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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
(iii) 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.

Rev. 3.00 Jan 11, 2005 page ii of liv

RENESAS



General Precautionson the Handling of Products

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
arein their 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 is
input on the reset pin. During the period where the states are undefined, the register
settings and the output state of each pin are aso undefined. Design your system so that it
does not malfunction because of processing while it isin this undefined state. For those
products which have a reset function, reset the LSl immediately after the power supply has
been turned on.

4. Prohibition of Access to Undefined or Reserved Address

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

This manual comprises the following items:

Precautions in Relation to this Product

Configuration of this Manual

Overview

Table of Contents

Summary

Description of Functional Modules

¢ CPU and System-Control Modules

¢ On-chip Peripheral Modules

The configuration of the functional description of each module differs according to the module.
However, the generic style includes the following items:
i) Features

i) 1/0pins

iii) Description of Registers

iv) Description of Operation

V) Usage: Pointsfor Caution

o gk wDdPE

When designing an application system that includesthis LS, take the points for caution into
account. Each section includes points for caution in relation to the descriptions given, and points
for caution in usage are given, as required, as the final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix
¢ Product-type codes and external dimensions
« Mgjor revisions or addendain this version of the manual (only for revised versions)

The history of revisions isasummary of sections that have been revised and sections that have
been added to earlier versions. This does not include al of the revised contents. For details,
confirm by referring to the main description of this manual.

10. Appendix/Appendices
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Preface

The H85/2643 Group is agroup of high-performance microcontrollers with a 32-bit H8S/2600
CPU core, and a set of on-chip supporting functions required for system configuration.

The H8S2600 CPU can execute basic instructions in one state, and is provided with sixteen 16-bit
general registers with a 32-bit internal configuration, and a concise and optimized instruction set.
The CPU can handle a 16 Mbyte linear address space (architecturally 4 Ghytes). Programs based
on the high-level language C can aso be run efficiently.

The address space is divided into eight areas. The data bus width and access states can be selected
for each of these areas, and various kinds of memory can be connected fast and easily.

Single-power-supply flash memory (F-ZTAT ™*) and masked ROM versions 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.

On-chip supporting functions include a 16-bit timer pulse unit (TPU), programmable pulse
generator (PPG), 8-bit timer, 14-bit PWM timer (PWM), watchdog timer (WDT), serial
communication interface (SCI, IrDA), A/D converter, D/A converter, and 1/0 ports. It isalso
possible to incorporate an on-chip PC bus interface (11C) as an option.

In addition, DMA controller (DMAC) and datatransfer controller (DTC) are provided, enabling
high-speed data transfer without CPU intervention.

Use of the H8S/2643 Group enables easy implementation of compact, high-performance systems
capable of processing large volumes of data.

This manual describes the hardware of the H8S/2643 Group. Refer to the H8S2600 Series and
H85/2000 Series Programming Manual for a detailed description of the instruction set.

Note: * F-ZTAT (Fexible-ZTAT) is atrademark of Renesas Technology, Corp.
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Main Revisions for this Edition

Item Page Revisions (See Manual for Details)
1.1 Overview 4 Specification amended
Table 1.1 Overview Memory

* Flash memory or masked ROM
 High-speed static RAM

5 Package
 144-pin plastic QFP (FP-144J)
e 144-pin plastic TQFP (TFP-144)
Specification amended and note deleted

Product lineup

Model Name

Masked ROM Version F-ZTAT Version ROM/RAM (Bytes) Packages

HD6432643 HD64F2643 256 k/16 k FP-144]
TFP-144

HD6432642 — 192 k/12 k FP-144]
TFP-144

HD6432641 —_ 128 k/8 k FP-144]
TFP-144

1.2 Internal Block 6 Figure 1.1 amended

Diagram  Trmmmmmmmmmomosoooooooooooooo

Figure 1.1 Internal
P77/TxD3

Block Diagram P76/RXD3
P75/TMO3/SCK3
P74/TMO2/MRES
P73/TMO1/CS7
P72/TMO0/CS6
P71/TMRI23/TMCI23/CS5
P70/ TMRIOL/TMCIO1/CS4

Rev. 3.00 Jan 11, 2005 page vii of liv

RENESAS



Item Page Revisions (See Manual for Details)
1.3.1 Pin 7 Figure 1.2 amended
Arrangement

Figure 1.2 Pin
Arrangement (FP-
1443, TFP-144: Top
View)

DA/ANIS/PY7 [l126
AVSS

TESTT Chzs

A20iPA4 o9

A21PAS Th3o

A22/PA6 T3l

_ A23IPAT T3z
S4/TMCIOLTMRIOUP70 Tl133
CS5/TMCI23/TMRI23/P71 Cl134
CSBITMOOIP72 Cli3s
CS7/TMOVP73 36
MRES/TMO2/P74 37
SCK3ITMOZ/P75 138
RXD3IP76 139

TXD3IP77 14

Top view
(FP-144])
(TFP-144)

Note: *

FWE is used only in the flash memory version

[ PD2/D10

0 PE4/IDA

0 P50/TxD2

0 p27/PO7/TIOCES
[ P26/POBITIOCAS
0 PE3/ID3

0 PEOIDO
[0 P17/PO15/TIOCB2/TCLKD/PWM3
0 P16/PO14/TIOCA2/PWM2/IRQT
0 P15/PO13/TIOCBL/TCLKC

1.3.2 Pin Functions
in Each Operating
Mode

Table 1.2 Pin
Functions in Each
Operating Mode

8 Table 1.2 amended

Pin Name

Pin No. Mode 4

15

PBOAS

Mode 5

PBO/A8

16 PVCC

PvCC

17 PB1/A9

PB1/A9

18 PB2/A10

PB2/A10

19 PB3/A11

PB3/A11

20 PB4/A12

PB4/A12

21 PB5/A13

PB5/A13

22 PB6/A14

PB6/A14

23 PB7/A15

27

PAOIALE

PB7/A15

PAO/A16
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Item Page Revisions (See Manual for Details)
1.3.2 Pin Functions 9 Pin Name
in Each Operating Pin No. Mode 4 Mode 5 5
Mode
Table 1.2 Pin 28 PA1/A17 PA1/A17 |
Functions in Each 29 PA2/A18 PA2/A18
Operating Mode 30 PA3/AL9 PA3/IA19
40 PEO/DO PEO/DO
41 PE1/D1 PE1/D1 i
42 PE2/D2 PE2/D2
43 PE3/D3 PE3/D3 [
47 PE4/D4 PE4/D4
48 PE5/D5 PE5/D5 :
49 PE6/D6 PEG6/D6 !
50 PE7/D7 PE7/D7
“ Pin Name
PinNo. Mode4  Modes Modes ! Mode7 ...
8 FEWS  Fwe® Fwe® Fwe®
102 ASJLCAS ASILCAS ASILCAS PF6
103 RD RD RD PF5
104 HWR HWR HWR PF4
105 ~ LWR/ADTRG/RQ3 PF3/LWR/ADTRG/ PF3/LWR/ADTRG/ PF3/ADTRG/IRQ3
RO RQ3
12 Pin Name
PinNo. Mode4 ~ Modes ] Mode6 Mode7 .
129 PA4/A20 PA4/A20 PA4/A20 PA4
130 PA5/A21 PA5/A21 PA5/A21 PA5
131 PA6/A22 PA6/A22 PA6/A22 PA6
132 | PATIA23 __ _____PA7TIA23 | PATIA23 _  _IPAT .
1> EOUGIESY = EAONESE == BETETGER | RENEEN 0
144 NC# NCH NCH NC*
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Item Page Revisions (See Manual for Details)

1.3.3 Pin Functions 13 Name and function amended
Table 1.3 Pin XTAL, EXTAL
Functions

Crystal: Connects to a crystal oscillator. ...

17 TxD4, TxD3, TxD2, TxD1, TxDO
Transmit data (channel O to 4)

RxD4, RxD3, RxD2, RxD1, RxDO
Receive data (channel 0 to 4)

SCK4, SCK3, SCK2, SCK1, SCKO0
Serial clock (channel 0 to 4): Clock I/O pins.

AVCC

Analog power supply: A/D converter and D/A converter power
supply pins. ...

18 AVSS
Analog ground: Analog circuit ground and reference voltage. ...

Vref

Analog reference power supply: A/D converter and D/A
converter reference voltage input pins. ...

PA7 to PAO
Port A: 8-hit I/0 port. ...
2.6.1 Overview 38 Table 2.1 amended
Table 2.1 Instruction Function Instructions

Classification

Data transfer

MOV
POP*!, PUSH**

LDM*3, STM*®

MOVFPE*®, MOVTPE*®

Note added

Note: 5. Only register ERO to ER6 should be used when using
the STM/LDM instruction.
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Item Page Revisions (See Manual for Details)

2.6.2 Instructions 39 Table 2.2 amended
and Addressing -
Modes '
Table_2.2_ Function Instruction
Combinations of
Instructions and i
Addressing Modes '
Data MOV !
transfer W
LDM*3, sTM*3 1
MOVEPE*!,
MOVTPE*L

40 Note added

Note: 3. Only register ERO to ER6 should be used when using
the STM/LDM instruction.

2.6.3 Table of 42 Table 2.3 amended
Instructlo_ns Classified Type Instruction Size*! :
by Functon G H
Data transfer LDM* L |
Table 2.3 3 :
Instructions Classified STM* L :
by Function
47 Table 2.3 amended
Type  Instruction  Size*' Functon
Block data EEPMOV.B — if R4L'# 0 then
transfer Repeat @ER5+ - @ER6+
instruction R4L-1 - RAL
Until R4L =0
else next;
EEPMOV.W — if R4# 0 then
Repeat @QER5+ -~ @ER6+
R4-1 - R4
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, UntilR4=0
48 Note added

Note: 3. Only register ERO to ER6 should be used when using
the STM/LDM instruction.

2.10.2 STM/LDM 67 2.10.2 added

Instruction

2.10.3 Bit 2.10.3 added

Manipulation

Instructions

3.3.1 Mode 4 76 Description amended

3.3.2 Mode 5 ... Port A, B, and C, function as ...
3.3.3 Mode 6
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ltem

Page

Revisions (See Manual for Details)

3.4 Pin Functionsin 75
Each Operating Mode

Table 3.3 Pin 77
Functions in Each
Mode

3.5 Address Map in
Each Operating Mode

Description amended

The pin functions of ports A to G vary depending on the

operating mode. ...

Table 3.3 amended
Port

Mode 4 Mode5 Mode6 Mode?7

Port A PAY to PA5 P*/A

P*/A P*/A

P

PA4 to PAO P/A*

P/IA* P*/IA

P

Description amended

The Address space is 16 Mbytes in modes 4 to 7 (advanced

mode).
5.5.5 IRQ Interrupt 119 5.5.5 added
5.5.6 NMI Interrupt 5.5.6 added
Usage Notes
10.1 Overview 341 Table 10.1 amended
Table 10.1 Port | Port [ Description | Pins [ Mode4 [ Mode5 | Modes [ Mode7
. ) Port 7 | 8-hit IO P77/TxD3 8-bit I/0 port also functioning as 8-bit timer 1/0 |8-bit I/O port
Functions ot P76/RXD3 pins (TMRIO1, TMCIO1, TMRI23, TMCI23, also function-
p TMOO0, TMO1, TMO2, TMOB3), bus control ing as 8-bit
P75/TMO3/SCK3 output pins (CS4 to CS7), SCI I/O pins (SCK3, |timer I/O pins
P74/TMO2/MRES RxD3, TxD3), and the manual reset input pin  |(TMRIO1,
— (MRES) TMCIOL,
P73/TMO1/CS7 TMRI23,
P72/TMOO/CS6 TMCI23,
P71/TMRI23/TMCI23/ TMOO, TMO1,
e TMO2, TMO3),
SCI I/0 pins
P70/TMRI01/TMCIOL/ (SCK3, RxD3,
CS4 TxD3), and the
manual reset
input pin
(MRES)
10.2.1 Overview 345 Description amended
... Port 1 functions are the same in all operation modes. ...
10.2.2 Register 346 (1) Port 1 Data Direction Register (PLDDR)

Configuration

Description amended

... Because PPG and TPU are initialized at a manual reset, ...
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Item Page

Revisions

(See Manual for Details)

10.2.3 Pin Functions 348

Description amended

... TOPCA2, and TIOCB2), external interrupt input pins (IRQO

and IRQ1), and 14-bit PWM output pins (PWM2 and PWM3). ...
Table 10.3 Port1l 352 Table 10.3 amended
Pin Functions Pin Selection Method and Pin Functions
P13/PO11/ The pin function is switched as shown below according to the combination of
TIOCDO/TCLKB  'the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits I0D3 to IODO
in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO in
TCRO to TCR2, bit NDER11 in NDERH, and bit P13DDR.
TPU Channel Table Table Below (2)
0 Setting Below (1)
P13DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCDO P13 input P13 output | PO11 output
output
TIOCDO input **
TCLKB input *?
353 Pin Selection Method and Pin Functions
P12/PO10/ The pin function is switched as shown below according to'the combination of
TIOCCO/TCLKA  'the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOC3 to IOCO
in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO in
TCRO to TCR5, bit NDER10 in NDERH, and bit P12DDR.
TPU Channel Table Table Below (2)
0 Setting Below (1)
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TiOCcCco P12 input P12 output | PO10 output
output
TIOCCO input **
TCLKA input *?
354 Pin Selection Method and Pin Functions
P11/PO9/TIOCBO The pin function is switched as shown below according to'the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, and bits IOB3 to
10BO0 in TIOROH), bit NDER9 in NDERH, and bit P11DDR.
TPU Channel Table Table Below (2)
0 Setting Below (1)
P11DDR — 0 1 1
NDER9 — — 0 1
Pin function TIOCBO P11 P11 PO9
output input output output
TIOCBO input *
355 Pin Selection Method and Pin Functions
P10/PO8/TIOCAQ

The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOA3 to IOAQ
in TIOROH, and bits CCLR2 to CCLRO in TCRO), bit NDER8 in NDERH, and
bit P10DDR.

TPU Channel Table Table Below (2)
0 Setting Below (1)
P10DDR — 0 1 1
NDERS8 — —_ 0 1
Pin function TIOCAO P10 P10 PO8
output input output output
TIOCAQ input *
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Item Page Revisions (See Manual for Details)
10.3.2 Register 357 (1) Port 2 Data Direction Register (P2DDR)
Configuration

Description amended

... and in software standby mode. PPG and TPU are initialized
by a manual reset, so the pin states are determined by the
specification of P2DDR and P2DR.

10.4.2 Register 368
Configuration

10.4.3 Pin Functions 370

10.6.2 Register 376
Configuration

(1) Port 3 Data Direction Register (P3DDR)
Description amended

... SCl and IIC are initialized by a manual reset, so the pin
states are determined by the specification of P3DDR and
P3DR.

Description amended

The port 3 pins double as SCI I/O input pins (TxDO, RxDO,
SCKQO, IrTxD, IrRxD, TxD1, RxD1, SCK1, TxD4, RxD4, SCK4),
external interrupt input pins (IRQ4, IRQ5) and IIC I/O pins
(SCLO, SDAO, SCL1, SDA1). ...

(1) Port 5 Data Direction Register (P5DDR)
Description amended

... P5DDR is initialized to H'O (bits 2 to 0) by a power-on reset
and in hardware standby mode. ... and in software standby
mode. As the SCl is initialized by a manual reset, the pin states
are determined by the PSDDR and P5DR specifications.

(2) Port 5 Data Register (P5DR)
Description amended

... P5DR is initialized to H'O (bits 2 to 0) by a power-on reset
and in hardware standby mode. ...
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Item Page

Revisions (See Manual for Details)

10.7.1 Overview 379

Figure 10.6 Port7
Pin Functions

Description amended

... bus control output pins (CS4 to CS7), SCI I/0 pins (SCKS3,
RxD3, TxD3) and manual reset input pin (MRES). ...

Figure 10.6 amended

Port7 e—ro

P74/ TMO2/ MRES

P70/ TMRIO1/ TMCIO1/CS4

Port 7 pins Pins Functions for Modes 4 to 6
r«—— P77/ TxD3 P77 (1/0) / TxD3 (output)
l«—— P76/ RxD3 P76 (1/0) / RxD3 (input)
l«—— P75/ TMO3 SCK3 P75 (1/0) / TMO3 (output) / SCK3 (1/0)

)
P74 (1/0) / TMO2 (output) / MRES (input)
)

l«—— P73/TMO1/CS7 P73 (/0) / TMO1 (output) / TS7 (output)
—— P72/ TMOO / CS6 P72 (1/0) / TMOO (output) / CS6 (output)
[«—— P71/ TMRI23/ TMCI23 / CS5 P71 (/0) / TMRI23 (input) / TMCI23 (input) / CS5 (output)

P70 (1/0) / TMRIOL (input) / TMCIO1 (input) / CS# (output)

Modes 7 Pin Functions

P77 (/0) / TXD3 (output)

P76 (1/0) / RxD3 (input)

P75 (1/0) / TMO3 (output) / SCK3 (1/0)

P74 (1/0) / TMO2 (output) / MRES (input)
P73 (1/0) / TMOL (output)

P72 (1/0) / TMOO (output)

P71 (/O) / TMRI23 (input) / TMCI23  (input)
P70 (/0) / TMRIOL (input) / TMCIO1 (input)

10.7.2 Register 380
Configuration

(1) Port 7 Data Direction register (P7DDR)
Description amended

... and in software standby mode. The 8-bit timer and SCI are
initialized by a manual reset so the pin states are determined by
the specification of P7DDR and P7DR.

10.7.3 Pin Functions 382

Description amended

... bus control output pins (CS4 to CS7), SCI I/O pins (SCKS3,
RxD3, TxD3) and manual reset input pin (MRES). ...

Table 10.12 Port7 383
Pin Function

Table 10.12 amended

Pin Selection Method and Pin Functions

P72/TMO0/  Switches as follows according to combinations of operating mode and OS3 to OS0

Csé bits of 8-bit timer TCSRO, and the P72DDR bit.
Operating Modes 4 to 6 Mode 7
Mode
0S3to OS0 AllO Anyis 1 AllO Anyis 1
P72DDR 0 1 — 0 1 —
Pin function | P72 input CSs6 TMOO | P72 input |P72 output| TMOO
pin output pin | output pin pin output
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Item Page Revisions (See Manual for Details)

10.8.2 Register 386 (1) Port 8 Data Direction Register (P8DDR)

Configuration Description amended
... and in software standby mode. DMAC is initialized by a
manual reset, so the pin states are determined by the
specification of PBDDR and P8DR.

10.10.2 Reqgister 393 (1) Port A Data Direction Register (PADDR)

Configuration Description amended
... PADDR is initialized to H'00 by a power-on reset, and in
hardware standby mode. ... when a transition is made to
software standby mode. See section 24.2.1, Standby Control
Register (SBYCR), for details.
* Modes 4 to 6
... irrespective of the value of PADDR. When pins are not used
as address outputs, ...

394 (2) Port A Data Register (PADR)
Description amended
... PADR is initialized to H'00 by a power-on reset, and in
hardware standby mode. ...
395 (4) Port A MOS Pill-Up Control Register (PAPCR)

Description amended
...In modes 4 to 6, if a pin is in the input state in accordance
with the settings in PFCR, and in DDR, setting the
corresponding PAPCR bit to 1 turns on the MOS input pill-up for
than pin.
In mode 7, if a pin is in the input state in accordance with the
settings in DDR, setting the corresponding PAPCR bit to 1 turns
on the MOS input pill-up for than pin.
PAPCR is initialized by a manual reset or to H'00 by a power-on
reset, and in hardware standby mode. ...
(5) Port A Open Drain Control Register (PAODR)
Description amended
... PAODR is initialized to H'00 by a power-on reset, and in
hardware standby mode. ...

10.11.1 Overview 398 Description amended

Port B is n 8-bit I/O port. Port B pins also function as address
bus outputs; ...
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Item Page Revisions (See Manual for Details)

10.12.1 Overview 404 Figure 10.15 amended
Figure 10.15 PortC Port C pins Pin functions in modes 4 and 5
Pin Functions la—» PCTIATIPWMI A7 (output)
[—» PC6/A6/PWMO A6 (output)
le—» PC5/A5 A5 (output)
portc [ PCAA4 A4 (output)
l— PC3/A3 A3 (output)
t—w PC2/A2 A2 (output)
ta—= PC1/A1 Al (output)
t—» PCO/A0 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) PCS (1/0)
A5 (output) PC5 (input) PC4 (/0)
A4 (output) PC4 (input) PC3 (I/0)
A3 (output) PC3 (input) PC2 (1/0)
A2 (output) PC2 (input) PC1 (1/0)
Al (output) PC1 (input) PCO (I/0)
A0 (output) PCO (input)
10.15.1 Overview 423 Figure 10.25 amended
Figure 10.25 Port F Port F pins

Pin Functions

-— PF7/@
+—» PF6/AS/LCAS
l«—» PF5/RD

<> PF4/HWR E

Port F -
~—s PF3/LWR/ADTRG/IRQ3
~+—> PF2/LCAS/WAIT/BREQO
~=—» PF1/BACK/BUZZ
~—» PFO/BREQ/IRQ2

10.16.2 Register 429 (1) Port G Data Direction Register (PGDDR)

Configuration Description amended

... Inmodes 4 and 5, the PGDDR are initialized to H'10 (bits 4
to 0) ...
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Item Page Revisions (See Manual for Details)

11.2.9 Timer 472 Description amended

Synchro Register TSYR is an 8-bit readable/writable register that selects

(TSYR) independent operation or synchronous operation for the
channel 0 to 5 TCNT counters.

15.1.2 Block 598 Figure 15.1 (a) amended

Diagram e

Figure 15.1 (a) Block
Diagram of WDTO

' Overflow @2r2
WOVI 0 - L | Interrupt @642
(interrupt request | control le——@128*2
signal) | Clock Clock [+——@/512*2
. select |«——@/2048*2
: l——@B102*2 |
. ! %2 |
e S p— e
i e :
Internal reset signal* «—— control Internal clock
: sources

E‘RSTCSR ‘<JTTCNT ‘«—»‘ TSCR ‘
: O O O Bus

Module bus interface

Internal bus

Legend:

TCSR:  Timer control/status register
TCNT:  Timer counter

RSTCSR: Reset control/status register

Notes: 1. The type of internal reset signal depends on a register setting.
There are two alternative types of reset, namely power-on reset and manual reset.
2. The @in the subactive and subsleep modes is ¢SUB.

15.2.2 Timer 605
Control/Status
Register (TCSR)

17.2.4 Serial Control 708
Register (SCR)

17.3.5 Clock 715

716

WDT1 Input Clock Select
Note *2 added

Notes:1. An overflow period is the time interval between the
start of counting up from H’00 on the TCNT and the
occurrence of a TCNT overview.

2. The @in the subactive and subsleep modes is ¢SUB.
Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEO):
Table amended
(Before) C/A, GM - (After) C/A, GM
Description amended
... Where: N = Value set in BRR (0 £ N £255) ...

... Nis an integer, 0 £ N £ 255, and the smaller error is
specified.
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17.3.6 Data Transfer 718
Operations

(2) Serial Data Transmission
Description amended

... For details, see (6), Interrupt Operation (Except Block
Transfer Mode), and (7), Data Transfer Operation by DMAC or
DTC.

(3) Serial Data Reception (Except Block Transfer Mode)
Description amended

... For details, see (6), Interrupt Operation (Except Block
Transfer Mode), and (7), Data Transfer Operation by DMAC or
DTC.

Bit 0 O Format Select (FS):
Description amended

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

722
18.2.2 Slave 739
Address Register
(SAR)

740

18.2.3 Second Slave
Address Register
(SARX)

Bit table amended

SAR SARX
Bit O Bit O
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
e SARX slave address recognized
1 Synchronous serial format
e SAR and SARX slave addresses ignored

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

Used together with the FS bit in SAR to select the
communication format.
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18.2.4 I>*C Bus Mode 743

Bits 5to 3 O Serial Clock Select (CKS2 to CKS0):

Register (ICMR) Note * added to bit table
SCRX
Bit
50r6 Bit5 Bit4 Bit3 Transfer Rate
¢= 9= 0= ¢= = 0=
IICX CKS2 CKS1 CKSO Clock 5MHz 8 MHz 10 MHz 16 MHz 20 MHz 25 MHz
0 0 0 0 /28 179kHz 286 kHz 357 kHz 571 kHz* 714 kHz* 893 kHz*
1 /40 125kHz 200 kHz 250kHz 400 kHz 500 kHz* 625 kHz*
1 0 /48 104 kHz 167 kHz 208 kHz 333 kHz 417 kHz* 521 kHz*
e 1 /64 781kHz 125kHz 156kHz 250kHz 313KkHz 391kHz
Note: * Outside the allowable range for the I°C bus interface
standard (normal mode: max. 100 kHz, high-speed
mode: max. 400 kHz).
18.2.5 I°CBus 746 Bit 4 0 Transmit/Receive Select (TRS)
Control Register No.4 description deleted from clearing conditions
(ICCR)
18.2.6 I°C Bus 757 Bit 0 O Acknowledge Bit (ACKB)
Status Register Description added
(ICSR) _ _
... 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.
18.3.5 Slave 771 Figure 18.11 amended
Transmit Operation Slave receive mode |
. —_—
Figure 18.11 -
Example of Slave S M }
Transmit Mode (master output) -

Operation Timing
(MLS =0)

SCL

(slave output) \ E }
oo a /T
(slave output) [
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18.4 Usage Notes

Table 18.7
Permissible SCL Rise
Time (tsr) Values

782

788 to 792

Table 18.7 amended

Time Indication

I°C Bus
Specifi-
teye cation @= 0= @= @= 0= 0= 0=
1IICX Indication (Max.) 5MHz 8MHz 10 MHz 16 MHz20 MHz 25 MHz 28 MHz
0 7.5 teye Standard 1000 ns 1000ns 937ns 750ns 468ns 375ns 'O (m]
mode
High-speed 300ns 300ns 300ns 300ns 300ns 300ns (O O
mode
1 175ty Standard 1000 ns 1000 ns 1000 ns 1000 ns 1000 ns875ns 700 ns 624 ns
mode

High-speed 300ns 300ns 300ns 300ns 300ns 300ns 300ns 300 ns
mode

Note added

Note:When 7.5 teyc is selected as the transfer rate, the actual
transfer rate may be extended if ¢ exceeds 20 MHz.

(10) Notes on IRIC Flag Clearance when Using Wait Function

(11) Notes on ICDR Reads and ICCR Access in Slave
Transmit Mode

(12) Notes on TRS Bit Setting in Slave Mode

(13) Notes on ICDR Reads in Transmit Mode and ICDR Writes
in Receive Mode

(14) Notes on ACKE Bit and TRS Bit in Slave Mode
(15) Notes on Arbitration Lost in Master Mode
Description added

19.2.2 A/D
Control/Status
Register (ADCSR)

798

Bit 7—A/D End Flag (ADF):

Description amended

[Clearing conditions]

« When 0 is written to the ADF flag after reading ADF = 1

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

19.4.3 Input
Sampling and A/D
Conversion Time

808

Description amended

... atleast 10 pus when AVcc 2 4.5V, and at least 16 ps when
AVcc < 4.5V.

19.6 Usage Notes

Table 19.7 Analog
Pin Specifications

811

(1) Setting Range of Analog Power Supply and Other Pins:
(a) Analog input voltage range
Description amended

The voltage applied to analog input pin ANn during A/D
conversion should be in the range AVSS = ANn < Vref.

812

Table 19.7 amended
Unit of permissible signal source impedance
Unit (Before) k — (After) kQ
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20.1.4 Register 819
Configuration

Table 20.2 amended

Channel Name

Abbreviation R/IW Initial Value ~ Address*

Table 20 2 D/A All Module stop control register A MSTPCRA RW H'3F H'FDE8
Convertér Registers Module stop control register C MSTPCRC RW HFF H'FDEA
22.11.1 Socket 874 22.11.1 replaced

Adapter and Memory

Map

22.14 Note on 891 Table 22.27 amended

Switching f_rom F- Abbreviation Address

ZTAT Version to

Masked ROM Version FLMCR1 H'FFA8

Table 22.27 FLMCR2 H'FFA9

Registers Present in EBR1 H'FFAA

F-ZTAT Version but EBR2 TEFER

Absent in Masked

ROM Version RAMER H'FEDB

23.2.2 Low-Power 896
Control Register
(LPWRCR)

Bits 1 and 0 O Frequency Multiplication Factor (STC1, STCO):

Note description added

Note:...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.

23.3.2 External Clock 900
Input

Table 23.4 External

(2) External Clock

Clock low pulse width level and Clock high pulse width level test

conditions amended

Clock Input (Before) 9 5SMHz — (After) =5 MHz
Conditions

24.12 @Clock 931 Description added

Output Disabling ... in each processing state.

Function

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)
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25.2 DC 934 Table 25.2 (1) amended

Characteristics Conditions: Vee = PLLVee = 3.0 V10 3.6 V, PVee = 4.5 V to
Table 25.2 DC 55V,AVcc =45V 1t055V, Ve =45V to AVCC,

Characteristics (1)

Vss = AVss = PLLVss =0V, T, =-20°C to +75°C
(regular specifications), T, = —40°C to +85°C (wide-
range specifications)**

Test
Item Symbol  Min. Typ. Max. Unit Conditions
Input leakage RES, FWE*® | Iin| - — 1.0 WA Vin= 0.5 to
current STBY, NMI, — — 1.0 WA PVec—- 0.5V
MD2 to MDO
Ports 4, 9 — — 1.0 HA Vin=0.5to
AVce - 0.5V
Three-state Ports 1, 2, 3, ltsi — — 1.0 HA Vin =
leakage 57,8 AtoG 0.5 to PVee —
current 05V
(off state)
Curent " "Standbymode T so ) pa T TEs0c T
dissipation* — — 20 50°C <Ta
936 Item Symbol Min. Typ. Max. Unit Test Conditions
‘RAM standby voltage® Vs 20— . e V2
Notes amended
Notes: 1. ... Set Vi £ AVce.
4. The values are for Vkamy € Vec< 3.0V, ...
Table 25.2 DC 937 Table 25.2 (2) amended
Characteristics (2 -
) O Preliminary O deleted
Conditions: Vcc = PLLVcc =3.0V 10 3.6 V, PVcc =3.0 V to
5.5V, AVcc = 3.6 V10 5.5 VX', Vs = 3.6 V to
AVcck?, Vss = AVss = PLLVss = 0 V, T, = —20°C to
+75°C (regular specifications), T, = —40°C to +85°C
. . . 1
(wide-range specifications)*
e e Symbol Min. . Typ,  Max. ... Unit _Test Conditions
Input leakage RES, FWE*® | Iin| — — 1.0 WA Viy=05to
current STBY, NMI, — — 1.0 HA PVcc-0.5V
MD2 to MDO
Ports 4, 9 — — 1.0 HA Vin=0.5t0,
AVce - 0.5V
938 Item Symbol Min. Typ. Max. Unit  Test Conditions
Three-state Ports 1,2,3, |hsi| — — 1.0 HA Vin= 0.5t0
leakage 5,7,8,Ato G PVee - 0.5V
current
(off state)
Current Standby mode — 1.0 5.0 UA Ta<50°C

. . 3
dissipation* _ _ 20 50°C < Ta
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252 DC 939 Table 25.2 (2) amended
Characteristics Item Symbol Min  Typ Max Unit Test Conditions
Table 25.2 DC Port power ~ Operating  Plcc — 10 16 mA
T supply PVcc =5.0V
Characteristics (2) current*® Subclock P — 50 HA
operation
Standby — 0.5 5.0 Ta=50°C
................ watchmode T 20 50°C T
RAM standby voltage** Vram 2.0 - - \%

Notes amended
Notes: 1. ...Set Vg £ AVcc.
4. The values are for Vekay £ Vec< 3.0V, ...

7. AVcc =3.3Vto5.5Vifthe A/D and D/A converters
are not used (used as I/O ports).

8. Vet = 3.3V to AVcc if the A/D and D/A converters
are not used (used as I/O ports).

Table 25.3 940
Permissible Output
Currents

Table 25.3 conditions amended

Conditions: Vcc = PLLVcc=3.0Vt03.6V,PVcc=3.0Vto
5.5V, AVcc = 3.6 V10 5.5 V¥ Vs = 3.6 V to
AVcc*?, Vss = AVss = PLLVss = 0V,
Ta=-20°C to +75°C (regular specifications),
Ta=-40°C to +85°C (wide-range specifications)*l
Notes added

Notes:1. AVcc =3.3Vto5.5V ifthe A/D and D/A converters
are not used (used as I/O ports).

2. Ve =3.3Vto AV if the A/D and D/A converters
are not used (used as /O ports).

Table 25.4 Bus 941
Drive Characteristics

Table 25.4 conditions amended
(Before) Vss =AVss =0V - (After) Vss = AVss = PLLVss =0V

Rev. 3.00 Jan 11, 2005 page xxiv of liv

RENESAS



Item Page

Revisions (See Manual for Details)

25.3.1 Clock Timing 943 to 957

Table 25.5 Clock
Timing

to

25.3.4 DMAC Timing

Table 25.8 DMAC
Timing

Table 25.5 to 25.8 conditions amended

Condition A: Vece = PLLVcc=3.0Vt03.6V,PVcc=3.0Vto
5.5V, AVcc = 3.6 V10 5.5 V!, Vs = 3.6 V tO
AVcc*?, Vss = AVss = PLLVss = 0V,
(@ =32.768 kHz, 2 to 16 MHz,
Ta=-20°C to +75°C (regular specifications),
Ta=-40°C to +85°C (wide-range specifications)

Condition B: Vcc = PLLVcc=3.0Vt03.6 V, PVec =4.5V to
55V, AVec=45V1to55V, V=45V to
AVcc, Vss = AVSS = PLLVSS =0 V,
(@ =32.768 kHz, 2 to 25 MHz,
Ta=-20°C to +75°C (regular specifications),
Ta=-40°C to +85°C (wide-range specifications)

Notes added

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

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

25.3.5 Timing of On- 961, 962
Chip Supporting

Modules

Table 25.9 Timing of

On-Chip Supporting

Modules

Table 25.9 conditions amended

Condition A: Vee =PLLVcc=3.0Vto 3.6V, PVcc=3.0Vto
5.5V, AVcc = 3.6 V10 5.5 V2 V= 3.6 V to
AVcc*?, Vss = AVss = PLLVss = 0 V,
@=32.768 kHz*!, 2 to 16 MHz,
Ta=-20°C to +75°C (regular specifications),
Ta=-40°C to +85°C (wide-range specifications)

Condition B: Veec =PLLVec=3.0Vt03.6V,PVcc=4.5Vto
55V, AVcc=4.5V 10 5.5V, Vi =4.5 V1o AVcc,
Vss = AVss = PLLVss =0V, 9= 32.768 kHz*l,
210 25 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Notes 2 and 3 added

Notes:1. Only available 1/0 port, TMR, WDTO, and WDT1.

2.AVcc = 3.3V to 5.5 Vifthe A/ID and D/A converters
are not used (used as I/O ports).

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

Rev. 3.00 Jan 11, 2005 page xxv of liv

RENESAS



Item Page

Revisions (See Manual for Details)

25.3.5 Timing of On- 967
Chip Supporting

Modules

Table 25.10 I°C Bus
Timing

Table 25.10 conditions replaced
Notes 2 and 3 added
Notes:1.17.5 tcyc can be set ...

2.AVcc = 3.3 Vto 5.5 Vifthe A/D and D/A converters
are not used (used as /O ports).

3. Vet = 3.3 V to AVc if the A/D and D/A converters are
not used (used as I/O ports).

25.4 A/D Conversion 969, 970
Characteristics
Table 25.11 A/D

Conversion
Characteristics

25.5 DJ/A Conversion
Characteristics
Table 25.12 D/A
Conversion
Characteristics

25.6 Flash Memory 971
Characteristics

Table 25.13 Flash
Memory
Characteristics

Table 25.11 and 25.12 conditions amended

Condition A: Vce = PLLVcc=3.0Vt03.6V, PVcc=3.0Vto
5.5V, AVcc = 3.6 V10 5.5 V!, Vs = 3.6 V t0
AVcec*?, Vss = AVss = PLLVss = 0V,
@=2to 16 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Condition B: Vcc = PLLVcc=3.0V1t03.6 V, PVec =45V to
55V, AVcc =45V 1055V, Ve =4.5V to AV,
Vss = AVss = PLLVss =0V, Q= 2 to 25 MHz,
Ta=-20°C to +75°C (regular specifications),
Ta =—-40°C to +85°C (wide-range specifications)

Notes added

Notes: 1. AVcc =3.3 Vto 5.5 Vifthe A/D and D/A converters
are not used (used as I/O ports).

2. Vi = 3.3 Vto AVcc if the A/D and D/A converters
are not used (used as I/O ports).

Table 25.13 conditions amended

Conditions: Vcc = PLLVcc=3.0Vt03.6V,PVec=4.5V to
55 V, AVCC =45Vto5.5 V, Vss = AVSS = PLLVSS
=0V, Ta=-20°C to +75°C (regular specifications),
Ta=-40°C to +85°C (wide-range specifications)

A.2 Instruction 1005 Table A.2 amended and note *3 added
Codes LDM*S
Table A.2 Instruction 1006 MOV.L #xx:32,ERd
Codes
1010 STM*?
1011 Notes: ... 3. Only register ERO to ER6 should be used when

using the STM/LDM instruction.
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A.4 Number of 1024 Note *5 added to table A.5
States Required for LDM¥*5
Instruction Execution
Table A.5 Number of
Cycles in Instruction
Execution
1028 STM*®
1029 Notes: ... 5.0nly register ERO to ER6 should be used when
using the STM/LDM instruction.
A.5 Bus States 1037 Note *9 added to table A.6
during Instruction LDM.L @Sp+, (ERn-ERn+1)*°
Execution

Table A.6 Instruction
Execution Cycles

LDM.L @Sp+, (ERn-ERn+2)**
LDM.L @Sp+, (ERn-ERN+3)**

1042 STM.L (ERn-ERn+1) @-Sp*®
STM.L (ERn-ERn+2) @-Sp*®
STM.L (ERn-ERn+3) @-Sp*®
1043 Notes: ... 9.Only register ERO to ER6 should be used when
using the STM/LDM instruction.
B.1 Addreses 1060 Table amended
Register Module Data Bus
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit1 Bit0 Name Width (bits)
Hreeo PORTA BB MEE BN IR Pas  Paz  Par PO Pt B .
B.2 Functions 1062 SCRX—Serial Control Register X H'FDB4 1IC

Figure amended

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/IW R/IW R/IW R/IW R/W R/W R/IW R/IW

S

Flash memory control register enable

l 0 [Flash control registers deselected in area H'FFFFA8 to HFFFFAC l

l 1 [Flash control registers selected in area H'FFFFA8 to H'FFFFAC l

12C master enable

o

Disables CPU access of I°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
The master mode transfer rate is selected in combination with CKS2 to CKS0 in ICMR. For details,
see the section on the 12C bus mode register.
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B.2 Functions

1075

SSRO O Serial Status Register 0 H'FF7C SCIO0
SSR1 O Serial Status Register 1 H'FF84 SCI1
SSR2 [0 Serial Status Register 2 H'FF8C SCI2
SSR3 [0 Serial Status Register 3 H'FFD4 SCI3
SSR4 O Serial Status Register 4 HFFDC SCl4
Figure amended

Bit : 7 6 5 4 3 2 1 0
l TDRE [ RDRF [ ORER [ FER [ PER [ TEND [ MPB [ MPBT l
Initial value : 1 0 0 0 0 1 [ 0

RIW CORIWE RIW RIW)* RIWY RIW)* R R RIW
e

Multiprocessor bit transfer (MPBT)
0_|Transfer data
[ ]Transfer data

Multiprocessor bit (MPB)

[Cleating condiion]®
+ When data “multiprocessor bit = 0" s received
1 [{Setting condition]
When data “multiprocessor bit = 1" is received
Note: * The existing status is continued when, in mult-
processor format, the SCR RE bit is cleared to 0.
Transmit end (TEND)
[Clearing conditions]
* Writing 0 to TDRE flag after reading TDRE=1
* When data is written to TDR by DMAC or DTC by TXI interrupt request
[Seting conditions]
* When SCR TE bit=0
* When TDRE=1 at transfer of last bit of any byte of serial transmit character

Parity error (PER)

0 [[Clearing condition)**
*_Writing 0 to PER after reading PER=1

T [[Setting condition]
* When receiving, when the number of 1s in receive data plus parity bit does not match the even or odd
parity specified in the SMR O/E bit *2

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR is cleared to 0.
2. Ifa parity error occurs, the receive data is transferred to RDR but the RDRF flag is not set. Also,
subsequent serial reception cannot be continued while the PER flag is set 1o 1. In clocked
synchronous mode, serial transmission cannot be continued, either.

Framing error (FER)

[Clearing condition] **
*_Writing 0 to FER after reading FER=1

T [{Setting condition]
* When SCI checks if the stop bit at the end of receive data s 1 on completion of receiving, the stop bit s found to be O

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR is cleared to 0.
2. In 2-stop-bit mode, only the first stop bit is checked for a value of 0; the second stop bit is not checked. If a
ing error occurs, the receive data s transferred to RDR but the RDRF flag is not set. Also, subsequent
serial reception cannot be continued while the FER flag is set to 1. In clocked synchronous mode, serial
transmission cannot be continued, either.

Overrun error (ORER)

0 [[Clearing condition]*

* Wiiting 0 to ORER after reading ORER=1

[Setting condition]

* On completion of next serial receive operation when RDRF=1*2

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR is cleared to 0.
The receive data prior to the overrun error is retained in RDR, and the data received subsequently is lost. Also, subsequent
serial reception cannot be continued while the ORER flag is set to 1. In clocked synchronous mode, serial transmission
cannot be continued, either.

Receive data register full (RDRF)

0 [[Clearing conditions]
* Writing 0 to RDRF atter reading RORF=1
*_After reading RDR data by DMAC or DTC by RX! interrupt request
1 [ [Setting condition]
* When receive data is sent from RSR to RDR on normal completion of serial receive operation

Note: RDR and the RDRF flag are not affected and retain their previous values when an erfor is detected during reception or when
the RE bitin SCR is cleared 10 0.
If reception of the next data is completed while the RDRF flag i still et to 1, an overrun eror wil occur and the receive data
will b lost.

Transmit data register empty (TDRE)
[Clearing conditions]
* Witing 0 to TDRE after reading TORE=1
* When data written to TDR by DMAC or DTC by TX interrupt request
1 [isetting conditions]
* When SCR TE bit=0
* When data is sent from TDR to TSR and data can be written to TOR

Note:'* Only 0 can be written to these bits (to clear these flags).

Rev. 3.00 Jan 11, 2005 page xxviii of liv

RENESAS



Item

Page Revisions (See Manual for Details)

B.2 Functions

1078 SYSCRLI System Control Register H'FDE5 System
Figure amended
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
RIW ©RW — R/W RIW RIW RIW — RIW
T
RAM Enable

[ 0 [internal RAM disabled
Internal RAM enabled

Manual reset select bit

0 | Manual reset disabled
Pins P74/TMO2/MRES can be
used as P74/TMO2 1/O pins

1 | Manual reset enabled
Pins P74/TMO2/MRES can be
used as MRES input pins

Pin
RES |MRES | Reset Type
0 1 Power-on reset
il 0 Manual reset
1 1 Operation state

NMI edge select

0 | Interrupt request issued on falling edge
of NMI input
1 | Interrupt request issued on rising edge
of NMI input
Interrupt control mode 1, 0
Interrupt L
INTM1 INTMO control mode Description
0 0 0 Interrupt controlled by bit |
1 — Do not set
1 0 2 Interrupt controlled by bits 12 to 10 and IPR
1 — Do not set
MAC saturation
[ 0 [ Non-saturating calculation for MAC instruction ]
[ 1 [ Saturating calculation for MAC instruction ]
1080 Figure amended
MDCR—Mode Control Register H'FDE7 System
Bit : 7 6 5 4 3 2 1 0
‘ — ‘ — — — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO
Initial value : 1 0 0 0 0 —* —* —*
R/W : R/W — — — — R R R
. . Mode select 2 to 0
Note: * Determined by pins MD2 to MDO. * Input level determined by mode pins.
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B.2 Functions 1080 MSTPCRA—Module Stop Control Register AH'FDE8 System
Bit : 0
‘ MSTPA7‘ MSTPAG‘ MSTPA5 ‘ MSTPA4 ‘ MSTPA3‘ MSTPAZ‘ MSTPAl‘MSTPAO ‘
Initial value : 0 0 1 1 1 1 1 1
RIW T RW RIW RIW RIW RIW RIW RIW __ RW
Module stop
0 Module stop mode is cleared
1 Module stop mode is set
MSTPCRB—Module Stop Control Register BH'FDE9 System
Bit : 7 6 5 4 3 2 1 0
‘MSTPB7 ‘ MSTPBG‘ MSTPBS‘ MSTPB4‘ MSTPBS‘MSTPBZ ‘ MSTPBl‘ MSTPBO‘
Initial value : 1 1 1 1 1 1 1 1
RIW © O RW RIW RIW RIW RIW RIW RIW RIW
Module stop
[ 0 lMuduIe stop mode canceled ]
[ 1 [Module stop mode enabled ]
1081 MSTPCRC—Module Stop Control Register C H'FDEA System
Figure amended
Bit : 7 6 5 4 3 2 1 0
[msTPC7] MsTPCE| MSTPCS [MSTPC4 | MSTPC3 [ MsTPC2] MsTPC1 MsTPCO|
Initial value : 1 1 1 1 1 1 1 1
RIW ©RW RIW RIW RIW RIW RIW RIW RIW
Module stop Q
[ 0 [ Module stop mode canceled ]
[ 1 [ Module stop mode enabled ]
1083 LPWRCR—Low-Power Control Register H'FDEC System

Figure amended

b1 0
| STC1 | STCO
L0 0
IRW_RW

| Frequency multiplier

H STC1 STCO Description
' 0 0 x1

: 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 section 25, Electrical Characteristics.

! Current consumption and noise can be reduced by

using this function's PLL x 4 setting and lowering

the external clock frequency.
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Item Page Revisions (See Manual for Details)
B.2 Functions 1094 NDRH—Next Data Register H H'FE2C, H'FE2E PPG
Figure amended

Same trigger for pulse output groups:

Address: HFE2C

Bit : 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8

Initial value : 0 0 0 0 0 0 0 0

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

Address: H'FE2E

Bit : 7 6 5 4 3 2 1 0

T — A oii

R/W : — — — — — — — —

Different triggers for pulse output groups:

Address: HFE2C

Bit : 3 2 1 0

‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ — ‘ —
Initial value : 0 0 0 0 1 1 1 1
R/W . RW R/W R/W R/W — — — —
Address: HFE2E
Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8
Initial value : 1 1 1 1 0 0 0 0
R/W : — — — — R/W R/W R/W RIW
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Item Page Revisions (See Manual for Details)
B.2 Functions 1095 NDRL—Next Data Register L H'FE2D, H'FE2F PPG

Figure amended
Same trigger for pulse output groups:
Address: H'FE2D
Bit : 7 6 5 4 3 2 1 0

‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value : 0 0 0 0 0 0 0 0
RW : R/W R/W R/W R/W R/W RIW R/IW RIW
Address: H'FE2F
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/IW : — — — — — — — —
Different triggers for pulse output groups:
Address: H'FE2D
Bit : 7 6 5 4 3 2 1 0

‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — — ‘ s ‘
Initial value : 0 0 1 1 1 1
R/W : R/W RIW R/W R/W — — — —
Address: H'FE2F
Bit : 7 6 5 4 3 0

— — ‘ — — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value : 1 1 1 1 0 0
R/W : — — — — R/W R/IW R/W R/W
1114 Subtitle amended

TCNTO—Timer Counter O (up-counter)
TCNTO—Timer Counter 1 (up/down-counter*)
TCNTO—Timer Counter 2 (up/down-counter*)
TCNTO—Timer Counter 3 (up-counter)
TCNTO—Timer Counter 4 (up/down-counter*)
TCNTO—Timer Counter 5 (up/down-counter*)
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Item Page

Revisions (See Manual for Details)

B.2 Functions 1155

TCSR1—Timer Control/Status Register 1
H'FFA2 (W), HFFA2 (R) WDT1
4
| PSS |
0
R/W

=

Prescaler select
| 0 |TCNT counts the divided clock output by the ¢-based prescaler (PSM) |
| 1 |TCNT counts the divided clock output by the gSUB-based prescaler (PSS) |

C.6 Port 7 Block 1183
Diagrams

Figure C.6 (b) Port7
Block Diagram (Pin
P72)

Block Diagram (Pin
P73)

Figure C.6 (b) amended

Y4

Note amended

Note: * Priority order: (Mode 7)
8-bit timer output > DR output
(Modes 4 to 6)

Chip select output > 8-bit timer output
> DR output

Note amended
Note: * Priority order: (Mode 7)

8-bit timer output > DR output
(Modes 4 to 6)

Chip select output > 8-bit timer output
> DR output

C.9 Port A Block 1194
Diagrams

Figure C.9 Port A
Block Diagram (Pins
PAO to PA7)

Figure C.9 amended

Figures of “Port A Block Diagram (Pin PA1)” to “Port A Block
Diagram (Pins PA4 to PA7)” deleted
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Item Page Revisions (See Manual for Details)
F. Product Code 1217 Table F.1 amended
Lineup Package
Table F.1 H8S/2643 Product (Package
Group Product Code Product Type Code Mark Code Code)
Lineup H8S/2643 F-ZTAT HD64F2643 HD64F2643FC  144-pin QFP
(FP-144))
HD64F2643TF  144-pin TQFP
(TFP-144)
Masked HD6432643 HD6432643FC  144-pin QFP
ROM (FP-144J)
HD6432643TF  144-pin TQFP
(TFP-144)
H8S/2642 HD6432642 HD6432642FC  144-pin QFP
(FP-1447)
HD6432642TF  144-pin TQFP
(TFP-144)
H8S/2641 HD6432641 HD6432641FC  144-pin QFP
(FP-1447)
HD6432641TF  144-pin TQFP
(TFP-144)
G. Package O Figure G.1 FP-144F package dimensions deleted
Dimensions

Figure G.1 FP-144J 1218
Package Dimensions

Figure G.1 added

Figure G.2 TFP- 1219
144J Package

Dimensions

Figure G.2 added
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Section 1 Overview

Section 1l Overview

11 Overview

The H85/2643 Group is a group of microcomputers (MCUs: microcomputer units), built around
the H8Y2600 CPU, employing Renesas' proprietary architecture, and equipped with periphera
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), 8-bit timer, 14-bit PWM timer (PWM) watchdog
timer (WDT), serial communication interface (SCI, IrDA), A/D converter, D/A converter, and I/O
ports. It isalso possible to incorporate an on-chip PC bus interface (11C) 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 data to 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 H8S2643 Group are shown in table 1.1.

Note: * F-ZTAT isatrademark of Renesas Technology, Corp.
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Section 1 Overview

Tablel.1 Overview

Item

Specification

CPU

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
0 Maximum clock rate: 25 MHz
0 High-speed arithmetic operations
8/16/32-bit register-register add/subtract : 40 ns

16 x 16-bit register-register multiply 1160 ns
16 x 16 + 42-bit multiply and accumulate : 160 ns
32 + 16-bit register-register divide : 800 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 O oo

Powerful bit-manipulation instructions
Two CPU operating modes

O Normal mode: 64-kbyte address space
(cannot be used in the H8S/2643 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)

External bus release function

PC break controller

Supports debugging functions by means of PC break interrupts
Two break channels
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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
(WDT) 2 channels

14-bit PWM timer
(PWM)

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

Resolution: 1/16384

Maximum carrier frequency: 390.6 kHz (operating at 25 MHz)

Serial
communication
interface (SCI)
5 channels
(SCI0 to SCl4)

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function
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Item

Specification

IrDA-equipped
SCI 1 channel
(SCI0o)

Supports IrDA standard version 1.0
TxD and RxD encoding/decoding in IrDA format

Start/stop synchronization mode or clock synchronization mode
selectable

Multiprocessor communications function
Smart card interface function

A/D converter

Resolution: 10 bits
Input: 16 channels

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

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

D/A converter

Resolution: 8 bits

Output: 4 channels

1/0 ports

95 1/O pins, 16 input-only pins

Memory

Flash memory or masked ROM
High-speed static RAM

Product Name ROM RAM
H8S/2643 256 kbytes 16 kbytes
H8S/2642 192 kbytes 12 kbytes
H8S/2641 128 kbytes 8 kbytes

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)
72 internal interrupt sources (including options)
Eight priority levels settable

Power-down state

Medium-speed mode

Sleep mode

Module stop mode

Software standby mode

Hardware standby mode

Sub-clock operation (sub-active mode, sub-sleep mode, watch mode)
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Item Specification

Operating modes Four MCU operating modes

CPU External Data Bus
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 e On-chip PLL circuit (x1, x2, x4)

generator ¢ Input clock frequency: 2 to 25 MHz

Package e 144-pin plastic QFP (FP-144J)
e 144-pin plastic TQFP (TFP-144)

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

(IIC) 2 channels « Single master mode/slave mode

(optional)
¢ Possible to determine arbitration lost conditions
e Supports two slave addresses
Product lineup Model Name
Masked ROM Version F-ZTAT Version ROM/RAM (Bytes) Packages
HD6432643 HD64F2643 256 k/16 k FP-144J
TFP-144
HD6432642 — 192 k/12 k FP-144J
TFP-144
HD6432641 — 128 k/8 k FP-144J
TFP-144
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12

Internal Block Diagram

Figure 1.1 shows an internal block diagram.
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P52/SCK2
P51/RxD2
P50/TxD2

PA7/A23
PAB/A22
PA5/A21
PA4/A20
PA3/A19
PA2/A18
PAL1/A17
PAO/A16

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

PBO/A8

PC7/AT/IPWM1
PC6/A6/PWMO
PC5/A5

PC4/A4

PC3/A3

PC2/A2

PC1/AL

PCO/A0
P37/TxD4
P36/RxD4
P35/SCK1/SCK4/SCLO/RQ5
P34/RxD1/SDAO
P33/TXD1/SCL1
P32/SCK0/SDALIRQ4
P31/RxDO/IrRXD
P30/TxDO/IrTxD
P97/AN15/DA3
P96/AN14/DA2
P95/AN13
P94/AN12
P93/AN11
P92/AN10
P91/AN9
P90/ANS

2. The FWE pin is used only in the flash memory version.

Figure1.1 Internal Block Diagram
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1.3 Pin Description

131 Pin Arrangement

Figure 1.2 shows the pin arrangement of the H852643 Group.
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FWE is used only in the flash memory version.

P36/RxD4
P35/SCK1/SCK4/SCLO/IRQ5
P34/RxD1/SDAO
P33/TxD1/SCL1

VSS
P32/SCKO/SDA1/IRQ4
PvCC

P31/RxDO0/IrRXD
P30/TxDO/IrTXD
P80/DREQO

P52/SCK2

P51/RxD2

PD7/D15

PD6/D14

PD5/D13

PD4/D12

PD3/D11

PD2/D10

PD1/D9

PVvCC

PDO0/D8

VSS

PE7/D7

PE6/D6

PES5/D5

PE4/D4

P50/TxD2
P27/PO7/TIOCB5
P26/PO6/TIOCAS

PE3/D3

PE2/D2

PE1/D1

PEO/DO
P17/PO15/TIOCB2/TCLKD/PWM3
P16/PO14/TIOCA2/PWM2/IRQ1
P15/PO13/TIOCB1/TCLKC

Figure1.2 Pin Arrangement (FP-144J, TFP-144: Top View)
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132

Pin Functionsin Each Operating M ode

Table 1.2 shows the pin functions of the H852643 Group in each of the operating modes.

Tablel.2 PinFunctionsin Each Operating Mode
Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
1 A0 A0 PCO/AO PCO
2 Al Al PC1/A1 PC1
3 A2 A2 PC2/A2 PC2
4 A3 A3 PC3/A3 PC3
5 VSS VSS VSS VSS
6 A4 A4 PC4/A4 PC4
7 VCC VCC VCC VCC
8 A5 A5 PC5/A5 PC5
9 A6 A6 PC6/A6/PWMO PC6/PWMO
10 A7 A7 PC7/A7/PWM1 PC7/PWM1
11 P20/POO/TIOCA3 P20/POO/TIOCA3 P20/POO/TIOCA3 P20/POO/TIOCA3
12 P21/PO1/TIOCB3 P21/PO1/TIOCB3 P21/PO1/TIOCB3 P21/PO1/TIOCB3
13 P22/PO2/TIOCC3 P22/PO2/TIOCC3 P22/PO2/TIOCC3 P22/PO2/TIOCC3
14 VSS VSS VSS VSS
15 PBO/A8 PBO/A8 PBO/A8 PBO
16 PVvCC PVCC PVCC PvCC
17 PB1/A9 PB1/A9 PB1/A9 PB1
18 PB2/A10 PB2/A10 PB2/A10 PB2
19 PB3/Al11 PB3/Al11 PB3/Al11 PB3
20 PB4/A12 PB4/A12 PB4/A12 PB4
21 PB5/A13 PB5/A13 PB5/A13 PB5
22 PB6/A14 PB6/A14 PB6/A14 PB6
23 PB7/A15 PB7/A15 PB7/A15 PB7
24 P23/PO3/TIOCD3 P23/PO3/TIOCD3 P23/PO3/TIOCD3 P23/PO3/TIOCD3
25 P24/PO4/TIOCA4 P24/PO4/TIOCA4 P24/PO4/TIOCA4 P24/PO4/TIOCA4
26 P25/PO5/TIOCB4 P25/PO5/TIOCB4 P25/PO5/TIOCB4 P25/PO5/TIOCB4
27 PAO/A16 PAO/A16 PAO/A16 PAO
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Pin Name

Pin No. Mode 4 Mode 5 Mode 6 Mode 7

28 PAL1/AL17 PAL1/AL17 PAL1/AL17 PAl

29 PA2/A18 PA2/A18 PA2/A18 PA2

30 PA3/A19 PA3/A19 PA3/A19 PA3

31 VSS VSS VSS VSS

32 P10/PO8/TIOCAO P10/PO8/TIOCAO P10/PO8/TIOCAO P10/PO8/TIOCAO

33 P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO P11/PO9/TIOCBO

34 P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/ P12/PO10/TIOCCO/
TCLKA TCLKA TCLKA TCLKA

35 P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/ P13/PO11/TIOCDO/
TCLKB TCLKB TCLKB TCLKB

36 £4/P012/TIOCA1/ £4/P012/TIOCA1/ £4/P012/TIOCA1/ £4/P012/TIOCA1/
IRQO IRQO IRQO IRQO

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

38 PlG/POﬂOCAZ/ PlG/POﬂOCAZ/ P16/ PO@OCAZ/ P16/ PO@OCAZ/
PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1 PWM2/IRQ1

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

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 P26/PO6/TIOCAS P26/PO6/TIOCAS P26/PO6/TIOCAS P26/PO6/TIOCAS

45 P27/PO7/TIOCB5 P27/PO7/TIOCBS P27/PO7/TIOCB5 P27/PO7/TIOCB5

46 P50/TxD2 P50/TxD2 P50/TxD2 P50/TxD2

47 PE4/D4 PE4/D4 PE4/D4 PE4

48 PE5/D5 PE5/D5 PE5/D5 PES

49 PE6/D6 PE6/D6 PE6/D6 PEG6

50 PE7/D7 PE7/D7 PE7/D7 PE7

51 VSS VSS VSS VSS

52 D8 D8 D8 PDO

53 PVCC PVCC PVCC PVCC

54 D9 D9 D9 PD1

55 D10 D10 D10 PD2
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Pin Name

Pin No. Mode 4 Mode 5 Mode 6 Mode 7

56 D11 D11 D11 PD3

57 D12 D12 D12 PD4

58 D13 D13 D13 PD5

59 D14 D14 D14 PD6

60 D15 D15 D15 PD7

61 P51/RxD2 P51/RxD2 P51/RxD2 P51/RxD2

62 P52/SCK2 P52/SCK2 P52/SCK2 P52/SCK2

63 P80/DREQO P80/DREQO P80/DREQO P80/DREQO

64 P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO/IrTxD P30/TxDO/IrTxD

65 P31/RxDO/IrRxD P31/RxDO/IrRXD P31/RxDO/IrRXD P31/RxDO/IrRXD

66 PVCC PVCC PVCC PVCC

67 P32/SCKO/SDA1/  P32/SCKO/SDA1/  P32/SCKO/SDAl/  P32/SCKO/SDA1/
IRQ4 IRQ4 IRQ4 IRQ4

68 VSS VSS VSS VSS

69 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1 P33/TxD1/SCL1

70 P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO P34/RxD1/SDAO

71 P35/SCK1/SCK4/ P35/SCK1/SCK4/ P35/SCK1/SCK4/ P35/SCK1/SCK4/
SCLO/IRQ5 SCLO/IRQ5 SCLO/IRQ5 SCLO/IRQ5

72 P36/RxD4 P36/RxD4 P36/RxD4 P36/RxD4

73 P37/TxD4 P37/TxD4 P37/TxD4 P37/TxD4

74 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/CAS/IRQ6 PGO/IRQ6

75 PG1/CS3/OE/IRQ7 PG1/CS3/OE/IRQ7 PG1/CS3/OE/IRQ7 PG1/RQ7

76 PG2/CS2 PG2/CS2 PG2/CS2 PG2

77 PG3/CST PG3/CST PG3/CST PG3

78 PG4/CS0 PG4/CS0 PG4/CS0 PG4

79 P81/DREQT P81/DREQT P81/DREQT P81/DREQT

80 P82/TENDO P82/TENDO P82/TENDO P82/TENDO

81 P83/TENDT P83/TENDT P83/TENDT P83/TENDT

82 WDTOVF WDTOVF WDTOVF WDTOVF

83 PLLVCC PLLVCC PLLVCC PLLVCC

84 PLLCAP PLLCAP PLLCAP PLLCAP

85 PLLVSS PLLVSS PLLVSS PLLVSS
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Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
86 RES RES RES RES
87 NMI NMI NMI NMI
88 STBY STBY STBY STBY
89 FEW*? FWE*? FWE*? FWE*?
90 XTAL XTAL XTAL XTAL
91 vCC vCC vCC vCC
92 EXTAL EXTAL EXTAL EXTAL
93 VSS VSS VSS VSS
94 0osc1 0osc1 0osc1 0osc1
95 0SsC2 0SsC2 0SsC2 0SsC2
96 PVCC PVCC PVCC PVCC
97 PF7/¢ PF7/¢ PF7/¢ PF7/¢
98 VSS VSsS VSS VSS
99 P84/DACKO P84/DACKO P84/DACKO P84/DACKO
100 P85/DACKT P85/DACKT P85/DACKT P85/DACKT
101 P86 P86 P86 P86
102 AS/ILCAS AS/ILCAS AS/ILCAS PF6
103 RD RD RD PF5
104 HWR HWR HWR PF4
105 ~ LWR/ADTRG/IRQ3 PF3/LWR/ADTRG/ PF3/LWR/ADTRG/  PF3/ADTRG/IRQ3
IRQ3 IRQ3
106 PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2/LCAS/WAIT/ PF2
BREQO BREQO BREQO

107 PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BACK/BUZZ PF1/BUZZ

108 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2

109 AVCC AVCC AVCC AVCC
110 Vref Vref Vref Vref

111 P40/ANO P40/ANO P40/ANO P40/ANO
112 P41/AN1 P41/AN1 P41/AN1 P41/AN1
113 P42/AN2 P42/AN2 P42/AN2 P42/AN2
114 P43/AN3 P43/AN3 P43/AN3 P43/AN3
115 P44/AN4 P44/AN4 P44/AN4 P44/AN4
116 P45/AN5 P45/AN5 P45/AN5 P45/AN5
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Pin Name
Pin No. Mode 4 Mode 5 Mode 6 Mode 7
117 P46/ANG/DAO P46/ANG/DAO P46/ANG/DAO P46/AN6/DAO
118 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DA1 P47/AN7/DA1
119 P90/ANS P90/ANS P90/ANS P90/ANS
120 P91/AN9 P91/AN9 P91/AN9 P91/AN9
121 P92/AN10 P92/AN10 P92/AN10 P92/AN10
122 P93/AN11 P93/AN11 P93/AN11 P93/AN11
123 P94/AN12 P94/AN12 P94/AN12 P94/AN12
124 P95/AN13 P95/AN13 P95/AN13 P95/AN13
125 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2 P96/AN14/DA2
126 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3 P97/AN15/DA3
127 AVSS AVSS AVSS AVSS
128 TESTT TESTT TESTT TESTT
129 PA4/A20 PA4/A20 PA4/A20 PA4
130 PAS5/A21 PAS5/A21 PAS5/A21 PA5
131 PA6/A22 PA6/A22 PA6/A22 PAG
132 PA7/A23 PA7/A23 PA7/A23 PA7
133 P70/TMRI01/ P70/TMRI01/ P70/TMRI01/ P70/TMRIO1/TMCIO1
TMCI01/CS4 TMCI01/CS4 TMCI01/CS4
134 P71/TMRI23/ P71/TMRI23/ P71/TMRI23/ P71/TMRI23/TMCI23
TMCI23/CS5 TMCI23/CS5 TMCI23/CS5
135 P72/TMOO0/CS6 P72/TMOO0/CS6 P72/TMOO0/CS6 P72/TMOO
136 P73/TMO1/CS7 P73/TMO1/CS7 P73/TMO1/CS7 P73/TMO1
137 P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES  P74/TMO2/MRES
138 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3 P75/TMO3/SCK3
139 P76/RxD3 P76/RxD3 P76/RxD3 P76/RxD3
140 P77/TxD3 P77/TxD3 P77/TxD3 P77/TxD3
141 MDO MDO MDO MDO
142 MD1 MD1 MD1 MD1
143 MD2 MD2 MD2 MD2
144 NC*? NC*? NC*? NC*?

Notes: 1. NC pins should be left open.

2. FWE is used only in the flash memory version. Leave open in the mask ROM.
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1.3.3 Pin Functions

Table 1.3 outlines the pin functions of the H8S5/2643 Group.

Table1.3 Pin Functions

Type Symbol

110

Name and Function

Power VCC

Input

Power supply: For connection to the power supply.
All VCC pins should be connected to the system power

supply.

PVCC

Input

Port power supply: Connect all pins to the port 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 PLLVCC

Input

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

Crystal: Connects to a crystal oscillator.

See section 23, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator and
external clock input.

EXTAL

0OSC1

Input

Input

Crystal: Connects to a crystal oscillator.

The EXTAL pin can also input an external clock.
See section 23, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator and
external clock input.

Sub clock: Connects to a 32.768 kHz crystal oscillator.
See section 23, Clock Pulse Generator, for examples
of connections to a crystal oscillator.

0OSC2

Input

Sub clock: Connects to a 32.768 kHz crystal oscillator.
See section 23, Clock Pulse Generator, 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 /0

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/2643 Group is
operating.

MD2 MD1 MDO Operating Mode

0 0

Mode 4
Mode 5

Mode 6

P O|lr| Ol | O|+r|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/2643 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

TEST1 Input

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

Test pin: Used for testing. Input PVCC.
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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: 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

I/0

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

LCAS

Output

Output

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

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

WAIT

Output

Input

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

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: Requests DMAC activation.
(DMAC) DREQO
TEND1, Output  DMA transfer completed 1,0: Indicates DMAC data
TENDO transfer end.
DACKT1, Output DMA transfer acknowledge 1,0: DMAC single address
DACKO 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: The
TIOCBO, 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: The
TIOCB1 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: The
TIOCB2 TGR2A and TGR2B input capture input or output
compare output, or PWM output pins.
TIOCAS, I/O Input capture/output compare match A3 to D3: The
TIOCBS, 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: The
TIOCB4 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: The
TIOCB5 TGR5A and TGR5B input capture input or output
compare output, or PWM output pins.
Programmable PO15 to POO Output Pulse output: 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, Output  Transmit data (channel O to 4): Data output pins.
communication  TxD3,
interface (SCI)/  TxD2,
Smart Card TxD1,
interface TxDO
RxD4, Input Receive data (channel 0 to 4): Data input pins.
RxD3,
RxD2,
RxD1,
RxDO
SCKA4, I/0 Serial clock (channel 0 to 4): Clock I/O pins.
SCK3,
SCK2,
SCK1,
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.
(SCI0)
I°C bus interface  SCLO 110 I°C clock input (channel 1, 0): 1°C clock input/output
(lIC) (optional) SCL1 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): 1°C clock
SDA1 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 input: 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 Analog power supply: A/D converter and D/A converter

D/A converter

power supply 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

A/D converter, AVSS
D/A converter

Input

Analog ground: 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

Analog reference power supply: 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).

I/O ports P17 to P10

P27 to P20

1/0

11O

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).

Port 2: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port 2 data
direction register (P2DDR).

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.

P52 to P50

110

Port 5: A 3-bit I/O port. Input or output can be
designated for each bit by means of the port 5 data
direction register (P5DDR).

P77 to P70

P86 to P80

I/0

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).

Port 8: A 7-bit I/O port. Input or output can be
designated for each bit by means of the port 8 data
direction register (P8DDR).

P97 to P90

Input

Port 9: An 8-bit input port.

PA7 to PAO

110

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

PB7 to PBO

PC7 to PCO

IO

11O

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).

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).
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Type Symbol /0 Name and Function

1/0O ports PE7 to PEO I/O Port E: An 8-bit I/O port. Input or output can be
designated for each bit by means of the port E data
direction register (PEDDR).

PF7to PFO 1/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 I/O Port G: A 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-hit arithmetic and logic instructions

0 Multiply and divide instructions

O Powerful bit-manipulation instructions

O Multiply-and-accumulate instructions

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 architecturaly)

Oo0oooood
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» High-speed operation

O All frequently-used instructions execute in one or two states
0 Maximum clock rate : 25 MHz

0 8/16/32-hit register-register add/subtract : 40 ns

O 8 x 8-bit register-register multiply 1120 ns

O 16 + 8-bit register-register divide 1480 ns

0 16 x 16-bit register-register multiply 1160 ns

0 32+ 16-hit register-register divide : 800 ns

« Two CPU operating modes
0 Norma mode*
O Advanced mode
Note: * Not available in the H852643 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 H8S5/2000 CPU
The differences between the H8S/2600 CPU and the H8S2000 CPU are as shown below.

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

O Thefour instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H85/2600 CPU.

* Number of execution states
0 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 H852643 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.

I Iy B |

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

» Additional control register
0 One 8-bit and two 32-bit control registers have been added.
» Enhanced instructions
0 Addressing modes of bit-manipulation instructions have been enhanced.
O A multiply-and-accumulate instruction has been added.
O Two-bit shift instructions have been added.
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O Instructions for saving and restoring multiple registers have been added.
O A test and set ingtruction has been added.

« Higher speed
0 Basicinstructions execute twice as fast.

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 H8S2643 Group.

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

CPU operating modes li

Maximum 16-Mbytes for

—' Advanced mode program and data areas
combined

Note: * Not available in the H8S/2643 Group.

Figure2.1 CPU Operating Modes
(1) Normal Mode (Not Availablein the H852643 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-bit 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.
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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: In 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 -

w/

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-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'O0FF. Note
that this areaiis also used for the exception vector table.
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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.

\/_\ \/_\

sP—~| PC o SP—~ EXR™!
(16 bits) . Reserved 13
(SP—) CCR
\/_\ CCR™3
- - PC .
(16 bits)
(@) 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-bit registers, or as
the upper 16-bit segments of 32-hit 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 starting 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.

w w

Sp— EXR*!
SP—~| Reserved 2 Reserved*1*3
(SP—) CCR
- - - PC ————
(24 bits) PC
. (24 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.

Figure2.5 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'0OFFFFFF Data area
Cannot be
used by the
H8S/2643
Group
H'FFFFFFFF
(@) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2643 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 R1L
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| |- -]-]i2i]io

76543210

ccr [ LIHUNZIV]

63 41 32
MAC Sign extension ! MACH
MACL

31 0
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter U: User bit
EXR:  Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 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/2643 Group.

Figure2.7 CPU Registers

Rev. 3.00 Jan 11, 2005 page 30 of 1220
REJ09B0186-03000

RENESAS




Section2 CPU

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
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General register ER7 hasthe 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.

/\/

Free area

SP (ER7) —»]

Stack area

/\/

Figure29 Stack

24.3 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 al CPU instructionsis 2 bytes (one word), so the least significant PC bit isignored. (When an
instruction is fetched, the least significant PC bit isregarded 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.
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Bits 2 to O—Interrupt Mask Bits (I2to 10): These bits designate the interrupt mask level (0 to
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.

(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
regardiess 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 thereis acarry 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): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1to 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
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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, List of Instructions.

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 bitsare
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]4]3[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 (1)
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Data Type Register Number Data Format
Word data Rn 15
MSB
Word data En
15 0

MSB
Longword data ERN
31

MSB En

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 (2)
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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 addressis regarded as 0, so the access starts at the preceding address. This also appliesto

instruction fetches.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M + 1

Address 2N
Address 2N + 1
Address 2N + 2
Address 2N + 3

Data Format

0
654 |13]2|1]0
MSB i 1 i i 1 ILSB
MSBL L
| LS8
MSBI L
'LSB

Figure2.11 Memory Data Formats

When ERY is used as an address register to access the stack, the operand size should be word size

or longword size.

Rev. 3.00 Jan 11, 2005 page 37 of 1220
REJ09B0186-03000

RENESAS




Section2 CPU

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*3, 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
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulaton ~ BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14

BIAND, BOR, BIOR, BXOR, BIXOR

Branch Bcc*?, IMP, BSR, JSR, RTS

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP

Block data transfer EEPMOV

Legend: B: byte size
W: word size
L: longword size

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/2643 Group.

ap0N

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
Only register ERO to ER6 should be used when using the STM/LDM instruction.
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26.2

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/2643 Group.
MOVTPE B Cannot be used in the H8S/2643 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.
LDMm*® 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, Rd*#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 xRs - 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 hits.
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 bits.
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-#IMM
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 B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of
data in a general register.
EXTU WiL 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.
MAC — (EAs) x (EAd) + MAC - MAC

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
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Type Instruction Size*'  Function
Arithmetic CLRMAC — 0 - MAC
operations 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 BW/L RdORs - Rd, RdO#IMM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR BW/L RdORs - Rd, RdO#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR BW/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.
Bit- BSET B 1 - (<hit-No.> of <EAd>)
manipulation Sets a specified bit in a general register or memory
instructions operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.
BCLR B 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.

Rev. 3.00 Jan 11, 2005 page 44 of 1220

REJ09B0186-03000

RENESAS



Section 2 CPU

Type

Instruction

Size*!

Function

Bit-
manipulation
instructions

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

= (<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.

BAND

BIAND

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 O~ (<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.

BOR

BIOR

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.

BXOR

BIXOR

BLD

BILD

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

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

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

Transfers a specified bit in a general register or memory
operand to the carry flag.

= (<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.
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Type Instruction Size*!  Function
Bit- BST B C - (<bit-No.> of <EAd>)
manipulation Transfers the carry flag value to a specified bit in a
instructions 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.
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 cdz=1
BCC(BHS) Carry clear Cc=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=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 ZONOWV)=0
BLE Less or equal ZzONOV)=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

System control TRAPA
instructions RTE

Starts trap-instruction exception handling.

Returns from an exception-handling routine.

SLEEP

Causes a transition to a power-down state.

Rev. 3.00 Jan 11, 2005 page 46 of 1220

REJ09B0186-03000

RENESAS



Section 2 CPU

Type Instruction

Size*!

Function

System control LDC
instructions

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.

STC

B/W

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

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

ORC

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

XORC

NOP

CCR O #IMM - CCR, EXR O #IMM - EXR

Logically exclusive-ORs the CCR or EXR contents with
immediate data.

PC+2 - PC

Only increments the program counter.

Block data EEPMOV.B
transfer
instruction

EEPMOV.W

if R4L # 0 then
Repeat @ER5+ -~ @ERG6+
R4L-1 - R4L
Until R4L =0
else next;

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 ERG6.

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
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2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
3. Only register ERO to ER6 should be used when using the STM/LDM instruction.

2.6.4 Basic Instruction Formats

The H85/2643 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 four bits of the instruction. Some
instructions have two operation fields.

(2) Register Field

Specifies a general register. Addressregisters are specified by 3 bits, data registers by 3 bitsor 4
bits. Some instructions have two register fields. Some have no register field.

(3) Effective AddressExtension
Eight, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
(4) Condition Field

Specifies the branching condition of Bcc instructions.
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Figure 2.12 shows examples of instruction formats.

(1) Operation field only

op

(2) Operation field and register fields

op m rm

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

op mn 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 AddressingM 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 specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and EQ to E7
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

(2) Register Indirect—@ERnN

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 al assumed to be 0 (H'00).
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(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn)

A 16-bit or 32-hit displacement contained in the instruction is added to an addressregister (ERn)
specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN

* 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 instruction code contains the absolute address of a memory operand. The absolute address
may be 8 hits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 hits (@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 all assumed to be 0 (H'00).

Table 2.5 indicates the accessible absol ute address ranges.
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Table25 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FFO00 to H'FFFF H'FFFFO0O0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  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/2643 Group.

(6) Immediate—#xx:8, #xx:16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-hit (#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 Reative—@(d:8, PC) or @(d: 16, PC)

Thismode is 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 bits 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 addressrange 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 bits long. In advanced mode
the memory operand is alongword operand, the first byte of which is assumed to be all 0 (H'00).

Notethat the first part of the addressrange is also the exception vector area. For further details,
refer to section 4, Exception Handling.
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Note: * Not available in the H852643 Group.

\/\ J\

Specified —~ Specified —~ Reserved
by @aa8 | Branch address ----- by @aa:8

\/_\

Branch address

(a) Normal Mode* (b) Advanced Mode

Note: * Not available in the H8S/2643 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 isregarded 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.)

2.7.2 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 H852643 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.

Figure2.14 Processing States
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End of bus request

Bus request

LEEP

instruction
Wi

SSBY =0

MRES= High RES= High !
e Nttt  STBY=/High, RES= Low

! Manual reset state *1 Power-on reset state *1 : : Hardware standby mode*2 :

Reset state *1 | !
.. I | Power-down state*3

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 the subsleep mode.
See section 24, Power-Down Modes.

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
‘ 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
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.
2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,
or immediately after reset exception handling.
3. 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— EXR
Reserved'!
SP— CCR CCR
CCR™ CCR'1
) PC PC N
(16 bits) (16 bits)
(&) Interrupt control mode 0 (b) Interrupt control mode 2

Advanced mode

\_/—\

SP— EXR
Reserved"!
SP— CCR CCR
PC PC
(24 hits) (24 hits)
(c) Interrupt control mode O (d) Interrupt control mode 2

Notes: 1. Ignored when returning.
2. Not available in the H8S/2643 Group.

Figure2.16 Stack Structure after Exception Handling (Examples)
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284 Program Execution State

In this state the CPU executes program instructions in sequence.

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.

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, modul e 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 ingtruction is executed while the
SSBY hitin SBYCRis set to 1. 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.
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(3) Hardware Standby M ode

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 aslong as a specified voltage is supplied, on-chip RAM contents are
retained.

2.9 Basic Timing

291 Overview

The H8S5/2600 CPU is driven by a system clock, denoted by the symbol ¢. The period from one
rising edge of @to the next isreferred to as a "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.

2.9.2 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 !

¢ Y/ Y/

Internal address bus X Address X

Internal read signal \ /

Read |

access |
Internal data bus Read data
Internal write signal A '/

Write !

access i :
Internal data bus { Write data )———

Figure2.17 On-Chip Memory Access Cycle
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1 Bus cycle 1

Address bus Unchanged
RD High
HWR, LWR High
Data bus 3High-impedance statei

Figure2.18 Pin Statesduring On-Chip Memory Access
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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 /O register being accessed. Figure 2.19 shows the
access timing for the on-chip supporting modules. Figure 2.20 shows the pin states.

Bus cycle

@ !

Internal address bus >< Address ><
Internal read signal A\ /

Read : 3

access / \
Internal data bus \ Read data >—
Internal write signal ! \ 3/

Write |

access ! ‘ !
Internal data bus <

Write data >—

Figure2.19 On-Chip Supporting M odule Access Cycle
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Bus cycle

Address bus Unchgnged |
AS Hijgh
RD Hi:gh
HWR, LWR Hi:gh
Data bus High-impe(jjance state

Figure2.20 Pin Statesduring On-Chip Supporting M odule Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit 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 isused.
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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  Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions are used to read datain byte-wise, operate
the data in bit-wise, and write the result of the bit-wise operation in bit-wise again. Therefore,
specia careis hecessary to use these instructions for the registers and the ports that include write-
only bit.

The BCLR instruction can be used to clear to 0 the flags in the internal 1/O 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 H85/2643 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 0 0 0 — — — —

1* 1 —

2 1 0

3* 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

expanded mode
8 bits 16 bits

[EnY

1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode —
Note: * Not available in the H8S/2643 Group.

The CPU’ s architecture allows for 4 Gbytes of address space, but the H85/2643 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 access is selected for any one area, 16-bit bus mode is set; if 8-
bit accessis selected for al areas, 8-bit bus mode is set.
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Note that the functions of each pin depend on the operating mode.

The H85/2643 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 H85/2643 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/2643 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 H8S2643 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 MDSDO correspond to MD2 to MDO.
MDS2 to MDS0 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 disenables MRES pin input, and enables or disenables 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 Sedlect (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 disenables 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 Disenables manual reset.
Possible to use P74/TM02/MRES pin as P74/TMO02 input pin. (Initial value)
1 Enables manual reset.

Possible to use P74/TM02/MRES pin as MRES input pin.

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.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit 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.
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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 Sdlect (CSS07): Selects the 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 CS0O (Initial value)
1 Select CS7

Bit 6—CS3/CS6 Select (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 CS
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Bit 5—BUZZ Output Enable (BUZZE): Disenables/enables BUZZ output of PF1 pin. Input
clock of WDT1 selected by PSS, CKS2 to CKS0 bitsis output asaBUZZ signal.

Bit 5

BUZZE Description

0 Functions as PF1 input pin (Initial value)
1 Functions as BUZZ output pin

Bit 4—L CAS Output Pin Selection Bit (LCASS): Selectsthe LCAS signal output pin.

Bit 4

LCASS Description

0 Outputs LCAS signal from PF2 (Initial Value)
1 Outputs LCAS signal from PF6

Bits 3to 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
apinisenabled 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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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 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, note that if 8-
bit access is designated by the bus controller for all areas, the bus mode switches to 8 bits.

3.3.2 Mode5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports 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 accessis 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 A, B, and C, function as input port pinsimmediately after areset. 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.

The initial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes a data bus.

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.
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34 Pin Functionsin Each Operating Mode

The pin functions of ports A to G vary depending on the operating mode. Table 3.3 shows their
functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 4 Mode 5 Mode 6 Mode 7

Port A PA7 to PA5 P*/A P*/A P*/A P
PA4 to PAO P/A* P/A* P*/A P

Port B P/A* P/A* P*/A P

Port C A A P*/A P

Port D D D D P

Port E P/D* P*/D P*/D P

Port F PF7 P/C* P/C* P/C* P*/C
PF6 to PF4 C C C P
PF3 P/C* P*/C P*/C
PF2 to PFO P*/C P*/C P*/C

Port G PG4 C C P*/C P
PG3 to PGO P*/C P*/C P*/C

Legend:

P: 1/O port

A: Address bus output

D: Data bus I/O

C: Control signals, clock I/O

*:  After reset

35 Address Map in Each Operating Mode

An address map of the H852643 is shown in figure 3.1, an address map of the H852642 in figure
3.2, and an address map of the H8S2641 in figure 3.3.

The address space is 16 Mbytes in modes 4 to 7 (advanced mode).

The address space is divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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(advanced expanded modes
with on-chip ROM disabled)

Modes 4 and 5

H'000000
External address
space
H'FFB0O00
On-chip RAM*1
HFFEFCO External address space
H'FFF800
Internal I/O registers*2
H'FFFF40
External address space
H'FFFF60 ]
Internal 1/O registers
H'FFFFCO e ‘1
HEEFEEF On-chip RAM
Notes: 1.

2.

H'000000

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

On-chip ROM

H'040000 |

space

| External address _|

H'FFB000

On-chip RAM*1

H'FFEFCO

External address space|

H'FFF800

Internal I/O registers*2

HFFFF40

External address space

H'FFFF60

Internal 1/O registers

HFFFFCO

HFFFFFF

On-chip RAM*1

(advanced single-chip mode)

H'000000

H'03FFFF

H'FFB000

HFFEFBF

H'FFF800

H'FFFF3F

H'FFFF60

HFFFFCO
HFFFFFF

Mode 7

On-chip ROM

On-chip RAM

Internal I/0 registers*2

Internal 1/O registers

On-chip RAM

External addresses can be accessed by clearing th RAME bit in SYSCR to 0.
Area H'FFF800 to H'FFFDAB is reserved, and must not be accessed.

Figure3.1 Memory Map in Each Operating Modein the H85/2643
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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
On-chip ROM On-chip ROM
External address
space
H'02FFFF
H'030000
Reserved area
R | H040000 | External address |
T T T space T
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 H'FFEFCO External address space
H'FFF800 H'FFF800 H'FFF800
Internal 1/O registers*2 Internal 1/O registers*2 Internal 1/O registers*2
H'FFFF3F
H'FFFF40 H'FFFF40
External address space External address space
H'FFFF60 ] H'FFFF60 ) H'FFFF60 .
Internal 1/O registers Internal 1/O registers Internal 1/O registers
H'FFFFCO e 1 H'FFFFCO e 1 H'FFFFCO o
HEFFEFE On-chip RAM HEEFEFE On-chip RAM H'EEFEFE On-chip RAM

Notes: 1. External addresses can be accessed by clearing th 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 Mode in the H852642
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(advanced expanded modes
with on-chip ROM disabled)

Modes 4 and 5

Mode 6
(advanced expanded mode
with on-chip ROM enabled)

(advanced single-chip mode)

H'000000

H'01FFFF

H'FFDO00

HFFEFBF

HFFF800

H'FFFF3F

H'FFFF60

H'FFFFCO
H'FFFFFF

Mode 7

On-chip ROM

On-chip RAM

Internal I/O registers*2

Internal 1/O registers

On-chip RAM

H'000000 H'000000
On-chip ROM
H'020000
External address
space
Reserved area
R | H040000 | External address |
T N T space 1
HFFB0O00 |  Reserved area HFFBO00 | Reserved area
H'FFD000 H'FFDO000
On-chip RAM*1 On-chip RAM*1
HFFEFCO External address space HFFEFCO External address space
H'FFF800 H'FFF800
Internal I/O registers*2 Internal 1/O registers*2
H'FFFF40 H'FFFF40
External address space External address space
H'FFFF60 ] H'FFFF60 .
Internal 1/O registers Internal 1/O registers
H'FFFFCO o " H'FFFFCO o o
HEEFEFE On-chip RAM HEEFEFE On-chip RAM
Notes: 1. External addresses can be accessed by clearing th 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 H85/2641
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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
A 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
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.

Rev. 3.00 Jan 11, 2005 page 81 of 1220
REJ09B0186-03000
RENESAS



Section 4 Exception Handling

412 Exception Handling Oper ation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

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 Vector Table

Vector Address**

Exception Source Vector Number 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 transition.
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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 /O
port

*: Don't Care

423 Reset Sequence

ThisLS entersreset state when the RES pin or MRES pin goes low.

To ensurethat this LSl isreset, hold the RES pin low for at least 20 ms at power-up. To reset
during operation, hold the RES pin or the MRES pin low for &t 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

o]
m
(9]
£
3
m
()

Address bus | ) X @ X ><

3 e SN 1
D15 to DO { @ ) { (4):, { ®) :>—

(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: * Three 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

A
:
-

address bus

Internal read | ! |

Internal >< 1) >< (3)§ >< ® ><:

signal i

Internal write | | High |

signal | ! | | |
Internal data ‘ 2 3 m : m
bus | | i | i

(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 an interrupt 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, all interrupt requests,
including NMI, are disabled immediately after areset. Since thefirst 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).

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.
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43 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 is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace modeis 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 retains its 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 12to 10 T
0 Trace exception handling cannot be used.
2 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), datatransfer
controller (DTC), DMA controller (DMAC), PC break controller (PBC), A/D converter, and 1°C
bus interface (I11C). 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.

External NMI (1)
interrupts IRQ7 to IRQO (8)

WDT'1 (2)
Refresh timer*2 (1)
TPU (26)

8-bit timer (12)
Internal SCI (20)

interrupts DTC (1)

DMAC (4)

PBC (1)

A/D converter (1)
1IC(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.

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 all 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.

Rev. 3.00 Jan 11, 2005 page 90 of 1220
REJ09B0186-03000
RENESAS



Section 4 Exception Handling

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(a) Stack Statusafter Exception Handling (Normal Modes. Not Availablein the
H85/2643 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(b) 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/2643 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-» RIL H'FFFEFA
SP-» H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD

sP»| 1 1
*************************************************** 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 0, in advanced mode.

Figure4.6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

The H85/2643 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 all interrupts except NMI.

O NMI isassigned the highest priority level of 8, and can be accepted at all times.

I ndependent 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.

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 DTC and DMAC activation is performed by means of interrupts.
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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 RI(W)*? 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.
SYSCRisnot 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 A/D 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-bit timer channel 0 8-bit timer channel 1
IPRJ DMAC SCI channel 0
IPRK SCl channel 1 SCl channel 2
IPRL 8-bit timer 2, 3 IIC (Option)
IPRO SCI channel 3 SCI channel 4

RENESAS
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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.
It is 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 . RI(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.
Itisnot 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 O to IRQnF 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 IRQnNSCA = 1)

* When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC s clearedto O

1 [Setting conditions]

+  When IRQn input goes low when low-level detection is set IRQNSCB = IRQNSCA =
0)

+ When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA = 1)

« When a rising edge occurs in TRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA =0)

+ When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=5100)
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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 |RQ7 to IRQO. Of these, NMI and IRQ7 to IRQO can
be used to restore the H85/2643 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 IRQ5 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. ISR flags can be cleared to O
by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.
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IRQNE

IRQNSCA, IRQNSCB
¢ IRQNF

}—> IRQn interrupt
> Edge/level
detection circuit S Q

request
IRQn input R

Clear signal

Note: n=71t00

Figure5.2 Block Diagram of Interrupts|RQ7 to IRQO

Figure 5.3 shows the timing of setting IRQNF.

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 bits that select enabling or disabling of these interrupts. If both of these are set to 1
for aparticular interrupt source, an interrupt request isissued to the interrupt controller.
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e Theinterrupt priority level can be set by means of IPR.

e TheDMAC and DTC can be activated by a TPU, 8-hit 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.

533 Interrupt Exception Handling Vector Table

Table 5.4 shows 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 a module, are fixed as shown in table
5.4,
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Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

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 IPRA6t04 A
IRQ1 17 H'0044 IPRA2t0 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
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIO (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer O
CMI Refresh 26 H'0068 IPRD21t0 0
timer
PC break PC break 27 H'006C IPREG6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2t0 O
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
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 A
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) 47 H'00BC
TGI3A (TGR3A input TPU 48 H'00CO IPRG2 to O
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
TCl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input TPU 60 H'00FO0 IPRH21t0 0
capture/compare match) channel 5
TGI5B (TGR5B input 61 H'00F4
capture/compare match)
TCI5V (overflow 5) 62 H'O0OF8
TCI5U (underflow 5) 63 H'00FC Low
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Vector
Origin of Address*
Interrupt  Vector Advanced

Interrupt Source Source Number Mode IPR Priority
CMIAO (compare match AO) 8-bit timer 64 H'0100 IPRIG to 4 High
CMIBO (compare match BO) channel0 65 H'0104 A
QVIO (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) channel1 69 H'0114
QVI1 (overflow 1) 70 H'0118
Reserved — 71 H'011C
DEDOA (channel 0/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 IPRJ2t0 0
RXI0 (reception completed 0) channel0 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) channell 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 0
RXI2 (reception completed 2) channel 2 89 H'0164
TXI2 (transmit data empty 2) 90 H'0168
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
CMIAO (compare match A2) 8 bit timer 92 H'0170 IPRL6to 4  High
CMIBO (compare match B2) channel 2 93 H'0174 A
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 97 H'0184
QVI1 (overflow 3) 98 H'0188
Reserved — 99 H'018C
IICIO (1 byte IIC channel 100 H'0190 IPRL2to O
transmission/reception completed) 0 (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 IPRM2to 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 IPRN2 to O
117 H'01D4
118 H'01D8
119 H'01DC
ERI3 (reception error 3) SCI 120 H'01EO IPROG6 to 4
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 4 125 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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54 Interrupt Operation

54.1 Interrupt Control Modesand Interrupt Operation
Interrupt operationsin the H8S/2643 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 0 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
control
mode 0 |

L

Interrupt
acceptance
control

Default priority

e [ Vector number
determination

Interrupt source

8-level
mask control

t 1

12to 10
IPR

Interrupt control mode 2

Figure5.4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control
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

*: Don't care
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(2) 8-Leve Contral

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interruptsin 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).

(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.
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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 Acceptance

Control Setting Control 8-Level Control  Default Priority T
Mode INTM1 _INTMO | 12t0 10 IPR Determination (Trace)
0 0 0 o IM X — =20 —

2 1 0 X —x? o M 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.

54.2 Interrupt Control Mode 0

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 completed.

[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 CCRisset to 1. This masks all interrupts except NMI.

[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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1

Program execution status

No
Interrupt generated?
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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 same time, 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. An interrupt 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. Theinterrupt 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 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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Figure5.6 Flowchart of Procedure Up to Interrupt Acceptancein Interrupt Control
Mode 2
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Section 5

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.
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545 Interrupt Response Times

The H85/2643 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+2-5)
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/2643 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 O 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

o

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

Instructions 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 Interrupts are 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
caseis 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 LSI’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 is not normal (runaway status) due to software problems or abnormal input tothe LSl’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

5.6.1 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

» Sdlection 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 and section 8, DMA Controller.

5.6.2 Block Diagram

Figure 5.9 shows a block diagram of the DTC interrupt controller.

:I DMAC
<
(] c
i 2
£ 5 o
$5 3
[a 37 o
I |
Interrupt DTC activation
request Selection F——— request vector
- JL 1 |Selection number
circuit
IRQ >
interrupt Select
signal ) )
Clear signal Control logic DTC
| Interrupt source DTCER )
On-chip clear signal Clear signal
supporting
module
DTVECR
P —
SWDTE _
clear signal CPU interrupt
request vector
N number
Deternjlnitlon of L+ - CPU
priority | L12to10
Interrupt controller

Figure5.9 Interrupt Control for DTC and DMAC
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5.6.3 Operation
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 bit of DMABCR can be used to
select whether the selected activation factors are managed by DMAC. By setting the DTA hit 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 hit 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 0, after
DTC datatransfer, the DTCE bit 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 sections 8.6, Interrupts and 9.3.3, DTC Vector Tablefor
the respective priority.

(3) Operation Order

If the same interrupt is selected asa 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 as the DMAC activation factor and as the 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.
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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 ¢} A x
1 o) o A
1 * * A 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

(4) Noteson Use

SCI and A/D converter interrupt sources are cleared when the DMAC or DTC reads or writesto
the prescribed register, and are not dependent upon the DTA, DTCE, and DISEL hits.
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Section 6 PC Break Controller (PBC)

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
0 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 is for 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.

BARA BCRA
°
IS
o
(&)
5
=
Mask control @
Comparator [ %%BEEO'
Match signal
Internal address jj
PC break
ACCESS interrupt
status Comparator |——m= Clggﬁ[?l
Match signal IS
IS
o
o
Mask control 5
o
5
@]
BARB BCRB

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'FEOO
Break address register B BARB R/W H'’XX000000 Retained H'FEO4
Break control register A BCRA R/(W)*2 H'00 Retained H'FEO8
Break control register B BCRB R/I(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

_ | ...| _ |BAA|BAA|BAA|BAAIBAA|BAA|BAA BAA|  [BAA|BAA|BAAIBAA|BAA|BAA| BAAIBAA

23 (22| 21|20|19| 18|17 | 16 76| 5|4|3|2]|1|0

Initial value:ynde- ...Unde- 0 0 0 O O O O O .. O O O O O O O O
fined fined

RIW : — +«. — RIW RMW RW RW RW RWR/MW RW ... RIW RW R/W RW R/W RW R/W R/W

BARA is a 32-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 (BAA23to BAAQ): These bits hold the channel A PC
break address.
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6.2.2 Break Address Register B (BARB)
BARB isthe channel B break address register. The bit configuration is the same as for BARA.
6.2.3 Break Control Register A (BCRA)

Bit -7 6 5 4 3 2 1 0
| cMFA | cDA [BAMRAZ|BAMRALBAMRAO|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-bit 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 a data 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 abreak condition set for channel A is
satisfied. Thisflag is 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
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Bits5to 3—Break Address Mask Register A2to AO (BAMRA2to BAMRADOQ): These bits
specify which bits of the break address (BAA23 to BAAO) set in BARA are to be masked.

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 0 (lower 2 hits) are masked, and not included in break
conditions
1 BAA2 to O (lower 3 bits) are masked, and not included in break
conditions
1 0 0 BAA3 to 0 (lower 4 bits) are masked, and not included in break
conditions
1 BAA7 to O (lower 8 bits) are masked, and not included in break
conditions
1 0 BAA11 to O (lower 12 bits) are masked, and not included in
break conditions
1 BAA15 to O (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
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6.24 Break Control Register B (BCRB)

BCRB isthe channel B break control register. The bit configuration isthe same asfor BCRA.

6.2.5 Module Stop Control Register C (M STPCRC)

Bit L7 6 5 4 3 2 1 0

| MSTPC7| MSTPC6| 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 bit 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 a manual reset and in software standby mode.

Bit 4—Module Stop (M STPC4): Specifies the PC bresk 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)

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
O 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.
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00 Set the break conditionsin BCRA.

BCRA bit 6 (CDA): With aPC break caused by an instruction fetch, the bus master must
be the CPU. Set 0 to select the CPU.

BCRA bits5to 3 (BAMAZ2to 0): Set the address bits to be masked.

BCRA bits2and 1 (CSELA1 and 0): Set 00 to specify an instruction fetch as the break
condition.

BCRA bit 0 (BIEA): Setto 1 to enable break interrupts.
(2) Satisfaction of break condition
O When theinstruction at the set address is 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.

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.

O Set the break conditionsin BCRA.
BCRA bit 6 (CDA): Select the bus master.
BCRA bits5to 3 (BAMA2to 0): Set the address bitsto be masked.

BCRA bits2and 1 (CSELA1 and 0): Set 01, 10, or 11 to specify data access as the break
condition.

BCRA bit O (BIEA): Setto 1 to enable break interrupts.
(2) Satisfaction of break condition

O After execution of the instruction 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.
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6.3.3 Noteson 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.

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 atransition 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 atransition 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 bresk 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.

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 break 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.
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(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.

6.3.7 Additional Notes

(1) When aPC break is set for an instruction fetch at the address following a BSR, JSR, IMP,
TRAPA, RTE, or RTSinstruction
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 instruction 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 always executed. For details, see section 5, Interrupt Controller.

(3) When aPC break is set for an instruction fetch at the address following a Bcc instruction

A PC break interrupt is generated if the instruction at the next address is executed in
accordance with the branch condition, but is not generated if the instruction at the next address
is not executed.

(4) When aPC break is set for an instruction fetch at the branch destination address of aBcc
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 H85/2643 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).

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
0O 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

O DMAC single-address mode and internal access can be executed in parallel
* Busarbitration function

O 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 busrelease function
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7.12 Block Diagram

Figure 7.1 shows a block diagram of the bus controller.

CS0to CS7
— Internal
< Area decoder address bus
ABWCR K >
External bus control signals ASTCR K A
< BCRH [ )
BCRL K >
BREQ ———————— ™ "
BACK Bus 3 Internal control
BREQO - controller % signals
=]
T
& Bus mode signal
A =
AT Wait
WAIT controller WCRH (K A
wcrL K >
L DRAM controller
MCR K A
External lDRAM DRAMCR C>
control signal
RTCNT [ p
RTCOR K P
l—— CPU bus request signal
l—— DTC bus request signal
Bus arbiter [-«—— 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

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 11O 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.

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

Lower column LCAS Output DRAM lower column address strobe signal

strobe
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Name Symbol I/O Function

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.

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 HFEDO
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  H'00 Retained H'FED6
DRAM control register DRAMCR R/W  H'00 Retained H'FED7
Refresh timer counter RTCNT R/W  H'00 Retained H'FEDS8
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.
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7.2 Register Descriptions

721 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
RW : R/W RIW RIW R/W RIW R/W RIW RIW
Mode 4

Initial value : 0 0 0 0 0 0 0 0
RW : 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 (ABW7 to 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 areaisto 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.

Bitn
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
to 1l

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)
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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.

Bit 3 Bit 2
w11 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 0 in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
Wo1 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)
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724 Bus Control Register H (BCRH)

Bit : 7 6 5 4 3 2 1 0

| ICIS1 | ICISO |BRSTRM| BRSTSl|BRSTSO| RMTS2 | RMTS1 | RMTSO ‘
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.

Bit 7—Idle CycleInsert 1 (1CISL1): 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 externa 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
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Bit 4—Burst Cycle Sdlect 1 (BRST S1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

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

Bits2 to 0—RAM Type Sdlect (RMTS2to RMTS0): In advanced mode, these bits select the
memory interface for areas 2to 5.

When DRAM space is selected, the appropriate area becomes the DRAM interface.

Bit 2 Bit 1 Bit 0 Description
RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 0 Normal space
1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space
1 1 1 Contiguous DRAM space

Note: When all areas selected in DRAM are 8-bit space, the PF2 pin can be used as an 1/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.
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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

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 arefresh 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 | 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 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 viathe PG4 pin. In
modes 4, 5, and 6, setting the corresponding DDR to 1 outputs the selected CS.

Bit 7

CSS07 Description

0 Selects CS0 (Initial value)
1 Selects CS7

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
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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

BUTDescription

0 Functions as PF1 input pin (Initial value)
1 Functions as BUZZ output pin

Bit 4—L CASOutput Pin Sedlect 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
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Bits 3to 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
apinisenabled for address output, the addressis output regardless of the corresponding DDR
setting. When a pin is disabled for address output, it becomes an output port when the
corresponding DDR bit is set to 1.

Bit3 Bit2 Bitl BitO
AES3 AE2 AE1l AEO Description

0 0 0 0 A8 to A23 address output disabled (Initial value*)
1 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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7.2.7 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 MCRisinitialized 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.

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 access isin high-speed page mode. When using EDO typein
this case, either select OE output or RAS up mode.

Bit 6
BE Description

Burst disabled (always full access) (Initial value)
1 Access DRAM space in high-speed page mode
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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.

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, M XCO): These hits 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-hit access space: target row addresses for comparison are A23 to A8
(2) 16-hit 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-bit 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 —
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Bits 1 and 0—Refresh Cycle Wait Control 1 and 0 (RLW1, RLWO): These bits select the
number of wait statesto 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 via the
WAIT pinisdisabled.

Bit 1 Bit 0

RLW1 RLWO Description

0 0 Do not insert wait state (Initial value)
1 Insert 1 wait state

1 0 Insert 2 wait states
1 Insert 3 wait states

7.2.8 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.

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 asan interval timer.

Bit 7

RFSHE Description

0 Do not perform refresh control (Initial value)
1 Perform refresh control
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Bit 6—CBR Refresh Mode (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 Mode (RMODE): This bit selects whether or not to perform a self refresh in
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

Bit 4—Compare Match Flag (CMF): 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 condition]
When CMF = 1, read the CMF flag, then clear the CMF flag to 0 (Initial value)
1 [Setting condition]

. 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 a self-refresh.

Bit 3

CMIE Description

0 Disables CMF flag interrupt requests (CMI) (Initial value)
1 Enables CMF flag interrupt requests (CMI)
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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 beinput 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 CKSsO0 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

7.29 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 CKS0 bits.

When RTCNT matches the value in RTCOR (compare match), the DRAMCR CMFflagissetto 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.
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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 sets theRTCNT compare match cycle.

The values of RTCOR and RTCNT are constantly compared and, when both value match, the
DRAMCR CMFflagissetto 1 and RTCNT is cleared to H'0O.

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.
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7.3 Overview of Bus Control

7.3.1 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 spacein areaunits. A chip select signa
(CSO to CS7) can be output for each area. In norma 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 H852643 Group.

H'000000 H'0000
Area 0 o
(2 Mbytes)
H'1FFFFF
H'200000 X
Area 1 K
(2 Mbytes) '
H'3FFFFF N
H'400000
Area 2
2 Mb
(2 Mbytes) - HEFFE
H'5FFFFF
H'600000
Area 3
(2 Mbytes)
H7FFFFF
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)
.. HFFFFEE_
(1) Advanced mode (2) Normal mode*

Note: * Not available in the H8S/2643 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 ADWCR. An areafor which an 8-bit busis
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 accessis
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.
(3) Number of Program Wait States

When 3-state access spaceis designated by ASTCR, the number of program wait statesto be
inserted automatically is selected with WCRH and WCRL. From 0 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 H85/2643 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.
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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 (sections 7.4, Basic Bus Interface, 7.5, DRAM
Interface, and 7.7, Burst ROM Interface) should be referred to for further details.

(1) AreaO

Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area O is external
space. In ROM-enabled expansion mode, the space excluding on-chip ROM is externa space.

A CSO signal can be output when accessing area 0 external space.

Either basic businterface or burst ROM interface can be selected for area 0.

(2) Areasland 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.

(3) Areas2to5

In external expansion mode, all of areas 2to 5 is external space.

CS2 to CS5 signals can be output when accessing area 2 to 5 external space.

The standard buiinterfie or DRAM interface can be selected for areas 2to 5. In DRAM interface
mode, signals CS2 to CS5 are used as RAS signals.

(4) Area7

Area7 includes the on-chip RAM and internal 1/0 registers. In external expansion mode, the space
excluding the on-chip RAM and internal 1/0 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
bit is cleared to O, the on-chip RAM is disabled and the corresponding space becomes externa
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 LS 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 section 10, 1/O Ports for details.

When areas 2 to 5 are set as DRAM space, CS2 to CS5 outputs are used as RAS signals.

! Bus cycle !
-,

L T, T3
v 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).

74.2 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.

(1) 8-Bit Access Space

Figure 7.4 illustrates data alignment control for the 8-bit access space. With the 8-bit 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
alongword transfer ingtruction, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Bytesize |“““‘|

Word i | 1st bus cycle L
Or s e T T T T T T T
12 | 2ndbuscycle | | 0 0 0 ]

[ 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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(2) 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 databus (D15 to D8) and lower data bus (D7 to DO) are used for accesses. The
amount of datathat can be accessed at onetime is one byte or one word, and a longword transfer
instruction is executed as two word transfer instructions.

In byte access, whether the upper or lower databusis 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
(1) 8-Bit 2-State Access Space

Figure 7.6 shows the bustiming for an 8-bit 2-state access space. When an 8-bit access spaceis
accessed, the upper half (D15 to D8) of the data bus is used.

The LWR pin isfixed high. Wait states cannot be inserted.

I
-
|

Bus cycle ————————
‘
|

1

Address bus

Q)
2]
=]

3l

Read 1 DI15toD8 : valid

D7 to DO ‘ 1 Invalid

I
s

3

ps]
L

[ I
>

| fesllln

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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(2) 8-Bit 3-State Access Space

Figure 7.7 shows the bustiming for an 8-hit 3-state access space. When an 8-bit access spaceis
accessed, the upper half (D15 to D8) of the data bus is used.

The LWR pin isfixed high. Wait states can be inserted.

- Bus cycle

¢

Address bus | 1

CSn

AS

Read D15 to D8

D7 to DO j ‘ ‘ Invalid :

Write

D15 to D8 ~—< : valid |

! ' High impedance
D7 to DO : : ;

| esl L

Note: n=0to 7

Figure7.7 BusTimingfor 8-Bit 3-State Access Space
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(3) 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 bus is used for the even address, and the lower
half (D7 to DO) for the odd address.

Wait states cannot be inserted.

Read

Write

Address bus

D15 to D8

D7 to DO

D15 to D8

D7 to DO

Note: n=0to 7

————— Buscycle —————»
| i

| T

| T2 |

valid !

o
Invalid

High

Valid

| sl LU

3 High impedance i

Figure 7.8 Bus Timing for 16-Bit 2-State Access Space (Even Address Byte Access)
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~——— Buscycle ——

Address bus >< |

CSn

D7 to DO

Read { Di5toD8 | i { nvalid | }—

Write

'High impedance

D15 to D8

D7 to DO ——< ' valid >7

Note: n=0to 7

Figure 7.9 BusTimingfor 16-Bit 2-State Access Space (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=0to 7

Figure7.10 BusTiming for 16-Bit 2-State Access Space (Word Access)
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(4) 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
spaceis accessed , the upper half (D15 to D8) of the data bus is used for the even address, and the
lower half (D7 to DO) for the odd address.

Wait states can be inserted.

Bus cycle
T, | T, 1 Ts

o [ L[ 1

Read ¢ D15to D8 T 1 Valid |

D7 to DO ; : ; Invalid |

WR ! High
Write | 1 |

D15 to D8 ——< valid

' High impedance

D7 to DO

Note: n=0to 7

Figure7.11 BusTiming for 16-Bit 3-State Access Space (Even Address Byte Access)
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Bus cycle
Ty | T, | T3

D7 to DO 1 T i Valid |

LWR | |

Write ! i !
D15 to D8

|
—
Read { D15to D8 i @_
(v )
—
-

D7 to DO ——< j valid

Note: n=0to 7

Figure7.12 BusTiming for 16-Bit 3-State Access Space (Odd Address Byte Access)
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Bus cycle
Ty i T, | Ta

Address bus

CSn

Read D15 to D8

D7 to DO

LWR |

Write | ‘
D15 to D8 ‘ | Valid

D7 to DO : valid

N
)
B ;
s
B
——
—

Note: n=0to 7

Figure7.13 BusTiming for 16-Bit 3-State Access Space (Word Access)
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745 Wait Control

When accessing external space, the H8S/2643 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.

(1) 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.

(2) 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,y 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
T1 T2 TW Tw TW TS

A
Y
A
Y
A
Y
A
Y
A
Y
A
Y

I
— !

|

=
>
_|

Address bus :>< >[

o |
Read
Data bus { Readdata |}
HWR, LWR
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

751 Overview

ThisLSl alowsarea 2 to 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 8-Mbyte DRAM space. Burst operation is
possible using high-speed page mode.

75.2 Setting Up DRAM Space

Toset up areas 2 to 5 as DRAM space, set the RMTS2 to RMT S0 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 x16 hits 64-M DRAMSs requires a4-M word (8-Mbyte) 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 asinput ports. In this
configuration, the bus widths are the same for areas 2to 5.

Table7.5 RMTS2to RMTS0 Settingsvs DRAM Space

RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space
1 1 1 Contiguous DRAM space
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753 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 Al2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Row 0 0 8 bits A23t0 A13 A20 Al9 Al8 Al7 Al6 Al5 Al4 A13 Al2 All Al0 A9 A8
address 1 9 bits A231t0 A13 Al2 A20 Al9 Al8 Al7 Al6 Al5 Al4 Al3 Al2 All Al0 A9
1 0 10 bits A23t0 A13 Al2 All A20 Al9 Al8 Al7 Al6 Al5 Al4 Al3 Al2 All Al0
1 Setting  — _ = = = = = = = = = = = —
prohibited
Column —  —  — A23t0 A13 Al2 All A0 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
address

754 Data Bus

Setting the ABWCR hit of an area set as DRAM spaceto 1 sets the corresponding area as 8-bit
DRAM space. Clearing the ABWCR hit to 0 setsthe area as 16-bit DRAM. 16-bit DRAMSs 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.

Tp Tr Tcl TCZ

S I I O I I
A23 to A0 :>< ;X row >< collzjmn X

CAS, LCAS _| | | !
| | | RCTS=1 | |
HWR (WE) _| | | ! |
Read i i i i :
RD | | | |
D15toD0 | } } } 1 )
CAS,LCAS } }
FWR (WE) 1 i
Write : : : 3 :
RO _| | | | |
D15 to DO j 3 3 { ! —
Note:n=2t05 ‘ ‘ ‘ ‘ ‘

Figure7.15 Basic Access Timing
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75.7

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 Tr 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.

| pl | Tp2 | Tr | Tcl | TCZ i
e e e B
A23 to AO :>< ‘ >< row >< columni X:
wes ] L. [

| | | | _RCTS=0 |
cAs, [cAs ] | | B B

1 1 1 | RCTS=1. 1

Read | HWR (WE)_| % % % i %
D15 to DO j { -
chs, (eS| | N

Write HWR (W) i i i i |—,§ i
w00

Note:n=2to 5
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 O 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 signal is
output only during the T, state when writing.
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Figure 7.17 shows example timing for the insertion of program waits.

Tp‘Tr‘

Tcl ‘ Tw ‘ Tw ‘ Tc2

Program
waits

S 1

|
Address bus :>< >< ><

Csn (RAS)

CAS, LCAS

T RCTS=0

RCTS=1

Read RD

Data bus

Read data

CAS, LCAS

Write 1 HWR (WE)

i

Data bus

Note: | shows timing for WAIT pin sampling.
n=2to5

—

~

Write data

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.
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Figure 7.18 shows example timing for the insertion of wait states viathe WAIT pin.

Program . _
waits WAIT pin wait states

p Tr Tc 1 Tw Tw Tcz

o |

Address bus :X >< >< >C

AS

CSn (RAS)

CAS, LCAS

RCTS=1

Read RD

Data bus { Readdata |
CAS, LCAS r

Write § HWR (WE)

Data bus

—~

Write data >—

Note: ¢ shows timing for /WAIT pin sampling.
n=2t5

Figure7.18 Example Timingfor Insertion of Wait Statesvia WAIT Pin
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759 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.

o | | | |

A23t0 A0 >< row >< column ><

Csn (RAS) |

o ]

HWR (WE) |

Byte control

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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This LSI
(address 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
A5
A4
A3
A2
Al
A0

D15 to DO

Row address input: A8 to AO
Column address input: A8 to A0

il

Figure 7.20 High-speed Page Mode DRAM
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This LSI
(address shift set to 10 bits)

CS2 (RAS)
CAS
LCAS
HWR (WE)
A10

A9

A8

A7

A6

A5

A4

A3

A2

Al

—_ __ DIi5toDO
csz@E) > °

2CAS 16-Mbit DRAM
1 Mbyte x 16-bit configuration
10-bit column address

RAS
UCAS
LCAS
WE
A9

A8

A7

A6 [ Row address input: A9 to A0
A5 \Column address input: A9 to A

A4
A3
A2
Al
A0

D15toDO __
OE

)

Figure7.21 Example Connection of EDO Page Mode DRAM (OES=1)

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.

Rev. 3.00 Jan 11, 2005 page 186 of 1220
REJ09B0186-03000

RENESAS




Section 7 Bus Controller

(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 state) 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 ! ! ! 3 ! 3 !
e ] s s 1 | 1 B
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=2to 5
* 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

T Lo Ta Te2 i T i T, i T . Teo

Y N S B B
CSn(RAS) | | | | | | | |
| : RCTS =0 | : 1 i
CAS,ICAS | | | | |
RCTS=1 | | | |
e /[ S
I, SR e, U e

Notes: n :_2to 5
* OE is enabled when OES = 1.

Figure7.23 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.

Notethat the RAS signal level does not return to High in burst ROM space access.

DRAM DRAM External space
write access read access write access

3 Tp ! Tr ' Tcl ! TcZ : Tcl ! TcZ : Tl ' T2 :

|

PR

¢
wvor

3 N R
o0 ) {0

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
shows 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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: L

RTCNT N >< 00

RTCOR N

Refresh request
signal and CMF
bit setting signal

Figure7.26 CompareMatch Timing

Read access of Write access of
normal space normal space
T T

L

B

[

== LT

HWR (WE) } }
+———— Refresh cycle —f—»i
I N— ; | I
RAS | } } }
CAS | |

Figure7.27 Example CBR Refresh Timing (CBRM = 0)
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Normal space access request

A23 to AO

:]_)

Figure7.28 Example CBR Refresh Timing (CBRM
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(2) Self-Refresh

One of the DRAM standby modesis 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 mode is
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

T Tee 1 . L Ths
! ! ! ! L ! !
0 )

csn (RAS) 1 1 1 1 1 1
— ! i i ) i !

CAS, LCAS
B : : : R : :
o ! ! ! L ! !
HWR (WE) | | | Do | )) | |
! ! ! ' High level ! ! !

Note:n=2to5

Figure7.29 Sdf-Refresh Timing
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7.6 DMAC Single Address Mode and DRAM Interface

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.
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row

A23 to AO

o |0n
T <<
ox 0|0
Tnu a0
(@) Tm.w

CL

-
—
-

ia 3 &ﬂa o <
a} a O
= 8 Bik ¢
S a8 ==k =9
= [a) Ssiw a)
T TA T
o|9

Read
Write

Note: n=2to5

1 (Example Showing DRAM Access)

Figure7.30 DACK Output Timing when DDS
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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, sate 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.
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Tc2

Tcl

RCTS =0

S
CAS (UCAS)

LCAS (LCAS)

~~ ~ ~ K
w Q M Q
g © RE © 2
7DW“ 0 22 7QW“ 0
— —
1)
T o Qz T a
$)]®]
-

Note:n=2to 5

0 (Example Showing DRAM Access)

Figure7.31 DACK Output Timing when DDS

REJ09B0186-03000
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77 Burst ROM Interface

771 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 at high-speed.

The BRSTRM hit 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 states in the initial cycle (full access) of the
burst ROM interface. Wait states can be inserted when the ASTO bit isset to 1. The burst cycle
can be set for 1 state or 2 sttes by setting the BRSTSL 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 bit is set to 1, 8-word max. burst access is performed.

Figure 7.32 (a) and (b) shows the basic access timing for the burst ROM space.
Figure 7.32 (a) is an example when both the ASTO and BRSTS1 bitsare set to 1.

Figure 7.32 (b) is an example when both the ASTO and BRSTS1 hitsare set to 0.
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Full access Burst access

Ty | T2 | Ts L | T, Ty | T2
T o T T

Cso

\/
Address bus :>< >< Low address/c\)nly changes ><

RD r
Data bus —< Read data >—< Read data >—< Read data >—

Figure7.32 (a) ExampleBurst ROM Access Timing (ASTO=BRSTS1 = 1)
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Full access Burst access

L T, T L

: ( \/ ) :
Address bus ><Low address only changes
/\

Data bus 4< Read data ><Read data>< Read data>i

Figure7.32 (b) ExampleBurst ROM Access Timing (ASTO=BRSTS1 =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/2643 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, /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 (a), 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 LI LI LI LI
Address bus :b( X 9(: Address bus | 9( 9(:

CS (area A) 3 CS (area A) |
CS (areaB) |

RO | | B B mo L[

Data bus ; § Data bus ; ; )—( ;>—

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(areaB) CS(areaB)
RD | /M i) RD | I i}
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.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

Address bus :b( Q( X: Address bus j 1X X:
CS (area A) ! CS (area A) !
CS(areaB) CS(areaB) i
RD | | RD | |
WA L WA 1 1
Databus TN omaws }——{ - +
' : Data
Long output | ¢5jjigion
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 Tr cycleisinserted,
not the T, cycle. Figure 7.36 shows the timing. Note, however, that ICIS0O and I CI S1 settings are
valid in burst accessin RAS down mode, and an idle cycle isinserted. Figure 7.37 (a) and (b)
shows 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 | / { )

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 (ICISL=1)
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DRAM space read External read DRAM space read

Address :>:( X X >:< >{i< >C
S I T [ RN ;
apiiay

Data bus : /_E_\ i >—< :>_

Idle cycle

Figure7.37 (b) Exampleldle Cycle Operation in RAS Down Mode (ICISO = 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 H85/2643 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

Figure7.38 Example of Timing when Write Data Buffer Function Is Used
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710 BusRdease

7.10.1 Overview

The H85/2643 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 H8S2643 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)
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Note: A refresh can be executed at the same time as external access by the internal bus master.

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

CPU cycle External bus released state | cycle

To T Tz
v uEnininE

High impedance

High impedance s E—

Address bus >< Adbress |
! | High imledance i

Data bus > : p

| High imbedance

CSn | \ | :

s L[

High impedance —

L[

High impedance

HWR, LWR :
wem T\ s
s A e
BREQO* \ /
Minimumi
1 state
. : :
(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.

[38] BREQ pin state is still sampled in external bus released state.

[4] High level of BREQ pin is sampled.

[5] 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
Mp—

A23t0 A0 X

=)

RAS | ! ‘ I
CAS | ! ! I
BREQ | : | : | |
m - e

Figure7.40 Example Bus Release Transition 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

7111 Overview
The H85/2643 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
inparallel.

In the event of simultaneous external bus release 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.

(1) CPU

The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC, the bus
arbiter transfers the bus to the bus master that issued the request. The timing for transfer of the bus
isasfollows:

« 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.
(2) DTC
The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), asingle 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).

(3) 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.
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712 Resetsand the Bus Controller

In apower-on reset, the H8S2643 Group, including the bus controller, enters the reset sate at that
point, and an executing bus cycleis 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 datais not retained. Also,
because the DMAC isinitialized at amanual reset, DACK and TEND outputs are disabled and
function as I/0O ports controlled by DDR and DR.
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8.1

Section8 DMA Controller

Overview

The H852643 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

O

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
Auto-request
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e Module stop mode can be set

O Theinitial setting enables DMAC registersto be accessed. DMAC operation is halted by
setting module 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 —» 'C
TGI2A —»
TG3A — > Processor \@
TGI4A  ——»
TGISA —» 3 MAROA
X0 T
RXIO — -] o % IOAROA "
TXI1 — Control logic 3|5 ETCROA K]
RXI1T — —= ol g
ADI o f__ﬂ o MAROB %
External pinsQ - | © g IOAROB 2
DREQO —» < o
DREQT — »| DMAWER G ETCROB S
TENDO —~=—| DMATCR 3 MAR1A
TEND1 —~-— ©
DACKD = DMACROA - % IOAR1A
DACK1I - DMACROB qé ) ETCR1A
Interrupt signals S|
DENDOA ~—— IDMACRIA] G2 MAR1B
DENDOB ~«—| DMACR1B c I0OAR1B
[]
DENDIh = [ DMABCR 5 ETCR1B

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 (a) and (b) summarize DMAC functions in short address mode and full address mode,
respectively.

Table8.1(a) Overview of DMAC Functions (Short Address M ode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Dual address mode ¢ TPUchannelOto 24/16 16/24
Sequential mode S compare

match/input

O 1-byte or 1-word transfer

executed for one transfer request capture A interrupt

¢ SCI transmit-data-

O Memory address )
empty interrupt

incremented/decremented by 1
or2 e SCl reception

O 1 to 65536 transfers complete interrupt

+ |dle mode « A/D converter

conversion end

O 1-byte or 1-word transfer .
interrupt

executed for one transfer request
. ¢ External request
O Memory address fixed
O 1to 65536 transfers
* Repeat mode
O 1-byte or 1-word transfer
executed for one transfer request
0 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
» Transferin 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 (b) 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

e 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

Initial Bus
Channel Name Abbreviation R/W Value Address* Width
0 Memory address register 0A  MAROA R/W Undefined H'FEEO 16 bits
1/0 address register 0A IOAROA R/W Undefined H'FEE4 16 bhits
Transfer count register 0A ETCROA R/W Undefined H'FEE6 16 bits
Memory address register 0B MAROB R/W Undefined H'FEE8 16 bits
1/0 address register 0B IOAROB R/W Undefined H'FEEC 16 bits
Transfer count register OB 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 bits
DMA control register 0B DMACROB R/W H'00 H'FF63 16 bits
DMA control register 1A DMACR1A R/W  H'00 H'FF64 16 bits
DMA control register 1B DMACR1B 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 bits

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, as shown 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
% JOAROA -« Specifies transfer destination/transfer source address
% ETCROA -«—— Specifies number of transfers
&) DMACROA| ~+—— Specifies transfer size, mode, activation source, etc.
@ MAROB -+—— Specifies transfer source/transfer destination address
E I0AROB --—— Specifies transfer destination/transfer source address
f_—C“ ETCROB -4—— 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
Q -«+—— Not used
c I0AROB B
= -«—— Specifies number of transfers
o ETCROA . .
-4— Specifies number of transfers (used in block transfer
ETCROB mode only)
DMACROADMACROB| -«—— Specifies transfer size, mode, activation source, etc.
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821 Memory Address Register (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/MWRMW RW 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 RW 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 [ | [ [ T[T [ [T [ [T [ ]
nitial value :  * * x x o+« x s x x x x x s x 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.

8.2.3 Execute Transfer Count Register (ETCR)

ETCR isa 16-hit 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 I dle Mode

Transfer Counter

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
erer c| [ [ [ [ | [ [ [ [ [ [ [ [ []
Inltlal Value * * * * * * * * * * * * * * * *
RW : RIW RIW RIW RIW RIW RW RW RW R/W R/W R/W R/W R/W R/W R/W R/W

*: Undefined
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In sequential mode and idle mode, ETCR functions as a 16-hit transfer counter (with a count range
of 1t0 65,536). 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.

(2) Repeat Mode

Transfer Number Storage

Bit : 15 14 13 12 11 10 9 8
ETCRH & | | | | | | |

Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

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 bit is
cleared by the user.

ETCR isnot initialized by areset or in standby mode.

824 DMA Control Register (DMACR)

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.
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Bit 7—Data Transfer Size (DTSZ): Selects the size of datato be transferred at onetime.

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 data transfer 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

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.
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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

Bits3to 0—Data Transfer Factor (DTF3to DTFO): These bits select the data transfer factor
(activation source). There are some differencesin activation sources for channel A and for channel
B.
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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 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 —
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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.

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.
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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

Bit 8—Data Transfer Acknowledge OA (DTAOQA): Enables or disables clearing, when DMA
transfer is performed, of the internal 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
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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 atransfer
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 a request 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

Bit 6—Data Transfer Enable 1A (DTE1A): Enables or disables datatransfer on channel 1A.

Bit 6

WDescription

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Enable OB (DTEOB): Enables or disables datatransfer on channel OB.

Bit 5
DTEOB Description

0 Data transfer disabled (Initial value)

1 Data transfer enabled
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Bit 4—Data Transfer Enable OA (DTEOA): Enables or disables datatransfer on channel 0OA.

Bit 4

DTEOA Description

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

Bit 2—Data Transfer End Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1A
transfer end interrupt.

Bit 2

WDescription

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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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 (DTIEOQA): Enables or disables the channel 0A
transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

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, see table 8.4.

8.3.1 Memory Address Register (MAR)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MR === === == ]
Initial value: 0 O 0O 0 O 0 0O o * * * * * * * *
R/W i - - - —- — — — — R/MWR/MWRMW 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
wee o [ [ [ [ [ [ [ [ [ [ [ []
Inltlal Value * * * * * * * * * * * * * * * *
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined

MAR is a 32-bit readable/writable register; MARA functions as the transfer source address
register, and MARB as the destination address register.
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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 I/O Address Register (IOAR)

IOAR isnot used in full address transfer.

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 O
ETCR
In|t|al Value * * * * * * * * * * * * * * * *
R/W . RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W RW 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 5 4 3 2 1 0
T A A O O O
Initial value : * * * * * * * * *
R/W . RIW R/W RW RW RW R/W R/W RW RW RW R/W RW RW R/W R/W R/W

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 isloaded 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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834 DMA Control Register (DMACR)

DMACR is a 16-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 . RMW 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 . RMW RIW RIW RIW RIW RIW RIW RIW

Bit 15—Data Transfer Size (DTSZ): Selectsthe size of datato be transferred at one time.

Bit 15

WDescription

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 14—Sour ce Address I ncrement/Decr ement (SAID)

Bit 13—Sour ce Address | ncrement/Decr ement Enable (SAIDE): These hits specify whether
source address register MARA isto be incremented, decremented, or Ieft unchanged, when data
transfer is performed.
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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 bit 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.

Rev. 3.00 Jan 11, 2005 page 238 of 1220

REJ09B0186-03000

RENESAS



Section 8 DMA Controller

Bits 10 to 7—Reser ved: Can beread or written to.
Bit 6—Destination Address Increment/Decrement (DAID)

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 MARB 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

MARB 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 be read or written to.

Bits3to 0—Data Transfer Factor (DTF3to DTFO): These bits select the data transfer factor
(activation source). The factors that 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 \ — \ — \ DTA1L \ — \ 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 beread 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
Ssetting.

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 0 data transfer factor
Ssetting.

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 the relevant 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 passesto the
CPU. When the DTME bit is subsequently set to 1 again, the interrupted transfer isresumed. 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 0 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 (DTME1): Enables or disables data transfer on channel
1

Bit 7

DTME1 Description

0 Data transfer disabled. In burst mode, cleared to 0 by an NMI 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 NMI 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 atransfer
end interrupt request to the CPU.

The conditions for the DTE bit being cleared to O are asfollows:

e Wheninitialization is performed
»  When the specified number of transfers have been completed
*  When Oiswritten to the DTE bit 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

WDescription

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable 0 (DTEOQ): Enables or disables data transfer on channel 0.

Bit 4

DTEO Description

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 isinterrupted. 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.

A transfer break interrupt can be canceled either by clearing the DTIEB hit to O in the interrupt
handling routine, or by performing processing to continue transfer by setting the DTME bit to 1.
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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

WDescription

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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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 DM A Write Enable Register (DM AWER)

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. The restrictions 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 areais re-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

I0AROB

ETCROB

MARI1A

DTC

IOAR1A

ETCR1A

MAR1B

IOAR1B

ETCR1B
DMAWER DMATCR

DMACROA DMACROB

DMACR1A DMACR1B

Second transfer area

using chain transfer DMABCR

Figure8.2 Areasfor Register Re-Setting by DTC (Example: Channel 0A)

Bit : 7 6 5 4 3 2 1 0
DMAWER :‘ — ‘ — ‘ — ‘ — ‘ WE1B ‘ WE1LA ‘ 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 DMACR1A, and bits 10, 6, and 2 in DMABCR are enabled

Bit 1—Write Enable OB (WEOB): Enables or disables writes to all bitsin DMACROB, bits 9, 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, I0AR, 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 (TEEL): Enables or disablestransfer end pin 1 (TENDI1) 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 \ MSTPAL \ MSTPAO \
Initial value : 0 0 1 1 1 1 1 1
RIW . RW RIW RIW RIW RIW RIW RIW RIW

MSTPCRA is an 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 compare match/input operate independently
mode mode  (2) Idle mode capture A interrupt «  External request
(3) Repeat mode ¢ 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 0to 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 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. Thetransfer direction is programmable.

(2) IdleMode

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 AddressMode

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 oneword 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 bits, and for the other, the pin is set
automatically. The transfer direction is programmable.

Modes (1), (2) and (3) can also 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.

O Cyclesteal mode: The busis released to another bus master every byte or word transfer.
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O Burst mode: The busis held and transfer continued until the specified number of transfers
have been completed.
e External request
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. 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.
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Table8.6 Register Functionsin Sequential Mode
Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 ' Source Destination Start address of Incremented/
| . MAR address address transfer destination decremented every
register register or transfer source  transfer
23 15 Destination Source Start address of Fixed
| H'FF | IOAR address address transfer source or
register register transfer destination
15 ' Transfer counter Number of transfers Decremented every
| ETCR transfer; transfer
ends when count
reaches H'0000
Legend:
MAR:  Memory address register

IOAR:

I/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
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.
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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
\j Address B =L + (—1)DTID . (2DTSZ. (N-1))
Address B 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.

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, externa
requests, SCI transmission complete and reception complete interrupts, and TPU channel 0to 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.
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il . [1] Set each bitin DMABCRH.
Sequential mode setting » Clear the FAE bit to 0 to select short address

mode.
» Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

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

( Sequential mode )

Figure8.4 Example of Sequential M ode Setting Procedure
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85.3 IdleM ode

Idle 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 hit 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 | IOAR | 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: 1/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 —# -a— I0AR
/\_/ /\_/

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 bit 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 channel 0to 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] Seteach 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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8.5.4 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
[ transfer. Loaded with
ETCRL ETCRH value when
count reaches H'00
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.

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°TS2 . 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 —m= -« I0AR

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
\j Address B =L + (—1)PTID . (2DTSZ. (N-1))
Address B Where : L = Value set in MAR

N = Value set in ETCR

/\/

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 channel 0to 5
compare match/input capture A interrupts. External requests can be set for channel B only.
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Figure 8.8 shows an exampl e of the setting procedure for repeat mode.

( Repeat mode setting>

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

\

( Repeat mode >

(1]

(2]

(3]

(4]

5]

(6]

(1]

(2]

(3]

(4]

(5]
(6]

Set each bit in DMABCRH.

» Clear the FAE bit to O to select short address
mode.

» Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address and transfer
destination address in MAR and IOAR.

Set the number of transfers in both ETCRH and
ETCRL.

Set each bit in DMACR.

e 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.

Read the DTE bit in DMABCRL as 0.

Set each bit in DMABCRL.
¢ Clear the DTIE bit to 0.
+ Set the DTE bit to 1 to enable transfer.

Figure 8.8 Example of Repeat Mode Setting Procedure
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855 Single AddressM ode

Single address mode can only be specified for channel B. This mode can be specified by setting
the SAE bitin DMABCR to 1 in short address mode.

One address is specified by MAR, and the other is set automatically to the data transfer
acknowledge pin (DACK). The transfer direction can be specified by the DTDIR in DMACR.

Table 8.9 summarizes register functions in single address mode.

Table8.9 Regigter Functionsin Single Address Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 ' ' 0 Source Destination Start address of *
MAR address address transfer destination
register register or transfer source
DACK pin Write Read (Set automatically  Strobe for external
strobe strobe by SAE bit; IOAR is device
invalid)
15 0 Transfer counter Number of transfers *

ETCR

Legend:

MAR:  Memory address register
IOAR: 1/O address register
ETCR: Transfer count register
DTDIR: Data transfer direction bit
DACK: Data transfer acknowledge

Note: * See the operation descriptions in sections 8.5.2, Sequential Mode, 8.5.3, Idle Mode, and
8.5.4, Repeat Mode.

MAR specifies the start address of the transfer source or transfer destination as 24 bits.

IOAR isinvalid; in its place the strobe for external devices (DACK) is output.

Rev. 3.00 Jan 11, 2005 page 264 of 1220
REJ09B0186-03000
RENESAS



Section 8 DMA Controller

Figure 8.9 illustrates operation in single address mode (when sequential mode is specified).

Address T —m

Y

Address B —m»

/\/

/\_/

> | - o

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T =L
Address B = L + (=1)PTID . (2DTSZ.. (N-1))
Where : L = Value setin MAR
N = Value set in ETCR

Figure8.9 Operation in Single Address M ode (When Sequential M odeis Specified)
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Figure 8.10 shows an example of the setting procedure for single address mode (when sequential
mode is specified).

Single address [1] Set each bitin DMABCRH.
mode setting » Clear the FAE bit to 0 to select short address

mode.
» Set the SAE bit to 1 to select single address
mode.
Set DMABCRH [1] » Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address/transfer
destination address in MAR.

Set transfer source and

transfer destination [2]  [3] Setthe number of transfers in ETCR.
addresses

[4] Set each bitin DMACR.
» Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
Set number of transfers | [3] decremented with the DTID bit.
» Clear the RPE bit to 0 to select sequential
mode.
» Specify the transfer direction with the DTDIR
bit.
» Select the activation source with bits DTF3 to
DTFO.

Set DMACR (4]

[5] Read the DTE bit in DMABCRL as 0.

Read DMABCRL [5] [6] Seteach bitin DMABCRL.

» Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

« Setthe DTE bit to 1 to enable transfer.

Set DMABCRL (6]

Y

(Single address mode >

Figure8.10 Example of Single Address M ode Setting Procedure (When Sequential Modeis
Specified)
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8.5.6 Normal Mode

In normal mode, transfer is performed with channels A and B used in combination. Normal mode
can be specified by setting the FAE bit in DMABCR to 1 and clearing the BLKE bit in DMACRA
to 0.

In normal mode, MAR is updated after each byte or word transfer in response to a single transfer
request, and thisis executed the number of times specified in ETCRA. The transfer source is
specified by MARA, and the transfer destination by MARB.

Table 8.10 summarizes register functions in normal mode.

Table8.10 Register Functionsin Normal Mode

Register Function Initial Setting Operation
23 ' ' 0 Source address  Start address of Incremented/decremented
| . MARA | | register transfer source every transfer, or fixed
23 ' ' 0 Destination Start address of Incremented/decremented
| . MARB . | address register transfer destination every transfer, or fixed

15 . 0 Transfer counter Number of transfers Decremented every

| ETCRA | transfer; transfer ends

when count reaches
H'0000

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Transfer count register A

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time abyte or
word istransferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and
MARB.

The number of transfersis specified by ETCRA as 16 bits. ETCRA is decremented each time a
transfer is performed, 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 ETCRA, is 65,536.
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Figure 8.11 illustrates operation in normal mode.

/\_/ /\_/

Address Ta —m| Transfer > -—— Address Tg

Y Y

Address Bao —m| - Address Bg

/\/ /\/

Legend:
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE - (—1)SAID . (2DTSZ . (N-1))
Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ . (N-1))
Where : La = Value set in MARA

Lg = Value setin MARB

N =Value setin ETCRA

Figure8.11 Operationin Normal Mode
Transfer requests (activation sources) are external requests and auto-requests.

With auto-request, the DMAC is only activated by register setting, and the specified number of
transfers are performed automatically. With auto-request, cycle steal mode or burst mode can be
selected. In cycle steal mode, the busis released to another bus master each time atransfer is
performed. In burst mode, the bus is held continuously until transfer ends.
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For setting details, see section 8.3.4, DMA Controller Register (DMACR).

Figure 8.12 shows an example of the setting procedure for normal mode.

< Normal mode setting )

Set DMABCRH

Set transfer source and
transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

Y

< Normal mode >

(1]

(2]

(3]

[4]

5]

(6]

(1]

(2]

(3]
(4]

5]
(6]

Set each bit in DMABCRH.

« Set the FAE hit to 1 to select full address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address in MARA, and
the transfer destination address in MARB.

Set the number of transfers in ETCRA.

Set each bit in DMACRA and DMACRB.

« Set the transfer data size with the DTSZ bit.
« Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and

SAIDE bits.

¢ Clear the BLKE bhit to 0 to select normal
mode.

< Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

« Select the activation source with bits DTF3 to
DTFO.

Read DTE = 0 and DTME = 0 in DMABCRL.

Set each bit in DMABCRL.

« Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

¢ Set both the DTME bit and the DTE bitto 1 to
enable transfer.

Figure8.12 Example of Normal Mode Setting Procedure
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8.5.7

Block Transfer M ode

In block transfer mode, transfer is performed with channels A and B used in combination. Block
transfer mode can be specified by setting the FAE bit in DMABCR and the BLKE bit in

DMACRA to 1.

In block transfer mode, atransfer of the specified block sizeis carried out in response to asingle
transfer request, and this is executed the specified number of times. The transfer sourceis
specified by MARA, and the transfer destination by MARB. Either the transfer source or the
transfer destination can be selected as a block area (an area composed of anumber of bytes or

words).

Table 8.11 summarizes register functionsin block transfer mode.

Table8.11 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 ' ' 0 Source address  Start address of Incremented/decremented
| | MARA | | register transfer source every transfer, or fixed
23 ' ' 0 Destination Start address of Incremented/decremented
| . MARB | | address register transfer destination every transfer, or fixed
7 0 Holds block Block size Fixed
ETCRAH| size
Block size Block size Decremented every
7Y 0 counter transfer; ETCRH value
ETCRAL copied when count
reaches H'00
15 . 0 Block transfer Number of block Decremented every block
| ETCRB | counter transfers transfer; transfer ends
when count reaches
H'0000
Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Transfer count register A
ETCRB: Transfer count register B

MARA and MARB specify the start addresses of the transfer source and transfer destination,
respectively, as 24 bits. MAR can be incremented or decremented by 1 or 2 each time abyte or
word is transferred, or can be fixed.
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Incrementing, decrementing, or holding afixed value can be set separately for MARA and

MARB.

Whether ablock is to be designated for MARA or for MARB is specified by the BLKDIR bit in

DMACRA.

To specify the number of transfers, if M isthe size of one block (where M =1 to 256) and N
transfers are to be performed (where N = 1 to0 65,536), M is set in both ETCRAH and ETCRAL,

and N in ETCRB.

Figure 8.13 illustrates operation in block transfer mode when MARB is desighated as ablock area.

Address T —s= —
—  istblock —] |-  Blockarea —
Consecutive transfer
of M bytes or words
| __| is performed in /\_/
response to one
—  2ndblock —{ request
— Nth block  —f
Yy ]
Address By —m

Legend:
Address Ta = La
Address Tg = Lg
Address Ba = La + SAIDE - (-1)SAID . (2DTSZ . (M:N-1))
Address Bg = Lg + DAIDE - (—1)PAID . (2DTSZ . (N-1))
Where : La = Value setin MARA

Lg = Value setin MARB

N = Value setin ETCRB

M = Value setin ETCRAH and ETCRAL

~4— Address Tg

)

~4— Address Bg

Figure8.13 Operation in Block Transfer Mode (BLKDIR =0)
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Figure 8.14 illustrates operation in block transfer mode when MARA is designated as a block area.

T~ T~

Address Ta —m -a— Address Tg

— Block area — _ 1st block |

Address Ba —m Consecutive transfer
of M bytes or words

is performed in
/\/ response to one

request

— 2nd block —

— Nth block —

Y

-4— Address By

Legend:
Address Ta =La
Address Tg = Lg
Address Ba = La + SAIDE - (—=1)SAID . (2DTSZ . (N-1))
Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ . (M-N-1))
Where : La = Value setin MARA

Lg = Value setin MARB

N =Value setin ETCRB

M =Value set in ETCRAH and ETCRAL

Figure8.14 Operation in Block Transfer Mode (BLKDIR =1)
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ETCRAL isdecremented by 1 each time a byte or word transfer is performed. In responseto a
single transfer request, burst transfer is performed until the value in ETCRAL reaches H'00.
ETCRAL isthen loaded with the value in ETCRAH. At thistime, the value in the MAR register
for which a block designation has been given by the BLKDIR bit in DMACRA is restored in
accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bitsin DMACR.

ETCRB is decremented by 1 every block transfer, and when the count reaches H'0000 the DTE bit
is cleared and transfer ends. If the DTIE bit isset to 1 at this point, an interrupt request is sent to
the CPU or DTC.

Figure 8.15 shows the operation flow in block transfer mode.
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Start
(DTE =DTME =1)

.

No

Transfer request?

Acquire bus

[

[
| Read address specified by MARA |
\
| MARA = MARA + SAIDE - (—1)SAID . 2DTSZ |

| Write to address specified by MARB |

\
| MARB = MARB + DAIDE - (—1)DAID . 2DTSZ |

\
ETCRAL =ETCRAL -1

ETCRAL = H'00 No
Yes
| Release bus |
\
| ETCRAL=ETCRAH |
BLKDIR = 0 No
Yes
| MARB = MARB — DAIDE - (-1)PAD . 2DTSZ. ETCRAH |
|

| MARA = MARA — SAIDE - (-1)SAI> . 20TSZ . ETCRAH |
R —
ETCRB = ETCRB — 1

No ETCRB = H'0000

Clear DTE bitto O
to end transfer

Figure8.15 Operation Flow in Block Transfer M ode
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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 channel 0to 5
compare match/input capture A interrupts.

For details, see section 8.3.4, DMA Control Register (DMACR).

Figure 8.16 shows an example of the setting procedure for block transfer mode.

Block transfer [1] Set each bitin DMABCRH.
mode setting » Set the FAE bit to 1 to select full address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set DMABCRH 1] [2] Set the transfer source address in MARA, and
the transfer destination address in MARB.
[3] Set the block size in both ETCRAH and
Set transfer source ETCRAL. Set the number of transfers in
and transfer destination | [2] ETCRB.
addresses

[4] Set each bitin DMACRA and DMACRB.
¢ Set the transfer data size with the DTSZ bit.
» Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.
« Set the BLKE bit to 1 to select block transfer
mode.
¢ Specify whether the transfer source or the
transfer destination is a block area with the
BLKDIR bit.
» Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
Read DMABCRL 5] DAIDE bits.
¢ Select the activation source with bits DTF3 to
DTFO.

Set number of transfers [3]

Set DMACR [4]

[5] Read DTE =0 and DTME = 0 in DMABCRL.

Set DMABCRL 1 (6] set each bitin DMABCRL.

¢ Specify enabling or disabling of transfer end
interrupts to the CPU with the DTIE bit.
Y « Set both the DTME bit and the DTE bit to 1 to

< Block transfer mode > enable transfer.

Figure8.16 Example of Block Transfer M ode Setting Procedure

Rev. 3.00 Jan 11, 2005 page 275 of 1220
REJ09B0186-03000
RENESAS




Section 8 DMA Controller

8.5.8 DM AC Activation Sources

DMAC activation sources consist of internal interrupts, external requests, and auto-requests. The
activation sources that can be specified depend on the transfer mode and the channel, as shown in
table 8.12.

Table8.12 DMAC Activation Sources

Short Address Mode Full Address Mode
Block
Channels Channels Normal Transfer
Activation Source OAand 1A OB and 1B Mode Mode
Internal ADI 0] (0] X (0]
Interrupts  1x0 0 0 % 0
RXI0 (0] (@) x (0]
TXI1 (0] (0] x (0]
RXI1 (0] (@) x o
TGIOA (0] (0] X (0]
TGI1A O (0] x (0]
TGI2A (0] (0] X (0]
TGI3A (0] (0] x (0]
TGI4A (0] (0] x o
TGI5A (0] (0] x (0]
External ~ DREQ pin falling edge input  x o] o o]
Requests  BREQ pin low-level input x 0 0 0
Auto-request X X @) X

Legend:

O : Can be specified
x : Cannot be specified

(1) Activation by Internal Interrupt

An interrupt request selected as a DMAC activation source can be sent simultaneously to the CPU
and DTC. For details, see section 5, Interrupt Controller.

With activation by an internal interrupt, the DMAC accepts the request independently of the
interrupt controller. Consequently, interrupt controller priority settings are not accepted.
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If the DMAC is activated by a CPU interrupt source or an interrupt source that is not used as a
DTC activation source (DTA = 1), the interrupt source flag is cleared automatically by the DMA
transfer. With ADI, TXI, and RXI interrupts, however, the interrupt source flag is not cleared
unless the prescribed register is accessed in aDMA transfer. If the same interrupt isused as an
activation source for more than one channel, the interrupt request flag is cleared when the highest-
priority channel is activated first. Transfer requests for other channels are held pending in the
DMAC, and activation is carried out in order of priority.

When DTE =0, such as after completion of atransfer, arequest from the selected activation
source is not sent to the DMAC, regardless of the DTA bit. In this case, the relevant interrupt
request is sent to the CPU or DTC.

In case of overlap with a CPU interrupt source or DTC activation source (DTA = 0), the interrupt
request flag is not cleared by the DMAC.

(2) Activation by External Request

If an external request (DREQ pin) is specified as an activation source, the relevant port should be
set to input mode in advance.

Level sensing or edge sensing can be used for external requests.

External request operation in normal mode (short address mode or full address mode) is described
below.

When edge sensing is selected, a 1-byte or 1-word transfer is executed each time a high-to-low
transition is detected on the DREQ pin. The next transfer may not be performed if the next edgeis
input before transfer is completed.

When level sensing is selected, the DMAC stands by for atransfer request while the DREQ pinis
held high. While the DREQ pin is held low, transfers continue in succession, with the bus being
released each time a byte or word is transferred. |f the DREQ pin goes high in the middle of a
transfer, the transfer is interrupted and the DMAC stands by for atransfer request.

(3) Activation by Auto-Request
Auto-request activation is performed by register setting only, and transfer continuesto the end.
With auto-request activation, cycle steal mode or burst mode can be selected.

In cycle steal mode, the DMAC releases the bus to another bus master each time a byte or word is
transferred. DMA and CPU cycles usualy alternate.
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In burst mode, the DMAC keeps possession of the bus until the end of the transfer, and transfer is
performed continuously.

(4) Single AddressMode

The DMAC can operate in dual address mode in which read cycles and write cycles are separate
cycles, or single address mode in which read and write cycles are executed in parallel.

In dual address mode, transfer is performed with the source address and destination address
specified separately.

In single address mode, on the other hand, transfer is performed between external space in which
either the transfer source or the transfer destination is specified by an address, and an external
device for which selection is performed by means of the DACK strobe, without regard to the
address. Figure 8.17 shows the data bus in single address mode.

RD >
HWR, LWR g
Add b External
A23 to AO ress bus memory
. (Read)
H8S/2643 ‘ i (Write)
N
e
D15 to DO iR
(high impedance) e
S — » | External
device
DACK -

Figure8.17 DataBusin Single Address M ode

When using the DMAC for single address mode reading, transfer is performed from external
memory to the external device, and the DACK pin functions as a write strobe for the external
device. When using the DMAC for single address mode writing, transfer is performed from the
external device to external memory, and the DACK pin functions as aread strobe for the external
device. Since thereis no directional control for the external device, one or other of the above
single directions should be used.
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Bus cycles in single address mode are in accordance with the settings of the bus controller for the
external memory area. On the external device side, DACK is output in synchronization with the
address strobe. For details of bus cycles, see section 8.5.11, DMAC Bus Cycles (Single Address
Mode).

Do not specify internal space for transfer addresses in single address mode.

859 Basic DMAC Bus Cycles

An example of the basic DMAC bus cycle timing is shown in figure 8.18. In this example, word-
sizetransfer is performed from 16-bit , 2-state access space to 8-bit, 3-state access space. When
the busistransferred from the CPU to the DMAC, a source address read and destination address
write are performed. The bus is not released in response to another bus request, etc., between these
read and write operations. Aswith CPU cycles, DMA cycles conform to the bus controller
settings.

CPU cycle | DMAC cycle (1-word transfer) | CPU cycle
1 \

Ty T Ta T T3 T T2 T3

o LU LT UL L

Source !

| address | Destination address i

Address bus X x X X
L]

RD

LWR

HWR !

Figure8.18 Example of DMA Transfer Bus Timing

The address is not output to the external address busin an access to on-chip memory or an internal
1/O register.
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8510 DMAC BusCycles(Dual Address Mode)

(1) Short Address M ode

Figure 8.19 shows a transfer example in which TEND output is enabled and byte-size short
address mode transfer (sequential/idie/repeat mode) is performed from external 8-bit, 2-state
access space to internal 1/0 space.

DMA DMA DMA DMA DMA DMA DMA

wite _idead!
Address bus X X gtx X gtx X

1 D) )
o L] R — R — -
| | iy | 'y | | |
HWR : : O : A : L
i i ) i ) i i i
LWR | | SO | S | | |
1 1 D) 1 D) | ‘ ‘
TEND i ‘ e ‘ ¢ i i
— -~ -~ |

Bus release Bus release Bus release  Last transfer Bus

cycle release

Figure8.19 Example of Short AddressMode Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. While the bus is released one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle isinserted after the DMA write cycle.

In repeat mode, when TEND output is enabled, TEND output goes low in the transfer cyclein
which the transfer counter reaches 0.
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(2) Full AddressM ode (Cycle Steal M ode)

Figure 8.20 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (cycle steal mode) is performed from external 16-bit, 2-state access spaceto
external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA  DMA

write ideadi
Address bus ix iX gtx X gtx

: : ) ! : ) | :
HWR : : \_|_“e< : : \_,‘“& : :
i i ) i ) i
R T 1 A 1 A 1
i i By i y i
TEND | | N | A l—_
Bus release Bus release Bus release Last transfer Bus

cycle release

Figure8.20 Example of Full Address M ode (Cycle Steal) Transfer

A one-byte or one-word transfer is performed, and after the transfer the bus is released. While the
busis released one bus cycle is inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle isinserted after the DMA write cycle.
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(3) Full AddressMode (Burst Mode)

Figure 8.21 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (burst mode) is performed from external 16-bit, 2-state access space to external 16-
bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA
write read write read write dead:

Address bus X x X X X X X:

L

L

Sy iy e
o LT LT
me [

Burst transfer

Figure8.21 Example of Full AddressMode (Burst Mode) Transfer
In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.

If arequest from another higher-priority channel is generated after burst transfer starts, that
channel hasto wait until the burst transfer ends.

If an NMI is generated while a channel designated for burst transfer isin the transfer enabled state,
the DTME hit is cleared and the channel is placed in the transfer disabled state. If burst transfer
has already been activated inside the DMAC, the bus is released on completion of aone-byte or
one-word transfer within the burst transfer, and burst transfer is suspended. If the last transfer
cycle of the burgt transfer has already been activated inside the DMAC, execution continues to the
end of the transfer even if the DTME bit is cleared.
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(4) Full AddressMode (Block Transfer M ode)

Figure 8.22 shows a transfer example in which TEND output is enabled and word-size full address
mode transfer (block transfer mode) is performed from internal 16-bit, 1-state access space to
external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA DMA DMA DMA
‘read! write read, write |dead, 'read| write read] write |dead|

(,,

Address bus U U

| | | | | iy | | | | |

RD N N O L L

. . . . . D) . . . . .

HWR | | | | | e | | | | |

| | | | | . | | | | |

R T T ] ]

| | | 3 | l)) | | | 3 | |

TEND b ! A ! |
Bus release | Block transfer Bus release Last block transfer ' Bus

release

Figure8.22 Example of Full AddressMode (Block Transfer M ode) Transfer

A one-block transfer is performed for one transfer request, and after the transfer the busis
released. While the busis released, one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle of each block (the cycle in which the transfer counter reaches 0), a one-
state DMA dead cycle isinserted after the DMA write cycle.

One block is transmitted without interruption. NMI generation does not affect block transfer
operation.
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(5) DREQ Pin Falling Edge Activation Timing

Set the DTA hit for the channel for which the DREQ pin is selected to 1.

Figure 8.23 shows an example of DREQ pin falling edge activated normal mode transfer.

DMA DMA Bus DMA DMA Bus
Bus release read write release read write release
! -

‘ 1 \ [ |
N Transf Transf Transf Transf
Address bus | x ??—x source. X degiination x ?E x ? source desiination _|
1 ‘ N !
DMA control Idle " YRead | wiite | Idle | ReadX Write || Idle |

A))‘

| |
Channel 1 Request . Request clear period Reque!;( 1 Request clear period l
i g_.—._»?

(1]

[2] [5]
[3] [6]
[41 7]

Minimum of 2 cycles | Minimum bf 2 cycles | o
“ . I =1 - I I
[ I P4 R [4] [B1 6] [7]
Acceptance resumes Acceptance resumes

Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of ¢, and the request is held.

The request is cleared at the next bus break, and activation is started in the DMAC.
Start of DMA cycle; DREQ pin high level sampling on the rising edge of ¢ starts.
When the DREQ pin high level has been sampled, acceptance is resumed after the
write cycle is completed.

(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request
is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8.23 Example of DREQ Pin Falling Edge Activated Normal M ode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, therequest is held in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA write cycle ends, acceptance
resumes after the end of the write cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.

Rev. 3.00 Jan 11, 2005 page 284 of 1220
REJ09B0186-03000

RENESAS




Section 8 DMA Controller

Figure 8.24 shows an example of DREQ pin falling edge activated block transfer mode transfer.

1 block transfer 1 block transfer
] -
! DMA DMA DMA Bus | DMA DMA  DMA' Bus
Bus release | read write dead 1release1 read write dead | release
—f—»ﬁ—»@—» .-
o [ L L LML UL UL
bl 3! ! ) !
LS T ! 1 T
DREQ / ) . ) : / \ : / ) ) : /

. |
T T
I I
| |
I I N
) Transfer 1y ) Transfer ) F Transfer © Transfer
source ) | destination 0 source ) destination
(ot

1 ) |
DMA control Idle | X:ieadx Wnte { Dead\ Idle XReadX Wme | ) Dead | ¥
! ] « |

! .
Channel Jreauest Request clear perlod ‘Requesh - ; Reques)t‘ clear period

Ut Lot (s

Minimun of 2 cycles | Minimun qf 2 cyqles |
e e ! - !
@ @ [4] 51 (6] [71
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of @,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of @ starts.

[4] [7] When the DREQ pin high level has been sampled, acceptance is resumed after the dead cycle
is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8.24 Example of DREQ Pin Falling Edge Activated Block Transfer M ode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request is held in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DM A dead cycle ends, acceptance
resumes after the end of the dead cycle, DREQ pin low level sampling is performed again, and this
operation is repeated until the transfer ends.
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(6) DREQ Leve Activation Timing (Normal M ode)
Set the DTA hit for the channel for which the DREQ pin is selected to 1.

Figure 8.25 shows an example of DREQ level activated normal mode transfer.

Bus DMA DMA Bus DMA DMA Bus
release read write release read write release

i T | ; i -

0 mmmnm
! ! ! ! ! )t ! !

1 ! 1

DREQ _\ w - \ . /n ! 2 . . / |
| N | |
Address bus | { P X e x ,f_)( T, [ Toanser X olmner |
| L w 2 w 0 ‘ 1
DMA control  Idle | XReadX erte | X Idle | ReadX Write | X Idle
i « T i
Channel \,{;equesS Request clear perlod /Reque:\/( ' Request cIear period -
Minimum of 2 cycles | Mlnlmum of 2 cycles | |
= ! B ] !
nr @ e [4] 51 6] [71

(1]

(2] [5]
(31 [6]
(41 [7]

}

Acceptance resumes Acceptance resumes

Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising

edge of @, and the request is held.

The request is cleared at the next bus break, and activation is started in the DMAC.

The DMA cycle is started.

Acceptance is resumed after the write cycle is completed.

(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8.25 Example of DREQ Level Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request is held in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the write cycle, acceptance resumes, DREQ pin low level

sampling is performed again, and this operation is repeated until the transfer ends.
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Figure 8.26 shows an example of DREQ level activated block transfer mode transfer.

1 block transfer ‘ 1 block transfer ‘

! DMA DMA  DMA! Bus ' DMA DMA DMA! Bus

Busrelease | read right dead release: read right dead | release

o LA L LA LT L L L
i ! Nl ) ! ! : Bl 3! ! !
RBDEA : A T 1 ; : [ 1 : 1 ; ; :
DREQ ! / I} ) : B \ I} / . ) I A) ] L / I
T T (g (an | \ (o S | |
S es‘ A 2 o
Address bus N 5 T GRS 5 A
3 Lo i 1 Lo L 1 ‘

DMA control ide | YRead) writel Y Dead: [ lIdle Read) write | | Dead | Y | Idle
| 7 & ‘ T O e ‘ ‘
Channel ;Request‘ ' Request clear period Jrequest\ _ | Reques‘t) clear period ! o
i s gl
Minimum ofi 2 cycles | Minimum of 2 cycles | | |
B ‘ D e ‘ ‘ !
[ =2 [ [}1] [5] [6] [71
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of ¢, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] The DMA cycle is started.
[4] [7] Acceptance is resumed after the dead cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8.26 Example of DREQ Level Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, therequest is held in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the dead cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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8511 DMAC BusCycles(Single Address Mode)

(1) Single Address Mode (Read)

Figure 8.27 shows a transfer example in which TEND output is enabled and byte-size single
address mode transfer (read) is performed from external 8-bit, 2-state access space to an external
device.

DMA
'DMA read| 'DMA read | DMA read | \DMA read dead;

Address bus X

o [ L L

i i
| | | | | |
TEND i | | | | |
| | | | | | i
I I I I I I I I
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure8.27 Example of Single Address M ode (Byte Read) Transfer
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Figure 8.28 shows a transfer example in which TEND output is enabled and word-size single
address mode transfer (read) is performed from external 8-bit, 2-state access space to an external
device.

DMA
DMA read 'dead!

T G S S SR S G
L L [T T
DACK _’| [] |%E——| [ ﬁz_j ] ,_P

| L B |
TEND | R | LE_‘ |
| | | | i |
— -~ i 1 1
| | | | | |
Bus Bus Bus Last transfer Bus
release release release cycle release

Figure8.28 Example of Single AddressM ode (Word Read) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. While the bus is released, one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycle isinserted after the DMA write cycle.
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(2) Single AddressMode (Write)

Figure 8.29 shows atransfer example in which TEND output is enabled and byte-size single
address mode transfer (write) is performed from an external device to external 8-hit, 2-state access
space.

DMA
DMA write | 'DMA write| DMA write| 'DMA write|dead,;

I I I I I I I
I I I I I I
| o ity ) |
TEND | i | S | S

i i i i i i i |

— ~— — -~ 1

Bus Bus Bus Bus Last transfer Bus

release release release release cycle release

Figure8.29 Example of Single Address M ode (Byte Write) Transfer

Rev. 3.00 Jan 11, 2005 page 290 of 1220
REJ09B0186-03000
RENESAS




Section 8 DMA Controller

Figure 8.30 shows a transfer example in which TEND output is enabled and word-size single
address mode transfer (write) is performed from an external device to external 8-bit, 2-state access
space.

DMA
DMA write dead|

Address bus X X >§;:>< X >§§:>< X

-

I
oyl

oo [ [T L

1

TEND

Bus Bus Bus Last transfer Bus
release release release cycle release

Figure8.30 Exampleof Single AddressMode (Word Write) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the
busisreleased. While the bus is released one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead
cycleisinserted after the DMA write cycle.
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(3) DREQ Pin Falling Edge Activation Timing
Set the DTA hit for the channel for which the DREQ pin is selected to 1.

Figure 8.31 shows an example of DREQ pin falling edge activated single address mode transfer.

Busrelease = DMA single Bus release DMA single Bus release

DREQ | | 1
I ! I
Address bus 1 : 1\/ Transfer source/
. x ;; ‘x destination >< ;
| ; : | |
DACK i ! ! !
! I I I
: >§:§Singlex Idle 1 1 ; SingleX  Idle
e | ’
| Request clear 1 !
Request: | period ,/Request, )
. I I ! O
i

L _cones | L zores |
W @ e CEENCING

DMA control Idle

Request clear
Channel a

U

period
Minimum of Minimum of
2 cycles 2 cyFIes
I
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of @, and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[31[6] start of DMA cycle; DREQ pin high level sampling on the rising edge of @ starts.

[41[7] when the DREQ pin high level has been sampled, acceptance is resumed after the single
cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of ¢, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8.31 Example of DREQ Pin Falling Edge Activated Single Address M ode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request is held in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared, and DREQ pin high level sampling for edge detection is started. If DREQ pin
high level sampling has been completed by the time the DMA single cycle ends, acceptance
resumes after the end of the single cycle, DREQ pin low level sampling is performed again, and
this operation is repeated until the transfer ends.
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(4) DREQ Pin Low Leve Activation Timing
Set the DTA hit for the channel for which the DREQ pin is selected to 1.

Figure 8.32 shows an example of DREQ pin low level activated single address mode transfer.

Bus
Bus release DMA single Bus release DMA single  release

i
!
i
1
1\/ Transfer source/
; destination

|

‘ R \
N )$ingle>< Idle
! (

| |
i i

i i

i i

. I |
T T T

i i i i

i | Requestclear | | Requestclear |
Request, ! period ! Request‘ ) ! period !

‘ | | “ |

i i i

I I I

[i] 21 B 4 Bl e (7]

DMA control Idle

Channel
Minimum of Mlnlmum of
2 cycles 2 cycles
\
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of ¢, and the request is held.
[2] [B] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] The DMAC cycle is started.
[4] [7] Acceptance is resumed after the single cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of @, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure8.32 Example of DREQ Pin Low Leve Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next ¢ cycle after the
end of the DMABCR write cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis
possible, the request is held in the DMAC. Then, when activation isinitiated in the DMAC, the
request is cleared. After the end of the single cycle, acceptance resumes, DREQ pin low level
sampling is performed again, and this operation is repeated until the transfer ends.
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8.5.12 Write Data Buffer Function

DMAC internal-to-external dual address transfers and single address transfers can be executed at
high speed using the write data buffer function, enabling system throughput to be improved.

When the WDBE hit of BCRL in the bus controller is set to 1, enabling the write data buffer
function, dual addresstransfer external write cycles or single address transfers and internal
accesses (on-chip memory or internal 1/0 registers) are executed in parallel. Internal accesses are
independent of the bus master, and DMAC dead cycles are regarded as internal accesses.

A low level can always be output from the TEND pin if the bus cycle in which alow level isto be
output is an external bus cycle. However, alow level is not output from the TEND pin if the bus
cyclein which alow level isto be output from the TEND pin isan internal bus cycle, and an
external write cycle is executed in parallel with this cycle.

Figure 8.33 shows an example of burst mode transfer from on-chip RAM to external memory
using the write data buffer function.

DMA DMA DMA DMA DMA DMA DMA DMA DMA
read write read write read write read write  dead

U UUUUUUL
mematagaress (X N N N A A A A )
External adcress >< X \ b

AWR, LWR r
TEND

ny)

Figure8.33 Exampleof Dual Address Transfer Using Write Data Buffer Function

Figure 8.34 shows an example of single address transfer using the write data buffer function. In
this example, the CPU program area is in on-chip memory.
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DMA DMA CPU DMA CPU
read single read single read

Internal address

Internal read signal

External address

RD

CA A e X X )
[ |

DACK

— o

Figure8.34 Example of Single Address Transfer Using Write Data Buffer Function

When the write data buffer function is activated, the DMAC recognizes that the bus cycle
concerned has ended, and starts the next operation. Therefore, DREQ pin sampling is started one
state after the start of the DM A write cycle or single address transfer.

8.5.13 DMAC Multi-Channd Operation

The DMAC channel priority order is: channel 0> channel 1, and channel A > channel B.
Table 8.13 summarizesthe priority order for DMAC channels.

Table8.13 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 T
Channel 1B Low
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If transfer requests are issued simultaneously for more than one channel, or if atransfer request for
another channel isissued during a transfer, when the bus is released the DMAC selectsthe
highest-priority channel from among those issuing arequest according to the priority order shown
intable 8.13.

During burst transfer, or when one block is being transferred in block transfer, the channel will not
be changed until the end of the transfer.

Figure 8.35 shows a transfer example in which transfer requests are issued simultaneously for
channels OA, 0B, and 1.

DMA
DMAread DMA write DMAread DMA write DMAread DMA write read
|t e - ! | . [ -t

E
L

DMA control IcEXRéadX Write§ X Idlei Writei X Idle§ X%eiadx Write§ X Readi X:

! | [ | (S
Channel 0A (Reqdest clear :/ :/‘ : : f : f“: : :
‘ / ‘ ‘ ‘

b))

| / /o | N
Channel 08 | Request | Selection ?\Reﬂdestclear 1/ 1/ N ‘ ‘
. hold | B (o i V o i i
) ) N | | | | |

; e | -
Channel 1 Eglgues'f [N 18 ! rF]lg:lguest I Selection :Req)u“ést clear

Bus Channel 0A Bus Channel 0B Bus Channel 1 transfer

release transfer release transfer release

Figure8.35 Example of Multi-Channel Transfer
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8.5.14 Relation between External Bus Requests, Refresh Cycles, the DTC, and the DMAC

There can be no break between a DMA cycle read and aDMA cycle write. This meansthat a
refresh cycle, external bus release cycle, or DTC cycleis not generated between the external read
and external writeinaDMA cycle.

In the case of successive read and write cycles, such asin burst transfer or block transfer, arefresh
or external busreleased state may be inserted after awrite cycle. Since the DTC has alower
priority than the DMAC, the DTC does not operate until the DMAC releases the bus.

When DMA cycle reads or writes are accesses to on-chip memory or internal 1/O registers, these
DMA cycles can be executed at the same time as refresh cycles or external bus release. However,
simultaneous operation may not be possible when a write buffer is used.
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85.15 NMI Interruptsand DMAC

When an NMI interrupt is requested, burst mode transfer in full address mode is interrupted. An
NMI interrupt does not affect the operation of the DMAC in other modes.

In full address mode, transfer is enabled for a channel when both the DTE bit and the DTME bit
are set to 1. With burst mode setting, the DTME bit is cleared when an NMI interrupt is requested.

If the DTME hit is cleared during burst mode transfer, the DMAC discontinues transfer on
completion of the 1-byte or 1-word transfer in progress, then releases the bus, which passes to the
CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1 again.
Figure 8.36 shows the procedure for continuing transfer when it has been interrupted by an NMI
interrupt on a channel designated for burst mode transfer.

Resumption of [1] Check that DTE =1 and
transfer on interrupted DTME =0 in DMABCRL.

channel

[2] Write 1 to the DTME bit.

[1]

No

Set DTME bitto 1 2]

Y

< Transfercontinues> < Transfer ends >

Figure8.36 Example of Procedurefor Continuing Transfer on Channel Interrupted by
NMI Interrupt
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85.16 Forced Termination of DMAC Operation

If the DTE hit for the channel currently operating is cleared to 0, the DMAC stops on completion
of the 1-byte or 1-word transfer in progress. DMAC operation resumes when the DTE hit is set to
1again.

In full address mode, the same appliesto the DTME bit.

Figure 8.37 shows the procedure for forcibly terminating DM AC operation by software.

. [1] Clear the DTE bit in DMABCRL to O.
Forced termination . .
of DMAC If you want to prevent interrupt generation after

forced termination of DMAC operation, clear the
DTIE bit to O at the same time.

Clear DTE bitto 0 (1]

< Forced termination )

Figure 8.37 Example of Procedurefor Forcibly Terminating DM AC Operation
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8.5.17 Clearing Full Address Mode

Figure 8.38 shows the procedure for releasing and initializing a channel designated for full address
mode. After full address mode has been cleared, the channel can be set to another transfer mode
using the appropriate setting procedure.

Clearing full [1] Clear both the DTE bit and the DTME bit in
address mode DMABCRL to 0; or wait until the transfer ends
and the DTE bit is cleared to 0, then clear the
DTME bit to 0.
Also clear the corresponding DTIE bit to 0 at the
Stop the channel [1] same time.
[2] Clear all bits in DMACRA and DMACRSB to 0.
[3] Clear the FAE bit in DMABCRH to 0.
Initialize DMACR (2]
Clear FAE bitto 0 [3]

Y

Initialization;
operation halted

Figure8.38 Example of Procedurefor Clearing Full Address Mode
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8.6 Interrupts

The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 8.14
shows the interrupt sources and their priority order.

Table8.14 Interrupt SourcePriority Order

Interrupt Source

Interrupt Interrupt
Name Short Address Mode Full Address Mode Priority Order
DENDOA Interrupt due to end of Interrupt due to end of High

transfer on channel 0A transfer on channel 0
DENDOB Interrupt due to end of Interrupt due to break in

transfer on channel OB transfer on channel 0
DEND1A Interrupt due to end of Interrupt due to end of

transfer on channel 1A transfer on channel 1
DEND1B Interrupt due to end of Interrupt due to break in

transfer on channel 1B transfer on channel 1 Low

Enabling or disabling of each interrupt source is set by means of the DTIE bit for the
corresponding channel in DMABCR, and interrupts from each source are sent to the interrupt
controller independently.

The relative priority of transfer end interrupts on each channel is decided by the interrupt
controller, as shown in table 8.14.

Figure 8.39 shows a block diagram of atransfer end/transfer break interrupt. An interrupt is
always generated when the DTIE bit is set to 1 while DTE bit iscleared to O.

DTE/

DTME
Transfer end/transfer
break interrupt

DTIE

Figure8.39 Block Diagram of Transfer End/Transfer Break Interrupt

In full address mode, atransfer break interrupt is generated when the DTME bit is cleared to O
while DTIEB bit is set to 1.

In both short address mode and full address mode, DMABCR should be set so as to prevent the
occurrence of acombination that constitutes a condition for interrupt generation during setting.
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8.7 Usage Notes
(1) DMAC Register Accessduring Operation

Except for forced termination, the operating (including transfer waiting state) channel setting
should not be changed. The operating channel setting should only be changed when transfer is
disabled.

Also, the DMAC register should not be written to in a DMA transfer.
DMAC register reads during operation (including the transfer waiting state) are described below.

(@) DMAC control starts one cycle before the bus cycle, with output of the internal address.
Consequently, MAR is updated in the bus cycle before DMAC transfer.

Figure 8.40 shows an example of the update timing for DMAC registers in dual address transfer
mode.

DMA transfer cycle : : DMA last transfer cycle :
: . DMA !
- - DMA read ' DMA write V - _ . DMAread . DMA write - dead
DMA Internal : Transior X Transfer X Transiet " Transfer : X :
address . Source destlnatldn source . destination . . .
DMAcontrol  Idle | X "Read Zvvme: [ e )§. " Read. {7 witel { ! pead: [ e
DMArgglster [} { 2 - - 22_( 1 \ { 21 } { 3] \
operation ) g A 3 . . A

i \ f A

[1] Transfer source address register MAR operation (incremented/decremented/fixed)
Transfer counter ETCR operation (decremented)
Block size counter ETCR operation (decremented in block transfer mode)

[2] Transfer destination address register MAR operation (incremented/decremented/fixed)

[2'] Transfer destination address register MAR operation (incremented/decremented/fixed)
Block transfer counter ETCR operation (decremented, in last transfer cycle of a block
in block transfer mode)

[3] Transfer address register MAR restore operation (in block or repeat transfer mode)
Transfer counter ETCR restore (in repeat transfer mode)
Block size counter ETCR restore (in block transfer mode)

Notes: 1. In single address transfer mode, the update timing is the same as [1].
2. The MAR operation is post-incrementing/decrementing of the DMA internal address value.

Figure8.40 DMAC Register Update Timing
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(b) If aDMAC transfer cycle occursimmediately after a DMAC register read cycle, the DMAC
register is read as shown in figure 8.41.

CPU longword read o DMA transfer cycle
. MAR upper MAR lower . .
. wordread ., word read _ . DMA read _ . _DMA write .

L 1 O v
DMA internal : X : X . Transfe! . Transfer .
address . . . source. destination .

DMA control L idle "X TReadt Y Twite: X ide :
DMA register : /T\, /Tx
operation : _\_/: _\_/[ 1 A

Note: The lower word of MAR is the updated value after the operation in [1].

Figure8.41 Contention between DM AC Register Update and CPU Read
(2) Module Stop

When the MSTPA7 bit in MSTPCR is set to 1, the DMAC clock stops, and the module stop state
is entered. However, 1 cannot be written to the MSTPAY hit if any of the DMAC channelsis
enabled. This setting should therefore be made when DMAC operation is stopped.

When the DMAC clock stops, DMAC register accesses can no longer be made. Since the
following DMAC register settings are valid even in the module stop state, they should be
invalidated, if necessary, before a module stop.

e Transfer end/suspend interrupt (DTE=0and DTIE=1)
e TEND pinenable (TEE=1)
» DACK pinenable (FAE=0and SAE=1)

(3) Medium-Speed M ode

When the DTA bit is O, internal interrupt signals specified as DMAC transfer sources are edge-
detected.

In medium-speed mode, the DMAC operates on a medium-speed clock, while on-chip supporting
modules operate on a high-speed clock. Consequently, if the period in which the relevant interrupt
source is cleared by the CPU, DTC, or another DMAC channel, and the next interrupt is
generated, is less than one state with respect to the DMAC clock (bus master clock), edge
detection may not be possible and the interrupt may be ignored.
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Also, in medium-speed mode, DREQ pin sampling is performed on the rising edge of the medium-
speed clock.

(4) Write Data Buffer Function

When the WDBE hit of BCRL in the bus controller is set to 1, enabling the write data buffer
function, dual addresstransfer external write cycles or single address transfers and internal
accesses (on-chip memory or internal 1/O registers) are executed in parallel.

(@) Write Data Buffer Function and DMAC Register Setting

If the setting of is changed during execution of an external access by means of the write data
buffer function, the external access may not be performed normally. The register that controls
external accesses should only be manipulated when external reads, etc., are used with DMAC
operation disabled, and the operation is not performed in parallel with external access.

(b) Write Data Buffer Function and DM AC Operation Timing

The DMAC can start its next operation during external access using the write data buffer function.
Consequently, the DREQ pin sampling timing, TEND output timing, etc., are different from the
case in which the write data buffer function is disabled. Also, internal bus cycles maybe hidden,
and not visible.

(c) Write Data Buffer Function and TEND Output

A low level is not output from the TEND pin if the bus cycle in which alow level isto be output
from the TEND pin is an internal bus cycle, and an external write cycleis executed in parallel with
this cycle. Note, for example, that alow level may not be output from the TEND pin if the write
data buffer function is used when data transfer is performed between an internal 1/0 register and
on-chip memory.

If at least one of the DMAC transfer addresses is an external address, alow level is output from
the TEND pin.
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Figure 8.42 shows an example in which alow level is not output at the TEND pin.

S O e I e B e W e
Internal address < 1 } ! X
Internal read signal |
Internal write signal ! | |

External address | ><
HWR, LWR |
TEND !

t Not output

A
y

External write by CPU, etc.

Figure8.42 Examplein Which Low Level isNot Output at TEND Pin

(5) Activation by Falling Edge on DREQ Pin

DREQ pin falling edge detection is performed in synchronization with DMAC internal operations.

The operation is asfollows:

[1] Activation request wait state: Waits for detection of alow level on the DREQ pin, and
switchesto[2].

[2] Transfer wait state: Waits for DMAC datatransfer to become possible, and switchesto [3].
[3] Activation request disabled state: Waits for detection of a high level on the DREQ pin, and

switchesto[1].

After DMAC transfer is enabled, atransition is made to [1]. Thus, initial activation after transfer is

enabled is performed by detection of alow level.

(6) Activation Source Acceptance

At the gtart of activation source acceptance, alow level is detected in both DREQ pin falling edge
sensing and low level sensing. Similarly, in the case of an internal interrupt, the interrupt request is
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detected. Therefore, arequest is accepted from an internal interrupt or DREQ pin low level that
occurs before execution of the DMABCRL write to enable transfer.

When the DMAC is activated, take any necessary stepsto prevent an internal interrupt or DREQ
pin low level remaining from the end of the previous transfer, etc.

(7) Internal Interrupt after End of Transfer

When the DTE bit is cleared to 0 by the end of transfer or an abort, the selected internal interrupt
request will be sent to the CPU or DTC even if DTA issetto 1.

Also, if internal DMAC activation has already been initiated when operation is aborted, the
transfer is executed but flag clearing is not performed for the selected internal interrupt even if
DTAissetto 1.

Aninternal interrupt request following the end of transfer or an abort should be handled by the
CPU as necessary.

(8) Channd Re-Setting

To reactivate anumber of channels when multiple channels are enabled, use exclusive handling of
transfer end interrupts, and perform DMABCR control bit operations exclusively.

Note, in particular, that in cases where multiple interrupts are generated between reading and
writing of DMABCR, and a DMABCR operation is performed during new interrupt handling, the
DMABCR write datain the original interrupt handling routine will be incorrect, and the write may
invalidate the results of the operations by the multiple interrupts. Ensure that overlapping
DMABCR operations are not performed by multiple interrupts, and that there is no separation
between read and write operations by the use of a bit-manipulation instruction.

Also, when the DTE and DTME bits are cleared by the DMAC or are written with O, they must
first be read while cleared to 0 before the CPU can write a 1 to them.
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Section 9 Data Transfer Controller (DTC)

9.1 Overview

The H85/2643 Group includes a data transfer controller (DTC). The DTC can be activated by an
interrupt or software, to transfer data.

911 Features

The features of the DTC are:

Transfer possible over any number of channels

O Transfer information is stored in memory

0 One activation source can trigger a number of datatransfers (chain transfer)
Wide range of transfer modes

O Normal, repeat, and block transfer modes available

O Incrementing, decrementing, and fixing of source and destination addresses can be selected
Direct specification of 16-Mbyte address space possible

O 24-bit transfer source and destination addresses can be specified

Transfer can be set in byte or word units

A CPU interrupt can be requested for the interrupt that activated the DTC

O Aninterrupt request can be issued to the CPU after one data transfer ends

O Aninterrupt request can be issued to the CPU after the specified data transfers have
completely ended

Activation by software is possible
Module stop mode can be set

O Theinitial setting enables DTC registers to be accessed. DTC operation is halted by setting
module stop mode.
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9.1.2 Block Diagram
Figure 9.1 shows a block diagram of the DTC.

The DTC' s register information is stored in the on-chip RAM*. A 32-bit bus connectsthe DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c :
° |
E 1
Sug S E |
Interrupt oo Wl = L2
request} 80,9 > 3 o E %EE C> E |
EallBl (o=l | € S|<|m|a|% 3 |
Ro=e (8% | s | S B |
a sg O <|O|O >
83| 4 o |
o = = a4 !
|_ 1
O ] U U
CPU interrupt Internal data bus
request
Legend:
MRA, MRB: DTC mode registers A and B
CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register
DAR DTC destination address register
DTCERA to DTCEREF,
DTCERI: DTC enable registers Ato F and |
DTVECR: DTC vector register

Figure9.1 Block Diagram of DTC
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913 Register Configuration
Table 9.1 summarizesthe DTC registers.

Table9.1 DTC Regigers

Name Abbreviation R/W Initial Value  Address**

DTC mode register A MRA —=*2 Undefined —x3

DTC mode register B MRB —=*2 Undefined —x3

DTC source address register SAR —*2 Undefined —x3

DTC destination address register ~ DAR —+2  Undefined —3

DTC transfer count register A CRA —+?  Undefined —3

DTC transfer count register B CRB —+*%2  Undefined —x3

DTC enable registers DTCER R/W  H'00 H'FE16 to HFE1E
DTC vector register DTVECR R/W  H'00 H'FE1F

Module stop control register MSTPCRA R/W  H3F H'FDES8

Notes: 1. Lower 16 bits of the address.

2. Registers within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'EBCO to H'EFBF. It cannot
be located in external memory space. When the DTC is used, do not clear the RAME

bitin SYSCR to 0.
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9.2 Register Descriptions

921 DTC ModeRegister A (MRA)

Bit : 7 6 5 4 3 2 1 0
| SM1 | SMO | DM1 | DMO | MD1 | MDO | DTS | Sz ‘
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

RIW : — — — — — — — —

MRA is an 8-bit register that controlsthe DTC operating mode.

Bits 7 and 6—Source AddressMode 1 and 0 (SM 1, SM0): These hits specify whether SAR is
to be incremented, decremented, or |eft fixed after adatatransfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by =1 when Sz = 0; by —2 when Sz = 1)

Bits5 and 4—Destination AddressMode 1 and 0 (DM 1, DM 0): These bits specify whether
DAR isto be incremented, decremented, or |eft fixed after adatatransfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer

(by —1 when Sz = 0; by —2 when Sz = 1)
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Bits3and 2—DTC Mode (M D1, M DO0): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 —

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the degtination
sideis set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifiesthe size of datato be transferred.

Bit O

Sz Description

0 Byte-size transfer
1 Word-size transfer
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922  DTC ModeRegister B (MRB)

Bit : 7 6 5 4 3 2 1 0
lcne oiseL| — | — | — | — | — | — |
Initial value: Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined
R/W : — — — — — — — —

MRB is an 8-bit register that controlsthe DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of data transfers can be performed consecutively in response to a single transfer request.

In datatransfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER is not performed.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DI SEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after a data transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the H8S2643 Group, and
should always be written with 0.
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9.2.3 DTC Source Address Register (SAR)

Bit : 23 22 21 20 19 - - 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde- Unde- - Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

RW - = - - — --- —_ = = = —

SAR is a 24-bit register that designates the source address of datato be transferred by the DTC.
For word-size transfer, specify an even source address.

9.24 DTC Destination Address Register (DAR)

Bit : 23 22 21 20 19 - 4 3 2 1 0

Initial value : Unde- Unde-Unde-Unde-Unde- - Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

R/W = = = = = --- —_ = = = —

DAR is a 24-hit register that designates the destination address of datato be transferred by the
DTC. For word-size transfer, specify an even destination address.

9.25 DTC Transfer Count Register A (CRA)

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

Initial value:  Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W _ - = = = = = = = = = = = = = =

-+ — CRAH ———»=-w«————————— CRAL —MMM—»

CRA isa 16-bit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL is decremented by 1 every time datais
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transferred, and the contents of CRAH are sent when the count reaches H'00. This operation is
repeated.

9.2.6 DTC Transfer Count Register B (CRB)

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

Initial value:  Unde-Unde-Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

RIW - - - - - - - - = - = = = = = —

CRB is a 16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.

92.7  DTC Enable Register (DTCER)

Bit : 7 6 5 4 3 2 1 0

| DTCE7 | DTCE6| DTCES | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO ‘
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 DTC enable register comprises seven 8-bit readable/writable registers, DTCERA to DTCERF
and DTCERI, with hits corresponding to the interrupt sources that can control enabling and
disabling of DTC activation. These bits enable or disable DTC service for the corresponding
interrupt sources.

The DTC enable register isinitialized to H'00 by areset and in hardware standby mode.
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Bit n—DTC Activation Enable (DTCEn)

Bitn

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 1 and the data transfer has ended
* When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
* When the DISEL bit is 0 and the specified number of transfers have not ended
(n=71t00)

A DTCE hit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DT CE bitsis shown in table 9.4, together with the vector number
generated for each interrupt controller.

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR for reading and
writing. If al interrupts are masked, multiple activation sources can be set at one time by writing
data after executing a dummy read on the relevant register.

9.2.8 DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6| DTVEC5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

R/W . RI(W)*1 R/W*2 R/W*2 R/W*2 R/W*2 R/W*2 R/W*2 R/W*2

Notes: 1. Only 1 can be written to the SWDTE bit.
2. Bits DTVECS6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-bit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECR isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—DTC Softwar e Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 0 and the specified number of transfers have not ended
* When 0Os written to the DISEL bit after a software-activated data transfer end

interrupt (SWDTEND) request has been sent to the CPU
1 DTC software activation is enabled

[Holding conditions]

* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
« During data transfer due to software activation

Bits6 to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO): These bits
specify avector number for DTC software activation.

The vector addressis expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit left-
shift. For example, when DTVECG6 to DTVECO = H'10, the vector addressis H'0420.

9.29 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0

| MsTPA7 | MSTPAG | MSTPAS | MsTPA4 | MSTPA3 | MSTPA2 | MSTPAL | MSTPAO |
Initial value : 0 0 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW RW

MSTPCRA is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPAG bit in MSTPCRA is set to 1, the DTC operation stops at the end of the bus
cycle and atransition is made to module stop mode. However, 1 cannot be written in the M STPAG
bit while the DTC is operating. For details, see section 24.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 6—M odule Stop (M STPAG): Specifies the DTC module stop mode.

Bit 6

MSTPA6  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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9.3 Operation

931 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
dataon the basis of that register information. After the datatransfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible to
perform a number of transfers with a single activation.

Figure 9.2 shows a flowchart of DTC operation.

Read DTC vector

Next transfer

B

Read register information

Y

Data transfer

1

Write register information

i

No

Transfer Counter =0
or DISEL =1

Yes

J
Clear an activation flag Clear DTCER

End Interrupt exception
handling

Figure 9.2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designatesthe DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Table 9.2 outlines the functions of the DTC.

Table9.2 DTC Functions

Address Registers

Transfer  Transfer

Transfer Mode Activation Source Source Destination
¢ Normal mode « IRQ 24 bits 24 bits
O One transfer request transfers one e TPUTGI
byte or one word e 8-bit timer CMI
O Memory addresses are incremented e SCITXI or RXI
or decremented by 1 or 2 «  A/D converter ADI
0 Up to 65,536 transfers possible « DMAC DEND
* Repeat mode «  Software
O One transfer request transfers one
byte or one word
O Memory addresses are incremented
or decremented by 1 or 2
O After the specified number of

transfers (1 to 256), the initial state
resumes and operation continues

Block transfer mode

O

One transfer request transfers a
block of the specified size

Block size is from 1 to 256 bytes or
words

Up to 65,536 transfers possible

A block area can be designated at
either the source or destination
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9.3.2 Activation Sour ces

The DTC operates when activated by an interrupt or by awriteto DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit issetto 1, and a
CPU interrupt source when the bit is cleared to O.

At the end of adata transfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 9.3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXI10, for example, isthe RDRF flag
of SCIO.

Table9.3 Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended

Software activation The SWDTE bit is cleared to 0 The SWDTE bit remains setto 1
An interrupt is issued to the CPU

Interrupt activation The corresponding DTCER bit The corresponding DTCER bit is cleared

remains set to 1 to0
The activation source flag is The activation source flag remains set to 1
cleared to 0 A request is issued to the CPU for the

activation source interrupt

Figure 9.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.
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Source flag cleared
Clear
controller
W
A
DTCER
Clear request
Select
Y Y
On-chip _
supporting = DTC
module 3
)
. - c
IRQ interrupt ™ o
Interrupt 3
(]
request o] -
DTVECR @ »{ Interrupt controller CPU

Interrupt mask

Figure 9.3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If there is more than one activation source at the same
time, the DTC operates in accordance with the default priorities.

9.33 DTC Vector Table
Figure 9.4 shows the correspondence between DT C vector addresses and register information.

Table 9.4 shows the correspondence between activation and vector addresses. Whenthe DTC is
activated by software, the vector address is obtained from: H'0400 + (DTVECR[6:0] << 1) (where
<< lindicates a 1-bit left shift). For example, if DTVECR is H'10, the vector addressis H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal* and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

Note: * Not available in the H852643 Group.
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DTC vector
address

w

Register information |
start address

/

Register information

.

Chain transfer

~N_ @

~N_

Figure 9.4 Correspondence between DTC Vector Addressand Register I nformation
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Table9.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector

Interrupt Source Source Number  Address DTCE* Priority
Write to DTVECR Software DTVECR H'0400+ — High

(DTVECR A

[6:0]

<<1)
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEAS
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEAl
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel O
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCECS6
input capture) Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCEC5 High
input capture) channel 3 A
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCEC3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCED5
input capture) channel 5
TGI5B (GR5B compare match/ 61 H'047A DTCED4
input capture)
CMIAO (compare match AO) 8-bit timer 64 H'0480 DTCEDS3
CMIBO (compare match BO) channel 0 65 H0482  DTCED2
CMIA1 (compare match Al) 8-bit timer 68 H'0488 DTCED1
CMIB1 (compare match B1) channel 1 69 H048A  DTCEDO
DENDOA (channel O/channel OA°  DMAC 72 H'0490 DTCEE7
transfer end)
DENDOB (channel 0B transfer end) 73 H'0492 DTCEEG6
DEND1A (channel 1/channel 1A 74 H'0494 DTCEES
transfer end)
DEND1B (channel 1B transfer end) 75 H'0496 DTCEE4
RXI0 (reception complete 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 H04A4  DTCEE2
RXI1 (reception complete 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 H04AC  DTCEEO
RXI2 (reception complete 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 90 H'04B4 DTCEF6 Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
CMIA2 (compare match A2) 8-bit timer 92 H'04B8 DTCEF5 High
CMIB2 (compare match B2) channel 2 93 H04BA  DTCEF4 A
CMIA3 (compare match A3) 8-bit timer 96 H'04CO0 DTCEF3
CMIB3 (compare match B3) channel 3 97 H04C2  DTCEF2
IICIO (1-byte transmit/reception IIC channel O 100 H'04C8 DTCEF1
complete) (option)
IICI1 (1-byte transmit/reception IIC channel 1 102 H'04CC DTCEFO
complete) (option)
RXI3 (reception complete 3) SCl channel 3 121 H'04F2 DTCEI7
TXI3 (transmit data empty 3) 122 H'04F4 DTCEI6
RXI4 (reception complete 4) SCl channel 4 125 H'04FA DTCEI5
TXI4 (transmit data empty 4) 126 H'04FC DTCEI4 Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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9.34 Location of Register Information in Address Space
Figure 9.5 shows how the register information should be located in the address space.

Locatethe MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive aress.

Locate the register information in the on-chip RAM (addresses; H'FFEBCO to H'FFEFBF).

Lower address

. 0 1 2 3
Register T T
information — ™| MRA SAR
start address . ) )
MRB DAR Register information
Chain CRA CRB
transfer | MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
- 4 bytes o

Figure9.5 Location of Register Information in Address Space
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9.35 Normal Mode
In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt can be requested.

Table 9.5 lists the register information in normal mode and figure 9.6 shows memory mapping in
normal mode.

Table9.5 Register Information in Normal M ode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used

e N S N

SAR —» E— ~— DAR

Transfer

~N — d ~ /]

Figure9.6 Memory Mappingin Normal Mode
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9.3.6

Repeat M ode

In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 9.6 lists the register information in repeat mode and figure 9.7 shows memory mapping in

repeat mode.

Table9.6 Regigter Information in Repeat Mode

Name Abbreviation Function

DTC source address register SAR Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register AH CRAH Holds number of transfers

DTC transfer count register AL CRAL Designates transfer count

DTC transfer count register B CRB Not used
N N

SAR or DAR or

DAR ~— ™ Repeat area <:> “— 5AR
Transfer

m m

Figure9.7 Memory Mapping in Repeat M ode
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9.3.7 Block Transfer M ode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area.

The block sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block areais restored. The other address register
is then incremented, decremented, or |eft fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 9.7 lists the register information in block transfer mode and figure 9.8 shows memory
mapping in block transfer mode.

Table9.7 Regigter Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count
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u First block

] m
SAR or B N B
DAR —™ Block area

- - Transfer

B ] m

Nth block
Y
~N_

DAR or
“ SAR

Figure 9.8 Memory Mappingin Block Transfer M ode
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9.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of datatransfersto be performed consectutively in
response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 9.9 shows the memory map for chain transfer.

/\_/
Source
/\_/ /\_/
_ _ _ ) Destination
Register information
CHNE =1
DTC vector Register information
address start address
Register information
CHNE =0
7 Source
LN .
L Destination

Figure9.9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.

Rev. 3.00 Jan 11, 2005 page 331 of 1220
REJ09B0186-03000
RENESAS



Section 9 Data Transfer Controller (DTC)

9.3.9 Operation Timing

Figures 9.10 to 9.12 show an example of DTC operation timing.

0 Sy UL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

B e
s O OO0 k00
-~ -

Transfer Transfer
information read information write

Figure9.10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)
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Figure9.11 DTC Operation Timing (Example of Block Transfer M ode,
with Block Size of 2)
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Figure9.12 DTC Operation Timing (Example of Chain Transfer)

9.3.10 Number of DTC Execution States

Table 9.8 lists execution statuses for asingle DTC datatransfer, and table 9.9 shows the number
of states required for each execution status.

Table9.8 DTC Execution Statuses

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode I J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table9.9 Number of States Required for Each Execution Status

On- On-
Chip Chip On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 16
Access states 1 2 2 2 3 2 3
Execution Vector read S — 1 — — 4 6+2m2 3+m
status Register S; 1 — — — — — — —
information
read/write
Byte data read Sk 1 1 2 2 2 3+m 2 3+m
Word dataread Sk 1 1 4 2 4 6+2m2 3+m
Byte data write S. 1 1 2 2 2 3+m 2 3+m
Word data write S 1 1 4 2 4 6 +2m2 3+m

Internal operation Sy 1

m: Number of wait states inserted external device access

The number of execution statesis calculated from the formula below. Note that < means the sum
of all transfers activated by one activation event (the number in which the CHNE bit is set to 1,

plus 1).

Number of executionstates=1-S+2Z(J-$+K -S+L-S)+M - Sy

For example, when the DTC vector addresstable is located in on-chip ROM, normal mode is set,
and datais transferred from the on-chip ROM to an internal /O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the data writeis 10 states.

9.3.11 Proceduresfor Usng DTC

(1) Activation by Interrupt

The procedure for using the DTC with interrupt activation is as follows:

[1] Setthe MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bitin DTCER to 1.

[4] Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.
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[5] After the end of one datatransfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE bit to 1.

(2) Activation by Software
The procedure for using the DT C with software activation is as follows;

[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE hit is 0.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After the end of one datatransfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE hit is cleared to 0. If the DTC is to continue transferring data, set the SWDTE bit

to 1. When the DISEL hit is 1, or after the specified number of data transfers have ended, the
SWDTE hit isheld a 1 and a CPU interrupt is requested.

9.3.12 Examplesof Useof theDTC
(1) Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data viathe SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM 1 =
1, DMO = 0), normal mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one datatransfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM area where the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception
complete (RXI) interrupt. Since the generation of areceive error during the SCI reception
operation will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flagin SSRissetto 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flagis
automatically cleared to 0.
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[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the

DTCE bit iscleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.

(2) Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.
Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG’s NDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU’s TGR in the second half. Thisis because clearing
of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).

(1]

(2]

(3]
(4]
(5]
6]
[7]

(8]
(9]

Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1 =1, SMO0 = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 =0,
MDO = 1), and word size (Sz = 1). Set the source sideas arepeat area (DTS =1). Set MRB to
chain mode (CHNE = 1, DISEL = 0). Set the data table start addressin SAR, the NDRH
addressin DAR, and the datatable sizein CRAH and CRAL. CRB can be set to any value.
Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1 =1, SM0 = 0), fixed destination address (DM1 = DMO = 0), normal mode (MD1 =
MDO = 0), and word size (Sz = 1). Set the data table start addressin SAR, the TGRA address
in DAR, and the data table sizein CRA. CRB can be set to any value.

Locate the TPU transfer register information consecutively after the NDR transfer register
information.

Set the start address of the NDR transfer register information to the DTC vector address.

Set the bit corresponding to TGIA in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bitsin DDR and
NDER for which output isto be performed to 1. Using PCR, select the TPU compare match to
be used as the output trigger.

Set the CST hit in TSTR to 1, and start the TCNT count operation.

Each time a TGRA compare match occurs, the next output value is transferred to NDR and
the set value of the next output trigger period is transferred to TGRA. The activation source
TGFA flag is cleared.

[10]When the specified number of transfers are completed (the TPU transfer CRA valueis 0), the

TGFA flag isheld at 1, the DTCE bit iscleared to 0, and a TGIA interrupt request is sent to
the CPU. Termination processing should be performed in the interrupt handling routine.
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(3) Software Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the destination address is
H'2000. The vector number is H'60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM 1 =1, DMO = 0), block transfer mode (MD1 =1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04C0).

[3] Check that the SWDTE bitin DTVECR is 0. Check that there is currently no transfer activated
by software.

[4] Write 1 to the SWDTE hit and the vector number (H'60) to DTVECR. The write datais H'EOQ.

[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and ablock of 128 bytes of dataistransferred.

[7] After thetransfer, an SWDTEND interrupt occurs. Theinterrupt handling routine should clear
the SWDTE bit to 0 and perform other wrap-up processing.
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9.4 Interrupts

An interrupt request is issued to the CPU when the DT C finishes the specified number of data
transfers, or adatatransfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE hit to O.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during datatransfer even if the SWDTE bit is set to 1.

9.5 Usage Notes
(1) Module Stop

When the MSTPAG bit in MSTPCRA is set to 1, the DTC clock stops, and the DTC enters the
module stop state. However, 1 cannot be written in the MSTPAG bit while the DTC is operating.

(2) On-Chip RAM

The MRA, MRB, SAR, DAR, CRA, and CRB registers are all located in on-chip RAM. When the
DTC isused, the RAME bit in SY SCR must not be cleared to O.

(3) DMAC Transfer End Interrupt

When the DTC is activated with a DMAC transfer end interrupt, the DMAC's DTE hit is not
controlled by the DTC regardless of the transfer counter and DISEL hit, and write data takes
precedence.

(4) DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If al interrupts
are masked, multiple activation sources can be set at one time by writing data after executing a
dummy read on the relevant register.
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Section 10 1/0O Ports

10.1 Overview

The H852643 Group has 13 1/0 ports (ports 1, 2, 3, 5, 7, 8 and A to G), and two input-only port
(ports4 and 9).

Table 10.1 summarizes the port functions. The pins of each port aso have other functions.

Each /O port includes a data direction register (DDR) that controls input/output, a data register
(DR) that stores output data, and a port register (PORT) used to read the pin states. The input-only
ports do not have aDR or DDR register.

Ports A to E have a built-in pull-up MOS function, and in addition to DR and DDR, have aMOS
input pull-up control register (PCR) to control the on/off state of MOS input pull-up.

Ports 3, and A to C include an open-drain control register (ODR) that controls the on/off state of
the output buffer PMOS.

When ports 70 to 73 and A to G are used as the output pins for expanded bus control signals, they
can driveone TTL load plus a 50 pF capacitance load. Those ports in other cases, and ports 1 to 3,
5, 74to 77, and 8, can drive one TTL load and a 30 pF capacitance load. All I/O ports can drive
Darlington transistors when set to output.

See appendix C, I/0 Port Block Diagrams, for a block diagram of each port.
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I/0 Ports

Table10.1 Port Functions

Port

Port 1 |s 8-bit I/O
port

* Schmitt-
triggered
input
(IRQT,
IRQO)

Description

Pins Mode 4 ‘ Mode 5 ‘ Mode 6 ‘ Mode 7
P17/PO15/TIOCB2/ 8-bit /0 port also functioning as TPU 1/O pins (TCLKA, TCLKB,
PWM3/TCLKD TCLKC, TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO,
PWM2IRQT to POB8), interrupt input pins (IRQO, IRQ1), and 14-bit PWM

P15/PO13/TIOCB1/
TCLKC

P14/PO12/TIOCAL/
IRQO

P13/PO11/TIOCDO/
TCLKB

P12/PO10/TIOCCO/
TCLKA

P11/PO9/TIOCBO
P10/PO8/TIOCAOQ

output pins (PWM2, PWM3)

Port 2 |« 8-bit I/10
port

Schmitt-
triggered
input (P27
to P20)

P27/PO7/TIOCB5
P26/PO6/TIOCAS
P25/PO5/TIOCB4
P24/PO4/TIOCA4
P23/PO3/TIOCD3
P22/PO2/TIOCC3
P21/PO1/TIOCB3
P20/POO/TIOCA3

8-bit /0 port also functioning as TPU /O pins (TIOCA3,
TIOCBS3, TIOCC3, TIOCD3, TIOCA4, TIOCB4, TIOCAS,
TIOCB5) and PPG output pins (PO7 to POO0)

Port 3 |« 8-bit I/O
port

Open-drain
output
capability

Schmitt-
triggered

TRQ4,

SCLo,
SDAO,
SCL1,
SDA1)

input (IRQ5,

P37 /TxD4
P36/RxD4

P35/SCK1/SCK4/
SCLO/IRQ5

P34 /RxD1/SDAO
P33 /TxD1/SCL1

P32 /SCKO/SDA1/IRQ4

P31 /RxDO/IrRXD
P30 /TxDO/IrTXD

8-bit I/O port also functioning as SCI (channel 0, 1, and 4) 1/O
pins (TxDO, RxDO, SCKO, IrTxD, IrRxD, TxD1, RxD1, SCK1,
TxD4, RxD4, SCK4), interrupt input pins (IRQ4, IRQ5), and IIC
(channel 0 and 1) I/O pins (SCLO, SDAO, SCL1, SDA1)
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Port | Description Pins Mode 4 ‘ Mode 6 ‘ Mode 7
Port 4 |« 8-bitinput |P47 /AN7/DAL 8-bit input port also functioning as A/D converter analog inputs
port P46 /AN6/DAO (AN7 to ANO) and D/A converter analog outputs (DA1, DAO)
P45 /AN5
P44 |/AN4
P43 /AN3
P42 /AN2
P41 /AN1
P40/ANO
Port 5 |« 3-pit I/O P52/SCK2 3-bit I/0 port also functioning as SCI (channel 2) 1/O pins
port P51/RxD2 (TXDZ, RXDZ, SCKZ)
P50/TxD2
Port 7 |« 8-bit I/O P77/TxD3 8-bit I/0 port also functioning as 8-bit timer I/0 |8-bit /O port
port P76/RxD3 pins (TMRI01, TMCIO1, TMRI23, TMCI23, falso functi_on—
TMOO0, TMO1, TMO2, TMO3), bus control ing as 8-bit
P75/TMO3/SCK3 output pins (CS4 to CS7), SCI /0 pins (SCK3, |timer I/O pins
P74/TMO2/MRES RxD3, TxD3), and the manual reset input pin | (TMRIO1,
y cs7 (MRES) T™MCIO1,
P73/TMO1/CS7 TMRI23,
P72/TMO0/CS6 TMCI23,
P7LTMRI23/TMCI23/ TMOO, TMOL,
TMO2, TMO3),
CS5 )
SCI I/O pins
P70/TMRIO1/TMCIOL/ (SCK3, RxD3,
CS4 TxD3), and the
manual reset
input pin
(MRES)
Port 8 |« 7-pit I/O P86 7-bit 1/0O port also functioning as DMAC 1/O pins (DREQO,
port P85/DACKT TENDO, DREQT1, TEND1, DACK1, DACKO)
P84/DACKO
P83/TEND1
P82/TENDO
P81/DREQ1
P80/DREQO
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Port | Description
Port 9 |« 8-bit input
port

Port A |« 8-hit /O
port

* Built-in
MOS input
pull-up

* Open-drain
output
capability

Port B |« g-hit I/0
port

* Built-in
MOS input
pull-up

* Open-drain
output

capability

Pins
P97/AN15/DA3
P96/AN14/DA2
P95/AN13
P94/AN12
P93/AN11
P92/AN10
P91/AN9
P90/AN8
PA7/A23
PAG6/A22
PA5/A21
PA4/A20
PA3/A19
PA2/A18
PA1/A17
PAO/A16
PB7/A15
PB6/A14
PB5/A13
PB4/A12
PB3/Al11
PB2/A10
PB1/A9
PBO/A8

Mode 4 Mode 5

8-bit /0 port also functioning as address
outputs (A23 to A16)

8-bit I/0 port also functioning as address
outputs (A15 to A8)

Mode 6

8-bit input port also functioning as A/D converter analog inputs
(AN15 to AN8) and D/A converter analog outputs (DA3, DA2)

Mode 7

8-bit 1/0O port

8-bit 1/0O port
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port C |« 8-bit I/O PC7/A7/IPWM1 8-bit I/0 port also functioning as 14-bit PWM | 8-bit I/O port
pot PComomwo (STl 14100 ouput pn CWh, PUND) o ncton-
* Built-in PC5/A5 PWM (channel
MOS input |PC4/A4 1 and 0) output
pins (PWM1,
pull-up PC3/A3 PWMO)
« Open-drain |PC2/A2
output PC1/A1
capability |PCO /A0
Port D |« 8-bit I/O PD7 /D15 Data bus input/output 8-bit 1/O port
port PD6/D14
« Built-in PD5/D13
MOS input |PD4/D12
pull-up PD3/D11
PD2/D10
PD1/D9
PDO /D8
Port E |« 8-pit I/O PE7/D7 In 8-bit-bus mode: 1/0 port 8-bit 1/0O port
port PE6/D6 In 16-bit-bus mode: data bus input/output
* Built-in PE5/D5
MOS input |PE4/D4
pull-up PE3/D3
PE2/D2
PE1/D1
PEO /DO
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Port | Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port F |« 8-pit I/O PF7 /@ When DDR = 0: input port When
port When DDR = 1 (after reset): @output ig;)ig;i{ter
« Schmitt- port
triggered When
input IRQ3, DDR=1:0
RQ2) output
PF6 /AS/ILCAS RD, HWR, LWR outputs 1/0 port
PF5 /RD ADTRG, IRQ3 input ADTRG, IRQ3
PF4 [HWR When LCASS = 0: AS output input
PF3/LWR/ADTRG/ When RMTS2 to RMTS0 = B'001 to B'011,
IRQ3 CW2 =0, and LCASS = 1: LCAS output
PF2/LCAS/WAIT/ When WAITE = 0 and BREQOE = 0 (after 1/0 port
BREQO reset): /0O port
When WAITE = 1 and BREQOE = 0: WAIT
input
When WAITE = 0 and BREQOE = 1: BREQO
input
When RMTS2 to RMTSO0 = B'001 to B'011,
CW2 =0, and LCASS = 0: LCAS output
PF1/BACK/BUZZ When BRLE = 0 (after reset): /0 port BUZZ output
PFO/BREQ/IRQ2 When BRLE = 1: BREQ input, BACK output  [IRQ2 input
BUZZ output, IRQ2 input 1/0 port
Port G |« 5-pit I/O PG4 /CS0O When DDR = 0*™: input port 1/O port
port When DDR = 1** CS0 output
« Schmitt- PG3/CST When DDR = 0 (after reset): input port 110 port, IRQ7
triggered  |PG2/CS2 When DDR = 1: CS1, CS2, CS3 outputs input
input (RQ7, |PG1 /CS3/OEMRQ7 | OE output, IRQ7 input
IRQS6) PGO /CAS/IRQ6 DRAM space set: CAS output 110 port, IRQ6
Otherwise (after reset): I/O port input
TRQ6 input

Notes: 1. After aresetin mode 6

2. After aresetin mode 4 or 5
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10.2 Port 1

10.2.1 Overview

Port 1 is an 8-bit I/O port. Port 1 pins also function as PPG output pins (PO15 to PO8), TPU 1/0
pins (TCLKA, TCLKB, TCLKC, TCLKD, TIOCAO, TIOCBO, TIOCCO, TIOCDO, TIOCAL,
TIOCB1, TIOCA2, and TIOCB2), 14-bit PWM output pins (PWM2, PWM3), and external
interrupt pins (IRQO and IRQ1). Port 1 pin functions are the same in all operating modes.

Figure 10.1 shows the port 1 pin configuration.

Port 1

Port 1 pins
Pin functions in modes 4to 7

P17 (1/0) / PO15 (output) / TIOCB2 (I/O) / PWM3 (output) / TCLKD (input)
P16 (1/0) / PO14 (output) / TIOCA2 (1/0) / PWM2 (output) / TRQT (input)
P15 (1/0) / PO13 (output) / TIOCBL (I/0) / TCLKC (input)

P14 (1/0) / PO12 (output) / TIOCAL (I/O) / TRQO (input)

P13 (I/0) / PO11 (output) / TIOCDO (I/O) / TCLKB (input)

P12 (1/0) / PO10 (output) / TIOCCO (1/O) / TCLKA (input)

P11 (I/0) / PO9 (output) / TIOCBO (I/O)

P10 (/0) / PO8 (output) / TIOCAO (1/O)

Figure10.1 Port 1 Pin Functions
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10.2.2 Register Configuration
Table 10.2 shows the port 1 register configuration.

Table10.2 Port 1 Registers

Name Abbreviation R/W Initial Value Address*
Port 1 data direction register P1DDR w H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FF00
Port 1 register PORT1 R Undefined H'FFBO

Note: * Lower 16 bits of the address.

(1) Port 1 Data Direction Register (PIDDR)

Bit : 7 6 5 4 3 2 1 0

\ P17DDR \ P16DDR \ P15DDR \ P14DDR \ P13DDR \ P12DDR \ P11DDR \ P10DDR \
Initial value : 0 0 0 0 0 0 0 0
RIW W W W W W W W W

P1DDR isan 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. PLDDR cannot beread; if it is, an undefined value will be read.

Setting a PADDR bit to 1 makes the corresponding port 1 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P1DDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. Because PPG and TPU areinitialized
by a manual reset, pin states are determined by PLDDR and P1DR.

(2) Port 1 Data Register (P1DR)

Bit : 7 6 5 4 3 2 1 0

\ P17DR \ P16DR \ P15DR \ P14DR \ P13DR \ P12DR \ P11DR \ P10DR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

P1DR isan 8-bit readable/writable register that stores output data for the port 1 pins (P17 to P10).

P1DR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by a manual reset or in software standby mode.
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(3) Port 1 Register (PORTY)

Bit : 7 6 5 4 3 2 1 0

\ P17 \ P16 \ P15 \ P14 \ P13 \ P12 \ P11 \ P10 \
Initial value : —* — —* —* % _* % _x
RIW : R R R R R R R R

Note: * Determined by state of pins P17 to P10.

PORT1 isan 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P17 to P10) must always be performed on P1DR.

If aport 1 read is performed while PADDR bits are set to 1, the PIDR values are read. If aport 1
read is performed while PLDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT 1 contents are determined by the pin
states, as PLDDR and P1DR areinitialized. PORT1 retainsits prior state by a manual reset or in
software standby mode.
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10.2.3 Pin Functions

Port 1 pins also function as PPG output pins (PO15 to PO8), TPU I/0 pins (TCLKA, TCLKB,
TCLKC, TCLKD, TIOCAOQ, TIOCBO, TIOCCO, TIOCDO, TIOCA1, TIOCB1, TIOCA2, and
TIOCB2), external interrupt input pins (IRQO and IRQ1), and 14-bit PWM output pins (PWM2
and PWM3). Port 1 pin functions are shown in table 10.3.

Table10.3 Port 1 Pin Functions

Pin Selection Method and Pin Functions
P17/PO15/ The pin function is switched as shown below according to the combination of
TIOCB2/PWM3/  the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOB3 to IOB0
TCLKD in TIOR2, and bits CCLR1 and CCLRO in TCR2), bits TPSC2 to TPSCO in
TCRO and TCR5, OEB bit in DACR3, bit NDER15 in NDERH, and bit
P17DDR.
TPU Channel
2 Setting Table Below (1) Table Below (2)
OEB — 0 0 0 1
P17DDR — 0 1 1 —
NDER15 — — 0 1 —
Pin function TIOCB2 output P17 P17 PO15 PWM3
input output output | output
TIOCB2 input **
TCLKD input *?

Notes: 1. TIOCB2 input when MD3 to MDO = B'0000 or B'01xx, and IOB3 =
1

2. TCLKD input when the setting for either TCRO or TCR5 is: TPSC2
to TPSCO = B'111.

TCLKD input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
2 Setting 2) ) )] 2 @ 2
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00

B'0100 |B'0011
B'1xxXx B'0101 to

B'0111
CCLR1, — — — — Other B'10
CCLRO than B'10
Output — Output — — PWM —
function compare mode 2
output output

x: Don’t care
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Pin Selection Method and Pin Functions

P16/PO14/ The pin function is switched as shown below according to the combination of
TIOCA2/PWM2/  the TPU channel 2 setting (by bits MD3 to MDO in TMDRZ2, bits IOA3 to IOAO
IRQ1 in TIOR2, and bits CCLR1 and CCLRO in TCR2), OEA bit in DACR3, bit

NDER14 in NDERH, and bit P16DDR.

TPU Channel
2 Setting Table Below (1) Table Below (2)
OEA — 0 0 0 1
P16DDR — 0 1 1 —
NDER14 — — 0 1 —
Pin function TIOCAZ2 output P16 P16 PO14 PWM2
input output | output | output
TIOCAZ input **
IRQ1 input
TPU Channel
2 Setting (2 (2) (2) 1) (1) (2)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0OA3 to IOA0 | B'0000 |B'0001 to| B'xx00 Other than B'xx00
B'0100 B'0011
B'1xxXx B'0101 to
B'0111
CCLR1, — — — — Other B'01
CCLRO than B'01
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output *? | output
x: Don'’t care
Notes: 1. TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx, and I0A3 =
1

2. TIOCB2 output is disabled.
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P15/PO13/
TIOCBL1/TCLKC

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOB3 to IOBO
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO in
TCRO, TCR2, TCR4, and TCR5, bit NDER13 in NDERH, and bit P15DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)

P15DDR — 0 1 1

NDER13 — — 0 1

Pin function TIOCBL1 output P15 P15 PO13
input output output

TIOCB1 input **

TCLKC input *?

Notes: 1. TIOCB1 input when MD3 to MDO = B'0000 or B'01xx, and IOB3
to IOBO = B'10xx.

2. TCLKC input when the setting for either TCRO or TCR2 is: TPSC2

to TPSCO = B'110; or when the setting for either TCR4 or TCR5 is

TPSC2 to TPSCO = B'101.

TCLKC input when channels 2 and 4 are set to phase counting

mode.
TPU Channel
1 Setting (2 (1) (2) (2) 1) (2)
MD3 to MDO B'0000, B'01xx B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'ixxx |B'0101 to
B'0111
CCLR1, — — — — Other B'10
CCLRO than
B'10
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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P14/PO12/
TIOCA1/IRQO

The pin function is switched as shown below according to the combination of
the TPU channel 1 setting (by bits MD3 to MDO in TMDR1, bits IOA3 to IOAQ
in TIOR1, and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and

bit P14DDR.

TPU Channel

1 Setting Table Below (1) Table Below (2)
P14DDR — 0 1 1
NDER12 — — 0 1
Pin function TIOCAL output P14 P14 PO12

input output output
TIOCA1 input **
IRQO input

TPU Channel

1 Setting 2 1) 2 (@D)] (€D) 2
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOA0 | B'0000 |B'0001 to| B'xx00 Other | Other than B'xx00

B'0100 |B'0011 than
B'1xxx B'OlOl to BIXXOO
B'0111

CCLR1, — — — — Other B'01
CCLRO than B'01

Output — Output — PWM PWM —
function compare mode 1 | mode 2

output output*? | output
x: Don't care

Notes: 1. TIOCAL input when MD3 to MDO = B'0000 or B'01xx, and IOA3 to
I0A0 = B'10xx.

2. TIOCBL1 output is disabled.
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P13/PO11/
TIOCDO/TCLKB

The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOD3 to IOD0O
in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO in

TCRO to TCR2, bit NDER11 in NDERH, and bit P13DDR.

TPU Channel Table Table Below (2)
0 Setting Below (1)
P13DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCDO P13 input P13 output | PO11 output
output
TIOCDO input **

TCLKB input **
Notes: 1. TIOCDO input when MD3 to MDO = B'0000, and 10D3 to 10DO0 =

B'10xx.
2. TCLKB input when the setting for TCRO to TCR2 is: TPSC2 to
TPSCO = B'101.
TCLKB input when channels 1 and 5 are set to phase counting
mode.
TPU Channel
0 Setting 2) (1) (2) 2 Q) 2
MD3 to MDO B'0000 B'0010 B'0011
I0D3 to IODO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxXx B'0101 to
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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P12/PO10/
TIOCCO/TCLKA

The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOC3 to I0OCO
in TIOROL, and bits CCLR2 to CCLRO in TCRO), bits TPSC2 to TPSCO in

TCRO to TCR5, bit NDER10 in NDERH, and bit P12DDR.

TPU Channel Table Table Below (2)
0 Setting Below (1)
P12DDR — 0 1 1
NDER10 — — 0 1
Pin function TIOCCO P12 input P12 output | PO10 output
output
TIOCCO input **
TCLKA input **
TPU Channel
0 Setting 2 Q) 2 (@D)] (€D) 2
MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0OC3 to IOCO | B'0000 |B'0001to, B'xx00 Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*® | output
x: Don'’t care
Notes: 1. TIOCCO input when MD3 to MDO = B'0000, and I0OC3 to I0CO0 =
B'10xx.
2. TCLKA input when the setting for TCRO to TCR5 is: TPSC2 to
TPSCO = B'100.
TCLKA input when channels 1 and 5 are set to phase counting
mode.

3. TIOCDO output is disabled.
When BFA =1 or BFB =1 in TMDRO, output is disabled and
setting (2) applies.
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P11/PO9/TIOCBO The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, and bits IOB3 to
IOBO in TIOROH), bit NDER9 in NDERH, and bit P11DDR.

TPU Channel Table Table Below (2)
0 Setting Below (1)
P11DDR — 0 1 1
NDER9 — — 0 1
Pin function TIOCBO P11 P11 PO9
output input output output
TIOCBO input *
Note: * TIOCBO input when MD3 to MDO = B'0000, and I0B3 to IOBO0 =
B'10xx.
TPU Channel
0 Setting @) @) ) ) (5] 2
MD3 to MDO B'0000 B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — B'xx00 | Other than B'xx00
B'0100 |B'0011
B'1xxx B'OlOl to
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output — Output — — PWM —
function compare mode 2
output output
x: Don'’t care
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Pin

Selection Method and Pin Functions

P10/POS8/TIOCAOD

The pin function is switched as shown below according to the combination of
the TPU channel 0 setting (by bits MD3 to MDO in TMDRO, bits IOA3 to IOAQ
in TIOROH, and bits CCLR2 to CCLRO in TCRO), bit NDER8 in NDERH, and

bit P1L0DDR.
TPU Channel Table Table Below (2)
0 Setting Below (1)
P10DDR — 0 1 1
NDERS8 — — 0 1
Pin function TIOCAO P10 P10 PO8

output input output output

TIOCAQ input **
TPU Channel
0 Setting 2) Q) 2 (1) 1) 2
MD3 to MDO B'0000 B'001x | B'0010 ‘ B'0011
I0A3 to IOA0 | B'0O000 |B'0001to B'xx00 Other than B'xx00
B'0100 |B'0011
B'].XXX B'OlOl to
B'0111
CCLR2 to — — — — Other B'001
CCLRO than
B'001
Output — Output — PWM PWM —
function compare mode 1 | mode 2
output output*? | output
x: Don'’t care

Notes: 1. TIOCAO input when MD3 to MDO = B'0000, and IOA3 to IOAQ =
B'10xx.

2. TIOCBO output is disabled.
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10.3 Port 2

10.3.1 Overview

Port 2 is an 8-bit 1/0 port. Port 2 pins also function as TPU 1/0O pins (TIOCAS3, TIOCB3, TIOCC3,
TIOCD3, TIOCA4, TIOCB4, TIOCAS5, TIOCBS5) and PPG output pins (PO7 to POO0). Port 2 pin
functions are the same in all operating modes. The port 2 pin configuration is shown in figure
10.2.

Port 2 pins (functions in modes 4 to 7)

= P27 (I/0) / PO7 (output) / TIOCBS5 (l/O)
-« P26 (I/0) / PO6 (output) / TIOCAS (1/O)
-~ P25 (I/O) / POS5 (output) / TIOCB4 (1/O)
port2 [ ™ P24 (I/0)/ PO4 (output) / TIOCA4 (I/O)
~——» P23 (1/0) / PO3 (output) / TIOCD3 (I/O)
~—— P22 (I/0) / PO2 (output) / TIOCC3 (I/O)
~——» P21 (I/0) / PO1 (output) / TIOCBS3 (I/O)
~—— P20 (I/0) / POO (output) / TIOCA3 (1/O)

Figure10.2 Port 2 Pin Functions

10.3.2 Register Configuration
Table 10.4 shows the port 2 register configuration.

Table10.4 Port 2 Register Configuration

Name Abbreviation RIW Initial Value  Address*
Port 2 data direction register P2DDR W H'00 H'FE31
Port 2 data register P2DR R/W H'00 H'FFO1
Port 2 register PORT2 R H'00 H'FFB1

Note: * Lower 16 bits of the address.
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(1) Port 2 Data Direction Register (P2DDR)

Bit : 7 6 5 4 3 2 1 0

\ P27DDR \ P26DDR \ P25DDR \ P24DDR \ P23DDR \ P22DDR \ P21DDR \ P20DDR \
Initial value : 0 0 0 0 0 0 0 0
RIW : w w w w w w w w

P2DDR isan 8-bit write-only register that can select input or output for each pin in port 2.
P2DDR cannot be read; if it is, an undefined value will be returned.

A pinin port 2 becomes an output port if the corresponding P2DDR bit is set to 1, and an input
port if the bit iscleared to 0.

P2DDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It maintainsits
previous state in amanual reset and in software standby mode. PPG and TPU are initialized by a
manual reset, so the pin states are determined by the specification of P2DDR and P2DR.

(2) Port 2 Data Register (P2DR)

Bit : 7 6 5 4 3 2 1 0

\ P27DR \ P26DR \ P25DR \ P24DR \ P23DR \ P22DR \ P21DR \ P20DR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

P2DR is an 8-bit readable/writable register that stores output data for port 2 pins (P27 to P20).

P2DR isinitialized to H'00 by a power-on reset and in hardware standby mode. It maintains its
previous state in amanual reset and in software standby mode.
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(3) Port 2 Register (PORT?2)

Bit : 7 6 5 4 3 2 1 0

\ P27 \ P26 \ P25 \ P24 \ P23 \ P22 \ P21 \ P20
Initial value : —* —* —* —* —* —* —* _*
RIW : R R R R R R R R

Note: * Determined by state of pins P27 to P20.

PORT2 isan 8-bit read-only register that shows the pin states. Writing of output data for the port 2
pins (P27 to P20) must always be performed on P2DR.

If aport 2 read is performed while P2DDR bits are set to 1, the P2DR values are read. If aport 2
read is performed while P2DDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORT2 contents are determined by the pin
states, as P2DDR and P2DR are initialized. PORT2 maintains its previous state in a manual reset
and in software standby mode.
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10.3.3 Pin Functions

Port 2 pins also function as TPU 1/O pins (TIOCA3, TIOCB3, TIOCC3, TIOCD3, TIOCA4,

TIOCB4, TIOCAS, TIOCBS5) and PPG output pins (PO7 to POQ). Port 2 pin functions are shown
in table 10.5.

Table10.5 Port 2 Pin Functions

Pin Selection Method and Pin Functions

P27/PO7/TIOCB5 The pin function is switched as shown below according to the combination of
the TPU channel 5 settings (bits MD3 to MDO in TMDR, bits IOB3 to IOBO in
TIORS5, and bits CCLR1 and CCLRO in TCR5), bit NDER7 in NDERL, and bit

P27DDR.

TPU channel 5| (1) in table (2) in table below

settings below

P27DDR — 0 1 1

NDER7 — — 0 1

Pin function TIOCBS output| P27 input P27 output PO7 output
TIOCBS input*

Note: * TIOCB5 input when MD3 to MDO = B'0000 and I0B3 to IOBO = B'1xxx.

TPU channel 5
settings (2 (1) (2) (2) (1) (2)
MD3 to MDO B'0000 B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — Other | Other than B'xx00
B'1000 |B'0011 than
B'lxxx |B'0101 to B'xx00
B'0111
CCLR1to — — — — Other B'10
CCLRO than B'10
Output function — Output — — PWM —
compare mode 2
output output
x: Don’t care
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P26/PO6/TIOCAS

The pin function is switched as shown below according to the combination of
the TPU channel 5 settings (bits MD3 to MDO in TMDR, bits IOA3 to IOAOQ in
TIORS5, and bits CCLR1 and CCLRO in TCR5), bit NDER6 in NDERL, and bit

P26DDR.
TPU channel 5| (1) in table (2) in table below
settings below
P26DDR — 0 1 1
NDER6 — — 0 1
Pin function TIOCAS output| P26 input P26 output PO6 output
TIOCAS input**
TPU channel 5
settings 2 1) 2 @ ) &)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOAO0 | B'0000 |B'0001to B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx |B'0101to B'xx00
B'0111
CCLR1 to — — — — Other B'01
CCLRO than B'01
Output function — Output — PWM PWM —
compare mode 1 | mode 2
output output*? | output
x: Don'’t care

B'1xxx.
2. TIOCBS output is disabled.

Notes: 1. TIOCAS input when MD3 to MDO = B'0000 and IOA3 to IOAQ =
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Pin

Selection Method and Pin Functions

P25/PO5/TIOCB4

The pin function is switched as shown below according to the combination of
the TPU channel 4 settings (bits MD3 to MDO in TMDR, bits IOB3 to IOBO in
TIOR4, and bits CCLR1 and CCLRO in TCR4), bit NDER5 in NDERL, and bit

P25DDR.

TPU channel 4| (1) in table (2) in table below

settings below

P25DDR — 0 1 1
NDERS5 — — 0 1

Pin function TIOCB4 output| P25 input P25 output PO5 output

TIOCB4 input*

Note: * TIOCB4

input when MD3 to MDO = B'0000 and IOB3 to IOBO = B'10xx.

RENESAS

TPU channel 4
settings (2 (1) (2) (2) 1) (2)
MD3 to MDO B'0000 B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx |B'0101to B'xx00
B'0111
CCLR1 to — — — — Other B'10
CCLRO than B'10
Output function — Output — — PWM —
compare mode 2
output output
x: Don'’t care
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P24/PO4/TIOCA4

The pin function is switched as shown below according to the combination of
the TPU channel 4 settings (bits MD3 to MDO in TMDR, bits IOA3 to IOAQ in
TIOR4, and bits CCLR1 and CCLRO in TCR4), bit NDER4 in NDERL, and bit

P24DDR.
TPU channel 4| (1) in table (2) in table below
settings below
P24DDR — 0 1 1
NDER4 — — 0 1
Pin function TIOCA4 output, P24 input P24 output PO4 output
TIOCA4 input**
TPU channel 4
settings 2 1) 2 @ ) &)
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
I0A3 to IOAO0 | B'0000 |B'0001to B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx |B'0101to B'xx00
B'0111
CCLR1 to — — — — Other B'01
CCLRO than B'01
Output function — Output — PWM PWM —
compare mode 1 | mode 2
output output*? | output
x: Don'’t care

B'10xx.
2. TIOCB4 output is disabled.

Notes: 1. TIOCA4 input when MD3 to MDO = B'0000 and IOA3 to IOAQ =
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P23/PO3/TIOCD3

The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (bits MD3 to MDO in TMDR, bits IOD3 to I0DO in
TIOR3L, and bhits CCLR2 to CCLRO in TCR3), bit NDER3 in NDERL, and bit

P23DDR.

TPU channel 3| (1) in table (2) in table below

settings below

P23DDR — 0 1 1
NDER3 — — 0 1

Pin function TIOCD3 output| P23 input P23 output POS3 output

TIOCD3 input*

Note: * TIOCD3

input when MD3 to MDO = B'0000 and 10B3 to IOBO = B'10xx.

TPU channel 3
settings ) o) 2) 2 (1) (2)
MD3 to MDO B'0000 B'0010 B'0011
I0D3 to IODO | B'0000 |B'0001 to — Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx |B'0101 to B'xx00
B'0111
CCLR2 to — — — — Other B'110
CCLRO than
B'110
Output function — Output — — PWM —
compare mode 2
output output
x: Don't care
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P22/PO2/TIOCC3

The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (bits MD3 to MDO in TMDR, bits IOC3 to I0CO in
TIOR3L, and bits CCLR2 to CCLRO in TCR3), bit NDER2 in NDERL, and bit

P22DDR.
TPU channel 3| (1) in table (2) in table below
settings below
P22DDR — 0 1 1
NDER2 — — 0 1
Pin function TIOCC3 output| P22 input P22 output PO2 output
TIOCC3 input**
TPU channel 3
settings 2 1) 2 @ ) &)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0C3to IOCO | B'0000 |B'0001to| B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx |B'0101to B'xx00
B'0111
CCLR2 to — — — — Other B'101
CCLRO than
B'101
Output function — Output — PWM PWM —
compare mode 1 | mode 2
output output*> | output
x: Don't care

B'10xx.
2. TIOCD3 output is disabled.

Notes: 1. TIOCC3 input when MD3 to MDO = B'0000 and IOA3 to IOA0 =
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P21/PO1/TIOCB3

The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (bits MD3 to MDO in TMDR, bits IOB3 to IOBO in
TIOR3H, and bits CCLR2 to CCLRO in TCR3), bit NDER1 in NDERL, and bit

P21DDR.

TPU channel 3| (1) in table (2) in table below

settings below

P21DDR — 0 1 1
NDER1 — — 0 1

Pin function TIOCB3 output, P21 input P21 output PO1 output

TIOCB3 input*

Note: * TIOCB3

input when MD3 to MDO = B'0000 and IOB3 to IOBO = B'10xx.

TPU channel 3
settings (2 (1) ) ) 1) 2
MD3 to MDO B'0000 B'0010 B'0011
I0B3 to IOBO | B'0000 |B'0001 to — Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx |B'0101 to B'xx00
B'0111
CCLR2 to — — — — Other B'010
CCLRO than
B'010
Output function — Output — — PWM —
compare mode 2
output output
x: Don’t care
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P20/POO/TIOCA3

The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (bits MD3 to MDO in TMDR, bits IOA3 to IOAQ in
TIOR3H, and bits CCLR2 to CCLRO in TCR3), bit NDERO in NDERL, and bit

P20DDR.
TPU channel 3| (1) in table (2) in table below
settings below
P20DDR — 0 1 1
NDERO — — 0 1
Pin function TIOCA3 output, P20 input P20 output POO0 output
TIOCA3 input**
TPU channel 3
settings 2 1) 2 @ ) &)
MD3 to MDO B'0000 B'001x | B'0010 B'0011
I0A3 to IOA0 | B'0000 |B'0001to| B'xx00 Other | Other than B'xx00
B'0100 |B'0011 than
B'lxxx |B'0101to B'xx00
B'0111
CCLR2 to — —_ — — Other B'001
CCLRO than
B'001
Output function — Output — PWM PWM —
compare mode 1 | mode 2
output output*> | output
x: Don't care

B'10xx.
2. TIOCB3 output is disabled.

Notes: 1. TIOCA3 input when MD3 to MDO = B'0000 and IOA3 to IOAQ =
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10.4 Port 3

10.4.1 Overview

Port 3 isan 8-bit I/O port. Port 3 isa multi-purpose port for SCI 1/O pins (TxDO0, RxDO, SCKO,
I'TxD, IrRXD, TxD1, RxD1, SCK 1, TxD4, RxD4, SCK4), external interrupt input pins (IRQ4,
IRQ5) and I1C /O pins (SCLO, SDAO, SCL1, SDA1). All of the port 3 pin functions have the
same operating mode. The configuration for each of the port 3 pinsis shown in figure 10.3.

Port 3 pins

—— P37 (1/0) / TxD4 (output)

+—— P36 (I//0) / RxD4 (input)

~—— P35 (I/0) / SCK1 (1/O)

/ SCK4 (1/0) / SCLO (1/0) / TRQ5 (input)

Port3 le——— P34 (1/0) / RxDL1 (input) / SDAO (I/O)

«—— P33 (I/0) / TxD1 (input) / SCL1 (I/O)

~—— P32 (I/0) / SCKO (input / output) / SDA1 (1/O) / IRQ4 (input)
——— P31 (1/0) / RxDO (input) / IrRxD (input)

~—— P30 (I/0) / TxDO (output) / IrTxD (output)

Figure10.3 Port 3 Pin Functions

10.4.2 Register Configuration
Table 10.6 shows the configuration of port 3 registers.

Table10.6 Port 3 Register Configuration

Name Abbreviation R/W Initial Value Address*
Port 3 data direction register P3DDR w H'00 H'FE32
Port 3 data register P3DR R/W  H00 H'FF02
Port 3 register PORT3 R Undefined H'FFB2
Port 3 open drain control register P3ODR R/W  H'00 H'FE46

Note: * Indicates the lower-place 16 hits.
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(1) Port 3 Data Direction Register (P3DDR)

Bit L7 6 5 4 3 2 1 0
| P37DDR | P36DDR | P35DDR | P34DDR | P33DDR | P32DDR | P31DDR| P30DDR |

Initial value : 0 0 0 0 0 0 0 0

RIW LW w w w w w w w

P3DDR isan 8-hit write-dedicated register, which specifies the I/O for each port 3 pin by bit.
Read is disenabled. If aread is carried out, undefined values are read out.

By setting P3DDR to 1, the corresponding port 3 pins become output, and be clearing to O they
become input.

P3DDR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode. SCI and I1C are initialized by
amanual reset, so the pin states are determined by the specification of PSDDR and P3DR.

(2) Port 3 Data Register (P3DR)

Bit L7 6 5 4 3 2 1 0
| P37DR | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

P3DR is an 8-bit readable/writable register, which stores the output data of port 3 pins (P35 to
P30).

P3DR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous state
is maintained by a manual reset and in software standby mode.
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(3) Port 3Register (PORT?3)

Bit L7 6 5 4 3 2 1 0
| P37 | P36 | P35 | P34 | P33 | P32 | P31 | P30 |

Initial value : —* —* —* = = _* _ _

RIW . R R R R R R R R

Note: * Determined by the state of pins P37 to P30.

PORT 3 is an 8-bit read-dedicated register, which reflects the state of pins. Write is disenabled.
Always carry out writing off output data of port 3 pins (P37 to P30) to P3DR without fail.

When P3DDRisset to 1, if port 3isread, the values of P3DR are read. When P3DDR is cleared
to O, if port 3isread, the states of pins are read out.

P3DDR and P3DR are initialized by a power-on reset and in hardware standby mode, so PORT3 is
determined by the state of the pins. The previous state is maintained by a manual reset and in
software standby mode.

(4) Port 30pen Drain Control Register (P30DR)

Bit L7 6 5 4 3 2 1 0

| P37DDR | P36DDR | P35DDR | P34DDR | P33DDR | P32DDR | P31DDR| P30DDR |
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P30DR is an 8-hit readable/writable register, which controls the on/off of port 3 pins (P37 to
P30).

By setting P3ODR to 1, the port 3 pins become an open drain out, and when cleared to 0 they
become CMOS output.

P30ODR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode.
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10.4.3 Pin Functions

The port 3 pins double as SCI 1/0 input pins (TxDO, RxDO, SCKO, IrTxD, IrRxD, TxD1, RxD1,
SCK1, TxD4, RxD4, SCK4), external interrupt input pins (IRQ4, IRQS), and I1C I/O pins (SCLO,
SDAO, SCL1, SDA1). Thefunctions of port 3 pins are shown in table 10.7.

Table10.7 Port 3Pin Functions

Pin Selection Method and Pin Functions

P37/TxD4 Switches as follows according to combinations of SCR TE bit of SCI4 and the
P37DDR bit.
TE 0 1
P37DDR 0 1 —
Pin function P37 input pin P37 output pin* TxD4 output pin

Note: * When P370DR = 1, it becomes NMOS open drain output.
P36/RxD4 Switches as follows according to combinations of SCR RE bit of SCI4 and the

P36DDR bit.

RE 0 1
P36DDR 0 1 —

Pin function P36 input pin P36 output pin* RxD4 input pin

Note: * When P360DR = 1, it becomes NMOS open drain output.
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Pin Selection Method and Pin Functions
P35/SCK1/  Switches as follows according to combinations of ICCRO ICE bit of 11C0O, SMR C/A
SCK4/SCLO/ bit of SCI1 or SCI4, SCR CKEO and CKEL1 bits, and the P35DDR bit.
IRQS5 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 CKE1 bits. Do not set SCK1 and
SCKA4 to simultaneous output.
The SCLO output format is NMOS open drain output, enabling direct bus driving.
ICE 0 1
CKE1l 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P35DDR 0 1 — — — —
Pin function P35 P35 SCK1/ SCK1/ SCK1/ SCLO
input pin |output pin*| SCK4 SCK4 SCK4 I/0O pin
output pin* output pin*| input pin
IRQ5 input
Note: * Output type is NMOS push-pull. When P350DR =1, it becomes NMOS
open drain output.
P34/RxD1/ Switches as follows according to combinations of ICCRO ICE bit of [IC0, SCR RE bhit
SDAO of SCI1, and the P34DDR bhit.
The SDAO output format becomes NMOS open drain output, enabling direct bus
driving.
ICE 0 1
RE 0 1 —
P34DDR 0 1 — —
Pin function P34 input pin | P34 output pin* | RxD1 input pin | SDAO I/O pin
Note: * Output type is NMOS push-pull. When P340DR =1, it becomes NMOS
open drain tray.
P33/TxD1/ Switches as follows according to combinations of ICCRL1 ICE bit of IIC1, SCR TE bit
SCL1 of SCI1 and the P33DDR hit.

The SCL1 output format becomes NMOS open drain output, enabling direct bus
driving.

ICE 0 1
TE 0 1 —
P33DDR 0 1 — —
Pin function P33 input pin | P33 output pin* TxD1 output pin*| SCL1 I/O pin*

Note: * When P330DR = 1, it becomes NMOS open drain output.

Rev. 3.00 Jan 11, 2005 page 371 of 1220
REJ09B0186-03000

RENESAS



Section 10 1/O Ports

Pin Selection Method and Pin Functions

P32/SCKO/  Switches as follows according to combinations of ICCR1 ICE bit of IC1, SMR C/A
SDA1/IRQ4  bit of SCI0, SCR CKEO and CKEL1 bits, and the P32DDR bhit.

If using as an SDAL input pin, always set SMR C/A bit of SCI0 and SCR CKEO and
CKE1 bits to 0 without fail.

The SDAL1 output format becomes NMOS open drain output, enabling direct bus

driving.
ICE 0 1
CKE1l 0 1 0
C/A 0 1 — 0
CKEO 0 1 — — 0
P32DDR 0 1 — — — —
Pin function P32 P32 SCKO SCKO SCKO SDAl
input pin | output pin |output pin* joutput pin*| input pin I/0O pin
IRQ4 input

Note: * When P320DR = 1, it becomes NMOS open drain output.

P31/RxD0/  Switches as follows according to combinations of SCR RE bit of SCIO and the
IrRxD P31DDR bit.

RE 0 1
P31DDR 0 1 —
Pin function P31 input pin | P31 output pin* RxDO/IrRxD input pin

Note: * When P310ODR = 1, it becomes NMOS open drain output.

P30/TxDO0/ Switches as follows according to combinations of SCR TE bit of SCIO and the
IrTxD P30DDR bit.

TE 0 1
P30DDR 0 1 —
Pin function P30 input pin | P30 output pin* TxDO/IrTxD output pin*

Note: * When P300ODR = 1, it becomes NMOS open drain output.
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10.5 Port 4

10.5.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANO to AN7) and D/A converter analog output pins (DAO, DAL). Port 4 pin functions are the
samein all operating modes. Figure 10.4 shows the port 4 pin configuration.

Port 4 pins

~—— P47 (input) / AN7 (input) / DAL (output)
~+—— P46 (input) / AN6 (input) / DAO (output)
~+—— P45 (input) / AN5 (input)

Port 4 ~—— P44 (input) / AN4 (input)

~+—— P43 (input) / AN3 (input)
—— P42 (input) / AN2 (input)
—— P41 (input) / AN1 (input)

~—— P40 (input) / ANO (input)

Figure10.4 Port 4 Pin Functions
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10.5.2 Register Configuration

Table 10.8 shows the port 4 register configuration. Port 4 isan input-only port, and does not have
adata direction register or data register.

Table10.8 Port 4 Registers

Name Abbreviation R/W Initial Value Address*
Port 4 register PORT4 R Undefined H'FFB3
Note: * Lower 16 bits of the address.

(1) Port 4 Register (PORT4)

The pin states are always read when a port 4 read is performed.

Bit S 6 5 4 3 2 1 0
\ PA7 | P46 | P45 | P44 | P43 | P42 | PAL | P40 \

Initial value : —* —* _* % __* _* _  x

RW : R R R R R R R R

Note: * Determined by state of pins P47 to P40.

10.5.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN7) and D/A converter
analog output pins (DAO and DA1L).
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10.6 Port 5

10.6.1 Overview

Port 5isa3-bit I/0 port. Port 5 pins also function as SCI2 I/O pins (SCK2, RxD2, TxD2). Port 5
pin functions are the same in all operating modes. The port 5 pin configuration is shown in figure
10.5.

Port 5 pins (functions in modes 4 to 7)

~+—— P52 (]/0) / SCK2 (I/O)
Port5 =— P51 (I/0)/ RxD2 (input)
~—— P50 (1/0) / TXD2 (output)

Figure10.5 Port 5Pin Functions

10.6.2 Register Configuration
Table 10.9 shows the port 5 register configuration.

Table10.9 Port 5Register Configuration

Name Abbreviation R/W Initial Value**>  Address*!
Port 5 data direction register P5DDR W H'0 H'FE34
Port 5 data register P5DR R/W H'O H'FF04
Port 5 register PORTS R H'0 H'FFB4

Notes: 1. Lower 16 bits of the address.
2. Lower 3 bits of data.
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(1) Port 5 Data Direction Register (PSDDR)

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ — \ P52DDR \ P51DDR \ P50DDR \
Initial value : Undefined Undefined Undefined Undefined Undefined 0 0 0
RIW : — — — — — w w w

P5DDR isa 3-hit write-only register that can select input or output for each pin in port 5. PSDDR
cannot be read; if it is, an undefined value will be returned.

A pinin port 5 becomes an output port if the corresponding PSDDR bit is set to 1, and an input
port if the bit iscleared to 0.

P5DDR isinitialized to H'O (bits 2 to 0) by a power-on reset and in hardware standby mode. It
maintains its previous state in a manual reset and in software standby mode. Asthe SCl is
initialized by a manual reset, the pin states are determined by the PSDDR and PSDR
specifications.

(2) Port 5 Data Register (P5DR)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ P52DR ‘ P51DR ‘ P50DR ‘
Initial value : Undefined Undefined Undefined Undefined Undefined 0 0 0
R/W : — — — — — R/W R/W R/W

P5DR is a 3-hit readable/writable register that stores output datafor port 5 pins (P52 to P50).

P5DR isinitialized to H'O (bits 2 to 0) by a power-on reset and in hardware standby mode. It
maintains its previous state in amanual reset and in software standby mode.
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(3) Port 5 Register (PORTDS)

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ P52 ‘ P51 \ P50 \
Initial value : Undefined Undefined Undefined Undefined Undefined = —* —* —*
R/W : — — — — — R R R

Note: * Determined by state of pins P52 to P50.

PORT5 isa 3-bit read-only register that shows the pin states. Writing of output data for the port 5
pins (P52 to P50) must always be performed on PSDR.

If aport 5read is performed while PSDDR bits are set to 1, the PSDR values are read. If aport 5
read is performed while PSDDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORT5 contents are determined by the pin
states, as PSDDR and P5DR are initialized. PORTS maintains its previous state in a manual reset
and in software standby mode.
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10.6.3 Pin Functions

Port 5 pins also function as SCI2 /O pins (SCK2, RxD2, TxD2). Port 5 pin functions are shown in
table 10.10.

Table 10.10 Port 5 Pin Functions

Pin Selection Method and Pin Functions
P52/SCK2 The pin function is switched as shown below according to the combination of bit C/A
in SMR of SCI2, bits CKEO and CKEL in SCR, and bit P52DDR.
CKE1l 0 1
CIA 0 1 —
CKEO 0 1 — —
P52DDR 0 1 — — —
Pin function P52 input | P52 output |SCK2 output| SCK2 output| SCK2 input
P51/RxD2 The pin function is switched as shown below according to the combination of bit RE
in SCR of SCI2, and bit P51DDR.
RE 0 1
P51DDR 0 1 —
Pin function P51 input P51 output RxD2 input
P50/TxD2 The pin function is switched as shown below according to the combination of bit TE
in SCR of SCI2, and bit P5S0DDR.
TE 0 1
P50DDR 0 1 —
Pin function P50 input P50 output TxD2 output
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10.7 Port 7

10.7.1 Overview

Port 7 is an 8-bit I/O port. Port 7 is a multipurpose port for the 8-bit timer 1/0 pins (TMRIOL,
TMCI01, TMRI23, TMCI23, TMOO, TMO1, TMO2, TMO3), bus control output pins (CS4 to
CS7), SCI 1/0 pins (SCK 3, RxD3, TxD3) and manual reset input pin (MRES). The pin functions
for P77 to P74 are the same in all operating modes. P73 to P70 pin functions are switched
according to operating mode.

Figure 10.6 shows the configuration for port 7 pins.

Port 7 pins Pins Functions for Modes 4 to 6
—— P77/ TxD3 P77 (1/0) / TxD3 (output)
l--—— P76/ RxD3 P76 (1/0) / RxD3 (input)
|«—— P75/ TMO3 SCK3 P75 (1/0) / TMO3 (output) / SCK3 (1/O)
Port 7 |=—— P74/ TMO2/MRES P74 (1/0) / TMO2 (output) / MRES (input)
|«—— P73/ TMO1/CS7 P73 (1/0) / TMO1 (output) / CS7 (output)
l«—— P72/ TMOO/CS6 P72 (1/0) / TMOO (output) / CS6 (output)
|«—— P71/ TMRI23/TMCI23 / CS5 P71 (1/0) / TMRI23 (input) / TMCI23 (input) / CS5 (output)
|«—— P70/ TMRIO1/ TMCIO1 / CS4 P70 (1/0) / TMRIOL (input) / TMCIO1 (input) / CS4 (output)

Modes 7 Pin Functions

P77 (1/0) / TxD3 (output)

P76 (1/0) / RxD3 (input)

P75 (1/0) / TMO3 (output) / SCK3 (I/O)

P74 (1/0) / TMO2 (output) / MRES (input)
P73 (1/0) / TMO1 (output)

P72 (1/0) / TMOO (output)

P71 (/0) / TMRI23 (input) / TMCI23 (input)
P70 (1/0) / TMRIO1 (input) / TMCIO1 (input)

Figure10.6 Port 7 Pin Functions

Rev. 3.00 Jan 11, 2005 page 379 of 1220
REJ09B0186-03000
RENESAS



Section 10 1/O Ports

10.7.2 Register Configuration
Table 10.11 shows the port 7 register configuration.

Table10.11 Port 7 Register Configuration

Name Abbreviation R/W Initial Value  Address*
Port 7 data direction register P7DDR W H'00 H'FE36
Port 7 data register P7DR R/W H'00 H'FF06
Port 7 register PORT7 R Undefined H'FFB6

Note: * Indicates the lower-place 16 bits of the address.

(1) Port 7 Data Direction Register (P7DDR)

Bit L7 6 5 4 3 2 1 0

| P77DDR | P76DDR | P75DDR | P74DDR | P73DDR | P72DDR | P71DDR| P70DDR |
Initial value : 0 0 0 0 0 0 0 0
RIW LW w w w w w w w

P7DDR is an 8-bit write-dedicated register, which specifies the I/O for each port 7 pin by bit.
Read is disenabled. If aread is carried out, undefined values are read out.

By setting P7DDR to 1, the corresponding port 7 pins become output, and by clearing to 0 they
become input.

P7DDR isinitialized to H'00 by a power-on reset and in hardware standby mode. The previous
state is maintained by a manual reset and in software standby mode. The 8-bit timer and SCI are
initialized by a manual reset, so the pin states are determined by the specification of P7DDR and
P7DR.
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(2) Port 7 Data Register (P7DR)

Bit L7 6 5 4 3 2 1 0

| P77DR | P76DR | P75DR | P74DR | P73DR | P72DR | P71DR | P70DR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW RW

P7DR is an 8-hit readable/writable register, which stores the output data of port 7 pins (P77 to
P70).

P7DRisinitialized to H'00 by a power-on reset and in hardware standby mode. The previous state
is maintained by a manual reset and in software standby mode.

(3) Port 7 Register (PORT?7)

Bit : 7 6 5 4 3 2 1 0

| p77 | P76 | P15 | Pra | P13 | P2 | P1 | P70 |
Initial value : —* —* —* _* _* _* o _
RIW . R R R R R R R R

Note: * Determined by the state of pins P77 to P70.

PORT?7 is an 8-bit read-dedicated register, which reflects the state of pins. Write is disenabled.
Always carry out writing off output data of port 7 pins (P77 to P70) to P7DR without fail.

When P7DDRisset to 1, if port 7 is read, the values of P7DR areread. When P7DDR is cleared
to O, if port 7 isread, the states of pins are read out.

P7DDR and P7DR areinitialized by a power-on reset and in hardware standby mode, so PORT7 is
determined by the state of the pins. The previous state is maintained by a manual reset and in
software standby mode.
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10.7.3  Pin Functions

The pins of port 7 are multipurpose pins which function as 8-bit timer 1/O pins, (TMRIOL,
TMCI01, TMRI23, TMCI23, TMOO, TMO1, TMO2, TMO3), bus control output pins (CS4 to
CS7), SCI 1/0 pins (SCK 3, RxD3, TxD3) and manual reset input pin (MRES). Table 10.12 shows
the functions of port 7 pins.

Table 10.12 Port 7 Pin Functions

Pin Selection Method and Pin Functions
P77/TxD3 Switches as follows according to combinations of SCR TE bit of SCI3, and the
P77DDR bit.
TE 0 1
P77DDR 0 1 —
Pin function P77 input pin | P77 output pin TxD3 output pin

P76/RxD3 Switches as follows according to combinations of SCR RE bit of SCI3 and the

P76DDR bit.

RE 0 1
P76DDR 0 1 —

Pin function P76 input pin | P76 output pin RxD3 1/O pin

P75/TMO3/  Switches as follows according to combinations of SMR C/A bit of SCI3, SCR CKEO

SCK3 and CKE1 bits, TCSR3 OS3 to OSO0 bits of the 8-bit timer, and the P75DDR bit.
0S3to OSO All O Anyis 1
CKE1l 0 1 —
C/A 0 1 — —
CKEO 0 1 — — —
P75DDR 0 1 — — — —
Pin function P75 P75 SCK3 SCK3 SCK3 TMO3
input pin | output pin | output pin | output pin | input pin | Output
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Pin Selection Method and Pin Functions
P74/TMO2/  Switches as follows according to combinations of TCSR2 OS3 to OS0 bits of the 8-
MRES bit timer, SYSCR MRESE bit and the P74DDR bit.
MRESE 0 1
0OS3to OSO All 0 Anyis 1 —
P74DDR 0 1 — —
Pin function P74 input pin | P74 output pin | TMO2 output | MRES input pin
P73/TMO1/  Switches as follows according to combinations of operating mode and TCSR1 OS3
CSs7 to OSO0 bits of the 8-bit timer, and the P73DDR bit.
Operating Modes 4 to 6 Mode 7
Mode
0S3to 0OSO AllO Anyis 1 All O Anyis 1
P73DDR 0 1 — 0 1 —
Pin function | P73 input CSs7 TMO1 | P73input P73 output TMOL1
pin output pin | output pin pin output
P72/TMOO0/  Switches as follows according to combinations of operating mode and OS3 to OS0
CS6 bits of 8-bit timer TCSRO, and the P72DDR bit.

Operating Modes 4 to 6 Mode 7

Mode

0S3to OSO AllO Anyis 1 All O Anyis 1

P72DDR 0 1 — 0 1 —

Pin function | P72 input CSe TMOO | P72 input P72 output, TMOO
pin output pin | output pin pin output

Rev. 3.00 Jan 11, 2005 page 383 of 1220
REJ09B0186-03000

RENESAS



Section 10

I/0 Ports

Pin

Selection Method and Pin Functions

P71/TMRI23/ Switches as follows according to operating mode and P71DDR.

TMCI23/CS5

Operating Modes 4 to 6 Mode 7
Mode
P71DDR 0 1 0 1
Pin function P71 input Pin CS5 output P71 input pin | P71 output pin
TMRI23, — TMRI23, TMCI23 input
TMCI23 input

P70/TMRIO1/ Switches as follows according to operating mode and P70DDR.

TMCI01/CS4

Operating Modes 4 to 6 Mode 7
Mode
P70DDR 0 1 0 1
Pin function P70 input pin CS4 output P70 input pin | P70 output pin
TMRIOZ1, — TMRIO1, TMCIO1 input
TMCIOL input
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10.8 Port 8

10.8.1 Overview

Port 8 isa 7-hit 1/0 port. Port 8 pins also function as DMAC input pins (DREQ1, DREQO) and

DMAC output pins (DACK1, DACKO, TEND1, TENDO). Port 8 pin functions are the samein all
operating modes. The port 8 pin configuration is shown in figure 10.7.

Port 8

P86 (1/0)

P85 (1/0) / DACKT (output)
P84 (1/0) / DACKO (output)
P83 (1/0) / TENDT (output)
P82 (1/0) / TENDO (output)

P81 (I/0) / DREQT (input)
P80 (1/0) / DREQO (input)

Port 8 pins (functions in modes 4 to 7)

Figure 10.7 Port 8 Pin Functions

10.8.2 Register Configuration

Table 10.13 shows the port 8 register configuration.

Table 10.13 Port 8 Register Configuration

Name Abbreviation R/W Initial Value Address*
Port 8 data direction register P8DDR W H'00 H'FE37
Port 8 data register P8DR R/W H'00 H'FFO7
Port 8 register PORTS8 R H'00 H'FFB7

Note: * Lower 16 bits of the address.
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(1) Port 8 Data Direction Register (PSDDR)

Bit : 7 6 5 4 3 2 1 0

\ — \ P86DDR \ PS85DDR \ P84DDR \ P83DDR \ P82DDR \ P81DDR \ PSODDR \
Initial value : Undefined 0 0 0 0 0 0 0
RIW : — w w w w w w w

P8DDR isa 7-hit write-only register that can select input or output for each pin in port 8. PBDDR
cannot be read; if it is, an undefined value will be returned.

A pinin port 8 becomes an output port if the corresponding PBDDR bit is set to 1, and an input
port if the bit iscleared to 0.

P8DDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It maintainsits
previous state in amanual reset and in software standby mode. DMAC isinitialized by a manual
reset, so the pin states are determined by the specification of PSDDR and P8DR.

(2) Port 8 Data Register (PS8DR)

Bit : 7 6 5 4 3 2 1 0

\ — \ P86DR \ P85DR \ P84DR \ P83DR \ P82DR \ P81DR \ PSODR \
Initial value : Undefined 0 0 0 0 0 0 0
RIW : — RIW RIW RIW RIW RIW RIW RIW

P8DR is a 7-hit readable/writable register that stores output datafor port 8 pins (P86 to P80).

P8DR isinitialized to H'00 by a power-on reset and in hardware standby mode. It maintains its
previous state in amanual reset and in software standby mode. DMAC isinitialized by a manual
reset, so the pin states are determined by the specification of PBDDR and P8DR.
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(3) Port 8 Register (PORTS)

Bit : 7 6 5 4 3 2 1 0
\ — \ P86 \ P85 \ P84 \ P83 \ P82 ‘ P81 ‘ P80 ‘

Initial value : Undefined —* —* —* —* —* —* —*

RIW : — R R R R R R R

Note: * Determined by state of pins P86 to P80.

PORT8 isa 7-bit read-only register that shows the pin states. Writing of output data for the port 8
pins (P86 to P80) must always be performed on PSDR.

If aport 8 read is performed while PBDDR bits are set to 1, the P8DR values are read. If aport 8
read is performed while PBDDR hits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORT8 contents are determined by the pin
states, as PBDDR and P8DR are initialized. PORT8 maintains its previous state in a manual reset
and in software standby mode.
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10.8.3

Pin Functions

Port 8 pins also function as DMAC input pins (DREQ1, DREQO) and DMAC output pins

(DACK1, DACKO, TEND1, TENDO). Port 8 pin functions are shown in table 10.14.

Table 10.14 Port 8 Pin Functions

Pin Selection Method and Pin Functions
P86 The pin function is switched as shown below according to bit PB6DDR.
P86DDR 0 1
Pin function P86 input P86 output
P85/DACK1  The pin function is switched as shown below according to the combination of bit
SAE1 in DMABCR of the DMAC, and bit P85DDR.
SAE1l 0 1
P85DDR 0 1 —
Pin function P85 input P85 output DACKT output
P84/DACKO  The pin function is switched as shown below according to the combination of bit
SAEO in DMABCR of the DMAC, and bit P84DDR.
SAEOQ 0 1
P84DDR 0 1 —
Pin function P84 input P84 output DACKO output
P83/TEND1  The pin function is switched as shown below according to the combination of bit
TEEL in DMABCR of the DMAC, and bit P83DDR.
TEE1 0 1
P83DDR 0 1 —
Pin function P83 input P83 output TENDT output
P82/TENDO The pin function is switched as shown below according to the combination of bit

TEEO in DMABCR of the DMAC, and bit P82DDR.

TEEO 0 1
P82DDR 0 1 —
Pin function P82 input P82 output TENDO output
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Pin

Selection Method and Pin Functions

P81/DREQ1

The pin function is switched as shown below according to bit PB1DDR.

P81DDR

0

1

Pin function

P81 input

P81 output

DREQ1 input

P80/DREQO

The pin function is switched as shown below according to bit PBODDR.

P8ODDR

0

1

Pin function

P80 input

P80 output

DREQO input
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10.9 Port 9

10.9.1 Overview

Port 9 is an 8-bit input-only port. Port 9 pins aso function as A/D converter analog input pins
(AN8 to AN15) and D/A converter analog output pins (DA2, DA3). Port 9 pin functions are the
samein all operating modes. Figure 10.8 shows the port 9 pin configuration.

Port 9 pins

~—— P97 (input) / AN15 (input) / DA3 (output)
~—— P96 (input) / AN14 (input) / DA2 (output)
~—— P95 (input) / AN13 (input)

~—— P94 (input) / AN12 (input)

Port 9
~—— P93 (input) /AN11 (input)
~—— P92 (input) / AN10 (input)
—— P91 (input) /AN9 (input)

—— P90 (input) /AN8 (input)

Figure 10.8 Port 9 Pin Functions
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10.9.2 Register Configuration

Table 10.15 shows the port 9 register configuration. Port 9 is an input-only port, and does not have
adata direction register or data register.

Table10.15 Port 9 Registers

Name Abbreviation R/W Initial Value Address*
Port 9 register PORT9 R Undefined H'FFB8
Note: * Lower 16 bits of the address.

Port 9 Register (PORT9): The pin states are always read when aport 9 read is performed.

Bit : 7 6 5 4 3 2 1 0

\ P97 \ P96 \ P95 \ P94 \ PO3 \ P92 \ PO1 \ P90 \
Initial value : —* —* _* _* _* _ _ x %
RIW : R R R R R R R R

Note: * Determined by state of pins P97 to P90.

10.9.3 Pin Functions

Port 9 pins are multipurpose pins which function as A/D converter analog input pins (AN8 to
AN15) and D/A converter analog output pins (DA2, DA3).
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10.10 Port A

10.10.1 Overview

Port A isan 8-bit I/O port. Port A pins also function as address bus outputs. The pin functions
change according to the operating mode.

Port A has a built-in MOS input pull-up function that can be controlled by software.

Figure 10.9 shows the port A pin configuration.

Port A pins Pins functions for modes 4to 6
—— PA7/A23 PA7 (I/0) I A23 (output)
-—— PAG/A22 PA6 (1/0) / A22 (output)
-—— PA5/A21 PAS5 (1/0) / A21 (output)
Port A —— PA4/A20 PA4 (I/0) / A20 (output)
-—— PA3/A19 PA3 (1/0) / A19 (output)
-—— PA2/A18 PA2 (1/0) / A18 (output)
~—— PA1/A17 PA1 (I/0) / A17 (output)
~—— PAQ/A16 PAO (1/0) / A16 (output)

Pin functions in mode 7

PA7 (I/O)
PAG (1/0)
PAS (1/0)
PA4 (1/O)
PA3 (1/0)
PA2 (1/0)
PAL (1/0)
PAO (1/0)

Figure10.9 Port A Pin Functions
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10.10.2 Register Configuration
Table 10.16 shows the port A register configuration.

Table10.16 Port A Registers

Name Abbreviation R/W Initial Value* Address*
Port A data direction register PADDR W H'00 H'FE39
Port A data register PADR R/W H'00 H'FF09
Port A register PORTA R Undefined H'FFB9
Port A MOS pull-up control register PAPCR R/W H'00 H'FE40
Port A open-drain control register PAODR R/W H'00 H'FE47

Note: * Lower 16 bits of the address.

(1) Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

‘ PA7DDR ‘ PAGDDR ‘ PASDDR ‘ PA4DDR ‘ PA3DDR ‘ PA2DDR ‘ PA1DDR ‘ PAODDR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W W w W w w

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port A. PADDR cannot be read; if it is, an undefined value will be read.

PADDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsiits
prior state by a manual reset or in software standby mode. The OPE hit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when a
transition is made to software standby mode. See section 24.2.1, Standby Control Register
(SBYCR), for details.

e Modes4to6

The corresponding port A pins become address outputs in accordance with the setting of bits
AE3to AEO in PFCR, irrespective of the value of PADDR. When pins are not used as address
outputs, setting a PADDR hit to 1 makes the corresponding port A pin an output port, while
clearing the bit to 0 makes the pin an input port.

* Mode?7

Setting a PADDR hit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.
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(2) Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0
\ PA7DR \ PAGDR \ PASDR \ PA4DR \ PA3DR \ PA2DR \ PA1DR \ PAODR \

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

PADR is an 8-hit readable/writable register that stores output data for the port A pins (PA7 to
PAOQ).

PADR isinitialized to H'00 by a powr-on reset, and in hardware standby mode. It retains its prior
state by a manual reset or in software standby mode.

(3) Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0
\ PA7 \ PAG \ PA5 \ PA4 \ PA3 \ PA2 \ PAL \ PAO \

Initial value : —* —* —* —* — _* % __*

RIW : R R R R R R R R

Note: * Determined by state of pins PA7 to PAO.

PORTA is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA7 to PAO) must always be performed on PADR.

If aport A read is performed while PADDR bits are set to 1, the PADR values are read. If aport A
read is performed while PADDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTA contents are determined by the pin
states, as PADDR and PADR are initialized. PORTA retains its prior state by a manual reset or in
software standby mode.
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(4) Port A MOSPull-Up Control Register (PAPCR)

Bit : 7 6 5 4 3 2 1 0

\ PA7PCR \ PAGPCR \ PASPCR \ PA4PCR \ PA3PCR \ PA2PCR \ PALIPCR \ PAOPCR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PAPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port A on an individual bit basis.

In modes 4 to 6, if apinisintheinput state in accordance with the settingsin PFCR, and in DDR,
setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up for that pin.

Inmode 7, if apinisintheinput state in accordance with the settingsin DDR, setting the
corresponding PAPCR bit to 1 turns on the MOS input pull-up for that pin.

PAPCR isinitialized by amanual reset or to H'00 by a power-on reset, and in hardware standby
mode. It retainsits prior state in software standby mode.

(5) Port A Open Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0

\ PA7ODR \ PAGODR \ PASODR \ PA4ODR \ PA3ODR \ PA20DR \ PAL1ODR \ PAOODR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

PAODR is an 8-hit readable/writable register that controls whether PMOSis on or off for each
port A pin (PA7 to PAO).

When pins are not address outputs in accordance with the setting of bits AE3 to AEO in PFCR,
setting a PAODR hit makes the corresponding port A pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PAODR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state by a manual reset or in software standby mode.
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10.10.3 Pin Functions
(1) Modes4to6

In modes 4 to 6, port A pins function as address outputs according to the setting of AE3to AEQ in
PFCR; when they do not function as address outputs, the pins function as I/O ports.

Port A pin functions in modes 4 to 6 are shown in figure 10.10.

~+— PA7 (I/0O) / A23 (output)
~+— PAG (I/O) / A22 (output)
~+— PAS5 (I/0O) / A21 (output)
Port A =— PA4 (1/O) / A20 (output)
~— PA3 (I/0O) / A19 (output)
~— PA2 (I/O) / A18 (output)
~— PA1 (I/O) / A17 (output)

~— PAOQ (I/O) / A16 (output)

Figure 10.10 Port A Pin Functions (Modes 4 to 6)
(2) Mode7

In mode 7, port A pins function as /O ports. Input or output can be specified for each pin on an
individual bit basis. Setting a PADDR bit to 1 makes the corresponding port A pin an output port,
while clearing the bit to 0 makes the pin an input port.

Port A pin functions are shown in figure 10.11.

- PA7 (I/O)
- PAG (I/O)
~+— PAS5 (I/0)
Port A [<— PA4 (I/O)
= PA3 (1/O)
~— PA2 (1/O)
~— PA1 (1/O)
~— PAQ (I/O)

Figure10.11 Port A Pin Functions (M ode 7)
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10.10.4 MOSInput Pull-Up Function

Port A has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individua bit basis.

In modes 4 to 6, if apinisin theinput state in accordance with the settingsin PFCR and in DDR,
setting the corresponding PAPCR bit to 1 turns on the MOS input pull-up for that pin.

In mode 7, if apinisintheinput state in accordance with the settingsin DDR, setting the
corresponding PAPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior stateis retained by a manual reset or in software standby mode.

Table 10.17 summarizes the MOS input pull-up states.

Table10.17 MOS Input Pull-Up States (Port A)

Power-On Hardware Manual Software In Other
Pin States Reset Standby Mode  Reset Standby Mode  Operations
Address output OFF OFF OFF OFF OFF
Other than above ON/OFF  ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PADDR = 0 and PAPCR = 1, otherwise off.
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10.11 PortB

10.11.1 Overview

Port B is an 8-hit 1/0 port. Port B pins also function as address bus outputs; the pin functions
change according to the operating mode.

Port B has abuilt-in MOS input pull-up function that can be controlled by software.

Figure 10.12 shows the port B pin configuration.

Port B pins Pin functions in modes 4 to 6
—» PB7/A15 PB7 (1/0) / A15 (output)
- PB6/Al4 PB6 (I/0) / Al4 (output)
l«—» PB5/A13 PB5 (1/0) / A13 (output)
a—w PB4/A12 PB4 (1/0) / A12 (output)

PortB | » pB3/A11 PB3 (1/0) / A1l (output)
l«—» PB2/A10 PB2 (I/0) / A10 (output)
> PB1/A9 PB1 (I/0) / A9 (output)
—» PB0/A8 PBO (1/0) / A8 (output)

Pin functions in mode 7

PB7 (I/0)
PB6 (I/0)
PB5 (1/0)
PB4 (1/0)
PB3 (I/0)
PB2 (1/0)
PB1 (I/0)
PBO (I/0)

Figure 10.12 Port B Pin Functions
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10.11.2 Register Configuration
Table 10.18 shows the port B register configuration.

Table10.18 Port B Registers

Name Abbreviation R/W Initial Value Address*
Port B data direction register PBDDR W H'00 H'FE3A
Port B data register PBDR R/W H'00 H'FFOA
Port B register PORTB R Undefined H'FFBA
Port B MOS pull-up control register PBPCR R/W H'00 H'FE41
Port B open-drain control register PBODR R/W H'00 H'FE48

Note: * Lower 16 bits of the address.

(1) Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PB7DDR ‘ PB6DDR ‘ PB5DDR ‘ PB4DDR ‘ PB3DDR ‘ PB2DDR ‘ PB1DDR ‘ PBODDR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W W w W w w

PBDDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. The OPE hit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when a
transition is made to software standby mode. See section 24.2.1, Standby Control Register
(SBYCR), for details.

e Modes4to6

The corresponding port B pins become address outputs in accordance with the setting of bits
AE3to AEO in PFCR, irrespective of the value of the PBDDR bits. When pins are not used as
address outputs, setting a PBDDR bit to 1 makes the corresponding port B pin an output port,
while clearing the bit to 0 makes the pin an input port.

* Mode?7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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(2) Port B Data Register (PBDR)

Bit : 7 6 5 4 3 2 1 0

\ PB7DR \ PB6DR \ PB5DR \ PB4DR \ PB3DR \ PB2DR \ PB1DR \ PBODR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PBDR is an 8-hit readable/writable register that stores output data for the port B pins (PB7 to
PBO0). PBDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains
its prior state by a manual reset or in software standby mode.

(3) Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0

\ PB7 \ PB6 \ PB5 \ PB4 \ PB3 \ PB2 \ PB1 \ PBO \
Initial value : —* —* —* —* — _* % __*
RIW : R R R R R R R R

Note: * Determined by state of pins PB7 to PBO.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB7 to PBO) must always be performed on PBDR.

If aport B read is performed while PBDDR bits are set to 1, the PBDR values are read. If aport B
read is performed while PBDDR hits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTB contents are determined by the pin
states, as PBDDR and PBDR areinitialized. PORTB retains its prior state in software standby
mode.
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(4) Port B MOSPull-Up Control Register (PBPCR)

Bit : 7 6 5 4 3 2 1 0

\ PB7PCR \ PB6PCR \ PB5PCR \ PB4PCR \ PB3PCR \ PB2PCR \ PB1PCR \ PBOPCR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PBPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port B on an individual bit basis.

In modes 4 to 6, if apinisin theinput state in accordance with the settingsin PFCR and in DDR,
setting the corresponding PBPCR bit to 1 turns on the MOS input pull-up for that pin.

Inmode 7, if apinisintheinput state in accordance with the settingsin DDR, setting the
corresponding PBPCR hit to 1 turns on the MOS input pull-up for that pin.

PBPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode.

(5) Port B Open Drain Control Register (PBODR)

Bit : 7 6 5 4 3 2 1 0

\ PB7ODR \ PB60ODR \ PB5ODR \ PB4ODR \ PB30ODR \ PB20DR \ PB1ODR \ PBOODR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

PBODR is an 8-bit readable/writable register that controls the PMOS on/off state for each port B
pin (PB7 to PBO).

When pins are not address outputs in accordance with the setting of bits AE3 to AEO in PFCR,
setting a PBODR bit makes the corresponding port B pin an NMOS open-drain output, while
clearing the bit to 0 makes the pin a CMOS output.

PBODR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state by a manual reset or in software standby mode.
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10.11.3 Pin Functions
(1) Modes4to6

In modes 4 to 6, the corresponding port B pins become address outputs in accordance with the
setting of bits AE3 to AEO in PFCR. When pins are not used as address outputs, they function as
1/O ports.

Port B pin functionsin modes 4 to 6 are shown in figure 10.13.

—» PB7 (I/0) / A15 (output)
~+— PB6 (I/0) / A14 (output)
~+— PB5 (I/0) / A13 (output)
Port B ~—» PB4 (I/0) / A12 (output)
~— PB3 (I/0) / A11 (output)
~— PB2 (I/0) / A10 (output)
~— PB1 (1/0) /A9 (output)
~— PBO0 (I/0) / A8 (output)

Figure 10.13 Port B Pin Functions (M odes 4 to 6)
(2) Mode7

In mode 7, port B pinsfunction as 1/O ports. Input or output can be specified for each pin on an
individual bit basis. Setting a PBDDR hit to 1 makes the corresponding port B pin an output port,
while clearing the bit to 0 makes the pin an input port.

Port B pin functionsin mode 7 are shown in figure 10.14.
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~—» PB7 (I/O)
~—>» PB6 (I/O)
~— PB5 (I/0)
portp [ ™ PB4(/O)
— PB3 (I/0)
—s PB2 (I/O)

- PB1 (I/0)

-~ PBO (I/0)

Figure 10.14 Port B Pin Functions (Mode 7)

10.11.4 MOSInput Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off on an individual bit basis.

In modes 4 to 6, if apinisin theinput state in accordance with the settingsin PFCR and in DDR,
setting the corresponding PBPCR hit to 1 turns on the MOS input pull-up for that pin.

In mode 7, if apinisin theinput state in accordance with the settingsin DDR, setting the
corresponding PBPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset, and in hardware standby
mode. The prior sateis retained by amanual reset or in software standby mode.

Table 10.19 summarizes the MOS input pull-up states.

Table10.19 MOS Input Pull-Up States (Port B)

Power-On Hardware Manual Software In Other
Pin States Reset Standby Mode Reset Standby Mode Operations
Address output OFF OFF OFF OFF OFF
Other than above ON/OFF  ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PBDDR = 0 and PBPCR = 1; otherwise off.
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10.12 Port C

10.12.1 Overview

Port C is an 8-hit 1/0 port. Port C has a 14-bit PWM output (PWMO, PWM 1) and an address bus
output function. The pin functions change according to the operating mode.

Port C has abuilt-in MOS input pull-up function that can be controlled by software.

Figure 10.15 shows the port C pin configuration.

Port C pins Pin functions in modes 4 and 5
—> PC7/A7/PWM1 A7 (output)
- PC6/A6/PWMO A6 (output)
~— PC5/A5 A5 (output)
ot ™ PC4/A4 A4 (output)
= PC3/A3 A3 (output)
s PC2/A2 A2 (output)
e—» PC1/A1 Al (output)
—= PCO/AQ A0 (output)
Pin functions in mode 6 Pin functions in mode 7
When PCDDR =1 When PCDDR =0 PC7 (1/O) / PWM1 (output)
A7 (output) PC7 (input) / PWM1 (output) PC6 (1/0) / PWMO (output)
A6  (output) PC6 (input) / PWMO (output) 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 (/0)
Al (output) PC1 (input) PCO (I/0)
A0 (output) PCO (input)

Figure10.15 Port C Pin Functions
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10.12.2 Register Configuration
Table 10.20 shows the port C register configuration.

Table10.20 Port C Registers

Name Abbreviation R/W Initial Value Address*
Port C data direction register PCDDR W H'00 H'FE3B
Port C data register PCDR R/W H'00 H'FFOB
Port C register PORTC R Undefined H'FFBB
Port C MOS pull-up control register PCPCR R/W H'00 H'FE42
Port C open-drain control register PCODR R/W H'00 H'FE49

Note: * Lower 16 bits of the address.

(1) Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0

‘ PC7DDR ‘ PC6DDR ‘ PC5DDR ‘ PC4DDR ‘ PC3DDR ‘ PC2DDR‘ PC1DDR ‘ PCODDR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW Y W W W w W w w

PCDDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode. The OPE hit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when the
mode is changed to software standby mode. See section 24.2.1, Standby Control Register
(SBYCR), for details.

* Modes4and 5
The corresponding port C pins are address outputs irrespective of the value of the PCDDR bits.

* Modeb6

Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while
clearing the bit to 0 makes the pin an input port.
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e Mode7

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.

(2) Port C Data Register (PCDR)

Bit : 7 6 5 4 3 2 1 0

\ PC7DR \ PC6DR \ PC5DR \ PC4DR \ PC3DR \ PC2DR \ PC1DR \ PCODR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

PCDR is an 8-hit readable/writable register that stores output data for the port C pins (PC7 to
PCO0).

PCDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by a manual reset or in software standby mode.

(3) Port C Register (PORTC)

Bit N 6 5 4 3 2 1 0
\ PCT | PC6 | PC5 | PC4 = PC3 | PC2 | PCL | PCO \

Initial value : —* —* —* —* _* _* % __*

RIW © R R R R R R R R

Note: * Determined by state of pins PC7 to PCO.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC7 to PCO) must always be performed on PCDR.

If aport Cread is performed while PCDDR bits are set to 1, the PCDR values are read. If aport C
read is performed while PCDDR hits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT C contents are determined by the pin
states, as PCDDR and PCDR areinitialized. PORTC retains its prior state by amanual reset or in
software standby mode.
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(4) Port C MOSPull-Up Control Register (PCPCR)

Bit : 7 6 5 4 3 2 1 0

\ PC7PCR \ PC6PCR \ PC5PCR \ PC4PCR \ PC3PCR \ PC2PCR \ PC1PCR \ PCOPCR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on an individual bit basis.

In modes 6 and 7, if PCPCR is set to 1 when the port isin the input state in accordance with the
settings of DACR and PCDDR in PWM, the MOS input pull-up is set to ON.

PCPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state by a manual reset or in software standby mode.

(5) Port C Open Drain Control Register (PCODR)

Bit L7 6 5 4 3 2 1 0
|PC7ODR| PC60DR|PC50DR | PC40DR |PC30DR | PC20DR| PC10DR| PCOODR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW RW

PCDDR is an 8-hit Read/Write register and controls PMOS On/Off of each pin (PC7 to PCO) of
port C.

If PCODRis setto 1 by setting AE3 to AEO in PFCR in mode other than address output mode,
port C pins function as NMOS open drain outputs and when the setting is cleared to O, the pins
function as CMOS outputs.

PCODR isinitialized to H'00 in power-on reset mode or hardware standby mode. PCODR retains
the last state in manual reset mode or software standby mode.
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10.12.3 Pin Functionsfor Each Mode
(1) Modes4and 5
In mode 4 and 5, port C pinsfunction as address outputs automatically.

Figure 10.16 shows the port C pin functions.

~-—— A7 (output)
~-—— A6 (output)
~+—— A5 (output)
Port C ~—— A4 (output)
~—— A3 (output)
~—— A2 (output)

~—— Al (output)

~-—— AQ (output)

Figure 10.16 Port C Pin Functions (Modes 4 and 5)
(2) Mode 6

In mode 6, port C pints function as address outputs or input ports and 1/O can be specified in bit
units. When each bit in PCDDR is set to 1, the corresponding pin functions as an address output
and when the bit cleared to O, the pin functions asa PWM output and an input port.

Figure 10.17 shows the port C pin functions.

Rev. 3.00 Jan 11, 2005 page 408 of 1220
REJ09B0186-03000

RENESAS




Section 10 1/O Ports

PCDDR=1 PCDDR=0
~—— A7 (output) PC7 (input) / PWM1 (output)
~—— A6 (output) PC6 (input) / PWMO (output)
—— A5 (output) PC5 (input)
Port C ~+—— A4 (output) PC4 (input)
~—— A3 (output) PC3 (input)
~—— A2 (output) PC2 (input)
~—— Al (output) PC1 (input)
~—— A0 (output) PCO (input)

Figure 10.17 Port C Pin Functions (M ode 6)
(3) Mode7

In mode 7, port C pinsfunction as PWM outputs and 1/0 ports and 1/0 can be specified for each
pin in bit units. When each bit in PCDDR is set to 1, the corresponding pin functions as an output
port and when the bit is cleared to 0, the pin functions as an input port.

Figure 10.18 shows the port C pin functions.

~—— PC7 (1/0) / PWML1 (output)
~—— PC6 (1/0) / PWMO (output)
~+—— PC5 (I/O)
portc [ PC400)
«—— PC3 (1/0)
«—— PC2 (1/0)

«—— PC1 (l/0)

—— PCO (1/0)

Figure 10.18 Port C Pin Functions (M ode 7)
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10.12.4 MOSInput Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 6 and 7, and can be specified as on or off on an
individual bit basis.

In modes 6 and 7, when PCPCR is set to 1 in the input state by setting of DACR and PCDDR, the
MOS input pull-up is set to ON.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior sateis retained by amanual reset or in software standby mode.

Table 10.21 summarizes the MOS input pull-up states.

Table 10.21 MOSInput Pull-Up States (Port C)

Power-On Hardware Manual Software In Other
Pin States Reset Standby Mode Reset Standby Mode Operations
Address output or OFF OFF OFF OFF OFF
PWM output
Other than above ON/OFF ON/OFF ON/OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PCDDR = 0 and PCPCR = 1; otherwise off.
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10.13 Port D

10.13.1 Overview

Port D is an 8-hit 1/0 port. Port D has adata bus I/0 function, and the pin functions change
according to the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 10.19 shows the port D pin configuration.

Port D

Port D pins

PD7/D15
PD6/D14
PD5/D13
PD4/D12
PD3/D11
PD2/D10
PD1/D9

PDO/D8

Pin functions in modes 4to 6

D15 (1/O)
D14 (1/0)
D13 (I/0)
D12 (1/0)
D11 (1/O)
D10 (I/0)
D9 (I/O)
D8 (I/0)

Pin functions in mode 7

PD7 (1/O)
PD6 (1/O)
PD5 (1/O)
PD4 (1/0)
PD3 (1/0)
PD2 (1/0)
PD1 (1/0)
PDO (1/0)

Figure 10.19 Port D Pin Functions
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10.13.2 Register Configuration
Table 10.22 shows the port D register configuration.

Table10.22 Port D Registers

Name Abbreviation R/W Initial Value Address*
Port D data direction register PDDDR W H'00 H'FE3C
Port D data register PDDR R/W H'00 H'FFOC
Port D register PORTD R Undefined H'FFBC
Port D MOS pull-up control register PDPCR R/W H'00 H'FE43

Note: * Lower 16 bits of the address.

(1) Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0

\ PD7DDR \ PD6DDR \ PD5DDR \ PD4DDR \ PD3DDR \ PD2DDR‘ PD1DDR \ PDODDR \
Initial value : 0 0 0 0 0 0 0 0
RIW Y w W W w W w w

PDDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state by a manual reset or in software standby mode.

e Modes4to6

The input/output direction specification by PDDDR isignored, and port D is automatically
designated for data l/O.

« Mode7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.
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(2) Port D Data Register (PDDR)

Bit : 7 6 5 4 3 2 1 0

\ PD7DR \ PD6DR \ PD5DR \ PD4DR \ PD3DR \ PD2DR \ PD1DR \ PDODR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PDDR is an 8-hit readable/writable register that stores output data for the port D pins (PD7 to
PDO).

PDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by a manual reset or in software standby mode.

(3) Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0

\ PD7 \ PD6 \ PD5 \ PD4 \ PD3 \ PD2 \ PD1 \ PDO \
Initial value : —* —* —* —x — _* % _*
RIW : R R R R R R R R

Note: * Determined by state of pins PD7 to PDO.

PORTD is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD7 to PDO) must always be performed on PDDR.

If aport D read is performed while PDDDR bits are set to 1, the PDDR values are read. If a port D
read is performed while PDDDR bits are cleared to 0, the pin states are read.

After a power-on reset and in hardware standby mode, PORTD contents are determined by the pin
states, as PDDDR and PDDR are initialized. PORTD retains its prior state by a manual reset or in
software standby mode.

Rev. 3.00 Jan 11, 2005 page 413 of 1220
REJ09B0186-03000
RENESAS



Section 10 1/O Ports

(4) Port D MOSPull-Up Control Register (PDPCR)

Bit : 7 6 5 4 3 2 1 0

\ PD7PCR \ PD6PCR \ PD5PCR \ PD4PCR \ PD3PCR \ PD2PCR \ PD1PCR \ PDOPCR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PDPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port D on an individual bit basis.

When aPDDDR bit is cleared to O (input port setting) in mode 7, setting the corresponding
PDPCR hit to 1 turns on the MOS input pull-up for the corresponding pin.

PDPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode.

10.13.3 Pin Functions
(1) Modes4to6
In modes 4 to 6, port D pins are automatically designated as data I/O pins.

Port D pin functions in modes 4 to 6 are shown in figure 10.20.

e D15 (I/O)
e D14 (1/O)
e D13 (I/O)
portp [+ D12 (V0)
e D11 (I/O)
e D10 (I/O)

«—» D9 (I/O)

«—» D8 (I/O)

Figure 10.20 Port D Pin Functions (Modes 410 6)

Rev. 3.00 Jan 11, 2005 page 414 of 1220
REJ09B0186-03000

RENESAS



Section 10 1/O Ports

(2) Mode7

In mode 7, port D pins function as I/O ports. Input or output can be specified for each pin on an
individual bit basis. Setting a PDDDR bit to 1 makes the corresponding port D pin an output port,
while clearing the bit to 0 makes the pin an input port.

Port D pin functions in mode 7 are shown in figure 10.21.

—m PD7 (I/O)
~— PD6 (I/O)
«—s PD5 (I/O)
portp [ PD4 (/0)
«—s PD3 (I/O)
«—s PD2 (I/O)

a—» PD1 (1/0)

«—» PDO (1/O)

Figure 10.21 Port D Pin Functions (Mode 7)

10.13.4 MOSInput Pull-Up Function

Port D has a built-in MOS input pull-up function that can be controlled by software. ThisMOS
input pull-up function can be used in mode 7, and can be specified as on or off on an individual bit
basis.

When aPDDDR bit is cleared to 0 in mode 7, setting the corresponding PDPCR bit to 1 turns on
the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset, and in hardware standby
mode. The prior state is retained by amanual reset or in software standby mode.

Table 10.23 summarizes the MOS input pull-up states.

Rev. 3.00 Jan 11, 2005 page 415 of 1220
REJ09B0186-03000

RENESAS




Section 10 1/O Ports

Table 10.23 MOS Input Pull-Up States (Port D)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
4106 OFF OFF OFF OFF OFF
7 ON/OFF ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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10.14 PortE

10.14.1 Overview

Port E is an 8-bit I/O port. Port E has a data bus |/O function, and the pin functions change
according to the operating mode and whether 8-bit or 16-bit bus mode is sel ected.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 10.22 shows the port E pin configuration.

Port E

Port E pins

PE7/D7
PE6/D6
PES5/D5
PE4/D4
PE3/D3
PE2/D2
PE1/D1
PEO/DO

Pin functions in modes 4to 6

PE7 (1/0) / D7 (1/O)
PE6 (1/0) / D6 (I/O)
PES (1/0) / D5 (1/O)
PE4 (1/0) / D4 (1/O)
PE3 (1/0) / D3 (I/O)
PE2 (1/0) / D2 (I/O)
PE1 (1/0) /D1 (I/O)
PEO (1/0) / DO (1/O)

Pin functions in mode 7

PE7 (1/O)
PES6 (1/O)
PE5 (1/0)
PE4 (1/0)
PE3 (I/O)
PE2 (1/O)
PE1 (I/0)
PEO (1/O)

Figure 10.22 Port E Pin Functions
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10.14.2 Register Configuration
Table 10.24 shows the port E register configuration.

Table10.24 Port E Registers

Name Abbreviation R/W Initial Value Address*
Port E data direction register PEDDR W H'00 H'FE3D
Port E data register PEDR R/W H'00 H'FFOD
Port E register PORTE R Undefined H'FFBD
Port E MOS pull-up control register PEPCR R/W H'00 H'FE44

Note: * Lower 16 bits of the address.

(1) Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0
\PE7DDR PE6DDR|PESDDR PE4DDR|PE3DDR PE2DDR|PE1DDR PEODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW W W W W W W W W

PEDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port E. PEDDR cannot beread; if it is, an undefined value will be read.

PEDDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retainsits
prior state by a manual reset or in software standby mode.

e Modes4to6

When 8-bit bus mode has been selected, port E pins function as I/O ports. Setting a PEDDR bit
to 1 makes the corresponding port E pin an output port, while clearing the bit to 0 makes the
pin an input port.

When 16-bit bus mode has been selected, the input/output direction specification by PEDDR is
ignored, and port E is designated for data |/O.

For details of 8-bit and 16-bit bus modes, see section 7, Bus Controller.

e Mode7

Setting a PEDDR hit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.
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(2) Port E Data Register (PEDR)

Bit : 7 6 5 4 3 2 1 0

\ PE7DR \ PE6DR \ PESDR \ PE4DR \ PE3DR \ PE2DR \ PE1DR \ PEODR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PEDR is an 8-bit readable/writable register that stores output datafor the port E pins (PE7 to
PEOQ).

PEDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by a manual reset or in software standby mode.

(3) Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0

\ PE7 \ PE6 \ PE5 \ PE4 \ PE3 \ PE2 \ PE1 \ PEO \
Initial value : —* —* —* —x — _* % _*
RIW : R R R R R R R R

Note: * Determined by state of pins PE7 to PEO.

PORTE isan 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE7 to PEO) must always be performed on PEDR.

If aport E read is performed while PEDDR hits are set to 1, the PEDR values areread. If aport E
read is performed while PEDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTE contents are determined by the pin
states, as PEDDR and PEDR areinitialized. PORTE retainsiits prior state by a manual reset or in
software standby mode.
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(4) Port EMOSPuUll-Up Control Register (PEPCR)

Bit : 7 6 5 4 3 2 1 0

\ PE7PCR \ PE6PCR \ PESPCR \ PE4PCR \ PE3PCR \ PE2PCR \ PE1PCR \ PEOPCR \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PEPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port E on an individual bit basis.

When aPEDDR bit is cleared to O (input port setting) with 8-bit bus mode selected in mode 4, 5,
or 6, or in mode 7, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for
the corresponding pin.

PEPCR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its
prior state by a manual reset or in software standby mode.

10.14.3 Pin Functions
(1) Modes4to6

In modes 4 to 6, when 8-bit access is designated and 8-hit bus mode is selected, port E pins are
automatically designated as 1/0 ports. Setting a PEDDR bit to 1 makes the corresponding port E
pin an output port, while clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction specification by PEDDR isignored,
and port E is designated for data |/O.

Port E pin functions in modes 4 to 6 are shown in figure 10.23.
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Port E

8-bit bus mode

PE7 (/0)
PE6 (1/0)
PE5 (1/0)
PE4 (1/0)
PE3 (1/0)
PE2 (I/0)
PE1 (1/0)
PEO (1/0)

16-bit bus mode

D7 (1/O)
D6 (1/0)
D5 (1/0)
D4 (1/0)
D3 (1/0)
D2 (1/0)
D1 (1/0)
DO (1/0)

Figure 10.23 Port E Pin Functions (M odes 4 to 6)

(2) Mode7

In mode 7, port E pinsfunction as 1/0 ports. Input or output can be specified for each pin on abit-
by-bit basis. Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while
clearing the bit to 0 makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 10.24.

Port E

PE7 (I/O)
PE6 (I/O)
PES5 (1/0)
PE4 (1/O)
PE3 (I/0)
PE2 (I/O)
PE1 (I/O)
PEO (1/O)

Figure 10.24 Port E Pin Functions (M ode 7)
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10.14.4 MOSInput Pull-Up Function

Port E has a built-in MOS input pull-up function that can be controlled by software. This MOS
input pull-up function can be used in modes 4 to 6 when 8-bit bus mode is selected, or in mode 7,
and can be specified as on or off on an individua bit basis.

When aPEDDR bit is cleared to 0 in mode 4 to 6 when 8-bit bus mode is selected, or in mode 7,
setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset, and in hardware standby
mode. The prior sateis retained by amanual reset or in software standby mode.

Table 10.25 summarizes the MOS input pull-up states.
Table10.25 MOS Input Pull-Up States (Port E)

Power-On Hardware Manual Software In Other
Modes Reset Standby Mode Reset Standby Mode Operations
7 OFF OFF ON/OFF ON/OFF ON/OFF
4106 8-bit bus
16-bit bus OFF OFF OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PEDDR = 0 and PEPCR = 1; otherwise off.
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10.15 PortF

10.15.1 Overview

Port Fisan 8-hit 1/0O port. Port F pins aso function as external interrupt input pins (IRQ2 and
IRQ3), BUZZ output pin, A/D trigger input pin (ADTRG), bus control signal input/output pins

(AS, RD, HWR, LWR, LCAS, WAIT, BREQO, BREQ, and BACK) and the system clock (¢)

output pin.

Figure 10.25 shows the port F pin configuration.

Port F pins

PF7/@

PF6/AS/LCAS

PF5/RD

PF4/HWR
PF3/LWR/ADTRG/IRQ3

Port F

PF2/LCAS/WAIT/BREQO
PF1/BACK/BUZZ

PFO/BREQ/IRQ2

Pin functions in modes 4to 6

PF7 (input) / @ (output)

AS (output) / LCAS (output)

RD (output)

HWR (output)

PF3 (1/0) / LWR (output) / ADTRG (input) / IRQ3 (input)

PF2 (1/0) / LCAS (output) / WAIT (input) / BREQO (output)
PF1 (1/0) / BACK (output) / BUZZ (output)
PFO (I/0) / BREQ (input) / IRQ2 (input)

Pin functions in mode 7

PF7 (input) / @ (output)

PF6 (1/O)

PF5 (1/0)

PF4 (1/0)

PF3 (1/0) / ADTRG (input) / IRQ3 (input)
PF2 (1/0)

PF1 (1/0) / BUZZ (output)

PFO (1/0) / TRQ2 (input)

Figure 10.25 Port F Pin Functions
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10.15.2 Register Configuration
Table 10.26 shows the port F register configuration.

Table10.26 Port F Registers

Name Abbreviation R/W Initial Value Address**
Port F data direction register PFDDR w H'80/H'00** H'FE3E
Port F data register PFDR RIW H'00 H'FFOE
Port F register PORTF R Undefined H'FFBE

Notes: 1. Lower 16 bits of the address.
2. Initial value depends on the mode.

(1) Port F Data Direction Register (PFDDR)

Bit : 7 6 5 4 3 2 1 0
\ PF7DDR \ PF6DDR \ PF5DDR \ PF4DDR \ PF3DDR \ PF2DDR \ PF1DDR \ PFODDR \

Modes 4 to 6

Initial value : 1 0 0 0 0 0 0 0

RIW W W W W W W W W
Mode 7

Initial value : 0 0 0 0 0 0 0 0

RIW W W W W W W W W

PFDDR is an 8-hit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot beread; if it is, an undefined value will be read.

PFDDR isinitialized by a power-on reset, and in hardware standby mode, to H'80 in modes 4 to 6,
and to H'00 in mode 7. It retains its prior state by a manual reset or in software standby mode. The
OPE hit in SBY CR is used to select whether the bus control output pins retain their output state or
become high-impedance when atransition is made to software standby mode. See section 24.2.1,
Standby Control Register (SBYCR), for details.

* Modes4to6
Pin PF7 functions as the @ output pin when the corresponding PFDDR hit isset to 1, and as an
input port when the bit is cleared to O.
The input/output direction specified by PFDDR isignored for pins PF6 to PF3, which are
automatically designated as bus control outputs (AS, RD, HWR, and LWR). PF6 functions as
abus control output (LCAS) by setting of the bus controller.
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Pins PF2 to PFO are designated as bus control input/output pins (LCAS, WAIT, BREQO,
BACK, BREQ) by means of bus controller settings. At other times, setting a PFDDR bit to 1
makes the corresponding port F pin an output port, while clearing the bit to 0 makes the pin an
input port.

e Mode?7

Setting a PFDDR hit to 1 makes the corresponding port F pin PF6 to PFO an output port, or in
the case of pin PF7, the @ output pin. Clearing the bit to 0 makes the pin an input port.

(2) Port F Data Register (PFDR)

Bit : 7 6 5 4 3 2 1 0

‘ PF7DR ‘ PF6DR ‘ PF5DR ‘ PF4DR ‘ PF3DR ‘ PF2DR ‘ PF1DR ‘ PFODR ‘
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

PFDR is an 8-hit readable/writable register that stores output data for the port F pins (PF7 to PFO).

PFDR isinitialized to H'00 by a power-on reset, and in hardware standby mode. It retains its prior
state by a manual reset or in software standby mode.

(3) Port F Register (PORTF)

Bit S 6 5 4 3 2 1 0

| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO |
Initial value : —* —* —* —* — _* —* _*
RIW : R R R R R R R R

Note: * Determined by state of pins PF7 to PFO.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF7 to PFO) must always be performed on PFDR.

If aport F read is performed while PFDDR bits are set to 1, the PFDR values are read. If aport F
read is performed while PFDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTF contents are determined by the pin
states, as PFDDR and PFDR areinitialized. PORTF retainsiits prior state by a manual reset or in
software standby mode.
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10.15.3 Pin Functions

Port F pins also function as external interrupt input pins (IRQ2 and IRQ3), BUZZ output pin, A/D
trigger input pin (ADTRG), bus control signal input/output pins (AS, RD, HWR, LWR, LCAS,

WAIT, BREQO, BREQ, and BACK) and the system clock (¢q) output pin. The pin functions differ
between modes 4 to 6, and mode 7. Port F pin functions are shown in table 10.27.

Table 10.27 Port F Pin Functions

Pin Selection Method and Pin Functions
PF7/¢ The pin function is switched as shown below according to bit PF7DDR.
PF7DDR 0 1
Pin function PF7 input pin @ output pin
PF6/AS/LCAS The pin function is switched as shown below according to the combination of
the operating mode and bits RMTS2 to RMTSO0, LCASS, BREQOE, WAITE,
ABWS5 to ABW2, and PF2DDR.
Operating Modes 4 to 6 Mode 7
Mode
LCASS 0 1* —
PF6DDR — — 0 1
Pin function AS output pin LCAS PF6 input pin |PF6 output pin
output pin
Note: * Restricted to RMTS2 to TMTSO = B'001 to B'011, DRAM space 16-bit
access in modes 4 to 6 only
PF5/RD The pin function is switched as shown below according to the operating mode
and bit PF5DDR.
Operating
Mode Modes 4 to 6 Mode 7
PF5DDR — 0 1
Pin function RD output pin PF5 input pin PF5 output pin
PF4/HWR The pin function is switched as shown below according to the operating mode

and bit PF4DDR.

Operating

Mode Modes 4 to 6 Mode 7

PFADDR — 0 1

Pin function HWR output pin PF4 input pin PF4 output pin
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Pin Selection Method and Pin Functions
PF3/LWR/ADTRG/ The pin function is switched as shown below according to the operating mode,
IRQ3 the bus mode, A/D converter bits TRGS1 and TRGSO0, and bit PF3DDR.

Operating Modes 4 to 6 Mode 7

mode

Bus mode 16-bit bus 8-bit bus mode —

mode
PF3DDR — 0 1 0 1
Pin function LWR output| PF3 input |PF3 output| PF3input | PF3 output
pin pin pin pin pin
ADTRG input pin**
IRQ3 input pin*?

Notes: 1. ADTRG input when TRGSO = TRGS1 = 1.

2. When used as an external interrupt input pin, do not use as an 1/O
pin for another function.

PF2/LCAS/WAIT/ The pin function is switched as shown below according to the combination of

BREQO the operating mode and bits RMTS2 to RMTSO0, LCASS, BREQOE, WAITE,
ABWS5 to ABW2, and PF2DDR.
Operating Modes 4 to 6 Mode 7
Mode
LCASS 0* 1 —
BREQOE — 0 1 —
WAITE — 0 1 — —
PF2DDR — 0 1 — — 0 1
Pin function LCAS | PF2 PF2 WAIT |[BREQO| PF2 PF2

output | input | output | input | output | input | output
pin pin pin pin pin pin pin

Note: * Restricted to RMTS2 to TMTSO = B'001 to B'011, DRAM space 16-bit
access in modes 4 to 6 only.

PF1/BACK/ The pin function is switched as shown below according to the combination of
BUZZ the operating mode and bits BRLE, BUZZE, and PF1DDR.
Operating Modes 4 to 6 Mode 7
Mode
BRLE 0 1 —
BUZZE 0 1 — 0 1
PF1DDR 0 1 — — 0 1 —
Pin function PF1 PF1 | BUZZ | BACK | PF1 PF1 | BUZZ
input | output | output | output | input | output | output
pin pin pin pin pin pin pin
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Pin Selection Method and Pin Functions

PFO/BREQ/IRQ2 The pin function is switched as shown below according to the combination of
the operating mode, and bits BRLE and PFODDR.

Operating
Mode Modes 4 to 6 Mode 7
BRLE 0 1 —
PFODDR 0 1 — 0 1
Pin function PFO PFO BREQ PFO PFO
input pin | output pin | input pin | input pin | output pin
IRQ2 input pin

10.16 Port G

10.16.1 Overview

Port G isa5-hit I/O port and also used as external interrupt input pins (IRQ6, IRQ7) and bus
control signal output pins (CSO to CS3, CAS, OE).

Figure 10.26 shows the configuration of port G pins.

Port G pin

-«—— PG4 /CS0

~--~—— PG3/CS1

PortG |«—— PG2/CS2

«—— PG1/CS3/0E/IRQ7
-«—— PGO/CAS/IRQ6

Pin Functions in Modes 4 to 6

PG4 (input) / CSO (output)

PG3 (input) / CS1 (output)

PG2 (input) / CS2 (output)

PG1 (input) / CS3 (output) / OE (output) / TRQ7 (input)
PGO (1/0) I CAS (output) / IRQ6 (input)

Pin Functions in Mode 7

PG4 (1/0)
PG3 (1/0)
PG2 (1/0)

PG1 (1/0) / TRQ7 (input)
PGO (1/0) / TRQS (input)

Figure 10.26 Port G Pin Functions
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10.16.2 Register Configuration
Table 10.28 shows the port G register configuration.

Table10.28 Port G Registers

Name Abbreviation R/W Initial Value** Address*'
Port G data direction register PGDDR w H'10/H'00*3 H'FE3F
Port G data register PGDR RW H'00 H'FFOF
Port G register PORTG R Undefined H'FFBF

Notes: 1. Indicates the low order 16 bits of the address
2. Value of bits 4t0 0
3. The initial value varies according to the mode.

(1) Port G Data Direction Register (PGDDR)
Bit : 7 6 5 4 3 2 1 0

| — | — | — |Pc4pDR|PG3DDR|PG2DDR| PG1DDR| PGODDR|
Modes 4 and 5

Initial value . Undefined Undefined Undefined 1 0 0 0 0
R/W : — — — W W W

Modes 6 and 7

Initial value . Undefined Undefined Undefined 0 0 0 0 0

R/W : — — — W w

PGDDR is an 8-hit write only register and specifies |/O of each pin of port G in bit units. Read
processing isinvalid. Bits 7 to 5 are reserved bits. When the contents are read, undefined values
areread.

In modes 4 and 5, the PGDDR are initialized to H'10 (bits 4 to 0) in power-on reset or hardware
standby mode, in modes 6 and 7, the bits areinitialized to H'00 (bits 4 to 0). In manual reset or
software standby mode, PGDDR retains the last status. Use the OPE bit of SBY CR to select
whether the bus control output pin retains the output state or becomes the high-impedance when
the mode is changed to a software standby mode.

* Modes4to6

When PGDDR is st to 1, pins PG4 to PG1 function as bus control signal output pins (CSO to
CS3, OE). When PGDDR is cleared to 0, the pins function as input ports.
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When the DRAM interface is set, pin PGO functions asthe CAS output pin. When PGDDR is
set to 1, the pin functions as an output port. When PGDDR is cleared to 0, the pin functions as
an input port.

See Chapter 7 for the DRAM interface.

« Mode7
PGDDR to 1 it becomes an output port, and by clearing it to O it becomes an input port.

(2) Port G Data Register (PGDR)

Bit L7 6 5 4 3 2 1 0

| — | — | — |Pcapr |PG3DR | PG2DR | PGIDR | PGODR |
Initial value :  Undefined Undefined Undefined 0 0 0 0 0
RIW - — — RW RW  RW  RW  RW

PGDR is an 8-hit read/write register and stores output data of port G output pins (PG4 to PGO).

Bits 7 to 5 are reserved bits. When the contents are read, undefined values are read. Write
processing isinvalid.

In power-on reset or hardware standby mode, PGDR isinitialized to H'00 (bits 4 to 0). In manual
reset or software standby mode, PGDR retains the last state.

(3) Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

| — | — | — | pea | pes | Pe2 | pPe1 | Pco |
Initial value :  Undefined Undefined Undefined —* —* —* —* —*
R/W : — — — R R R R R

Note: * Determined by the state of PG4 to PGO

PORTG is an 8-hit read only register and reflects the pin state. Write processing isinvalid. Write
processing of output data of port G pins (PG4 to PGO) must be performed for PGDR.

Bits 7 to 5 are reserved bits. When the contents are read, undefined values are read. Write
processing isinvalid.

If port G isread when PGDDR is set to 1, the value in PGDR isread. If port G isread when
PGDDR is cleared to O, the pin state is read.
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In power-on reset or hardware standby mode, port G is determined by the pin state because
PGDDR and PGDR are initialized. In manual reset or software standby mode, the last stateis

retained.

10.16.3 Pin Functions

Port G is used also as external interrupt input pins (IRQ6, IRQ7) and bus control signal output
pins (CSO to CS3, CAS, OE). The pin functions are different between modes 4 and 6, and
mode 7. Table 10.29 shows the port G pin functions.

Table 10.29 Port G Pin Functions

Pin Selection Method and Pin Functions
PG4/CS0 The pin function is switched as shown below according to the operating mode and
bit PG4ADDR.
Operating Modes 4 to 6 Mode 7
Mode
PG4DDR 0 1 0 1
Pin function PG4 input pin | CSO output pin | PG4 input pin | PG4 output pin
PG3/CS1 The pin function is switched as shown below according to the operating mode and
bit PG3DDR.
Operating Modes 4 to 6 Mode 7
Mode
PG3DDR 0 1 0 1
Pin function PG3 input pin | CS1 output pin | PG3 input pin | PG3 output pin
PG2/CS2 The pin function is switched as shown below according to the operating mode and

bit PG2DDR.

Operating Modes 4 to 6 Mode 7

Mode

PG2DDR 0 1 0 1

Pin function PG2 input pin | CS2 output pin | PG2 input pin | PG2 output pin
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Pin Selection Method and Pin Functions
PG1/CS3/ The pin function is switched as shown below according to the operating mode and
OE/IRQ7 bits OES and PG1DDR in BCRL.
Operating Modes 4 to 6 Mode 7
Mode
PG1DDR 0 1 0 1
OES — 0 1 — —
Pin function PG1 CS3 OE PG1 PG1
input pin output pin | output pin input pin output pin
IRQ7 input
PGO/CAS/ The pin function is switched as shown below according to the operating mode and
IRQ6 bits RMTS2 to RMTSO0 in BCRH.

Operating Modes 4 to 6 Mode 7

Mode

RMTS2 to B'000 B'001 to —

RMTSO B'011

PGODDR 0 1 — 0 1

Pin function PGO PGO CAS PGO PGO
input pin output pin | output pin input pin output pin

IRQ6 input
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Section 11 16-Bit Timer Pulse Unit (TPU)

11.1 Overview

The H85/2643 Group has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer
channels.

11.1.1 Features

e Maximum 16-pulse input/output
O A total of 16 timer general registers (TGRs) are provided (four each for channels 0 and 3,
and two each for channels 1, 2, 4, and 5), each of which can be set independently as an
output compare/input capture register
0 TGRC and TGRD for channels 0 and 3 can also be used as buffer registers
» Selection of 8 counter input clocks for each channel
« Thefollowing operations can be set for each channel
Waveform output at compare match: Selection of 0, 1, or toggle output
Input capture function: Selection of rising edge, falling edge, or both edge detection
Counter clear operation: Counter clearing possible by compare match or input capture
Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation
PWM mode: Any PWM output duty can be set
Maximum of 15-phase PWM output possible by combination with synchronous operation
» Buffer operation settable for channels 0 and 3
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible
» Phase counting mode settable independently for each of channels 1, 2, 4, and 5
0 Two-phase encoder pulse up/down-count possible
» Cascaded operation

O Channel 2 (channel 5) input clock operates as 32-bit counter by setting channel 1 (channel
4) overflow/underflow

» Fast accessviainterna 16-bit bus
0 Fast accessis possible viaa 16-bit bus interface

Oooooooao
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e 26 interrupt sources

0 For channels 0 and 3, four compare match/input capture dual-function interrupts and one
overflow interrupt can be requested independently

0 For channels 1, 2, 4, and 5, two compare match/input capture dual-function interrupts, one
overflow interrupt, and one underflow interrupt can be requested independently

« Automatic transfer of register data

O Block transfer, 1-word datatransfer, and 1-byte data transfer possible by data transfer
controller (DTC) or DMA controller (DMAC)

* Programmable pulse generator (PPG) output trigger can be generated
0 Channel 0to 3 compare match/input capture signals can be used as PPG output trigger
« A/D converter conversion start trigger can be generated

O Channel 0to 5 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

e Module stop mode can be set

0 Astheinitial setting, TPU operation is halted. Register accessis enabled by exiting module
stop mode.

Table 11.1 lists the functions of the TPU.

Rev. 3.00 Jan 11, 2005 page 434 of 1220
REJ09B0186-03000

RENESAS



Section 11 16-Bit Timer Pulse Unit (TPU)

Table11.1 TPU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Count clock @1 @1 @1 @1 @1 @1
@4 @4 @4 @4 @4 @4

@16 @16 @16 @16 @16 @16
@64 @64 @64 @64 @64 @64
TCLKA @256 @1024 @256 @1024 @256
TCLKB  TCLKA  TCLKA (/1024 TCLKA  TCLKA
TCLKC  TCLKB  TCLKB (/4096 TCLKC  TCLKC
TCLKD TCLKC  TCLKA TCLKD

General registers

General registers/
buffer registers

TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
TGROB TGR1B TGR2B TGR3B TGR4B TGRSB

TGROC — — TGR3C — —
TGROD TGR3D

1/0 pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCA5
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear TGR TGR TGR TGR TGR TGR

function compare compare compare compare compare compare
match or matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
Compare 0 output O (0] @) (0] o (0]
Match 1 output  © o) o) o) o) o)
output
Toggle (0] (0] (@) (0] (@) (0]
output
Input capture (0] (0] @) (0] @) (0]
function
Synchronous (0] (0] (@) (0] (@) (0]
operation
PWM mode (¢} O o (0] o (0]
Phase counting — 0] @) — @) (0]
mode
Buffer operation 0] — — (0] — —
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
DMAC TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
DTC TGR TGR TGR TGR TGR TGR
activation compare compare compare compare compare compare
match or match or match or match or match or match or
input capture input capture input capture input capture inputcapture input capture
A/D TGROA TGR1A TGR2A TGR3A TGR4A TGR5A
converter compare compare compare compare compare compare
trigger match or match or match or match or match or match or
input capture input capture input capture input capture input capture input capture
PPG TGROA/ TGR1A/ TGR2A/ TGR3A/ — —
trigger TGROB TGR1B TGR2B TGR3B
compare compare compare compare
match or match or match or match or
input capture input capture input capture input capture
Interrupt 5 sources 4 sources 4 sources 5 sources 4 sources 4 sources
sources -, Compare ¢ Compare <« Compare <« Compare <« Compare < Compare
match or match or match or match or match or match or
input input input input input input
capture OA  capture 1A capture 2A  capture 3A  capture 4A  capture 5A
e Compare ¢ Compare < Compare <« Compare <« Compare < Compare
match or match or match or match or match or match or
input input input input input input
capture 0B  capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare « Overflow <« Overflow <« Compare <« Overflow < Overflow
matchor  « Underflow « Underflow  matchor « underflow < Underflow
input input
capture 0C capture 3C
» Compare « Compare
match or match or
input input
capture 0D capture 3D
» Overflow » Overflow
Legend:
O: Possible
—: Not possible
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11.1.2  Block Diagram
Figure 11.1 shows a block diagram of the TPU.
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Legend:
TSTR: Timer start register TIOR (H, L): Timer I/O control registers (H, L)
TSYR: Timer synchro register TIER: Timer interrupt enable register
TCR:  Timer control register TSR: Timer status register
TMDR: Timer mode register TGR (A, B, C, D): Timer general registers (A, B, C, D)

Figure11.1 Block Diagram of TPU
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11.1.3 Pin Configuration
Table 11.2 summarizes the TPU pins.

Table11.2 TPU Pins

Channel Name Symbol I/O Function
All Clock input A TCLKA  Input  External clock A input pin
(Channel 1 and 5 phase counting mode A
phase input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B
phase input)
Clock input C TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting mode A
phase input)
Clock input D TCLKD  Input  External clock D input pin
(Channel 2 and 4 phase counting mode B
phase input)
0 Input capture/out TIOCAO 1/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO 1/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO I/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO I/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1l 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
Input capture/out TIOCB1 1/O TGR1B input capture input/output compare
compare match B1 output/PWM output pin
2 Input capture/out TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
Input capture/out TIOCB2 1/O TGR2B input capture input/output compare

compare match B2

output/PWM output pin
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Channel Name Symbol I/O Function

3 Input capture/out TIOCA3 I/O TGR3A input capture input/output compare
compare match A3 output/PWM output pin
Input capture/out TIOCB3 1/O TGR3B input capture input/output compare
compare match B3 output/PWM output pin
Input capture/out TIOCC3 1/O TGR3C input capture input/output compare
compare match C3 output/PWM output pin
Input capture/out TIOCD3 1/O TGR3D input capture input/output compare
compare match D3 output/PWM output pin

4 Input capture/out TIOCA4 1/O TGRA4A input capture input/output compare
compare match A4 output/PWM output pin
Input capture/out  TIOCB4 1/O TGRA4B input capture input/output compare
compare match B4 output/PWM output pin

5 Input capture/out TIOCA5 1/O TGR5A input capture input/output compare
compare match A5 output/PWM output pin
Input capture/out TIOCB5 1/O TGRG5B input capture input/output compare

compare match B5

output/PWM output pin
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11.1.4 Register Configuration
Table 11.3 summarizes the TPU registers.

Table11.3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address **
0 Timer control register 0 TCRO R/W H'00 H'FF10
Timer mode register 0 TMDRO R/W H'CO H'FF11
Timer 1/O control register OH TIOROH R/W H'00 H'FF12
Timer 1/O control register OL TIOROL R/W H'00 H'FF13
Timer interrupt enable register 0 TIERO R/W H'40 H'FF14
Timer status register 0 TSRO R/(W)*2 H'CO H'FF15
Timer counter 0 TCNTO R/W H'0000 H'FF16
Timer general register OA TGROA R/W H'FFFF H'FF18
Timer general register OB TGROB R/W H'FFFF H'FF1A
Timer general register 0C TGROC R/W H'FFFF H'FF1C
Timer general register 0D TGROD R/W H'FFFF H'FF1E
1 Timer control register 1 TCR1 R/W H'00 H'FF20
Timer mode register 1 TMDR1 R/W H'CO H'FF21
Timer 1/O control register 1 TIOR1 R/W H'00 H'FF22
Timer interrupt enable register 1 TIER1 R/W H'40 H'FF24
Timer status register 1 TSR1 R/(W) *2 H'CO H'FF25
Timer counter 1 TCNT1 R/W H'0000 H'FF26
Timer general register 1A TGR1A R/W H'FFFF H'FF28
Timer general register 1B TGR1B R/W H'FFFF H'FF2A
2 Timer control register 2 TCR2 R/W H'00 H'FF30
Timer mode register 2 TMDR2 R/W H'CO H'FF31
Timer 1/O control register 2 TIOR2 R/W H'00 H'FF32
Timer interrupt enable register 2 TIER2 R/W H'40 H'FF34
Timer status register 2 TSR2 R/(W) *2 H'CO H'FF35
Timer counter 2 TCNT2 R/W H'0000 H'FF36
Timer general register 2A TGR2A R/W H'FFFF H'FF38
Timer general register 2B TGR2B R/W H'FFFF H'FF3A
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Channel Name Abbreviation R/W Initial Value Address**
3 Timer control register 3 TCR3 R/W H'00 H'FE80
Timer mode register 3 TMDR3 R/W H'CO H'FE81
Timer I/O control register 3H TIOR3H R/W H'00 H'FE82
Timer 1/O control register 3L TIOR3L R/W H'00 H'FE83
Timer interrupt enable register 3 TIER3 R/W H'40 H'FE84
Timer status register 3 TSR3 RI(W)*? H'CO H'FE85
Timer counter 3 TCNT3 R/W H'0000 H'FE86
Timer general register 3A TGR3A R/W H'FFFF H'FE88
Timer general register 3B TGR3B R/W H'FFFF H'FE8SA
Timer general register 3C TGR3C R/W H'FFFF H'FESC
Timer general register 3D TGR3D R/W H'FFFF H'FESE
4 Timer control register 4 TCR4 R/W H'00 H'FE90
Timer mode register 4 TMDRA4 R/W H'CO H'FE91
Timer I/O control register 4 TIOR4 R/W H'00 H'FE92
Timer interrupt enable register 4 TIER4 R/W H'40 H'FE94
Timer status register 4 TSR4 R/(W) ** H'CO H'FE95
Timer counter 4 TCNT4 R/W H'0000 H'FE96
Timer general register 4A TGR4A R/W H'FFFF H'FE98
Timer general register 4B TGR4B R/W H'FFFF H'FESA
5 Timer control register 5 TCRS R/W H'00 H'FEAO
Timer mode register 5 TMDR5 R/W H'CO H'FEAl
Timer I/O control register 5 TIOR5 R/W H'00 H'FEA2
Timer interrupt enable register 5 TIERS R/W H'40 H'FEA4
Timer status register 5 TSR5 R/(W) *? H'CO H'FEA5
Timer counter 5 TCNT5 R/W H'0000 H'FEAG
Timer general register 5A TGR5A R/W H'FFFF H'FEA8
Timer general register 5B TGR5B R/W H'FFFF H'FEAA
All Timer start register TSTR R/W H'00 H'FEBO
Timer synchro register TSYR RIW H'00 H'FEB1
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, for flag clearing.
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11.2  Register Descriptions

11.21 Timer Control Register (TCR)

Channel 0: TCRO
Channel 3: TCR3

Bit : 7 6 5 4 3 2 1 0

\ CCLR2 \ CCLR1 \ CCLRO \ CKEG1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO ‘
Initial value : 0 0 0 0 0 0 0 0
RIW © RW RIW RIW RIW RIW RIW RIW RIW

Channel 1: TCR1
Channel 2: TCR2
Channel 4: TCR4
Channel 5: TCR5

Bit : 7 6 5 4 3 2 1 0

\ — \ CCLR1 \ CCLRO \ CKEG1 \ CKEGO \ TPSC2 \ TPSC1 \ TPSCO \
Initial value : 0 0 0 0 0 0 0 0
RIW S— RIW RIW RIW RIW RIW RIW RIW

The TCR registers are 8-bit registersthat control the TCNT channels. The TPU hassix TCR
registers, one for each of channels0to 5. The TCR registers areinitialized to H'00 by a reset, and
in hardware standby mode.

TCR register settings should be made only when TCNT operation is stopped.
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Bits 7 to 5—Counter Clear 2t0 0 (CCLR2 to CCLROQ): These bits select the TCNT counter

clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture *2
1 0 TCNT cleared by TGRD compare match/input
capture *?

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation **

Bit 7 Bit 6 Bit 5
Channel Reserved**CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation **

Notes: 1. Synchronous operation setting is performed by setting the SYNC bitin TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

3. Bit 7isreserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be

modified.
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1 and CKEGOQ): These bits select the input clock
edge. When the input clock is counted using both edges, the input clock period is halved (e.g. @4
both edges = @2 rising edge). If phase counting mode is used on channels 1, 2, 4, and 5, this
setting is ignored and the phase counting mode setting has priority.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge

1 — Count at both edges

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.

Bits2to 0—Time Prescaler 2to 0 (TPSC2 to TPSCO): These hits select the TCNT counter
clock. The clock source can be selected independently for each channel. Table 11.4 shows the
clock sourcesthat can be set for each channel.

Table11.4 TPU Clock Sources

Overflow/
Underflow

on Another
Channel @1 @4 @16 @64 @256 @1024 @4096 TCLKA TCLKB TCLKC TCLKD channel

Internal Clock External Clock

0 O O O O 0 o) o) o}

1 O O 0O O O 0 o) 0
2 O O O O 0 0 o) o)

3 O O O o 0O O o) 0

4 O O O O 0 0 o) 0
5 O O O O O 0 0 o}
Legend:

o: Setting

Blank: No setting
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @¢/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 External clock: counts on TCLKD pin input
Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on @/256
1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on @¢/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 External clock: counts on TCLKC pin input
1 Internal clock: counts on @¢/1024

Note: This setting is ignored when channel 2 is in phase counting mode.
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @¢/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 Internal clock: counts on ¢/1024
1 0 Internal clock: counts on @/256
1 Internal clock: counts on ¢/4096
Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on @/1 (Initial value)
1 Internal clock: counts on @/4
1 0 Internal clock: counts on @/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/1024
1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on ¢/1 (Initial value)
1 Internal clock: counts on @¢/4
1 0 Internal clock: counts on @¢/16
1 Internal clock: counts on @/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKC pin input
1 0 Internal clock: counts on ¢/256
1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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11.2.2 Timer Mode Register (TMDR)

Channel 0: TMDRO
Channel 3: TMDR3

Bit : 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ BFB ‘ BFA ‘ MD3 ‘ MD2 ‘ MD1 ‘ MDO ‘
Initial value : 1 1 0 0 0 0 0 0
RIW R — RIW RIW RIW RIW RIW RIW

Channel 1: TMDR1
Channel 2: TMDR2
Channel 4: TMDR4
Channel 5: TMDR5

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ MD3 \ MD2 \ MD1 \ MDO \
Initial value : 1 1 0 0 0 0 0 0
RIW S— — — — RIW RIW RIW RIW

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode
for each channel. The TPU has six TMDR registers, onefor each channel. The TMDR registers
areinitialized to H'CO by areset, and in hardware standby mode.

TMDR register settings should be made only when TCNT operation is stopped.
Bits 7 and 6—Reserved: These bits are always read as 1 and cannot be modified.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB isto operate in the normal way, or
TGRB and TGRD areto be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRD, bit 5 isreserved. It is aways read as 0 and
cannot be modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA is to operate in the normal way, or
TGRA and TGRC areto be used together for buffer operation. When TGRC is used as abuffer
register, TGRC input capture/output compare is not generated.

In channels 1, 2, 4, and 5, which have no TGRC, hit 4 isreserved. It is always read as 0 and
cannot be modified.

Bit 4

BFA Description

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits3to 0—Modes 3to 0 (MD3 to M DO): These bits are used to set the timer operating mode.

Bit3  Bit2 Bitl  BitO
MD3*'  MD2** MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * _

*: Don't care
Notes: 1. MD3 is a reserved bit. In a write, it should always be written with 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.
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11.2.3 Timer 1/O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2
Channel 3: TIOR3H
Channel 4: TIOR4
Channel 5: TIOR5

Bit : 7 6 5 4 3 2 1 0

\ I0B3 \ I0B2 \ IOB1 \ IOBO \ IOA3 \ I0A2 \ I0AL \ IOAO \
Initial value : 0 0 0 0 0 0 0 0
RIW . RMW RIW RIW RIW RIW RIW RIW RIW

Channel 0: TIOROL
Channel 3: TIOR3L

Bit : 7 6 5 4 3 2 1 0
‘IOD3 ‘IODZ ‘IODl ‘IODO ‘IOC3 ‘IOCZ \|oc1 ‘IOCO

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RIW RIW RIW RIW RIW RIW RIW

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registers that control the TGR registers. The TPU has eight TIOR
registers, two each for channels 0 and 3, and one each for channels 1, 2, 4, and 5. The TIOR
registers areinitialized to H'00 by areset, and in hardware standby mode.

Careisreguired since TIOR is affected by the TMDR setting. Theinitial output specified by TIOR
is valid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that, in PWM
mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Bits7to4—1/O Control B3to BO (I0B3to 10B0)
[/O Control D3to DO (1I0D3to 10D0):
Bits 10B3 to | OBO specify the function of TGRB.
Bits I0OD3 to |0ODO specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4

Channel 10B3 I10B2 IOB1 I0BO Description
0 0 0 0 0 TGROB is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
0 ompare  output 1 output at compare match
1 register p P
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 O output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB is Capture input Input capture at rising edge
1 Input sourceis Input capture at falling edge
capture  TIOCBO pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down*"
1/count clock
*: Don't care
Note: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1

count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4

Channel 10D3 10D2 IOD1 I0DO Description
0 0 0 0 0 TGROD is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
- compare o iyt
1 0 register*2 p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROD is Capture input Input capture at rising edge
1 Input sourcels Input capture at falling edge
capture  TIOCDO pin
1 * register*> Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down**
1/count clock
*: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1

count clock, this setting is invalid and input capture is not generated.

When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 IOBO Description
1 0 0 0 0 TGR1B is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
- compare 5 iyt
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1B is Capture input Input capture at rising edge
1 Input Source s Input capture at falling edge
capture  TIOCB1 pin
1 register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROC TGROC compare match/input
compare match/ capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 I0B2 IOB1 I0BO Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
1 0 ompare output 1 output at compare match
register p P
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 O output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2B is Capture input Input capture at rising edge
1 Input Source s Input capture at falling edge
capture  TIOCB2 pin
1 register Input capture at both edges

*: Don't care
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0OBO Description
3 0 0 0 0 TGR3B is Output disabled (Initial value)
1 output  nitial outputis O O output at compare match
1 0 rgé?;g;e output 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0

1
l *
1 * *

TGR3B is Capture input
input source is
capture  TIOCBS3 pin
register

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Capture input

Input capture at TCNT4

source is channel count-up/count-down**

4/count clock

*: Don't care

Note: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and ¢/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10D3 |0D2 I0OD1 IODO Description
3 0 0 0 0 TGR3D is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
- compare o iyt
1 0 register*2 p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3D is Capture input Input capture at rising edge
input source is | alli d
; capture  TIOCD3 pin nput capture at falling edge
. 2
register* Input capture at both edges
1 * * Capture input Input capture at TCNT4

source is channel count-up/count-down*l

4/count clock

*: Don’t care

Notes: 1. When bits TPSC2 to TPSCO in TCR4 are set to B'000 and @/1 is used as the TCNT4
count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDR3 is set to 1 and TGR3D is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0OBO Description
4 0 0 0 0 TGR4B is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
- compare oyt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR4B is Capture input Input capture at rising edge
input source s Input capture at falling edge
capture  TIOCB4 pin
1 register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3C TGR3C compare match/
compare match/ input capture
input capture
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel 10B3 10B2 IOB1 I0BO Description
5 0 0 0 0 TGR5B is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
- compare oyt
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 O output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5B is Capture input Input capture at rising edge
1 Input source s Input capture at falling edge
capture  TIOCBS pin
1 * register Input capture at both edges

*: Don't care
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Bits3to 0— /O Control A3to A0 (I0A3to IOAQ)
[/O Control C3to CO (I0C3to 10CO0):
IOA3 to IOAD specify the function of TGRA.
IOC3 to 10CO0 specify the function of TGRC.

Channel

Bit3 Bit2 Bitl BitO

IOA3 I0A2 I0A1 I0AO

Description

0

0 0 0 0

TGROA is Output disabled

(Initial value)

1 output Initial outputis 0 0 output at compare match
————————compare  qiput
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 O output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROA is Capture input Input capture at rising edge
1 Input sourceis Input capture at falling edge
capture  TIOCAO pin
1 register Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count-up/count-down

1/ count clock

*: Don't care
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Bit3 Bit2 Bitl BitO
Channel 10C3 I0C2 IOC1 IOCO Description
0 0 0 0 0 TGROC is Output disabled (Initial value)
1 output  nitial outputis O O output at compare match
1 0 rgé?gg:fl output 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare

match

1 0 0 0

1
l *
1 * *

TGROC is Capture input
input source is
capture  TIOCCO pin
register~!

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Capture input

Input capture at TCNT1

source is channel count-up/count-down

1/count clock

*: Don't care

Note: 1. When the BFA bitin TMDRO is set to 1 and TGROC is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bitl BitO
Channel I0A3 I0OA2 IOAl1l IOAO Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 0 TGR1A is Output disabled
1 output  nitial outputis
——————————compare g,tput
1 0 register P
1
1 0 0 Output disabled
1 Initial output is 1
1 0 output
1

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGR1A is Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

Tinput source is
capture  TIOCAL pin
1 * register
1 * * Capture input

source is TGROA
compare match/
input capture

Input capture at generation of
channel O/TGROA compare
match/input capture

*: Don't care
Bit3 Bit2 Bitl BitO
Channel I0A3 I0A2 IOA1l IOAO Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
1 0 ompare  output 1 output at compare match
register p P
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare

match

1 * 0 0 TGR2A is Capture input

1 input source is
capture  TIOCA2 pin
1 * register

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

*: Don't care
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Bit3 Bit2 Bitl BitO

Channel I0OA3 I0OA2 IOAl1l IOAO Description
3 0 0 0 0 TGR3A is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
————————¢compare  qiput
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3A is Capture input Input capture at rising edge
input sourcels Input capture at falling edge
capture  TIOCAS pin
* * register Input capture at both edges
1 * Capture input Input capture at TCNT4

source is channel count-up/count-down

4/count clock

*: Don’t care
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Bit3 Bit2 Bitl BitO

Channel 10C3 I0C2 IOC1 IOCO Description
3 0 0 0 0 TGR3C is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
1 0 ompare, - output 1 output at compare match
register*! p P
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR3C is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
capture  TIOCC3 pin
1 register* Input capture at both edges
1 * * Capture input Input capture at TCNT4
source is channel count-up/count-down
4/count clock
*: Don't care
Note: 1. When the BFA bitin TMDR3 is set to 1 and TGR3C is used as a buffer register, this

setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bitl Bit0
Channel I0OA3 I0OA2 IOAl1l IOAO Description
4 0 0 0 0 TGR4A is Output disabled (Initial value)
1 output Initial outputis 0 0 output at compare match
- compare g, tput
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGRA4A is Capture input Input capture at rising edge
1 Input sourcels Input capture at falling edge
capture  TIOCA4 pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGR3A TGR3A compare match/input
compare match/ capture
input capture
*: Don't care
Bit3 Bit2 Bitl BitO
Channel I0A3 I0A2 IOAl1l IOAO Description
5 0 0 0 0 TGR5A is Output disabled (Initial value)
1 output Initial outputis O 0 output at compare match
———————compare g iput
1 0 register p 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR5A is Capture input Input capture at rising edge

1 input source is
—— capture TIOCAS pin
1 * register

Input capture at falling edge

Input capture at both edges

*: Don’t care
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11.2.4  Timer Interrupt Enable Register (TIER)

Channel 0: TIERO
Channel 3: TIER3

Bit : 7 6 5 4 3 2 1 0
\ TTGE \ — \ — \ TCIEV \ TGIED \ TGIEC \ TGIEB \ TGIEA \

Initial value : 0 1 0 0 0 0 0 0

RIW . RMW — — RIW RIW RIW RIW RIW

Channel 1: TIER1
Channel 2: TIER2
Channel 4: TIER4
Channel 5: TIER5

Bit : 7 6 5 4 3 2 1 0
\ TTGE ] — \ TCIEU \ TCIEV \ — \ — ] TGIEB \ TGIEA

Initial value : 0 1 0 0 0 0 0 0

RIW . RMW — RIW RIW — — RIW RIW

The TIER registers are 8-hit registers that control enabling or disabling of interrupt requests for
each channel. The TPU has six TIER registers, one for each channel. The TIER registersare
initialized to H'40 by areset, and in hardware standby mode.
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Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: This bit isaways read as 1 and cannot be modified.

Bit 5—Under flow I nterrupt Enable (TCIEU): Enables or disables interrupt requests (TCIU) by
the TCFU flag when the TCFU flag in TSRisset to 1 in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 5 isreserved. It isaways read as 0 and cannot be modified.

Bit 5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled

Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV flagwhenthe TCFV flagin TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bitin TSR isset to 1 in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 3 isreserved. It is aways read as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled
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Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR isset to 1 in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 isreserved. It is aways read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSRis set to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled

Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled
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11.25 Timer Status Register (TSR)

Channel 0: TSRO
Channel 3: TSR3

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ — \ TCFV \ TGFD \ TGFC \ TGFB \ TGFA \
Initial value : 1 1 0 0 0 0 0 0
RIW S — —  RIW)*  RIW)*  RIW)* RIAW)*  RIW)*

Note: * Only O can be written, for flag clearing.

Channel 1: TSR1
Channel 2: TSR2
Channel 4: TSR4
Channel 5: TSR5

Bit : 7 6 5 4 3 2 1 0

\ TCFD \ — \ TCFU \ TCFV \ — \ — \ TGFB \ TGFA ‘
Initial value : 1 1 0 0 0 0 0 0
RIW : R — RIW)*  RI(W)* — — RIW)*  RI(W)*

Note: * Only 0 can be written, for flag clearing.

The TSR registers are 8-bit registers that indicate the status of each channel. The TPU has six TSR
registers, one for each channel. The TSR registers are initialized to H'CO by areset, and in
hardware standby mode.
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Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
countsin channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 isreserved. It isaways read as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)

Bit 6—Reserved: Thisbit isaways read as 1 and cannot be modified.

Bit 5—Underflow Flag (TCFU): Status flag that indicatesthat TCNT underflow has occurred
when channels 1, 2, 4, and 5 are set to phase counting mode.

In channels 0 and 3, bit 5 isreserved. It isaways read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
*  When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

*  When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicatesthat TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
* When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]

* When the TCNT value overflows (changes from H'FFFF to H'0000 )
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Bit 3—Input Capture/Output Compare Flag D (TGFD): Statusflag that indicates the
occurrence of TGRD input capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3isreserved. It is aways read as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is O
* When 0 is written to TGFD after reading TGFD = 1

1 [Setting conditions]

*  When TCNT = TGRD while TGRD is functioning as output compare register
*  When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Statusflag that indicates the
occurrence of TGRC input capture or compare match in channels 0 and 3.

Inchannels 1, 2, 4, and 5, bit 2 isreserved. It is always read as 0 and cannot be modified.

Bit 2

TGFC Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is O
*  When 0 is written to TGFC after reading TGFC = 1

1 [Setting conditions]

*  When TCNT = TGRC while TGRC is functioning as output compare register
*  When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register
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Bit 1—Input Capture/Output Compare Flag B (TGFB): Statusflag that indicates the
occurrence of TGRB input capture or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is O
e When 0 is written to TGFB after reading TGFB = 1

1 [Setting conditions]

*  When TCNT = TGRB while TGRB is functioning as output compare register

* When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register

Bit 0—Input Capture/Output Compare Flag A (TGFA): Statusflag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0

TGFA Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is O
*  When DMAC is activated by TGIA interrupt while DTA bit of DMABCR in DMAC is

1

* When 0 is written to TGFA after reading TGFA =1

1 [Setting conditions]

*  When TCNT = TGRA while TGRA is functioning as output compare register

*  When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
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11.26 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)
Channel 3: TCNT3 (up-counter)
Channel 4: TCNT4 (up/down-counter*)
Channel 5: TCNT5 (up/down-counter*)

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

Initalvaluoe: 0 O O O O O O O O O O O o o o0 o
R/W : RIW RW RIW RW RW R/W RW RW RW RW RW RW RW R/W R/W R/W
Note: * These counters can be used as up/down-counters only in phase counting mode or when

counting overflow/underflow on another channel. In other cases they function as up-
counters.

The TCNT registers are 16-bit counters. The TPU hassix TCNT counters, one for each channel.
The TCNT counters are initialized to H'0000 by a reset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.
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11.2.7 Timer General Register (TGR)

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

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . RIW RW R/W R/W R/W R/W R/W R/W RW R/W RW R/W R/W R/W R/W R/W

The TGR registers are 16-bit registers with adual function as output compare and input capture
registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for channels
1, 2,4, and 5. TGRC and TGRD for channels 0 and 3 can also be designated for operation as
buffer registers*. The TGR registers are initialized to H'FFFF by areset, and in hardware standby
mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.
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11.28 Timer Start Register (TSTR)

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ CST5 \ CST4 \ CST3 \ CST2 \ CST1 \ CSTO \
Initial value : 0 0 0 0 0 0 0 0
RIW S — RIW RIW RIW RIW RIW RIW

TSTR isan 8-bit readable/writable register that selects operation/stoppage for channels 0to 5.
TSTRisinitialized to H'00 by areset, and in hardware standby mode. When setting the operating
mode in TMDR or setting the count clock in TCR, first stop the TCNT counter.

Bits 7 and 6—Reserved: Should always be written with 0.

Bits5to 0—Counter Start 5to 0 (CST5to CSTQ0): These bits select operation or stoppage for
TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=5to0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bit is cleared to 0, the pin output level will be changed to the set initial output
value.
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11.29 Timer Synchro Register (TSYR)

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ SYNC5 \ SYNC4 \ SYNC3 \ SYNC2 \ SYNC1 \ SYNCO \
Initial value : 0 0 0 0 0 0 0 0
RIW S— — RIW RIW RIW RIW RIW RIW

TSYR isan 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 5 TCNT counters. A channel performs synchronous operation when
the corresponding bit in TSYR isset to 1.

TSYRisinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 and 6—Reserved: Should always be written with 0.

Bits5to 0—Timer Synchro 5to 0 (SYNC5 to SYNCO0): These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels**, and
synchronous clearing through counter clearing on another channel*? are possible.

Bitn
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=5to0
Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set to 1.

2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.
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11.2.10 Module Stop Control Register A (MSTPCRA)

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 . RMW RIW RIW RIW RIW RIW RIW RIW

MSTPCRA is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPAS bit in MSTPCRA is set to 1, TPU operation stops at the end of the bus cycle
and atransition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 24.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by a power-on reset and in hardware standby mode. It is not
initialized by a manual reset and in software standby mode.

Bit 5—Module Stop (M STPADS): Specifies the TPU module stop mode.

Bit 5

MSTPA5  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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11.3 Interfaceto Bus Master

11.3.1 16-Bit Registers

TCNT and TGR are 16-bit registers. Asthe data busto the bus master is 16 bits wide, these
registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-bit register access operationis shown in figure 11.2.

Internal data bus
H

master : L l[:

> Module

Bus interface
data bus

VANPAN

U @

TCNTH TCNTL

Figure11.2 16-Bit Register Access Operation [BusMaster « TCNT (16 Bits)]

11.3.2 8- Bit Registers

Registers other than TCNT and TGR are 8-hit. As the data bus to the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit
units.
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Examples of 8-bit register access operation are shown in figures 11.3to 11.5.

Internal data bus

H
Bus :ll ,l:

master

> Module

s
b

Bus interface

VANDAN

Hﬁ

TCR

Figure11.3 8-Bit Register Access Operation [BusMaster « TCR (Upper 8 Bits)]

Internal data bus

> Module
> data bus

Bus
master L Bus interface

Il

VANAN

TMDR

Figure11.4 8-Bit Register Access Operation [BusMaster « TMDR (Lower 8 Bits)]

Internal data bus

> Module
> data bus

Bus

master Bus interface

Il

VANPAN

T3

TMDR |

Figure11.5 8-Bit Register Access Operation [BusMaster « TCR and TMDR (16 Bits)]
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114  Operation

1141 Overview
Operation in each mode is outlined below.
(1) Normal Operation

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
(2) Synchronous Operation

When synchronous operation is designated for achannel, TCNT for that channel performs
synchronous presetting. That is, when TCNT for a channel designated for synchronous operation
is rewritten, the TCNT counters for the other channels are also rewritten at the sametime.
Synchronous clearing of the TCNT countersis also possible by setting the timer synchronization
bitsin TSYR for channels designated for synchronous operation.

(3) Buffer Operation

*  When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

*  When TGR isan input capture register
When input capture occurs, the value in TCNT istransfer to TGR and the value previously

held in TGR istransferred to the buffer register.
(4) Cascaded Operation

The channel 1 counter (TCNT1), channel 2 counter (TCNT2), channel 4 counter (TCNT4), and
channel 5 counter (TCNTS5) can be connected together to operate as a 32-bit counter.

(5) PWM Mode

In this mode, a PWM waveform is output. The output level can be set by means of TIOR. A PWM
waveform with a duty of between 0% and 100% can be output, according to the setting of each
TGR register.
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(6) Phase Counting M ode

In thismode, TCNT isincremented or decremented by detecting the phases of two clocks input
from the external clock input pinsin channels 1, 2, 4, and 5. When phase counting mode is set, the
corresponding TCLK pin functions as the clock pin, and TCNT performs up- or down-counting.

This can be used for two-phase encoder pulse input.
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11.4.2 BasicFunctions
(1) Counter Operation

When one of bits CSTOto CST5issetto 1in TSTR, the TCNT counter for the corresponding
channel starts counting. TCNT can operate as a free-running counter, periodic counter, and so on.

» Example of count operation setting procedure
Figure 11.6 shows an example of the count operation setting procedure.

< Operation selection > [1] Select the counter
clock with bits

TPSC2 to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi F . [2] For periodic counter
eriodic counter ree-running counter operation, select the

TGR to be used as
the TCNT clearing
source with bits
CCLR2 to CCLRO in
TCR.

[3] Designate the TGR
Select output compare register | [3] selected in [2] as an
output compare
register by means of
TIOR.

Select counter clearing source | [2]

Set period [4] [4] set the periodic
counter cycle in the
TGR selected in [2].
Start count operation [5] Start count operation [5] [5] Setthe CST bitin
TSTR to 1 to start
<Periodic counter> <Free-running counter> the counter

operation.

Figure11.6 Example of Counter Operation Setting Procedure
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Free-running count operation and periodic count operation

Immediately after areset, the TPU's TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as afree-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV bitin TSRis set to 1. If the value of the corresponding TCIEV bitin TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 11.7 illustrates free-running counter operation.

TCNT value
o e

H'0000 . Time

CST bit ; ;

TCFV

Figure 11.7 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bit in TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSRisset to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After acompare match, TCNT starts counting up again from H'0000.
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Figure 11.8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
4~ compare match

TOR  femommem e A O
H'0000 , Time
CST bit ; '

; Flag cleared by software or

! .~ DTC/DMAC activation
TGF

Figure11.8 Periodic Counter Operation
(2) Waveform Output by Compare Match

The TPU can perform 0, 1, or toggle output from the corresponding output pin using compare
match.

» Example of setting procedure for waveform output by compare match
Figure 11.9 shows an example of the setting procedure for waveform output by compare match
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C Output selection > [1] Select initial value O output or 1 output, and
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
first compare match occurs.

Select waveform output mode | [1]

[2] Set the timing for compare match generation in

TGR.
Set output timing 2] [3] Set thg CST bitin TSTR to 1 to start the count
operation.
Start count operation [3]

l

<Waveform output>

Figure11.9 Example Of Setting Procedure For Waveform Output By Compare Match

» Examples of waveform output operation
Figure 11.10 shows an example of O output/1 output.

In this example TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

H0000 ' ' ) N Time
E , : ~No change | -~ No change
: i : ~ 1 output
TIOCA ‘,—] : ;
TIOCB A~ No change A No change 0 output
O O

Figure 11.10 Example of 0 Output/1 Output Operation
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Figure 11.11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by both
compare match A and compare match B.

TCNT value
Counter cleared by TGRB compare match
[l o S R e

LS L= D et 7 SEEEEEEREE

TGRA oo e e T e T b T
; ; ; ; Time

H'0000

TIOCB . . . . Toggle output

TIOCA Toggle output

Figure11.11 Exampleof Toggle Output Operation
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(3) Input Capture Function
The TCNT value can be transferred to TGR on detection of the TIOC pin input edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’ s counter input clock or compare match signal
asthe input capture source.

Note: When another channel’s counter input clock is used as the input capture input for channels
0 and 3, ¢/1 should not be selected as the counter input clock used for input capture input.
Input capture will not be generated if @/1 is selected.

« Example of input capture operation setting procedure
Figure 11.12 shows an example of the input capture operation setting procedure.

C . > [1] Designate TGR as an input capture register by
Input selection . .
means of TIOR, and select rising edge, falling

edge, or both edges as the input capture source
and input signal edge.

Select input capture input [ [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure11.12 Exampleof Input Capture Operation Setting Procedure
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» Example of input capture operation
Figure 11.13 shows an example of input capture operation.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value ,/ input (falling edge)
H'0180 o= === memme e e e e e O

0o N o <

H'0010
H'0005

H'0000

TIOCA

TGRA

TGRB >< >< H'0180

Figure 11.13 Example of Input Capture Operation

11.4.3  Synchronous Operation

In synchronous operation, the valuesin anumber of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 5 can all be designated for synchronous operation.
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(1) Example of Synchronous Operation Setting Procedure

Figure 11.14 shows an example of the synchronous operation setting procedure.

Synchronous operati0n>
selection

| Set synchronous | 1]
operation

(Synchronous presettingD

| Set TCNT | 2]

Y
<Synchronous presetting>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

operation.

[21 When the TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2to CCLRO in TCR to specify TCNT clearing by input capture/output compare,

etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing

source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

CSynchronous clearing>

Clearing
sourcegeneration
channel?

No

Yes

Select counter 3] Set synchronous [4]
clearing source counter clearing

Start count | [5] | Start count | [5]

| |

<Counter clearing> <Synchronous clearing>

Figure 11.14 Example of Synchronous Operation Setting Procedure
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(2) Example of Synchronous Operation
Figure 11.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA to TIOC2A. At thistime,
synchronous presetting, and synchronous clearing by TGROB compare match, is performed for
channel 0to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 11.4.6, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values

TGROB
TGR1B
TGROA

TGR2B [ -=-=======-xCe-- e e
TGRI1A : oot 5 :
TGR2A ---A%--- ----------
H'0000 : - '

T
'
'
'
'
'
'
'
l
'
'
'
'
'
'
'
i
'
'
'
T
'
'
'
'
'
'
'
'
'
'
)
'
'
'
'
'
'
'
i
'
'
'
O
G
'
'
'
'
'

TIOCOA

TIOC1A

TIOC2A r J

Figure11.15 Example of Synchronous Operation
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11.4.4 Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 11.5 shows the register combinations used in buffer operation.

Table11.5 Regiser Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC

TGROB TGROD
3 TGR3A TGR3C

TGR3B TGR3D

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

Thisoperation isillustrated in figure 11.16.

Compare match signal

Timer general [\

Buffer register K
g register | Comparator TCNT

Figure11.16 Compare Match Buffer Operation
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*  When TGRisan input capture register

When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register istransferred to the buffer register.

Thisoperationisillustrated in figure 11.17.

Input capture
signal

Buffer register Timer general TONT
register

Figure11.17 Input CaptureBuffer Operation
(1) Example of Buffer Operation Setting Procedure

Figure 11.18 shows an example of the buffer operation setting procedure.

> [1] Designate TGR as an input capture register or

C Buffer operation output compare register by means of TIOR.

‘ [2] Designate TGR for buffer operation with bits
Select TGR function [1] BFA and BFB in TMDR.

‘ [3] Setthe CST bitin TSTR to 1 to start the count
operation.

Set buffer operation [2]

Start count [3]

'

<Buffer operation>

Figure 11.18 Example of Buffer Operation Setting Procedure
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(2) Examples of Buffer Operation

When TGR is an output compare register

Figure 11.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output a compare match A, and 0
output a compare match B.

As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 11.4.6, PWM Modes.

TCNT value

TGROB |------ oo oo e % s i H'0520

TGROAL......... : 1 , |

H'0000 } : : } — : Time

TGROC H'0200! | H'0450

- a—
e N

E H'0520

TGROA X | Hozo0! | H0450

Figure 11.19 Example of Buffer Operation (1)
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*  When TGRisan input capture register
Figure 11.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected asthe TIOCA pin input capture input edge.

As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

HIOFQ7 |- - -« = o o e o o e o o e o oo oo

02 = -

H'0532 | < oeememeepqemmmmmeee DT

H'0000 Time

TIOCA E

TGRA | H'0532 >< H'OF07 D< H'09FB

i\

X H'0532 >< H'OF07

;/"

TGRC

Figure11.20 Example of Buffer Operation (2)
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11.45 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-bit
counter.

This function works by counting the channel 1 (channel 4) counter clock upon overflow/underflow
of TCNT2 (TCNT5) asset in hits TPSC2to TPSCOin TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 11.6 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting isinvalid
and the counter operates independently in phase counting mode.

Table11.6 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT1 TCNT2
Channels 4 and 5 TCNT4 TCNT5

(1) Example of Cascaded Operation Setting Procedure

Figure 11.21 shows an example of the setting procedure for cascaded operation.

C Cascaded operation > [1] Set bits TPSC2 to TPSCO in the channel 1
P (channel 4) TCR to B'111 to select TCNT2
‘ (TCNTD5) overflow/underflow counting.

Set cascading 1 [2] Setthe CST bitin TSTR for the upper and lower
‘ channel to 1 to start the count operation.

Start count [2]

v

<Cascaded operation>

Figure11.21 Cascaded Operation Setting Procedure
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(2) Examplesof Cascaded Operation

Figure 11.22 illustrates the operation when counting upon TCNT2 overflow/underflow has been
set for TCNT1, TGR1A and TGR2A have been designated as input capture registers, and TIOC
pin rising edge has been selected.

When arising edgeisinput to the TIOCA1 and TIOCAZ2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGR1A, and the lower 16 bitsto TGR2A.

TCNT1 ]
clock

TCNT1  HO3A1 X H'03A2

TCNT2 ] ]

clock

TCNT2  HFFFE X H'0000 X H'0001
TIOCAL,

TIOCA2 | L
TGRIA X H'03A2

TGR2A X H'0000

Figure 11.22 Example of Cascaded Operation (1)

Figure 11.23 illustrates the operation when counting upon TCNT2 overflow/underflow has been
set for TCNT1, and phase counting mode has been designated for channel 2.

TCNT1isincremented by TCNT2 overflow and decremented by TCNT2 underflow.
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TCLKC _,—\—, I—,_
er sy N S— N ee—

TCNT2 XeFFDX FFFE YFFFFX 0000 X 0001 X 0002 X 0001 X 0000 X FFFF X

TCNT1 0000 X 0001 X 0000

Figure 11.23 Example of Cascaded Operation (2)

1146 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. O, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described bel ow.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits|OA3 to IOA0 and IOC3to IOCOin TIOR is
output from the TIOCA and TIOCC pins a compare matches A and C, and the output
specified by bits IOB3 to IOB0O and IOD3 to I0D0 in TIOR is output a compare matches B
and D. Theinitial output value isthe value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR asthe cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinisthe initial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registersis shown in table 11.7.
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Table11.7 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCAl TIOCAL
TGR1B TIOCB1
2 TGR2A TIOCA2 TIOCA2
TGR2B TIOCB2
3 TGR3A TIOCA3 TIOCA3
TGR3B TIOCB3
TGR3C TIOCC3 TIOCC3
TGR3D TIOCD3
4 TGR4A TIOCA4 TIOCA4
TGR4B TIOCB4
5 TGR5A TIOCAS5 TIOCAS
TGR5B TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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(1) Example of PWM M ode Setting Procedure

Figure 11.24 shows an example of the PWM mode setting procedure.

C BWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and
Select waveform output level | [3] output value.

‘ [4] Setthe cycle in the TGR selected in [2], and set
the duty in the other the TGR.

Set TGR [4]
‘ [5] Selectthe PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure11.24 Exampleof PWM M ode Setting Procedure
(2) Examplesof PWM M ode Operation
Figure 11.25 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set asthe TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers as
the duty.
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TCNT value

Counter cleared by
/ TGRA compare match

TGRA Jemmm e e e e e e e

Figure11.25 Exampleof PWM M ode Operation (1)
Figure 11.26 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare
match is set asthe TCNT clearing source, and O is set for the initial output value and 1 for the
output value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs as
the duty.
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Counter cleared by TGR1B
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Figure11.26 Exampleof PWM M ode Operation (2)
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Figure 11.27 shows examples of PWM waveform output with 0% duty and 100% duty in PWM

mode.
TONT value TGRB rewritten
TGRA |- cccccaae- e
O
TGRB TGRB rewritten
L

H'0000 :

TIOCA J

| 0% duty

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value
TGRB rewritten
TGRA |-------eeom- (O e A S EE
: O ........................................
TGRB L TGRB rewritten
H'OOOO E [ AT [ : | Tlme
, 100% duty I_I
TIOCA .
Output does not change when cycle register and duty
register compare matches occur simultaneously
TCNT value
TGRB rewritten O ........................................................................................ :
TGRA |--------nnm- O mm s e e e
: TGRB rewritten
TGRB O
TGRB rewritten
H'0000 Time

TIOCA _l

100% duty 0% duty

Figure 11.27 Exampleof PWM M ode Operation (3)

Rev. 3.00 Jan 11, 2005 page 498 of 1220

REJ09B0186-03000

RENESAS




Section 11 16-Bit Timer Pulse Unit (TPU)

11.4.7 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputs is detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 11.8 shows the correspondence between external clock pins and channels.

Table11.8 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD
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(1) Example of Phase Counting M ode Setting Procedure

Figure 11.28 shows an example of the phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

!

<Phase counting mode>

Figure 11.28 Example of Phase Counting M ode Setting Procedure
(2) Examples of Phase Counting M ode Oper ation

In phase counting mode, TCNT counts up or down according to the phase difference between two
external clocks. There are four modes, according to the count conditions.

» Phase counting mode 1

Figure 11.29 shows an example of phase counting mode 1 operation, and table 11.9
summarizes the TCNT up/down-count conditions.

TCLKA (ch Is1land5
TOUKC Ghameszand ) —  —1 I B

TCLKB (channels 1 and 5) | 1 | | 1 | | |
TCLKD (channels 2 and 4) v . —

TCNT value

Time

Figure 11.29 Example of Phase Counting M ode 1 Operation
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Table11.9 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Up-count
Low level R ¢
4 Low level
R High level
High level R Down-count
Low level 4
4 High level
Ra Low level
Legend:
£ Rising edge

1 Falling edge

Phase counting mode 2

Figure 11.30 shows an example of phase counting mode 2 operation, and table 11.10
summarizes the TCNT up/down-count conditions.

TCLKA (Channels 1 and 5)

TCLKC (Channels 2 and 4)

TCLKB (Channels 1 and 5)
TCLKD (Channels 2 and 4)

TCNT value

V |

Time

Figure11.30 Example of Phase Counting M ode 2 Operation
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Table 11.10 Up/Down-Count Conditionsin Phase Counting M ode 2

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Don'’t care
Low level R ¢ Don't care
4 Low level Don'’t care
R ¢ High level Up-count
High level R Don't care
Low level 4 Don't care
4 High level Don’t care
Ra Low level Down-count
Legend:

£ Rising edge

1 Falling edge

» Phase counting mode 3

Figure 11.31 shows an example of phase counting mode 3 operation, and table 11.11
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4)

TCLKB (channels 1 and 5)
TCLKD (channels 2 and 4)

TCNT value

Time

Figure11.31 Example of Phase Counting M ode 3 Operation

Rev. 3.00 Jan 11, 2005 page 502 of 1220

REJ09B0186-03000

RENESAS




Section 11 16-Bit Timer Pulse Unit (TPU)

Table11.11 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Don'’t care
Low level R ¢ Don't care
4 Low level Don'’t care
R ¢ High level Up-count
High level R Down-count
Low level 4 Don't care
4 High level Don'’t care
Ra Low level Don'’t care
Legend:

£ Rising edge

1 Falling edge

Phase counting mode 4

Figure 11.32 shows an example of phase counting mode 4 operation, and table 11.12
summarizes the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J T | | ! | | ! | | ! | |
TCLKC (channels 2 and 4) 1 ‘ | ‘ | | ‘ |

TCLKB (channels 1 and 5) | | | | |
TCLKD (channels 2 and 4) | ! | ! | |

TCNT value

Up-cy/

Time

Figure 11.32 Example of Phase Counting M ode 4 Operation
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Table 11.12 Up/Down-Count Conditions in Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Up-count
Low level R ¢
4 Low level Don'’t care
R High level
High level R Down-count
Low level 4
4 High level Don’t care
Ra Low level
Legend:

£ Rising edge

1 Falling edge

(3) Phase Counting M ode Application Example

Figure 11.33 shows an example in which phase counting mode is designated for channel 1, and
channel 1 is coupled with channel 0 to input servo motor 2-phase encoder pulsesin order to detect
the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGROC
are used for the compare match function, and are set with the speed control period and position
control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, and
detection of the pulse width of 2-phase encoder 4-multiplication pulsesis performed.

TGR1A and TGRI1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-counter
values for the control periods.

This procedure enables accurate position/speed detection to be achieved.
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TCLKA
TCLKB

Channel 1
Edge
detection - TCNT1
circuit
\
TGR1A

(speed period capture)

TGR1B
(position period capture)

&
IS

L TCNTO

TGROA (speed control period)

TGROC
(position control period)

|
&

TGROB (pulse width capture)

Y
~I>> TGROD (buffer operation)

Channel 0

Figure 11.33 Phase Counting Mode Application Example
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11.5 Interrupts

11.5.1 Interrupt Sourcesand Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding statusflag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the statusflag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
achannel isfixed. For details, see section 5, Interrupt Controller.

Table 11.13 liststhe TPU interrupt sources.
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Table11.13 TPU Interrupts

Interrupt DMAC DTC
Channel Source Description Activation  Activation Priority
0 TGIOA TGROA input capture/compare match Possible Possible High
TGIOB TGROB input capture/compare match Not possible Possible A
TGIOC TGROC input capture/compare match Not possible Possible
TGIOD TGROD input capture/compare match Not possible Possible
TCIOV TCNTO overflow Not possible Not possible
1 TGI1A TGRI1A input capture/compare match Possible Possible
TGI1B TGR1B input capture/compare match Not possible Possible
TCl1V TCNT1 overflow Not possible Not possible
TCI1U TCNT1 underflow Not possible Not possible
2 TGI2A TGR2A input capture/compare match Possible Possible
TGI2B TGR2B input capture/compare match Not possible Possible
TCI2V TCNT2 overflow Not possible Not possible
TCI2U TCNT2 underflow Not possible Not possible
3 TGI3A TGR3A input capture/compare match Possible Possible
TGI3B TGR3B input capture/compare match Not possible Possible
TGI3C TGRS3C input capture/compare match Not possible Possible
TGI3D TGR3D input capture/compare match Not possible Possible
TCI3V TCNT3 overflow Not possible Not possible
4 TGI4A TGRA4A input capture/compare match Possible Possible
TGl4B TGRA4B input capture/compare match Not possible Possible
TClaVv TCNT4 overflow Not possible Not possible
TCl4U TCNT4 underflow Not possible Not possible
5 TGI5A TGRS5A input capture/compare match Possible Possible
TGI5B TGR5B input capture/compare match Not possible Possible
TCI5V TCNT5 overflow Not possible Not possible
TCI5U TCNT5 underflow Not possible Not possible Low
Note: This table shows the initial state immediately after a reset. The relative channel priorities

can be changed by the interrupt controller.
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(1) Input Capture/CompareMatch Interrupt

Aninterrupt isrequested if the TGIE bitin TIER isset to 1 whenthe TGF flagin TSR isset to 1
by the occurrence of a TGR input capture/compare match on a particular channel. The interrupt
request is cleared by clearing the TGF flag to 0. The TPU has 16 input capture/compare match
interrupts, four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

(2) Overflow Interrupt

Aninterrupt isrequested if the TCIEV bit in TIER isset to 1 whenthe TCFV flagin TSR is set to
1 by the occurrence of TCNT overflow on achannel. Theinterrupt request is cleared by clearing
the TCFV flag to 0. The TPU has six overflow interrupts, one for each channel.

(3) Underflow Interrupt

Aninterrupt isrequested if the TCIEU bit in TIER is set to 1 whenthe TCFU flagin TSR is set to
1 by the occurrence of TCNT underflow on achannel. The interrupt request is cleared by clearing
the TCFU flag to 0. The TPU has four underflow interrupts, one each for channels 1, 2, 4, and 5.

1152 DTC/DMAC Activation
(1) DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 9, Data Transfer Controller.

A total of 16 TPU input capture/compare match interrupts can be used as DT C activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

(2) DMAC Activation

It is possible to activate the DMAC by the TGRA input capture/compare match interrupt for each
channel. See section 8, DMA Controller for details.

In TPU, it is possible to set the TGRA input capture/compare match interrupts for each channel,
giving atotal of 6, as DMAC activation factors.

11.5.3 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bitin TIER is set to 1 when the TGFA flagin TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversion is
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sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is started.

Inthe TPU, atotal of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.

11.6  Operation Timing

11.6.1  Input/Output Timing
(1) TCNT Count Timing

Figure 11.34 shows TCNT count timing in internal clock operation, and figure 11.35 shows TCNT
count timing in external clock operation.

Internal clock Falling edge Rising edge

N\ \
TCNT

input clock

TCNT N-1 >< N >< N+1 >< N+2

Figure11.34 Count Timingin Internal Clock Operation

» J L

External CIOCk_(b Falling edge Rising edge Falling edge

TCNT

input clock — —_—

TCNT N-1 >< N >< N+1 >< N+2

Figure 11.35 Count Timingin External Clock Operation
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