts,
and section 9.3.3, DTC Vector Table for the respective priority.

(3) Operation Order: If the sameinterrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC datatransfer is performed first, followed by CPU interrupt exception
handling.

If the same interrupt is selected asthe DMAC activation factor and asthe DTC activation factor or
CPU interrupt factor, these operate independently. They operate in accordance with the respective
operating states and bus priorities.

Table 5.11 shows the interrupt factor clear control and selection of interrupt factors by
specification of the DTA bit of DMAC's DMABCR, DTC's DTCERA to DTCERF, DTCERI's
DTCE bits, and the DISEL bit of DTC's MRB.

Rev. 5.00 Mar 28, 2005 page 157 of 1422
REJ09B0234-0500
RENESAS



Section 5 Interrupt Controller

Table5.11 Interrupt Source Selection and Clearing Control

Settings

DMAC*? DTC*! Interrupt Source Selection/Clearing Control
DTA** DTCE™! DISEL*! DMAC** DTC** CPU
0 0 * O X A

1 0 O JAY X

1 O o) A

1 * * JAY X X
Legend:

/A\: The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)

O: The relevant interrupt is used. The interrupt source is not cleared.

X: The relevant bit cannot be used.

*: Don't care

Note: 1. This function is not available in the H8S/2695.

(4) Noteson Use: SCI and A/D converter interrupt sources are cleared when the DMAC* or
DTC* reads or writes to the prescribed register, and are not dependent upon the DTA*, DTCE™,
and DISEL™ hits.

Note: * Thisfunction is not available in the H8S52695.
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Section 6 PC Break Controller (PBC)
(Thisfunction is not available in the H8S2695)

6.1 Overview

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged with
the chip aone, without using an in-circuit emulator. Four break conditions can be set in the PBC:
instruction fetch, dataread, datawrite, and data read/write.

6.1.1 Features
The PC break controller hasthe following features:

» Two break channels (A and B)
» Thefollowing can be set as break compare conditions:
O 24 address bits
Bit masking possible
0 Buscycle
Instruction fetch
Data access. data read, data write, data read/write
0 Bus master
Either CPU or CPU/DTC can be selected
» Thetiming of PC break exception handling after the occurrence of a break condition is as
follows:
O Immediately before execution of the instruction fetched at the set address (instruction
fetch)
O Immediately after execution of the instruction that accesses data at the set address (data
access)
» Module stop mode can be set
0 Theinitial setting isfor PBC operation to be halted. Register accessis enabled by clearing
module stop mode.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the PC break controller.
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=
Mask control @
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Internal address jj
PC break
ACCESS interrupt
status Comparator |——m= Clggﬁ[?l
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Mask control 5
o
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Figure6.1 Block Diagram of PC Break Controller
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6.1.3 Register Configuration
Table 6.1 shows the PC break controller registers.

Table6.1 PC Break Controller Registers

Initial Value
Power-On  Manual
Name Abbreviation R/W Reset Reset Address™*
Break address register A BARA R/W H'XX000000 Retained H'FEQO
Break address register B BARB R/W H'XX000000 Retained H'FE04
Break control register A BCRA R/(W)*2 H'00 Retained H'FEO8
Break control register B BCRB R/(W)*2 H'00 Retained H'FEQ09
Module stop control register C MSTPCRC R/W H'FF Retained H'FDEA

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, for flag clearing.

6.2 Register Descriptions

6.2.1 Break AddressRegister A (BARA)

Bit © 31 ... 24 23 22 21 20 19 18 17 16 .- 7 6 5 4 3 2 1 0

o o BAA|BAA|BAA|BAA|BAA|BAA|BAA |BAA BAA|BAA|BAA|BAA|BAA|BAA| BAA|BAA

23|22 |21|20| 19| 18|17 | 16 7|16 |5|4|3|2[1]0

Initial value:ynde- ...Unde-0 0 O O 0 O O O .. O O O O O O 0 O
fined fined

R/W : — . — RWR/MWRWRW RW RWR/W RW -.- RW R/W RW RW R/W RW R/W RW

BARA is a32-bit readable/writable register that specifies the channel A break address.
BAA23to BAAO areinitialized to H'000000 by a power-on reset and in hardware standby mode.
Bits 31 to 24—Reserved: These bits return an undefined value if read, and cannot be modified.

Bits23to 0—Break Address A23to A0 (BAA23 to BAAOQ): These bits hold the channel A PC
break address.

6.2.2 Break AddressRegister B (BARB)

BARB is the channel B break address register. The bit configuration is the same as for BARA.
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6.2.3 Break Control Register A (BCRA)

Bit -7 6 5 4 3 2 1 0
| cMrA | cDA [BAMRAZ|BAMRA1|BAMRAO|CSELAL|CSELAO| BIEA |

Initial value : 0 0 0 0 0 0 0 0
R/W . RI(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only 0 can be written, for flag clearing.

BCRA is an 8-hit readable/writable register that controls channel A PC breaks. BCRA (1) selects
the break condition bus master, (2) specifies bits subject to address comparison masking, and (3)
specifies whether the break condition is applied to an instruction fetch or adata access. It also
contains a condition match flag.

BCRA isinitialized to H'00 by a power-on reset and in hardware standby mode.

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. Thisflagis not cleared to 0.

Bit 7
CMFA Description
0 [Clearing condition]
When 0 is written to CMFA after reading CMFA = 1 (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Bit 6—CPU Cycle/DTC Cycle Sdlect A (CDA): Selectsthe channel A break condition bus
master.

Bit 6

CDA Description

0 PC break is performed when CPU is bus master (Initial value)
1 PC break is performed when CPU or DTC is bus master

Bits5to 3—Break AddressMask Register A2to A0 (BAMRA2-BAM RAO): These hits
specify which bits of the break address (BAA23 to BAAO) set in BARA are to be masked.

Rev. 5.00 Mar 28, 2005 page 162 of 1422
REJ09B0234-0500
RENESAS



Section 6 PC Break Controller (PBC) (This function is not available in the H8S/2695)

Bit 5 Bit 4 Bit 3
BAMRA2 BAMRA1l BAMRAO Description
0 0 0 All BARA bits are unmasked and included in break conditions
(Initial value)
1 BAAO (lowest bit) is masked, and not included in break
conditions
1 0 BAAL to BAAO (lower 2 hits) are masked, and not included in
break conditions
1 BAA2 to BAAO (lower 3 bits) are masked, and not included in
break conditions
1 0 0 BAA3 to BAAO (lower 4 bits) are masked, and not included in
break conditions
1 BAA7 to BAAO (lower 8 bits) are masked, and not included in
break conditions
1 0 BAA11 to BAAO (lower 12 bits) are masked, and not included in
break conditions
1 BAA15 to BAAO (lower 16 bits) are masked, and not included in

break conditions

Bits2 and 1—Break Condition Select A (CSELA1, CSEL A0): These bits selection an
instruction fetch, dataread, data write, or data read/write cycle as the channel A break condition.

Bit 2 Bit 1

CSELA1 CSELAO Description

0 0 Instruction fetch is used as break condition (Initial value)
1 Data read cycle is used as break condition

1 0 Data write cycle is used as break condition
1 Data read/write cycle is used as break condition

Bit 0—Break Interrupt Enable A (BIEA): Enables or disables channel A PC break interrupts.

Bit 0

BIEA Description

0 PC break interrupts are disabled (Initial value)
1 PC break interrupts are enabled

Rev. 5.00 Mar 28, 2005 page 163 of 1422
REJ09B0234-0500
RENESAS



Section 6 PC Break Controller (PBC) (This function is not available in the H8S/2695)

6.24 Break Control Register B (BCRB)

BCRB isthe channel B break control register. The bit configuration is the same asfor BCRA.

6.2.5 Module Stop Control Register C (M STPCRC)

Bit L7 6 5 4 3 2 1 0

| MSTPC7 | MSTPCB| MSTPCS | MSTPC4 | MSTPC3 | MSTPC2| MSTPC1| MSTPCO
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW  RW  RW

MSTPCRC is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPCA4 hit is set to 1, PC break controller operation is stopped at the end of the bus
cycle, and module stop mode is entered. Register read/write accesses are not possible in module
stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCRC isinitialized to H'FF by a power on reset and in hardware standby mode. It is not
initialized by amanual reset and in software standby mode.

Bit 4—Module Stop (M STPC4): Specifiesthe PC break controller module stop mode.

Bit 4

MSTPC4 Description

0 PC break controller module stop mode is cleared

1 PC break controller module stop mode is set (Initial value)
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6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is
shown in sections 6.3.1, PC Break Interrupt Due to Instruction Fetch, and 6.3.2, PC Break
Interrupt Due to Data Access, taking the example of channel A.

6.3.1 PC Break Interrupt Dueto Instruction Fetch

(2) Initial settings
0 Set the bresk addressin BARA. For a PC break caused by an instruction fetch, set the
address of the first instruction byte as the break address.
0 Set the bresk conditionsin BCRA.

BCRA bit 6 (CDA): With aPC break caused by an instruction fetch, the bus master must
be the CPU. Set 0to select the CPU.

BCRA bits5to 3 (BAMA2to BAMADOQ): Set the address bits to be masked.

BCRA bits2to 1 (CSELA1to CSELAOQ): Set 00 to specify an instruction fetch asthe
break condition.

BCRA bit O (BIEA): Setto 1 to enable break interrupts.

(2) Satisfaction of break condition

O When theinstruction at the set addressis fetched, a PC break request is generated
immediately before execution of the fetched instruction, and the condition match flag
(CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.
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6.3.2 PC Break Interrupt Dueto Data Access

(1) Initial settings
0 Set the break addressin BARA. For a PC break caused by a data access, set the target
ROM, RAM, 1/0O, or external address space address as the break address. Stack operations
and branch address reads are included in data accesses.

0 Set the bresk conditionsin BCRA.
BCRA bit 6 (CDA): Select the bus master.
BCRA bits5to 3 (BAMA2to BAMAQ): Set the address bits to be masked.

BCRA bits2to 1 (CSELA1to CSELAOQ): Set 01, 10, or 11 to specify data access asthe
break condition.

BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.

(2) Satisfaction of break condition

0O After execution of the ingtruction that performs a data access on the set address, a PC break
request is generated and the condition match flag (CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.3 Notes on PC Break Interrupt Handling

(1) The PC break interrupt is shared by channels A and B. The channel from which the request
was issued must be determined by the interrupt handler.

(2) The CMFA and CMFB flags are not cleared to 0, so 0 must be writtento CMFA or CMFB
after first reading the flag whileit isset to 1. If the flag is left set to 1, another interrupt will be
requested after interrupt handling ends.

(3) A PC break interrupt generated when the DTC is the bus master is accepted after the bus has
been transferred to the CPU by the bus controller.
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6.3.4 Operation in Transtionsto Power-Down Modes

The operation when a PC break interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

(1) When the SLEEP instruction causes atransition from high-speed (medium-speed) mode to

sleep mode, or from subactive mode to subsleep mode:

After execution of the SLEEP instruction, atransition is not made to sleep mode or subsleep
mode, and PC break interrupt handling is executed. After execution of PC break interrupt
handling, the instruction at the address after the SLEEP instruction is executed (figure 6.2 (A)).

(2) When the SLEEP instruction causes atransition from high-speed (medium-speed) mode to

subactive mode:

After execution of the SLEEP instruction, atransition is made to subactive mode via direct
transition exception handling. After the transition, PC break interrupt handling is executed,
then the instruction at the address after the SLEEP instruction is executed (figure 6.2 (B)).

(3) When the SLEEP instruction causes a transition from subactive mode to high-speed (medium-

speed) mode:

After execution of the SLEEP instruction, and following the clock oscillation settling time, a
transition is made to high-speed (medium-speed) mode via direct transition exception
handling. After the transition, PC break interrupt handling is executed, then the instruction at
the address after the SLEEP instruction is executed (figure 6.2 (C)).

(4) When the SLEEP instruction causes a transition to software standby mode or watch mode:

After execution of the SLEEP instruction, atransition is made to the respective mode, and PC
break interrupt handling is not executed. However, the CMFA or CMFB flag is set (figure 6.2

(D).
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Figure 6.2 Operation in Power-Down Mode Transitions

6.3.5 PC Break Operation in Continuous Data Transfer

If aPC break interrupt is generated when the following operations are being performed, exception
handling is executed on completion of the specified transfer.

(1) When aPC break interrupt is generated at the transfer address of an EEPM OV .B instruction:

PC break exception handling is executed after all data transfers have been completed and the
EEPMOV .B ingtruction has ended.

(2) When aPC break interrupt is generated at a DTC transfer address:

PC break exception handling is executed after the DTC has compl eted the specified number of
datatransfers, or after datafor which the DISEL bit is set to 1 has been transferred.
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6.3.6 When Instruction Execution is Delayed by One State
Caution isrequired in the following cases, as instruction execution is one state later than usual.

(1) When the PBC is enabled (i.e. when the bresk interrupt enable bit is set to 1), execution of a
one-word branch ingtruction (Bcc d:8, BSR, JSR, IMP, TRAPA, RTE, or RTS) located in on-
chip ROM or RAM is always delayed by one state.

(2) When break interruption by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that address is used for data access, the instruction that executes the data
access isone state later than in normal operation.

(3) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, and that addressis
used for data access, the instruction will be one state later than in normal operation.

@ERN, @(d:16,ERn), @(d:32,ERN), @-ERN/ERN+, @aa:8, @aa:24, @aa:32, @(d:8,PC),
@(d:16,PC), @@aa:8

(4) When break interruption by instruction fetch is set and a break interrupt is generated, if the
executing instruction immediately preceding the set instruction is NOP or SLEEP, or has
#xx,Rn as its addressing mode, and that instruction is located in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.

Rev. 5.00 Mar 28, 2005 page 169 of 1422
REJ09B0234-0500
RENESAS



Section 6 PC Break Controller (PBC) (This function is not available in the H8S/2695)

6.3.7 Additional Notes

(1) When aPC bresk is set for an instruction fetch at the address following aBSR, JSR, IMP,
TRAPA, RTE, or RTS instruction:
Even if the instruction at the address following aBSR, JSR, IMP, TRAPA, RTE, or RTS
instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.

(2) When the | bit isset by an LDC, ANDC, ORC, or XORC instruction, a PC break interrupt
becomes valid two states after the end of the executing instruction. If a PC break interrupt is
set for the ingtruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XORC, the next instruction
is aways executed. For details, see section 5, Interrupt Controller.

(3) When aPC break is set for an instruction fetch at the address following a Bce instruction:

A PC break interrupt is generated if the instruction at the next addressis executed in
accordance with the branch condition, but is not generated if the instruction at the next address
is not executed.

(4) When aPC bresk is set for an instruction fetch at the branch destination address of a Bcc
instruction:
A PC break interrupt is generated if the instruction at the branch destination is executed in
accordance with the branch condition, but is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

7.1 Overview

The H85/2633 Group has a built-in bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memoriesto be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU, DMA controller (DMAC)*, and datatransfer controller (DTC)*.

Note: * Thisfunction is not available in the H8S/2695.

711 Features
The features of the bus controller are listed below.

» Manages external address space in area units
0 Manages the external space as 8 areas of 2 Mbytes
O Bus specifications can be set independently for each area
0 DRAM/Burst ROM interface can be set
e Basic businterface
0 Chip selects (CSO to CS7) can be output for areas 0to 7
0 8-bit access or 16-bit access can be selected for each area
O 2-state access or 3-state access can be selected for each area
0 Program wait states can be inserted for each area
« DRAM interface®
DRAM interface can be set for areas 2 to 5 (in advanced mode)
Multiplexed output of row and column addresses (8/9/10 bit)
2 CAS method
Burst operation (in high-speed mode)
Insertion of T cycleto secure RAS prechargetime
Selection of CAS-before-RAS refresh and self refresh
e Burst ROM interface
O Burst ROM interface can be set for area0
0 Choiceof 1- or 2-state burst access

O0oo0oood
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» ldlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas

O Anidlecycle can beinserted in case of an external write cycle immediately after an
external read cycle

»  Write buffer functions

0 External write cycle and internal access can be executed in parallel

0 DMAC” single-address mode and internal access can be executed in parallel
* Busarbitration function

0 Includes abus arbiter that arbitrates bus mastership among the CPU, DMAC* and DTC*
» Other features

0 Refresh counter™ (refresh timer) can be used as an interval timer

0 External bus release function

Note: * Thisfunction is not available in the H8S2695.
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7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the bus controller.

CS0 to CS7
— Internal
G Area decoder  addressbus
ABWCR K )
External bus control signals ASTCR [ i
] BorRH
BCRL K
BREQ —————™ ”
BACK Bus 3 Internal control
BREQO controller % signals
kel
E
S Bus mode signal
I €
] =
Wait
WAIT controller WCRH K )
wcrL K A

DRAM controller
MCR* K >
External DRAM *
. DRAMCR* K p
control signal
RTCNT* [ D
RTCOR* K )
|-—— CPU bus request signal
l«— DTC* bus request signal
Bus arbiter l«— DMAC* bus request signal
—= CPU bus acknowledge signal
= DTC* bus acknowledge signal
— DMAC" bus acknowledge signal
Legend:
ABWCR: Bus width control register MCR*: Memory control register
ASTCR: Access state control register DRAMCR*: DRAM control register
BCRH: Bus control register H RTCNT*:  Refresh timer counter
BCRL:  Bus control register L RTCOR*: Refresh time constand register

WCRH:  Wait control register H
WCRL: Wait control register L

Note: * This function is not available in the H8S/2695.

Figure7.1 Block Diagram of Bus Controller
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713 Pin Configuration

Table 7.1 summarizes the pins of the bus controller.

Table7.1 BusController Pins

Name Symbol I/1O Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

Read RD Output  Strobe signal indicating that external space is being
read.

High write/ HWR Output  Strobe signal indicating that external space is to be

write enable® written, and upper half (D15 to D8) of data bus is
enabled. 2CAS method DRAM with enable signal®.

Low write LWR Output  Strobe signal indicating that external space is to be
written, and lower half (D7 to DO) of data bus is
enabled.

Chip select 0 CS0 Output  Strobe signal showing selection of area 0

Chip select 1 CS1 Output  Strobe signal showing selection of area 1

Chip select 2/row CS2 Output  Strobe signal showing selection of area 2.

address strobe 2* When area 2 is allocated to DRAM space, this is the
row address strobe signal for DRAM™.
When areas 2 to 5 are contiguous DRAM space, this is
the row address strobe signal for DRAM™.

Chip select 3/row  CS3/OE Output  Strobe signal showing selection of area 3.

address strobe 3" When area 3 is allocated to DRAM space, this is the
row address strobe signal for DRAM™.
When only area 2 is allocated to DRAM space, or when
areas 2 to 5 are contiguous DRAM space, this is output
enable signal®.

Chip select 4/row  CS4 Output  Strobe signal showing selection of area 4.

address strobe 4* When area 4 is allocated to DRAM space, this is the
row address strobe signal for DRAM*.

Chip select 5/row CS5 Output  Strobe signal showing selection of area 5.

address strobe 5 When area 5 is allocated to DRAM space, this is the
row address strobe signal for DRAM"*.

Chip select 6 CS6 Output  Strobe signal showing selection of area 6

Chip select 7 CSs7 Output  Strobe signal showing selection of area 7

Upper column CAS* Output 2 CAS method DRAM upper column address strobe

address strobe”®

. *
signal
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Name Symbol I/O Function

Lower column LCAS Output  DRAM lower column address strobe signal®

strobe™

Wait WAIT Input Wait request signal when accessing external 3-state
access space.

Bus request BREQ Input Request signal that releases bus to external device.

Bus request BACK Output  Acknowledge signal indicating that bus has been

acknowledge released.

Bus request output BREQO Output  External bus request signal used when internal bus
master accesses external space when external bus is
released.

Note: * This function is not available in the H8S/2695.

714 Register Configuration
Table 7.2 summarizes the registers of the bus controller.

Table7.2 BusController Registers

Initial Value
Power-On Manual
Name Abbreviation R/W Reset Reset Address™*
Bus width control register ABWCR RW HFF/H00*> Retained H'FEDO
Access state control register ASTCR RW  HFF Retained H'FED1
Wait control register H WCRH RW  HFF Retained H'FED2
Wait control register L WCRL RW  HFF Retained H'FED3
Bus control register H BCRH R/W  HDO Retained H'FED4
Bus control register L BCRL R/W  H'08 Retained H'FED5
Pin function control register PFCR R/W  H'OD/H'00 Retained H'FDEB
Memory control register MCR*® R/W  H00 Retained H'FED6
DRAM control register DRAMCR*? R/W  H00 Retained H'FED7
Refresh timer counter RTCNT*? R/W  H'00 Retained H'FED8
Refresh time constant register RTCOR*? RW  HFF Retained H'FED9

Notes: 1. Lower 16 bits of the address.
2. Determined by the MCU operating mode.
3. This function is not available in the H8S/2695.
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7.2 Register Descriptions

7.2.1 BusWidth Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
| ABW7 | ABW6 | ABWS5 | ABW4 | ABW3 | ABW?2 | ABW1 | ABWO |

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1
RIW : RIW RIW R/W RIW R/W RIW RIW RIW
Mode 4

Initial value : 0 0 0 0 0 0 0 0
RIW : R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR is an 8-bit readable/writable register that designates each areafor either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal /O registersisfixed regardless of the settingsin ABWCR.

In normal mode, the settings of bits ABW7 to ABW1 have no effect on operation.

After a power-on reset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 5
to 7, and to H'00 in mode 4. It is not initialized by a manual reset or in software standby mode.

Bits 7 to 0—Area 7 to 0 BusWidth Control (ABW7to ABWO): These hits select whether the
corresponding areaisto be designated for 8-bit access or 16-bit access.

Bit n
ABWn Description

0 Area n is designated for 16-bit access

1 Area n is designated for 8-bit access

(n=71t00)
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7.2.2 Access State Control Register (ASTCR)

Bit : 7 6 5 4 3 2 1 0

| AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | AST1 | ASTO ‘
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersis fixed regardless of the settingsin ASTCR.

In normal mode, the settings of bits AST7 to AST1 have no effect on operation.

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

Bits 7 to 0—Area 7to 0 Access State Control (AST7to ASTO0): These bits select whether the
corresponding area isto be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bit n
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)

Wait state insertion in area n external space is enabled

(n=71t00)
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723 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-hit readable/writable registers that select the number of program wait
states for each area.

Program waits are not inserted in the case of on-chip memory or internal 1/0O registers.

WCRH and WCRL are initialized to H'FF by a power-on reset and in hardware standby mode.
They are not initialized by a manual reset or in software standby mode.

(1) WCRH
Bit : 7 6 5 4 3 2 1 0

| w71 | W70 | W61 | W60 | W51 | W50 | w41 | W40 ‘
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These hits select the number of
program wait states when area 7 in external space is accessed whilethe AST7 bit in ASTCR is set
tol.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)
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Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bit in ASTCR is set
tol.

Bit 5 Bit 4
w61 w60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed while the ASTS5 bit in ASTCR is set
to 1.

Bit 3 Bit 2
W51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These hits select the number of
program wait states when area4 in external space is accessed while the AST4 bit in ASTCR is set
to 1.

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed

(Initial value)
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(2) WCRL
Bit : 7 6 5 4 3 2 1 0
| W31 | W30 | w21 | W20 | W11 | W10 | Wo1 | WO00 ‘
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These hits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is set
to 1.

Bit 7 Bit 6
W31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is set
tol.

Bit 5 Bit 4
w21 W20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)

Bits3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bit in ASTCR is set
tol.
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Bit 3 Bit 2
w11l w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits1 and 0—Area 0 Wait Control 1 and 0 (W01, WQ0): These bits select the number of
program wait states when area O in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
Wo01 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
724 Bus Control Register H (BCRH)
Bit : 7 6 5 4 3 2 1 0
| ICIS1 | ICISO |BRSTRM| BRSTSl| BRSTSO | RMTS2* | RMTS1* |RMTS0*
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-hit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area 0.

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

Note: * DRAM interface is not available in the H8S/2695.
Only a0 may be written to RMTS2, RMTS1, or RMTS0.
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Bit 7—Idle CycleInsert 1 (1CIS1): Selects whether or not oneidle cycle state isto beinserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Idle Cyclelnsert O (ICIS0): Selects whether or not oneidle cycle state isto beinserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface.

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface

Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

WDescription

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)
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Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits2to 0—RAM Type Sdect (RMTS2to RMTS0): In advanced mode, these hits select the
memory interface for areas 2 to 5.

When DRAM space” is selected, the appropriate area becomes the DRAM interface”.

Note: * Thisfunction is not available in the H8S/2695.
Only a0 may be written to RMTS2, RMTS1, or RMTSD.

Bit 2 Bit 1 Bit O Description
RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space”
1 0 Normal space Normal space DRAM space” DRAM space”
1 DRAM space® DRAM space” DRAM space” DRAM space®
1 1 1 Contiguous Contiguous Contiguous Contiguous

DRAM space” DRAM space® DRAM space® DRAM space”

Note: When all areas selected in DRAM are 8-bit space, the PF2 pin can be used as an I/O port
and for BREQO and WAIT. When contiguous RAM is selected set the appropriate bus width
and number of access states (the number of programmable waits) to the same values for all
of areas 2 to 5. Do not set other than the above combinations.

* This function is not available in the H8S/2695.

Only a 0 may be written to RMTS2, RMTS1, or RMTSO.

Rev. 5.00 Mar 28, 2005 page 183 of 1422
REJ09B0234-0500
RENESAS



Section 7 Bus Controller

725 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
BRLE |BREQOE — OES* DDS* | RCTS* | WDBE | WAITE

Initial value : 0 0 0 0 1 0 0 0

R/W : R/W R/W — R/W R/W R/W R/W R/W

Note: * This function is not available in the H8S/2695. In writing to OES, DDS, RCTS, the initial
value should be written to these bits.

BCRL is an 8-bit readable/writable register that performs selection of the external bus-released
state protocol, enabling or disabling of the write data buffer function, and enabling or disabling of
WAIT pininput.

BCRL isinitialized to H'08 by a power-on reset and in hardware standby mode. It is not initialized
by a manual reset or in software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7

BRLE Description

0 External bus release is disabled. BREQ, BACK and BREQO can be used as I/O ports
(Initial value)

1 External bus release is enabled

Bit 6—BREQO Pin Enable (BREQOE): Outputs asignal that requests the external bus master
to drop the bus request signal (BREQ) in the external bus release state, when an internal bus
master performs an external space access, or when a refresh request is generated.

Bit 6

BREQOE Description

0 BREQO output disabled. BREQO can be used as 1/0 port (Initial value)
1 BREQO output enabled

Bit 5—Reserved: This bit cannot be modified and is always read as 0.
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Bit 4—OE Sdect (OES): Selectsthe CS3 pin as the OE pin.

Bit 4

OES Description

0 Uses the CS3 pin as the port or as CS3 signal output (Initial value)
1 When only area 2 is set for DRAM, or when areas 2 to 5 are set as

contiguous DRAM space, the CS3 pin is used as the OE pin

Bit 3—DACK Timing Select (DDS): When using the DRAM interface, this bit selects the
DMAC single address transfer bus timing.

Bit 3

DDS Description

0 When performing DMAC single address transfers to DRAM, always execute full
access. The DACK signal is output as a low-level signal from the T, or T; cycle

1 Burst access is also possible when performing DMAC single address
tranfers to DRAM. The DACK signal is output as a low-level signal
from the T¢; or T, cycle (Initial value)

Bit 2—Read CAS Timing Select (RCTYS): Selectsthe CAS signal output timing.

Bit 2

RCTS Description

0 CAS signal output timing is same when reading and writing (Initial value)
1 When reading, CAS signal is asserted half cycle earlier than when writing

Bit 1—Write Data Buffer Enable (WDBE): This bit selects whether or not to use the write
buffer function in the external write cycle or the DMAC™ single address cycle.

Bit 1

WDBE Description

0 Write data buffer function not used (Initial value)
1 Write data buffer function used
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Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as 1/O port (Initial value)
1 Wait input by WAIT pin enabled

7.2.6 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
CSS07 | CSS36 | BUZZE* | LCASS*| AE3 AE2 AE1l AEO

Initial value : 0 0 0 0 1/0 1/0 0 1/0

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

Note: * This function is not available in the H8S/2695. Only 0 should be written to the BUZZE
and LCASS bits.

PFCR is an 8-hit read/write register that controls the CS selection of pins PG4 and PGL1, controls
LCAS selection of pins PF2 and PF6, and controls the address output in expanded mode with
ROM.

PFCR isinitialized to H'OD/H'00 by a power-on reset and in hardware standby mode. It retains its
previous state by a manual reset or in software standby mode.

Bit 7—CS0/CS7 Select (CSS07): This bit selects the contents of CS output via the PG4 pin. In
modes 4, 5, and 6, setting the corresponding DDR to 1 outputs the selected CS.

Bit 7

CSSso07 Description

0 Selects CSO (Initial value)
1 Selects CS7
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Bit 6—CS3/CS6 Select (CSS36): This bit selects the contents of CS output viathe PG1 pin. In
modes 4, 5, and 6, setting the corresponding DDR to 1 outputs the selected CS.

Bit 6

CSS36 Description

0 Selects CS3 (Initial value)
1 Selects CS6

Bit 5—BUZZ Output Enable (BUZZE): This bit enables/disables BUZZ output viathe PF1 pin.
The WDTL1 input clock, selected with PSS and CKS2 to CKS0, is output asthe BUZZ signal. See
section 15.2.4, Pin Function Control Register (PFCR) for details of BUZZ output.

Bit 5

BUZZE Description

0 Functions as PF1 input pin (Initial value)
1 Functions as BUZZ output pin

Bit 4—L CAS Output Pin Select Bit (LCASS): Selects output pin for LCAS signal.

Bit 4

LCASS Description

0 Outputs LCAS signal from PF2 (Initial value)
1 Outputs LCAS signal from PF6

Bits 3 to 0—Address Output Enable 3to 0 (AE3 to AEQ): These bits select enabling or
disabling of address outputs A8 to A23 in ROMIess expanded mode and modes with ROM. When
apin isenabled for address output, the addressis output regardless of the corresponding DDR
setting. When apin is disabled for address output, it becomes an output port when the
corresponding DDR bit is set to 1.
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Bit3 Bit2 Bitl BitO
AE3 AE2 AEl AEQ Description
0 0 0 A8 to A23 address output disabled (Initial value®)
A8 address output enabled; A9 to A23 address output disabled
1 0 A8, A9 address output enabled; A10 to A23 address output
disabled
1 A8 to A10 address output enabled; A1l to A23 address output
disabled
1 0 0 A8 to All address output enabled; A12 to A23 address output
disabled
1 A8 to A12 address output enabled; A13 to A23 address output
disabled
1 0 A8 to A13 address output enabled; Al4 to A23 address output
disabled
1 A8 to Al4 address output enabled; A15 to A23 address output
disabled
1 0 0 0 A8 to A15 address output enabled; A16 to A23 address output
disabled
1 A8 to A16 address output enabled; A17 to A23 address output
disabled
1 0 A8 to A17 address output enabled; A18 to A23 address output
disabled
1 A8 to A18 address output enabled; A19 to A23 address output
disabled
1 0 0 A8 to A19 address output enabled; A20 to A23 address output
disabled
1 A8 to A20 address output enabled; A21 to A23 address output
disabled (Initial value™)
1 0 A8 to A21 address output enabled; A22, A23 address output
disabled
1 A8 to A23 address output enabled

Note: * In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
Address pins A0 to A7 are made address outputs by setting the corresponding DDR bits to

1.
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727  Memory Control Register (MCR)*

Bit : 7 6 5 4 3 2 1 0

| TPC | BE | RCDM | Ccw2 | MXC1 | MXCO | RLW1 | RLWO ‘
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 MCR isan 8-bit read/write register that, when areas 2 to 5 are set asthe DRAM interface,
controls the DRAM strobe method, number of precharge cycles, access mode, address multiplex
shift amount, and number of wait states to be inserted when arefresh is performed.

The MCR isinitialized to H'00 at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S/2695.

Bit 7—TP Cycle Control (TPC): When accessing areas 2 to 5, allocated to DRAM, this bit
selects whether the precharge cycle (Tp) is 1 state or 2 states.

Bit 7

TPC Description

0 Insert 1 precharge cycle (Initial value)
1 Insert 2 precharge cycles

Bit 6—Burst Access Enable (BE): This bit enables/disables burst access of areas 2 to 5, allocated
as DRAM space. DRAM space burst accessis in high-speed page mode. When using EDO typein
this case, either select OE output or RAS up mode.

Bit 6

BE Description

0 Burst disabled (always full access) (Initial value)
1 Access DRAM space in high-speed page mode

Bit 5—RAS Down Mode (RCDM): When areas 2 to 5 are allocated to DRAM space, this bit
selects whether the RAS signal level remains Low while waiting for the next DRAM access (RAS
down mode) or the RAS signal level returnsto High (RAS up mode), when DRAM access is
discontinued.
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Bit 5

RCDM Description

0 DRAM interface: selects RAS up mode (Initial value)
1 DRAM interface: selects RAS down mode

Bit 4—Reserved (CW2): Only write 0 to this bit.

Bits 3 and 2—M ultiplex shift counts 1 and 0 (M XC1 and M XCQ): These bits select the shift
amount to the low side of the row address of the multiplexed row/column addressin DRAM
interface mode. They also select the row address to be compared in burst operation of the DRAM
interface.

Bit 3 Bit 2
MXC1 MXCO Description
0 0 8-bit shift (Initial value)

(1) 8-bit access space: target row addresses for comparison are A23 to A8
(2) 16-bit access space: target row addresses for comparison are A23 to A9
1 9-bit shift
(1) 8-bit access space: target row addresses for comparison are A23 to A9
(2) 16-bit access space: target row addresses for comparison are A23 to A10
1 0 10-bit shift

(1) 8-hit access space: target row addresses for comparison are A23 to A10
(2) 16-bit access space: target row addresses for comparison are A23 to A1l

1 —

Bits 1 and 0—Refresh Cycle Wait Control 1 and 0 (RLW1 and RLWO): These bits select the
number of wait states to be inserted in the CAS-before-RAS refresh cycle of the DRAM interface.
The selected number of wait statesis applied to all areas set as DRAM space. Wait input viathe
WAIT pinisdisabled.

Bit 1 Bit 0
RLW1 RLWO Description

0 0 Do not insert wait state (Initial value)

Insert 1 wait state

1
1 0 Insert 2 wait states
1

Insert 3 wait states
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728  DRAM Control Register (DRAMCR)*

Bit : 7 6 5 4 3 2 1 0

| RFSHE | CBRM |RMODE| CMF | CMIE | CKS2 | CKs1 | CKSO0 ‘
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 DRAMCR is an 8-bit read/write register that selects DRAM refresh mode, the refresh counter
clock, and sets the refresh timer control.

The DRAMCR isinitialized to H'00 at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S/2695.

Bit 7—Refresh Control (RFSHE): This bit selects whether or not to perform refresh control.
When not performing refresh control, the refresh timer can be used as an interval timer.

Bit 7

RFSHE Description

0 Do not perform refresh control (Initial value)
1 Perform refresh control

Bit 6—CBR Refresh M ode (CBRM): This bit selects whether CBR refresh is performed in
parallel with other external access, or only CBR refresh is performed.

Bit 6

CBRM Description

0 Enables external access during CAS-before-RAS refresh (Initial value)
1 Disables external access during CAS-before-RAS refresh

Bit 5—Refresh M ode (RM ODE): Thisbit selects whether or not to perform aself refreshin
software standby mode when performing refresh control (RFSHE=1).

Bit 5

RMODE Description

0 Do not perform self-refresh in software standby mode (Initial value)
1 Perform self-refresh in software standby mode
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Bit 4—Compare M atch Flag (CM F): This status flag shows a match between RTCNT and
RTCOR values.

When performing refresh control (RFSHE=1), write 1 to CMF when writing to the DRAMCR.

Bit 4
CMF Description
0 [Clearing]
When CMF=1, read the CMF flag, then clear the CMF flag to O (Initial value)
1 [Setting]

CMF is set when RTCNT=RTCOR

Bit 3—Compare M atch Interrupt Enable (CMIE): This bit enables/disables the CMF flag
interrupt request (CM1) when the DRAMCR CMFflag is set to 1.

CMIE isaways 0 when performing refresh control (RFSHE = 1).

Bit 3

CMIE Description

0 Disables CMF flag interrupt requests (CMI) (Initial value)
1 Enables CMF flag interrupt requests (CMI)

Bits 2 to 0—Refresh Counter Clock Select (CK S2 to CK S0): These bits select from the seven
internal clocks derived by dividing the system clock (¢) to be input to RTCNT. The RTCNT count
up starts when CKS2 to CK S0 are set to select the input clock.

Bit 2 Bit 1 Bit 0
CKS2 CKsi CKSO0 Description

0 0 0 Stops count (Initial value)
1 Counts on @/2
1 0 Counts on @/8
1 Counts on /32
1 0 0 Counts on ¢/128
1 Counts on @/512
1 0 Counts on ¢/2048
1 Counts on @/4096
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729  Refresh Timer Counter (RTCNT)”

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

RTCNT is an 8-bit read/write up-counter.
RTCNT counts up using the internal clock selected by the DRAMCR CKS2 to CK S0 hits.

When RTCNT matches the value in RTCOR (compare match), the DRAMCR CMF flagissetto 1
and RTCNT is cleared to H'00. If, at this point, DRAMCR RFSHE is set to 1, the refresh cycle
starts. When the DRAMCR CMIE bit is set to 1, a compare match interrupt (CMI) isalso
generated.

RTCNT isinitialized to H'00 at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S/2695.

7.210 Refresh Time Constant Register (RTCOR)*

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-hit read/write register that setsthe RTCNT compare match cycle.

The values of RTCOR and RTCNT are congtantly compared and, when both value match, the
DRAMCR CMFflagisset to 1 and RTCNT is cleared to H'00.

RTCOR isinitialized to H'FF at a power-on reset and in hardware standby mode. It is not
initialized at a manual reset or in software standby mode.

Note: * Thisfunction is not available in the H8S52695.
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7.3 Overview of Bus Control

731 Area Partitioning

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0to
7, in 2-Mbyte units, and performs bus control for external space in areaunits. A chip select signal
(CSO to CS7) can be output for each area. In normal mode”®, it controls a 64-kbyte address space

comprising part of area 0. Figure 7.2 shows an outline of the memory map.

Note: * Not available in the H8S2633 Group.

H'000000 H'0000
Area 0 N
(2 Mbytes) N
H'LFFFFF
H'200000 N
Area 1 \
(2 Mbytes)
H'3FFFFF
H'400000 N
Area 2 "
2 Mb \
(2 Mbytes) \__ HEEFF.
H'SFFFFF
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'OFFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
.. HFFFFFE_
(1) Advanced mode (2) Normal mode*

Note: * Not available in the H8S/2633 Group.

Figure7.2 Overview of Area Partitioning
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732 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal /O registersare
fixed, and are not affected by the bus controller.

(1) BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an
8-hit bus is selected functions as an 8-bit access space, and an area for which a 16-bit busis
selected functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-hit bus mode is set; if any areais designated for 16-bit
access, 16-bit bus mode is set. When the burst ROM interface is designated, 16-bit bus mode is
always set.

(2) Number of Access States. Two or three access states can be selected with ASTCR. An area
for which 2-state access is selected functions as a 2-state access space, and an areafor which 3-
state access is selected functions as a 3-state access space.

With the DRAM interface”™ or the burst ROM interface, the number of access states may be
determined without regard to ASTCR.

When 2-state access space is designated, wait insertion is disabled.
Note: * Thisfunction is not available in the H8S/2695.

(3) Number of Program Wait States. When 3-state access space is designated by ASTCR, the
number of program wait statesto be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

Table 7.3 shows the bus specifications for each basic bus interface area.
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Table7.3 Bus Specificationsfor Each Area (Basic Bus Interface)

ABWCR  ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn Wnl WnoO Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 0
0 0 0
1 1
1 0 2
1 3

733 Memory Interfaces

The H85/2633 Group memory interfaces comprise a basic bus interface that allows direct
connection or ROM, SRAM, and so on, DRAM interface™ with direct DRAM connection and a
burst ROM interface that allows direct connection of burst ROM. The memory interface can be
selected independently for each area.

An area for which the basic bus interface is designated functions as normal space, and areas set for
DRAM interface are DRAM spaces an areafor which the burst ROM interface is designated
functions as burst ROM space.

Note: * Thisfunction is not available in the H8S/2695.
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734 I nterface Specificationsfor Each Area

Theinitial state of each areais basic bus interface, 3-state access space. Theinitia buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (section 7.4, Basic Bus Interface, section 7.5,
DRAM Interface, and section 7.7, Burst ROM Interface) should be referred to for further details.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of areaOis
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

A CSO signal can be output when accessing area 0 external space.

Either basic bus interface or burst ROM interface can be selected for area 0.
Areas1and 6: In external expansion mode, all of areas 1 and 6 is external space.

CS1 and CS6 pin signals can be output when accessing the area 1 and 6 external space.
Only the basic bus interface can be used for areas 1 and 6.

Areas2to5: Inexternal expansion mode, all of areas 2 to 5 is external space.

CS2 to CS5 signals can be output when accessing area 2 to 5 external space.

The standard bus interface or DRAM interface” can be selected for areas 2 to 5. In DRAM
interface mode, signals CS2 to CS5 areused as RAS signals.

Note: * Thisfunction is not available in the H8S52695.

Area 7: Area7 includesthe on-chip RAM and internal /O registers. In external expansion mode,
the space excluding the on-chip RAM and internal /O registersis external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the
RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

A CS7 signal can be output when accessing area 7 external space.

Only the basic bus interface can be used for the area 7.
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7.35 Chip Select Signals

This LSl alows chip select signals (CSO to CS7) to be output for each of areas 0 to 7. The level of
these signals is set Low when accessing the external space of the respective area.

Figure 7.3 shows example CSn (where n = 0 to 7) signal output timing.

The output of the CSn signal can be enabled or disabled by the data direction register (DDR) of
the port of the corresponding CSn pin.

In ROM -disabled expanded mode, the CSO pin is set for output after a power-on reset. The CS1 to
CS7 pins are set for input after a power-on reset, so the corresponding DDR must be set to 1 to
alow the output of CS1 to CS7 signals.

In ROM -disabled expanded mode, all of pins CSO to CS7 are set for input after a power-on reset,
so the corresponding DDR must be set to 1 to allow the output of CSO to CS7 signals.

See sections 10A and 10B, 1/0 Portsfor details.
When areas 2 to 5 are set as DRAM™ space, CS2 to CS5 outputs are used as RAS signals.

Note: * DRAM interface is not available in the H8S/2695.

! Bus cycle !
Ty T, T3
. I
Address bus X Area n external address X
CSn

Figure 7.3 CSn Signal Output Timing (wheren=0to 7)
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7.4 Basic Bus Interface

7.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see
table 7.3).

742 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 7.4 illustrates data alignment control for the 8-bit access space. With
the 8-hit access space, the upper data bus (D15 to D8) is always used for accesses. The amount of
datathat can be accessed at onetime is one byte: aword transfer instruction is performed as two
byte accesses, and a longword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size [

Word s 7lstbuscycle |::: ::::
ase | andbuseyole [ ]

[ 1st bus cycle

Longword size 2nd bus cycle

3rd bus cycle

| 4th bus cycle

Figure 7.4 Access Sizesand Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space; Figure 7.5 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of datathat can be accessed a one time is one byte or one word,
and alongword transfer instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size » Even address T T

Byte size » Odd address [ ]

Word size |““Hw|wwww\“|

Longword 1st bus cycle |
size 2nd bus cycle |

Figure7.5 Access Sizesand Data Alignment Control (16-Bit Access Space)
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7.4.3

Valid Strobes

Table 7.4 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the

data bus.

In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the

lower half.
Table7.4 DataBusesUsed and Valid Strobes
Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write Address Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-z
Odd LWR Hi-Z Valid
Word Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Notes: Hi-Z: High impedance.
Invalid: Input state; input value is ignored.
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7.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 7.6 shows the bus timing for an 8-bit 2-state access space.
When an 8-hit access space is accessed, the upper half (D15 to D8) of the data busis used.

The LWR pin isfixed high. Wait states cannot be inserted.

i Bus cycle —————————

T1

e
_

Address bus

—

)
2]
=]

Read D15 to D8

AS

[

L

-

i
(e

Lo

D7 to DO 1 ‘ Invalid 3

I
us)

-
3
oy]
L
--&
>

Write

D15 to D8 ~—< ! Valid >—

' High impedance

D7 to DO

Note: n=0to 7

Figure 7.6 BusTimingfor 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 7.7 shows the bus timing for an 8-bit 3-state access space.
When an 8-hit access space is accessed, the upper half (D15 to D8) of the data busis used.

The LWR pin isfixed high. Wait states can be inserted.

- Bus cycle »
LE ! T2 : T3

Address bus o i

CSn

D7 to DO

Read { D15to D8 — 3 { vald }—

High

D15 to D8 ~—< : valid | >—

High impedance

Write

D7 to DO

Note: n=0to 7

Figure7.7 BusTimingfor 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 7.8 to 7.10 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

+—————— Buscycle ————————
|

T

Address bus 3)( 1

Read D15 to D8 : valid
D7 to DO { Invalid 3 —
| 1 |
AWE | ‘ |
[WR High
Write :

D15 to D8 ~—< ' Valid >—

' High impedance
D7 to DO

Note: n=0to 7

Figure 7.8 Bus Timing for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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Read

Write

Address bus

CSn

D15 to D8

D7 to DO

D15 to D8

D7 to DO

Note: n=0to7

~——— Bus cycle

'High impedance

—(

Valid

Figure7.9 BusTimingfor 16-Bit 2-State Access Space (2) (Odd Address Byte Access)
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~——— Buscycle ———

L
. B I
Address bus >< ><:
. -
s —

Read D15 to D8 | i [ valid |—

D7 to DO 3 { valid |}—

LWR : :

D15 to D8 —< Valid >7
D7 to DO ——< " Valid >7

Write

Note: n=0to7

Figure7.10 BusTiming for 16-Bit 2-State Access Space (3) (Word Access)
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16-Bit 3-State Access Space: Figures 7.11 to 7.13 show bustimings for a 16-bit 3-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle
Ty i T, | T3

G e T ey B
Addressbusj i i X:

csn | |

D7 to DO 1

LWR I ! High
Write i 1

D15 to D8 ——< valid

High impedance |

-
* s a

(i

.

D7 to DO

Note: n=0to 7

Figure7.11 BusTimingfor 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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Bus cycle
T, | T, | T3

Read < D15to D8

D7 to DO

High !

LWR

Write

D15 to D8

D7 to DO

Note: n=0to 7

Figure7.12 BusTiming for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)

Rev. 5.00 Mar 28, 2005 page 208 of 1422
REJ09B0234-0500
RENESAS




Section 7 Bus Controller

Read

Write

Note: n=

D15 to D8

D7 to DO

D15to D8

D7 to DO

Oto7

RD

LWR

T1

Bus cycle

T2

D

Valid |

Valid }

valid

il
——

valid !

IRRI:TI

Figure7.13 BusTiming for 16-Bit 3-State Access Space (3) (Word Access)
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745 Wait Control

When accessing external space, the H8S/2633 Group can extend the bus cycle by inserting one or
more wait states (T,,). There are two ways of inserting wait states: program wait insertion and pin
wait insertion using the WAIT pin.

Program Wait Insertion

From 0 to 3 wait states can be inserted automatically between the T, state and T state on an
individual areabasisin 3-state access space, according to the settings of WCRH and WCRL.

Pin Wait Insertion

Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the WAIT pin. Program
wait insertion isfirst carried out according to the settings in WCRH and WCRL. Then, if the
WAIT pinislow at thefalling edge of @inthelast T, or T, state, a T,, Sate isinserted. If the
WAIT pinisheld low, T,, states are inserted until it goes high.

Thisisuseful when inserting four or more T,, states, or when changing the number of T,, states for
different external devices.

The WAITE bit setting appliesto al areas.
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Figure 7.14 shows an example of wait state insertion timing.

By program wait By WAIT pin

Ty T Tw

TW

TW

Ny
Y

WAIT

Address bus :><

AS

-

Read

Data bus

HWR, LWR

( Read data >—

Write

Data bus 4<

Write data

Note: l indicates the timing of WAIT pin sampling.

Figure7.14 Example of Wait State Insertion Timing

The settings after a power-on reset are; 3-state access, 3 program wait state insertion, and WAIT
input disabled. At amanual reset, the bus control register values are retained and wait control

continues as before the reset.
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75 DRAM Interface (Thisfunction is not available in the H8S/2695)

751 Overview

ThisLSl alowsarea2to 5 external spaceto be set as DRAM space and DRAM interfacing to be
performed. With the DRAM interface, DRAM can be directly connected to the LSI. BCRH
RMTS2 to RMTSO allow the setting up of 2, 4, or 8B DRAM space. Burst operation is possible
using high-speed page mode.

75.2 Setting up DRAM Space

To set up areas 2 to 5 as DRAM space, set the RMTS2 to RMTS0 bits of BCRH. Table 7.5 shows
the relationship between the settings of the RMTS2 to RMT S0 bits and DRAM space. Y ou can
select (1) one area(area 2), (2) two areas (areas 2 and 3), or (3) four areas (areas 2 t0 5).

Using 16 64M DRAMSs requires a4M word (8MB) contiguous space. Setting RMTS2 to RMTS0
to 1 allows areas 2 to 5 to be configured as one contiguous DRAM space. The RAS signal can be
output from the CS2 pin, and CS3 to CS5 can be used as input ports. In this configuration, the bus
widths are the same for areas 2 to 5.

Table7.5 RMTS2to RMTS0 Settingsvs DRAM Space

RMTS2 RMTS1 RMTSO Area5 Area 4 Area 3 Area 2
0 0 1 Normal space Normal space Normal space DRAM space
1 Normal space Normal space DRAM space DRAM space

0
1 DRAM space DRAM space DRAM space DRAM space
1

Contiguous Contiguous Contiguous Contiguous
DRAM space DRAM space DRAM space DRAM space
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7.5.3 Address M ultiplexing

In the case of DRAM space, the row address and column address are multiplexed. With address
multiplexing, the MXC1 and MXCO bits of the MCR select the amount of shift in the row address.
Table 7.6 shows the relationship between MXC1 and M X CO settings and the shift amount.

Table7.6 MXC1and MXCO Settings vs Address M ultiplexing

MCR Shift Address Pin

MXC1 MXCO Amount A23to A13 Al12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Row 0 0 8 bits A23t0 A13 A20 AlO Al8 Al7 Al6 AL5 Al4 A13 Al2 All A0 A9 A8
address 1 9 bits A2310 A13 Al2 A20 Al9 Al8 Al7 Al6 Al5 Al4 Al3 Al2 All Al0 A9
1 0 10bits  A2310A13 Al2 ALl A20 Al9 Al8 Al7 Al6 AlS Al4 Al3 Al2 All Al0

1 Do notset — —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_ —_

coumn — —  — A23t0A13 Al2 All AI0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

address

754 Data Bus

Setting the ABWCR bit of an area set as DRAM space to 1 sets the corresponding area as 8-bit
DRAM space. Clearing the ABWCR bit to 0 setsthe area as 16-bit DRAM. 16-bit DRAMs can be
directly connected in the case of 16-bit DRAM space.

With 8-bit DRAM space, the high data bus byte (D15 to D8) is valid. With 16-bit DRAM space,
the high and low data bus bytes (D15 to DO) are valid.

The access size and data alignment are the same as for the standard bus interface. See section
7.4.2, Data Size and Data Alignment for details.
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755 DRAM Interface Pins
Table 7.7 shows the pins used for the DRAM interface, and their functions.

Table7.7 DRAM Interface Pin Configuration

In DRAM

Pin Mode Name Direction Function

HWR WE Write enable Output Write enable when accessing
DRAM space in 2 CAS mode

LCAS LCAS Lower column address Output Lower column address strobe signal

strobe when accessing 16-bit DRAM

space

CS2 RAS2 Row address strobe 2 Output Row address strobe when area 2
set as DRAM space

CS3 RAS3 Row address strobe 3 Output Row address strobe when area 3
set as DRAM space

CS4 RAS4 Row address strobe 4 Output Row address strobe when area 4
set as DRAM space

CS5 RAS5 Row address strobe 5 Output Row address strobe when area 5
set as DRAM space

CAS UCAS Upper column address Output Upper column address strobe when

strobe accessing DRAM space

WAIT WAIT Wait Input Wait request signal

Al2to AO Al2to AO Address pin Output Multiplexed output of row address
and column address

D15to DO D15to DO Data pin Input/output Data input/output pin

OE OE" Output enable pin Output Output enable signal when
accessing DRAM space in read
mode

Note: * Valid when OES bit set to 1.

7.5.6 Basic Timing

Figure 7.15 shows the basic access timing for DRAM space. There are four basic DRAM timing
states. In contrast to the standard bus interface, the corresponding ASTCR bit only controls the
enabling/disabling of wait insertion and has no effect on the number of access states. When the
corresponding ASTCR bit is cleared to 0, no wait states can be inserted in the DRAM access
cycle.
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The four basic timing states are asfollows: Tp (precharge cycle) 1 sate, T, (row address output
cycle) 1 state, T.; and T, (column address output cycle) two states.

When RCTSis set to 1, the CAS signal timing differs when reading and writing, being asserted Q

cycle earlier when reading.

¢

A23 to A0

CAS, LCAS

HWR (WE)
Read

CAS, LCAS

HWR (WE)
Write

D15 to DO

Note: n=2t05

Tp Tr Tcl TCZ
B S e B S
:>< ;X row >< colljjmn X
] | T
| __Rers=0 A
—l RCTS=1 ?

:

—
—

Figure7.15 Basic Access Timing
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757 Precharge State Control

When accessing DRAM, it is essential to secure atime for RAS precharging. InthisLSl, it is
therefore necessary to insert 1 Tp state when accessing DRAM space. By setting the TPC bit of the
MCRto 1, Tp can be changed from 1 state to 2 states. Set the appropriate number of Tp cycles
according to the type of DRAM connected and the operation frequency of the LSl. Figure 7.16
shows the timing when Tp is set for 2 states.

Setting the TPC hit to 1 also setsthe refresh cycle Tp to 2 states.

A23 to AO :><

= e |
s ™ S
: : : } RCTS=1 | :
Read m(ﬁ)_l
s ot
wel WER@RT [
o ) —

Note: n=2to5

Figure7.16 Timing With Two Precharge Cycles
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7.5.8 Wait Control

There are two methods of inserting wait statesin DRAM access: (1) insertion of program wait
states, and (2) insertion of pin waitsvia WAIT pin.

(1) Insertion of Program Wait States

Setting the ASTCR bit of an area set for DRAM to 1 automatically inserts from 0 to 3 wait states,
as set by WCRH and WCRL, between the T, state and T, State.

When a program wait is inserted, the write wait function is activated and only the CAS signdl is
output only during the T, state when writing.

Figure 7.17 shows example timing for the insertion of program waits.

Program
waits

Address bus :X X X

AS

CSn (RAS)

CAS, LCAS

| ---1RCTS =0

L

—

-

RCTS=1 I_

Read | B | B
(_readdan_}-

Data bus Read data

Write | HWR (WE)

Data bus Write data

CAS, LCAS
,_
>_

—

Note: ¢ shows timing for WAIT pin sampling.
n=2to5

Figure7.17 Example Program Wait I nsertion Timing (Wait 2 State I nsertion)
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(2) Insertion of Pin Waits

When the WAITE bit of BCRH isset to 1, wait input viathe WAIT pinisvalid regardless of the
ASTCR AST bit. In this state, a program wait is inserted when the DRAM space is accessed. If the
WAIT pinlevel isLow at thefall in @inthefinal T, or T,, state, afurther T, isinserted. If the
level of the WAIT piniskept Low, Ty, isinserted until the level of the WAIT pin changesto High.

When wait states are inserted viathe WAIT pin, the CAS when writing is output after the T, state.

Figure 7.18 shows example timing for the insertion of wait states viathe WAIT pin.

Program
waits

Tr ‘ Tcl ‘ TW ‘ Tw ‘ Tc2
[ I I I I I |

WAIT pin wait states

Address bus :>< >< >< ><:
AS
CSn (RAS) I_
---,RCTS=0
CAS, LCAS | r
RCTS =1
Read ) | r

Data bus Read data

( Readdaia_}-
CAS, LCAS
—

Write 4 HWR (WE)

Data bus Write data

-

—

Note: | shows timing for WAIT pin sampling.
n=2to5

Figure7.18 Example Timingfor Insertion of Wait Statesvia WAIT Pin
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7.5.9 Byte Access Control

When 16-bit DRAMs are connected, the 2 CAS method can be used as the control signal required
for byte access.

Figure 7.19 shows the 2 CAS method control timing. Figure 7.20 shows an example of connecting
DRAM in high-speed page mode.

When al areas selected as DRAM space are set as 8-hit space, the LCAS pin functions as an I/0
port.

A23t0 A0 >< row >< column ><

Note: n=2to5

Figure7.19 2 CASMethod Control Timing (For High Byte Write Access)

When using DRAM EDO page mode, either use OE to control the read data or, as shown in figure
7.20, select RAS up mode. Figure 7.21 is an example of DRAM connection in EDO page mode
when OES=1.
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(address

This LSI
shift set to 9 bits)

CS (RAS)
CAS
LCAS
HWR (WE)

A9
A8
A7
A6
A5
A4
A3
A2
Al

D15 to DO

2CAS 4-Mbit DRAM
256 kbytes x 16-bit configuration
9-bit column address

Y

Y

Y

Y

Y

Y

RAS
UCAS
LCAS
WE

A8

A7

A6 (Row address input: A8 to AQ)
A5 (Column address input: A8 to AQ)
A4

A3

A2

Al

A0

Di5to DO ___
OE

T

Figure7.20 High-speed Page M ode DRAM
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This LSI 2CAS 16-Mbit DRAM
(address shift set to 10 bits) 1 Mbyte x 16-bit configuration
10-bit column address
CS2 (RAS) % » RAS
CAS = UCAS
LCAS = LCAS
HWR (WE) - WE
A10 =1 A9
A9 A8
A8 > A7
A7 ™|A6 (Row address input: A9 to AO)
A6 » A5 (Column address input: A9 to AQ)
A5 = A4
A4 = A3
A3 = A2
A2 = Al
Al = A0
Cs3(0F) D15 to DO > D15 to DO oF

Figure 7.21 Example Connection of EDO Page Mode DRAM (OES=1)

7.5.10 Burst Operation

In addition to full DRAM access (normal DRAM access), in which the row address is output each
time the datain DRAM is accessed, there is also a high-speed page mode that allows high-speed
access (burst access). In this method, if the same row address is accessed successively, the row
addressis output once and then only the column address is changed. Burst access is selected by
setting the BE hit of the MCR to 1.
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(1) Operation Timing for Burst Access (High-Speed Page M ode)

Figure 7.22 shows the operation timing for burst access. When the DRAM space is successively
accessed, the CAS signal and column address output cycle (2 states) are continued as long as the
row address is the samein the preceding and succeeding access cycles. The MXC1 and MXCO
bits of the MCR specify which row address is compared.

i Tp i Tr i Tcl TcZ i Tcl TcZ i
o | | | | | | L [
A23 to AO | :X row : columnl :X column2 :X:
AS | | | | | |
CSn (RAS) | | | | | I~
: : : RCTS=0 : } :
CAS,ICAS _] ! ! ! 1 [
; 1 RCTS=T s : 1
HWR (WE) _| | | | | | |
Read i i i ‘ i i
e ] s s 1 | 1 [
D15 to DO 3 { ) { )-
CAS, LCAS 3 3 3 l
FWR WE) ] i i i 1 i 1
wite 1 1 1 1 1 | 1
OE _| | | | | | |
0151000 _)——— —( —( -

Notes: n=2105
* OE is enabled when OES = 1.

Figure7.22 Operating Timingin High-Speed Page M ode

The bus cycle can aso be extended in burst access by inserting wait states. The method and timing
of inserting the wait states isthe same as in full access. For details, see section 7.5.8, Wait
Control.
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(2) RASDown Mode and RAS Up Mode

Even when burst operation is selected, DRAM access may not be continuous, but may be
interrupted by accessing another area. In this case, burst operation can be continued by keeping the
RAS signal level Low while the other areais accessed and then accessing the same row address in
the DRAM space.

* RASdown mode
To select RAS down mode, set the RCDM bit of the MCR to 1. When DRAM accessis
interrupted and another area accessed, the RAS signal level is kept Low and, if the row address
is the same as previously when the DRAM space is again accessed, burst access is continued.
Figure 7.23 shows example RAS down mode timing.
Note that if the refresh operation occurs when RAS is down, the RAS signal level changes to
High.

DRAM External space DRAM
read access read access write access

Tp | T LTy 0 T i Ty | Ty i Taa o Te

wweE | — |
Csn(RAS) | | | | | | | |
RCTS=0 | | | |

CAS,[CAS | | | | |
| | RCTS =1 | | | | |
o= [ L
— SN T e s W I s A W i

D15 to DO b i i 3 { L i \ i >—< i i >—

Notes: n=2t0 5
* OE is enabled when OES = 1.

Figure 7.23 Example Operation Timingin RAS Down Mode
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* RASup mode

To select RAS up mode, clear the RCDM bit of the MCR to 0. If DRAM accessis interrupted
to access another area, the RAS signal level returnsto High. Burst operation is only possible
when the DRAM space is contiguous. Figure 7.24 shows example timing in RAS up mode.

Note that the RAS signal level does not return to High in burst ROM space access.

DRAM DRAM External space

! write access ! read access ! write access !

To o T 0 Tq o Ty Tt o+ T T T

o | B
A23t0A0 | X X ! >< ! >< ! X:
CHE -
HWR WE) | | | | | | | | |
Csn(RAS) | | | | | | | |
CAS,L[CAS | : : : : 3
oo _}————( ¥

Note: n=2to5

Figure 7.24 Example Operation Timingin RAS Up Mode
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7511 Refresh Control

ThisLSl hasa DRAM refresh control function. There are two refresh methods: (1) CAS-before-
RAS (CBR) and (2), self refresh.

(1) CASBefore-RAS (CBR) Refresh
To select CBR refresh, set the RFSHE bit of DRAMCR to 1 and clear the RMODE bit to O.

In CBR refresh, the input clock selected with the CKS2 to CK S0 bits of DRAMCR are used for
the RTCNT count-up. Refresh control is performed when the count reaches the value set in
RTCOR (compare match). The RTCNT isthen reset and the count again started from H'00. That
is, therefresh isrepeated at the set interval determined by RTCOR and CKS2 to CKS0. Set
RTCOR and CKS2 to CK S0 to satisfy the refresh cycle for the DRAM being used.

The RTCNT count up starts when the CKS2 to CKS0 bits are set. The RTCNT and RTCOR
values should therefore be set before setting CKS2 to CKS0. When avalueis set in RTCOR,
RTCNT iscleared. When RTCNT is set at the sametimethat it is reset by a compare match, the
value written to RTCNT takes precedence.

When performing refresh control (RFSHE = 1), do not clear the CMF flag.

Figure 7.25 shows RTCNT operation. Figure 7.26 shows compare match timing. And figure 7.27
show CBR refresh timing.

Some types of DRAM do not allow the WE signal to be changed during the refresh cycle. In this
case, set CBRM to 1. Figure 7.28 shows the timing. The CS signal is not controlled and a Low
level is output when an access request occurs.

Note that other normal spaces are accessed during the CBR refresh cycle.

Refresh request |_| |_| |_| |_| |_|

Figure7.25 RTCNT Operation
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()
RTCNT N >< H'00
RTCOR N

Refresh request
sighal and CMF

bit setting signal

Figure7.26 CompareMatch Timing

Read access of Write access of
normal space normal space
T T

NS s i
=) I
=T L L
o 1|

RAS | !

CAS

Figure 7.27 Example CBR Refresh Timing (CBRM =0)
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Normal space access request

A23 to AO

= 1)

Figure 7.28 Example CBR Refresh Timing (CBRM

REJ09B0234-0500
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(2) Self-Refresh

One of the DRAM standby modes is the self-refresh mode (battery backup mode), in which the
DRAM generates its own refresh timing and refresh address.

To select self-refresh, set the RFSHE bit and RMODE bits of the DRAMCR to 1. Next, execute a
SLEEP instruction to make atransition to software standby mode. As shown in figure 7.29, the
CAS and RAS signals are output and the DRAM enters self-refresh mode.

When you exit software standby mode, the RMODE bit is cleared to 0 and self-refresh modeis
exited.

When making atransition to software standby mode, self-refresh mode starts after a CBR refresh,
providing thereis a CBR refresh request. CBR refresh requests occurring immediately before
entering software standby mode are cleared on completion of the self-refresh when the software
standby mode is exited.

Software standby

e Tl T
: : : : g : :
0 )
CSn (RAS) i i i i i i
-
CAS, LCAS
B : : : R : :
o . . . . . (( . .
HWR (WE) | ! ! ! ! )) ! !

Note: n=2to 5

Figure7.29 Sdf-Refresh Timing
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7.6 DMAC Single Address Mode and DRAM Interface
(Thisfunction is not available in the H8S2695)

When burst mode is set for the DRAM interface, the DDS bit selects the output timing for the
DACK signal. It also selects whether or not to perform burst access when accessing the DRAM
space in DMAC single address mode.

7.6.1 DDS=1

Burst access is performed on the basis of the address only, regardless of the bus master. The
DACK output level changesto Low afer the T, state in the case of the DRAM interface.

Figure 7.30 shows the DACK output timing for the DRAM interface when DDS = 1.

Tp ; T i Ta i Te2

o LT ]

A23 to A0 | X row

AS:<“
o
[=]
=
3
5

ﬁ(ﬁq |

CAS (UCAS) 3 T
LCAS (LCAS) ! ! !

Read { HWR (WE) J

D15 to DO Lo}

f

=

L
5 =S

CAS (UCAS) ! !
[CAS (LCAS) | 1 !

Write HWR (WE) J ‘—J
orswon | | — —
| /7

Note: n=2to5

Figure7.30 DACK Output Timing when DDS=1 (Example Showing DRAM Access)
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7.6.2 DDS=0

When the DRAM space is accessed in DMAC single address mode, always perform full access
(normal access). The DACK output level changesto Low afer the T, state in the case of the
DRAM interface.

In other than DM AC signle address mode, burst access is possible when the DRAM spaceis
accessed.

Figure 7.31 shows the DACK output timing for the DRAM interface when DDS = 0.

S

A23 to AO

X row

s
Q
S
- =1
3
S
T

CSn (RAS) J |
CAS (UCAS) — f
LCAS (LCAS) J | | ? |
; ; . RCTS=1 | :
Read | FWR (WE) _| | | |
SN ; _ —h
D15t0D0 3 3 3 )
CAS (UCAS) | | |
LCAS (LCAS) ! ! 1 ‘ !
Write . HWR (WE) J 3 3 ﬁ
-
DI50D0 ) 3 i { }—
DACK 3 |

Note: n=2to5

Figure7.31 DACK Output Timing when DDS=0 (Example Showing DRAM Access)
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7.7 Burst ROM Interface

7.7.1 Overview

InthisLSl, the area 0 external space can be set as burst ROM space and burst ROM interfacing
performed. Burst ROM space interfacing allows 16-bit ROM capable of burst accessto be
accessed a high-speed.

The BRSTRM bit of BCRH sets area 0 as burst ROM space. CPU ingtruction fetches (only) can be
performed using a maximum of 4-word or 8-word continuous burst access. 1 state or 2 states can
be selected in the case of burst access.

7.7.2 Basic Timing

The ASTO bit of ASTCR sets the number of access statesin the initia cycle (full access) of the
burst ROM interface. Wait states can be inserted when the ASTO bit is set to 1. The burst cycle
can be set for 1 state or 2 sttes by setting the BRST S1 bit of BCRH. Wait states cannot be inserted.
When area 0 is set as burst ROM space, area 0 is a 16-bit access space regardless of the ABWO bit
of ABWCR.

When the BRST S0 bit of BCRH is cleared to 0, 4-word max. burst accessis performed. When the
BRST S0 hit is set to 1, 8-word max. burst access is performed.

Figures 7.32 (a) and (b) show the basic access timing for the burst ROM space.
Figure 7.32 (a) is an example when both the AST0 and BRSTS1 bitsare set to 1.

Figure 7.32 (b) is an example when both the ASTO and BRST S1 bitsare set to 0.
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Full access Burst access

T, T, Ta T, T, T, T,

CSO0

\/
Address bus :>< >< Low address/c\)nly changes ><

RD r
Data bus —< Read data >—< Read data >—< Read data >—

Figure7.32 (@) Example Burst ROM Access Timing (ASTO=BRST S1=1)
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Full access

L

T,

Burst access

T

L

Address bus X

\/

><Low address only changes x
/\

Data bus 4< Read data ><Read data>< Read data>i

Figure7.32 (b) ExampleBurst ROM Access Timing (AST0=BRST S1=0)

7.7.3 Wait Control

As with the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 7.4.5, Wait

Control.

Wait states cannot be inserted in the burst cycle.
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7.8 Idle Cycle

781 Operation

When the H8S/2633 Group accesses external space, it can insert a 1-state idle cycle (T,) between
bus cycles in the following two cases: (1) when read accesses between different areas occur
consecutively, and (2) when awrite cycle occurs immediately after aread cycle. By inserting an
idle cycleit is possible, for example, to avoid data collisions between ROM, with along output
floating time, and high-speed memory, 1/O interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH isset to 1, anidle
cycleisinserted at the start of the second read cycle.

Figure 7.33 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B is aread cycle from SRAM,
each being located in a different area. In (@), an idle cycleis not inserted, and a collision occursin
cycle B between the read datafrom ROM and that from SRAM. In (b), an idle cycleisinserted,
and adata collision is prevented.

, BuscycleA  Buscycle B ‘ Buscycle A~ BuscycleB ‘
iTl LP) TsiTl Tzi iTl LP) T33T| T Tzi
o [LILI LI LI L] o [LILIT LI LI LI
Address bus :b( X 9(: Address bus | 9( 9(:

CS (area A) 3 CS (area A) |
CS (areaB) |

RO | | B B moL [

pata bus N ) pata bus I

CS (area B)

[~

: Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Figure7.33 Example of Idle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICISO bit in BCRH issetto 1, an idle
cycleisinserted at the start of the write cycle.

Figure 7.34 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read datafrom ROM and
the CPU write data. In (b), an idle cycleisinserted, and adata collision is prevented.

Buscycle A Buscycle B Bus cycle A Bus cycle B

Address bus :b( X X: Address bus :b( ;X 9(:

CS (area A) CS (area A)

CS (area B)

RD

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 =1)

Figure7.34 Example of Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system’s load conditions, the RD signal may lag behind the CS signal. An
exampleis shown in figure 7.35.

In this case, with the setting for no idle cycle insertion (&), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and CS
signals.

Intheinitial state after reset release, idle cycle insertion (b) is set.

, BuscycleA Buscycle B , BuscycleA  BuscycleB
iTl LP) T33T1 Tzi 3T1 LP) T33TI T Tzi
o [ LI LI LI LI o LT LI LT LI L]
Address bus :b( Q( X: Address bus j 1X X:
CS (area A) ! CS (area A) !
CS(areaB) CS(areaB) i
RD | | RD | |
HWR | L1 HWR | | |
Databus O omaws }——( 7 { }
‘ ‘ Data
Long output | (5 jision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Figure 7.35 Relationship between Chip Select (CS) and Read (RD)
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(4) Notes

The setting of the ICIS0 and ICIS1 bitsis invalid when accessing the DRAM space. For example,
if the 2nd of successive reads of different areasisa DRAM access, only the Tp cycleisinserted,
not the T, cycle. Figure 7.36 shows the timing. Note, however, that ICISO and I CI S1 settings are
valid in burst access in RAS down mode, and an idle cycle isinserted. Figures 7.37 (a) and (b)
show the timing.

=— External read—==— DRAM space read —*

Tl T2 T3 Tp Tr Tcl Tc2

¢

Address bus:X X X X
o) —1_ T
Data bus 4<:L> C}

Figure7.36 Example of DRAM Access after External Read

, DRAM space read , External read . DRAM space read :

i T, Ta Te2 : Ta T T Ts . Ta Ta Te2 -
EXTAL _|_\_I_\_I_\_I_\_|_\_I_\_I_\_I_\_|_\_I_\_I_\_|_
Address :X X X ):( ):( >K:

CAS,[CAS | ' ; [
Yo :
p—

Data bus ;

Idle cycle

Figure7.37 (a) Exampleldle Cycle Operation in RAS Down Mode (1CIS1=1)
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DRAM space read

External read DRAM space read

Address :>:( X X >:< >{i< >C
S I S [ RN ;
gy

Data bus : /_E_\ i >—< :>_

Idle cycle

Figure7.37 (b) Exampleldle Cycle Operation in RAS Down M ode (I CI SO=1)

7.8.2 Pin Statesin Idle Cycle

Table 7.8 shows pin statesin an idle cycle.

Table7.8 Pin Statesin Idle Cycle
Pins Pin State

A23 to AO Contents of next bus cycle
D15 to DO High impedance
CSn High*

CAS High

AS High

RD High

HWR High

LWR High

DACKn High

Note: * Remains low in DRAM space RAS down mode or a refresh cycle.
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79 Write Data Buffer Function

The H85/2633 Group has a write data buffer function in the external data bus. Using the write data
buffer function enables external writes and DMA single address mode transmission to be executed
in parallel with internal accesses. The write data buffer function is made available by setting the
WDBE hit in BCRL to 1.

Figure 7.38 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external write and DMA single address mode transmission continues for 2
states or longer, and there is an internal access next, only an external write is executed in the first
state, but from the next state onward an internal access (on-chip memory or internal 1/0 register
read/write) is executed in parallel with the external write rather than waiting until it ends.

On-chip memory read Internal I/O register read

- External write cycle >

Ta T, Tw Tw T3

Internal address bus >< >< >< >< ><

Internal memory  Internal I/O register address

Internal read signal

A23 to AO >< ! External address
External Sn
space 9 !
write

I
=
By
—
T

D15 to DO 4‘—< >7

Figure 7.38 Example of Timing when Write Data Buffer Function is Used
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710 BusRdease

7.10.1 Overview

The H85/2633 Group can release the external bus in response to a bus request from an external
device. In the external bus released state, the internal bus master continues to operate aslong as
there is no external access.

If an internal bus master wants to make an external access and when a refresh request occursin the
external bus released state, it can issue a bus request off-chip.

7.10.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to the H8S/2633 Group.
When the BREQ pin is sampled, at the prescribed timing the BACK pin is driven low, and the
address bus, data bus, and bus control signals are placed in the high-impedance state, establishing
the external bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped. Also, when arefresh request occursin the external bus released state, refresh control is
deferred until the external bus master drops the bus request.

If the BREQOE bhit in BCRL is set to 1, when an internal bus master wants to make an external
access and when arefresh request occurs in the external bus released state, the BREQO pinis
driven low and arequest can be made off-chip to drop the bus request.

When the BREQ pin is driven high, the BACK pin is driven high at the prescribed timing and the
external bus released state is terminated.

The following shows the order of priority when an external bus release request, refresh request,
and external access by the internal bus master occur simultaneously:

When CBRM=1

(High) Refresh > External bus release > External access by internal bus master (Low)
When CBRM=0

(High) Refresh > External busrelease (Low)

(High) External bus release > External access by internal bus master (Low)

Note: A refresh can be executed at the same time as external access by the internal bus master.
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7.10.3 Pin Statesin External Bus Released State
Table 7.9 shows pin states in the external bus released state.

Table7.9 Pin Statesin Bus Released State

Pins Pin State

A23 to AO High impedance
D15 to DO High impedance
CSn High impedance
CAS High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
DACKn High
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7.104 Transtion Timing

Figure 7.39 shows the timing for transition to the bus-released state.

CPU
External bus released state | cycle
\

To T T,
0 T i

High impedance |

N

CPU cycle

High impedance

High impedance

Address bus >< Adidress >< >

4

csn \

High imbedance /—‘—

High impedance E—

AS L]

D | \

High impedance

\
HWR, LWR ; ; ; ‘ j
meo O\ [
BAcK A e
AR IR A

iMinimumi i i i
! lstate | ! ! !
D | | |

1 (2] (3] 4] [5] (6]

[1] Low level of BREQ pin is sampled at rise of T, state.

[21 BACK pin is driven low at end of CPU read cycle, releasing bus to external
bus master.

3] BREQ pin state is still sampled in external bus released state.

4] High level of BREQ pin is sampled.

BACK pin is driven high, ending bus release cycle.

6] BREQO signal goes high 1.5 clocks after BACK signal goes high.

)

[
[
[
[

Note: * Output only when BREQOE is set to 1.

Figure7.39 Bus-Released State Transition Timing
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DRAM space read access

External bus released

LT

A23t0 A0 X

RS | :
=] L[ —

Figure 7.40 Example Bus Release Transtion Timing After DRAM Access (Reading

DRAM)

7.105 Notes

The external bus release function is deactivated when MSTPCR is set to H'FFFFFF or H'EFFFFF
and atransition is made to sleep mode. To use the external bus release function in sleep mode, do

not set MSTPCR to H'FFFFFF and H'EFFFFF.

When the CBRM bit is set to 1 to use the CBR refresh function, set the BREQ = 1 width greater
than the number of the slowest external access states. Otherwise, CBR refresh requests from the

refresh timer may not be performed.
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711  BusArbitration
(DMAC and DTC functions are not available in the H8S/2695)

7111 Overview
The H8S/2633 Group has a bus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU, DTC, and DMAC which perform read/write operations when
they have possession of the bus. Each bus master requests the bus by means of a bus request
signal. The bus arbiter determines priorities at the prescribed timing, and permits use of the bus by
means of a bus request acknowledge signal. The selected bus master then takes possession of the
bus and begins its operation.

7.11.2 Operation

The bus arbiter detects the bus masters’ bus request signals, and if the busis requested, sends a
bus request acknowledge signal to the bus master making the request. If there are bus requests
from more than one bus master, the bus request acknowledge signal is sent to the one with the
highest priority. When a bus master receives the bus request acknowledge signal, it takes
possession of the bus until that signal is canceled.

The order of priority of the bus mastersis asfollows:
(Highy DMAC > DTC > CPU (Low)

An internal bus access by an internal bus master, external bus release, and refresh can be executed
in paralel.

In the event of simultaneous external bus rel ease request, refresh request, and internal bus master
external access request generation, the order of priority is asfollows:

When CBRM =1
(High) Refresh > External bus release > External access by internal bus master (Low)

When CBRM =0
(High) Refresh > External bus release (Low)
(High) External bus release > External access by internal bus master (Low)
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7.11.3 BusTransfer Timing

Even if abusrequest isreceived from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if abus request is received fromthe DTC
and DMAC, the bus arbiter transfers the bus to the bus master that issued the request. The timing
for transfer of the busis as follows:

e Thebusistransferred at a break between bus cycles. However, if abus cycleis executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the operations. See appendix A.5, Bus States During I nstruction Execution, for timings at
which the busis not transferred.

e If the CPU isin sleep mode, it transfers the busimmediately.
DTC: The DTC sends the bus arbiter a request for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), a single data
transfer, or aregister information write (3 states). It does not release the bus during a register
information read (3 states), a single data transfer, or aregister information write (3 states).

DMAC: When a start request occurs, the DMAC requests the bus arbiter for bus privileges.

The DMAC releases bus privileges on completion of one transmission in short address mode,
normal mode external requests, and cycle steal mode.

The DMAC releases the bus on completion of the transmission of one block in block transmission
mode, or after atransmission in burst mode.

712 Resetsand the Bus Controller

In apower-on reset, the H8S2633 Group, including the bus controller, enters the reset sate at that
point, and an executing bus cycle is discontinued.

The bus controller registers and internal states are retained at a manual reset. The current external
bus cycleis executed to completion. The WAIT input isignored. Write data is not retained. Also,
because the DMAC™ isinitialized at a manual reset, DACK* and TEND” outputs are disabled and
function as 1/0 ports controlled by DDR and DR.

Note: * Thisfunction is not available in the H8S2695.
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Section 8 DMA Controller (DMAC) (This function is not available in the H8S/2695)

8.1

Section8 DMA Controller (DMAC)
(Thisfunction is not available in the H8S2695)

Overview

The H852633 Group has a built-in DMA controller (DMAC) which can carry out data transfer on
up to 4 channels.

811

Features

The features of the DMAC are listed below.

Choice of short address mode or full address mode
Short address mode

g
u
g

d

g
g

Maximum of 4 channels can be used
Choice of dual address mode or single address mode

In dual address mode, one of the two addresses, transfer source and transfer destination, is
specified as 24 hits and the other as16 bits

In single address mode, transfer source or transfer destination address only is specified as
24 bits

In single address mode, transfer can be performed in one bus cycle

Choice of sequential mode, idle mode, or repeat mode for dual address mode and single
address mode

Full address mode

g
u
u

Maximum of 2 channels can be used
Transfer source and transfer destination address specified as 24 bits
Choice of normal mode or block transfer mode

16-Mbyte address space can be specified directly
Byte or word can be set asthe transfer unit

Activation sources: internal interrupt, external request, auto-request (depending on transfer
mode)

g
u

d

Six 16-bit timer-pulse unit (TPU) compare match/input capture interrupts

Serial communication interface (SCI0, SCI1) transmit-data-empty interrupt, reception
complete interrupt

A/D converter conversion end interrupt
External request
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00 Auto-request
e Module stop mode can be set

O Theinitial setting enables DMAC registersto be accessed. DMAC operation is halted by
setting modul e stop mode

8.1.2 Block Diagram

A block diagram of the DMAC is shown in figure 8.1.

Internal address bus

Internal interrupts m
TGIOA —— | Address buffer

TGIIA —»
TGI2A  —»= _
TGI3A - Processor
TGI4A —=
TGI5A  —» 3 MAROA
TXIO  —» T
S . ol £ IOAROA 2
TXI1 . Control logic 3|5 ETCROA 2
L~ | [
i — g
External pins - | © ag) IOAROB 2
DREQQ —» I k]
DREQ1T — = DMAWER 5 ETCROB g
E“B? - DMATCR 3 MAR1A
| ©
DACKO — DMACROA - £ IOAR1A
DACK1I - DMACROB <5 ETCR1A
Interrupt signals S [ |
DENDOA ~-—— DMACRI1A 5 Z MAR1B
DENDOB ~+——{ DMACR1B £ IOAR1B
DEND1A
DENDIB \ DMABCR 5 ETCR1B

Data buffer

Internal data bus

Legend:

DMAWER: DMA write enable register

DMATCR: DMA terminal control register

DMABCR: DMA band control register (for all channels)
DMACR: DMA control register

MAR: Memory address register
I0AR: 1/O address register
ETCR: Executive transfer counter register

Figure8.1 Block Diagram of DMAC
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8.13 Overview of Functions

Tables 8.1 (1) and (2) summarize DMAC functions in short address mode and full address mode,
respectively.

Table8.1 (1) Overview of DMAC Functions (Short Address M ode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Dual address mode e TPUchannel 0to 24/16 16/24
+ Sequential mode 5 compare

match/input
capture A interrupt

O 1-byte or 1-word transfer

executed for one transfer request
e SCI transmit-data-

empty interrupt

0 Memory address

incremented/decremented by 1
or?2 e SClI reception

0 1 to 65536 transfers complete interrupt

¢ A/D converter
conversion end
interrupt

» |dle mode

O 1-byte or 1-word transfer

executed for one transfer request
« External request

O Memory address fixed
O 1 to 65536 transfers
* Repeat mode

O 1-byte or 1-word transfer
executed for one transfer request

O Memory address incremented/
decremented by 1 or 2

O After specified number of
transfers (1 to 256), initial state is
restored and operation continues

Single address mode + External request 24/DACK DACK/24

» 1-byte or 1-word transfer executed
for one transfer request

« Transfer in 1 bus cycle using DACK
pin in place of address specifying 1/0

» Specifiable for sequential, idle, and
repeat modes
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Table8.1(2) Overview of DMAC Functions (Full Address Mode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination

» Normal mode * Auto-request 24 24
Auto-request
O Transfer request retained
internally
O Transfers continue for the
specified number of times (1 to
65536)
0 Choice of burst or cycle steal
transfer

External request e External request
O 1-byte or 1-word transfer

executed for one transfer request
O 1 to 65536 transfers

» Block transfer mode  TPUchannelOto 24 24
O Specified block size transfer 5 compare
executed for one transfer request match/input
O 1to 65536 transfers capture A interrupt

¢ SCI transmit-data-
empty interrupt

O Either source or destination
specifiable as block area

O Block size: 1 to 256 bytes or + SCl reception
words complete interrupt

« External request

¢ A/D converter
conversion end
interrupt
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8.14 Pin Configuration
Table 8.2 summarizes the DMAC pins.

In short address mode, external request transfer, single address transfer, and transfer end output
are not performed for channel A.

The DMA transfer acknowledge function is used in channel B single address mode in short
address mode.

When the DREQ pin is used, do not designate the corresponding port for outpuit.

With regard to the DACK pins, setting single address transfer automatically sets the corresponding
port to output, functioning asa DACK pin.

With regard to the TEND pins, whether or not the corresponding port is used as a TEND pin can
be specified by means of aregister setting.

Table8.2 DMAC Pins

Channel  Pin Name Symbol I/0 Function
0 DMA request 0 DREQO Input DMAC channel 0 external
request

DMA transfer acknowledge 0 DACKO Output DMAC channel 0 single address
transfer acknowledge

DMA transfer end 0 TENDO Output DMAC channel 0 transfer end
1 DMA request 1 DREQ1 Input DMAC channel 1 external
request

DMA transfer acknowledge 1 DACK1 Output DMAC channel 1 single address
transfer acknowledge

DMA transfer end 1 TEND1 Output DMAC channel 1 transfer end
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8.15 Register Configuration
Table 8.3 summarizesthe DMAC registers.

Table8.3 DMAC Registers

Channel Name Abbreviation R/W {?;:Lael Address®™ Bus Width
0 Memory address register 0A  MAROA R/W Undefined H'FEEO 16 bits
1/0 address register OA IOAROA R/W Undefined H'FEE4 16 bits
Transfer count register OA ETCROA R/W Undefined H'FEE6 16 bits
Memory address register 0B MAROB R/W Undefined H'FEE8 16 hits
1/0 address register 0B IOAROB R/W Undefined H'FEEC 16 bits
Transfer count register 0B ETCROB R/W Undefined H'FEEE 16 bits
1 Memory address register 1A MAR1A R/W Undefined H'FEFO 16 bits
1/0 address register 1A IOAR1A R/W Undefined H'FEF4 16 bits
Transfer count register 1A ETCR1A R/W Undefined H'FEF6 16 bits
Memory address register 1B MAR1B R/W Undefined H'FEF8 16 bits
1/0 address register 1B IOAR1B R/W Undefined H'FEFC 16 bits
Transfer count register 1B ETCR1B R/W Undefined H'FEFE 16 bits
0,1 DMA write enable register DMAWER R/W H'00 H'FF60 8 bits
DMA terminal control register DMATCR R/W H'00 H'FF61 8 bits
DMA control register 0A DMACROA R/W H'00 H'FF62 16 hits
DMA control register 0B DMACROB R/W  H'00 H'FF63 16 bits
DMA control register 1A DMACRI1A R/W H'00 H'FF64 16 bits
DMA control register 1B DMACRI1B R/W H'00 H'FF65 16 bits
DMA band control register DMABCR R/W  H'0000 H'FF66 16 bits
Module stop control register A MSTPCRA R/W H'3F H'FDE8 8 hits

Note: * Lower 16 bits of the address.
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8.2 Register Descriptions (1) (Short Address Mode)

Short address mode transfer can be performed for channels A and B independently.

Short address mode transfer is specified for each channel by clearing the FAE bit in DMABCR to
0, asshown in table 8.4. Short address mode or full address mode can be selected for channels 1
and 0 independently by means of bits FAE1 and FAEOQ.

Table84 Short AddressMode and Full AddressMode (For 1 Channel: Example of

Channel 0)
FAEO Description

0 Short address mode specified (channels A and B operate independently)
< MAROA -«—— Specifies transfer source/transfer destination address
o
3 |IOAROA -«—— Specifies transfer destination/transfer source address
f:% ETCROA -«—— Specifies number of transfers
S DMACROA| <+—— Specifies transfer size, mode, activation source, etc.
@ MAROB -«—— Specifies transfer source/transfer destination address
E IOAROB --—— Specifies transfer destination/transfer source address
EEU ETCROB -+—— Specifies number of transfers
O ‘DMACROB -+—— Specifies transfer size, mode, activation source, etc.

1 Full

address mode specified (channels A and B operate in combination)

MAROA -«—— Specifies transfer source address
MAROB -«—— Specifies transfer destination address
= IOAROA -«— Not used
e -«— Not used
c I0OAROB "
8 -4—— Specifies number of transfers
(@) ETCROA - .
-4—— Specifies number of transfers (used in block transfer
ETCROB mode only)
DMACROA DMACROB| -«—— Specifies transfer size, mode, activation source, etc.
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821 Memory Address Registers (MAR)

Bit : 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
waR === === | | | | | | | |
Initial value: 0 O 0O 0 O 0 0O O * * * * * * * *
R/W I - - - - — — — — RWRMWR/MWR/MW RMW RW R/W R/W
Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0
wee o [ [ [ [ L]
Inltlal Value * * * * * * * * * * * * * * * *
R/W . RIW R/W RW RW RW R/W R/W R/W RW RW R/W RW RW R/W R/W R/W
*: Undefined

MAR is a 32-bit readable/writable register that specifies the transfer source address or destination
address.

The upper 8 bits of MAR are reserved: they are aways read as 0, and cannot be modified.

Whether MAR functions as the source address register or as the destination address register can be
selected by means of the DTDIR bit in DMACR.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
address specified by MAR is constantly updated. For details, see section 8.2.4, DMA Control
Register (DMACR).

MAR is not initialized by areset or in standby mode.
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8.2.2 I/O Address Register (IOAR)

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
o o[ | | [ [T [ [ T[T [T T[]
nitial value :  * * x x o+« x s x x x x x s w s
RIW . RIW RW RW RIW RIW RW RW RW RIW RIW RW RIW RW RW RIW RW
*: Undefined

IOAR is a 16-bit readable/writable register that specifies the lower 16 bits of the transfer source
address or destination address. The upper 8 hits of the transfer address are automatically set to
H'FF.

Whether IOAR functions as the source address register or as the destination address register can
be selected by means of the DTDIR bit in DMACR.

IOARisinvalid in single address mode.

IOAR is not incremented or decremented each time atransfer is executed, so that the address
specified by IOAR is fixed.

IOARisnot initialized by areset or in standby mode.
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8.2.3 Execute Transfer Count Register (ETCR)

ETCR isa 16-bit readable/writable register that specifies the number of transfers. The setting of
this register is different for sequential mode and idle mode on the one hand, and for repeat mode
on the other.

(1) Sequential Mode and Idle Mode

Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
eer | [ [ [ I [ [ [P [ [ [ [ [ |
nitial value : * % x ok x x s ww ax x x s
RIW . RIW RW RW RIW RIW RW RW RW RAW RIW RW RIW RW RW RIW RW
*: Undefined

In sequential mode and idle mode, ETCR functions as a 16-bit transfer counter (with a count range
of 1to 65536). ETCR is decremented by 1 each time atransfer is performed, and when the count
reaches H'0000, the DTE bit in DMABCR is cleared, and transfer ends.
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(2) Repeat Mode

Transfer Number Storage

Bit .15 14 13 12 11 10 9 8
ETCRH | | | | | | |

Initial value : ~ * . * * * * . *
RIW . RW RW RW RW RW RW RW  RW

Transfer Counter

Bit : 7 6 5 4 3 2 1 0
ETCRL | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

*: Undefined

In repeat mode, ETCR functions astransfer counter ETCRL (with a count range of 1 to 256) and
transfer number storage register ETCRH. ETCRL is decremented by 1 each time atransfer is
performed, and when the count reaches H'00, ETCRL is loaded with the value in ETCRH. At this
point, MAR is automatically restored to the value it had when the count was started. The DTE bit
in DMABCR is not cleared, and so transfers can be performed repeatedly until the DTE hit is
cleared by the user.

ETCR isnot initialized by areset or in standby mode.
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824 DMA Control Register (DM ACR)

Bit : 7 6 5 4 3 2 1 0
DMACR :\ DTSZ \ DTID \ RPE ‘DTDIR‘ DTF3 \ DTF2 \ DTF1 \ DTFO \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

DMACR is an 8-hit readable/writable register that controls the operation of each DMAC channel.
DMACR isinitialized to H'00 by areset, and in standby mode.

Bit 7—Data Transfer Size (DTSZ): Selects the size of datato be transferred at one time.

Bit 7

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 6—Data Transfer Increment/Decrement (DTID): Selectsincrementing or decrementing of
MAR every datatransfer in sequential mode or repeat mode.

In idle mode, MAR is neither incremented nor decremented.

Bit 6
DTID Description
0 MAR is incremented after a data transfer (Initial value)

« When DTSZ =0, MAR is incremented by 1 after a transfer

e When DTSZ = 1, MAR is incremented by 2 after a transfer
1 MAR is decremented after a data transfer

« When DTSZ = 0, MAR is decremented by 1 after a transfer

* When DTSZ =1, MAR is decremented by 2 after a transfer
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Bit 5—Repeat Enable (RPE): Used in combination with the DTIE bit in DMABCR to select the
mode (sequential, idle, or repeat) in which transfer isto be performed.

Bit 5 DMABCR

RPE DTIE Description

0 0 Transfer in sequential mode (no transfer end interrupt) (Initial value)
1 Transfer in sequential mode (with transfer end interrupt)

1 0 Transfer in repeat mode (no transfer end interrupt)
1 Transfer in idle mode (with transfer end interrupt)

For details of operation in sequential, idle, and repeat mode, see section 8.5.2, Sequential Mode,
section 8.5.3, Idle Mode, and section 8.5.4, Repeat Mode.

Bit 4—Data Transfer Direction (DTDIR): Used in combination with the SAE bit in DMABCR
to specify the datatransfer direction (source or destination). The function of this bit is therefore
different in dual address mode and single address mode.

DMABCR Bit4

SAE DTDIR Description

0 0 Transfer with MAR as source address and IOAR as destination
address (Initial value)
Transfer with IOAR as source address and MAR as destination address

1 0 Transfer with MAR as source address and DACK pin as write strobe

Transfer with DACK pin as read strobe and MAR as destination address
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Bits3to 0—Data Transfer Factor (DTF3to DTFO0): These bits select the data transfer factor
(activation source). There are some differencesin activation sources for channel A and for channel
B.

Channel A

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 —
1 J—
1 0 0 Activated by SCI channel 0 transmit-data-empty interrupt
1 Activated by SCI channel O reception complete interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
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Channel B

Bit 3 Bit 2 Bit 1 Bit 0

DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input”
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel O transmit-data-empty interrupt
1 Activated by SCI channel O reception complete interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 —

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 8.5.13, DMAC Multi-Channel Operation.
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8.25 DMA Band Control Register (DM ABCR)

Bit .15 14 13 12 11 10 9 8
DMABCRH:‘ FAE1 \ FAEO \ SAE1 \ SAEO \ DTA1B \ DTALA \ DTAOB \ DTAOA \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW
Bit : 7 6 5 4 3 2 1 0
DMABCRL : \ DTE1B \ DTE1A \ DTEOB \ DTEOA \ DTIE1B \ DTIE1A \ DTIEOB \ DTIEOA \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC
channel.

DMABCRI isinitialized to H'0000 by areset, and in standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 isto be used in short
address mode or full address mode.

In short address mode, channels 1A and 1B are used as independent channels.

Bit 15

FAE1 Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEQ): Specifies whether channel 0 isto be used in short
address mode or full address mode.

In short address mode, channels OA and OB are used as independent channels.

Bit 14

WDescription

0 Short address mode (Initial value)
1 Full address mode
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Bit 13—Single Address Enable 1 (SAEL): Specifies whether channel 1B isto be used for
transfer in dual address mode or single address mode.

Bit 13

SAE1l Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Thisbit isinvalid in full address mode.

Bit 12—Single Address Enable 0 (SAEQ): Specifies whether channel 0B isto be used for
transfer in dual address mode or single address mode.

Bit 12

SAEO Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Thishit isinvalid in full address mode.

Bits11to 8—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
setting.

When DTE =1 and DTA = 1, the internal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, the internal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When DTE =1 and DTA =0, the internal interrupt source selected by the data transfer factor
setting is not cleared when atransfer is performed, and can issue an interrupt request to the CPU
or DTCin parallel. Inthis case, the interrupt source should be cleared by the CPU or DTC
transfer.

When DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an
interrupt request to the CPU or DTC regardless of the DTA bit setting.
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Bit 11—Data Transfer Acknowledge 1B (DTA1B): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1B datatransfer
factor setting.

Bit 11
DTA1B Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 10—Data Transfer Acknowledge 1A (DTA1A): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1A datatransfer
factor setting.

Bit 10
DTA1A Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge OB (DTAOB): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel OB datatransfer
factor setting.

Bit 9
DTAOB Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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Bit 8—Data Transfer Acknowledge OA (DTAOA): Enables or disables clearing, when DMA
transfer is performed, of theinternal interrupt source selected by the channel OA datatransfer
factor setting.

Bit 8
DTAOA Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 7 to 4—Data Transfer Enable (DTE): When DTE = 0, datatransfer is disabled and the
activation source selected by the data transfer factor setting isignored. If the activation source is
an internal interrupt, an interrupt request isissued to the CPU or DTC. If the DTIE hitisset to 1
when DTE = 0, the DMAC regards this as indicating the end of atransfer, and issues a transfer
end interrupt request to the CPU or DTC.

The conditions for the DTE bit being cleared to 0 are asfollows:

e Wheninitiaization is performed
*  When the specified number of transfers have been completed in atransfer mode other than
repeat mode

e When O iswritten to the DTE hit to forcibly abort the transfer, or for a similar reason

When DTE =1, datatransfer is enabled and the DMAC waits for arequest by the activation
source selected by the data transfer factor setting. When arequest is issued by the activation
source, DMA transfer is executed.

The condition for the DTE bit being set to 1 isasfollows:
*  When liswritten to the DTE bit after the DTE bit isread as0

Bit 7—Data Transfer Enable 1B (DTE1B): Enables or disables data transfer on channel 1B.

Bit 7

DTE1B Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled
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Bit 6—Data Transfer Enable 1A (DTE1A): Enables or disables datatransfer on channel 1A.

Bit 6

DTE1A Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Enable 0B (DTEOB): Enables or disables data transfer on channel 0B.

Bit 5

DTEOB Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable OA (DTEOA): Enables or disables datatransfer on channel OA.

Bit 4

WDescription

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits3to 0—Data Transfer End Interrupt Enable (DTIE): These bits enable or disable an
interrupt to the CPU or DTC when transfer ends. If the DTIE bit is set to 1 when DTE = 0, the
DMAC regards this as indicating the end of atransfer, and issues atransfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIE bit to 0 in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and addressregister again, and then setting the DTE bit to 1.

Bit 3—Data Transfer End Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1B
transfer end interrupt.

Bit 3

DTIE1B Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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Bit 2—Data Transfer End Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1A
transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 1—Data Transfer End Interrupt Enable 0B (DTIEOB): Enables or disables the channel 0B
transfer end interrupt.

Bit 1
DTIEOB Description

0 Transfer end interrupt disabled (Initial value)

1 Transfer end interrupt enabled

Bit 0—Data Transfer End Interrupt Enable OA (DTIEOA): Enables or disablesthe channel 0A
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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8.3 Register Descriptions (2) (Full Address Mode)

Full address mode transfer is performed with channels A and B together. For details of full address
mode setting, seetable 8.4.

831 Memory Address Register (MAR)

Bit 031 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
e et et el el el el et R R R R R R O
Initalvalue: 0 0 O O O O O O * * * * * * * *
R/W I - - - - — — — — RMWRMWRMW R/W RW RW R/W R/W
Bit ;15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
war ol [ [
Inltlal Va|Ue * * * * * * * * * * * * * * * *
R/W . RIW R/W RIW RW R/W R/W R/W RW RW RW RW RW R/W R/W R/W R/W
*: Undefined

MAR is a 32-bit readable/writable register; MARA functions as the transfer source address
register, and MARB as the destination address register.

MAR is composed of two 16-bit registers, MARH and MARL. The upper 8 bitsof MARH are
reserved: they are always read as 0, and cannot be modified.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the
source or destination memory address can be updated automatically. For details, see section 8.3.4,
DMA Control Register (DMACR).

MAR is not initialized by areset or in standby mode.

8.3.2 /0O Address Register (IOAR)

IOAR isnot used in full address transfer.
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8.3.3 Execute Transfer Count Register (ETCR)

ETCR isa 16-bit readable/writable register that specifies the number of transfers. The function of
this register is different in norma mode and in block transfer mode.

ETCR isnot initialized by areset or in standby mode.

(1) Normal Mode

ETCRA
Transfer Counter
Bit ;15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R : [
In|t|al Value * * * * * * * * * * * * * * * *
R/W . RIW R/W R/W RW R/W R/W R/W R/W R/W RW R/W R/W R/W R/W R/W R/W
*: Undefined

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each
time atransfer is performed, and transfer ends when the count reaches H'0000. ETCRB is not used
at thistime.

ETCRB

ETCRB is not used in norma mode.
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(2) Block Transfer Mode

ETCRA
Holds block size
Bit : 15 14 13 12 11 10 9 8
ETCRAH | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Block size counter

Bit : 7 6 5 4 3 2 1 0
ETCRAL | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined
ETCRB

Block Transfer Counter

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O
eers | [ | [ [ | [ [ [ | [ [ [ [ [ |
Inltlal Value * * * * * * * * * * * * * * * *
R/W : RIW R/W R/W R/W R/W RIW RIW RW RIW RIW RIW RIW RIW RIW R/W RIW

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH holds the
block size. ETCRAL is decremented each time a 1-byte or 1-word transfer is performed, and when
the count reaches H'00, ETCRAL is loaded with the value in ETCRAH. So by setting the block
sizein ETCRAH and ETCRAL, it is possible to repeatedly transfer blocks consisting of any
desired number of bytes or words.

ETCRB functions in block transfer mode, as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time ablock is transferred, and transfer ends when the count reaches
H'0000.
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8.34 DMA Control Register (DM ACR)

DMACR is a16-bit readable/writable register that controls the operation of each DMAC channel.
In full address mode, DMACRA and DMACRB have different functions.

DMACR isinitialized to H'0000 by areset, and in standby mode.

DMACRA
Bit .15 14 13 12 11 10 9 8
DMACRA :\ DTSZ \ SAID \ SAIDE ‘BLKDIR‘ BLKE \ — \ — \ — \
Initial value : 0 0 0 0 0 0 0 0
RIW © RW RIW RIW RIW RIW RIW RIW RIW
DMACRB
Bit : 7 6 5 4 3 2 1 0
DMACRB :\ — \ DAID ‘DAIDE‘ — \ DTF3 \ DTF2 \ DTF1 \ DTFO \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW R/W RIW RIW RIW

Bit 15—Data Transfer Size (DTSZ): Selectsthe size of datato be transferred at one time.

Bit 15

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 14—Sour ce Address | ncrement/Decr ement (SAID)
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Bit 13—Sour ce Address | ncrement/Decr ement Enable (SAIDE): These bits specify whether
source address register MARA isto be incremented, decremented, or Ieft unchanged, when data
transfer is performed.

Bit 14 Bit 13

SAID SAIDE Description

0 0 MARA is fixed (Initial value)
1 MARA is incremented after a data transfer

e When DTSZ = 0, MARA is incremented by 1 after a transfer

« When DTSZ = 1, MARA is incremented by 2 after a transfer
1 0 MARA is fixed

MARA is decremented after a data transfer

e When DTSZ = 0, MARA is decremented by 1 after a transfer

« When DTSZ = 1, MARA is decremented by 2 after a transfer

Bit 12—Block Direction (BLKDIR)

Bit 11—Block Enable (BLK E): These bits specify whether normal mode or block transfer mode
isto be used. If block transfer mode is specified, the BLKDIR hit specifies whether the source side
or the destination side is to be the block area.

Bit 12 Bit 11

BLKDIR BLKE Description

0 0 Transfer in normal mode (Initial value)
1 Transfer in block transfer mode, destination side is block area

1 0 Transfer in normal mode
1 Transfer in block transfer mode, source side is block area

For operation in normal mode and block transfer mode, see section 8.5, Operation.
Bits 10 to 7—Reserved: Can beread or written to.

Bit 6—Destination Address Increment/Decrement (DAID)
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Bit 5—Degtination Address Increment/Decrement Enable (DAIDE): These bits specify
whether destination address register MARB is to be incremented, decremented, or left unchanged,
when datatransfer is performed.

Bit 6 Bit 5

DAID DAIDE Description

0 0 MARB is fixed (Initial value)
1 MARSB is incremented after a data transfer

e When DTSZ = 0, MARB is incremented by 1 after a transfer

« When DTSZ = 1, MARB is incremented by 2 after a transfer
1 0 MARSB is fixed

MARSB is decremented after a data transfer

e When DTSZ = 0, MARB is decremented by 1 after a transfer

« When DTSZ = 1, MARB is decremented by 2 after a transfer

Bit 4—Reserved: Can beread or written to.

Bits3to 0—Data Transfer Factor (DTF3to DTFO): These bits select the data transfer factor
(activation source). Thefactorsthat can be specified differ between normal mode and block
transfer mode.

« Norma Mode

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)

1 R
1 0 Activated by DREQ pin falling edge input
1 Activated by DREQ pin low-level input
1 0 * —

0 Auto-request (cycle steal)
1 Auto-request (burst)

1 * * * _

*: Don't care
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* Block Transfer Mode

Bit 3 Bit 2 Bit 1 Bit 0

DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input”
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel O transmit-data-empty interrupt
1 Activated by SCI channel O reception complete interrupt
1 0 Activated by SCI channel 1 transmit-data-empty interrupt
1 Activated by SCI channel 1 reception complete interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 —

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the
highest-priority channel according to the relative channel priorities. For relative channel priorities,
see section 8.5.13, DMAC Multi-Channel Operation.
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8.35 DMA Band Control Register (DM ABCR)

Bit .15 14 13 12 11 10 9 8
DMABCRH : \ FAE1 \ FAEO \ — \ — \ DTAL \ — \ DTAO \ — \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW
Bit : 7 6 5 4 3 2 1 0
DMABCRL : \ DTME1 \ DTE1 \ DTMEO \ DTEO \ DTIE1B \ DTIE1A \ DTIEOB \ DTIEOA \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC
channel.

DMABCRI isinitialized to H'0000 by areset, and in standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 isto be used in short
address mode or full address mode.

In full address mode, channels 1A and 1B are used together as asingle channel.

Bit 15

FAE1 Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEQ): Specifies whether channel 0 isto be used in short
address mode or full address mode.

In full address mode, channels OA and OB are used together as asingle channel.

Bit 14

WDescription

0 Short address mode (Initial value)
1 Full address mode
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Bits 13 and 12—Reserved: Can be read or written to.

Bits 11 and 9—Data Transfer Acknowledge (DTA): These hits enable or disable clearing, when
DMA transfer is performed, of the internal interrupt source selected by the data transfer factor
setting.

When DTE =1 and DTA = 1, theinternal interrupt source selected by the data transfer factor
setting is cleared automatically by DMA transfer. When DTE = 1 and DTA = 1, the internal
interrupt source selected by the data transfer factor setting does not issue an interrupt request to the
CPU or DTC.

When the DTE = 1 and the DTA = 0, the internal interrupt source selected by the data transfer
factor setting is not cleared when atransfer is performed, and can issue an interrupt request to the
CPU or DTC in paralédl. In this case, the interrupt source should be cleared by the CPU or DTC
transfer.

When the DTE = 0, the internal interrupt source selected by the data transfer factor setting issues
an interrupt request to the CPU or DTC regardless of the DTA bit setting.

The gtate of the DTME bit does not affect the above operations.

Bit 11—Data Transfer Acknowledge 1 (DTA1L): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel 1 datatransfer factor
Setting.

Bit 11
DTAl Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge O (DTAOQ): Enables or disables clearing, when DMA
transfer is performed, of the internal interrupt source selected by the channel O data transfer factor
setting.

Bit 9
DTAO Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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Bits 10 and 8—Reserved: Can beread or written to.

Bits 7 and 5—Data Transfer Master Enable (DTME): Together with the DTE bit, these bits
control enabling or disabling of datatransfer on the relevant channel. When both the DTME bit
and the DTE bit are set to 1, transfer is enabled for the channel.

If therelevant channel isin the middle of aburst mode transfer when an NMI interrupt is
generated, the DTME hit is cleared, the transfer is interrupted, and bus mastership passes to the
CPU. When the DTME bit is subsequently set to 1 again, the interrupted transfer is resumed. In
block transfer mode, however, the DTME bit is not cleared by an NMI interrupt, and transfer is
not interrupted.

The conditions for the DTME bit being cleared to O are as follows:

*  Wheninitialization is performed
*  When NMI isinput in burst mode
*  When O iswritten to the DTME bit

The condition for DTME being set to 1 is asfollows:
*  When liswritten to DTME after DTME isread as 0

Bit 7—Data Transfer Master Enable 1 (DTME1L): Enables or disables data transfer on channel
1

Bit 7

DTME1 Description

0 Data transfer disabled. In burst mode, cleared to 0 by an NMl interrupt  (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Master Enable 0 (DTMEQ): Enables or disables data transfer on channel
0.

Bit 5

WDescription

0 Data transfer disabled. In normal mode, cleared to 0 by an NMl interrupt  (Initial value)
1 Data transfer enabled
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Bits6 and 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the
activation source selected by the data transfer factor setting isignored. If the activation source is
an internal interrupt, an interrupt request isissued to the CPU or DTC. If the DTIE bitisset to 1
when DTE = 0, the DMAC regards this as indicating the end of atransfer, and issues a transfer
end interrupt request to the CPU.

The conditions for the DTE bit being cleared to 0 are asfollows:

*  Wheninitialization is performed
*  When the specified number of transfers have been completed
e When O iswritten to the DTE hit to forcibly abort the transfer, or for a similar reason

When DTE =1 and DTME = 1, datatransfer is enabled and the DMAC waits for arequest by the
activation source selected by the data transfer factor setting. When arequest is issued by the
activation source, DMA transfer is executed.

The condition for the DTE bit being set to 1 isasfollows:
*  When liswritten to the DTE bit after the DTE bit isread as0

Bit 6—Data Transfer Enable 1 (DTEL): Enables or disables data transfer on channel 1.

Bit 6

DTE1l Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable 0 (DTEQ): Enables or disables data transfer on channel 0.

Bit 4

WDescription

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits 3 and 1—Data Transfer Interrupt Enable B (DTIEB): These bits enable or disable an
interrupt to the CPU or DTC when transfer is interrupted. If the DTIEB bit is set to 1 when
DTME = 0, the DMAC regards this as indicating a break in the transfer, and issues a transfer
break interrupt request to the CPU or DTC.
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A transfer break interrupt can be canceled either by clearing the DTIEB bit to O in the interrupt
handling routine, or by performing processing to continue transfer by setting the DTME bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1
transfer break interrupt.

Bit 3

DTIE1B Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bit 1—Data Transfer Interrupt Enable OB (DTIEOB): Enables or disables the channel 0
transfer break interrupt.

Bit 1
DTIEOB Description

0 Transfer break interrupt disabled (Initial value)

1 Transfer break interrupt enabled

Bits2 and 0—Data Transfer End Interrupt Enable A (DTIEA): These bits enable or disable
an interrupt to the CPU or DTC when transfer ends. If DTIEA bit is set to 1 when DTE = 0, the
DMAC regardsthis as indicating the end of a transfer, and issues atransfer end interrupt request to
the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIEA bit to O in the interrupt
handling routine, or by performing processing to continue transfer by setting the transfer counter
and address register again, and then setting the DTE bit to 1.

Bit 2—Data Transfer End Interrupt Enable 1A (DTIE1A): Enables or disablesthe channel 1
transfer end interrupt.

Bit 2
DTIE1A Description

0 Transfer end interrupt disabled (Initial value)

1 Transfer end interrupt enabled

Rev. 5.00 Mar 28, 2005 page 279 of 1422
REJ09B0234-0500
RENESAS



Section 8 DMA Controller (DMAC) (This function is not available in the H8S/2695)

Bit 0—Data Transfer End Interrupt Enable OA (DTIEOA): Enables or disables the channel 0
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

84 Register Descriptions (3)

84.1 DMA Write Enable Register (DMAWER)

The DMAC can activate the DTC with atransfer end interrupt, rewrite the channel on which the
transfer ended using a DTC chain transfer, and reactivate the DTC. DMAWER applies restrictions
so that only specific bits of DMACR for the specific channel and also DMATCR and DMABCR
can be changed to prevent inadvertent changes being made to registers other than those for the
channel concerned. Therestrictions applied by DMAWER are valid for the DTC.

Figure 8.2 shows the transfer areas for activating the DTC with a channel OA transfer end
interrupt, and reactivating channel OA. The address register and count register areaisre-set by the
first DTC transfer, then the control register areaisre-set by the second DTC chain transfer.

When re-setting the control register area, perform masking by setting bitsin DMAWER to prevent
modification of the contents of the other channels.
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MAROA

First transfer area

IOAROA

ETCROA

MAROB

IOAROB

ETCROB

MAR1A

DTC

I0AR1A

ETCR1A

MAR1B

I0AR1B

ETCR1B
DMAWER DMATCR

DMACROA DMACROB

DMACRI1A DMACR1B

Second transfer area
using chain transfer

DMABCR
I

Figure8.2 Areasfor Register Re-Setting by DTC (Example: Channel 0A)

Bit : 7 6 5 4 3 2 1 0
DMAWER :\ — \ — \ — \ — \ WE1B \ WE1A \ WEOB \ WEOA \
Initial value : 0 0 0 0 0 0 0 0
RIW R — — — RIW RIW RIW RIW

DMAWER is an 8-hit readable/writable register that controls enabling or disabling of writesto the
DMACR, DMABCR, and DMATCR by the DTC.

DMAWER isinitialized to H'00 by areset, and in standby mode.

Bits 7 to 4—Reserved: These bits are dways read as 0 and cannot be modified.
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Bit 3—Write Enable 1B (WE1B): Enables or disables writesto al bitsin DMACRIB, bits 11, 7,
and 3in DMABCR, and bit 5in DMATCR by the DTC.

Bit 3

WE1B Description

0 Writes to all bits in DMACR1B, bits 11, 7, and 3 in DMABCR, and bit 5in DMATCR
are disabled (Initial value)

1 Writes to all bits in DMACRI1B, bits 11, 7, and 3 in DMABCR, and bit 5in DMATCR
are enabled

Bit 2—Write Enable 1A (WE1A): Enables or disables writesto all bitsin DMACR1A, and bits
10, 6, and 2in DMABCR by the DTC.

Bit 2
WE1A Description
0 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACRZ1A, and bits 10, 6, and 2 in DMABCR are enabled

Bit 1—Write Enable OB (WEOB): Enables or disables writes to all bitsin DMACROB, bits9, 5,
and 1in DMABCR, and bit 4 in DMATCR.

Bit 1
WEOB Description
0 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are disabled (Initial value)
1 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are enabled

Bit 0—Write Enable OA (WEOA): Enables or disables writesto all bitsin DMACROA, and bits
8, 4,and 0in DMABCR.

Bit 0
WEOA Description
0 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are enabled
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Writes by the DTC to bits 15 to 12 (FAE and SAE) in DMABCR areinvalid regardless of the
DMAWER settings. These bits should be changed, if necessary, by CPU processing.

In writes by the DTC to bits 7 to 4 (DTE) in DMABCR, 1 can be written without first reading O.
To reactivate a channel set to full address mode, write 1 to both Write Enable A and Write Enable
B for the channel to be reactivated.

MAR, IOAR, and ETCR are always write-enabled regardless of the DMAWER settings. When
modifying these registers, the channel for which the modification is to be made should be halted.

8.4.2 DMA Terminal Control Register (DMATCR)

Bit : 7 6 5 4 3 2 1 0
DMATCR :‘ — ‘ — ‘ TEE1 ‘ TEEO ‘ — ‘ — ‘ — ‘ _
Initial value : 0 0 0 0 0 0 0 0
RIW R — RIW RIW — — _ _

DMATCR is an 8-bit readable/writable register that controls enabling or disabling of DMAC
transfer end pin output. A port can be set for output automatically, and atransfer end signal
output, by setting the appropriate bit.

DMATCRIsinitialized to H'00 by areset, and in standby mode.
Bits 7 and 6—Reserved: These bits are always read as 0 and cannot be modified.

Bit 5—Transfer End Enable 1 (TEE1): Enables or disablestransfer end pin 1 (TEND1) output.

Bit 5

TEE1 Description

0 TEND1 pin output disabled (Initial value)
1 TEND1 pin output enabled

Bit 4—Transfer End Enable O (TEEOQ): Enables or disablestransfer end pin O (TENDO) output.

Bit 4

WDescription

0 TENDO pin output disabled (Initial value)
1 TENDO pin output enabled
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The TEND pins are assigned only to channel B in short address mode.

The transfer end signal indicates the transfer cycle in which the transfer counter reached 0,
regardless of the transfer source. An exception is block transfer mode, in which the transfer end
signal indicates the transfer cycle in which the block counter reached 0.

Bits 3 to 0—Reserved: These bits are always read as 0 and cannot be modified.

8.4.3 Module Stop Control Register (M STPCR)

Bit : 7 6 5 4 3 2 1 0

\ MSTPA7 \ MSTPAG \ MSTPAS \ MSTPA4 \ MSTPA3 \ MSTPA2 \ MSTPA1 \ MSTPAO \
Initial value : 0 0 1 1 1 1 1 1
RIW . RW RIW RIW RIW RIW RIW RIW RIW

MSTPCRA is a 8-bit readable/writable register that performs module stop mode control.

When the MSTPA7 bit in MSTPCR is set to 1, the DMAC operation stops at the end of the bus
cycle and atransition is made to module stop mode. For details, see section 24.5, Module Stop
Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It is hot initialized by a
manual reset and in software standby mode.

Bit 7—Module Stop (M STP7): Specifiesthe DMAC module stop mode.

Bits 7

MSTPA7  Description

0 DMAC module stop mode cleared (Initial value)
1 DMAC module stop mode set
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8.5 Operation

85.1 Transfer Modes
Table 8.5 lists the DMAC modes.

Table85 DMAC Transfer Modes

Transfer Mode

Transfer Source

Remarks

Short Dual (1) Sequential mode « TPU channel 0to 5 e Upto 4 channels can
address address (2) Idle mode compare match/input operate independently
mode mode (3) Repeat mode capture A interrupt « External request
e SCI transmit-data- applies to channel B
empty interrupt only
¢ SCl reception complete « Single address mode
interrupt applies to channel B
* A/D converter only
conversion end * Modes (1), (2), and (3)
interrupt can also be specified
- External request for single address
mode
(4) Single address mode
Full address (5) Normal mode « External request * Max. 2-channel
mode

Auto-request

(6) Block transfer
mode

TPU channel 0 to 5
compare match/input
capture A interrupt

SCI transmit-data-
empty interrupt

SCI reception complete
interrupt

A/D converter
conversion end interrupt

External request

operation, combining
channels A and B
With auto-request,
burst mode transfer or
cycle steal transfer
can be selected
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Operation in each mode is summarized below.

(1) Sequential mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 bits. Thetransfer direction is programmable.

(2) I1dlemode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or one word at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. One address is specified as 24 bits, and the
other as 16 bits. The transfer source address and transfer destination address are fixed. The
transfer direction is programmable.

(3) Repeat mode

In response to a single transfer request, the specified number of transfers are carried out, one
byte or one word at atime. When the specified number of transfers have been completed, the
addresses and transfer counter are restored to their original settings, and operation is continued.
No interrupt request is sent to the CPU or DTC. One address is specified as 24 bits, and the
other as 16 bits. Thetransfer direction is programmable.

(4) Single address mode

In response to a single transfer request, the specified number of transfers are carried out
between external memory and an external device, one byte or one word at atime. Unlike dual
address mode, source and destination accesses are performed in parallel. Therefore, either the
source or the destination is an external device which can be accessed with a strobe alone, using
the DACK pin. One address is specified as 24 hits, and for the other, the pin is set
automatically. The transfer direction is programmable.

Modes (1), (2) and (3) can aso be specified for single address mode.

(5) Normal mode

Auto-request

By means of register settings only, the DMAC is activated, and transfer continues until the

specified number of transfers have been completed. An interrupt request can be sent to the

CPU or DTC when transfer is completed. Both addresses are specified as 24 bits.

0 Cycle steal mode: The busiis released to another bus master every byte or word transfer.

0 Burst mode: The busis held and transfer continued until the specified number of transfers
have been completed.
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e External request
In response to a single transfer request, the specified number of transfers are carried out, one
byte or oneword at atime. An interrupt request can be sent to the CPU or DTC when the
specified number of transfers have been completed. Both addresses are specified as 24 bits.

(6) Block transfer mode
In response to a single transfer request, a block transfer of the specified block sizeis carried
out. Thisis repeated the specified number of times, once each time there is atransfer request.
At the end of each single block transfer, one address isrestored to its original setting. An
interrupt request can be sent to the CPU or DTC when the specified number of block transfers
have been completed. Both addresses are specified as 24 hits.

8.5.2 Sequential Mode

Sequential mode can be specified by clearing the RPE bit in DMACR to 0. In sequential mode,
MAR is updated after each byte or word transfer in response to asingle transfer request, and thisis
executed the number of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR hit in DMACR.

Table 8.6 summarizes register functions in sequential mode.

Table8.6 Register Functionsin Sequential Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 ' ' 0 Source Destination Start address of Incremented/
| . MAR | | address address transfer destination decremented every
register register or transfer source  transfer
23 15 0 Destination Source Start address of Fixed
| H'FF | I0AR | address address transfer source or
register register transfer destination
15 ' 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend:

MAR: Memory address register
IOAR: /O address register
ETCR: Transfer count register
DTDIR: Data transfer direction bit
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word istransferred.

| OAR specifiesthe lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

Figure 8.3 illustrates operation in sequential mode.

/\/ /\/

Address T —m= -« I0AR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
Y Address B =L + (-=1)PTID. (2DTSZ. (N-1))
Address B —m~ Where: L =Value setin MAR

N = Value set in ETCR

/\/

Figure8.3 Operation in Sequential Mode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 each time a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.
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Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission complete and reception complete interrupts, and TPU channels0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

Figure 8.4 shows an example of the setting procedure for sequential mode.

» Clear the FAE bit to 0 to select short address
mode.

» Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

. . [1] Set each bitin DMABCRH.
Sequential mode setting

Set DMABCRH (1] [2] Set the transfer source address and transfer

destination address in MAR and IOAR.

[3] Setthe number of transfers in ETCR.

Set transfer source
and transfer destination | [2] [4] Set each bitin DMACR.
addresses  Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
decremented with the DTID bit.
» Clear the RPE bit to 0 to select sequential

Set number of transfers | [3] mode.
» Specify the transfer direction with the DTDIR
bit.
» Select the activation source with bits DTF3 to
Set DMACR [4] DTFO.

[5] Read the DTE bitin DMABCRL as 0.

[6] Set each bitin DMABCRL.

» Specify enabling or disabling of transfer end
Read DMABCRL [5] interrupts with the DTIE bit.
» Setthe DTE bit to 1 to enable transfer.

Set DMABCRL [6]

Y

C Sequential mode >

Figure8.4 Example of Sequential M ode Setting Procedure
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85.3 IdleM ode

I dle mode can be specified by setting the RPE bit and DTIE bit in DMACR to 1. In idle mode, one
byte or word istransferred in response to a single transfer request, and this is executed the number
of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified
by the DTDIR bit in DMACR.

Table 8.7 summarizes register functionsin idle mode.

Table8.7 Register Functionsin Idle M ode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 ' ' 0 Source Destination Start address of Fixed
| . MAR | | address address transfer destination
register register or transfer source
23 15 0 Destination Source Start address of Fixed
| H'FF | I0AR | address address transfer source or
register register transfer destination
15 ' 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend:

MAR:  Memory address register
IOAR: /O address register
ETCR: Transfer count register
DTDIR: Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
neither incremented nor decremented each time a byte or word is transferred.

| OAR specifiesthe lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.
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Figure 8.5 illustrates operation in idle mode.

/\/ /\/

MAR —» <Tra—nsfe> l-a—— IOAR

1 byte or word transfer performed in
response to 1 transfer request

Figure8.5 Operationin IdleMode

The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 each time a
transfer is executed, and when its value reaches H'0000, the DTE hit is cleared and transfer ends.
If the DTIE bit isset to 1 at thistime, an interrupt request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external
requests, SCI transmission complete and reception complete interrupts, and TPU channels0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

When the DMAC is used in single address mode, only channel B can be set.
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Figure 8.6 shows an example of the setting procedure for idle mode.

» Clear the FAE bit to 0 to select short address
mode.

» Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

. [1] Set each bitin DMABCRH.
Idle mode setting

Set DMABCRH [1] [2] Set the transfer source address and transfer

destination address in MAR and IOAR.

[3] Setthe number of transfers in ETCR.

Set transfer source
and transfer destination | [2] [4] Set each bitin DMACR.
addresses » Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
decremented with the DTID bit.
» Setthe RPE hitto 1.
» Specify the transfer direction with the DTDIR
bit.
» Select the activation source with bits DTF3 to
DTFO.

Set number of transfers | [3]

Set DMACR [41  [5] Read the DTE bitin DMABCRL as 0.

[6] Set each bitin DMABCRL.
» Set the DTIE bit to 1.
* Setthe DTE bit to 1 to enable transfer.

Read DMABCRL (5]

Set DMABCRL (6]

'
(o)

Figure8.6 Example of Idle M ode Setting Procedure
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854

Repeat M ode

Repeat mode can be specified by setting the RPE bit in DMACR to 1, and clearing the DTIE bit to
0. Inrepeat mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and this is executed the number of times specified in ETCR. On completion of the
specified number of transfers, MAR and ETCRL are automatically restored to their original
settings and operation continues.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified

by the DTDIR bit in DMACR.

Table 8.8 summarizes register functions in repeat mode.

Table8.8 Register Functionsin Repeat M ode
Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 0 Source Destination Start address of Incremented/
MAR address address transfer destination decremented every
register register or transfer source  transfer. Initial
setting is restored
when value reaches
H'0000
23 15 0 Destination Source Start address of Fixed
| H'FF | I0AR | address address transfer source or
register register transfer destination
7 0 Holds number of Number of transfers Fixed
ETCRH | transfers
Transfer counter Number of transfers Decremented every
7 ¥ o transfer. Loaded with
ETCRL ETCRH value when
count reaches H'00
Legend:
MAR: Memory address register
IOAR: 1/O address register
ETCR: Transfer count register
DTDIR: Data transfer direction bit
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MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is
incremented or decremented by 1 or 2 each time a byte or word istransferred.

| OAR specifiesthe lower 16 bits of the other address. The 8 bits above IOAR have a value of
H'FF.

The number of transfersis specified as 8 bits by ETCRH and ETCRL. The maximum number of
transfers, when H'00 is set in both ETCRH and ETCRL, is 256.

In repeat mode, ETCRL functions as the transfer counter, and ETCRH is used to hold the number
of transfers. ETCRL is decremented by 1 each time a transfer is executed, and when its value
reaches H'00, it is loaded with the value in ETCRH. At the same time, the value set in MAR is
restored in accordance with the values of the DTSZ and DTID bitsin DMACR. The MAR
restoration operation is as shown below.

MAR = MAR — (-1)°™P . 2°T2 . ETCRH
The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE bit is cleared. To end the transfer operation,
therefore, you should clear the DTE bit to 0. A transfer end interrupt request is not sent to the CPU
or DTC.

By setting the DTE bit to 1 again after it has been cleared, the operation can be restarted from the
transfer after that terminated when the DTE bit was cleared.
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Figure 8.7 illustrates operation in repeat mode.

/\/ /\/

Address T — = -« I0AR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
\j Address B =L + (—1)DTID . (2DTSZ. (N-1))
Where: L =Value setin MAR
N = Value setin ETCR

Address B —m

/\/

Figure8.7 Operation in Repeat mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, externa
requests, SCI transmission complete and reception complete interrupts, and TPU channels0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.

Rev. 5.00 Mar 28, 2005 page 295 of 1422
REJ09B0234-0500
RENESAS




