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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.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| 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 isinput on thereset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have areset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Accessto 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 addresses. 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:

A w DN

General Precautions on Handling of Product

Configuration of This Manual

Preface

Main Revisionsin This Edition

Thelist of revisionsisasummary of points that have been revised or added to earlier versions.

This does not include all of the revised contents. For details, see the actual locationsin this
manual.

Contents

Overview

Description of Functional Modules

* CPU and System-Control Modules
e 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) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this L SI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, asthe
fina part of each section.

8.
9.

List of Registers
Electrical Characteristics

10. Appendix
11. Index
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Preface

The H85/2668 Group are microcomputers (MCU) made up of the H8S/2600 CPU employing
Renesas’ original architecture as their cores, and the peripheral functions required to configure a
system.

The H85/2600 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H8S/2600 CPU can handle a
16-Mbyte linear address space.

This LSl is equipped with data transfer controller (DTC) bus masters, ROM and RAM memory, a
16-bit timer pulse unit (TPU), a programmabl e pulse generator (PPG), an 8-bit timer (TMR), a
watchdog timer (WDT), a serial communication interface (SCI and IrDA), a 10-bit A/D converter,
an 8-hit D/A converter, and 1/O ports as on-chip peripheral modules required for system
configuration.

A high functionality bus controller is also provided, enabling fast and easy connection of DRAM,
SDRAM and other kinds of memory.

A single-power flash memory (F-ZTATO ) version and masked ROM version are available for
thisLSI's ROM. The F-ZTAT version provides flexibility asit can be reprogrammed in no timeto
cope with al situations from the early stages of mass production to full-scale mass production.
Thisis particularly applicable to application devices with specifications that will most probably
change.

This manual describesthisLSl's hardware.
Notee * F-ZTAT isatrademark of Renesas Technology Corp.

Target Users:  This manual was written for users who will be using thisL Sl in the design of
application systems. Target users are expected to understand the fundamentals of
electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of this LSl to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a
detailed description of the instruction set.

Notes on reading this manual:

In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.
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In order to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.
In order to understand the details of aregister when its name is known

Read the index that isthe final part of the manual to find the page number of the entry on the

register. The addresses, bits, and initial values of the registers are summarized in section 20,

List of Registers.

Examples.  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication, isimplemented on more than one channel:
XXX_N (XXX istheregister name and N is the channel

number)
Bit order: The MSB is on the |eft and the LSB is on the right.
Number notation:  Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com

H8S/2668 Group manuals:

Document Title Document No.
H8S/2668 Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual REJ09B139

User's manuals for development tools:

Document Title Document No.

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

H8S, H8/300 Series Simulator/Debugger User's Manual ADE-702-037
H8S, H8/300 Series High-performance Embedded Workshop, ADE-702-231
High-performance Debugging Interface Tutorial

High-performance Embedded Workshop User's Manual ADE-702-201
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Main Revisionsin This Edition

Item Page Revision (See Manual for Details)
All — All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors,
and other Hitachi brand names changed to Renesas
Technology Corp. Designation for categories changed from
“series” to “group”
5.6.5 DTC Activation 95 Figure title amended
by Interrupt
Figure 5.6 DTC and
Interrupt Controller
7.8.3 DTCE Bit 171 Description of “DMAC Transfer End Interrupt” deleted
Setting
Section 8 1/0O Port 174 Table 8.1 amended
Mode 7 I t/
Table81 Port Port Description Modes | Modes Mode 4 o OnuF::ui
Functions land5 | 2and 6 EXPE=1 EXPE =0 Type
Port |General I/O port  |P17/PO15/TIOCB2/TCLKD Schmitt-
1 |also functioning P16/PO14/TIOCA2 triggered
as PPG outputs, input
and TPU 1/0s P15/PO13/TIOCB1/TCLKC
P14/PO12/TIOCA1
P13/PO11/TIOCDO/TCLKB
P12/PO10/TIOCCO/TCLKA
P11/PO9/TIOCBO
P10/PO8/TIOCAO
Port |General I/O port  |P27/PO7/TIOCB5 Schmitt-
2 |also functioning P26/POBITIOCAS triggered
as PPG outputs, input
TPU 1/0s, and P25/POS/TIOCB4
interruptinputs | P24/PO4/TIOCA4
P23/PO3/TIOCD3
P22/P0O2/TIOCC3
P21/PO1/TIOCB3
P20/POO/TIOCA3
Port [General I/O port  |P35/SCK1 Open-
3 |also functioning P34/SCKO drain
as SCI 1/0s output
P33/RxD1 enable
P32/RxD0/IrRxD
P31/TxD1
P30/TxDO/IFTXD
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Item Page Revision (See Manual for Details)
Section 8 1/0O Port 175 Table 8.1 amended
Table 81 Port o Modes | Modes Mode 7 nput/
. Port Description 1and5 | 2and 6 Mode 4 — — Output
Functions EXPE =1 EXPE=0 Type
Port [General I/0 port  |P57/AN15/DA3/IRQ7 Schmitt-
5 |alsofunctioning | pog)AN14/DA2ITRGE triggered
as interrupt inputs, input
AJ/D converter P55/AN13/IRQ5 when
analog inputs, and | ps4/AN12/IRQ4 used as
D/A converter IRQ input
analog outputs
General I/O port  |P53/ADTRG/IRQ3 Schmitt-
alsg funcnomng P52/SCK2RQZ Frlggered
as interrupt inputs, input
A/D converter P51/RxD2/IRQ1 when
analog inputs, and | p5o/TxD2/IRQ0 used as
SCI I/Os IRQ input
Port |General I/O port  |P65/TMO1
6 alsg functlor_nng P64/TMOO
as interrupt inputs,
and TMR I/0s ~ |P63/TMCI1
P62/TMCIO
P61/TMRI1
P60/TMRIO
Port [General I/O port  |P75 P75 P75
7 P74 P74 P74
P73 P73 P73
P72 P72 P72
P71 P71 P71
P70 P70 P70
Port [General I/O port  |P85/IRQ5 P85/IRQ5 P85/IRQ5 Schmitt-
8 |as interrupt inputs P84/IRQA P84/IRQA P84/IRQA triggered
N _ . input
P83/IRQ3 P83/IRQ3 P83/RQ3 when
P82/IRQ2 P82/IRQ2 P82/IRQ2 used as
R R IRQ input
P8L/IRQT P8L/IRQT P81IRQT Q inpu
P80/IRQO P80/IRQ0 P80/IRQ0
176 Mode 7 Input/
Modes | Modes
Port Description Mode 4 Output
land5 | 2and 6 EXPE=1 EXPE =0 Type
Port |(General I/O port  |PA7/A23 PAT7/A23 [PA7/IA23 PA7 Built-in
A |alsofunctioning |5 r6/005 PAGIA22 |PABIAZ2 PAG input pull-
as address A2 2 2 up MOS
PA5/A21 PA5/A21 |PA5/A21 PA5
outputs Open:
A20 PA4/A20 |PA4IA20 PA4 drain
A19 PA3/A19 |PA3/A19 PA3 output
enable
Al8 PA2/A18 |PA2/A18 PA2
A17 PA1/A17 [PA1/AL7 PA1
Al6 PA0/A16 |PAO/A16 PAO
177 Mode 7 Input/
- Modes | Modes
Port Description Mode 4 Output
land5 | 2and 6 EXPE=1 EXPE=0 Type
Port |General IO port  |PH3/CS7/(IRQ7) PH3/CS7/(IRQ7)  |PH3/(IRQY) Schmitt-
H |aiso functioning | py17/555(1RQE) PH2ICSEIIRTE)  |PH2I(RTE) jisEEd
as interrupt inputs input
and bus control PH1/CS5 PH1/CS5 PH1 when
1/0s PHO/CS4 PHO/CS4 PHO used as
IRQ input
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Item Page Revision (See Manual for Details)

9.3.9 Timer 288 Bit 7 and 6 initial value amended

Synchronous Register (Before) [ - (After) 0

(TSYR)

13.3.7 Serial Status 406 Normal Serial Communication Interface Mode (When SMIF in

Register (SSR) SCMR is 0)
Bit 2 Clearing condition amended
* When the DTC is activated by a TXI interrupt and writes data
to TDR

13.3.9 Bit Rate 411 Table 13.2 amended

RegiSter (BRR) _I\_/I_qt_i_e______________fl_i_t_lf%_a_t_e_ _____________________ I:Z_r_rEJ_r ______________________________________________

Table13.2 erface Mode B @ x108 Erorog={ 21 1,40

Relationships between Sx 22 x(N+1) {oxsxam ) }

N Setting in BRR and

Bit Rate B

14.3.2 A/D 477 Bit 7 Clearing condition amended

Control/Status Register « When the DTC is activated by an ADI interrupt and ADDR is

(ADCSR) read

18.5.1 Notes on 540 Description amended

Clock Pulse Generator Note that the frequency of @will be changed when setting
SCKCR or PLLCR while executing the external bus cycle with
the Write-data-buffer function.

Section 19 Power- 544 EXDMAC and DMAC description deleted from table 19.1

Down Mode

Table 19.1 Operating

Mode

20.2 Register Bits 566 Table amended

Register

Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit2 Bit1 Bit0 Module
MRA Sm1 SMO0 DM1 DMO MD1 MDO DTS Sz pTc?
SAR — — — — — — — —

MRB CHNE DISEL CHNS — — — — —

DAR — — — — — — — —
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Item Page

Revision (See Manual for Details)

20.2 Register Bits 567

Table amended

Register
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Module
TSR E [ ] o g oD W
ITS7 ITS6 ITS5 ITS4 ITS3 ITS2 ITS1 ITSO
SSIER B B B B B B B B
ssI7 ssi6 ssIs SSl4 ssi3 ssi2 ssi1 SSI0
568 Register
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Module
PFCR2 — — — — ASOE LWROE — = PORT
569 Description amended
BROMCRH, BROMCRL, DRAMCR, DRACCR, REFCR,
RTCNT, and RTCOR deleted from table
BCR (Before) ICIS2¥" _ (After) ICIS2
570 Table amended
Register
Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Module
DTCERA DTCEA7 DTCEA6 DTCEA5 DTCEA4 DTCEA3 DTCEA2 DTCEAL DTCEAO0 DTC
DTCERB = = = - = - - -
DTCERC — DTCEC6 DTCEC5 DTCEC4 DTCEC3 DTCEC2 DTCECL DTCECO
DTCERD DTCED7 DTCED6 DTCEDS DTCED4 DTCED3 DTCED2 DTCEDL DTCEDO
DTCERE DTCEE7 DTCEE6 — = DTCEE3 DTCEE2 DTCEEL DTCEEO
DTCERF = = = = DTCEF3 DTCEF2 DTCEF1 DTCEFO
DTCERG DTCEG7 DTCEG6 — — — — — —
DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVECL DTVECO
INTCR — — INTM1I  INTMO  NMIEG ~ — — — INT
IER B B B B B B B B
IRQ7TE  IRQ6E  IRQSE  IRQ4E  IRQ3E  IRQ2E  IRQIE  IRQOE
ISR = = = = = = = =
IRQ7F  IRQ6F  IRQ5F  IRQ4F  IRQ3F  IRQ2F  IRQIF  IRQOF
NDRH*  NDR1S NDR14 NDRI3 NDRI2 NDRIL NDRIO NDR9  NDR8  PPG
NDRL"* NDR7 NDR6 NDRS NDR4 NDR3 NDR2 NDR1 NDRO
NDRH"* — — — — NDR11 ~ NDR10  NDR9 NDR8
NDRL"! — — — — NDR3 NDR2 NDR1 NDRO
57 2 Register ) ) )
Name Bit 7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 Module
SRz oA chRi PE OF | sTorl  me ksl ckso | sclz
GM* BLK™* BCP1**  BCPO* Smart card
BRR_2 Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bitl Bit0 interface_2
SCR_2 TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_2 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
SSR_2 TDRE RDRF ORER FER/ PER TEND MPB MPBT
ERS™
RDR_2 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
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Item Page Revision (See Manual for Details)
20.2 Register Bits 573 Table amended
Ez?'::ler ,,,,,, Btz Bité  BtS B4 B3 Btz  Bit1  BitO  Module
ADDRH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD
AD1 ADO — — — — — —
ADCSR ADF ADIE ADST = CH3 CH2 CH1 CHO
ADCR TRGS1 TRGSO SCANE SCANS CKS1 CH3 — —
DADRO B B BB BM B8 B B B0 DA
574 e
Name Btz Bit6 BitS Bit4 Bits Btz  Bit1 B0 Module
FLMCR1 = SWE ESU PSU EV PV E P FLASH
FLMCR2 FLER — — — — — — — (F'ZTAT)
EBR1 EB7 EB6 EBS EB4 EB3 EB2 EB1 EBO versen
R T - FRlS  Fe12 PRI PRIO FeS F®8
575 Notes amended
Notes: 1. If the PCR setting specifies the same output trigger
for pulse output group 2 and pulse output group 3, the address
is H'FFAC. If the triggers are different, the NDRH address
corresponding to pulse output group 2 is H'FF4E and the NDRH
address corresponding to pulse output group 3 is H'FF4C. In
like manner, if the PCR setting specifies the same output trigger
for pulse output group 0 and pulse output group 1, the address
is H'FF4D. If the triggers are different, the NDRH address
corresponding to pulse output group 0 is H'FF4F and the NDRH
address corresponding to pulse output group 1 is H'FF4D.
2. Functions as C/A for SCl use, ...
3. Functions as CHR for SCl use, ...
4. Functions as STOP for SCl use, ...
5. Functions as MP for SCl use, ...
6. Functions as FER for SCl use, ...
7. Loaded in on-chip RAM. The bus width is 32 bits when the
DTC accesses this area as register information, and 16 bits
otherwise.
20.3 Register Stated 576 Note *1 deleted
\h Each Operating (Before) SEMR™ _. (After) SEMR
ode
578 (Before) RAMER" _ (After) RAMER
582 (Before) FLMCR1*! _, (After) FLMCR1

(Before) FLMCR2[™! _ (After) FLMCR2
(Before) EBR1! — (After) EBR1
(Before) EBR2*! _. (After) EBR2
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Item Page Revision (See Manual for Details)

21.1.6 Flash Memory 607 Table 21.12 amended
Characteristics Test

Item Symbol  Min Typ Max Unit Conditions
Table 21.12 Flash Programming time™***** t, — 10 200 ms/
Memory Characteristics P 128 bytes

Erase time™****® t — 50 1000 ms/

128 bytes

Rewrite times Ny 100" 10000"* — Times

Data retention time”* e 10 — — Years

Programming Wait time after SWE bit X 1 — — Hs

setting**
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Section 1 Overview

Section 1 Overview

1.1 Features

» High-speed H8S/2600 central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 and H8/300H CPUs on an object level
Sixteen 16-bit general registers
69 basic instructions
» Various peripheral functions
Datatransfer controller (DTC)
16-bit timer-pulse unit (TPU)
Programmable pulse generator (PPG)
8-bit timer (TMR)
Watchdog timer (WDT)
Asynchronous or clocked synchronous serial communication interface (SCI)
10-bit A/D converter
8-bit D/A converter
Clock pulse generator
*  On-chip memory
ROM Type Model ROM RAM
Flash memory version HD64F2667 384 kbytes 16 kbytes

e Genera 1/O ports
[/O pins: 103
Input-only pins: 12
»  Supports various power-down states
e Compact package
Package (Code) Body Size Pin Pitch
LQFP-144 FP-144H 22.0 X 22.0 mm 0.5 mm
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Section 1 Overview

1.3 Pin Description

131 Pin Arrangement

1070 P50/TxD2/IRQ0O

P52/SCK2/IRQ2
P53/ADTRG/IRQ3
PH2/CS6/(IRQ6)
PH3/CS7/(IRQ7)
PG4/BREQO
PG5/BACK
PG6/BREQ

Vce

P40/ANO
P41/AN1
P42/AN2
P43/AN3

Vref

AVce

P44/AN4
P45/AN5
P46/AN6/DAO
P47/AN7/DAL
P54/AN12/IRQ4
P55/AN13/IRQ5
P56/AN14/DA2/IRQ6
P57/AN15/DA3/IRQ7
AVss

NC*

P35/SCK1
P34/SCKO
P33/RxD1

Vss
P32/RxDO/IrRxD
P31/TxD1
P30/TxDO/IrTXD
P80/(IRQ0)
P81/(IRQ1)
P82/(IRQ2)

MDO

MD1

2
3
4

P84/(IRQ4) O
P85/(IRQ5) O

P83/(IRQ3) O

Note: * An NC pin should be unconnected.

vee 5
PCO/A0 []6
PC1/A1 O7
PC2/A2 []8
PC3/A3 ]9
PC4/A4 []10
PC5/A5 []11

Vss []12
PC6/A6 []13
PC7/A7 C]14
PBO/A8 []15
PB1/A9 []16

891 PF4/HWR
88[1 PF3/LWR
870 PF2
861 PF1

FP-144H
(Top view)

Vss []19

PB2/A10 17
PB3/A11 18
PB4/A12 []20

PB5/A13 []21
PB6/A14 []22
PB7/A15 []23

85[0 PFO/WAIT
841 P65/TMO1
830 P64/TMOO
821 P63/TMCI1
81[d P62/TMCIO
8o PDO0O/D8

790 PD1/D9

78[0 PD2/D10
7710 PD3/D11

7600 Vss

Vss []26

PAO/A16 []24
PA1/A17 []25
PA2/A18 []27
PA3/A19 []28

7500 PD4/D12
740 PD5/D13
730 PD6/D14

PA4/A20 []29
PA5/A21 []30
PA6/A22 []31
PA7/A23 []32

1 PD7/D15

1 PEO/DO

1 PE1/D1

1 PE2/D2

1 PE3/D3

] Vce

[1 PE4/D4

[1 PE5/D5

[1 PE6/D6

[1 PE7/D7

[1 Vss

[ P61/TMRI1

[ P60/TMRIO

[1 P27/PO7/TIOCBS

1 P26/PO6/TIOCAS

[1 P25/PO5/TIOCB4

[0 P24/PO4/TIOCA4

[1 P23/PO3/TIOCD3

[0 P22/PO2/TIOCC3

1 P21/PO1/TIOCB3

[J P20/POO/TIOCA3

[1 P17/PO15/TIOCB2/TCLKD
] P16/PO14/TIOCA2

[ P15/PO13/TIOCB1/TCLKC
[ P14/PO12/TIOCAL

O Vss

1 P13/PO11/TIOCDO/TCLKB
[ P12/PO10/TIOCCO/TCLKA
1 P11/PO9/TIOCBO

[0 P10/PO8/TIOCAQ

B P75

0 P74

0 P73

RV

0 NMI

1 WDTOVF

Figure1.2 Pin Arrangement
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Section 1 Overview

132 Pin Arrangement in Each Operating M ode

Tablel.1 Pin Arrangement in Each Operating Mode

Pin Name
Mode 7 Flash Memory

Pin Modes 1 Modes 2 Programmer
No. and 5 and 6 Mode 4 EXPE=1 EXPE=0 Mode
1 MD2 MD2 MD2 MD2 MD2 Vss
2 P83/(IRQ3) P83/(IRQ3) P83/(IRQ3) P83/(IRQ3) P83/(IRQ3) NC
3 P84/(IRQ4) P84/(IRQ4) P84/(IRQ4) P84/(IRQ4) P84/(IRQ4) NC
4 P85/(IRQ5) P85/(IRQ5) P85/(IRQ5) P85/(IRQ5) P85/(IRQ5) NC
5 Vce Vce Vce Vce Vce Vce
6 A0 A0 PCO/AO PCO/A0 PCO A0
7 Al Al PC1/A1 PC1/A1 PC1 Al
8 A2 A2 PC2/A2 PC2/A2 pC2 A2
9 A3 A3 PC3/A3 PC3/A3 PC3 A3
10 A4 A4 PC4/A4 PC4/A4 PC4 A4
11 A5 A5 PC5/A5 PC5/A5 PC5 A5
12 Vss Vss Vss Vss Vss Vss
13 A6 A6 PC6/A6 PC6/A6 PC6 A6
14 A7 A7 PC7/A7 PC7/A7 PC7 A7
15 A8 A8 PBO/A8 PBO/A8 PBO A8
16 A9 A9 PB1/A9 PB1/A9 PB1 A9
17 Al0 Al10 PB2/A10 PB2/A10 PB2 Al10
18 All All PB3/A11 PB3/All PB3 All
19 Vss Vss Vss Vss Vss Vss
20 Al2 Al2 PB4/A12 PB4/A12 PB4 Al2
21 Al3 Al3 PB5/A13 PB5/A13 PB5 Al3
22 Al4 Al4 PB6/A14 PB6/A14 PB6 Al4
23 Al5 Al5 PB7/A15 PB7/A15 PB7 Al5
24 Al6 Al6 PAO/A16 PAO/A16 PAO Al6
25 Al7 Al7 PAL1/A17 PA1/A17 PA1 Al7
26 Vss Vss Vss Vss Vss Vss
27 Al18 Al8 PA2/A18 PA2/A18 PA2 Al8
28 Al9 Al9 PA3/A19 PA3/A19 PA3 NC
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Pin Name
Mode 7 Flash Memory
Pin Modes 1 Modes 2 Programmer
No. and 5 and 6 Mode 4 EXPE=1 EXPE=0 Mode
29 A20 A20 PA4/A20 PA4/A20 PA4 NC
30 PA5/A21 PA5/A21 PA5/A21 PA5/A21 PAS5 NC
31 PAG/A22 PAG/A22 PAG/A22 PAG/A22 PAG6 NC
32 PA7/A23 PA7/A23 PA7/A23 PA7/A23 PA7 NC
33 NC NC NC NC NC NC
34 P70 P70 P70 P70 P70 NC
35 P71 P71 P71 P71 P71 NC
36 P72 P72 P72 P72 P72 NC
37 WDTOVF WDTOVF WDTOVF WDTOVF WDTOVF NC
38 NMI NMI NMI NMI NMI Vce
39 Vce Vcc Vcc Vcc Vcc Vcc
40 P73 P73 P73 P73 P73 NC
41 P74 P74 P74 P74 P74 NC
42 P75 P75 P75 P75 P75 NC
43 P10/PO8/ P10/PO8/ P10/PO8/ P10/PO8/ P10/PO8/ NC
TIOCAO TIOCAO TIOCAO TIOCAO TIOCAO
44 P11/PO9/ P11/PO9/ P11/PO9/ P11/PO9/ P11/PO9/ NC
TIOCBO TIOCBO TIOCBO TIOCBO TIOCBO
45 P12/PO10/ P12/PO10/ P12/PO10/ P12/PO10/ P12/PO10/ NC
TIOCCO/ TIOCCo/ TIOCCo/ TIOCCO/ TIOCCOo/
TCLKA TCLKA TCLKA TCLKA TCLKA
46 P13/PO11/ P13/PO11/ P13/PO11/ P13/PO11/ P13/PO11/ NC
TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/
TCLKB TCLKB TCLKB TCLKB TCLKB
47 Vss Vss Vss Vss Vss Vss
48 P14/PO12/ P14/PO12/ P14/PO12/ P14/PO12/ P14/PO12/ NC
TIOCAl TIOCAL TIOCAL TIOCAl TIOCAL
49 P15/PO13/ P15/PO13/ P15/PO13/ P15/PO13/ P15/PO13/ NC
TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/
TCLKC TCLKC TCLKC TCLKC TCLKC
50 P16/PO14/ P16/PO14/ P16/PO14/ P16/PO14/ P16/PO14/ NC
TIOCA2 TIOCA2 TIOCA2 TIOCA2 TIOCA2
51 P17/PO15/ P17/PO15/ P17/PO15/ P17/PO15/ P17/PO15/ NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/
TCLKD TCLKD TCLKD TCLKD TCLKD

=REN
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Section 1 Overview

Pin Name
Mode 7 Flash Memory
Pin Modes 1 Modes 2 Programmer
No. and 5 and 6 Mode 4 EXPE=1 EXPE=0 Mode
52 P20/PO0/ P20/PO0/ P20/PO0/ P20/PO0/ P20/PO0/ NC
TIOCA3 TIOCA3 TIOCA3 TIOCA3 TIOCA3
53 P21/PO1/ P21/PO1/ P21/PO1/ P21/PO1/ P21/PO1/ NC
TIOCB3 TIOCB3 TIOCB3 TIOCB3 TIOCB3
54 P22/PO2/ P22/PO2/ P22/PO2/ P22/PO2/ P22/PO2/ OE
TIOCC3 TIOCC3 TIOCC3 TIOCC3 TIOCC3
55 P23/PO3/ P23/PO3/ P23/PO3/ P23/PO3/ P23/PO3/ CE
TIOCD3 TIOCD3 TIOCD3 TIOCD3 TIOCD3
56 P24/P0O4/ P24/P0O4/ P24/P0O4/ P24/P0O4/ P24/PO4/ WE
TIOCA4 TIOCA4 TIOCA4 TIOCA4 TIOCA4
57 P25/PO5/ P25/PO5/ P25/PO5/ P25/PO5/ P25/PO5/ Vss
TIOCB4 TIOCB4 TIOCB4 TIOCB4 TIOCB4
58 P26/PO6/ P26/PO6/ P26/PO6/ P26/PO6/ P26/PO6/ NC
TIOCAS TIOCA5 TIOCA5 TIOCAS TIOCA5
59 P27/PO7/ P27/PO7/ P27/PO7/ P27/PO7/ P27/PO7/ NC
TIOCB5 TIOCB5 TIOCB5 TIOCB5 TIOCB5
60 P60/TMRIO P60/TMRIO P60/TMRIO P60/TMRIO P60/TMRIO NC
61 P61/TMRI1 P61/TMRI1 P61/TMRI1 P61/TMRI1 P61/TMRI1 NC
62 Vss Vss Vss Vss Vss Vss
63 D7 PE7/D7 PE7/D7 PE7/D7 PE7 NC
64 D6 PE6/D6 PE6/D6 PE6/D6 PE6 NC
65 D5 PE5/D5 PE5/D5 PE5/D5 PE5 NC
66 D4 PE4/D4 PE4/D4 PE4/D4 PE4 NC
67 Vce Vcce Vcce Vcc Vcce Vcce
68 D3 PE3/D3 PE3/D3 PE3/D3 PE3 NC
69 D2 PE2/D2 PE2/D2 PE2/D2 PE2 NC
70 D1 PE1/D1 PE1/D1 PE1/D1 PE1 NC
71 DO PEO/DO PEO/DO PEO/DO PEO NC
72 D15 D15 D15 D15 PD7 1107
73 D14 D14 D14 D14 PD6 1106
74 D13 D13 D13 D13 PD5 1105
75 D12 D12 D12 D12 PD4 1104
76 Vss Vss Vss Vss Vss Vss
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Pin Name
Mode 7 Flash Memory

Pin Modes 1 Modes 2 Programmer
No. and 5 and 6 Mode 4 EXPE=1 EXPE=0 Mode
77 D11 D11 D11 D11 PD3 1103
78 D10 D10 D10 D10 PD2 1102
79 D9 D9 D9 D9 PD1 1101
80 D8 D8 D8 D8 PDO 1100
81 P62/TMCIO P62/TMCIO P62/TMCIO P62/TMCIO P62/TMCIO NC
82 P63/TMCI1 P63/TMCI1 P63/TMCI1 P63/TMCI1 P63/TMCI1 NC
83 P64/TMOO P64/TMOO P64/TMOO P64/TMOO P64/TMOO NC
84 P65/TMO1 P65/TMO1 P65/TMO1 P65/TMO1 P65/TMO1 NC
85 PFO/WAIT PFO/WAIT PFO/WAIT PFO/WAIT PFO NC
86 PF1 PF1 PF1 PF1 PF1 NC
87 PF2 PF2 PF2 PF2 PF2 NC
88 PF3/LWR PF3/LWR PF3/LWR PF3/LWR PF3 NC
89 HWR HWR HWR HWR PF4 NC
90 RD RD RD RD PF5 NC
91 PF6/AS PF6/AS PF6/AS PF6/AS PF6 NC
92 PLLVss PLLVss PLLVss PLLVss PLLVss Vss
93 RES RES RES RES RES RES
94 PLLVcc PLLVcc PLLVcc PLLVcc PLLVcc Vcc
95 PF7/@ PF7/¢ PF7/¢ PF7/@ PF7/¢ NC
96 Vce Vcc Vcc Vcc Vcc Vcc
97 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
98 XTAL XTAL XTAL XTAL XTAL XTAL
99 Vss Vss Vss Vss Vss Vss
100 STBY STBY STBY STBY STBY Vee
101  PGO/CSO PG0/CSO PG0/CSO PG0/CSO PGO NC
102  PG1/CST PG1/CST PG1/CST PG1/CST PG1 NC
103  PG2/CS2 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC
104  PG3/CS3 PG3/CS3 PG3/CS3 PG3/CS3 PG3 NC
105  PHO/CS4 PHO/CS4 PHO/CS4 PHO/CS4 PHO NC
106  PH1/CS5 PH1/CS5 PH1/CS5 PH1/CS5 PH1 NC

=REN
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Section 1 Overview

Pin Name
Mode 7 Flash Memory
Pin Modes 1 Modes 2 Programmer
No. and 5 and 6 Mode 4 EXPE=1 EXPE=0 Mode
107 P50/TxD2/ P50/TxD2/ P50/TxD2/ P50/TxD2/ P50/TxD2/ Vss
IRQO IRQO IRQO IRQO IRQO
108 P51/RxD2/ P51/RxD2/ P51/RxD2/ P51/RxD2/ P51/RxD2/ Vss
IRQ1 IRQ1 IRQ1 IRQ1 IRQ1
109 P52/SCK2/ P52/SCK2/ P52/SCK2/ P52/SCK2/ P52/SCK2/ Vce
IRQ2 IRQ2 IRQ2 IRQ2 IRQ2
110 P53/ADTRG/ P53/ADTRG/ P53/ADTRG/ P53/ADTRG/ P53/ADTRG/ NC
IRQ3 IRQ3 IRQ3 IRQ3 IRQ3
111 PH2/CS6/ PH2/CS6/ PH2/CS6/ PH2/CS6/ PH2/(IRQ6) NC
(IRQS6) (IRQS6) (IRQS6) (IRQS6)
112 PH3/CS7/ PH3/CS7/ PH3/CS7/ PH3/CS7/ PH3/(IRQ7) NC
(IRQ7) (IRQ7) (IRQ7) (IRQ7)
113 PG4/BREQO PG4/BREQO PG4/BREQO PG4/BREQO PG4 NC
114 PG5/BACK PG5/BACK PG5/BACK PG5/BACK PG5 NC
115 PG6/BREQ PG6/BREQ PG6/BREQ PG6/BREQ PG6 NC
116 Vce Vcce Vcce Vcc Vcce Vcce
117 P40/ANO P40/ANO P40/ANO P40/ANO P40/ANO NC
118 P41/AN1 P41/AN1 P41/AN1 P41/AN1 P41/AN1 NC
119 P42/AN2 P42/AN2 P42/AN2 P42/AN2 P42/AN2 NC
120 P43/AN3 P43/AN3 P43/AN3 P43/AN3 P43/AN3 NC
121 Vref Vref Vref Vref Vref NC
122 AVcc AVcc AVcc AVcc AVcc Vcc
123 P44/AN4 P44/AN4 P44/AN4 P44/AN4 P44/AN4 NC
124 P45/AN5 P45/AN5 P45/AN5 P45/AN5 P45/AN5 NC
125 P46/AN6/DAO0  P46/AN6/DAO0  P46/AN6/DAO0  P46/AN6/DAO0  P46/AN6/DA0  NC
126 P47/AN7/DA1  P47/AN7/DA1  P47/AN7/DA1  P47/AN7/DA1  P47/AN7/DA1 NC
127 P54/AN12/ P54/AN12/ P54/AN12/ P54/AN12/ P54/AN12/ NC
IRQ4 IRQ4 IRQ4 IRQ4 IRQ4
128 P55/AN13/ P55/AN13/ P55/AN13/ P55/AN13/ P55/AN13/ NC
IRQ5 IRQ5 IRQ5 IRQ5 IRQ5
129 P56/AN14/ P56/AN14/ P56/AN14/ P56/AN14/ P56/AN14/ NC
DA2/IRQ6 DA2/IRQ6 DA2/IRQ6 DA2/IRQ6 DA2/IRQ6
130 P57/AN15/ P57/AN15/ P57/AN15/ P57/AN15/ P57/AN15/ NC
DA3/IRQ7 DA3/IRQ7 DA3/IRQ7 DA3/IRQ7 DA3/IRQ7
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Pin Name
Mode 7 Flash Memory

Pin Modes 1 Modes 2 Programmer
No. and 5 and 6 Mode 4 EXPE=1 EXPE=0 Mode
131 AVss AVss AVss AVss AVss Vss
132 NC NC NC NC NC NC
133 P35/SCK1 P35/SCK1 P35/SCK1 P35/SCK1 P35/SCK1 NC
134 P34/SCKO P34/SCKO P34/SCKO P34/SCKO P34/SCKO NC
135 P33/RxD1 P33/RxD1 P33/RxD1 P33/RxD1 P33/RxD1 NC
136 Vss Vss Vss Vss Vss Vss
137 P32/RxD0/ P32/RxD0/ P32/RxD0/ P32/RxD0/ P32/RxD0/ Vcce

IrRxD IrRxD IrRxD IrRxD IrRxD
138 P31/TxD1 P31/TxD1 P31/TxD1 P31/TxD1 P31/TxD1 NC
139 P30/TxD0/ P30/TxD0/ P30/TxD0/ P30/TxD0/ P30/TxD0/ NC

IrTxD IrTxD IrTxD IrTxD IrTxD

140  P80/(IRQO) P80/(TRQO) P80/(TRQO) P80/(IRQO) P80/(TRQD) NC

141 P8L(RQT) P81/(IRQT) P81/(IRQT) P81/(IRQ1) P81/(IRQT) NC

142 P82/(RQ2) P82/(IRQ2) P82/(IRQ2) P82/(IRQ2) P82/(IRQ2) NC

143 MDO MDO MDO MDO MDO Vss

144 MD1 MD1 MD1 MD1 MD1 Vss
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Section 1 Overview

1.3.3 Pin Functions

Table1.2 Pin Functions
Pin No.
Type Symbol FP-144H I/0 Function
Power Ve 5, 39, 67, Input For connection to the power supply. All V.
96, 116 pins should be connected to the system
power supply.

Ve 12,19, 26, Input For connection to ground. All V, pins should

47,76, 99, be connected to the system power supply
136 O V).

PLLV_ 94 Input Power supply pin for the on-chip PLL
oscillator.

PLLV 92 Input Ground pin for the on-chip PLL oscillator.

Clock XTAL 98 Input For connection to a crystal oscillator. See
section 18, Clock Pulse Generator for typical
connection diagrams for a crystal oscillator
and external clock input.

EXTAL 97 Input For connection to a crystal oscillator. The
EXTAL pin can also input an external clock.
See section 18, Clock Pulse Generator for
typical connection diagrams for a crystal
oscillator and external clock input.

[0} 95 Output  Supplies the system clock to external
devices.

Operating MD2 1, 144,143  Input These pins set the operating mode. These

mode control MD1 pins should not be changed while the MCU is

MDO operating.

System RES 93 Input When this pin is driven low, the chip is reset.

control STBY 100 Input When this pin is driven low, a transition is
made to hardware standby mode.

BREQ 115 Input Requests chip to release the bus to an
external bus master.

BREQO 113 Output  External bus request signal used when an
internal bus master accesses external space
when the external bus is released.

BACK 114 Output  Indicates that the bus has been released to

an external bus master.
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Pin No.
Type Symbol FP-144H I/0 Function
Address bus  A23to A0 32 to 27, Output  These pins output an address.
25 to 20,
18 to0 13,
11to 6
Data bus D15to DO 72to 75, Input/ These pins constitute a bidirectional data
77 to 80, output bus.
63 to 66,
681to 71
Bus control CS7to 112,111, Output  Signals that select division areas 7 to 0 in the

CS0 106 to 101 external address space.

AS 91 Output  When this pin is low, it indicates that address
output on the address bus is valid.

RD 90 Output  When this pin is low, it indicates that the
external address space is being read.

HWR 89 Output  Strobe signal indicating that external address
space is to be written, and the upper half
(D15 to D8) of the data bus is enabled.

Write enable signal for DRAM interface
space.

LWR 88 Output  Strobe signal indicating that external address
space is to be written, and the lower half (D7
to DO) of the data bus is enabled.

WAIT 85 Input Requests insertion of a wait state in the bus
cycle when accessing external 3-state
address space.

Interrupt NMI 38 Input Nonmaskable interrupt request pin. Fix high
signals when not used.

IRQ7 to 130t0 127,  Input These pins request a maskable interrupt.

IRQO 11010 107 The input pins of DREQn and (DREQn) are

(IRQ7)to 112,111, selected by the IRQ pin select register

(IRQO) 410 2, (ITSR) of the interrupt controller. (n =0 to 7)

142 to 140
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Pin No.
Type Symbol FP-144H I/0 Function
16-bit timer TCLKA 45, 46, 49, Input External clock input pins.
pulse unit TCLKB 51
(TPU) TCLKC
TCLKD
TIOCAO 43, 44, 45, Input/ TGRA_0 to TGRD_O input capture
TIOCBO 46 output  input/output compare output/PWM output
TIOCCO pins.
TIOCDO
TIOCAL 48, 49 Input/ TGRA_1 and TGRB_1 input capture
TIOCB1 output  input/output compare output/PWM output
pins.
TIOCA2 50, 51 Input/ TGRA_2 and TGRB_2 input capture
TIOCB2 output  input/output compare output/PWM output
pins.
TIOCA3 52, 53, 54, Input/ TGRA_3 to TGRD_3 input capture
TIOCB3 55 output  input/output compare output/PWM output
TIOCC3 pins.
TIOCD3
TIOCA4 56, 57 Input/ TGRA_4 and TGRB_4 input capture
TIOCB4 output  input/output compare output/PWM output
pins.
TIOCA5, 58,59 Input/ TGRA_5 and TGRB_5 input capture
TIOCB5 output  input/output compare output/PWM output
pins.
Programmable PO15 to 51 to 48, Output  Pulse output pins.
pulse POO 46 to 43,
generator 5910 52
(PPG)
8-bit timer TMOO 83, 84 Output  Waveform output pins with output compare
TMO1 function.
TMCIO 81, 82 Input External event input pins.
TMCI1
TMRIO 60, 61 Input Counter reset input pins.
TMRI1
Watchdog WDTOVF 37 Output  Counter overflow signal output pin in
timer (WDT) watchdog timer mode.
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Pin No.
Type Symbol FP-144H I/0 Function
Serial commu- TxD2 107, 138, Output  Data output pins.
nication TxD1 139
interface TxDO/IrTxD
(SCI)/smart RxD2 108, 135, Input Data input pins.
card interface RxD1 137
(SCI_0 with RxDO/
IrDA function) IrRXD
SCK2 109, 133, Input/ Clock input/output pins.
SCK1 134 output
SCKO
A/D converter AN15 to 130to 127, Input Analog input pins for the A/D converter.
AN12, 126 to 123,
AN7 to 120 to 117
ANO
ADTRG 110 Input Pin for input of an external trigger to start
A/D conversion.
D/A converter DA3 to 130, 129, Output  Analog input pins for the D/A converter.
DAO 126, 125
A/D converter, AV . 122 Input The analog power-supply pin for the A/D
D/A converter converter and D/A converter.
When the A/D converter and D/A converter
are not used, this pin should be connected to
the system power supply (+3 V).
AV 131 Input The ground pin for the A/D converter and
D/A converter.
This pin should be connected to the system
power supply (0 V).
Vref 121 Input The reference voltage input pin for the A/D

converter and D/A converter.

When the A/D converter and D/A converter
are not used, this pin should be connected to
the system power supply (+3 V).
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Pin No.

Type Symbol FP-144H I/0 Function

I/O ports P17 to 51 to 48, Input/ Eight input/output pins.
P10 46 t0 43 output
P27 to 591052 Input/ Eight input/output pins.
P20 output
P35 to 1331t0 135, Input/ Six input/output pins.
P30 137 to 139 output
P47 to 126 to 123, Input Eight input pins.
P40 120 to 117
P57 to 130 to 127 Input Four input pins.
P54
P53 to 110 to 107 Input/ Four input/output pins.
P50 output
P65 to 84 to 81, Input/ Six input/output pins.
P60 61, 60 output
P75 to 42 to 40, Input/ Six input/output pins.
P70 3610 34 output
P85 to 410 2, Input/ Six input/output pins.
P80 142 to 140 output
PAT to 3210 27, Input/ Eight input/output pins.
PAO 25, 24 output
PB7 to 2310 20, Input/ Eight input/output pins.
PBO 18 to 15 output
PC7 to 14, 13, Input/ Eight input/output pins.
PCO 11to 6 output
PD7 to 7210 75, Input/ Eight input/output pins.
PDO 77 to 80 output
PE7 to 63 to 66, Input/ Eight input/output pins.
PEO 681to 71 output
PF7 to 95,91t0 85 Input/ Eight input/output pins.
PFO output
PG6 to 115to 113, Input/ Seven input/output pins.
PGO 104 to 101 output
PH3 to 112, 111, Input/ Four input/output pins.
PHO 106, 105 output

Rev. 3.00 Feb 22, 2006 page 14 of 624

REJ09B0281-0300

RENESAS



Section 2 CPU

Section2 CPU

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 H8S/2600 CPU has sixteen 16-bit
genera registers, can address a 16-Mbyte linear address space, and isideal for realtime control.
This section describes the H8S/2600 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

21 Features

e Upward-compatible with H8/300 and H8/300H CPUs
Can execute H8/300 and H8/300H aobject programs
e General-register architecture
Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
e Sixty-nine basic instructions
8/16/32-hit arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions
Multiply-and-accumulate instruction
» Eight addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [@ERN+ or @-ERn]
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]
e 16-Mbyte address space
Program: 16 Mbytes
Data: 16 Mbytes
¢ High-speed operation
All frequently-used instructions execute in one or two states
8/16/32-hit register-register add/subtract: 1 state
8 x 8-hit register-register multiply: 3 states
16 + 8-hit register-register divide: 12 states
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Section 2 CPU

16 x 16-bit register-register multiply: 4 states
32 + 16-bit register-register divide: 20 states
e Two CPU operating modes
Normal mode”
Advanced mode
* Power-down state
Transition to power-down state by SLEEP instruction
CPU clock speed selection

Note: * Normal modeis not availablein thisLSlI.

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

* Register configuration
The MAC register is supported only by the H85/2600 CPU.
* Basicinstructions

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

*  The number of execution states of the MULXU and MUL XS instructions
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

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.

212 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

Eight 16-bit expanded registers, and one 8-bit and two 32-bit control registers, have been
added.
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» Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-M byte address space.

» Enhanced addressing

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

» Enhanced instructions
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-hit shift and rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.
e Higher speed
Basic instructions execute twice as fast.

Note: Normal modeis not availablein thisLSl.

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

e Additional control register
One 8-hit and two 32-bit control registers have been added.
« Enhanced instructions
Addressing modes of bit-manipulation instructions have been enhanced.
A multiply-and-accumulate instruction has been added.
Two-hit shift and rotate instructions have been added.
Instructions for saving and restoring multiple registers have been added.
A test and set instruction has been added.
« Higher speed
Basic instructions execute twice as fast.
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22 CPU Operating Modes

The H85/2600 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. The modeis selected by the mode pins.

221 Normal M ode

The exception vector table and stack have the same structure as in the H8/300 CPU.

Address Space
The H8S/2600 CPU provides linear access to a maximum 64-kbyte address space.
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.

When En isused 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 is referenced in the
register indirect addressing mode with pre-decrement (@—Rn) or post-increment (@Rn+) and a
carry or borrow occurs, however, the value in the corresponding extended register (En) will be
affected.

Instruction Set

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

Exception Vector Table and Memory Indirect Branch Addresses

In norma mode the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The exception vector table in normal mode is shown in
figure 2.1. For details of the exception vector table, see section 4, Exception Handling.

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-bit 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-hit branch address. Branch addresses can be stored in the top area from H'0000
to H'OOFF. Note that thisareais also used for the exception vector table.

Stack Structure

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack
in exception handling, they are stored as shown in figure 2.2. EXR is not pushed onto the
stack in interrupt control mode 0. For details, see section 4, Exception Handling.

Note: Norma modeis not availablein thisLSl.
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H'0000
H'0001
H'0002
H'0003
H'0004 |
H0005 | _ (Reserved for system use) -- .
H'0006 | \ Exception

H'0007 vector table
H'0008
H'0009
H'000A
H'000B

- Reset exception vector --

= (Reserved for system use) --

- - Exception vector 1 --

- Exception vector 2 --

N

Figure2.1 Exception Vector Table (Normal Mode)

\/\\/\

sp—~| PC sp —~ EXR’
(16 bits) Reserved "3
(SP™2—) CCR
\/—\ CcR?
L - - Pc -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

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

Figure2.2 Stack Structurein Normal Mode
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222 Advanced Mode

e Address Space
Linear accessis provided to a 16-Mbyte maximum address space.
e 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 or address registers.
* Ingtruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode the top area starting at H'00000000 is allocated to the exception vector table
in units of 32 hits. In each 32 bits, the upper 8 bits are ignored and a branch addressis stored in
the lower 24 bits (figure 2.3). For details of the exception vector table, see section 4, Exception
Handling.

H'00000000 Reserved

) Reset exception vector
H'00000003
H'00000004 | B_G_S_ef\{e_q _____________

(Reserved for system use)
H'00000007
H'00000008
[~ """l > Exception vector table

H00000008 - (Reserved for system use) --
H'0000000C | .
H'00000010 Reserved

) Exception vector 1 o

Figure2.3 Exception Vector Table (Advanced Mode)
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The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions
uses an 8-bit 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 areathat is regarded as H'00. Branch
addresses can be stored in the area from H'00000000 to H'000000FF. Note that the first part of
thisrange is also used for the exception vector table.

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 2.4. EXR is not
pushed onto the stack in interrupt control mode 0. For details, see section 4, Exception
Handling.

\/\J\

SP — EXR'!
sP—~| ~ Reseved | Reserved ! "3
pC (8P"2—) CCR
R (24 bits) - - PC --
. (24 bits) I
(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.

Figure2.4 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.5 shows a memory map of the H8S/2600 CPU. The H8S/2600 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®. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating
Modes.

Note: * Normal modeis not availablein thisLSI.

H'0000 H'00000000
64-kbyte 16-Mbyte
H'FFFF Program area
HOOFFFFFF | __ ___ __________ Data area
Cannnot be
used in this LSI
H'FFFFFFFF
(a) Normal Mode* (b) Advanced Mode

Note: * Normal mode cannot be used in this LSI.

Figure2.5 Memory Map
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24 Registers

The H85/2600 CPU has the internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-bit
extended register (EXR), an 8-bit condition code register (CCR), and a 64-bit multiply-accumulate

register (MAC)

General Registers (Rn) and Extended Registers (En)

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

Control Registers (CR)

23 0
| PC |

76543210
ExR [1]-]-[-]-[re]ufiol

76543210

cer [1ulru[n]z]v]c|

63 41 32
Sign extension : MACH
MAC
MACL

31 0
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter uU: User bit
EXR: Extended 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: * Ul cannot be used as an interrupt mask bit in this LSI.

Figure2.6 CPU Registers
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241 General Registers

The H85/2600 CPU has eight 32-bit general registers. These general registers are al functionally
alike and can be used as both address registers and data registers. When a general register is used
as adataregister, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers. 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). These registers are functionally equivalent, providing a maximum sixteen 8-hbit
registers.

The usage of each register can be selected independently.

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

* Address registers * 16-bit registers « 8-bit registers
* 32-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)

Figure2.7 Usageof General Registers
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.8 Stack

24.2 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 is regarded as 0.)

243  Extended Register (EXR)

EXR is an 8-hit register that can be manipulated by the LDC, STC, ANDC, ORC, and XORC
instructions. When these instructions except for the STC instruction is executed, al interrupts
including NMI will be masked for three states after execution is completed.

Bit Bit Name Initial Value R/W Description

7 T 0 R/W Trace Bit
When this bit is set to 1, a trace exception is started
each time an instruction is executed. When this bit is
cleared to 0, instructions are executed in sequence.

6 — All1 — Reserved

5 They are always read as 1.

4

3

2 12 1 R/W These bits designate the interrupt mask level (0 to

1 11 1 RIW 7). For details, refer to section 5, Interrupt Controller.

0 10 1 R/W
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244 Condition-Code Register (CCR)

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

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) instructions.

Bit Bit Name Initial Value R/W Description
7 I 1 R/W Interrupt Mask Bit

Masks interrupts other than NMI when set to 1.
NMI is accepted regardless of the | bit setting.
The | bit is set to 1 by hardware at the start of an
exception-handling sequence. For detalils, refer to
section 5, Interrupt Controller.

6 ul Undefined R/W User Bit or Interrupt Mask Bit

Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions.
This bit cannot be used as an interrupt mask bit
in this LSI.

5 H Undefined R/W Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B,
CMP.B, or NEG.B instruction is executed, this
flag is set to 1 if there is a carry or borrow at bit 3,
and cleared to 0 otherwise. When the ADD.W,
SUB.W, CMP.W, or NEG.W instruction is
executed, the H flag is set to 1 if there is a carry
or borrow at bit 11, and cleared to 0 otherwise.
When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 27, and cleared to
0 otherwise.

4 U Undefined R/W User Bit

Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

3 N Undefined R/W Negative Flag

Stores the value of the most significant bit of data
as a sign hit.
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Bit Bit Name Initial Value R/W Description
2 Z Undefined R/W Zero Flag

Set to 1 to indicate zero data, and cleared to O to
indicate non-zero data.

1 \% Undefined R/W Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to O otherwise.

0 C Undefined R/W Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry

e Subtract instructions, to indicate a borrow

* Shift and rotate instructions, to indicate a
carry

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

245 Multiply-Accumulate Register (MAC)

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

2.4.6 Initial Values of CPU Internal Registers

When the reset exception handling loads the start address from the vector address, PC is
initialized, the T bit in EXR is cleared to 0, and the | bitsin EXR and CCR are set to 1. However,
the general registers and the other CCR hits are not initialized. The initial value of SP (ER7) is
undefined. SP should therefore be initialized by using the MOV .L instruction immediately after a
reset.

25 Data Formats

The H85/2600 CPU can process 1-bit, 4-hit (BCD), 8-hit (byte), 16-bit (word), and 32-hit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 1) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.
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251 General Register Data For mats

Figure 2.9 shows the data formats in general registers.

Data Type Register Number Data Format
7 0
1-bit data Ror 716151413121 1i o| Don't care -
___________________ 7 0
1-bit data RnL i Don't care | 716151413121 110
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care i
.................. a
___________________ 7 4 3 0
4-bit BCD data RnL i Don't care | Upper | Lower |
7 O
Byte data RNH [ | Don't care E
MSB s T
___________________ 7 0
Byte data RnL ' Don't care | R RE |
"""""""""" MSB LSB

Figure2.9 General Register Data Formats (1)
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Data Type Register Number Data Format
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En RN LSB
Legend:
ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.9 General Register Data Formats (2)
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25.2 Memory Data For mats

Figure 2.10 shows the data formats in memory. The H8S/2600 CPU can access word data and
longword datain memory, but word or longword data must begin at an even address. If an attempt
is made to 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.

When ER7 is used as an address register to access the stack, the operand size should be word size

or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Address Data Format
/\/
7 0
Address L 7|6|5|4|3|2|1|0
Address L MSB, i ! ! ! SB

Address 2M MSBE

Address 2M+1 E E E E E E ELSB

Address 2N

Address 2N+1 [ T T A

Address 2N+2 E E E E E E E

Address 2N+3 E E E E E E ELSB

Figure2.10 Memory Data Formats
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2.6 I nstruction Set

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 B/W/IL 5
POP**, PUSH™ wWiL
LDM, STM L
MOVFPE™®, MOVTPE"* B
Arithmetic ADD, SUB, CMP, NEG B/W/L 23
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS Wi/L
TAS™ B
MAC, LDMAC, STMAC, CLRMAC —
Logic operations AND, OR, XOR, NOT B/W/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR B/WI/L
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc™?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —
Block data transfer EEPMOV — 1
Total: 69
Legend: B: Byte
W: Word
L: Longword

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

2. Bcc is the general name for conditional branch instructions.
Cannot be used in this LSI.
4. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

w
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26.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The notation used in
tables 2.3 to 2.10 is defined below.

Table2.2 Operation Notation

Symbol Description

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 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

ad Logical AND

g Logical OR

ad 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-hit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.3 DataTransfer Instructions
Instruction  Size*  Function
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 this LSI.
MOVTPE B Cannot be used in this LSI.
POP W/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERnN.
PUSH Wi/L Rn - @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @—-SP.
LDM L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
ST™M L Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.4 Arithmetic Operations Instructions (1)

Instruction  Size*

Function

ADD B/W/L Rd*Rs - Rd, Rdz#MM - Rd

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 B/WL Rd+1-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 result in a general register by
referring to the CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bits.

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 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 bits + 16 bits — 16-bit quotient and 16-bit remainder.

Note: * Size refers to the operand size.

B: Byte
W: Word

L: Longword
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Table2.4 Arithmetic Operations Instructions (2)

Instruction

Size™*

Function

DIVXS

B/W

Rd+Rs - Rd

Performs signed division on data in two general registers:
either 16 hits + 8 bits — 8-bit quotient and 8-bit remainder or
32 hits + 16 bits — 16-bit quotient and 16-bit remainder.

CMP

B/WI/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/WI/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-bit 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*?

@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

CLRMAC

0 - MAC
Clears the multiply-accumulate register to zero.

LDMAC
STMAC

Rs - MAC, MAC - Rd
Transfers data between a general register and a multiply-accumulate
register.

Notes: 1.

Size refers to the operand size.

B: Byte
W: Word

L: Longword
. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Table2.5

Logic Operations I nstructions

Instruction  Size* Function

AND B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#MM - 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 (logical complement) of general register
contents.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
Table2.6  Shift Instructions

Instruction Size* Function

SHAL B/W/L  Rd (shift) - Rd

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.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.7

Instruction

Size*

Bit Manipulation Instructions (1)

Function

BSET

B

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

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

BCLR

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

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

BNOT

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

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

BTST

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

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.

Note:

*  Size refers to the operand size.

B: Byte
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Table2.7 Bit Manipulation Instructions (2)

Instruction  Size*

Function

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR B 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.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to the
carry flag.

BILD B = (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B - C - (<bit-No.> of <EAd>)

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

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branch Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition 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 cz=1
BCC (BHS) Carry clear C=0
(high or same)
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOv=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONNOV)=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
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Table2.9

System Control Instructions

Instruction  Size*

Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) - CCR, (EAs) - EXR
Moves the contents of a general register or memory, 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 B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC
Only increments the program counter.
Note: * Size refers to the operand size.

B: Byte
W: Word
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Table2.10 Block Data Transfer Instructions

Instruction Size Function

EEPMOV.B — if R4L # 0 then
Repeat @ER5+ - @ER6+
R4L-1 - R4L
UntilR4L =0
else next;

EEPMOV.W — if R4 # 0 then
Repeat @ER5+ -~ @ER6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ERG6.

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

2.6.2 Basic I nstruction For mats

The H85/2600 Series instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), aregister field (r), an effective address extension (EA), and a condition field
(co).

Figure 2.11 shows examples of instruction formats.

e 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.

* Register Field
Specifies ageneral register. Address registers are specified by 3 bits, dataregisters by 3 bitsor
4 bits. Some instructions have two register fields. Some have no register field.
» Effective Address Extension
8, 16, or 32 hits specifying immediate data, an absolute address, or a displacement.
» Condition Field
Specifies the branching condition of Bcc instructions.
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(1) Operation field only

| o

| NOP, RTS, etc.

(2) Operation field and register fields

rm

| op | rn |

| ADD.B Rn, Rm, etc.

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

op rm

EA (disp)

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

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

| op | ce | EA (disp)

| BRA d:16, etc.

Figure2.11 Instruction Formats (Examples)

2.7

Addressing Modes and Effective Address Calculation

The H8S/2600 CPU supports the eight addressing modes listed in table 2.11. The usable address

modes are different in each instruction.

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 instructions) or
immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
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 #xX:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8
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271 Register Direct—Rn

Theregister field of the instruction code 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-hit registers. ERO to ER7 can be specified as 32-bit registers.

2.7.2 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 address is a program instruction address, the lower 24
bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

273 Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERN)

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

274 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn

Register indirect with post-increment—@ERN+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand isaccessed, 1, 2, or 4 isadded to the address register contents and the sum is stored in the
addressregister. 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.

2.75 Absolute Addr ess—@aa: 8, @aa: 16, @aa: 24, or @aa: 32

Theinstruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bitslong
(@aa:32). Table 2.12 indicates the accessible absol ute address ranges.
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To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 bits
(@aa:32) long. For an 8-hit 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 a sign 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).

Table2.12 Absolute Address Access Ranges

Absolute Address Normal Mode*® Advanced Mode
Data address 8 bits (@aa:8) H'FFO0O0 to H'FFFF H'FFFFOO0 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 bits (@aa:24)
address

Note: * Not available in this LSI.

2.7.6 Immediate—#xx:8, #xx: 16, or #xx:32

Theinstruction code contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as
an operand.

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

2717 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC)

Thismode isused in the Bcc and BSR instructions. An 8-hit or 16-bit displacement contained in
the instruction code 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.
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2.7.8 Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The upper bits of the absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in advanced mode).

In normal mode the memory operand is aword operand and the branch addressis 16 bitslong. In
advanced mode the memory operand is alongword operand, the first byte of which is assumed to
be all 0 (H'00). Note that the first part of the address range is also the exception vector area. For
further details, refer to section 4, Exception Handling.

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

Note: Norma modeis not availablein thisLSl.

\/\\/\

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

\/\

Branch address

\/—\

(a) Normal Mode* (a) Advanced Mode

Note: * Normal mode is not available in this LSI.

Figure2.12 Branch Address Specification in Memory Indirect Mode
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2.7.9 Effective Address Calculation

Table 2.13 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: Norma modeis not availablein thisLSl.

Table2.13 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct (Rn)

Operand is general register contents.
ERR

2 Register indirect (@ERnN) 31 0 31 2423

I General register contents |———|Don't Cafel

3 | Register indirect with displacement
@(d:16,ERN)/@(d:32,ERN) 31 0

General register contents

[ |
| pos |r| | e | 31 2423

31 0
| Sign extension | disp

4 Register indirect with post-increment or
pre-decrement 31

« Register indirect with post-increment @ERNn+ [

| =

« Register indirect with pre-decrement @-ERn 31

[ oo [ ] |

Operand Size

Byte 1
Word 2
Longword 4
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Table2.13 Effective Address Calculation (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 Absolute address

@aa:8

31 2423 87 0
|D0n't carel HFFFF | |

@aa:16 31 2423 16 15 0
| op | abs | |D0n't carel Sign extensmnl |
@aa:24 31 2423 0
| op | abs | |Don't carel |

I !

@aa:32
op 31 24 23 0
abs |Don't carel
I ]
6 Immediate

#XX:8IHXX:16/#xXx:32

Operand is immediate data.

op IMM
7 Program-counter relative 23 0
@(d:8,PC)/@(d:16,PC) PC contents ’—‘
op disp 23 01
Sign
extension 31 2423 0
|D0n't carel
8 Memory indirect @@aa:8
« Normal mode*
31 87 l 0
“ abs H'000000 | abs |
15 0 31 2423 16 15 0
Memory contents | |D0n'tcare| H'00 | |
« Advanced mode
b 31 87 l 0
apns
“ H'000000 | abs | 31 2423 0
31 0 |D0n't carel

Memory contents

Note: * Normal mode is not available in this LSI.
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2.8 Processing States

The H85/2600 CPU has five main processing states: the reset state, exception handling state,
program execution state, bus-released state, and program stop state. Figure 2.13 indicates the state
transitions.

* Reset State
The CPU and on-chip peripheral modules are all initialized and stop. When the RES input goes
low, all current processing stops and the CPU enters the reset state. All interrupts are masked
in the reset state. Reset exception handling starts when the RES signal changes from low to
high. For details, refer to section 4, Exception Handling.
The reset state can also be entered by awatchdog timer overflow.

e Exception-Handling State
The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to an exception source, such as, areset, trace, interrupt, or trap instruction.
The CPU fetches a start address (vector) from the exception vector table and branches to that
address. For further details, refer to section 4, Exception Handling.

* Program Execution State
In this state the CPU executes program instructions in sequence.

* Bus-Released State
In a product which has a bus master other than the CPU, such as a direct memory access
controller (DMAC) and a data transfer controller (DTC), the bus-released state occurs when
the bus has been released in response to a bus request from a bus master other than the CPU.
While the busis released, the CPU halts operations.

* Program stop state
Thisis a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For further
details, refer to section 19, Power-Down Modes.
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End of bus request

Bus request

Sleep mode

Exception » External interrupt request
handlingl_sy
RES = High
""""""""""""""""""" STBY = High,
T RES = Low

Reset state™® Hardware s*té':\ndby
mode

Power down state™3

Reset state

Software standby
mode

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES goes low.

A transition can also be made to the reset state when the watchdog timer overflows.
2. In every state, when the STBY pin becomes low, the hardware standby mode is entered.
3. For details, refer to section 19, Power-Down Modes.

Figure2.13 State Transitions
2.9 Usage Note

291 Usage Notes on Bit-wise Operation I nstructions

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

The BCLR instruction can be used to clear the flagsin the internal 1/O registersto O. 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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Section 3 MCU Operating Modes

31 Operating Mode Selection
The H85/2668 Group has twelve operating modes (modes 1 to 7).
These modes are determined by the mode pin (MD2 to MDO) setting.

Modes 1, 2, and 4 to 6 are externally expanded modes in which the CPU can access an external
memory and peripheral devices. In the externally expanded mode, each area can be switched to 8-
bit or 16-bit address space by the bus controller. If one of areasis set to 16-bit address space, the
bus modeis 16 bits. If all areas are set to 8-bit address space, the bus mode is 8 bits.

Mode 7 is a single-chip activation externally expanded mode in which the CPU can switch to
access an external memory and peripheral devices at the beginning of a program execution.

Mode 3 is aboot mode in which the flash memory can be accessed.
For details, refer to section 17, Flash Memory (F-ZTAT version).
Do not change MD2 to MDO pin settings during operation.

Table3.1 MCU Operating Mode Selection

External Data Bus

MCU CPU
Operating Operating On-Chip Initial Max.
Mode MD2 MD1 MDO Mode Description ROM Width Value
1 0 0 1 Advanced Expanded mode with Disabled 16 bits 16 bits
on-chip ROM disabled
2 0 1 0 Advanced Expanded mode with Disabled 8 bits 16 bits
on-chip ROM disabled
0 1 1 Advanced Boot mode Enabled — 16 bits
1 0 0 Advanced Expanded mode with Enabled 8 bits 16 bits
on-chip ROM enabled
5 1 0 1 Advanced Expanded mode with Enabled 16 bits 16 bits
on-chip ROM enabled
6 1 1 0 Advanced Expanded mode with Enabled 8 bits 16 bits
on-chip ROM enabled
7 1 1 1 Advanced Single-chip mode Enabled — 16 bits
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3.2 Register Descriptions

The following registers are related to the operating mode.

» Mode control register (MDCR)

» System control register (SY SCR)

321 Mode Control Register (MDCR)

MDCR monitors the current operating mode of the H8S/2668 Group chip.

Bit Bit Name Initial Value R/W Descriptions

7t0 — All O — Reserved

3 These bits are always read as 0 and cannot be
modified.

2 MDS2 —* R Mode Select2to 0

Py

MDS1 —* These bits indicate the input levels at pins MD2 to
0 MDSO0 _* R MDO (the current operating mode). Bits MDS2 to
MDSO correspond to MD2 to MDO. MDS2 to MDSO
are read-only bits and they cannot be written to. The
mode pin (MD2 to MDO) input levels are latched into
these bits when MDCR is read. These latches are
canceled by a reset.

Note: * Determined by pins MD2 to MDO.

322 System Control Register (SYSCR)

SY SCR selects saturating or non-saturating calculation for the MAC instruction, controls CPU
access to the flash memory control registers (FLMCR1, FLMCR2, EBR1, and EBR2), sets
external bus mode, and enables or disables on-chip RAM.

Bit Bit Name Initial Value R/W Descriptions

7,6 — Al 1 R/W Reserved
The initial value should not be modified.
5 MACS 0 R/W MAC Saturation

Selects either saturating or non-saturating calculation
for the MAC instruction.

0: Non-saturating calculation for MAC instruction
1: Saturating calculation for MAC instruction
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Bit Bit Name

Initial Value

R/W

Descriptions

4 —

0

R/W

Reserved
The initial value should not be modified.

3 FLSHE

R/W

Flash Memory Control Register Enable

Controls CPU access to the flash memory control
registers (FLMCR1, FLMCR2, EBR1, and EBR?2). If
this bit is set to 1, the flash memory control registers
can be read/written to. If this bit is cleared to 0, the
flash memory control registers are not selected. At
this time, the contents of the flash memory control
registers are maintained.

0: Flash memory control registers are not selected
for area H'FFFFC8 to H'FFFFCB

1: Flash memory control registers are selected for
area H'FFFFC8 to H'FFFFCB

Reserved
This bit is always read as 0 and cannot be modified.

1 EXPE

R/W

External Bus Mode Enable
Sets external bus mode.

In modes 1, 2, and 4 to 6, this bit is fixed at 1 and
cannot be modified. In mode 3 and 7, this bit has an
initial value of 0, and can be read and written.
Writing of O to EXPE when its value is 1 should only
be carried out when an external bus cycle is not
being executed.

0: External bus disabled
1: External bus enabled

0 RAME

R/W

RAM Enable

Enables or disables the on-chip RAM. The RAME bit
is initialized when the reset status is released.

0: On-chip RAM is disabled
1: On-chip RAM is enabled
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3.3 Operating Mode Descriptions

331 Mode 1

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.
Ports A to C function as an address bus, ports D and E function as a data bus, and parts of ports F
to H carry bus control signals.

Theinitia bus mode after areset is 16 bits, with 16-bit accessto all areas. However, if 8-bit access
is designated for all areas by the bus controller, the bus mode switches to 8 bits.

3.3.2 Mode 2

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.
Ports A to C function as an address bus, ports D and E function as a data bus, and parts of ports F
to H carry bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit access to all areas. However, if 16-bit access
is designated for all areas by the bus controller, the bus mode switches to 16 bits and port E
functions as a data bus.

3.3.3 Mode 3

This mode is a boot mode of the flash memory. This mode is the same as mode 7, except for
accessing to the flash memory.

334 Mode 4

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
The program in the on-chip ROM connected to the first half of area 0 is executed.

Ports A to C function as input ports immediately after areset, but can be set to function asan
address bus. For details, see section 8, 1/0 Ports. Ports D and E function as a data bus, and parts of
ports F to H carry bus control signals.

Theinitia bus mode after areset is 8 bits, with 8-bit accessto all areas. However, if 16-bit access
is designated for any area by the bus controller, the bus mode switchesto 16 bits and port E
functions as a data bus. User program mode is entered by setting 1 to the SWE bit of FLMCRL.
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3.35 Mode5

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
The program in an external ROM connected to the first half of area 0 is executed.

Ports A to C function as an address bus, ports D and E function as a data bus, and parts of ports F
to H carry bus control signals.

Theinitial bus mode after areset is 16 hits, with 16-bit accessto all areas. However, if 8-hit access
is designated for any area by the bus controller, the bus mode switches to 8 hits.

User program mode is entered by setting 1 to the SWE bit of FLMCRL.

3.3.6 Mode 6

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.
The program in an external ROM connected to the first half of area 0 is executed.

Ports A to C function as an address bus, ports D and E function as a data bus, and parts of ports F
to H carry bus control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, if 16-bit access
is designated for any area by the bus controller, the bus mode switchesto 16 bits and port E
functions as a data bus.

User program mode is entered by setting 1 to the SWE bit of FLMCRL.

3.3.7 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
and the chip starts up in single-chip mode. External addresses cannot be used in single-chip mode.

Theinitial mode after areset is single-chip mode, with all 1/O ports available for use as
input/output ports. However, the mode can be switched to externally expanded mode by setting 1
to the EXPE hit of SY SCR and then the external address space is enabled. When externally
expanded mode is selected, all areas areinitially designated as 16-bit access space. The function of
pinsin ports A to H isthe same asin externally expanded mode with on-chip ROM enabled.

In the flash memory version, user program mode is entered by setting 1 to the SWE bit of
FLMCRL.

Rev. 3.00 Feb 22, 2006 page 55 of 624
REJ09B0281-0300
RENESAS



Section 3 MCU Operating Modes

3.38 Pin Functions

The pin functions of ports A to H are switched according to operating mode. Table 3.2 shows the
pin functionsin each operating mode.

Table3.2 Pin Functionsin Each Operating Mode

Port Model Mode2 Mode3 Moded4 Mode5 Mode6 Mode7
Port A PA7 to PA5  P*/A P*IA P*IA P*IA P*IA P*IA P*IA
PA4to PAO A A A A
Port B A A P*/IA P*/IA A A P*/IA
Port C A A P*IA P*IA A A P*IA
Port D D D P*/D P*/D D D P*/D
Port E P/D* P*/D P*/D P*/D P/D* P*/D P*/D
Port F PF7, PF6 pP/C* P*/C P*/C P/C* P/C* P/C* P*/C
PF5, PF4 C C C C C
PF3 p/C* p/C* p/C* p/C* p/C*
PF2to PFO P*/C P*/IC P*/IC P*/IC P*/IC

Port G PG6to PG1 P*/C P*/C P*/C P*/C P*/C P*/C P*/C
PGO P/C* P/C* P*IC P/C* P/C*

Port H P*IC P*IC P*IC P*IC P*IC P*IC P*IC

Legend: P: I/O port

A: Address bus output

D: Data bus input/output

C: Control signals, clock input/output
Note: * After reset

Rev. 3.00 Feb 22, 2006 page 56 of 624
REJ09B0281-0300

RENESAS



Section 3 MCU Operating Modes

34 Memory Map in Each Operating Mode

Figure 3.1 shows memory maps.

ROM: 384 kbytes

RAM: 16 kbytes ROM: 384 kbytes RAM: 16 kbytes
Modes 1 and 2 RAM: 16 kbytes Mode 4
(expanded modes Mode 3 (expanded mode
with on-chip ROM disabled) (boot mode) with on-chip ROM enabled)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H060000 H'060000
External

address space

External address External
space/reserved area’*? address space

H'FF8000 H'FF8000 H'FF8000
On-chip RAM/external
address space™!

On-chip RAM/external

On-chip RAM*3
P address space™!

H'FFCO00 | Eyternal address space HFFCO00 Spalzc)g,%g?n?ggfésa*z HFFCO00| External address space
HFFFCOO0| nternal 110 registers HFFFCO0 I |nternal 110 registers HFFFCO0|  |nternal 110 registers

, H'FFFFO0 H'FFFFO0
HFFFFO0 | Eytemal address space Spa'igt/fgggﬁggraeéz*z External address space
H'FFFF20 , HFFFF20 . HFFFF20 ,
HFFFFRF | Internal /O registers HEEFFRE | Internal /O registers HEFFEEE| Intermal I/O registers

Notes: 1. This area is specified as an external address area by clearing the RAME bit of SYSCR to 0.
2. External address space when EXPE = 0.
Reserved when EXPE = 0.
3. On-chip RAM is used during modifying flash memory.

Figure3.1 Memory Map (1)
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ROM: 384 kbytes

RAM: 16 kbytes
Modes 5 and 6

(external ROM activation
expanded modes
with on-chip ROM enabled)

H'000000
External
address space
H'100000
On-chip ROM
H'140000
External
address space
H'FFA000
On-chip RAM/external
address space*!
H'FFC000 External address space
HFFFCO0 | |nternal 110 registers
H'FFFFOO | Eyternal address space
H'FFFF20 .
H'EFEEEF Internal 1/O registers

Notes: 1.

When EXPE =0,

on-chip RAM area.

ROM: 384 kbytes

RAM: 16 kbytes
Mode 7

(single-chip activation

expanded mode

with on-chip ROM enabled)

H'000000

On-chip ROM

H'060000

H'FFA000

H'FFC000
H'FFFC00

External address
space/reserved area”?

On-chip RAM/external
address space*3

External address _
space/reserved area”?

Internal 1/O registers

H'FFFFO00

External address _
space/reserved area”?

H'FFFF20

HFFFFFF

Internal 1/0 registers

This area is specified as an external address area by clearing the RAME bit of SYSCR to 0.
2. When EXPE = 1, external address space; when EXPE = 0, reserved area.
3. When EXPE = 1, external address space when RAME = 0, on-chip RAM when RAME = 1.

Figure3.1 Memory Map (2)
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Section 4 Exception Handling

4.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trace, interrupt, or trap
instruction. 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. Exception sources, the
stack structure, and operation of the CPU vary depending on the interrupt control mode. For
details on the interrupt control mode, refer to section 5, Interrupt Controller.

Table4.1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the RES
4 pin, or when the watchdog timer overflows. The CPU enters
the reset state when the RES pin is low.

Trace™* Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit in the EXR is set to 1.

2

Direct transition™ Starts when the direct transition occurs by execution of the

SLEEP instruction.

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued.**

Low Trap instruction™* 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. Not available in this LSI.

3. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

4. Trap instruction exception handling requests are accepted at all times in program
execution state.

4.2 Exception Sour ces and Exception Vector Table

Different vector addresses are assigned to different exception sources. Table 4.2 lists the exception
sources and their vector addresses. Since the usable modes differ depending on the product, for
details on each product, refer to section 3, MCU Operating Modes.
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Table4.2 Exception Handling Vector Table

Exception Source

Vector Number

Vector Address”

1

Normal Mode*?

Advanced Mode

Power-on reset

H'0000 to H'0001

H'0000 to H'0003

Manual reset*?

H'0002 to H'0003

H'0004 to H'0007

Reserved for system use

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

H'0008 to H'0019

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Interrupt (direct transition)**

H'000C to H'000D

H'0018 to H'001B

Interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction (#0)
(#1)
(#2)
(#3)

H'0010 to H'0011

H'0020 to H'0023

Ol N|O|O| Bl W[N|PL,| O

H'0012 to H'0013

H'0024 to H'0027

=
o

H'0014 to H'0015

H'0028 to H'002B

BN
[EEY

H'0016 to H'0017

H'002C to H'002F

Reserved for system use

[EnY
N

H'0018 to H'0019

H'0030 to H'0033

[EnY
w

H'001A to H'001B

H'0034 to H'0037

[ERY
I

H'001C to H'001D

H'0038 to H'003B

[EEY
)]

H'001E to H'O01F

H'003C to H'003F

External interrupt

IRQO

=
[o)]

H'0020 to H'0021

H'0040 to H'0043

IRQ1

[
~

H'0022 to H'0023

H'0044 to H'0047

IRQ2

=
oo

H'0024 to H'0025

H'0048 to H'004B

IRQ3

=
(o]

H'0026 to H'0027

H'004C to H'004F

IRQ4

N
o

H'0028 to H'0029

H'0050 to H'0053

IRQ5

N
=

H'002A to H'002B

H'0054 to H'0057

IRQ6

N
N

H'002C to H'002D

H'0058 to H'005B

IRQ7

N
w

H'002E to H'002F

H'005C to H'005F
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Exception Source

Vector Number

Vector Address™*

Normal Mode*?

Advanced Mode

Reserved by system 24 H'0030 to H'0031 H'0060 to H'0063
25 H'0032 to H'0033 H'0064 to H'0067
26 H'0034 to H'0035 H'0068 to H'006B
27 H'0036 to H'0037 H'006C to H'006F
28 H'0038 to H'0039 H'0070 to H'0073
29 H'003A to H'003B H'0074 to H'0077
30 H'003C to H'003D H'0078 to H'007B
31 H'003E to H'003F H'007C to H'007F
Internal interrupt™® 32 H'0040 to H'0041 H'0080 to H'0083
9|9 H'00C6 to H'00C7 H'018C to H'018F

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.

3. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.

4.3 Reset

A reset has the highest exception priority. When the RES pin goes low, all processing halts and
this LS| enters the reset. To ensure that this LSl is reset, hold the RES pin low for at least 20 ms at
power-up. To reset the chip during operation, hold the RES pin low for at least 20 states. A reset
initializes the internal state of the CPU and the registers of on-chip peripheral modules.

The chip can also be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

The interrupt control mode is 0 immediately after reset.
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431 Reset exception handling

When the RES pin goes high after being held low for the necessary time, this LS| starts reset
exception handling as follows:

1. Theinternal state of the CPU and the registers of the on-chip peripheral modules are
initialized, the T bitisclearedto 0 in EXR, and the | bitisset to 1 in EXR and CCR.

2. Thereset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.

Internal Prefetch of first
Vector fetch processing program instruction
. , X

S

o/ I
e s o X0 X o X_

Internal read

signal -

Internal write

signal E E High E E E
Ian:maI data ; / @ .\ / () E\ : ©) !

IE
(

(1)(3) Reset exception handling vector address (when 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

Figure4.1 Reset Sequence (Advanced Modewith On-chip ROM Enabled)
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Internal Prefetch of first
Vector fetch processing program instruction

/ | ' —

Address bus ' )

X0
m
(2]

@ X o X

High

: , —\ \
D15 to DO f { @ ) { @) f { ©6) i}

(1)(3) Reset exception handling vector address (when 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

Note: * Seven program wait states are inserted.

Figure4.2 Reset Sequence (Advanced Mode with On-chip ROM Disabled)

432 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, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogramis
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).
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433 On-Chip Peripheral Functions after Reset Release

After reset release, MSTPCR isinitialized to H'OFFF and all modules except the DTC enter
module stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is exited.

4.4 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 on interrupt control modes, see section 5,
Interrupt Controller.

If the T bitin EXR isset to 1, trace modeis activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace modeis not affected by interrupt masking. Table 4.3 shows
the state of CCR and EXR after execution of trace exception handling. Trace mode is canceled by
clearing the T bitin EXR to 0. The T bit saved on the stack retains its value of 1, and when control
isreturned 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.

Interrupts are accepted even within the trace exception handling routine.

Table4.3 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode
| | ul 12to 10 | T
0 Trace exception handling cannot be used.
1 | — — | 0
Legend:
1: Settol

0: Clearedto 0
—: Retains value prior to execution.
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45 Interrupts

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 levelsto enable
multiplexed interrupt control. The source to start interrupt exception handling and the vector
address differ depending on the product. For details, refer to section 5, Interrupt Controller.

Theinterrupt exception handling is as follows:

1. Thevauesin the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

2. Theinterrupt mask hit is updated and the T bit is cleared to 0.

3. A vector address corresponding to the interrupt source is generated, the start addressis loaded
from the vector table to the PC, and program execution starts from that address.
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4.6 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

The trap instruction exception handling is as follows:

1. Thevauesin the program counter (PC), condition code register (CCR), and extended register
(EXR) are saved in the stack.

2. Theinterrupt mask bit is updated and the T bit is cleared to O.

3. A vector address corresponding to the interrupt source is generated, the start addressis |oaded
from the vector table to the PC, and program execution starts from that address.

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 4.4 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table4.4 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode
| ul 12to 10 T
1 — — —
1 — — 0
Legend:
1: Settol

0: Clearedto 0
—: Retains value prior to execution.
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4.7 Stack Status after Exception Handling

Figure 4.3 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

(a) Normal Modes™

SP—~ EXR
Reserved"*
SP— CCR CCR
CCcR'! CcR'!
PC (16 bits) PC (16 bits)
Interrupt control mode 0 Interrupt control mode 2
(b) Advanced Modes
SP— EXR
Reserved*
SP— CCR CCR
PC (24 bits) PC (24 bits)
Interrupt control mode 0 Interrupt control mode 2

Notes: 1. Ignored on return.
2. Normal modes are not available in this LSI.

Figure4.3 Stack Statusafter Exception Handling
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4.8 Usage Note

When accessing word data or longword data, this LS| 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
PUSH. L ERn

(or MOV.WRn, @ SP)

(or MIV.L ERn, @ SP)
Use the following instructions to restore registers:

POP. W
POP. L

Rn
ERn

(or MOV. W @BP+,
MOV. L @BP+,

Rn)

(or ERn)

Setting SP to an odd value may lead to amalfunction. Figure 4.4 shows an example of operation
when the SP valueis odd.

Address

H'FFFEFA
H'FFFEFB
HFFFEFC
HFFFEFD
HFFFEFE

SP—

SP—

SP—

HFFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
E— E—
SP set to H'FFFEFF 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.

Figure4.4 Operation when SP Value ls Odd
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Section 5 Interrupt Controller

51 Features

Two interrupt control modes

Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin the
interrupt control register (INTCR).

Priorities settable with IPR

An interrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for all interrupts except NMI. NMI is assigned the highest
priority level of 8, and can be accepted at all times.

Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to beidentified in the interrupt handling routine.

Nine external interrupts

NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
can be selected for NMI. Falling edge, rising edge, or both edge detection, or level sensing, can
be selected for IRQ7 to IRQO.

DTC control
DTC activations are performed by means of interrupts.
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A block diagram of the interrupt controller is shown in figure 5.1.

NMI input

IRQ input —

Internal
interrupt

CPU

sources

SWDTEND
to TEI

INTM1 INTMO
INTCR}
NMIEG
> NMI input unit > Interrupt
request
IRQ input unit —
ISR 1 Vector
number
sIER||ITSR][ISCR]IER | Priority
determination
|
| 1210 |

| CCR

| EXR

Interrupt controller

Legend:

ISCR: IRQ sense control register

IER: IRQ enable register

ISR: IRQ status register

IPR: Interrupt priority register

INTCR: Interrupt control register

ITSR: IRQ pin select register

SSIER: Software standby release IRQ enable register

Figure5.1 Block Diagram of Interrupt Controller
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52 I nput/Output Pins

Table 5.1 shows the pin configuration of the interrupt controller.

Table5.1 Pin Configuration

Name 110 Function

NMI Input Nonmaskable external interrupt

Rising or falling edge can be selected.

7 to IRQO Input Maskable external interrupts

Rising, falling, or both edges, or level sensing, can be
selected.

5.3 Register Descriptions

Theinterrupt controller has the following registers.

Interrupt control register (INTCR)
IRQ sense control register H (ISCRH)
IRQ sense control register L (ISCRL)
IRQ enable register (IER)

IRQ status register (ISR)

IRQ pin select register (ITSR)
Software standby release IRQ enable register (SSIER)
Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)
Interrupt priority register H (IPRH)
Interrupt priority register | (IPRI)
Interrupt priority register J (IPRJ)
Interrupt priority register K (IPRK)
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531 Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the detected edge for NMI.

Bit Bit Name

Initial Value

R/W

Description

7,6 —

AllO

R/W

Reserved

These bits can be read from or written to.
However, the write value should always be 0.

5 INTM1
INTMO

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control
modes for the interrupt controller.

00: Interrupt control mode 0
Interrupts are controlled by | bit.
01: Setting prohibited.

10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10, and
IPR.

11: Setting prohibited.

3 NMIEG

R/W

NMI Edge Select
Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of
NMI input

1: Interrupt request generated at rising edge of
NMI input

2to0 —

AllO

R/W

Reserved

These bits can be read from or written to.
However, the write value should always be 0.
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5.3.2

Interrupt Priority Registers A toK (IPRA to IPRK)

IPR are eleven 16-hit readable/writable registers that set priorities (levels 7 to 0) for interrupts
other than NMI.

The correspondence between interrupt sources and IPR settingsis shown in table 5.2 (Interrupt
Sources, Vector Addresses, and Interrupt Priorities). Setting avalue in the range from H'O to H'7
in the 3-bit groups of bits 14 to 12, 10 to 8, 6 to 4, and 2 to O sets the priority of the corresponding
interrupt. PR should be read in word size.

Bit

Bit Name

Initial Value

R/W

Description

15

— 0

Reserved

This bit is always read as 0 and cannot be
modified.

14
13
12

IPR14
IPR13
IPR12

R/W
R/W
R/W

Sets the priority of the corresponding interrupt
source.

000: Priority level O (Lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

11

Reserved

This bit is always read as 0 and cannot be
modified.

10

IPR10
IPR9
IPR8

R/W
R/W
R/W

Sets the priority of the corresponding interrupt
source.

000: Priority level O (Lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)
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Bit Bit Name Initial Value R/W Description
7 — 0 — Reserved
This bhit is always read as 0 and cannot be
modified.
6 IPR6 1 R/W Sets the priority of the corresponding interrupt
5 IPR5 1 RIW source.
4 IPR4 1 R/W 000: Priority level O (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)

3 — 0 — Reserved
This bit is always read as 0 and cannot be
modified.
IPR2 1 R/W Sets the priority of the corresponding interrupt
IPR1 1 RIW source.
IPRO 1 R/W 000: Priority level 0 (Lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (Highest)
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53.3  IRQ Enable Register (IER)

IER controls enabling and disabling of interrupt requests IRQ7 to IRQO.

Bit Bit Name Initial Value

R/W

Description

15t0 8 IRQ15E 0

R/W

Reserved

These bits can be read and modified. The write
value should always be 0.

7 IRQ7E 0

R/W

IRQ7 Enable

The IRQ7 interrupt request is enabled when this
bit is 1.

6 IRQBE 0

R/W

IRQ6 Enable

The IRQ6 interrupt request is enabled when this
bit is 1.

5 IRQSE 0

R/W

IRQ5 Enable

The IRQ5 interrupt request is enabled when this
bit is 1.

4 IRQ4E 0

R/W

IRQ4 Enable

The IRQ4 interrupt request is enabled when this
bit is 1.

3 IRQ3E 0

R/W

IRQ3 Enable

The IRQ3 interrupt request is enabled when this
bit is 1.

2 IRQ2E 0

R/W

IRQ2 Enable

The IRQ2 interrupt request is enabled when this
bit is 1.

1 IRQ1E 0

R/W

IRQ1 Enable

The IRQL1 interrupt request is enabled when this
bit is 1.

0 IRQOE 0

R/W

IRQO Enable

The IRQO interrupt request is enabled when this
bitis 1.
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5.34

IRQ Sense Control Registers (ISCR)

I SCR select the source that generates an interrupt request at pins IRQ7 to IRQO.

Bit

Bit Name

Initial Value R/W

Description

15
14

IRQ7SCB
IRQ7SCA

0 R/W
0 R/W

IRQ7 Sense Control B
IRQ7 Sense Control A

00: Interrupt request generated at IRQ7 input
low level

01: Interrupt request generated at falling edge
of IRQ7 input

10: Interrupt request generated at rising edge of
IRQ7 input

11: Interrupt request generated at both falling
and rising edges of IRQ7 input

13
12

IRQ6SCB
IRQBSCA

R/W
R/W

IRQ6 Sense Control B
IRQ6 Sense Control A

00: Interrupt request generated at IRQ6 input
low level

01: Interrupt request generated at falling edge
of IRQ6 input

10: Interrupt request generated at rising edge of
IRQ6 input

11: Interrupt request generated at both falling
and rising edges of IRQ6 input

11
10

IRQ5SCB
IRQ5SCA

R/W
R/W

IRQ5 Sense Control B
IRQ5 Sense Control A

00: Interrupt request generated at IRQ5 input
low level

01: Interrupt request generated at falling edge
of IRQ5 input

10: Interrupt request generated at rising edge of
IRQ5 input

11: Interrupt request generated at both falling
and rising edges of IRQ5 input
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Bit

Bit Name

Initial Value

R/W

Description

IRQ4SCB
IRQ4SCA

R/W
R/W

IRQ4 Sense Control B
IRQ4 Sense Control A

00: Interrupt request generated at IRQ4 input
low level

01: Interrupt request generated at falling edge
of IRQ4 input

10: Interrupt request generated at rising edge of
IRQ4 input

11: Interrupt request generated at both falling
and rising edges of IRQ4 input

o~

IRQ3SCB
IRQ3SCA

R/W
R/W

IRQ3 Sense Control B
IRQ3 Sense Control A

00: Interrupt request generated at IRQS3 input
low level

01: Interrupt request generated at falling edge
of IRQS input

10: Interrupt request generated at rising edge of
IRQ3 input

11: Interrupt request generated at both falling
and rising edges of IRQ3 input

A~ O

IRQ2SCB
IRQ2SCA

R/W
R/W

IRQ2 Sense Control B
IRQ2 Sense Control A

00: Interrupt request generated at IRQ2 input
low level

01: Interrupt request generated at falling edge
of IRQ2 input

10: Interrupt request generated at rising edge of
IRQ2 input

11: Interrupt request generated at both falling
and rising edges of IRQ2 input
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Bit Bit Name Initial Value

R/W

Description

3 IRQISCB 0
2 IRQISCA 0

R/W
R/W

IRQ1 Sense Control B
IRQ1 Sense Control A

00:

01:

10:

11:

Interrupt request generated at IRQ1 input
low level

Interrupt request generated at falling edge
of IRQ1 input

Interrupt request generated at rising edge of
IRQ1 input

Interrupt request generated at both falling
and rising edges of IRQ1 input

1 IRQOSCB
0 IRQOSCA

R/W
R/W

IRQO Sense Control B
IRQO Sense Control A

00:

01:

10:

11:

Interrupt request generated at IRQO input
low level

Interrupt request generated at falling edge
of IRQO input

Interrupt request generated at rising edge of
IRQO input

Interrupt request generated at both falling
and rising edges of IRQO input
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535 IRQ Status Register (ISR)

ISR isan IRQ7 to IRQO interrupt request flag register.

Bit Bit Name Initial Value R/W Description

15t08 — All O — Reserved
These bits are always read as 0 and cannot be
modified.

7 IRQ7F 0 R/I(W)*  [Setting conditions]

6 IRQ6F 0 R/(W)*  When the interrupt source selected by ISCR

5 IRQ5F 0 R/(W)*  oceurs

4 IRQ4F 0 RI(W)* [Clearing conditions]

3 IRQ3F 0 RIW)*  ° Cleared by reading IRQnF flag when IRQnF

5 IRQ2F 0 RI(W)* = 1, then writing 0 to IRQNF flag

1 IRQ1F 0 RI(W)* e When interrupt exception handli.ng i_s

0 IRQOF 0 RIW)* executed when low-level detection is set

and IRQn input is high
When IRQn interrupt exception handling is
executed when falling, rising, or both-edge
detection is set
When the DTC is activated by an IRQn
interrupt, and the DISEL bit in MRB of the
DTCis cleared to O

(n=151t0 0)

Note: * Only 0 can be written, to clear the flag.
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5.3.6 IRQ Pin Select Register (ITSR)
ITSR selectsinput pinsIRQ7 to IRQO.

Bit Bit Name Initial Value R/W Description

15t0 8 — AllO R/W Reserved

These bits can be read and modified. The write
value should always be 0.

7 ITS7 0 R/W Selects IRQ7 input pin.
0: P57
1: PH3

6 ITS6 0 R/W Selects IRQ6 input pin.
0: P56
1: PH2

5 ITS5 0 R/W Selects IRQ5 input pin.
0: P55
1: P85

4 ITS4 0 R/W Selects IRQ4 input pin.
0: P54
1: P84

3 ITS3 0 R/W Selects IRQS input pin.
0: P53
1: P83

2 ITS2 0 R/W Selects IRQ2 input pin.
0: P52
1: P82

1 ITS1 0 R/W Selects IRQ1 input pin.
0: P51
1: P81

0 ITSO 0 R/W Selects IRQO input pin.
0: P50
1: P80
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5.3.7 Softwar e Standby Release IRQ Enable Register (SSIER)
SSIER selects the IRQ pins used to recover from the software standby state.

Bit Bit Name Initial Value R/W Description
15t08 — AllO R/W Reserved

These bits can be read and modified. The write
value should always be 0.

7 SSI7 0 R/W Software Standby Release IRQ Setting

6 SSI6 0 R/W These bits select the IRQn pins used to recover

5 ssI5 0 R/W from the software standby state.

4 ssla 0 RIW 0: IRQnN requests are not sam_pled in the
software standby state (Initial value when n =

3 SSI3 0 R/IW 70 3)

2 Ssi2 0 RIW 1: When an IRQn request occurs in the

1 SSI1 0 R/W software standby state, the chip recovers

0 SSI0 0 RIW from the software standby state after the

elapse of the oscillation settling time (Initial
value when n =2 to 0)

(n=151t00)

54 Interrupt Sources

54.1 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. These interrupts can be used to restore
the chip from software standby mode.

NMI Interrupt: Nonmaskable interrupt request (NMI) is the 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 INTCR can be used to select whether an interrupt is
requested at arising edge or afalling edge on the NMI pin.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pinsIRQ7
to IRQO. Interrupts IRQ7 to IRQO have the following features:

* 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 IRQO can be selected with |ER.

* Theinterrupt priority level can be set with IPR.
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» The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to 0
by software.

When IRQ7 to IRQO interrupt requests occur at low level of IRQn, the corresponding IRQ should
be held low until an interrupt handling starts. Then the corresponding IRQ should be set to high in
the interrupt handling routine and clear the IRQNF bit (n = 0to 7) in ISR to 0. Interrupts may not
be executed when the corresponding IRQ is set to high before the interrupt handling starts.

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.

A block diagram of interrupts IRQ15 to IRQO is shown in figure 5.2.

IRQNE

IRQNSCA, IRQNSCB
i IRQNF
Edge/ } IRQn interrupt
4% level detection »S Q request

— circuit
IRQN R
input

Clear signal

Note: n=7to0

Figure5.2 Block Diagram of InterruptsRQ7 to IRQO

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

» For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. They can be controlled
independently. When the enable bit is set to 1, an interrupt request isissued to the interrupt
controller.

» Theinterrupt priority level can be set by means of IPR.

e TheDTC can be activated by a TPU, SCI, or other interrupt request.

*  Whenthe DTC isactivated by an interrupt request, it is not affected by the interrupt control
mode or CPU interrupt mask bit.
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5.5

Interrupt Exception Handling Vector Table

Table 5.2 shows interrupt exception handling sources, vector addresses, and interrupt priorities.

For default priorities, the lower the vector number, the higher the priority. When interrupt control
mode 2 is set, priorities among modules can be set by means of the IPR. Modules set at the same
priority will conform to their default priorities. Priorities within amodule are fixed.

Table5.2 Interrupt Sources, Vector Addresses, and Interrupt Priorities
Origin of Vector Address”
Interrupt Interrupt Vector DTC
Source Source Number Advanced Mode IPR Priority  Activation
External pin  NMI 7 H'001C — High —
IRQO 16 H'0040 IPRA14 to IPRA12 4 ¢
IRQ1 17 H'0044 IPRA10 to IPRA8 ¢)
IRQ2 18 H'0048 IPRA6 to IPRA4 0
IRQ3 19 H'004C IPRA2 to IPRAO ¢)
IRQ4 20 H'0050 IPRB14 to IPRB12 ¢)
IRQ5 21 H'0054 IPRB10 to IPRB8 ¢
IRQ6 22 H'0058 IPRB6 to IPRB4 ¢)
IRQ7 23 H'005C IPRB2 to IPRBO 0
Reserved by system 24 H'0060 IPRC14 to IPRC12 —
25 H'0064 IPRC10 to IPRC8 —
26 H'0068 IPRC6 to IPRC4 —
27 H'006C IPRC2 to IPRCO —
28 H'0070 IPRD14 to IPRD12 —
29 H'0074 IPRD10 to IPRD8 —
30 H'0078 IPRD6 to IPRD4 —
31 H'007C IPRD2 to IPRDO —
DTC SWDTEND 32 H'0080 IPRE14 to IPRE12 ¢)
WDT WOVI 33 H'0084 IPRE10 to IPRE8 —
— Reserved for 34 H'0088 IPRES6 to IPRE4 —
systemuse g H'008C IPRE2 to IPREO —
Reserved for 36 H'0090 IPRF14 to IPRF12 —
system use 37 H'0094 Low —
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Origin of Vector Address”
Interrupt Interrupt Vector DTC
Source Source Number Advanced Mode IPR Priority  Activation
A/D ADI 38 H'0098 IPRF10 to IPRF8 High @)
— Reserved for 39 H'009C + —

system use
TPU_O TGIOA 40 H'00AO0 IPRF6 to IPRF4 ¢)

TGIOB 41 H'00A4 o)

TGIOC 42 H'00A8 @)

TGIOD 43 H'00AC @)

TCIOV 44 H'00BO —
— Reserved for 45 H'00B4 IPRF6 to IPRF4 —

system use 6 H'00B8 —

47 H'00BC —

TPU_1 TGI1A 48 H'00CO IPRF2 to IPRFO

TGI1B 49 H'00C4

TCl1V 50 H'00C8 —

TCI1U 51 H'00CC —
TPU_2 TGI2A 52 H'00DO IPRG14 to IPRG12

TGI2B 53 H'00D4

TCI2V 54 H'00D8 —

TCI2U 55 H'00DC —
TPU_3 TGI3A 56 H'00EO IPRG10 to IPRG8 ¢

TGI3B 57 H'O0E4 @)

TGI3C 58 H'00E8 o)

TGI3D 59 H'00EC @)

TCI3V 60 H'00FO0 —
— Reserved for 61 H'00F4 —

system use 62 H'00E8 —

63 H'00FC —

TPU_4 TGI4A 64 H'0100 IPRG6 to IPRG4

TGl4B 65 H'0104

TCl4av 66 H'0108 —

TCl4U 67 H'010C Low —
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Origin of Vector Address”
Interrupt Interrupt Vector DTC
Source Source Number Advanced Mode IPR Priority  Activation
TPU_5 TGI5A 68 H'0110 IPRG2 to IPRGO High @)
TGI5B 69 H'0114 * @)
TCI5V 70 H'0118 —
TCI5U 71 H'011C —
TMR_O CMIAO 72 H'0120 IPRH14 to IPRH12
CMIBO 73 H'0124
OVIOo 74 H'0128 —
— Reserved for 75 H'012C —
system use
TMR_1 CMIAL 76 H'0130 IPRH10 to IPRH8
CMIB1 77 H'0134
ovi1 78 H'0138 —
— Reserved for 79 H'013C —
system use 80 H'0140 IPRH6 to IPRH4 o
81 H'0144 o)
82 H'0148 @)
83 H'014C o)
84 H'0150 IPRHO to IPRHO —
85 H'0154 IPRI14 to IPRI12 —
86 H'0158 IPRI10 to IPRI8 —
87 H'015C IPRI6 to IPRI4 —
SCI_0 ERIO 88 H'0160 IPRI2 to IPRIO —
RXIO 89 H'0164
TXIO 90 H'0168
TEIO 91 H'016C —
SCI_1 ERI1 92 H'0170 IPRJ14 to IPRJ12 —
RXI11 93 H'0174
TXI1 94 H'0178
TEI1 95 H'017C —
SCI_2 ERI2 96 H'0180 IPRJ10 to IPRJ8 —
RXI2 97 H'0184
TXI2 98 H'0188
TEI2 99 H'018C Low —
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Origin of Vector Address”
Interrupt Interrupt Vector DTC
Source Source Number Advanced Mode IPR Priority  Activation
— Reserved for 100 H'0190 IPRJ6 to IPRJ4 High —
system use 101 10194 4 —
102 H'0198 —
103 H'019C —
104 H'01A0 IPRJ2 to IPRJO —
105 H'01A4 —
106 H'01A8 —
107 H'01AC —
108 H'01BO IPRK14 to IPRK12 —
109 H'01B4 —
110 H'01B8 —
111 H'01BC —
112 H'01CO IPRK10 to IPRK8 —
113 H'01C4 —
114 H'01C8 —
115 H'01CC —
116 H'01DO0 IPRKG6 to IPRK4 —
117 H'01D4 —
118 H'01D8 —
119 H'01DC —
120 H'01EO IPRK2 to IPRKO —
121 H'01E4 —
122 H'01E8 —
123 H'01EC —
124 H'01FO0 —
125 H'01F4 —
126 H'01F8 —
127 H'01EC Low —

Note: * Lower 16 bits of the start address.
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5.6 Interrupt Control Modes and I nterrupt Operation

Theinterrupt controller has two modes: interrupt control mode 0 and interrupt control mode 2.
Interrupt operations differ depending on the interrupt control mode. The interrupt control mode is
selected by INTCR. Table 5.3 shows the differences between interrupt control mode 0 and
interrupt control mode 2.

Table5.3 Interrupt Control Modes

Interrupt Priority Setting Interrupt
Control Mode Registers Mask Bits Description
0 Default | The priorities of interrupt sources are fixed at

the default settings.

Interrupt sources except for NMI is masked by
the | bit.

2 IPR 12to 10 8 priority levels except for NMI can be set with
IPR.

8-level interrupt mask control is performed by
bits 12 to 10.

56.1 Interrupt Control Mode O

In interrupt control mode O, interrupt requests except for NM1 is masked by the | bit of CCR in the
CPU. Figure 5.3 shows aflowchart 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. Ifthel bitisset to 1, only an NMI interrupt is accepted, and other interrupt requests are held
pending. If thel bitis cleared, an interrupt request is accepted.

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 the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

5. The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

6. Next, thel bitin CCRisset to 1. This masks al interrupts except NMI.
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7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.

1

Program execution status

No

Interrupt generated?

Hold
pending

-

Y
| Save PC and CCR |

1
| ]
1

| Read vector address |

1

|Branch to interrupt handling routinel

Figure5.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 0
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56.2 Interrupt Control Mode 2

Ininterrupt control mode 2, mask control isdone in eight levels for interrupt requests except for
NMI by comparing the EXR interrupt mask level (12 to 10 bits) in the CPU and the IPR setting.
Figure 5.4 shows a flowchart of the interrupt acceptance operation in this case.

1

If an interrupt source occurs when the corresponding interrupt enable bit isset to 1, an
interrupt request is sent to the interrupt controller.

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 a number 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 5.2 is selected.

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.

When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been compl eted.

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 the first instruction to be executed after returning from
the interrupt handling routine.

TheT bitin EXR iscleared 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.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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A
Program execution status |

)

nterrupt gm\'\lo »-

Yes

No
Level 7 interrupt?

Yes No
Level 6 interrupt? TTTmmmmoeos
Mask level 6 N Yes No
or below? Level 1 interrupt?

Yes
Mask level 5 No Yes
or below?
Mask level 0?
Yes
\
\ A y

A A

[ save Pc, ccr, and EXR | Hold
pending

o

Clear T bitto 0 |

!

| Update mask level |

{

| Read vector address |

|Branch to interrupt handling routinel

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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5.6.3 Interrupt Exception Handling Sequence

Figure 5.5 shows the interrupt exception handling sequence. The example shown isfor the case
where interrupt control mode O is set in advanced mode, and the program area and stack area are
in on-chip memory.
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Figure5.5 Interrupt Exception Handling
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564 Interrupt Response Times

Table 5.4 shows interrupt response times - the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The execution status
symbols used in table 5.4 are explained in table 5.5.

ThisLSl is capable of fast word transfer to on-chip memory, and have the program areain on-chip
ROM and the stack areain on-chip RAM, enabling high-speed processing.

Table5.4 Interrupt Response Times

Normal Mode*® Advanced Mode
Interrupt Interrupt Interrupt Interrupt
control control control control
No. Execution Status mode 0 mode 2 mode 0 mode 2
Interrupt priority determination™* 3 3 3 3

Number of wait states until executing 1to 19 +2-S 1to 19+2:S, 1t0 19+2.S 1to 19+2-S
instruction ends™*

3 PC, CCR, EXR stack save 2:S, 3:S, 2:S, 3:S,

4 Vector fetch S, S, 2-S, 2-S,

5 Instruction fetch™* 2:S, 2:S, 2'S, 2'S,

6 Internal processing™* 2 2 2 2

Total (using on-chip memory) 11to 31 12to 32 12 to 32 13to 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 this LSI.
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Table5.5 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 S,

Legend:
m: Number of wait states in an external device access.

5.6.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt. In this case, the following options are available:

* Interrupt request to CPU
e Activation request to DTC
» Selection of anumber of the above

For details of interrupt requests that can be used to activate the DTC, see table 5.2 and section 7,
Data Transfer Controller.

Figure 5.6 shows a block diagram of the DTC and interrupt controller.

Rev. 3.00 Feb 22, 2006 page 94 of 624
REJ09B0281-0300

RENESAS



Section 5 Interrupt Controller

Interrupt DTC activation
request Selection ——— request vector
‘ election number
circuit
IRQ
interrupt Select
signal . .
Clear signal Control logic DTC
) Interrupt source DTCER .
On-chip clear signal Clear signal
supporting :
module
DTVECR -
SWDTE _
clear signal CPU interrupt
request vector
Determinati i number
eterminationof || p,
priority 1, 1210 10
Interrupt controller

Figure5.6 DTC and Interrupt Controller

(1) Selection of Interrupt Source: Interrupt factors are selected as DTC activation source or
CPU interrupt source by the DTCE bit of DTCERA to DTCERF of DTC.

By specifying the DISEL bit of the DTC's MRB, it is possible to clear the DTCE hit to O after
DTC datatransfer, and request a CPU interrupt.

If DTC carries out the designate number of data transfers and the transfer counter reads O, after
DTC datatransfer, the DTCE hit isalso cleared to 0, and an interrupt is requested to the CPU.

(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.

(3) Operation Order: If the sameinterrupt is selected as a DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.6 shows the interrupt factor clear control and selection of interrupt factors by specification
of the DTCE bit of DTC's DTCERA to DTCERH, and the DISEL bit of DTC's MRB.
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Table5.6 Interrupt Source Selection and Clearing Control

Settings
DTC Interrupt Sources Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X @)
1 0 @) X
1 O (@)
* * X X
Legend:

O : 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 interrupt cannot be used.

* : Don't care

Note: The SCI or A/D converter interrupt source is cleared when the DTC reads or writes to the
prescribed register, and is not dependent upon the DISEL bit.

5.7 Usage Notes

57.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to mask interrupts, the masking becomes effective
after execution of the instruction.

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 thereis 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 0. Figure 5.7 shows an example in which the TCIEV bit inthe TPU’s
TIER O register iscleared to 0. The above contention will not occur if an enable bit or interrupt
source flag is cleared to 0 while the interrupt is masked.
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TIER_O write cycle by CPU ) )
TCIV exception handling

\
Y
i

Internal h !
address bus X TIER_O address X

Internal
write signal !

TCIEV : | :

TCIV
interrupt signal

Figure5.7 Contention between Interrupt Generation and Disabling

5.7.2 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, al interrupts including NMI are disabled and the next instruction is
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.

5.7.3 Timeswhen Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt 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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574 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMOQV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
case is the address of the next instruction. Therefore, if an interrupt is generated during execution
of an EEPMOV.W instruction, the following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

575 Change of IRQ Pin Select Register (ITSR) Setting

When the ITSR setting is changed, an edge occurs internally and the IRQnF bit (n=0to 7) of ISR
may be set to 1 at the unintended timing if the selected pin level before the change is different
from the selected pin level after the change. If the IRQn interrupt request (n = 0to 7) is enabled,
the interrupt exception handling is executed. To prevent the unintended interrupt, 1TSR setting
should be changed while the IRQn interrupt request is disabled, then the IRQNF bit should be
cleared to 0.

5.7.6 Noteon IRQ Status Register (ISR)

Since IRQNF flags may be set to 1 depending on the pin states after a reset, be sure to read from
ISR after areset and then write 0 to clear the IRQNF flags.

Rev. 3.00 Feb 22, 2006 page 98 of 624
REJ09B0281-0300
RENESAS



Section 6 Bus Controller (BSC)

Section 6 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the external address space divided into
eight areas.

The bus controller also has a bus arbitration function, and controls the operation of the bus
masterships—the CPU and data transfer controller (DTC).

6.1 Features

» Manages external address space in area units
Manages the external address space divided into eight areas of 2 Mbytes
Bus specifications can be set independently for each area
» Basic businterface
Chip select signals (CSO to CS7) can be output for areas 0 to 7
8-bit access or 16-bit access can be selected for each area
2-state access or 3-state access can be selected for each area
Program wait states can be inserted for each area
» Busarbitration function
Includes a bus arbiter that arbitrates bus mastershipship between the CPU and DTC
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A block diagram of the bus controller is shown in figure 6.1.

Area decoder > CS7to CSO

Q

—— WAIT
~—— BREQ

External bus controller BACK
— BREQO

Internal bus master bus request signal — External bus
Internal bus master bus acknowledge signal ~+—— arbiter

A v

D External bus
control signals

Internal bus control signals <

Internal bus controller

CPU bus request signal ——»1
DTC bus request signal ——»|
CPU bus acknowledge signal ~+———
DTC bus acknowledge signal -~e———

Internal bus
arbiter

| A

Control registers

Internal data bus<

| ABWCR | ASTCR |

| WTCRAH | WTCRAL |

| WTCRBH| WTCRBL |

| cCSACRH | CSACRL |

| BCR |

Legend:

ABWCR: Bus width control register

ASTCR: Access state control register

WTCRAH, WTCRAL,

WTCRBH, and WTCRBL: Wait control registers AH, AL, BH, and BL
RDNCR: Read strobe timing control register

CSACRH and CSACRL: CS assertion period control registers H and L

Figure6.1 Block Diagram of Bus Controller
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6.2 I nput/Output Pins

Table 6.1 summarizes the pin configuration of the bus controller.

Table6.1 Pin Configuration

Name Symbol I/0 Function

Address strobe AS Output  Strobe signal indicating that an external address
space is accessed and address output on
address bus is enabled.

Read RD Output  Strobe signal indicating that an external address
space is being read.

High write/write enable  HWR Output  Strobe signal indicating that an external address
space is written to, and upper half (D15 to D8) of
data bus is enabled.

Low write LWR Output  Strobe signal indicating that an external address
space is written to, and lower half (D7 to DO) of
data bus is enabled.

Chip select 0 SO Output  Strobe signal indicating that area O is selected.

Chip select 1 Si Output  Strobe signal indicating that area 1 is selected

Chip select 2 S2 Output  Strobe signal indicating that area 2 is selected.

Chip select 3 S3 Output  Strobe signal indicating that area 3 is selected.

Chip select 4 S4 Output  Strobe signal indicating that area 4 is selected.

Chip select 5 S5 Output  Strobe signal indicating that area 5 is selected.

Chip select 6 CS6 Output  Strobe signal indicating that area 6 is selected.

Chip select 7 CS7 Output  Strobe signal indicating that area 7 is selected.

Wait WAIT Input Wait request signal when accessing external
address space.

Bus request BREQ Input Request signal for release of bus to external bus
master.

Bus request BACK Output  Acknowledge signal indicating that bus has been

acknowledge released to external bus master.

Bus request output BREQO Output  External bus request signal used when internal

bus master accesses external address space
when external bus is released.
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6.3 Register Descriptions

The bus controller has the following registers.

e Buswidth control register (ABWCR)
» Access state control register (ASTCR)
» Wait control register AH (WTCRAH)
»  Wait control register AL (WTCRAL)
e Wait control register BH (WTCRBH)
*  Wait control register BL (WTCRBL)

» Read strobe timing control register (RDNCR)

« CS assertion period control register H (CSACRH)
* CS assertion period control register L (CSACRL)

» Buscontrol register (BCR)

6.3.1 Bus Width Control Register (ABWCR)

ABWCR designates each areain the external address space as either 8-bit access space or 16-bit

access space.
Bit Bit Name Initial Value® R/W Description
7 ABW7 1/0 R/W Area 7 to 0 Bus Width Control
6 ABW6 1/0 R/W These bits select whether the corresponding
5 ABWS5 1/0 RIW area is to be designated as 8-bit access space
or 16-bit access space.
4 ABW4 1/0 R/W . . .
0: Area n is designated as 16-bit access space
3 ABW3 1/0 R/W . . .
1: Area n is designated as 8-bit access space
2 ABW?2 1/0 R/W
(n=7100)
1 ABW1 1/0 R/W
0 ABWO 1/0 R/W
Note: * Inmodes 2, 4, and 6, ABWCR is initialized to 1. In modes 1, 5, and 7, ABWCR is

initialized to 0.
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6.3.2 Access State Control Register (ASTCR)

ASTCR designates each areain the external address space as either 2-state access space or 3-state

access space.

Bit Bit Name Initial Value R/W Description

7 AST7 1 R/W Area 7 to 0 Access State Control

6 AST6 1 R/W These bits select whether the corresponding

5 AST5 1 R/W area is to be designated as 2-state access
space or 3-state access space. Wait state

4 AST4 1 RIW insertion is enabled or disabled at the same

3 AST3 1 R/W time.

2 AST2 1 R/W 0: Area n is designated as 2-state access space

1 AST1 1 R/W Wait state insertion in area n access is disabled

0 ASTO 1 R/W 1: Area n is designated as 3-state access space

Wait state insertion in area n access is enabled
(n=71t00)

6.3.3 Wait Control Registers AH, AL, BH, and BL (WTCRAH, WTCRAL, WTCRBH,

and WTCRBL)

WTCRA and WTCRB select the number of program wait states for each areain the external

address space.
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Bit

WTCRAH

Bit Name

Initial Value

R/W

Description

15

0

Reserved

This bit is always read as 0 and cannot be
modified.

14
13
12

W72
w71
W70

[EEY

R/W
R/W
R/W

Area 7 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 7 while AST7 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted

11

Reserved

This bit is always read as 0 and cannot be
modified.

10

W62
w61
W60

R/W
R/W
R/W

Area 6 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 6 while AST6 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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Bit

WT ARAL
Bit Name

Initial Value

R/W

Description

7

0

Reserved

This bit is always read as 0 and cannot be
modified.

W52
W51
W50

[ERY

R/W
R/W
R/W

Area 5 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 5 while AST5 bit in
ASTCR =1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted

Reserved

This bit is always read as 0 and cannot be
modified.

w42
w41
W40

R/W
R/W
R/W

Area 4 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 4 while AST4 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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Bit

WTCRBH

Bit Name Initial Value

R/W

Description

15

— 0

Reserved

This bit is always read as 0 and cannot be
modified.

14
13
12

W32
w31
W30 1

R/W
R/W
R/W

Area 3 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 3 while AST3 bit in
ASTCR =1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted

11

Reserved

This bit is always read as 0 and cannot be
modified.

10

w22
w21
w20 1

R/W
R/W
R/W

Area 2 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 2 while AST2 bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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Bit

WTCRBL
Bit Name Initial Value

R/W

Description

7

— 0

Reserved

This bit is always read as 0 and cannot be
modified.

W12
w11
W10 1

R/W
R/W
R/W

Area 1 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 1 while AST1 bit in
ASTCR =1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted

Reserved

This bit is always read as 0 and cannot be
modified.

w02
wo1
w00 1

R/W
R/W
R/W

Area 0 Wait Control 2 to O

These bits select the number of program wait
states when accessing area 0 while ASTO bit in
ASTCR = 1.

000: Program wait not inserted
001: 1 program wait state inserted
010: 2 program wait states inserted
011: 3 program wait states inserted
100: 4 program wait states inserted
101: 5 program wait states inserted
110: 6 program wait states inserted
111: 7 program wait states inserted
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6.34 Read Strobe Timing Control Register (RDNCR)

RDNCR selects the read strobe signal (RD) negation timing in an external address space read
access.

Bit Bit Name Initial Value R/W Description

7 RDN7 0 R/W Read Strobe Timing Control 7 to O

6 RDN6 0 R/W These bits set the negation timing of the read

5 RDN5 0 R/W strobe in a corresponding area read access.

4 RDN4 0 RIW As shown ir_l figure 6.2, the_rc_ead strobe_for an
area for which the RDNn bit is setto 1 is

3 RDN3 0 RIW negated one half-state earlier than that for an

2 RDN2 0 R/W area for which the RDNn bit is cleared to 0. The

1 RDN1 0 RIW read data setup and hold time specifications are
also one half-state earlier.

0 RDNO 0 R/W

0: In an area n read access, the RD is negated
at the end of the read cycle

1: In an area n read access, the RD is negated
one half-state before the end of the read
cycle

(n=7100)
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Bus cycle

RD | |
RDNn =0 ! : 3 3
Data : { —
RD | | | |
RDNn=1 | 1 | |

Figure6.2 Read Strobe Negation Timing (Example of 3-State Access Space)
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6.3.5 CS Assertion Period Control RegistersH, L (CSACRH, CSACRL)

CSACRH and CSACRL select whether or not the assertion period of the basic bus interface chip
select signals (CSn) and address signals is to be extended. Extending the assertion period of the
CSn and address signals allows flexible interfacing to external 1/0 devices.

e CSACRH
Bit Bit Name Initial Value R/W Description
7 CSXH7 0 R/W CS and Address Signal Assertion Period
6 CSXH6 0 RIW Control 1
5 CSXH5 0 RIW Thesg bits specify whether or not the T, cycle is
to be inserted (see figure 6.3). When an area
4 CSXH4 0 RIW for which the CSXHn bit is set to 1 is accessed,
3 CSXH3 0 R/W a one-state T, cycle, in which only the CSn and
2 CSXH2 0 RIW address signals are asserted, is inserted before
the normal access cycle.
! CSXHL 0 RIW 0: In area n basic bus interface access, the CSn
0 CSXHO 0 R/W and address assertion period (T,) is not
extended
1: In area n basic bus interface access, the CSn
and address assertion period (T,) is extended
(n=7100)
« CSACRL
Bit Bit Name Initial Value R/W Description
7 CSXT7 0 R/W CS and Address Signal Assertion Period
6 CSXT6 0 RIW Control 2
5 CSXTS 0 RIW These l_)its_ specify V\_/hether or not the T, cycle
shown in figure 6.3 is to be inserted. When an
4 CSXT4 0 RIW area for which the CSXTn bitis setto 1 is
3 CSXT3 0 R/W accessed, a one-state T, cycle, in which only
> CSXT2 0 RIW Fhe CSn and address signals are asserted, is
inserted before the normal access cycle.
1 CSXT1 0 RIW 0: In area n basic bus interface access, the CSn
0 CSXT0 0 R/W

and address assertion period (T) is not
extended

1: In area n basic bus interface access, the CSn
and address assertion period (T) is extended

(n=7100)
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Bus cycle

RD
Data
W
Data

Read
Write -

Figure6.3 CS and Address Assertion Period Extension

= 0)

(Example of 3-State Access Space and RDNn

REJ09B0281-0300
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6.3.6

Bus Control Register (BCR)

BCRisused for idle cycle settings, selection of the external bus released state protocol, enabling
or disabling of the write data buffer function, and enabling or disabling of WAIT pin input.

Bit

Bit Name

Initial Value

R/W

Description

15

BRLE

0

R/W

External Bus Release Enable
Enables or disables external bus release.
0: External bus release disabled

BREQ, BACK, and BREQO pins can be used
as /0 ports

1: External bus release enabled

14

BREQOE

R/W

BREQO Pin Enable

Controls outputting the bus request signal
(BREQO) to the external bus master in the
external bus released state, when an internal
bus master performs an external address space
access.

0: BREQO output disabled
BREQO pin can be used as I/0 port
1: BREQO output enabled

13

R/W

Reserved

This bit can be read from or written to.
However, the write value should always be 0.

12

IDLC

R/W

Idle Cycle State Number Select

Specifies the number of states in the idle cycle
set by ICIS2, ICIS1, and ICISO.

0: Idle cycle comprises 1 state
1: Idle cycle comprises 2 states

11

ICIS1

R/W

Idle Cycle Insert 1

When consecutive external read cycles are
performed in different areas, an idle cycle can
be inserted between the bus cycles.

0: Idle cycle not inserted
1: Idle cycle inserted
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Bit Bit Name Initial Value R/W Description
10 ICISO 1 R/W Idle Cycle Insert 0
When an external read cycle and external write
cycle are performed consecutively, an idle cycle
can be inserted between the bus cycles.
0: Idle cycle not inserted
1: Idle cycle inserted
9 WDBE 0 R/W Write Data Buffer Enable
The write data buffer function can be used for
an external write cycle.
0: Write data buffer function not used
1: Write data buffer function used
8 WAITE 0 R/W WAIT Pin Enable
Selects enabling or disabling of wait input by
the WAIT pin.
0: Wait input by WAIT pin disabled
WAIT pin can be used as I/O port
1: Wait input by WAIT pin enabled
7 — AllO R/W Reserved
to These are readable/writable bits, but the write
3 value should always be 0.
2 ICIS2 0 R/W Idle Cycle Insert 2
When an external write cycle and external read
cycle are performed consecutively, an idle cycle
can be inserted between the bus cycles.
0: Idle cycle not inserted
1: Idle cycle inserted
1,0 — AllO R/W Reserved

These bits can be read from or written to.
However, the write value should always be 0.
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6.3.7 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit readable/writable up-counter. RTCNT counts up using the internal clock
selected by bits RTCK2 to RTCKO in REFCR.

When RTCNT matches RTCOR (compare match), the CMF flag in REFCR is set to 1 and
RTCNT iscleared to H'00. If the RFSHE bit in REFCR is set to 1 at thistime, arefresh cycleis
started. If the RFSHE bit is cleared to 0 and the CMIE bit in REFCR is set to 1, a compare match
interrupt (CM1) is generated.

RTCNT isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

6.3.8 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit readable/writable register that sets the period for compare match operations
with RTCNT.

The values of RTCOR and RTCNT are constantly compared, and if they match, the CMF flag in
REFCRissetto 1 and RTCNT iscleared to H'00.

RTCOR isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

6.4 Bus Controal

6.4.1 Area Division

The bus controller divides the 16-Mbyte address space into eight areas, 0 to 7, in 2-Mbyte units,
and performs bus control for external address space in area units. Chip select signals (CS0 to CS7)
can be output for each area. In normal mode, a part of area 0, 64-kbyte address space, is
controlled. Figure 6.4 shows an outline of the memory map.

Note: Norma modeisnot availablein thisLSl.
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H'000000 "~ Ho0000
Area 0 o
(2 Mbytes) !
H'1FFFFF
H'200000 '
Area 1 :
(2 Mbytes) '
H'3FFFFF |
H'400000 ]
Area 2 i
2 Mbyt .
(2 Mbytes) | HEFFE.
H'SFFFFF
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'9FFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'EO0000
Area 7
(2 Mbytes)
__ . HFFFFFE
(1) Advanced mode (2) Normal mode*
Note: * Not available in this LSI

Figure6.4 AreaDivisons
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6.4.2 Bus Specifications

The external address space bus specifications consist of five elements. bus width, number of
access states, number of program wait states, read strobe timing, and chip select (CS) assertion
period extension states. The bus width and number of access states for on-chip memory and
internal 1/O registers are fixed, and are not affected by the bus controller.

Bus Width: A buswidth of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit
bus s selected functions as an 8-bit access space, and an area for which a 16-bit busis selected
functions as a 16-hit access space. If all areas are designated as 8-hit access space, 8-bit bus mode
isset; if any areais designated as 16-bit access space, 16-bit bus modeis set.

Number of Access States: Two or three access states can be selected with ASTCR. An areafor
which 2-state access is selected functions as a 2-state access space, and an areafor which 3-state
access is selected functions as a 3-state access space.

When 2-state access space is designated, wait insertion is disabled. When 3-state access spaceis
designated, it is possible to insert program waits by means of the WTCRA and WTCRB, and
external waits by means of the WAIT pin.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WTCRA and WTCRB.
From O to 7 program wait states can be selected. Table 6.2 shows the bus specifications (bus
width, and number of access states and program wait states) for each basic businterface area.
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Table6.2 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR ASTCR WTCRA, WTCRB Bus Specifications (Basic Bus Interface)
Access Program Wait
ABWn ASTn Wn2 Wnl WnoO Bus Width  States States
0 0 — — — 16 2 0
1 0 0 0 3 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7
1 0 — — — 8 0
0 0 0 0
1 1
1 0 2
1 3
1 0 0 4
1 5
1 0 6
1 7
(n=0to7)

Read Strobe Timing: RDNCR can be used to select either of two negation timings (at the end of
the read cycle or one half-state before the end of the read cycle) for the read strobe (RD) used in
the basic bus interface space.

Chip Select (CS) Assertion Period Extension States: Some external /0 devices require a setup
time and hold time between address and CS signals and strobe signals such as RD, HWR, and
LWR. CSACR can be used to insert states in which only the CS, AS, and address signals are
asserted before and after a basic bus space access cycle.
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6.4.3 Memory Interfaces
The memory interfacesin this LS| allows direct connection of ROM, SRAM, and so on.

Theinitia state of each areais basic bus interface, 3-state access space. Theinitia buswidthis
selected according to the operating mode.

Area 0: Area0 includes on-chip ROM in expanded mode with on-chip ROM enabled and the
space excluding on-chip ROM is external address space, and in expanded mode with on-chip
ROM disabled, all of area 0 is external address space.

When area 0 external space is accessed, the CSO0 signal can be outpuit.

Area 1: In externaly expanded mode, al of areal is external address space.

When area 1 external address space is accessed, the CS1 signal can be output.
Areas2to5: In externally expanded mode, areas 2 to 5 are all external address space.
When area 2 to 5 external space is accessed, signals CS2 to CS5 can be outpuit.

Area 6: In externally expanded mode, all of area6 is external space.

When area 6 external space is accessed, the CS6 signal can be outpuit.

Area 7: Area7 includes the on-chip RAM and internal/O registers. In externally expanded mode,
the space excluding the on-chip RAM and internal 1/0 registersis external address space. The on-
chip RAM is enabled when the RAME bit is set to 1 in the system control register (SY SCR); when
the RAME bit is cleared to 0, the on-chip RAM is disabled and the corresponding addresses are in
external address space.

When area 7 external address space is accessed, the CS7 signal can be output.
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6.4.4 Chip Select Signals

This LSI can output chip select signals (CS0 to CS7) for areas 0 to 7. The signal outputs low when
the corresponding external space areais accessed. Figure 6.5 shows an example of CSO to CS7
signals output timing.

Enabling or disabling of CS0 to CS7 signals output is set by the data direction register (DDR) bit
for the port corresponding to the CSO to CS7 pins.

In expanded mode with on-chip ROM disabled, the CSO pin is placed in the output state after a
reset. Pins CS1 to CS7 are placed in the input state after areset and so the corresponding DDR bits
should be set to 1 when outputting signals CS1 to CS7.

In expanded mode with on-chip ROM enabled, pins CS0 to CS7 are all placed in the input state
after areset and so the corresponding DDR bits should be set to 1 when outputting signals CS0 to
CS7.

! Bus cycle !

‘ T, To T3 ‘
0 I
Address bus X Area n external address X
< ‘ ‘

Figure6.5 CSn Signal Output Timing (n=0to07)
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6.5 Basic BusInterface

The basic bus interface enables direct connection of ROM, SRAM, and so on.

6.5.1 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has adata alignment function, and when accessing external address space, controls
whether the upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 6.6 illustrates data alignment control for the 8-bit access space. With
the 8-hit access space, the upper data bus (D15 to D8) is aways used for accesses. The amount of
data that can be accessed at one time is one byte: aword accessis performed as two byte accesses,
and alongword access, as four byte accesses.

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

Byte size [ 0

1st bus cycle | : : : : : : :
Word size T T T T T
| 2nd bus cycle | Lo |

| 1st bus cycle |

Longword 2nd bus cycle |
|

|

size 3rd bus cycle

| 4th bus cycle

Figure6.6 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space: Figure 6.7 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of data that can be accessed at one time is one byte or one word,
and alongword access is executed as two word accesses.

In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper databusis used for an even address, and the lower data bus for an odd
address.
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Upper data bus Lower data bus
| D15 D8 D7 DO,

Byte size  « Even address T
Byte size Odd address T ]

Word size |“H‘ww|www\”‘|

Longword 1st bus cycle |
size 2nd bus cycle |

Figure 6.7 Access Sizesand Data Alignment Control (16-bit Access Space)

6.5.2 Valid Strobes
Table 6.3 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal isvalid for both the upper and the lower half of the data bus. In awrite,
the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the lower half.

Table6.3 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-bitaccess  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

Note: Hi-Z: High-impedance state
Invalid: Input state; input value is ignored.
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6.5.3 Basic Timing

8-Bit, 2-State Access Space: Figure 6.8 shows the bustiming for an 8-bit, 2-state access space.
When an 8-bit access space is accessed, the upper half (D15 to D8) of the data busis used. The
LWR pin isawaysfixed high. Wait states can be inserted.

- Buscycle ——— =
| |

T : T,

Address bus >< y

Read { D150 D8 3 3 valid |

D7 to DO 3 3 Invalid

vl ]

HWR

LWR | High

D15 to D8 ——< " valid >7

High impedance

Write

D7 to DO

Notes: 1. n=0to 7
2. When RDNn =0

Figure6.8 BusTiming for 8-Bit, 2-State Access Space
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8-Bit, 3-State Access Space: Figure 6.9 shows the bustiming for an 8-bit, 3-state access space.
When an 8-hit access space is accessed, the upper half (D15 to D8) of the data busis used. The
LWR pinisawaysfixed high. Wait states can be inserted.

! Bus cycle

) | |

Read D15 to D8

D7 to DO ; 1 3 { Invalid | }—

AWR | | |
TWR : High ! :
Write ! ; ! ‘
D15to D8 —< } valid >7
: ! High impedance ' :
D7 to DO 3 gh mp :

Notes: 1. n=0to 7
2. When RDNn =0

Figure6.9 BusTimingfor 8-Bit, 3-State Access Space
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16-Bit, 2-State Access Space: Figures 6.10 to 6.12 show bus timings for a 16-bit, 2-state access
space. When a 16-hit access space is accessed, the upper half (D15 to D8) of the data busis used
for odd addresses, and the lower half (D7 to DO) for even addresses. Wait states cannot be
inserted.

. Buscycle —
| |

T : T,

Address bus >< )

3
O

Read { D15toD8 3 : valid |

D7 to DO : ; { Invalid | }—
| —

I
=
T

CWR | High

D15 to D8 —< " Vald >7

High impedance

Write

D7 to DO

Notes: 1. n=0to 7
2. When RDNn =0

Figure6.10 BusTiming for 16-Bit, 2-State Access Space
(Even Address Byte Access)
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'@« Buscycle .

Read D15 to D8

o

. B -

Address bus >< ><:

& ] —

= R

w0 ‘—
{ Invalid |} —
|

D7 to DO : valid !

AWR | High |

LWR | | |

Write : 1
i High impedance

D15 to D8 :

D7 to DO ~—< . valid >7

Notes: 1. n=0to7
2. When RDNn =0

Figure6.11 BusTimingfor 16-Bit, 2-State Access Space
(Odd Address Byte Access)
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Buscycle —— =

Address bus

&l
O

Read D15 to D8

D7 to DO

Write

D7 to DO

X
D15 to D8 —< Valid >7
—( -

Notes: 1. n=0to7
2. When RDNn =0

Figure6.12 BusTiming for 16-Bit, 2-State Access Space
(Word Access)
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16-Bit, 3-State Access Space: Figures 6.13 to 6.15 show bus timings for a 16-bit, 3-state access
space. When a 16-hit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address. Wait states can be
inserted.

Bus cycle

1 1 Tz : T3

i iy
:X
i

Address bus

Read D15 to D8

D7 to DO

T
o]

High

Write

D15 to D8 4—<

! High impedance l
D7 to DO N mp ‘

Notes: 1. n=0to7
2. When RDNn =0

Figure6.13 BusTiming for 16-Bit, 3-State Access Space
(Even Address Byte Access)
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Read

Write

Notes: 1.
2.

Bus cycle
| T,

Address bus | 1

D15 to D8

D7 to DO

T
sl

! High

LWR

¢ l
=
|

D15 to D8

High impedance [

D7 to DO ——< ! valid >—

n=0to7
When RDNn =0

Figure6.14 BusTiming for 16-Bit, 3-State Access Space
(Odd Address Byte Access)
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Bus cycle

T2

D15 to D8

Read

D7 to DO

T
ns]

LWR
Write

D15to D8

D7 to DO

Notes: 1. n=0to 7
2. When RDNn =0

Figure6.15 BusTiming for 16-Bit, 3-State Access Space

(Word Access)
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6.5.4 Wait Control

When accessing external space, this LS| can extend the bus cycle by inserting one or more wait
states (T,,). There are two ways of inserting wait states: program wait insertion and pin wait
insertion using the WAIT pin.

Program Wait Insertion: From O to 7 wait states can be inserted automatically between the T,
state and T, state on an individual area basis in 3-state access space, according to the settingsin
WTCRA and WTCRB.

Pin Wait Insertion: Setting the WAITE bit to 1 in BCR enables wait input by means of the
WAIT pin. When an external address space is accessed in this state, a program wait isfirst
inserted in accordance with the settingsin WTCRA and WTCRB. If the WAIT pinislow at the
faling edge of @inthelast T, or T, state, another T, state isinserted. If the WAIT pin isheld low,
T, states are inserted until it goes high. Thisis useful when inserting seven or more T, states, or
when changing the number of T, statesto be inserted for different external devices. The WAITE
bit setting appliesto all areas. Figure 6.16 shows an example of wait state insertion timing.

The settings after areset are: 3-state access, insertion of 7 program wait states, and WAIT input
disabled.
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By program wait By WAIT pin

T1 T2 TW Tw Tw T3
= -t - - - - =

’ i |

WAIT

Address bus :>< >C

AS

RD r
Read

Data bus { Read data )—

HWR, LWR
Write

Data bus —< Write data >—

Notes: 1. Downward arrows indicate the timing of WAIT pin sampling.
2. When RDN =0

Figure6.16 Example of Wait State Insertion Timing
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6.5.5  Read Strobe (RD) Timing

The read strobe (RD) timing can be changed for individual areas by setting bits RDN7 to RDNO to
1in RDNCR. Figure 6.17 shows an example of the timing when the read strobe timing is changed
in basic bus 3-state access space.

Bus cycle

Iy
y

(p —
Address bus >< o
CSn
AS
RD | | |
RDNn = 0 | | | |
Data bus ! : { —
RD | | | |
RDNn =1 | | |
Data bus 1 Dﬁ

Figure6.17 Example of Read Strobe Timing

6.5.6  Extension of Chip Select (CS) Assertion Period

Some external /0 devices require a setup time and hold time between address and CS signals and
strobe signals such asRD, HWR, and LWR. Settings can be made in the CSACR register to insert
states in which only the CS, AS, and address signals are asserted before and after a basic bus space
access cycle. Extension of the CS assertion period can be set for individual areas. With the CS
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assertion extension period in write access, the data setup and hold times are less stringent since the
write datais output to the data bus.

Figure 6.18 shows an example of the timing when the CS assertion period is extended in basic bus
3-state access space.

Bus cycle

T

@ 1

Read RD ! ‘
(when < ; 1 :
RDNn = 0) 1 ‘ !
AWR, LWR | e
Write : ! ! 3 3
Data bus ——< Write data >—

Figure6.18 Exampleof Timing when Chip Select Assertion Period |s Extended

Both extension state T, inserted before the basic bus cycle and extension state T, inserted after the
basic bus cycle, or only one of these, can be specified for individual areas. Insertion or non-
insertion can be specified for the T, state with the upper 8 bits (CSXH7 to CSXHO0) in the CSACR
register, and for the T, state with the lower 8 bits (CSXT7 to CSXTO).
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6.6 Idle Cycle

6.6.1 Operation

When this LS| accesses external address space, it can insert an idle cycle (T,) between bus cycles

in the following three cases: (1) when read accesses in different areas occur consecutively, (2)
when awrite cycle occursimmediately after aread cycle, and (3) when aread cycle occurs

immediately after awrite cycle. Insertion of a 1-state or 2-state idle cycle can be selected with the
IDLC hitin BCR. By inserting an idle cycle it is possible, for example, to avoid data collisions
between ROM, etc., with along output floating time, and high-speed memory, /O interfaces, and

SO on.

Consecutive Readsin Different Areas. If consecutive reads in different areas occur while the
ICIS1 bitissetto 1in BCR, anidle cycleisinserted at the start of the second read cycle.

Figure 6.19 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isaread cycle for SRAM, each
being located in a different area. In (a), anidle cycleis not inserted, and a collision occursin bus
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle isinserted,

and adata collision is prevented.

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

1 1
Address bus :x [ Address bus :x
I} I} )

CS (area A) I “ ! CS (area A) | |

CS (area B)

CS (area B)

RD

|

I A5

1 :
Data bus ]—m Data bus ]—( E )—(
1 1 1 :

1 1
1
Data collision| f

r—
Long output floating time Idle cycle

(a) No idle cycle insertion (b) Idle cycle insertion
(ICIS1=0) (ICIS1 = 1, initial value)

Figure6.19 Exampleof Idle Cycle Operation
(Consecutive Readsin Different Areas)
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Write after Read: If an external write occurs after an external read while the ICISO bit isset to 1
in BCR, anidle cycleisinserted at the start of the write cycle.

Figure 6.20 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin bus cycle B between the read datafrom ROM
and the CPU write data. In (b), anidle cycleisinserted, and adata collision is prevented.

, BuscycleA  BuscycleB , BuscycleA  BuscycleB
LT T, T T T, i1 T, Ty T T Ty
(p 1 1 1 (p 1 1 1
1 1 1 1 1 1
Address bus Address bus
pares bus_ L poessis S—
CS (area A) l E CS (area A) | ‘ E
1 1 1 1 1 1
CS (areaB) ! CS(areaB) ! ! | |
1 1 1 1 1 1
" | ! mo L !
| | | | | |
AWR | i HWR i LI
1 1 1 1 1 1
Data bus :)—m Data bus :)—( E )—( )—
1 1 1 1 1 : * :
1 1
oating.
Long output floating time Data collision Idle cycle
(a) No idle cycle insertion (b) Idle cycle insertion
(ICIS0 = 0) (ICIS0 = 1, initial value)

Figure6.20 Example of Idle Cycle Operation (Write after Read)
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Read after Write: If an external read occurs after an external write while the ICIS2 bitissetto 1
in BCR, anidlecycleisinserted at the start of the read cycle.

Figure 6.21 shows an example of the operation in this case. In thisexample, buscycle A isaCPU
write cycle and bus cycle B isaread cycle from an external device. In (@), anidle cycleis not
inserted, and a collision occurs in bus cycle B between the CPU write data and read data from an
external device. In(b), anidlecycleisinserted, and adatacollision is prevented.

Buscycle A Buscycle B BuscycleA ~ BuscycleB

T T, Tp i T T, T T, Tl T T T,

o LML o LML

Address bus :2( x: Address bus :2(
CS (area A) l ‘ CS (area A) | “
CS (area B) I | CS (area B)
1 1
RD o I RD
i |
HWR, TWR | [ : AR T ] |

L1

e

Data bus :)—( )— Data bus :)—( )—(
1 H : 1 *
r— P
Long output floating time Data collision ldle cycle
(a) No idle cycle insertion (b) Idle cycle insertion
(ICIS2 = 0) (ICIS2 = 1, initial value)

Figure6.21 Example of Idle Cycle Operation (Read after Write)
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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 6.22. 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. In the
initial state after reset release, idle cycleinsertion (b) is set.

. Buscycle A Bus cycle B . BuscycleA  BuscycleB |
LT T, T LTy T, LT, T, T LT, T, T,
o LML LML o [[LIMLILIMLI LIl
Address bus :x X x: Address bus :x ‘ x:
! ‘ !

CS (area A) ' I ' CS(areaA) ' | !

CS(areaB) | 1 CS(areaB) | l | '
"] ST | LT
\— | | | * |
Overlap period between CS (area B) Idle cycle
and RD may occur
(a) No idle cycle insertion (b) Idle cycle insertion
(ICIS1=0) (ICIS1 = 1, initial value)

6.6.2

Figure 6.22 Relationship between Chip Select (CS) and Read (RD)

Pin Statesin Idle Cycle

Table 6.4 shows the pin statesin an idle cycle.

Table6.4 Pin Statesin IdleCycle

Pins Pin State

A23to AO Contents of following bus cycle
D15 to DO High impedance
CSn(n=7t00) High

AS High

RD High

HWR, LWR High
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6.7 Write Data Buffer Function

This LSl has awrite data buffer function for the external data bus. Using the write data buffer
function enables external writesto be executed in parallel with internal accesses. The write data
buffer function is made available by setting the WDBE bitto 1 in BCR.

Figure 6.23 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external address space write continues for two states or longer, and thereis
aninternal access next, an external write only is executed in thefirst 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 address space write rather than waiting until it ends.

On-chip memory read Internal I/O register read
1 1 1

r+—————— External write cycle ————————

R
Internal address bus :ix X X X X:
=

Internal memory  Internal I/O register address

Internal read signal

~
External address

External space <

B |

~

Figure 6.23 Example of Timing when Write Data Buffer Function |s Used
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6.8 Bus Release

This LSl can release the external bus in response to a bus request from an external device. In the
external bus released state, internal bus masters continue to operate as long as there is no external
access. If any of the following requests are issued in the external bus released state, the BREQO
signal can be driven low to output a bus request externally.

* When an internal bus master wants to perform an external access

* When aSLEEP instruction is executed to place the chip in software standby mode or all-
module-clocks-stopped mode

6.8.1 Operation

In externally expanded mode, the bus can be released to an external device by setting the BRLE
bit to 1 in BCR. Driving the BREQ pin low issues an external bus request to thisLS|. When the
BREQ pinissampled, at the prescribed timing the BACK pin isdriven 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, internal bus masters can perform accesses using the internal bus.
When an internal bus master wants to make an external access, it temporarily defers initiation of
the bus cycle, and waits for the bus request from the external bus master to be canceled. If a
SLEEP instruction is executed to place the chip in software standby mode or all-module-clocks-
stopped mode, software standby and all-modul e-clocks-stopped control are deferred until the bus
request from the external bus master is canceled.

If the BREQOE hit isset to 1 in BCR, the BREQO pin can be driven low when any of the
following requests are issued, to request cancellation of the bus request externally.

e When an internal bus master wants to perform an external access

* When a SLEEP instruction is executed to place the chip in software standby mode or all-
module-clocks-stopped mode

When the BREQ pinisdriven high, the BACK pinisdriven high at the prescribed timing and the
external busreleased state is terminated.

If an external bus release request and external access occur simultaneously, the order of priority is
asfollows:

(High) External bus release > External access by internal bus master (Low)
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6.8.2 Pin Statesin External Bus Released State
Table 6.5 shows pin states in the external bus released state.

Table6.5 Pin Statesin Bus Released State

Pins Pin State

A23to AO High impedance
D15 to DO High impedance
CSn(n=7t00) High impedance
AS High impedance
RD High impedance
HWR, LWR High impedance
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6.8.3 Transition Timing

Figure 6.24 shows the timing for transition to the bus released state.

External space
access cycle CPU
| | External bus released state | cycle

vl
2
8
o
f=
7
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
i
Y
'
'
'
'
-
'
'
'
'
'
'

j \
S : t Y
HWR, LWR ' [ iR LR LR L L e R D EEE L L e R R '
i i :
BREQ \ ' ' ' '
i i ; i
BACK ' ' i | ,
| | |
BREQO i : ' I
i i T

=
=
=
=

[5] [6] [71 8]

[1] Low level of BREQ signal is sampled at rise of g.
[2] Bus control signal returns to be high at end of external space access cycle.
At least one state from sampling of BREQ signal.
[3] BACK signal is driven low, releasing bus to external bus master.
[4] BREQ signal state is also sampled in external bus released state.
[5] High level of BREQ signal is sampled.
[6] BACK signal is driven high, ending external bus release cycle.
[7]1 When there is external access of internal bus master during external
bus release while BREQOE bit is set to 1, BREQO signal goes low.
[8] Normally BREQO signal goes high 1.5 states after rising edge of BACK signal.

Figure6.24 BusReleased State Transition Timing
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6.9 BusArbitration
This LSl has a bus arbiter that arbitrates bus mastership operations (bus arbitration).

There are two bus masters—the CPU and DTC—that 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
beginsits operation.

6.9.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master. 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 mastershipsis as follows:

(High) DTC > CPU (Low)

6.9.2 Bus Transfer Timing

Even if abusrequest is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the busis not necessarily transferred
immediately. There are specific timings at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if abus 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 busisasfollows:

» 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 component operations.

e With bit manipulation instructions such as BSET and BCLR, the sequence of operationsis:
data read (read), relevant bit manipulation operation (modify), write-back (write). The busis
not transferred during this read-modify-write cycle, which is executed as a series of bus cycles.

e |fthe CPU isin deep mode, the busistransferred immediately.
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DTC: The DTC sendsthe 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), a single data
transfer, or aregister information write (3 states). It does not release the bus during aregister
information read (3 states), asingle data transfer, or aregister information write (3 states).

External Bus Release: When the BREQ pin goes low and an external bus release request isissued
whilethe BRLE bit isset to 1in BCR, abusrequest is sent to the bus arbiter.

External bus release can be performed on completion of an external bus cycle.

6.10 BusController Operation in Reset

In areset, this LSI, including the bus controller, enters the reset state immediately, and any
executing bus cycleis aborted.

6.11  Usage Notes

6.11.1  External Bus Release Function and All-M odule-Clocks-Stopped M ode

InthisLSl, if the ACSE bitisset to 1in MSTPCR, and then a SLEEP instruction is executed with
the setting for all peripheral module clocks to be stopped (MSTPCR = H'FFFF) or for operation of
the 8-bit timer module alone (MSTPCR = H'FFFE), and atransition is made to the deep state, the
all-module-clocks-stopped mode is entered in which the clock is also stopped for the bus
controller and 1/0 ports. In this state, the external bus release function is halted. To use the
external bus release function in seep mode, the ACSE bit in MSTPCR must be cleared to 0.
Conversely, if a SLEEP instruction to place the chip in all-module-clocks-stopped mode is
executed in the external bus released state, the transition to all-module-clocks-stopped mode is
deferred and performed until after the busis recovered.

6.11.2 External BusRelease Function and Softwar e Standby

In thisLSI, internal bus mastership operation does not stop even while the busis released, aslong
as the program is running in on-chip ROM, etc., and no external access occurs. If a SLEEP
instruction to place the chip in software standby mode is executed while the external busis
released, the transition to software standby mode is deferred and performed after the busis
recovered.
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Also, since clock oscillation halts in software standby mode, if BREQ goes low in this mode,
indicating an external bus rel ease request, the request cannot be answered until the chip has
recovered from the software standby state.

6.11.3 BREQO Output Timing

When the BREQOE hit is set to 1 and the BREQO signal is output, BREQO may go low before
the BACK signal.

Thiswill occur if the next external access request occurs whileinternal bus arbitration isin
progress after the chip samples alow level of BREQ.

Rev. 3.00 Feb 22, 2006 page 144 of 624
REJ09B0281-0300
RENESAS



Section 7 Data Transfer Controller (DTC)

Section 7 Data Transfer Controller (DTC)

This LSl includes a data transfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

Figure 7.1 shows a block diagram of the DTC. The DTC' sregister information is stored in the on-
chip RAM. When the DTC is used, the RAME hit in SY SCR must be set to 1. A 32-bit bus
connects the DTC to the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of
the DTC register information.

7.1 Features

e Transfer possible over any number of channels
» Threetransfer modes
Normal, repeat, and block transfer modes available
» One activation source can trigger a number of data transfers (chain transfer)
» Direct specification of 16-Mbyte address space possible
e Activation by softwareis possible
e Transfer can be set in byte or word units
e A CPU interrupt can be requested for the interrupt that activated the DTC
¢ Module stop mode can be set
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Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c
o
a |
< ollx B £
Interrupt 5o 58 2 g ol e
request) O = 0||> 3 = o <|< @ =
E EIE [czl | € | |S<|og|v g
e allo) |58 | o | Sl B
82 | © <o|o o
=) o [T
B = = @
© |
¢)
'_
0 ®
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 DTCERG: DTC enable registers Ato G
DTVECR: DTC vector register

1.2

Figure7.1 Block Diagram of DTC

Register Descriptions

DTC hasthe following registers.

DTC mode register A (MRA)

DTC mode register B (MRB)

DTC source address register (SAR)
DTC destination address register (DAR)
DTC transfer count register A (CRA)
DTC transfer count register B (CRB)
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These six registers cannot be directly accessed from the CPU. When activated, the DTC reads a set
of register information that is stored in an on-chip RAM to the corresponding DTC registers and
transfers data. After the data transfer, it writes a set of updated register information back to the
RAM.

e DTCenableregisters A to H (DTCERA to DTCERH)
» DTC vector register (DTVECR)

721 DTC Mode Register A (MRA)

MRA selectsthe DTC operating mode.

Bit  Bit Name Initial Value R/W Description

7 SM1 Undefined — Source Address Mode 1 and 0
6 SMO Undefined — These bits specify an SAR operation after a data
transfer.

Ox: SAR is fixed

10: SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

11: SAR is decremented after a transfer
(by -1 when Sz = 0; by -2 when Sz = 1)

5 DM1 Undefined — Destination Address Mode 1 and 0
DMO Undefined — These bits specify a DAR operation after a data
transfer.

Ox: DAR is fixed

10: DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

11: DAR is decremented after a transfer
(by -1 when Sz = 0; by -2 when Sz = 1)

MD1 Undefined — DTC Mode
MDO Undefined — These bits specify the DTC transfer mode.
00: Normal mode

01: Repeat mode
10: Block transfer mode
11: Setting prohibited
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Bit Bit Name Initial Value R/W

Description

1 DTS Undefined —

DTC Transfer Mode Select

Specifies whether the source side or the destination
side is set to be a repeat area or block area, in
repeat mode or block transfer mode.

0: Destination side is repeat area or block area
1: Source side is repeat area or block area

0 Sz Undefined —

DTC Data Transfer Size

Specifies the size of data to be transferred.
0: Byte-size transfer

1: Word-size transfer

Legend:
X: Don't care
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7.2.2 DTC Mode Register B (MRB)
MRB selects the DTC operating mode.

Bit  Bit Name Initial Value R/W Description
7 CHNE Undefined — DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed. For details, refer to section 7.5.4, Chain
Transfer.

In data transfer with CHNE set to 1, determination of
the end of the specified number of transfers, clearing
of the activation source flag, and clearing of DTCER
is not performed.

6 DISEL Undefined — DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time after a data transfer ends.
When this bit is set to 0, a CPU interrupt request is
generated at the time when the specified number of
data transfer ends.

5 CHNS Undefined — DTC Chain Transfer Select
Specifies the chain transfer condition.

0: Chain transfer every time
1: Chain transfer only when transfer counter = 0

4 — Undefined — Reserved

to These bits have no effect on DTC operation, and

should always be written with 0.

7.2.3 DTC Source Address Register (SAR)

SAR is a24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.

724 DTC Destination Address Register (DAR)

DAR is a24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.
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7.25 DTC Transfer Count Register A (CRA)
CRA isa 16-hit register that designates the number of times data is 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 isdivided into two parts: the upper 8 hits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-hit transfer counter (1 to 256). CRAL is decremented by 1 every time datais
transferred, and the contents of CRAH are sent when the count reaches H'00.

7.2.6 DTC Transfer Count Register B (CRB)

CRB isa16-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.

7.2.7 DTC Enable RegistersA toH (DTCERA to DTCERH)

DTCER which is comprised of seven registers, DTCERA to DTCERH, is aregister that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTCE hitsis
shown in table 7.1. For DTCE hit setting, use bit manipulation instructions such as BSET and
BCLR for reading and writing. If all interrupts are masked, multiple activation sources can be set
at onetime (only at theinitial setting) by writing data after executing adummy read on the
relevant register.

Bit  Bit Name Initial Value R/W Description

7 DTCE7 0 R/W DTC Activation Enable

6 DTCE6 0 R/W Setting this bit to 1 specifies a relevant interrupt

5 DTCES5 0 RIW source to a DTC activation source.

4 DTCE4 0 RIW [Clearing conditions]

3 DTCE3 0 R/W e When the DISEL bit is 1 and the data transfer has

2 DICE2 0 RIW ended -

1 DTCE1L 0 RIW * When the specified number of transfers have
ended

0 DTCEO 0 R/W

These bits are not cleared when the DISEL bit is 0
and the specified number of transfers have not
ended
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728  DTC Vector Register (DTVECR)

DTVECR enables or disables DTC activation by software, and sets a vector number for the

software activation interrupt.

Bit  Bit Name Initial Value R/W Description
7 SWDTE 0 R/W DTC Software Activation Enable
Setting this bit to 1 activates DTC. Only 1 can be
written to this bit.
[Clearing conditions]
*  When the DISEL bit is 0 and the specified
number of transfers have not ended
*  When 0 is written to the DISEL bit after a
software-activated data transfer end interrupt
(SWDTEND) request has been sent to the CPU.
When the DISEL bit is 1 and data transfer has ended
or when the specified number of transfers have
ended, this bit will not be cleared.
6 DTVEC6 0 R/W DTC Software Activation Vectors 6 to 0
5 DTVEC5 0 R/W These bits specify a vector number for DTC software
4 DTVEC4 0 R/W activation.
3 DTVEC3 0 RIW The vector address is expressed as H'0400 + (vector
number x 2). For example, when DTVECS6 to
2 DTVEC2 0 RIW DTVECO = H'10, the vector address is H'0420. When
1 DTVEC1 0 R/W the bit SWDTE is 0, these bits can be written.
0 DTVECO 0 R/W
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7.3 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. At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit iscleared. The activation sourceflag, in the case
of RXI0, for example, isthe RDRF flag of SCI_0.

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.

Figure 7.2 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.

Source flag cleared
Clear
controller
Clear
A
DTCER
Select Clear request
Y
On-chip
supporting - DTC
module §
'S
: ~ 5
IRQ interrupt Interrupt 2
request S -
(%]
DTVECR *1 Interrupt controller CPU
Interrupt mask

Figure7.2 Block Diagram of DTC Activation Source Control
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74 L ocation of Register Information and DTC Vector Table

L ocate the register information in the on-chip RAM (addresses: H'FFBCOQO0 to H'FFBFFF).
Register information should be located at the address that is multiple of four within the range.
Locating the register information in address space is shown in figure 7.3. Locate the MRA, SAR,
MRB, DAR, CRA, and CRB registers, in that order, from the start address of the register
information. In the case of chain transfer, register information should be located in consecutive
areas as shown in figure 7.3 and the register information start address should be located at the
corresponding vector address to the activation source. 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.

When the DTC is activated by software, the vector addressis obtained from: H'0400 +
(DTVECR][6:0] x 2). For example, if DTVECR is H'10, the vector address is H'0420.

The configuration of the vector addressis 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 register information
start address.

Note: * Not availablein thisLSl.

Lower addresses
14 \
0 1 2 3
1 1
Start address of —= MRA SAR h
register information
MRB DAR Register information
CRA CRB
Chain transfer I: -
-
MRA SAR Register information
MRB DAR for second transfer
in case of chain
CRA CRB transfer
1 1 -
- Four bytes o

/\/

Figure7.3 Correspondence between DTC Vector Address and Register Information
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Table7.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Activation  Activation Vector DTC
Source Source Number Vector Address DTCE" Priority
Software Write to DTVECR  DTVECR H'0400 + (DOTVECR  — High
[6:0] x2) 4
External pin  IRQO 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 DTCEAl1
IRQ7 23 H'042E DTCEAO
Reserved 24 H'0430 DTCEB7
25 H'0432 DTCEB6
26 H'0434 DTCEBS
17 H'0436 DTCEB4
18 H'0438 DTCEB3
19 H'043A DTCEB2
30 H'043C DTCEB1
31 H'043E DTCEBO
A/D ADI 38 H'044C DTCEC6
TPU_O TGIOA 40 H'0450 DTCECS
TGIOB 41 H'0452 DTCEC4
TGIOC 42 H'0454 DTCECS
TGIOD 43 H'0456 DTCEC2
TPU_1 TGI1A 48 H'0460 DTCEC1
TGI1B 49 H'0462 DTCECO
TPU_2 TGI2A 52 H'0468 DTCED7
TGI2B 53 H'046A DTCEDG6 Low
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Origin of
Activation  Activation Vector DTC
Source Source Number Vector Address DTCE* Priority
TPU_3 TGI3A 56 H'0470 DTCED5 High
TGI3B 57 H'0472 DTCED4 *
TGI3C 58 H'0474 DTCEDS3
TGI3D 59 H'0476 DTCED2
TPU_4 TGI4A 64 H'0480 DTCED1
TGl4B 65 H'0482 DTCEDO
TPU_S TGI5A 68 H'0488 DTCEE7
TGI5B 69 H'048A DTCEE6
TMR_O CMIAO 72 H'0490 DTCEE3
CMIBO 73 H'0492 DTCEE2
TMR_1 CMIAL 76 H'0498 DTCEE1
CMIB1 7 H'049A DTCEEO
Reserved 80 H'04A0 DTCEF7
81 H'04A2 DTCEF6
82 H'04A4 DTCEF5
83 H'04A6 DTCEF4
SCI_0 RXI0 89 H'04B2 DTCEF3
TXI0 90 H'04B4 DTCEF2
SCI_1 RXI1 93 H'04BA DTCEF1
TXI1 94 H'04BC DTCEFO
SCl_2 RXI2 97 H'04C2 DTCEG7
TXI2 98 H'04C4 DTCEG6 Low
Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.

When clearing the software standby state or all-module-clocks-stop mode with an
interrupt, write O to the corresponding DTCE bit.
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75 Operation

The DTC storesregister information in the on-chip RAM. When activated, the DTC reads register
information that is already stored in the on-chip RAM and transfers data on the basis of that
register information. After the data transfer, it writes updated register information back to the on-
chip RAM. Pre-storage of register information in the on-chip RAM makesit possible to transfer
data over any required number of channels. There are three transfer modes: normal mode, repeat
mode, and block transfer mode. Setting the CHNE bit to 1 makesiit possible to perform a number
of transfers with a single activation (chain transfer). A setting can also be made to have chain
transfer performed only when the transfer counter value is 0. This enables DTC re-setting to be
performed by the DTC itself.

The 24-bit SAR designates the 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.

Figure 7.4 shows aflowchart of DTC operation, and table 7.2 summarizes the chain transfer
conditions (combinations for performing the second and third transfers are omitted).
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Start

Y
Read DTC vector

Next transfer

i

Y

Read register information

Y

Data transfer

1

Write register information

Y

CHNE =17
Yes
No
Transfer counter = 0
or DISEL = 1? Yes Transfer
counter = 0?
No

Y

Clear activation flag

Clear DTCER

End Interrupt exception
handling

Figure7.4 Flowchart of DTC Operation

Rev. 3.00 Feb 22, 2006 page 157 of 624
REJ09B0281-0300
RENESAS



Section 7 Data Transfer Controller (DTC)

Table7.2 Chain Transfer Conditions

1st Transfer 2nd Transfer
CHNE CHNS DISEL CR CHNE CHNS DISEL CR DTC Transfer
0 — 0 Not 0 — — — — Ends at 1st transfer
0 — 0 0 — — — — Ends at 1st transfer
0 — 1 — — — — — Interrupt request to CPU
1 0 — — 0 — 0 Not 0  Ends at 2nd transfer
0 — 0 0 Ends at 2nd transfer
0 — 1 — Interrupt request to CPU
1 1 0 Not 0 — — — — Ends at 1st transfer
1 1 — 0 0 — 0 Not0  Ends at 2nd transfer
0 — 0 0 Ends at 2nd transfer
0 — 1 — Interrupt request to CPU
1 1 1 Not 0 — — — — Ends at 1st transfer

Interrupt request to CPU
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75.1 Normal M ode

In normal mode, one operation transfers one byte or one word of data. Table 7.3 lists the register
function in normal mode. From 1 to 65,536 transfers can be specified. Once the specified number
of transfers has ended, a CPU interrupt can be requested.

Table7.3 Register Function in Normal Mode

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
N—— N N—— N
SAR —» — ~— DAR
Transfer
w
N~ — N~ —

Figure7.5 Memory Mappingin Normal Mode
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752 Repeat Mode

In repeat mode, one operation transfers one byte or one word of data. Table 7.4 lists the register
function in repeat mode. From 1 to 256 transfers can be specified. Once the specified number of
transfers has ended, the initia state of the transfer counter and the address register specified asthe
repeat areaisrestored, 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.

Table7.4 Register Function 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 N— — N

SAR DAR
o —= Repeatarea [ <[> - o

DAR Transfer SAR

N~  — N &~ _/—

Figure7.6 Memory Mapping in Repeat Mode
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7.5.3 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as ablock area. Table 7.5 lists the register function in block
transfer mode.

Theblock 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
isthen incremented, decremented, or left fixed. From 1 to 65,536 transfers can be specified. Once
the specified number of transfers has ended, a CPU interrupt is requested.

Table7.5 Register Function 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 Designates transfer count

H First block
i N—
L]

SAR B N B 7] DAR
o — ° <:> Block area - or
DAR B . 7| Transfer B T SAR

B 7] N~ —

Nth block
\)
\_h

Figure7.7 Memory Mappingin Block Transfer Mode
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7.5.4 Chain Transfer

Setting the CHNE hit to 1 enables a number of data transfers to be performed consecutively in
response to asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 7.8 shows the operation of chain transfer. When activated, the DTC reads the register
information start address stored at the vector address, and then reads the first register information
at that start address. The CHNE bit in MRB is checked after the end of datatransfer, if the valueis
1, the next register information, which islocated consecutively, isread and transfer is performed.
This operation is repeated until the end of datatransfer of register information with CHNE = 0. It
isalso possible, by setting both the CHNE bit and CHNS bit to 1, to specify execution of chain
transfer only when the transfer counter value is 0.

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.

/x/
Source
/\_/ /\_/
Destination
Register information
CHNE=1
DTC vector Register information
address start address _ ) _
Register information
CHNE=0
_ Source
T ~— -~
L/ Destination
—  ~~—__

Figure7.8 Operation of Chain Transfer
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755 Interrupt Sources

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or adata transfer 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 has
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 bit to O.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during data transfer even if the SWDTE bit is set to 1.

7.5.6 Operation Timing
v JUyuUUUUU UL
DTC activation
request / \
DTC
request / \

Data transfer
Vector read -
O OO0OEEOOO
e~ e~
Transfer Transfer
information read information write

Figure7.9 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)
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¢

Juiyiududiyiyuuiyyyt

DTC activation
request / \

DTC
request / \
Vector read < Datatransfer _
- (O OO eeefongoeadfond XN
- -
Transfer Transfer
information read information write
Figure7.10 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
¢

DTC activation

request _/ \—
DTC / |
request Data transfer Data transfer
Vector read -~ -
Address
Transfer Transfer Transfer Transfer
information read information  information information write
write read
Figure7.11 DTC Operation Timing (Example of Chain Transfer)
757 Number of DTC Execution States

Table 7.6 lists execution status for asingle DTC data transfer, and table 7.7 shows the number of
states required for each execution status.
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Table7.6 DTC Execution Status

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

Legend:

N: Block size (initial setting of CRAH and CRAL)

Table7.7 Number of States Required for Each Execution Status

Internal operation

M

Object to be Accessed Cohr:p Cohr:p Ogt;gigit%rl{so External Devices
RAM | ROM
Bus width 32 16 16 8 16
Access states 1 1 2 3 3
Execution | Vector read S, — 1 — — 4 | 6+2m 3+m
status Register information 1 — — — — — — —
read/write S,
Byte data read S, 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 |6+2m| 2 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+2m| 2 3+m
S

The number of execution statesis calculated from the formula below. Note that ¥ means the sum
of al transfers activated by one activation event (the number in which the CHNE bit isset to 1,

plus1).

Number of execution states=1-S+%(J-S+K-S +L-S)+M S,

For example, when the DTC vector address table islocated in on-chip ROM, normal modeis set,
and datais transferred from the on-chip ROM to an internal 1/0 register, the time required for the
DTC operation is 13 states. The time from activation to the end of the datawrite is 10 states.
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7.6 Proceduresfor Using DTC

7.6.1 Activation by Interrupt

The procedure for using the DTC with interrupt activation is as follows:

A w DN PRE

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.
Set the corresponding bitin DTCER to 1.

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.

After the end of one data transfer, 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 bhit to 1.

7.6.2 Activation by Software

The procedure for using the DTC with software activation is as follows:

ok wbdPE

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 to SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After the end of one data transfer, 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 bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit isheld at 1 and a CPU interrupt is requested.
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7.7 Examples of Use of theDTC

7.7.1 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 data transfer by oneinterrupt (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 (RX1) 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 flag in SSRis set to 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 flag is
automatically cleared to 0.

6. When CRA becomes O after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE bhit iscleared to 0, and an RXI interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.

7.7.2 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. 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 side as 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 data table size in CRAH and CRAL. CRB can be set to any value.
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2. Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1 =1, SMO0 = 0), fixed destination address (DM 1 = DMO = 0), norma mode (MD1 = MDO
=0), and word size (Sz = 1). Set the data table start addressin SAR, the TGRA addressin
DAR, and the datatable size in CRA. CRB can be set to any value.

3. Locate the TPU transfer register information consecutively after the NDR transfer register
information.

4. Set the start address of the NDR transfer register information to the DTC vector address.

5. Set the bit corresponding to TGIA in DTCER to 1.

6. Set TGRA asan output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

7. Settheinitial output value in PODR, and the next output valuein NDR. Set bitsin DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match to
be used as the output trigger.

8. Setthe CST bitin TSTRto 1, and start the TCNT count operation.

9. EachtimeaTGRA compare match occurs, the next output value is transferred to NDR and the
set value of the next output trigger period istransferred to TGRA. The activation source TGFA
flag is cleared.

10. When the specified number of transfers are completed (the TPU transfer CRA vaueis 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.

7.7.3 Chain Transfer when Counter =0

By executing a second data transfer, and performing re-setting of the first data transfer, only when
the counter valueis 0, it is possible to perform 256 or more repeat transfers.

An example is shown in which a 128-kbyte input buffer is configured. The input buffer is assumed
to have been set to start at lower address H'0000. Figure 7.12 shows the chain transfer when the
counter value is 0.

1. For thefirst transfer, set the norma mode for input data. Set fixed transfer source address
(GIA, etc.), CRA = H'0000 (65,536 times), and CHNE = 1, CHNS =1, and DISEL = 0.

2. Prepare the upper 8-bit addresses of the start addresses for each of the 65,536 transfer start
addresses for the first data transfer in a separate area (in ROM, etc.). For example, if the input
buffer comprises H'200000 to H'21FFFF, prepare H'21 and H'20.

3. For the second transfer, set repeat mode (with the source side as the repeat area) for re-setting
the transfer destination address for the first data transfer. Use the upper 8 bits of DAR in the
first register information area as the transfer destination. Set CHNE = DISEL = 0. If the above
input buffer is specified as H'200000 to H'21FFFF, set the transfer counter to 2.
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4. Executethefirst datatransfer 65,536 times by means of interrupts. When the transfer counter
for thefirst data transfer reaches 0, the second data transfer is started. Set the upper 8 bits of
the transfer source address for the first data transfer to H'21. The lower 16 bits of the transfer
destination address of the first data transfer and the transfer counter are H'0000.

5. Next, execute thefirst data transfer the 65,536 times specified for the first data transfer by
means of interrupts. When the transfer counter for the first data transfer reaches 0, the second
datatransfer is started. Set the upper 8 bits of the transfer source address for the first data
transfer to H'20. The lower 16 bits of the transfer destination address of the first data transfer
and the transfer counter are H'0000.

6. Steps4 and 5 are repeated endlessly. As repeat mode is specified for the second data transfer,
an interrupt request is not sent to the CPU.

N

Input circuit

\/\

First data
transfer register
information

Chain transfer

| Second data __

transfer register
information

(counter = 0)

————————————

~_ __—

Input buffer

_ <

~_
\/_\

Upper 8 hits
of DAR

~_

Figure7.12 Chain Transfer when Counter =0
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7.7.4 Softwar e Activation

An example is shown in which the DTC is used to transfer ablock of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the destination addressiis
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 (DM1 =1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS hit 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 bit in DTVECR is 0. Check that thereis currently no transfer activated
by software.

4. Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EQ.

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 thewrite was successful, the DTC is activated and a block of 128 bytes of dataistransferred.

7. After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE hit to 0 and perform other wrap-up processing.
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7.8 Usage Notes

781 Module Stop M ode Setting

DTC operation can be disabled or enabled using the module stop control register. The initial
setting is for DTC operation to be enabled. Register accessis disabled by setting module stop
mode. Module stop mode cannot be set while the DTC is activated. For details, refer to section 19,
Power-Down Modes.

782 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.

7.8.3 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If al interrupts
are disabled, multiple activation sources can be set at one time (only at the initial setting) by
writing data after executing adummy read on the relevant register.

* Chain Transfer
When chain transfer is used, clearing of the activation source or DTCER is performed when
the last of the chain of data transfersis executed. SCI and high-speed A/D converter
interrupt/activation sources, on the other hand, are cleared when the DTC reads or writes to the
prescribed register.
Therefore, when the DTC is activated by an interrupt or activation source, if aread/write of the
relevant register is not included in the last chained data transfer, the interrupt or activation
source will be retained.
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Section 8 1/0 Ports

Section 8 1/0O Ports

Table 8.1 summarizes the port functions. The pins of each port also have other functions such as
input/output or external interrupt input pins of on-chip peripheral modules. Each 1/0 port includes
adatadirection register (DDR) that controls input/output, a dataregister (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 abuilt-in pull-up MOS function and an input pull-up MOS control register
(PCR) to control the on/off state of input pull-up MOS.

Ports 3 and A include an open-drain control register (ODR) that controls the on/off state of the
output buffer PMOS.

Ports 1 to 3, 5 (P50 to P53), and 6 to 8 can drive asingle TTL load and 30 pF capacitive load.
Ports A to H can driveasingle TTL load and 50 pF capacitive |oad.

All of the I/O ports can drive a Darlington transistor when outputting data.

Ports 1 and 2 are Schmitt-triggered inputs. Ports 5,6, F (PF1, PF2), and H (PH2, PH3) are Schmitt-
triggered inputs when used as the IRQ input.
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Section 8 1/O Ports
Table81 Port Functions
Mode 7 Input/
Port Description Modes | Modes Mode 4 Output
land5 | 2and 6 EXPE =1 EXPE =0 T
ype
Port |General I/O port |P17/PO15/TIOCB2/TCLKD Schmitt-
1 |also functioning P16/PO14/TIOCA2 Frlggered
as PPG outputs, input
and TPU 1/Os P15/PO13/TIOCB1/TCLKC
P14/PO12/TIOCAlL
P13/PO11/TIOCDO/TCLKB
P12/PO10/TIOCCO/TCLKA
P11/PO9/TIOCBO
P10/PO8/TIOCAO
Port |General I/O port  |P27/PO7/TIOCB5 Schmitt-
2 |also functioning P26/PO6/TIOCAS Frlggered
as PPG outputs, input
TPU I/0s, and P25/PO5/TIOCB4
interrupt inputs | P24/PO4/TIOCA4
P23/PO3/TIOCD3
P22/PO2/TIOCC3
P21/PO1/TIOCB3
P20/POO0/TIOCA3
Port |General I/O port  |P35/SCK1 Open-
3 |also functioning P34/SCKO drain
as SCI 1/0s output
P33/RxD1 enable
P32/RxDO0/IrRxD
P31/TxD1
P30/TxDO0/IrTxD
Port |General I/O port |P47/AN7/DA1
4 |also functioning P46/AN6/DAO
as A/D converter
analog inputs and | P45/AN5
D/A converter P44/AN4
analog outputs
P43/AN3
P42/AN2
P41/AN1
P40/ANO
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Mode 7 Input/
Port Description Modes | Modes Mode 4 Output
land5 | 2and6 EXPE = 1 EXPE =0
Type
Port |General /0 port  |P57/AN15/DA3/IRQ7 Schmitt-
5 alsg functlomng P56/AN14/DA2/TRQG Frlggered
as interrupt inputs, input
A/D converter P55/AN13/IRQ5 when
analog inputs, and | ps4/AN12/1RQ4 used as
D/A converter IRQ input
analog outputs
General I/O port |P53/ADTRG/IRQ3 Schmitt-
alsg functlomng P52/SCK2/RG2 Frlggered
as interrupt inputs, input
A/D converter P51/RxD2/IRQ1 when
analog inputs, and | p5o/TxD2/IRQ0 used as
SCI I/0s IRQ input
Port |General I/O port |P65/TMO1
6 alsg functlomng P64/TMOO
as interrupt inputs,
and TMR 1/Os P63/TMCI1
P62/TMCIO
P61/TMRI1
P60/TMRIO
Port |General I/O port  |P75 P75 P75
7 P74 P74 P74
P73 P73 P73
P72 P72 P72
P71 P71 P71
P70 P70 P70
Port |General I/0 port  |P85/IRQ5 P85/IRQ5 P85/IRQ5 Schmitt-
8 |asinterrupt inputs | pgy inas P84/IRQ4 P84/IRQ4 :rr]'ggtered
P83/IRQ3 P83/IRQ3 P83/IRQ3 when
P82/IRQ2 P82/IRQ2 P82/IRQ2 used as
____ N IRQ input
P81/RQ] P8LIRQT P8LIRQT Qinp
P80/IRQO P80/IRQO P80/IRQO
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Section 8 1/O Ports
_— Modes | Modes Mode 7 Input/
Port Description Mode 4 Output
land5 | 2and6 EXPE = 1 EXPE =0 T
ype
Port |General I/O port  |PA7/A23 PA7/A23 |PA7/A23 PA7 Built-in
A |alsofunctioning  |ppg/a0o PA6/A22 |PABIA22 PA6 input pull-
as address up MOS
PA5/A21 PA5/A21 |PA5/A21 PA5
outputs Open-
A20 PA4/A20 |PA4/A20 PA4 drain
Al9 PA3/A19 |PA3/A19 PA3 output
enable
Al8 PA2/A18 |PA2/A18 PA2
Al7 PA1/A17 |PA1/AL7 PAl
Al6 PAO/A16 |PAO/AL6 PAO
Port |General I/0 port  |A15 PB7/A15 |PB7/A15 PB7 Built-in
B |also functioning Ald PB6/AL4 |PBE/AL4 PB6 input pull-
as address up MOS
outputs A13 PB5/A13 |PB5/A13 PB5
Al2 PB4/A12 |PB4/A12 PB4
All PB3/Al1l |PB3/All PB3
Al0 PB2/A10 |PB2/A10 PB2
A9 PB1/A9 |PB1/A9 PB1
A8 PBO/A8 |PBO/A8 PBO
Port |General I/O port  |A7 PC7/A7 |PC7/A7 PC7 Built-in
C |also functioning A6 PCE/A6 | PCEIAG PC6 input pull-
as address up MOS
outputs A5 PC5/A5 |PC5/A5 PC5
A4 PC4/A4 |PC4/A4 PC4
A3 PC3/A3 [PC3/A3 PC3
A2 PC2/A2 |PC2/A2 PC2
Al PC1/A1 |PC1/A1 PC1
A0 PCO/A0 |PCO/AO PCO
Port |General I/O port |D15 D15 PD7 Built-in
D |also functioning D14 D14 PD6 input pull-
as data I/Os up MOS
D13 D13 PD5
D12 D12 PD4
D11 D11 PD3
D10 D10 PD2
D9 D9 PD1
D8 D8 PDO
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Mode 7 Input/
Port Description Modes | Modes Mode 4 Output
land5 | 2and6 EXPE = 1 EXPE =0
Type
Port |General I/O port |D7 PE7/D7 |PE7/D7 |PE7/D7 PE7 Built-in
E [alsofunctioning | g PE6/D6 |PE6/D6 |PE6/D6 PE6 input pull-
as data I/Os up MOS
D5 PE5/D5 |PE5/D5 |PE5/D5 PE5
D4 PE4/D4 |PE4/D4 |PE4/D4 PE4
D3 PE3/D3 |PE3/D3 |PE3/D3 PE3
D2 PE2/D2 |PE2/D2 |PE2/D2 PE2
D1 PE1/D1 |PE1/D1 |PE1/D1 PE1
DO PEO/DO |PEO/DO |PEO/DO PEO
Port |General I/O port  |PF7/¢@ PF7/¢@ PF7/@
F  |also functioning | prg/ag PF6/AS PF6
as interrupt inputs |__ o
and bus control  |RD RD PF5
I/0s HWR HWR PF4
PF3/LWR PF3/LWR PF3
PF2 PF2 PF2
PF1 PF1 PF1
PFO/WAIT PFO/WAIT PFO
Port |General I/0 port  |PG6 PG6 PG6
G |also functioning  |ps5 PG5 PG5
as bus control
1/Os PG4 PG4 PG4
PG3/CS3 PG3/CS3 PG3
PG2/CS2 PG2/CS2 PG2
PG1/CST PG1/CST PG1
PGO/CSO PGO/CSO PGO
Port |General 1/0O port  |PH3/CS7/(IRQ7) PH3/CS7/(IRQ7)  |PH3/(IRQ7) Schmitt-
H |also functioning | py1> fo55/(1RGE) PH2/CS6/(RQ6) | PH2/(IRQ®) triggered
as interrupt inputs input
and bus control PHl/CSS PHl/CSS PH1 when
I/0s PHO/CS4 PHO/CS4 PHO used as
IRQ input
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8.1 Port 1
Port 1 isan 8-bit I/O port that also has other functions. The port 1 has the following registers.

e Port 1 datadirection register (PLDDR)

» Port 1 dataregister (P1DR)

» Port 1register (PORT1)

811 Port 1 Data Direction Register (P1LDDR)

The individual bits of PLDDR specify input or output for the pins of port 1.

P1DDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 P17DDR 0 W When a pin function is specified to a general purpose

6 P16DDR 0 W I/O,. setting this bjt to 1.makes ’Fhe cqrre§ponding port
1 pin an output pin, while clearing this bit to 0 makes

5 P15DDR 0 W the pin an input pin.

4 P14DDR 0 W

3 P13DDR 0 W

2 P12DDR 0 W

1 P11DDR 0 W

0 P10DDR 0 W
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812 Port 1 Data Register (P1DR)

P1DR stores output data for the port 1 pins.

Bit  Bit Name Initial Value R/W Description

7 P17DR 0 R/W Output data for a pin is stored when the pin function
6 P16DR 0 RIW is specified to a general purpose /0.

5 P15DR 0 R/W

4 P14DR 0 R/W

3 P13DR 0 R/W

2 P12DR 0 R/W

1 P11DR 0 R/W

0 P10DR 0 R/W

8.1.3 Port 1 Register (PORT1)
PORT1 shows the pin states.
PORT1 cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 P17 Undefined” R If a port 1 read is performed while P1DDR bits are set
: to 1, the P1DR values are read. If a port 1 read is
6 P16 Undefined” R '
- performed while P1DDR bits are cleared to 0, the pin
5 P15 Undefined R states are read.
4 P14 Undefined® R
3 P13 Undefined® R
2 P12 Undefined® R
1 P11 Undefined® R
0 P10 Undefined® R

Note: * Determined by the states of pins P17 to P10.
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814 Pin Functions

Port 1 pins also function as PPG outputs and TPU 1/Os. The correspondence between the register
specification and the pin functions is shown below.

P17/PO15/TIOCB2/TCLKD: The pin function is switched as shown below according to the
combination of the TPU channel 2 settings (by bits MD3 to MDO in TMDRZ2, bits I0B3 to IOB0
in TIOR2, and bits CCLR1 and CCLRO in TCR2), hits TPSC2 to TPSCO in TCRO and TCR5, hit
NDER15 in NDERH, and bhit P17DDR.

TPU channel 2 | (1) in table below (2) in table below

settings

P17DDR — 0 1 1

NDER15 — — 0 1

Pin function TIOCB2 output P17 input P17 output PO15 output
TIOCB2 input™*

TCLKD input*?

Notes: 1. TIOCB2 input when MD3 to MDO = B'0000, BO0OO, and B'01xx and 10B3 = 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 2 Q) 2) 2 @ 2
settings
MD3 to MDO B'0000, B'01xx B'0010 B'0011
10B3 to IOBO B'0000 B'0001 to B'xx00 B'xx00 Other than B'xx00
o100 | BOOLL
B'1xXX B'0101 to
B'0111
CCLR1, CCLRO — — — — Other than B'10
B'10
Output function — Output — PWM mode | PWM mode —
compare 1 output 2 output
output

x: Don't care
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P16/PO14/TIOCAZ2; The pin function is switched as shown below according to the combination
of the TPU channel 2 settings (by bits MD3 to MDO in TMDRZ, bits |OB3 to IOB0 in TIOR2, and
bits CCLR1 and CCLRO in TCR2), bit NDER14 in NDERH, and bit P16DDR.

TPU channel 2

(1) in table below

(2) in table below

settings
P16DDR — 0 1 1
NDER14 — — 0 1
Pin function TIOCAZ2 output P16 input P16 output PO14 output
TIOCAZ input™*
Note: 1. TIOCAZ2 input when MD3 to MDO = B'0000, B'000, and B'01xx and I0B3 = 1.
TPU channel 2 (2 1) 2 @) (1) (2)
settings
MD3 to MDO B'0000, B'01xx B'001x B'0010 B'0011
I0A3 to IOA0 B'0000 B'0001 to B'xx00 Other than B'xx00
poigo | BOOLL
B'1xxX B'0101 to
B'0111
CCLR1, CCLRO — — — — Other than B'10
B'10
Output function — Output — PWM*? PWM mode —
compare mode 1 2 output
output output

x: Don’t care
Note:

2. TIOCB2 output disabled.
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P15/PO13/TIOCBLTCLKC: The pin function is switched as shown below according to the

combination of the TPU channel 1 settings (by bits MD3 to MDO in TMDR1, bits |OB3 to IOB0
in TIORL, and bits CCLR1 and CCLRO in TCR1), bits TPSC2 to TPSCO in TCRO, TCR2, TCR4,
and TCRS5, bit NDER13 in NDERH, and bit PISDDR.

TPU channel 1

(1) in table below

(2) in table below

settings
P15DDR — 0 1 1
NDER13 — — 0 1
Pin function TIOCBL1 output P15 input P15 output PO13 output
TIOCB1 input™*
TCLKC input*?
Notes: 1. TIOCB1 input when MD3 to MDO = B'0000 or B'01xx and I0B3 to IOBO = B'10xx.

2. TCLKC input when the setting for either TCRO or TCR2 is TPSC2 to TPSCO0 = B'110, or
when the setting for either TCR4 or TCR5 is TPSC2 to TPSCO0 = B'101.
TCLKC input when phase counting mode is set for channels 2 and 4.

TPU channel 1 ) @) @) (2) @ )
settings
MD3 to MDO B'0000, B'01xx B'0010 B'0011
10B3 to IOBO B'0000 B'0001 to B'xx00 B'xx00 Other than B'xx00
Bo100 | BO011
B'0111
CCLR1, CCLRO — — — — Other than B'10
B'10
Output function — Output — — PWM mode —
compare 2 output
output

x: Don't care
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P14/PO12/TIOCA1: The pin function is switched as shown below according to the combination
of the TPU channel 1 settings (by bits MD3 to MDO in TMDRY, bits IOA3 to IOA0 in TIORL,
and bits CCLR1 and CCLRO in TCR1), bit NDER12 in NDERH, and bit P14DDR.

TPU channel 1

(1) in table below

(2) in table below

settings

P14DDR — 0 1 1
NDER12 — — 0 1

Pin function TIOCAL output P14 input P14 output PO12 output

TIOCA1 input™*

Note: 1. TIOCAL input when MD3 to MDO = B'0000, B'000, and B'01xx and IOA3 to IOAO0 =

B'10xx.
TPU channel 1 2 Q) 2) Q) @) 2
settings
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'1xXX B'0101 to
B'0111
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — Output — PWM*? PWM mode —
compare mode 1 2 output
output output

x: Don’t care
Note:

2. TIOCB1 output 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 settings (by bits MD3 to MDO in TMDRO, bits |OD3 to I0D0
in TIOROL, and bits CCLR2 to CCLRO in TCRO0), bits TPSC2 to TPSCO in TCRO to TCR2, bit
NDER11 in NDERH, and bit P13DDR.

TPU channel 0 | (1) in table below (2) in table below

settings

P13DDR — 0 1 1

NDER11 — — 0 1

Pin function TIOCDO output P13 input P13 output PO11 output
TIOCDO input™*

TCLKB input™?

Notes: 1. TIOCDO input when MD3 to MDO = B'0000 and IOD3 = B'10xx.

2. TCLKB input when the setting for any of TCRO to TCR2 is TPSC2 to TPSCO0 = B'101.
TCLKB input when phase counting mode is set for channels 1 and 5.

TPU channel 0 2 1) 2 2) 1) 2
settings
MD3 to MDO B'0000 B'0010 B'0011
10D3 to IOD0O B'0000 B'0001 to — B'xx00 Other than B'xx00
poloo | BOOL1
B'1xXX B'0101 to
B'0111
CCLR2, CCLRO — — — — Other than B'110
B'110
Output function — Output — — PWM mode —
compare 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 settings (by bits MD3 to MDO in TMDRO, bits |OC3 to IOCO0
in TIOROL, and bits CCLR2 to CCLRO in TCRO0), bits TPSC2 to TPSCO in TCRO to TCRS5, bit
NDER10 in NDERH, and bit P12DDR.

TPU channel 0

(1) in table below

(2) in table below

settings

P12DDR — 0 1 1
NDER10 — — 0 1

Pin function TIOCCO output P12 input P12 output PO10 output

TIOCCO input™*

TCLKA input™?

Notes: 1. TIOCCO input when MD3 to MDO = B'0000 and IOC3 to IOCO = B'10xx.

2. TCLKA input when the setting for any of TCRO to TCR5 is TPSC2 to TPSCO0 = B'100.
TCLKA input when phase counting mode is set for channels 1 and 5.

TPU channel 0 ) @) @) (1) @ )
settings
MD3 to MDO B'0000 B'001x B'0010 B'0011
I0C3 to I0CO B'0000 B'0001 to B'xx00 Other Other than B'xx00
B'0100 B'0011 than B'xx00
Bxxx | B'0101 to
B'0111
CCLR2, CCLRO — — — — Other than B'101
B'101
Output function — Output — PWM** | PWM mode —
compare mode 1 2 output
output output

x: Don't care
Note:

3. TIOCDO output disabled.

Output disabled and settings (2) effective when BFA =1 or BFB = 1 in TMDRO.
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P11/PO9/TIOCBO: The pin function is switched as shown below according to the combination of
the TPU channel 0 settings (by bits MD3 to MDO in TMDRO and bits IOB3 to IOB0 in TIOROH),
bit NDER9 in NDERH, and bit P11DDR.

TPU channel 0 | (1) in table below (2) in table below

settings

P11DDR — 0 1 1

NDER9 — — 0 1

Pin function TIOCBO output P11 input P11 output PO9 output
TIOCBO input”

Note: * TIOCBO input when MD3 to MDO = B'0000 and IOB3 to IOBO = B'10xx.

TPU channel 0 (2) 1) 2 2 1) (2)
settings
MD3 to MDO B'0000 B'0010 B'0011
10B3 to IOBO B'0000 B'0001 to — B'xx00 Other than B'xx00
B'0100 B'0011
BIxxx | B0101 to
B'0111
CCLR2, CCLRO — — — — Other than B'010
B'010
Output function — Output — — PWM mode —
compare 2 output
output

x: Don’t care
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P10/PO8/TIOCAOQ: The pin function is switched as shown below according to the combination of
the TPU channel 0 settings (by bits MD3 to MDO in TMDRO, bits IOA3to IOAQ in TIOROH, and
bits CCLR2 to CCLRO in TCRO0), bit NDER8 in NDERH, and bit PLODDR.

TPU channel 0 (1) in table (2) in table below
settings below
P10DDR — 0 1 1
NDERS — — 0 1
Pin function TIOCAO output P10 input P10 output PO8 output
TIOCAO input™*
Note: 1. TIOCAO input when MD3 to MDO = B'0000 and IOA3 to IOAO = B'10xx.
TPU channel 0 (2) (1) 2) (1) (1) (2)
settings
MD3 to MDO B'0000 B'001x B'0010 B'0011
I0A3 to IOAD B'0000 B'0001 to B'xx00 Other Other than B'xx00
B'0100 B'0011 than B'xx00
B'1xxX B'0101 to
B'0111
CCLR2, CCLRO — — — — Other than B'001
B'001
Output function — Output — PWM*? PWM mode —
compare mode 1 2 output
output output
x: Don't care
Note: 2. TIOCBO output disabled.
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8.2 Port 2

Port 2 isan 8-hit I/O port that also has other functions. The port 2 has the following registers.

» Port 2 data direction register (P2DDR)

» Port 2 dataregister (P2DR)

» Port 2 register (PORT2)

821 Port 2 Data Direction Register (P2DDR)

The individual bits of P2DDR specify input or output for the pins of port 2.

P2DDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 P27DDR 0 W When a pin function is specified to a general purpose

6 P26DDR 0 W I/O,. setting this bjt to l.makes Fhe cqrresponding port
1 pin an output pin, while clearing this bit to 0 makes

5 P25DDR 0 W the pin an input pin.

4 P24DDR 0 W

3 P23DDR 0 W

2 P22DDR 0 W

1 P21DDR 0 W

0 P20DDR 0 W
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822 Port 2 Data Register (P2DR)

P2DR stores output data for the port 2 pins.

Bit  Bit Name Initial Value R/W Description

7 P27DR 0 R/W Output data for a pin is stored when the pin function is
6 P26DR 0 RIW specified to a general purpose /0.

5 P25DR 0 R/W

4 P24DR 0 R/W

3 P23DR 0 R/W

2 P22DR 0 R/W

1 P21DR 0 R/W

0 P20DR 0 R/W

8.2.3 Port 2 Register (PORT?2)
PORT2 shows the pin states.
PORT?2 cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 P27 Undefined” R If a port 2 read is performed while P2DDR bits are set
: to 1, the P2DR values are read. If a port 2 read is
6 P26 Undefined” R '
- performed while P2DDR bits are cleared to 0, the pin
5 P25 Undefined R states are read.
4 P24 Undefined® R
3 P23 Undefined® R
2 P22 Undefined® R
1 P21 Undefined® R
0 P20 Undefined® R

Note: * Determined by the states of pins P27 to P20.
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824 Pin Functions

Port 2 pins also function as PPG outputs and TPU 1/Os. The correspondence between the register
specification and the pin functions is shown below.

P27/PO7/TIOCBS: The pin function is switched as shown below according to the combination of
the TPU channel 5 settings (by bitsMD3 to MDO in TMDRS5, bits IOB3 to I0B0 in TIOR5, and
bits CCLR1 and CCLRO in TCR5), bit NDER7 in NDERL, and bit P27DDR.

TPU channel 5 | (1) in table below (2) in table below

settings

P27DDR — 0 1 1

NDER7 — — 0 1

Pin function TIOCBS output P27 input P27 output PO7 output
TIOCBS input®

Note: * TIOCBS input when MD3 to MDO = B'0000 or B'01xx and I0OB3 = 1.

TPU channel 5 (2) 1) 2 2 (1) (2)
settings
MD3 to MDO B'0000, B'01xx B'0010 B'0011
10B3 to IOBO B'0000 B'0001 to B'xx00 Other than B'xx00
poiloo | BOOLL
B'0111
CCLR1, CCLRO — — — — Other than B'10
B'10
Output function — Output — — PWM mode —
compare 2 output
output
x: Don't care
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P26/PO6/TIOCADS: The pin function is switched as shown below according to the combination of
the TPU channel 5 settings (by bits MD3 to MDO in TMDRS, bits IOA3to IOAQ in TIOR5, and
bits CCLR1 and CCLRO in TCR5), bit NDER6 in NDERL, and bit P26DDR.

TPU channel 5

(1) in table below

(2) in table below

settings
P26DDR — 0 1 1
NDER6 — — 0 1
Pin function TIOCAS output P26 input P26 output POG6 output
TIOCAS input™*
Note: 1. TIOCAS input when MD3 to MDO = B'0000 or B'01xx and IOA3 = 1.
TPU channel 5 (2) (1) 2) 2 (1) (2)
settings
MD3 to MDO B'0000, B'01xx B'001x B'0010 B'0011
I0A3 to IOAD B'0000 B'0001 to B'xx00 Other than Other than B'xx00
B'0100 B'0011 B'xx00
B'1xxX B'0101 to
B'0111
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — Output — PWM*? PWM mode —
compare mode 1 2 output
output output
x: Don't care
Note: 2. TIOCBS output disabled.
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P25/PO5/TIOCB4: The pin function is switched as shown below according to the combination of

the TPU channel 4 settings (by bits MD3 to MDO in TMDR4, bits IOB3 to IOBO0 in TIOR4, and
bits CCLR1 and CCLRO in TCR4), bit NDER5 in NDERL, and hit P25DDR.

TPU channel 4

(1) in table below

(2) in table below

settings

P25DDR — 0 1 1

NDERS — — 0 1

Pin function TIOCB4 output P25 input P25 output POS output
TIOCB4 input”

Note: * TIOCB4 input when MD3 to MDO = B'0000 or B'01xx and IOB3 to IOBO = B'10xx.

TPU channel 5 (2) (1) 2 2 1) (2)
settings
MD3 to MDO B'0000, B'01xx B'0010 B'0011
10B3 to IOBO B'0000 B'0001 to — B'xx00 Other than B'xx00
poioo | B0011
B'1xxX B'0101 to
B'0111
CCLR1, CCLRO — — — — Other than B'10
B'10
Output function — Output — — PWM mode —
compare 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 (by bits MD3 to MDO in TMDR4 and bits IOA3 to IOAQ in TIOR4),
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™*

Note: 1. TIOCA4 input when MD3 to MDO = B'0000 or B'01xx and IOA3 to IOAQ = B'10xx.
TPU channel 4 (2) (1) 2) (1) (1) (2)
settings
MD3 to MDO B'0000, B'01xx B'001x B'0010 B'0011
I0A3 to IOAD B'0000 B'0001 to B'xx00 Other Other than B'xx00
B'0100 B'0011 than B'xx00
B'1xxX B'0101 to
B'0111
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — Output — PWM*? PWM mode —
compare mode 1 2 output
output output
x: Don't care
Note: 2. TIOCB4 output disabled.
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P23/PO3/TIOCDS3: The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (by bits MD3 to MDO in TMDRS, bits IOD3 to IODO0 in TIOR3L, and
bits CCLR2 to CCLRO in TCR3), bit NDER3 in NDERL, and bit P23DDR.

TPU channel 3 | (1) in table below (2) in table below

settings

P23DDR — 0 1 1

NDERS3 — — 0 1

Pin function TIOCD3 output P23 input P23 output PO3 output
TIOCD3 input”

Note: * TIOCDS3 input when MD3 to MDO = B'0000 and I0D3 to IODO = B'10xx.

TPU channel 3 (2) (1) 2) 2) (2) (2)
settings
MD3 to MDO B'0000 B'0010 B'0011
10D3 to IODO B'0000 B'0001 to — B'xx00 Other than B'xx00
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other than B'110
CCLRO B'110
Output function — Output — — PWM mode —
compare 2 output
output
x: Don't care
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P22/PO2/TIOCCS3: The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (by bits MD3 to MDO in TMDR3, bits IOC3 to I0CO0 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™*
Note: 1. TIOCCS input when MD3 to MDO = B'0000 and IOC3 to IOCO = B'10xx.
TPU channel 3 (2) (1) 2) @) (1) (2)
settings
MD3 to MDO B'0000 B'001x B'0010 B'0011
10C3 to I0CO B'0000 B'0001 to B'xx00 Other Other than B'xx00
B'0100 B'0011 than B'xx00
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other than B'101
CCLRO B'101
Output function — Output — PWM*? PWM mode —
compare mode 1 2 output
output output
x: Don't care
Note: 2. TIOCDS3 output disabled.

Output disabled and settings (2) effective when BFA = 1 or BFB = 1 in TMDR3.
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P21/POL/TIOCB3: The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (by bits MD3 to MDO in TMDRS, bits IOB3 to I0B0 in TIOR3H, and
bits CCLR2 to CCLRO in TCR3), bit NDER1 in NDERL, and bit P21DDR.

TPU channel 3 | (1) in table below (2) in table below

settings

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 (2) (1) 2) 2) (1) 2)
settings
MD3 to MDO B'0000 B'0010 B'0011
10B3 to IOBO B'0000 B'0001 to — B'xx00 Other than B'xx00
B'1xxX B'0101 to
B'0111
CCLR2 to — — — — Other than B'010
CCLRO B'010
Output function — Output — — PWM mode —
compare 2 output
output
x: Don't care
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P20/POO/TIOCAS: The pin function is switched as shown below according to the combination of
the TPU channel 3 settings (by bits MD3 to MDO in TMDRS, bits IOA3to 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 TIOCAS output P20 input P20 output POO output
TIOCA3 input™*
Note: 1. TIOCA3 input when MD3 to MDO = B'0000 and IOA3 to IOAO = B'10xx.
TPU channel 3 (2 1) )] @) 1) (2)
settings
MD3 to MDO B'0000 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'xx00
B'1xXX B'0101 to
B'0111
CCLR2 to — — — — Other than B'001
CCLRO B'001
Output function — Output — PWM** | PWM mode —
compare mode 1 2 output
output output

x: Don't care
Note:

2. TIOCB3 output disabled.
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8.3 Port 3
Port 3 isa 6-bit I/O port that also has other functions. The port 3 has the following registers.

e Port 3 datadirection register (P3DDR)

» Port 3 dataregister (P3DR)

» Port 3register (PORT3)

» Port 3 open drain control register (P3ODR)
 Port function control register 2 (PFCR2)

831 Port 3 Data Direction Register (P3DDR)
The individual bits of P3DDR specify input or output for the pins of port 3.

P3DDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0.

5 P35DDR 0 W When a pin function is specified to a general purpose

4 P34DDR 0 W I/O,_ setting this b_it to l_makes Fhe co_rresponding port
1 pin an output pin, while clearing this bit to 0 makes

3 P33DDR 0 W the pin an input pin.

2 P32DDR 0 W

1 P31DDR 0 W

0 P30DDR 0 W

Rev. 3.00 Feb 22, 2006 page 198 of 624
REJ09B0281-0300
RENESAS



Section 8 1/0 Ports

832 Port 3 Data Register (P3DR)

P3DR stores output data for the port 3 pins.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0 and cannot be
modified.

5 P35DR 0 R/W Output data for a pin is stored when the pin function

4 P34DR 0 RIW is specified to a general purpose /0.

3 P33DR 0 R/W

2 P32DR 0 R/W

1 P31DR 0 R/W

0 P30DR 0 R/W

833  Port 3 Register (PORT3)

PORT3 shows the pin states.

PORT3 cannot be modified.

Bit  Bit Name Initial Value R/W Description
7 — 0 — Reserved
6 — 0 — When these bits are read, undefined value is
returned.
5 P35 Undefined” R If a port 3 read is performed while P3DDR bits are set
2 P34 Undefined” R to 1, the P3DR values are read. If a port 1 read is
- performed while P3DDR bits are cleared to 0, the pin
3 P33 Undefined R states are read.
2 P32 Undefined” R
1 P31 Undefined* R
0 P30 Undefined* R

Note: * Determined by the states of pins P35 to P30.
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834 Port 3 Open Drain Control Register (P30ODR)

P30DR controls the output status for each port 3 pin.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0 and cannot be
modified.

5 P350DR 0 R/W Setting a P30ODR bit to 1 makes the corresponding

4 P340DR 0 RIW port 3 pin an NMOS open-drain output pin, while
clearing the bit to 0 makes the pin a CMOS output

2 P320DR 0 R/W

1 P310DR 0 R/W

0 P300DR 0 R/W

8.35 Port Function Control Register 2 (PFCR2)

PFCR2 controls the I/O port.

Bit  Bit Name Initial Value R/W Description
7 — AllO — Reserved
to These bits are always read as 0. The write value
4 should always be 0.
3 ASOE 1 R/W  AS Output Enable
Selects to enable or disable the AS output pin.
0: PF6 is designated as 1/O port
1: PF6 is designated as AS output pin
2 LWROE 1 R/W  LWR Output Enable
Selects to enable or disable the LWR output pin.
0: PF3 is designated as 1/O port
1: PF3 is designated as LWR output pin
1,0 — All0 — Reserved

These bits are always read as 0. The write value
should always be 0.
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8.3.6 Pin Functions

Port 3 pins also function as SCI 1/0s and a bus control signal output. The correspondence between
the register specification and the pin functions is shown below.

P35/SCK 1: The pin function is switched as shown below according to the combination of the C/A
bitin SMR of SCI_1, bits CKEO and CKEL1, and bit P35DDR.

CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P35 input P35 output” | SCK1 output™ | SCK1 output® | SCK1 input

Note: * NMOS open-drain output when P350DR = 1.

P34/SCK 0: The pin function is switched as shown below according to the combination of bit C/A
in SMR of SCI_0, hits CKEO and CKEL in SCR, and hit P34DDR.

CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P34DDR 0 1 — — —
Pin function P34 input P34 output™ | SCKO output™ | SCKO output® | SCKO input

Note: * NMOS open-drain output when P340DR = 1.

P33/RxD1: The pin function is switched as shown below according to the combination of bit RE
in SCR of SCI_1 and bit P33DDR.

RE 0 1
P33DDR 0 1 —
Pin function P33 input P33 output” RxD1 input

Note: * NMOS open-drain output when P330DR = 1.
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P32/RxD0/IrRxD: The pin function is switched as shown below according to the combination of
bit RE in SCR of SCI_0 and bit P32DDR.

RE 0 1
P32DDR 0 1 —
Pin function P32 input P32 output” RxDO/IrRxD input

Note: * NMOS open-drain output when P320DR = 1.

P31/TxD1: The pin function is switched as shown below according to the combination of bit TE
in SCR of SCI_1 and bit P31DDR.

TE 0 1
P31DDR 0 1 —
Pin function P31 input P31 output” TxD1 output”

Note: * NMOS open-drain output when P310DR = 1.

P30/TxD0/Ir TxD: The pin function is switched as shown below according to the combination of
bit TE in SCR of SCI_0 and bit P30DDR.

TE 0 1
P30DDR 0 1 —
Pin function P30 input P30 output” RxDO/IrRxD output®

Note: * NMOS open-drain output when P300DR = 1.
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84 Port 4
Port 4 is an 8-bit input-only port. Port 4 has the following register.

» Port 4 register (PORT4)

8.4.1 Port 4 Register (PORT4)
PORT4 is an 8-bit read-only register that shows port 4 pin states.

PORT4 cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 P47 Undefined” R The pin states are always read when a port 4 read is
6 P46 Undefined® R performed.

5 P45 Undefined® R

4 P44 Undefined® R

3 P43 Undefined® R

2 P42 Undefined® R

1 P41 Undefined® R

0 P40 Undefined® R

Note: * Determined by the states of pins P47 to P40.
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85 Port 5

Port 5 comprises a 4-bit 1/O port (P53 to P50) and a 4-bit input-only port (P57 to P54). The 4-bit
input-only port does not have the data direction register and data register. The port 5 hasthe
following registers.

e Port 5 datadirection register (P5SDDR)

» Port 5 dataregister (P5SDR)

» Port 5register (PORT5)

851 Port 5 Data Direction Register (P5DDR)

Theindividual bits of PSDDR specify input or output for the pins of port 5.
P5DDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 — All 0 — Reserved

to When these bits are read, undefined value is

4 returned.

3 P53DDR 0 w When a pin function is specified to a general

2 P52DDR 0 W purpose I/Q, setting thl§ bitto 1 mak_es the_
corresponding port 1 pin an output pin, while

1 P51DDR 0 W clearing this bit to 0 makes the pin an input pin.

0 P50DDR 0 w

8.5.2 Port 5 Data Register (P5DR)
P5DR stores output data for the port 5 pins.

Bit  Bit Name Initial Value R/W Description

7 — All 0 — Reserved

to These bits are always read as 0 and cannot be

4 modified.

3 P53DR 0 R/W Output data for a pin is stored when the pin function
2 P52DR 0 RIW is specified to a general purpose I/O.

1 P51DR 0 R/W

0 P50DR 0 R/W
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8.5.3 Port 5 Register (PORTD5)
PORT5 shows the pin states.

PORT5 cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 P57 Undefined” R When bits P57 to P54 are read, the pin states are

6 P56 Undefined” R always read from bits 7 to 4.

5 P55 Undefined® R

4 P54 Undefined® R

3 P53 Undefined” R If bits P53 to P50 are read while PSDDR bits are set

5 P52 Undefined” R to 1, the PSDR values are .read. If a port 5 read is
— performed while PSDDR bits are cleared to 0, the

1 P51 Undefined R pin states are read.

0 P50 Undefined® R

Note: * Determined by the states of pins P57 to P50.

854 Pin Functions

Port 5 pins aso function as SCI 1/0s, A/D converter inputs, A/D converter analog inputs, D/A
converter analog outputs, and interrupt inputs. The correspondence between the register
specification and the pin functions is shown below.

P57/AN15/DA3/IRQ7: The pin function is switched as shown below according to bit ITS7 in
ITSR.

Pin function IRQ7 interrupt input pin*

AN15 input

DAS3 output

Note: * IRQ7 input when ITS7 =0.
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P56/AN14/DA2/TIRQ6: The pin function is switched as shown below according to bit ITS6 in
ITSR.

Pin function IRQ6 interrupt input pin*

AN14 input

DA2 output

Note: * IRQ6 input when ITS6 = 0.

P55/AN13/IRQS5: The pin function is switched as shown below according to bit ITS5in ITSR.

Pin function IRQ5 interrupt input”

AN13 input

Note: * IRQS5 input when ITS5 =0.

P54/AN12/IRQ4: The pin function is switched as shown below according to bit ITS4in ITSR.

Pin function IRQ4 interrupt input”

AN12 input

Note: * IRQ4 input when ITS4 =0.

P53/ADTRG/IRQ3: The pin function is switched as shown below according to the combination of
bits TRGS1 and TRGSO0 in the A/D control register (ADCR), bit ITS3in ITSR, and bit P53DDR.

P53DDR 0 1

Pin function P53 input P53 output

ADTRG input™*

IRQ3 interrupt input™

Notes: 1. ADTRG input when TRGS1 = TRGSO0 = 0.
2. IRQ3 input when ITS3 = 0.
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P52/SCK 2/IRQ2: The pin function is switched as shown below according to the combination of
bit C/A in SMR of SCI_2, bits CKEOQ and CKEL1 in SCR, bit ITS2in ITSR, and bit P52DDR.

CKE1l 0 1

C/A 0 1 —

CKEO 0 1 — —

P52DDR 0 1 — — —

Pin function P52 input P52 output SCK2 output | SCK2 output SCK2 input
IRQ2 interrupt input”

Note: * IRQ2 input when ITS2 =0.

P51/RxD2/IRQ1: The pin function is switched as shown below according to the combination of
bit RE in SCR of SCI_2, bit ITSLin ITSR, and bit P5S1DDR.

RE 0 1

P51DDR 0 1 —

Pin function P51 input P51 output RxD2 input
IRQT interrupt input”

Note: * IRQ1 input when ITS1 =0.

P50/TxD2/IRQO: The pin function is switched as shown below according to the combination of
bit TE in SCR of SCI_2, bit ITSOin ITSR, and bit PSODDR.

TE 0 1

P50DDR 0 1 —

Pin function P50 input P50 output TxD2 input
TRQO interrupt input”

Note: * IRQO input when ITSO = 0.
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8.6 Port 6
Port 6 isa 6-bit I/O port that also has other functions. The port 6 has the following registers.

» Port 6 data direction register (P6DDR)

» Port 6 dataregister (P6DR)

» Port 6 register (PORT6)

86.1 Port 6 Data Direction Register (P6DDR)

The individual bits of PEDDR specify input or output for the pins of port 6.

P6DDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0.

5 P65DDR 0 W When a pin function is specified to a general purpose

4 P64DDR 0 W I/O,_ setting this b_it to l_makes Fhe co_rresponding port
1 pin an output pin, while clearing this bit to 0 makes

3 P63DDR 0 W the pin an input pin.

2 P62DDR 0 w

1 P61DDR 0 w

0 P60DDR 0 w
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8.6.2 Port 6 Data Register (P6DR)

P6DR stores output data for the port 6 pins.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0 and cannot be
modified.

5 P65DR 0 R/W An output data for a pin is stored when the pin

4 P64DR 0 RIW function is specified to a general purpose /0.

3 P63DR 0 R/W

2 P62DR 0 R/W

1 P61DR 0 R/W

0 P60DR 0 R/W

86.3  Port 6 Register (PORT6)

PORT6 shows the pin states.

PORT®6 cannot be modified.

Bit  Bit Name Initial Value R/W Description
7 — Undefined — Reserved
6 — Undefined — These bits are reserved, if read they will return an
undefined value.
5 P65 Undefined” R If a port 6 read is performed while P6DDR bits are set
2 P64 Undefined” R to 1, the P6DR values are read. If a port 6 read is
- performed while P6DDR bits are cleared to 0, the pin
3 P63 Undefined R states are read.
2 P62 Undefined® R
1 P61 Undefined® R
0 P60 Undefined® R

Note: * Determined by the states of pins P65 to P60.
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8.6.4 Pin Functions

Port 6 pins function as 8-hit timer 1/Os. The correspondence between the register specification and
the pin functions is shown below.

PE65/TMO1: The pin function is switched as shown below according to the combination of bits
0S3 to OS0 in TCSR1 of the 8-bit timer, and bit P65DDR.

0S3to 0OS0 AllO Not all 0
P65DDR 0 1 —
Pin function P65 input P65 output TMOL output

P64/TMOO0: The pin function is switched as shown below according to the combination of bits
OS3 to OS0 in TCSR1 of the 8-hit timer, and bit P64DDR.

0S3to OS0 All O Not all 0
P64DDR 0 1 —
Pin function P64 input P64 output TMOO output

P63/TM CI 1: The pin function is switched as shown below according to the bit P63DDR.

P63DDR 0 1
Pin function P63 input P63 output
TMCI1 input”
Note: * When used as the external clock input pin of TMR, the external clock is selected by the

CKS2 to CKSO bits of TCR_1.

P62/TM CI0: The pin function is switched as shown below according to the bit P62DDR.

P62DDR 0 1
Pin function P62 input P62 output
TMCIO input”
Note: * When used as the external clock input pin of TMR, the external clock is selected by the

CKS2 to CKSO bits of TCR_O.
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P6L/TMRI 1: The pin function is switched as shown below according to the combination of bit
P61DDR.

P61DDR 0 1

Pin function P61 input P61 output

TMRI1 input”

Note: * When used as the counter reset of TMR, the CCLR1 and CCLRO bits of TCR_1 are
both set to 1.

P60/TMRIO: The pin function is switched as shown below according to the bit P6BODDR.

P60DDR 0 1

Pin function P60 input P60 output

TMRIO input”

Note: * When used as the counter reset of TMR, the CCLR1 and CCLRO bits of TCR_0 are
respectively set to 1.

Rev. 3.00 Feb 22, 2006 page 211 of 624
REJ09B0281-0300
RENESAS




Section 8 1/0 Ports

8.7 Port 7
Port 7 isa 6-bit 1/O port that also has other functions. The port 7 has the following registers.

e Port 7 data direction register (P7DDR)

» Port 7 dataregister (P7DR)

e Port 7 register (PORT7)

871 Port 7 Data Direction Register (P7DDR)

The individual bits of P7TDDR specify input or output for the pins of port 7.

P7DDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0.

5 P75DDR 0 W When a pin function is specified to a general purpose

4 P74DDR 0 W I/O,_ setting this b_it to l_makes Fhe co_rresponding port
1 pin an output pin, while clearing this bit to 0 makes

3 P73DDR 0 W the pin an input pin.

2 P72DDR 0 w

1 P71DDR 0 w

0 P70DDR 0 w
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8.7.2 Port 7 Data Register (P7DR)

P7DR stores output data for the port 7 pins.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0 and cannot be
modified.

5 P75DR 0 R/W Output data for a pin is stored when the pin function

4 P74DR 0 RIW is specified to a general purpose /0.

3 P73DR 0 R/W

2 P72DR 0 R/W

1 P71DR 0 R/W

0 P70DR 0 R/W

8.7.3  Port 7 Register (PORT?)

PORT?7 shows the pin states.

PORT7 cannot be modified.

Bit  Bit Name Initial Value R/W Description
7 — Undefined — Reserved
6 — Undefined — These bits are reserved, if read they will return an
undefined value.
5 P75 Undefined” R If a port 7 read is performed while P7DDR bits are set
2 P74 Undefined” R to 1, the P7DR values are read. If a port 7 read is
- performed while P7DDR bits are cleared to 0, the pin
3 P73 Undefined R states are read.
2 P72 Undefined® R
1 P71 Undefined® R
0 P70 Undefined® R

Note: * Determined by the states of pins P75 to P70.
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8.8 Port 8
Port 8 isa 6-bit /O port that also has other functions. The port 8 has the following registers.

» Port 8 data direction register (PBDDR)

» Port 8 dataregister (PSDR)

» Port 8 register (PORTS)

881 Port 8 Data Direction Register (PS8DDR)

The individual bits of PBDDR specify input or output for the pins of port 8.

P8DDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0.

5 P85DDR 0 W When a pin function is specified to a general purpose

4 P84DDR 0 W I/O,_ setting this b_it to l_makes Fhe co_rresponding port
1 pin an output pin, while clearing this bit to 0 makes

3 P83DDR 0 W the pin an input pin.

2 P82DDR 0 w

1 P81DDR 0 w

0 P80DDR 0 w
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882 Port 8 Data Register (PS8DR)

P8DR stores output data for the port 8 pins.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved

6 — 0 — These bits are always read as 0 and cannot be
modified.

5 P85DR 0 R/W Output data for a pin is stored when the pin function

4 P84DR 0 RIW is specified to a general purpose /0.

3 P83DR 0 R/W

2 P82DR 0 R/W

1 P81DR 0 R/W

0 P80ODR 0 R/W

8.8.3  Port 8 Register (PORTS)

PORT8 shows the pin states.

PORT8 cannot be modified.

Bit  Bit Name Initial Value R/W Description
7 — Undefined — Reserved
6 — Undefined — These bits are reserved, if read they will return an
undefined value.
5 P85 Undefined” R If a port 8 read is performed while P8DDR bits are set
2 P84 Undefined” R to 1, the P8DR values are read. If a port 8 read is
- performed while P8DDR bits are cleared to 0, the pin
3 P83 Undefined R states are read.
2 P82 Undefined® R
1 P81 Undefined® R
0 P80 Undefined® R

Note: * Determined by the states of pins P85 to P80.
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8.8.4 Pin Functions

Port 8 pins also function as interrupt inputs. The correspondence between the register specification
and the pin functions is shown below.

P85/IRQ5: The pin function is switched as shown below according to the combination of bit
P85DDR, and bit ITS5in ITSR.

P85DDR 0 1

Pin function P85 input P85 output

IRQ5 interrupt input”

Note: * IRQS5 input when ITS5 =1.

P84/IRQ4: The pin function is switched as shown below according to the combination of bit
P84DDR, and bit ITS4in ITSR.

P84DDR 0 1

Pin function P84 input P84 output

IRQ4 interrupt input”

Note: * IRQ4 inputwhen ITS4 = 1.

P83/IRQ3: The pin function is switched as shown below according to the combination of bit
P83DDR, and bit ITS3inITSR.

P83DDR 0 1

Pin function P83 input P83 output

IRQ3 interrupt input”

Note: * IRQS3 input when ITS3 =1.

P82/IRQ2: The pin function is switched as shown below according to the combination of bit
P82DDR, and bit ITS2in ITSR.

P82DDR 0 1

Pin function P82 input P82 output

IRQ2 interrupt input”

Note: * IRQ2 inputwhen ITS2 = 1.
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P81/IRQ1: The pin function is switched as shown below according to the combination of bit
P81DDR and bit ITSLin ITSR.

P81DDR 0 1

Pin function P81 input P81 output

IRQT interrupt input”

Note: * IRQ1 inputwhen ITS1 =1.

P80/IRQO: The pin function is switched as shown below according to the combination of bit
P8ODDR and bit ITSOin ITSR.

P8ODDR 0 1

Pin function P80 input P80 output

IRQO interrupt input”

Note: * IRQO input when ITSO = 1.

8.9 Port A
Port A isan 8-hit 1/0 port that also has other functions. The port A has the following registers.

» Port A datadirection register (PADDR)

* Port A dataregister (PADR)

* Port A register (PORTA)

e Port A pull-up MOS control register (PAPCR)
e Port A open-drain control register (PAODR)

« Port function control register 1 (PFCR1)
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89.1 Port A Data Direction Register (PADDR)

Theindividual bits of PADDR specify input or output for the pins of port A. PADDR cannot be

read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description
7 PA7DDR 0 w e Modes 1, 2,5,and 6
6 PAGDDR 0 W Pins PA4 to PAOQ are address outputs regardless
5 PASDDR 0 W of the PADDR settings.
For pins PA7 to PA5, when the corresponding bit
4 PADDR 0 w of A23E to A21E is set to 1, setting a PADDR bit
3 PA3DDR 0 W to 1 makes the corresponding port A pin an
2 PA2DDR 0 W addrgss oqtput, while clear.lng the hit tq 0 makes
the pin an input port. Clearing one of hits A23E to
1 PA1DDR 0 W A21E to 0 makes the corresponding port A pin an
0 PAODDR 0 w I/0 port, and its function can be switched with

PADDR.
Mode 4

When the corresponding bit of A23E to A16E is
set to 1, setting a PADDR bit to 1 makes the
corresponding port A pin an address output, while
clearing the bit to 0 makes the pin an input port.
Clearing one of bits A23E to A16E to 0 makes the
corresponding port A pin an 1/O port, and its
function can be switched with PADDR.

Mode 7 (when EXPE = 1)

When the corresponding bit of A23E to A16E is
set to 1, setting a PADDR bit to 1 makes the
corresponding port A pin an address output, while
clearing the bit to 0 makes the pin an input port.
Clearing one of bits A23E to A16E to 0 makes the
corresponding port A pin an /O port; setting the
corresponding PADDR bit to 1 makes the pin an
output port, while clearing the bit to 0 makes the
pin an input port.

Mode 7 (when EXPE = 0)

Port A is an I/O port, and its pin functions can be
switched with PADDR.
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8.9.2 Port A Data Register (PADR)

PADR stores output data for the port A pins.

Bit  Bit Name Initial Value R/W Description

7 PA7DR 0 R/W Output data for a pin is stored when the pin function
6 PAGDR 0 RIW is specified to a general purpose /0.

5 PA5DR 0 R/W

4 PA4DR 0 R/W

3 PA3DR 0 R/W

2 PA2DR 0 R/W

1 PA1DR 0 R/W

0 PAODR 0 R/W

8.9.3 Port A Register (PORTA)

PORTA shows port A pin states.

PORTA cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 PA7 Undefined” R If a port A read is performed while PADDR bits are

6 PAG Undefined” R set to 1, the PADR values are read. If a port A read
— is performed while PADDR bits are cleared to 0, the

5 PA5 Undefined R pin states are read.

4 PA4 Undefined® R

3 PA3 Undefined® R

2 PA2 Undefined® R

1 PAl Undefined® R

0 PAO Undefined® R

Note: * Determined by the states of pins PA7 to PAOQ.
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894 Port A Pull-Up MOS Control Register (PAPCR)

PAPCR controls the input pull-up MOS function. Bits 7 to 5 are valid in modes 1, 2, 5, and 6, and
all the bits are valid in modes 4 and 7.

Bit  Bit Name Initial Value R/W Description

7 PA7PCR 0 R/W When a pin function is specified to an input port,

6 PAG6PCR 0 RIW setting the corresponding bit to 1 turns on the input
pull-up MOS for that pin.

5 PASPCR 0 R/W

4 PA4PCR 0 R/W

3 PA3PCR 0 R/W

2 PA2PCR 0 R/W

1 PA1PCR 0 R/W

0 PAOPCR 0 R/W

8.9.5 Port A Open Drain Control Register (PAODR)

PAODR specifies an output type of port A.

Bit  Bit Name Initial Value R/W Description

7 PA7ODR 0 R/W Setting the corresponding bit to 1 specifies a pin

6 PAGODR 0 RIW output type to NMOS open-drain output, while
clearing this bit to 0 specifies that to CMOS output.

5 PA50DR 0 R/W

4 PA40ODR 0 R/W

3 PA30ODR 0 R/W

2 PA20DR 0 R/W

1 PA10DR 0 R/W

0 PAOODR 0 R/W

8.9.6 Port Function Control Register 1 (PFCR1)

PFCRL1 performs 1/O port control. Bits 7 to 5 are valid in modes 1, 2, 5, and 6, and all the bits are
valid in modes 4 and 7.
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Bit

Bit Name

Initial Value

Description

A23E

1

R/W

Address 23 Enable

Enables or disables output for address output 23 (A23).
0: DR output when PA7TDDR =1

1: A23 output when PA7DDR =1

A22E

R/W

Address 22 Enable

Enables or disables output for address output 22 (A22).
0: DR output when PA6DDR =1

1: A22 output when PA6DDR =1

A21E

R/W

Address 21 Enable

Enables or disables output for address output 21 (A21).
0: DR output when PASDDR =1

1: A21 output when PASDDR =1

A20E

R/W

Address 20 Enable

Enables or disables output for address output 20 (A20).
0: DR output when PA4DDR =1

1: A20 output when PA4DDR =1

A19E

R/W

Address 19 Enable

Enables or disables output for address output 19 (A19).
0: DR output when PA3DDR =1

1: A19 output when PA3DDR =1

A18E

R/W

Address 18 Enable

Enables or disables output for address output 18 (A18).
0: DR output when PA2DDR =1

1: A18 output when PA2DDR =1

Al7E

R/W

Address 17 Enable

Enables or disables output for address output 17 (A17).
0: DR output when PA1DDR =1

1: A17 output when PA1DDR =1

A16E

R/W

Address 16 Enable

Enables or disables output for address output 16 (A16).
0: DR output when PAODDR =1

1: A16 output when PAODDR =1
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8.9.7

Pin Functions

Port A pins also function as address outputs. The correspondence between the register
specification and the pin functions is shown below.

PA7/A23, PA6/A22, PA5/A21: The pin function is switched as shown below according to the
operating mode, bit EXPE, bits A23E to A21E, and bit PADDR.

Operating 1,2,4,5,6 7

mode

EXPE — 0 1

AxXE 1 — 0

PADDR 0 1 0 1 0 1 0 1 0 1

Pin function PA PA PA Address PA PA PA PA PA Address
input output input output input output input output input output

PA4/A20, PA3/A19, PA2/A18, PA1/A17, PA20/A16: The pin function is switched as shown
below according to the operating mode, bit EXPE, bits A20E to A16E, and bit PADDR.

Operating 1,2,5, 4 7

mode 6

EXPE — — 0

AxxE — 0 1 — 0 1

PADDR — 0 1 0 1 0 1 0 1 0 1

Pin function |Address| PA PA PA |Address| PA PA PA PA PA  |Address
output | input | output | input | output | input | output | input | output | input | output

8.9.8 Port A Input Pull-Up MOS States

Port A has a built-in input pull-up MOS function that can be controlled by software. This input
pull-up MOS function can be used by pins PA7 to PA5 in modes 1, 2, 5, and 6, and by all pinsin
modes 4 and 7. Input pull-up MOS can be specified as on or off on a bit-by-bit basis.

Table 8.2 summarizes the input pull-up MOS states.
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Table8.2 Input Pull-Up MOS States (Port A)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode  Operations
4,7 PA7 to PAO Off Off On/Off On/Off
1,2,56 PA7 to PA5 On/Off On/Off
PA4 to PAO Off Off

Legend:

Off: Input pull-up MOS is always off.

On/Off: On when PADDR = 0 and PAPCR = 1, otherwise off.

8.10 PortB

Port B isan 8-bit I/O port that aso has other functions. The port B has the following registers.

» Port B data direction register (PBDDR)
» Port B dataregister (PBDR)
* Port B register (PORTB)

e Port B pull-up MOS control register (PBPCR)

8.10.1 Port B Data Direction Register (PBDDR)

Theindividual bits of PBDDR specify input or output for the pins of port B.

PBDDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description
7 PB7DDR 0 w e Modes 1, 2,5,and 6
6 PB6DDR 0 W Port B pins are address outputs regardless of the
5 PBSDDR 0 W PBDDR settings.
2 PBADDR 0 W e Modes 4 and 7 (when EXPE = 1)
Setting a PBDDR bit to 1 makes the
3 PB3DDR 0 d corresponding port B pin an address output, while
2 PB2DDR 0 w clearing the bit to 0 makes the pin an input port.
1 PB1DDR 0 w e Mode 7 (when EXPE = 0)
0 PBODDR 0 w Port B is an I/O port, and its pin functions can be

switched with PBDDR.
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8.10.2 Port B Data Register (PBDR)

PBDR is stores output data for the port B pins.

Bit  Bit Name Initial Value R/W Description

7 PB7DR 0 R/W An output data for a pin is stored when the pin
6 PB6DR 0 RIW function is specified to a general purpose /0.
5 PB5DR 0 R/W

4 PB4DR 0 R/W

3 PB3DR 0 R/W

2 PB2DR 0 R/W

1 PB1DR 0 R/W

0 PBODR 0 R/W

8.10.3 Port B Register (PORTB)
PORTB shows port B pin states.

PORTB cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 PB7 Undefined” R If a port B read is performed while PBDDR bits are

6 PB6 Undefined” R set to 1, the PBDR values are read. If a port B read
— is performed while PBDDR bits are cleared to 0, the

5 PB5 Undefined R pin states are read.

4 PB4 Undefined® R

3 PB3 Undefined® R

2 PB2 Undefined® R

1 PB1 Undefined® R

0 PBO Undefined® R

Note: * Determined by the states of pins PB7 to PBO.
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8.104 Port B Pull-Up MOS Control Register (PBPCR)

PBPCR controls the on/off state of input pull-up MOS of port B. PBPCR isvalid in modes 4 and
7.

Bit  Bit Name Initial Value R/W Description

7 PB7PCR 0 R/W When a pin function is specified to an input port,

6 PB6PCR 0 RIW setting the corresponding bit to 1 turns on the input
pull-up MOS for that pin.

5 PB5PCR 0 R/W

4 PB4PCR 0 R/W

3 PB3PCR 0 R/W

2 PB2PCR 0 R/W

1 PB1PCR 0 R/W

0 PBOPCR 0 R/W

8.10.5 Pin Functions

Port B pins also function as address outputs. The correspondence between the register
specification and the pin functions is shown below.

PB7/A15, PB6/A14, PB5/A13, PB4/A12, PB3/A11, PB2/A10, PB1/A9, PBO/A8: Thepin
function is switched as shown below according to the operating mode, bit EXPE, and bit PBDDR.

Operating mode | 1, 2,5, 6 4 7

EXPE — — 0 1

PBDDR — 0 1 0 1 0 1

Pin function Address PB Address PB PB PB Address
output input output input output input output
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8.10.6  Port B Input Pull-Up MOS States

Port B has a built-in input pull-up MOS function that can be controlled by software. Thisinput
pull-up MOS function can be used in modes 4 and 7. Input pull-up MOS can be specified as on or
off on abit-by-bit basis.

In modes 3, 4 and 7, when a PBDDR bit is cleared to 0, setting the corresponding PBPCR hit to 1
turns on the input pull-up MOS for that pin.

Table 8.3 summarizes the input pull-up MOS states.

Table8.3 Input Pull-Up MOS States (Port B)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,56 Off Off Off Off
4,7 On/Off On/Off

Legend:
Off: Input pull-up MOS is always off.
On/Off: On when PBDDR = 0 and PBPCR = 1; otherwise off.

811 PortC
Port C isan 8-bit I/O port that also has other functions. The port C has the following registers.

» Port C data direction register (PCDDR)

e Port C dataregister (PCDR)

» Port Cregister (PORTC)

» Port C pull-up MOS control register (PCPCR)
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8.11.1 Port C Data Direction Register (PCDDR)

Theindividual bits of PCDDR specify input or output for the pins of port C.

PCDDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description
7 PC7DDR 0 w ¢ Modes 1, 2,5, and 6
6 PC6DDR 0 " Port C pins are address outputs regardless of the
5 PC5DDR 0 W PCDDR settings.
2 PCADDR 0 W ¢« Modes 4 and 7 (when EXPE =1)
Setting a PCDDR bit to 1 makes the
3 PC3DDR 0 W corresponding port C pin an address output, while
2 PC2DDR 0 W clearing the bit to 0 makes the pin an input port.
1 PC1DDR 0 W e Mode 7 (when EXPE = 0)
0 PCODDR 0 w Port C is an I/O port, and its pin functions can be

switched with PCDDR.

8.11.2 Port C Data Register (PCDR)

PCDR stores output data for the port C pins.

Bit  Bit Name Initial Value R/W Description

7 PC7DR 0 R/W Output data for a pin is stored when the pin function
6 PC6DR 0 RIW is specified to a general purpose /0.

5 PC5DR 0 R/W

4 PC4DR 0 R/W

3 PC3DR 0 R/W

2 PC2DR 0 R/W

1 PC1DR 0 R/W

0 PCODR 0 R/W
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8.11.3 Port C Register (PORTC)
PORTC is shows port C pin states.

PORTC cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 PC7 Undefined” R If a port C read is performed while PCDDR bits are

6 PCo Undefined” R setto 1, the PCDR values are read. If a port C read
— is performed while PCDDR bits are cleared to 0, the

5 PC5 Undefined R pin states are read.

4 PC4 Undefined* R

3 PC3 Undefined” R

2 PC2 Undefined* R

1 PC1 Undefined* R

0 PCO Undefined” R

Note: * Determined by the states of pins PC7 to PCO.

8.11.4 Port C Pull-Up MOS Control Register (PCPCR)

PCPCR controls the on/off state of input pull-up MOS of port C. PCPCR isvalid in modes 4 and
7.

Bit  Bit Name Initial Value R/W Description

7 PC7PCR 0 R/W When a pin function is specified to an input port,

6 PC6PCR 0 RIW setting the corresponding bit to 1 turns on the input
pull-up MOS for that pin.

5 PC5PCR 0 R/W

4 PC4PCR 0 R/W

3 PC3PCR 0 R/W

2 PC2PCR 0 R/W

1 PC1PCR 0 R/W

0 PCOPCR 0 R/W
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8.11.5 Pin Functions

Port C pins also function as address outputs. The correspondence between the register
specification and the pin functions is shown below.

PC7/A7, PC6/A6, PC5/A5, PC4/A4, PC3/A3, PC2/A2, PC1/A1, PCO/AQ: The pin function is
switched as shown below according to the operating mode, bit EXPE, and bit PCDDR.

Operating mode | 1, 2,5, 6 4 7

EXPE — — 0 1

PCDDR — 0 1 0 1 0 1

Pin function Address PC Address PC PC PC Address
output input output input output input output

8.11.6 Port C Input Pull-Up MOS States

Port C has a built-in input pull-up MOS function that can be controlled by software. Thisinput
pull-up MOS function can be used in modes 4 and 7. Input pull-up MOS can be specified as on or
off on abit-by-bit basis.

In modes 4 and 7, when a PCDDR bit is cleared to 0, setting the corresponding PCPCR bit to 1
turns on the input pull-up MOS for that pin.

Table 8.4 summarizes the input pull-up MOS states.

Table8.4 Input Pull-Up MOS States (Port C)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,5,6 Off Off Off Off
4,7 On/Off On/Off

Legend:
Off: Input pull-up MOS is always off.
On/Off: On when PCDDR = 0 and PCPCR = 1; otherwise off.
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812 PortD
Port D isan 8-hit 1/0 port that also has other functions. The port D has the following registers.

e Port D datadirection register (PDDDR)

» Port D dataregister (PDDR)

e Port D register (PORTD)

» Port D pull-up MOS control register (PDPCR)

8.12.1 Port D Data Direction Register (PDDDR)

Theindividual bits of PDDDR specify input or output for the pins of port D.

PDDDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description
7 PD7DDR 0 W e Modes 1, 2, 4,5, 6, and 7 (when EXPE = 1)
6 PD6DDR 0 W Port D is automatically designated for data
5 PDSDDR 0 W input/output.
2 PDADDR 0 W « Mode 7 (when EXPE = O). . |
Port D is an I/O port, and its pin functions can be
3 PDDDR 0 w switched with PDDDR.
2 PD2DDR 0 w
1 PD1DDR 0 w
0 PDODDR 0 w
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8.12.2 Port D Data Register (PDDR)

PDDR stores output data for the port D pins.

Bit  Bit Name Initial Value R/W Description

7 PD7DR 0 R/W Output data for a pin is stored when the pin function
6 PD6DR 0 RIW is specified to a general purpose /0.

5 PD5DR 0 R/W

4 PD4DR 0 R/W

3 PD3DR 0 R/W

2 PD2DR 0 R/W

1 PD1DR 0 R/W

0 PDODR 0 R/W

8.12.3 Port D Register (PORTD)

PORTD shows port D pin states.

PORTD cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 PD7 Undefined” R If a port D read is performed while PDDDR bits are

6 PD6 Undefined” R setto 1, the PDDR values are read. If a port D read
— is performed while PDDDR bits are cleared to 0, the

5 PD5 Undefined R pin states are read.

4 PD4 Undefined* R

3 PD3 Undefined” R

2 PD2 Undefined* R

1 PD1 Undefined® R

0 PDO Undefined” R

Note: * Determined by the states of pins PD7 to PDO.
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8.124  Port D Pull-up Control Register (PDPCR)

PDPCR controls on/off states of the input pull-up MOS of port D. PDPCR isvalid in mode 7.

Bit  Bit Name Initial Value R/W Description

7 PD7PCR 0 R/W  When the pin is in its input state, the input pull-up

6 PD6PCR 0 RIW Il\élgest (t); tlh.e input pin is on when the corresponding bit
5 PD5PCR 0 R/W

4 PD4PCR 0 R/IW

3 PD3PCR 0 R/W

2 PD2PCR 0 R/W

1 PD1PCR 0 R/W

0 PDOPCR 0 R/W

8.12.5 Pin Functions

Port D pins also function as data I/Os. The correspondence between the register specification and
the pin functions is shown below.

PD7/D15, PD6/D14, PD5/D13, PD4/D12, PD3/D11, PD2/D10, PD1/D9, PD0O/D8: The pin
function is switched as shown below according to the operating mode, bit EXPE, and bit PDDDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1
PDDDR — 0 1 —
Pin function Data I/0 PD input PD output Data I/0
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8.126  Port D Input Pull-Up MOS States

Port D has a built-in input pull-up MOS function that can be controlled by software. Thisinput
pull-up MOS function can be used in mode 7. Input pull-up MOS can be specified as on or off on
abit-by-bit basis.

In mode 7, when a PDDDR bit is cleared to 0, setting the corresponding PDPCR bit to 1 turns on
the input pull-up MOS for that pin.

Table 8.5 summarizes the input pull-up MOS states.

Table8.5 Input Pull-Up MOS States (Port D)

Hardware Software In Other
Mode Reset Standby Mode Standby Mode Operations
1,2,4,5,6 Off Off Off Off
7 On/Off On/Off

Legend:
OFF: Input pull-up MOS is always off.
On/Off: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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8.13 PortE

Port E is an 8-bit I/O port that also has other functions. The port E has the following registers.

Port E data direction register (PEDDR)

Port E data register (PEDR)

Port E register (PORTE)

Port E pull-up MOS control register (PEPCR)

8.13.1 Port E Data Direction Register (PEDDR)

Theindividual bits of PEDDR specify input or output for the pins of port E.

PEDDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description
7 PE7DDR 0 w e Modes1,2,4,5 and 6
6 PEG6DDR 0 W When 8-bit bus mode is selected, port E functions
as an I/O port. The pin states can be changed
° PESDDR 0 w with PEDDR.
4 PE4DDR 0 b When 16-bit bus mode is selected, port E is
3 PE3DDR 0 W designated for data input/output.
2 PE2DDR 0 w For details on 8-bit and 16-bit bus modes, see
1 PELDDR 0 W section 6, Bus Controller.
e Mode 7 (when EXPE = 1)
0 PEODDR 0 w

When 8-bit bus mode is selected, port E functions
as an /O port. 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, port E is
designated for data input/output.

¢« Mode 7 (when EXPE = 0)

Port E is an I/O port, and its pin functions can be
switched with PEDDR.
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8.13.2 Port E Data Register (PEDR)

PEDR stores output data for the port E pins.

Bit  Bit Name Initial Value R/W Description

7 PE7DR 0 R/W Output data for a pin is stored when the pin function
6 PE6DR 0 RIW is specified to a general purpose /0.

5 PESDR 0 R/W

4 PE4DR 0 R/W

3 PE3DR 0 R/W

2 PE2DR 0 R/W

1 PE1DR 0 R/W

0 PEODR 0 R/W

8.13.3 Port E Register (PORTE)

PORTE shows port E pin states.

PORTE cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 PE7 Undefined” R If a port E read is performed while PEDDR bits are

6 PE6 Undefined” R set to 1, the PEDR values are read. If a port E read
— is performed while PEDDR bits are cleared to 0, the

5 PE5 Undefined R pin states are read.

4 PE4 Undefined® R

3 PE3 Undefined® R

2 PE2 Undefined® R

1 PE1 Undefined® R

0 PEO Undefined® R

Note: * Determined by the states of pins PE7 to PEO.
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8.134  Port E Pull-up Control Register (PEPCR)

PEPCR controls on/off states of the input pull-up MOS of port E. PEPCR isvalid in 8-bit bus
mode.

Bit  Bit Name Initial Value R/W Description

7 PE7PCR 0 R/W  When the pin is in its input state, the input pull-up

6 PE6PCR 0 RIW :\él(;est ?(I tlh.e input pin is on when the corresponding bit
5 PE5PCR 0 R/W

4 PE4PCR 0 R/W

3 PE3PCR 0 R/W

2 PE2PCR 0 R/W

1 PE1PCR 0 R/W

0 PEOPCR 0 R/W

8.13.5 Pin Functions

Port E pins aso function as data I/Os. The correspondence between the register specification and
the pin functions is shown below.

PE7/D7, PE6/D6, PE5S/DS5, PE4/D4, PE3/D3, PE2/D2, PE1/D1, PEO/DO: The pin functionis
switched as shown below according to the operating mode, bus mode, bit EXPE, and bit PEDDR.

Operating mode 1,2,4,5,6 7
Bus mode All areas At least — All areas At least
8-bit space one area 8-bit space one area

16-bit 16-bit
space space

EXPE — — 0 1 1

PEDDR 0 1 — 0 1 0 1 —

Pin function PE PE Data I/0 PE PE PE PE Data I/O

input output input output input output
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8.13.6  Port E Input Pull-Up MOS States

Port E has a built-in input pull-up MOS function that can be controlled by software. Thisinput
pull-up MOS function can be used in 8-bit bus mode. Input pull-up MOS can be specified as on or
off on a bit-by-bit basis. In 8-bit bus mode, when a PEDDR bit is cleared to O, setting the
corresponding PEPCR bit to 1 turns on the input pull-up MOS for that pin.

Table 8.6 summarizes the input pull-up MOS states.

Table8.6 Input Pull-Up MOS States (Port E)

Hardware Software In Other
Mode Reset Standby Mode  Standby Mode  Operations
1,2,4t07 8-bit bus Off Off On/Off On/Off
16-bit bus Off Off

Legend:
Off: Input pull-up MOS is always off.
On/Off: On when PEDDR = 0 and PEPCR = 1, otherwise off.

8.14 Port F

Port F is an 8-hit 1/0O port that also has other functions. The port F has the following registers. For
details on the port function control register 2, refer to section 8.3.5, Port Function Control Register
2 (PFCR?2).

» Port F datadirection register (PFDDR)

» Port F dataregister (PFDR)

» Port Fregister (PORTF)

» Port Function Control Register 2 (PFCR2)
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8.14.1 Port F Data Direction Register (PFDDR)

Theindividual bits of PFDDR specify input or output for the pins of port F.
PFDDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 PF7DDR  1/0" w + Modes 1,2, 4,5,and 6

6 PF6DDR 0 W Pin PF7 functions as the @output pin when the
corresponding PFDDR bit is set to 1, and as an

> PFSDDR 0 w input port when the bit is cleared to 0.

4 PFADDR 0 w Pin PF6 functions as the AS output pin when

3 PF3DDR 0 wW ASOE is set to 1. When ASOE is cleared to 0, pin
PF6 is an I/O port and its function can be

2 PRDDR 0 w switched with PF6DDR.

1 PF1DDR 0 W Pins PF5 and PF4 are automatically designated

0 PFODDR 0 W as bus control outputs (RD and HWR).

Pin PF3 functions as the LWR output pin when
LWROE is set to 1. When LWROE is cleared to 0O,
pin PF3 is an I/O port and its function can be
switched with PF3DDR.

Pins PF2 and PF1 are input/output port and their
functions are switched with PFDDR.

Pin PFO functions as bus control input/output pin
(WAIT) when the appropriate bus controller
settings are made. Otherwise, this pin is output
port when the corresponding PFDDR bit is set to
1, and input port when the bit is cleared to 0.

Mode 7 (when EXPE = 1)

Pin PF7 to PF1 function in the same way as in
modes 1, 2, 4, 5, and 6.

Pin PFO functions as bus control input/output pin
(WAIT) when the appropriate PFCR2 settings are
made. Otherwise, this pin is I/O port, and this
function can be switched with PFDDR.

Mode 7 (when EXPE = 0)

Pin PF7 functions as the @ output pin when the
corresponding PFDDR bit is setto 1, and as an
input port when the bit is cleared to O.

Pins PF6 to PFO are I/O ports, and their functions
can be switched with PFDDR.

Note: * PF7DDR is initialized to 1 in modes 1, 2, 4, 5, and 6, and to 0 in mode 7.
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8.14.2 Port F Data Register (PFDR)

PFDR stores output data for the port F pins.

Bit  Bit Name Initial Value R/W Description

7 PF7DR 0 R/W Output data for a pin is stored when the pin function
6 PE6DR 0 RIW is specified to a general purpose /0.

5 PF5DR 0 R/W

4 PF4ADR 0 R/W

3 PF3DR 0 R/W

2 PF2DR 0 R/W

1 PF1DR 0 R/W

0 PFODR 0 R/W

8.14.3 Port F Register (PORTF)
PORTF shows port F pin states.
PORTF cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 PF7 Undefined” R If a port F read is performed while PFDDR bits are
p p
6 PF6 Undefined” R set to 1, the PFDR values are read. If a port F read is
- performed while PFDDR bits are cleared to 0, the pin
5 PF5 Undefined R states are read.
4 PF4 Undefined* R
3 PF3 Undefined” R
2 PF2 Undefined* R
1 PF1 Undefined” R
0 PFO Undefined” R

Note: * Determined by the states of pins PF7 to PFO.
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8.14.4

Pin Functions

Port F pins also function as external interrupt inputs, bus control signal 1/Os, and system clock
outputs (). The correspondence between the register specification and the pin functionsis shown

below.

PF7/q: The pin function is switched as shown below according to bit PF7DDR.

Operating mode 1,2,4t07
PFDDR 0 1
Pin function PF7 input @output

PF6/AS: The pin function is switched as shown below according to the operating mode, bit
ASOE, bit EXPE, and bhit PF6DDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1

ASOE 1 0 — 1 0

PF6DDR — 0 1 0 1 — 0 1

Pin function AS PF6 PF6 PF6 PF6 AS PF6 PF6
output input output input output | output input output

PF5/RD: The pin function is switched as shown below according to the operating mode, bit

EXPE, and bit PF5DDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1

PF5DDR — 0 1 —

Pin function RD output PF5 input PF5 output RD output

PF4/HWR: The pin function is switched as shown below according to the operating mode, bit
EXPE, and hit PFADDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1
PFADDR — 0 1 —

Pin function HWR output PF4 input PF4 output HWR output
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PF3/LWR: The pin function is switched as shown below according to the operating mode, bit
EXPE, bit PF3DDR, and bit LWROE.

Operating mode 1,2,4,5,6 7

EXPE — 0 1

LWROD 1 0 — 1 0

PF3DDR — 0 1 0 1 — 0 1

Pin function LWR PF3 PF3 PF3 PF3 LWR PF3 PF3
output input output input output | output input output

PF2: The pin function is switched as shown below according to the bit PF2DDR.

PF2DDR

0

1

Pin function

PF2 input

PF2 output

PF1: The pin function is switched as shown below according to the bit PFIDDR.

PF1DDR

0

1

Pin function

PF1 input

PF1 output

PFO/WAIT: The pin function is switched as shown below according to the operating mode, bit
EXPE, bit WAITE of BCR, and bit PFODDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1

WAITE 0 1 — 0 1

PFODDR 0 1 — 0 1 0 1 —

Pin function PFO PFO WAIT PFO PFO PFO PFO WAIT
input output input input output input output input
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815 PortG
Port G isa7-bit I/O port that also has other functions. The port G has the following registers.

e Port G data direction register (PGDDR)

» Port G dataregister (PGDR)

» Port G register (PORTG)

» Port Function Control Register 0 (PFCRO)

8.15.1 Port G Data Direction Register (PGDDR)
The individua bits of PGDDR specify input or output for the pins of port G.

PGDDR cannot be read; if it is, an undefined value will be read.
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Bit  Bit Name Initial Value R/W Description
7 — 0 — Reserved
If read, it returns an undefined value.
6 PG6DDR 0 w e Modes11,2,4,5, and 6
5 PG5DDR 0 w Pins PG6 to PG4 function as bus control
2 PGADDR 0 W input/output pins (BREQO, BACK, and BREQ)
when the appropriate bus controller settings are
3 PG3DDR 0 W made. Otherwise, these pins are I/O ports, and
2 PG2DDR 0 W their functions can be switched with PGDDR.
1 PG1DDR 0 W When the CS .output enable bits (C$3E to CSOE)
- are set to 1, pins PG3 to PGO function as CS
0 PGODDR 1/0 w

output pins when the corresponding PGDDR bit is
set to 1, and as input ports when the bit is cleared
to 0. When CS3E to CSOE are cleared to 0, pins
PG3 to PGO are I/O ports, and their functions can
be switched with PGDDR.

Mode 7 (when EXPE = 1)

Pins PG6 to PG4 function as bus control
input/output pins (BREQO, BACK, and BREQ)
when the appropriate bus controller settings are
made. Otherwise, these pins are output ports
when the corresponding PGDDR bit is set to 1,
and as input ports when the bit is cleared to 0.

When the CS output enable bits (CS3E to CSOE)
are set to 1, pins PG3 to PGO function as CS
output pins when the corresponding PGDDR bit is
set to 1, and as input ports when the hit is cleared
to 0. When CS3E to CSOE are cleared to 0, pins
PG3 to PGO are I/O ports, and their functions can
be switched with PGDDR.

Mode 7 (when EXPE = 0)

Pins PG6 to PGO are I/O ports, and their functions
can be switched with PGDDR.

Note: * PGODDR is initialized to 1 in modes 1, 2, 5, and 6, and to 0 in modes 4 and 7.
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8.15.2 Port G Data Register (PGDR)
PGDR stores output data for the port G pins.

Bit  Bit Name Initial Value R/W Description

7 — 0 — Reserved
This bit is always read as 0, and cannot be modified.

6 PG6DR 0 R/W An output data for a pin is stored when the pin
5 PG5DR 0 RIW function is specified to a general purpose /0.
4 PG4DR 0 R/W

3 PG3DR 0 R/W

2 PG2DR 0 R/W

1 PG1DR 0 R/W

0 PGODR 0 R/W

8.15.3 Port G Register (PORTG)
PORTG shows port G pin states.
PORTG cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 — Undefined — Reserved

If this bit is read, it will return an undefined value.

6 PG6 Undefined” R If a port G read is performed while PGDDR bits are

5 PG5 Undefined” R set to 1, the PGDR values are read. If a port G read
— is performed while PGDDR bits are cleared to 0, the

4 PG4 Undefined R pin states are read.

3 PG3 Undefined® R

2 PG2 Undefined® R

1 PG1 Undefined® R

0 PGO Undefined® R

Note: * Determined by the states of pins PG6 to PGO.
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8.15.4  Port Function Control Register 0 (PFCRO)

PFCRO performs 1/0 port control.

Bit  Bit Name Initial Value R/W Description

7 CS7E 1 R/W CS7 to CSO Enable

6 CS6E 1 R/W These bits enable or disable the corresponding CSn
5  CS5E 1 Rw  output

4 CSAE 1 RIW 0: Pin is designated as I/O_port

3 CsaE 1 RIW 1: Pin is designated as CSn output pin

2 CS2E 1 RIW (n=7t0)
1 CS1E 1 R/W

0 CSOE 1 R/W

8.15.5 Pin Functions

Port G pins also function as bus control signal 1/0s. The correspondence between the register
specification and the pin functions is shown below.

PG6/BREQ: The pin function is switched as shown below according to the operating mode, bit
EXPE, bit BRLE, and bit PGEDDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1

BRLE 0 1 — 0 1

PG6DDR 0 1 — 0 1 0 1 —

Pin function PG6 PG6 | BREQ | PG6 PG6 PG6 PG6 | BREQ
input output input input output input output input
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S

PG5/BACK: The pin function is switched as shown below according to the operating mode, bit
EXPE, bit BRLE, and bit PG5DDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1

BRLE 0 1 — 0 1

PG5DDR 0 1 — 0 1 0 1 —

Pin function PG5 PG5 | BACK | PG5 PG5 PG5 PG5 | BACK
input output | output input output input output | output

PG4/BREQO: The pin function is switched as shown below according to the operating mode, bit
EXPE, bit BRLE, hit BREQO, and hit PG4DDR.

Operating 1,2,4,56 7

mode

EXPE — 0 1

BRLE 0 1 — 0 1

BREQO — 0 1 — — 0 1

PG4DDR 0 1 0 1 — 0 1 0 1 0 1 —

Pin PG4 PG4 PG4 PG4 |BREQO| PG4 PG4 PG4 PG4 PG4 PG4 |BREQO

function input output input output | output input output input output input output | output

PG3/CS3/, PG2/CS2, PG1/CS1, PGO/CS0: The pin function is switched as shown below

according to the operating mode, bit EXPE, bit CsnE, and bit PGhDDR.

Operating mode 1,2,4,5,6 7

EXPE — 0 1

CSnE 1 — 0 1

PGnDDR 0 1 0 1 0 1 0 1 0 1

Pin function PGn PGn PGn | CSn | PGn PGn PGn PGn PGn | CSn
input | output | input | output | input | output | input | output | input | output

(n=0t0 3)
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8.16 PortH

Port H is a 4-bit I/O port that also has other functions. The port H has the following registers. For
details on the port function control register O, refer to section 8.15.4, Port Function Control

Register 0 (PFCRO).

e Port H data direction register (PHDDR)

» Port H dataregister (PHDR)
» Port H register (PORTH)

¢ Port Function Control Register 0 (PFCRO)

8.16.1 Port H Data Direction Register (PHDDR)

The individua bits of PHDDR specify input or output for the pins of port H.

PHDDR cannot be read; if it is, an undefined value will be read.

Bit  Bit Name Initial Value R/W Description

7 — All 0 — Reserved

to If these bits are read, they will return an undefined

4 value.

3 PH3DDR 0 w e Modes 1, 2,4,5,6, and 7 (when EXPE =1)

2 PH2DDR 0 w When the OE output enable bit (OEE) and OE
output select bit (OES) are set to 1, pin PH3

! PH1DDR 0 w functions as the OE output pin. Otherwise, when

0 PHODDR 0 W bit CS7E is set to 1, pin PH3 functions as a CS

output pin when the corresponding PHDDR bit is
set to 1, and as an input port when the bit is
cleared to 0. When bit CS7E is cleared to 0, pin
PH3 is an 1/O port, and its function can be
switched with PHDDR.

When the CS output enable bits (CS7E to
CS4E) are set to 1, pins PH2 to PHO function as
CS output pins when the corresponding PHDDR
bit is set to 1, and as 1/O ports when the bit is
cleared to 0. When CS6E to CS4E are cleared
to 0, pins PH2 to PHO are I/O ports, and their
functions can be switched with PHDDR.

Mode 7 (when EXPE = 0)

Pins PH3 to PHO are I/O ports, and their
functions can be switched with PHDDR.
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8.16.2 Port H Data Register (PHDR)

PHDR stores output data for the port H pins.

Bit  Bit Name Initial Value R/W Description

7 — All0 — Reserved

to These bits are reserved; they are always read as 0
4 and cannot be modified.

3 PH3DR 0 R/W Output data for a pin is stored when the pin function
2 PH2DR 0 RIW is specified to a general purpose /0.

1 PH1DR 0 R/W

0 PHODR 0 R/W

8.16.3 Port H Register (PORTH)
PORTH shows port H pin states.
PORTH cannot be modified.

Bit  Bit Name Initial Value R/W Description

7 — Undefined — Reserved

to If these bits are read, they will return an undefined

4 value.

3 PH3 Undefined” R If a port H read is performed while PHDDR bits are

> PH2 Undefined” R set to 1, the PHDR values are read. If a port H read is
— performed while PHDDR bits are cleared to 0, the pin

1 PH1 Undefined R states are read.

0 PHO Undefined® R

Note: * Determined by the states of pins PH3 to PHO.
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8.16.4 Pin Functions

Port H pins also function as bus control signal 1/0s and external interrupt inputs. The
correspondence between the register specification and the pin functions is shown below.

PH3/CS7/0OE/(IRQ7): The pin function is switched as shown below according to the operating
mode, bit EXPE, bit CS7E, and bit PH3DDR.

Operating mode 1,2,4,5,6 7
EXPE — 0 1
CS7E 0 1 — 0 1
PH3DDR 0 1 0 1 0 1 0 1 0 1
Pin function PH3 | PH3 | PH3 | CS7 | PH3 | PH3 | PH3 | PH3 | PH3 | CS7
input | output | input |output| input |output| input |output| input | output
IRQ7 input”

Note: * IRQ7 interrupt input pin when bit ITS7 is setto 1 in ITSR

PH2/CS6/(IRQ6): The pin function is switched as shown below according to the operating mode,
bit EXPE, bit CS6E, and bit PH2DDR.

Operating mode 1,2,4,56 7
EXPE — 0 1
CS6E 0 1 — 0 1
PH2DDR 0 1 0 1 0 1 0 1 0 1
Pin function PH2 | PH2 | PH2 | CS6 | PH2 | PH2 | PH2 | PH2 | PH2 | CS6
input | output | input | output | input | output| input | output| input | output
IRQG interrupt input”

Note: * IRQ6 interrupt input pin when bit ITS6 is setto 1 in ITSR.
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PH1/CS5: The pin function is switched as shown below according to the operating mode, bit
EXPE, bit CS5E, and bit PHIDDR.

Operating mode 1,2,4,5,6 7

EXPE — 0

CS5E 1 — 0

PH1DDR 1 0 1 0 1 0 1 0 1

Pin function PHL | PH1 | CS5 | PH1 | PH1 | PH1 | PH1 | PH1 | CS5
input | output | input | output | input | output| input | output| input | output

PHO/CS4: The pin function is switched as shown below according to the operating mode, bit

EXPE, bit C$4E, and bit PHODDR.

Operating mode 1,2,4,5,6 3,7

EXPE — 0

CS4E 1 — 0

PHODDR 1 0 1 0 1 0 1 0 1

Pin function PHO PHO CS4 PHO PHO PHO PHO PHO CS4
input | output | input | output | input | output| input | output| input | output
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Section 9 16-Bit Timer Pulse Unit (TPU)

This LSl has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer channels.
The function list of the 16-bit timer unit and its block diagram are shown in table 9.1 and figure
9.1, respectively.

9.1 Features

e Maximum 16-pulse input/output
» Selection of 8 counter input clocks for each channel
» Thefollowing operations can be set for each channel:
Waveform output at compare match
Input capture function
Counter clear operation
Synchronous operations:
Multiple timer counters (TCNT) can be written to simultaneoudly
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation
Maximum of 15-phase PWM output possible by combination with synchronous operation
» Buffer operation settable for channels 0 and 3
¢ Phase counting mode settable independently for each of channels 1, 2, 4, and 5
e Cascaded operation
e Fast accessviainterna 16-bit bus
e 26 interrupt sources
e Automatic transfer of register data
« Programmable pulse generator (PPG) output trigger can be generated
« A/D converter conversion start trigger can be generated
¢ Module stop mode can be set
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Table9.1 TPU Functions

Iltem 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 TGRA_ 0O TGRA_1 TGRA 2 TGRA 3 TGRA 4 TGRA 5
(TGR) TGRB_.O TGRB_1 TGRB_2 TGRB 3 TGRB_4 TGRB_5
General registers/ TGRC_0 — — TGRC_3 — —
buffer registers TGRD_O TGRD_3
I/O pins TIOCAO TIOCAl TIOCA2 TIOCA3 TIOCA4 TIOCAS
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCBS
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 O O O O O
match
1 output
output put O O O O O O
Toggle O O O O O O
output
Input capture O O O O O O
function
Synchronous O O O O O O
operation
PWM mode O O O O O O
Phase counting — O O — O O
mode
Buffer operation O — — O
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Iltem Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
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 inputcapture inputcapture inputcapture
A/D TGRA TGRA TGRA TGRA TGRA TGRA
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 inputcapture inputcapture inputcapture
PPG TGRA/ TGRA/ TGRA/ TGRA/ — —
trigger TGRB TGRB TGRB TGRB
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 e« 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 e+ Compare <« Compare <« Compare <« Compare < Compare
match or match or match or match or match or match or
input input input input input input
capture OB  capture 1B capture 2B capture 3B capture 4B capture 5B
e Compare <+ Overflow «Overflow e+ Compare «Overflow < Overflow
matchor | ynderflow » Underflow  MaChOr . ynderflow  + Underflow
input input
capture 0C capture 3C
e Compare * Compare
match or match or
input input
capture 0D capture 3D
* Overflow * Overflow
Legend:
O : Possible
— : Not possible
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HEE
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Input/output pins = g [= TGI3B
Channel 3: TIOCA3 TGI3C
TIOCB3 E 1 TGI3D
TIOCC3 o < g %O TCI3V
TIoCD3 e 5| |” Elg e Channel 4: TGI4A
Channel 4:  TIOCA4 © Koo s olele = o|o|o TGI4B
TIOCB4 © 5|olo|lwkH TCl4V
Channel 5:  TIOCAS S lEF TClU
=
TIOCB5 S ——— Channel 5: TGISA
= gl |y TGI5B
] ) 2 DI | <|a TCI5V
% @ GEJ I 5 % % TCI5U
= & ||| FlFF
. S 50|l LK
Clock input [s) FlE|F
Internal clock: @/1
@4
@16
@64 o : § Q J’ Id b
@256 HIHSES ::cé ~ > Internal data bus
ol m— Y - L= g
@4096 é £ || ° £ AD ion start + signal
External clock: TCLKA g § goéo é) conversion start request signa
TCLKB J o == E——> PPG output trigger signal
TCLKC —
TCLKD x|
N (]
3|2 = =l <@
@ c K Z|lx|x
= olo|o
ol e ==
OO o| WK
Input/output pins FlFE= Interrupt request signals
Channel 0:  TIOCAO ——— Channel 0: TGIOA
TIOCBO gl | TGloB
TIOCCO (; % S &O el <l @ TGIOC
TIOCDO <‘1::> p Lo £ = |z 5 % TGIOD
Channel 1:  TIOCA1 o2 Slelxlx Fl | Tciov
TIOCB1 = o '9 g 'LL_JO Channel 1: TGI1A
Channel 2:  TIOCA2 £ TGl1B
TIOCB2 5 ~T5 Tciv
L o|O % %O TCI1U
2 T E ElF |l <] Ola Channel 2: TGI2A
= c Zle|lo| x|l
5 K> g < 15|55 5|5 TGI2B
] o |lx|ly|lx Ll I el W TCI2V
151 O|0O|o|WKH
O = = TCIl2U
Legend:
TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchronous register TSR: Timer status register
TCR: Timer control register TGR (A, B, C, D): Timer general registers (A, B, C, D)
TMDR: Timer mode register TCNT: Timer counter

TIOR (H, L): Timer I/O control registers (H, L)

Figure9.1 Block Diagram of TPU
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9.2 I nput/Output Pins
Table9.2 Pin Configuration
Channel Symbol 1/O Function
All TCLKA  Input External clock A input pin
(Channel 1 and 5 phase counting mode A phase input)
TCLKB Input  External clock B input pin
(Channel 1 and 5 phase counting mode B phase input)
TCLKC  Input External clock C input pin
(Channel 2 and 4 phase counting mode A phase input)
TCLKD  Input External clock D input pin
(Channel 2 and 4 phase counting mode B phase input)
0 TIOCAO /O TGRA_O input capture input/output compare output/PWM output pin
TIOCBO 1/O TGRB_0 input capture input/output compare output/PWM output pin
TIOCCO /O TGRC_0 input capture input/output compare output/PWM output pin
TIOCDO /O TGRD_0 input capture input/output compare output/PWM output pin
1 TIOCA1 /O TGRA_1 input capture input/output compare output/PWM output pin
TIOCB1 1/O TGRB_1 input capture input/output compare output/PWM output pin
2 TIOCA2 1/O TGRA_2 input capture input/output compare output/PWM output pin
TIOCB2 /O TGRB_2 input capture input/output compare output/PWM output pin
3 TIOCA3 1/O TGRA_3 input capture input/output compare output/PWM output pin
TIOCB3 /O TGRB_3 input capture input/output compare output/PWM output pin
TIOCC3 1/0 TGRC_3 input capture input/output compare output/PWM output pin
TIOCD3 /O TGRD_3 input capture input/output compare output/PWM output pin
4 TIOCA4 /O TGRA_4 input capture input/output compare output/PWM output pin
TIOCB4 1/O TGRB_4 input capture input/output compare output/PWM output pin
5 TIOCAS I/O TGRA_5 input capture input/output compare output/PWM output pin
TIOCB5 1/O TGRB_5 input capture input/output compare output/PWM output pin
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9.3 Register Descriptions
The TPU has the following registersin each channel.

e Timer control register 0 (TCR_0)

» Timer moderegister 0 (TMDR_0)

e Timer 1/O control register H_0 (TIORH_0)
e Timer I/O control register L_0 (TIORL_0)
e Timer interrupt enableregister 0 (TIER_0)
* Timer statusregister 0 (TSR_0)

e Timer counter O (TCNT_0)

» Timer general register A_0 (TGRA_O0)

e Timer general register B_0 (TGRB_0)

» Timer general register C_0 (TGRC_0)

e Timer general register D_0 (TGRD_0)

» Timer control register_1 (TCR_1)

e Timer moderegister 1 (TMDR 1)

» Timer I/O control register _1 (TIOR_1)

e Timer interrupt enableregister 1 (TIER_1)
* Timer statusregister_1 (TSR_1)

e Timer counter_1 (TCNT_1)

» Timer general register A_1 (TGRA_1)

e Timer general register B_1 (TGRB_1)

» Timer control register_2 (TCR_2)

e Timer moderegister 2(TMDR_2)

» Timer I/O control register_2 (TIOR_2)

e Timer interrupt enableregister 2 (TIER_2)
» Timer statusregister 2 (TSR_2)

e Timer counter 2 (TCNT_2)

» Timer general register A_2 (TGRA_2)

e Timer general register B_2 (TGRB_2)

» Timer control register_3 (TCR_3)

e Timer moderegister 3(TMDR_3)

» Timer I/O control register H_3 (TIORH_3)
e Timer I/O control register L_3 (TIORL_3)
o Timer interrupt enable register_3 (TIER_3)

Rev. 3.00 Feb 22, 2006 page 256 of 624
REJ09B0281-0300
RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

e Timer statusregister 3 (TSR_3)

» Timer counter 3 (TCNT_3)

e Timer general register A_3 (TGRA_3)
» Timer general register B_3 (TGRB_3)
e Timer general register C_ 3 (TGRC_3)
e Timer general register D_3 (TGRD_3)
e Timer control register 4 (TCR_4)

e Timer mode register_4 (TMDR_4)

e Timer I/O control register 4 (TIOR_4)
e Timer interrupt enableregister_4 (TIER_4)
e Timer status register 4 (TSR _4)

e Timer counter_4 (TCNT_4)

e Timer general register A_4 (TGRA_4)
e Timer general register B_4 (TGRB_4)
e Timer control register 5(TCR_5)

e Timer moderegister 5 (TMDR_5)

e Timer /O control register 5(TIOR_5)
e Timer interrupt enableregister_5 (TIER_5)
e Timer status register 5 (TSR _5)

e Timer counter 5 (TCNT_5)

e Timer general register A_5 (TGRA_5)
e Timer general register B_5 (TGRB_5)

Common Registers

e Timer start register (TSTR)
e Timer synchronous register (TSYR)
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931 Timer Control Register (TCR)

The TCR registers control the TCNT operation for each channel. The TPU has atotal of six TCR
registers, one for each channel. TCR register settings should be made only when TCNT operation

is stopped.

Bit  Bit Name Initial Value R/W Description

7 CCLR2 0 R/W Counter Clear 2to 0

6 CCLR1 0 R/W These bits select the TCNT counter clearing source.

5 CCLRO 0 RIW See tables 9.3 and 9.4 for details.

4 CKEG1 0 R/W Clock Edge 1 and 0

3 CKEGO 0 R/W 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. 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.
00: Count at rising edge
01: Count at falling edge
1x: Count at both edges
Legend: x: Don’t care

2 TPSC2 0 R/W Time Prescaler 2to 0

1 TPSC1 0 R/W These bits select the TCNT counter clock. The clock

0 TPSCO 0 RIW source can be selected independently for each

channel. See tables 9.5 to 9.10 for details.
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Table9.3 CCLR2to CCLRO (Channels0and 3)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled
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™?
1 0 TCNT cleared by TGRD 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 bit in 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.

Table9.4 CCLR2toCCLRO (Channelsl, 2, 4, and 5)

Bit 7 Bit 6 Bit 5
Channel Reserved*® CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled
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. Bit 7 isreserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be
modified.
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Table9.5 TPSC2to TPSCO (Channel 0)

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on @'1
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

Table9.6 TPSC2to TPSCO (Channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on @/1
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.
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Table9.7 TPSC2to TPSCO (Channel 2)

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on @'1
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.

Table9.8 TPSC2to TPSCO (Channel 3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on @'1
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
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Table9.9 TPSC2to TPSCO (Channel 4)

Bit 2 Bit 1 Bit 0
Channel  TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on @'1
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.

Table9.10 TPSC2to TPSCO (Channel 5)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on @1
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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932 Timer Mode Register (TMDR)

TMDR registers are used to set the operating mode for each channel. The TPU hassix TMDR
registers, one for each channel. TMDR register settings should be made only when TCNT
operation is stopped.

Bit  Bit Name Initial Value R/W Description

7,6 — All1l — Reserved
These bits are always read as 1 and cannot be
modified.

5 BFB 0 R/W Buffer Operation B

Specifies whether TGRB is to operate in the normal
way, or TGRB and TGRD are to 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 is reserved. It is always read as 0 and cannot be
modified.

0: TGRB operates normally

1: TGRB and TGRD used together for buffer
operation

4 BFA 0 R/W Buffer Operation A

Specifies whether TGRA is to operate in the normal
way, or TGRA and TGRC are to be used together for
buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not
generated.

In channels 1, 2, 4, and 5, which have no TGRC, bit
4 is reserved. It is always read as 0 and cannot be
modified.

0: TGRA operates normally

1: TGRA and TGRC used together for buffer
operation

3 MD3 0 R/W Modes 3to 0

2 MD2 0 R/W These bits are used to set the timer operating mode.
1 MD1 0 R/W MD3 is a reserved bit. In a write, it should always be
0 MDO 0 RIW written with 0. See table 9.11 for details.
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Table9.11 MD3toMDO

Bit 3 Bit 2 Bit 1 Bit 0
MD3**  MD2** MD1 MDO Description

0 0 0 0 Normal operation
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 X X X —

Legend: x: 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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9.33 Timer I/O Control Register (TIOR)

TIOR registers 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. Careisrequired since TIOR is affected
by the TMDR setting.

The initial output specified by TIOR is valid when the counter is stopped (the CST bit in TSTRis
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to O is specified.

When TGRC or TGRD is designated for buffer operation, this setting isinvalid and the register
operates as a buffer register.

TIORH_0, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Initial
Bit  Bit Name Value R/W Description
7 10B3 0 R/W I/0 Control B3 to BO
6 10B2 0 R/W Specify the function of TGRB.
5 |IOB1 0 RIW For details, see tables 9.12, 9.14, 9.15, 9.16, 9.18,
and 9.19.
4 10B0O 0 R/W
3 I0A3 0 R/W I/0O Control A3 to AO
2 I0A2 0 R/W Specify the function of TGRA.
1 IOA1 0 RIW For details, see tables 9.20, 9.22, 9.23, 9.24, 9.26,
and 9.27.
0 I0A0 0 R/W
TIORL_O, TIORL_3
Initial
Bit  Bit Name Value R/W Description
7 10D3 0 R/W I/0O Control D3 to DO
6 10D2 0 R/W Specify the function of TGRD.
5 |1OD1 0 RIW For details, see tables 9.13, and 9.17.
4 10D0 0 R/W
3 10C3 0 R/W I/0O Control C3 to CO
2 10C2 0 R/W Specify the function of TGRC.
1 10C1 0 RIW For details, see tables 9.21, and 9.25
0 10CO0 0 R/W
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Table9.12 TIORH_O

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_O
IOB3 10B2 I10B1 I0OBO Function TIOCBO Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCBO pin
capture

i Input capture at rising edge
register

Capture input source is TIOCBO pin
Input capture at falling edge

1 X Capture input source is TIOCBO pin
Input capture at both edges

1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count- up/count-down™

Legend: x: Don't care

Note: * When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and ¢'1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.
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Table9.13 TIORL_O

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_O
IOD3 10D2 I10D1 IODO Function TIOCDO Pin Function

0 0 0 0 Output Output disabled
1 Compari Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCDO pin
capture

cter*? Input capture at rising edge
register

Capture input source is TIOCDO pin
Input capture at falling edge

1 X Capture input source is TIOCDO pin
Input capture at both edges

1 X X Capture input source is channel 1/count clock

1

Input capture at TCNT_1 count-up/count-down®

Legend: x: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and @1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.
2. When the BFB bitin TMDR_0 is set to 1 and TGRD_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.14 TIOR_1

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_1
IOB3 10B2 I10B1 I0OBO Function TIOCB1 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCB1 pin
capture

i Input capture at rising edge
register

Capture input source is TIOCB1 pin
Input capture at falling edge

1 X Capture input source is TIOCBL1 pin
Input capture at both edges

1 X X TGRC_0 compare match/input capture

Input capture at generation of TGRC_0 compare
match/input capture

Legend: x: Don't care
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Table9.15 TIOR_2

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
IOB3 10B2 I10B1 I0OBO Function TIOCB2 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 X 0 0 Input Capture input source is TIOCB2 pin
capture Input capture at rising edge
register
Capture input source is TIOCB2 pin
Input capture at falling edge
1 X Capture input source is TIOCB2 pin

Input capture at both edges

Legend: x: Don't care
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Table9.16 TIORH_3

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_3
IOB3 10B2 I10B1 I0OBO Function TIOCB3 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCB3 pin
capture

i Input capture at rising edge
register

Capture input source is TIOCB3 pin
Input capture at falling edge

1 X Capture input source is TIOCBS3 pin
Input capture at both edges

1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down®

Legend: x: Don't care

Note: * When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and @1 is used as the TCNT_4
count clock, this setting is invalid and input capture is not generated.
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Table9.17 TIORL_3

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_3
IOD3 10D2 I10D1 IODO Function TIOCD3 Pin Function

0 0 0 0 Output Output disabled
1 CO”_‘ParS; Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCD3 pin
capture

cter*? Input capture at rising edge
register

Capture input source is TIOCD3 pin
Input capture at falling edge

1 X Capture input source is TIOCD3 pin
Input capture at both edges

1 X X Capture input source is channel 4/count clock

1

Input capture at TCNT_4 count-up/count-down®

Legend: x: Don't care
Notes: 1. When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and @1 is used as the TCNT_4
count clock, this setting is invalid and input capture is not generated.
2. When the BFB bitin TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.18 TIOR_ 4

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_4
IOB3 10B2 I10B1 I0OBO Function TIOCB4 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCB4 pin
capture

i Input capture at rising edge
register

Capture input source is TIOCB4 pin
Input capture at falling edge

1 X Capture input source is TIOCB4 pin
Input capture at both edges

1 X X Capture input source is TGRC_3 compare
match/input capture

Input capture at generation of TGRC_3 compare
match/input capture

Legend: x: Don't care
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Table9.19 TIOR_5

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_5
IOB3 10B2 I10B1 I0OBO Function TIOCB5 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 X 0 0 Input Capture input source is TIOCB5 pin
capture Input capture at rising edge
register
Capture input source is TIOCB5 pin
Input capture at falling edge
1 X Capture input source is TIOCB5 pin

Input capture at both edges

Legend: x: Don't care
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Table9.20 TIORH_O

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_O
IOA3 I10A2 I0OA1 IOAO0 Function TIOCAO Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCAO pin
capture

i Input capture at rising edge
register

Capture input source is TIOCAO pin
Input capture at falling edge

1 X Capture input source is TIOCAO pin
Input capture at both edges

1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

Legend: x: Don't care
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Table9.21 TIORL_O

Description

Bit 3 Bit 2 Bit 1 Bit O TGRC_O
IOC3 10C2 I0C1 I0OCO Function TIOCCO Pin Function

0 0 0 0 Output Output disabled
1 CO”_‘F’arS‘ Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCCO pin
capture

<ter” Input capture at rising edge
register

Capture input source is TIOCCO pin
Input capture at falling edge

1 X Capture input source is TIOCCO pin
Input capture at both edges

1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

Legend: x: Don't care

Note: * When the BFA bitin TMDR_0 is setto 1 and TGRC_O is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.22 TIOR_1

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_1
IOA3 I10A2 I0OA1 IOAO0 Function TIOCA1 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCAL pin
capture

i Input capture at rising edge
register

Capture input source is TIOCAL pin
Input capture at falling edge

1 X Capture input source is TIOCAL pin
Input capture at both edges

1 X X Capture input source is TGRA_0 compare
match/input capture

Input capture at generation of channel
0/TGRA_0 compare match/input capture

Legend: x: Don't care
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Table9.23 TIOR_2

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_2
IOA3 I10A2 I0OA1 IOAO0 Function TIOCA2 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 X 0 0 Input Capture input source is TIOCA2 pin
capture Input capture at rising edge
register
Capture input source is TIOCA2 pin
Input capture at falling edge
1 X Capture input source is TIOCA2 pin

Input capture at both edges

Legend: x: Don't care

Rev. 3.00 Feb 22, 2006 page 277 of 624
REJ09B0281-0300
RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

Table9.24 TIORH_3

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_3
IOA3 I10A2 I0OA1 IOAO0 Function TIOCA3 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCAS3 pin
capture

i Input capture at rising edge
register

Capture input source is TIOCAS3 pin
Input capture at falling edge

1 X Capture input source is TIOCAS pin
Input capture at both edges

1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down

Legend: x: Don't care
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Table9.25 TIORL_3

Description

Bit 3 Bit 2 Bit 1 Bit O TGRC_3
IOC3 10C2 I0C1 I0OCO Function TIOCC3 Pin Function

0 0 0 0 Output Output disabled
1 CO”_‘F’arS‘ Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCC3 pin
capture

<ter” Input capture at rising edge
register

Capture input source is TIOCC3 pin
Input capture at falling edge

1 X Capture input source is TIOCC3 pin
Input capture at both edges

1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down

Legend: x: Don't care

Note: * When the BFA bitin TMDR_3 is setto 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.26 TIOR_4

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_4
IOA3 I10A2 I0OA1 IOAO0 Function TIOCA4 Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match

1 0 0 Output disabled

Initial output is 1 output
0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 0 0 0 Input Capture input source is TIOCA4 pin
capture

i Input capture at rising edge
register

Capture input source is TIOCA4 pin
Input capture at falling edge

1 X Capture input source is TIOCA4 pin
Input capture at both edges

1 X X Capture input source is TGRA_3 compare
match/input capture

Input capture at generation of TGRA_3 compare
match/input capture

Legend: x: Don't care
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Table9.27 TIOR_5

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_S5
IOA3 I10A2 I0OA1 IOAO0 Function TIOCAS Pin Function

0 0 0 0 Output Output disabled
1 compare Initial output is O output
register
0 output at compare match
1 0 Initial output is O output
1 output at compare match
1 Initial output is O output

Toggle output at compare match
1 0 0 Output disabled
Initial output is 1 output

0 output at compare match

1 0 Initial output is 1 output
1 output at compare match

1 Initial output is 1 output
Toggle output at compare match

1 X 0 0 Input Input capture source is TIOCAS pin
capture Input capture at rising edge
register

Input capture source is TIOCAS pin
Input capture at falling edge
1 X Input capture source is TIOCAS pin

Input capture at both edges

Legend: x: Don't care
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9.34 Timer Interrupt Enable Register (TIER)

TIER registers control enabling or disabling of interrupt requests for each channel. The TPU has

six TIER registers, one for each channel.

Bit Bit Name Initial value R/W

Description

7 TTGE 0 R/IW

A/D Conversion Start Request Enable

Enables or disables generation of A/D conversion
start requests by TGRA input capture/compare
match.

0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled

Reserved
This bit is always read as 1 and cannot be modified.

5 TCIEU 0 R/IW

Underflow Interrupt Enable

Enables or disables interrupt requests (TCIU) by the
TCFU flag when the TCFU flag in TSR is setto 1 in
channels 1, 2, 4, and 5.

In channels 0 and 3, bit 5 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled

4 TCIEV 0 R/W

Overflow Interrupt Enable

Enables or disables interrupt requests (TCIV) by the
TCFV flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled

3 TGIED 0 R/W

TGR Interrupt Enable D

Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bitin TSR is setto 1 in
channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. Itis
always read as 0 and cannot be modified.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled

Rev. 3.00 Feb 22, 2006 page 282 of 624
REJ09B0281-0300

RENESAS



Section 9 16-Bit Timer Pulse Unit (TPU)

Bit

Bit Name

Initial value

R/W

Description

2

TGIEC

0

R/W

TGR Interrupt Enable C

Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bitin TSR is setto 1 in
channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. Itis
always read as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC hit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1

TGIEB

0

R/W

TGR Interrupt Enable B

Enables or disables interrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB hit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

0

TGIEA

0

R/W

TGR Interrupt Enable A

Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bit in TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA hit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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9.35 Timer Status Register (TSR)

TSR registers indicate the status of each channel. The TPU has six TSR registers, one for each
channel.

Bit  Bit Name Initial value R/W Description

7 TCFD 1 R Count Direction Flag

Status flag that shows the direction in which TCNT
counts in channels 1, 2, 4, and 5.

In channels 0 and 3, hit 7 is reserved. It is always
read as 1 and cannot be modified.

0: TCNT counts down
1: TCNT counts up

6 — 1 — Reserved
This bit is always read as 1 and cannot be modified.

5 TCFU 0 R/(W)*  Underflow Flag

Status flag that indicates that TCNT underflow has
occurred when channels 1, 2, 4, and 5 are set to
phase counting mode.

In channels 0 and 3, hit 5 is reserved. It is always
read as 0 and cannot be modified.

[Setting condition]

When the TCNT value underflows (changes from
H'0000 to H'FFFF)

[Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

4 TCFV 0 R/I(W)*  Overflow Flag

Status flag that indicates that TCNT overflow has
occurred.

[Setting condition]

When the TCNT value overflows (changes from
H'FFFF to H'0000)

[Clearing condition]
When 0 is written to TCFV after reading TCFV =1
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Bit

Bit Name

Initial value

R/W

Description

3

TGFD

0

RI(W)*

Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD
input capture or compare match in channels 0 and
3.

In channels 1, 2, 4, and 5, bit 3 is reserved. Itis
always read as 0 and cannot be modified.

[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

[Clearing conditions]

«  When DTC is activated by TGID interrupt while
DISEL bit of MRB in DTC is O

e When 0 is written to TGFD after reading TGFD =
1

2

TGFC

0

RI(W)*

Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC
input capture or compare match in channels 0 and
3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is
always read as 0 and cannot be modified.

[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

[Clearing conditions]

« 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
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Bit  Bit Name Initial value  R/W Description

1 TGFB 0 R/(W)*  Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB
input capture or compare match.

[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

[Clearing conditions]

«  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

0 TGFA 0 R/(W)*  Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA
input capture or compare match.

[Setting conditions]

e 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

[Clearing conditions]

e When DTC is activated by TGIA interrupt while
DISEL bit of MRB in DTC is O

e When 0 is written to TGFA after reading TGFA =
1

Note: * Only O can be written, for flag clearing.
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9.3.6 Timer Counter (TCNT)

The TCNT registers are 16-bit readable/writable counters. The TPU has six TCNT counters, one
for each channel.

The TCNT counters areinitialized to H'0000 by areset, or in hardware standby mode.

The TCNT counters cannot be accessed in 8-hit units; they must always be accessed as a 16-bit
unit.

9.3.7 Timer General Register (TGR)

The TGR registers are 16-hit readabl e/writabl e registers with a dual 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 cannot be accessed in 8-bit units; they must
always be accessed as a 16-hit unit. TGR buffer register combinations are TGRA-TGRC and
TGRB-TGRD.

9.38 Timer Start Register (TSTR)

TSTR selects operation/stoppage for channels 0 to 5. When setting the operating mode in TMDR
or setting the count clock in TCR, first stop the TCNT counter.

Bit  Bit Name Initial value  R/W Description
7,6 — All 0 — Reserved
These bits should always be written with 0.

5 CST5 0 R/W Counter Start 5t0 0

4 CST4 0 R/W These bits select operation or stoppage for TCNT.

3 CST3 0 R/W If 0 is written to the CST bit during operation with the

2 CST2 0 RIW TIOC pin d(_esignated for output, the countgr stop_s but
the TIOC pin output compare output level is retained.

1 CST1 0 RIW If TIOR is written to when the CST bit is cleared to O,

0 CSTO 0 R/W the pin output level will be changed to the set initial

output value.
0: TCNT_5 to TCNT_O count operation is stopped
1: TCNT_5 to TCNT_O performs count operation
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9.39 Timer Synchronous Register (TSYR)

TSYR selects independent operation or synchronous operation for the TCNT counters of channels
0to 5. A channel performs synchronous operation when the corresponding bit in TSYR is set to 1.

Bit  Bit Name Initial value  R/W Description
7,6 — All 0 R/W Reserved
These bits should always be written with 0.
5 SYNC5 0 R/W Timer Synchronization 5 to 0
4 SYNC4 0 R/W These bits select whether operation is independent
3 SYNC3 0 RIW of or synchronized with other channels.
2 SYNC2 0 RIW When synchronous Qperation i; selected,
synchronous presetting of multiple channels, and
1 SYNC1 0 Riw synchronous clearing through counter clearing on
0 SYNCO 0 R/W another channel are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be set to 1. 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.

0: TCNT_5 to TCNT_O operates independently
(TCNT presetting /clearing is unrelated to
other channels)

1: TCNT_5 to TCNT_O performs synchronous
operation (TCNT synchronous presetting/
synchronous clearing is possible)
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9.4 Operation

94.1 Basic Functions

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, periodic counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

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.

1. Example of count operation setting procedure
Figure 9.2 shows an example of the count operation setting procedure.

C 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

—

Select counter clearing source | [2 source with bits
g [2] 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.

Set period [4] [4] set the periodic

counter cycle in the
TGR selected in [2].
Start count [5] Start count [5]1 [5] Setthe CST bitin
TSTR to 1 to start
the counter
operation.

<Periodic counter> <Free-running counter>

Figure9.2 Exampleof Counter Operation Setting Procedure
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2. Free-running count operation and periodic count operation
Immediately after areset, the TPU’s TCNT counters are al 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 (changes from H'FFFF to
H'0000), the TCFV hitin TSR isset 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 9.3 illustrates free-running counter operation.

TCNT value

H'0000 . t T Time

CST bit 5 5

TCFV

Figure9.3 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
count-up operation as a periodic counter when the corresponding bit in TSTRis set to 1. When
the count value matchesthe value in TGR, the TGF bit in TSR isset 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 reguests an
interrupt. After a compare match, TCNT starts counting up again from H'0000.

Figure 9.4 illustrates periodic counter operation.
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TCNT value Counter cleared by TGR
&~ compare match

TOR  fecoomme e S
H'0000 , t t Time
CST hit 5 j

; Flag cleared by software or

i .~ DTC activation
TGF

Figure9.4 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using a compare match.

1. Example of setting procedure for waveform output by compare match

Figure 9.5 shows an example of the setting procedure for waveform output by a compare
match.

) [1] Select initial value O output or 1 output, and
Output selection
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 [3]

i

<Waveform output>

Figure9.5 Example of Setting Procedure for Waveform Output by Compare Match
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2. Examples of waveform output operation
Figure 9.6 shows an example of 0 output/1 output.

In thisexample, 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 match, the pin level does not change.

TCNT value

D
N

\ N \ N 1 Time
E 1 1 ~No change | . No change
i i ~ ; 1 output
TIOCA ‘,—] ; ; P
TIOCB A No change A~ No change 0 output
O O

Figure9.6 Example of 0 Output/1 Output Operation

Figure 9.7 shows an exampl e of toggle output.

In thisexample TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output istoggled by both
compare match A and compare match B.

TCNT value

Counter cleared by TGRB compare match
H R [ - - o o e e e e e e e e e T e e e

TGRB - == m = mm o m o e S e e e e e e

L R N T i s T i Lt EEET

Time

H'0000
TIOCB . . . . Toggle output

TIOCA Toggle output

Figure9.7 Example of Toggle Output Operation
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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 detection edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’s counter input clock or compare match signal
as the 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.

1. Example of setting procedure for input capture operation
Figure 9.8 shows an example of the setting procedure for input capture operation.

C . > [1] Designate TGR as an input capture register by
Input selection .
means of TIOR, and select the input capture
source and input signal edge (rising edge, falling
edge, or both edges).

Select input capture input A1 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count 2]

i

<Input capture operation>

Figure9.8 Example of Setting Procedurefor Input Capture Operation

2. Example of input capture operation
Figure 9.9 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.
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Counter cleared by TIOCB
TCNT value ,/ input (falling edge)
H'OL80 |- - m o mm oo m o e

010 J v g

H'0010 |- ---mm e oo f 4: ....................................

H'O005 |- - - - e ¥ e e e ST I I = \ ____________
H'0000 L\ : : Time

TIOCA \

|

TGRA >< H'0005 X H0160 ! X H0010

TGRB >< X' H0180

Figure9.9 Example of Input Capture Operation

94.2 Synchronous Operation

In synchronous operation, the valuesin multiple TCNT counters can be rewritten simultaneously
(synchronous presetting). Also, multiple of TCNT counters can be cleared simultaneously
(synchronous clearing) by making the appropriate setting in TCR.

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 5 can al be designated for synchronous operation.
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Example of Synchronous Operation Setting Procedur e: Figure 9.10 shows an example of the
synchronous operation setting procedure.

selection

Set synchronous

(Synchronous operation)

(1

operation
(Synchronous presettingD (Synchronous cIearing)
Set TCNT [2] Clearing No
source generation
channel?
Select counter 3 Set synchronous 4
clearing source (3] counter clearing 4]
Start count [5] Start count [5]
| l l
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation.

[2] 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 CCLR2 to 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.

Figure9.10 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 9.11 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGRB_0 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 TIOCAOQ, TIOCA1L, and TIOCA2. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, is performed
for channel 0to 2 TCNT counters, and the data set in TGRB_0 is used as the PWM cycle.

For details on PWM modes, see section 9.4.5, PWM Modes.

Synchronous clearing by TGRB_0 compare match

TCNTO to TCNT2 values / \
TGRB_O [ === m = mmm o m o e
TGRB_1f-----===-=-=-=----5 GBEE EREEELEEEEEEEEEEES SRl EEEEEEEEEEEEEEEEES?
TGRA O f------=-=-=--; SR EEL EEETERRETEEES ZREEET] CEREEREECEERES
TGRB_2[--------- -‘-: --------------- ‘ ---E----i ------------- I----E---i--------
TGRA_1----- L G e
R P e B e

H'0000 ——————— ¥ Time
TIOCA_O

TIOCA 1

woene 1 [ ]

Figure9.11 Example of Synchronous Operation
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9.4.3 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 a compare match register.

Table 9.28 shows the register combinations used in buffer operation.

Table9.28 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_O
TGRB_0 TGRD_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3

* 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 9.12.

Buffer register

Compare match signal

Timer general
register

/]

Comparator

[

TCNT

Figure9.12 Compare Match Buffer Operation

RENESAS
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¢« When TGRisan input capture register

When input capture occurs, the value in TCNT is transferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

Thisoperation isillustrated in figure 9.13.

Input capture
signal

Buffer register Timer general TCNT
register

Figure9.13 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 9.14 shows an example of the buffer
operation setting procedure.

< BUff i ) [1] Designate TGR as an input capture register or
ter 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>

Figure9.14 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation:

1. When TGR isan output compare register
Figure 9.15 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 thisexample are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at 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 simultaneoudly transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.
For details on PWM modes, see section 9.4.5, PWM Modes.

TCNT value

Time

TGRC_0 H'0200; ' H'0450

:X . ! H'0520 X:
Transferx k E k i
. !

! H'0450

TGRA_O H'0200

Figure9.15 Example of Buffer Operation (1)

2. When TGRisan input capture register
Figure 9.16 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 as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT valueis stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneoudly transferred to TGRC.
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TCNT value

HIOFO7 - - - - = = oo o e o e o e o e

0]

03 - e

H'0000 . ; Time

TGRA | X H0532 X H'OF07 X Hoore
| i\ i\ \
TGRC ! X X H'0532 >< HOF07

Figure9.16 Example of Buffer Operation (2)

944 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 at overflow/underflow of
TCNT_2 (TCNT_5) as set in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 9.29 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.

Table9.29 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2
Channels 4 and 5 TCNT_4 TCNT_5
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Example of Cascaded Operation Setting Procedure: Figure 9.17 shows an example of the
setting procedure for cascaded operation.

c ded i [1] Set bits TPSC2 to TPSCO in the channel 1
ascaded operation (channel 4) TCR to B'1111 to select TCNT_2

| (TCNT_5) overflow/underflow counting.
[2] Set the CST bit in TSTR for the upper and lower
Set cascading K] channel to 1 to start the count operation.

Start count [2]

!

<Cascaded operation>

Figure9.17 Cascaded Operation Setting Procedure

Examples of Cascaded Operation: Figure 9.18 illustrates the operation when counting upon
TCNT_2 overflow/underflow has been set for TCNT_1, TGRA_1 and TGRA_2 have been
designated as input capture registers, and the TIOC pin rising edge has been selected.

When arising edge isinput to the TIOCA1 and TIOCAZ2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGRA _1, and the lower 16 bitsto TGRA 2.

TCNT_1 1

clock

TCNT_ 1 HO3AL X H'03A2

TCNT_2 1 1

clock

TCNT 2 HFFFE X H0000 X H0001
TIOCAL,

TIOCA2 I L
TGRA_1 X H'03A2

TGRA_2 X H'0000

Figure9.18 Example of Cascaded Operation (1)

Figure 9.19 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, and phase counting mode has been designated for channel 2.
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TCNT_1isincremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

TCLKC _,—|—| I—,_

oo —— [ — [ L [T
TCNT_2 rrre JerFrX o000 Xooo1 X o002 X oooz X 0ooo X FFFF X

TCNT 1 0000 X 0001 X 0000

9.4.5

Figure9.19 Example of Cascaded Operation (2)

PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Settings of TGR registers can output a PWM waveform in the range of 0—% to 100—% duty cycle.

Designating TGR compare match as the counter clearing source enables the cycle 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 below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The outputs specified by bits |IOA3 to IOA0 and IOC3to IOCO in TIOR
are output from the TIOCA and TIOCC pins at compare matches A and C, respectively. The
outputs specified by bits IOB3 to I0OB0 and I0D3 to I0OD0 in TIOR are output at compare
matches B and D, respectively. Theinitia output value is the 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 as the cycle register and the others as duty cycle
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 pinis
theinitial value set in TIOR. If the set values of the cycle and duty cycle registers are identical,
the output value does not change when a compare match occurs.
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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 registers is shown in table 9.30.

Table9.30 PWM Output Registers and Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGRA_O TIOCAO TIOCAO
TGRB_O TIOCBO
TGRC_O TIOCCO TIOCCO
TGRD_O TIOCDO
1 TGRA_1 TIOCA1 TIOCA1
TGRB_1 TIOCB1
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2
3 TGRA_3 TIOCA3 TIOCA3
TGRB_3 TIOCB3
TGRC_3 TIOCC3 TIOCC3
TGRD_3 TIOCD3
4 TGRA_4 TIOCA4 TIOCA4
TGRB_4 TIOCB4
5 TGRA_5 TIOCAS TIOCAS
TGRB_5 TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the cycle is set.
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Example of PWM M ode Setting Procedure: Figure 9.20 shows an example of the PWM mode
setting procedure.

C PWM 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 TGRs.

Set TGR [4]
‘ [5] Select the 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>

Figure9.20 Example of PWM Mode Setting Procedure
Examples of PWM Mode Oper ation: Figure 9.21 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 as the TGRB output value.

In this case, the value set in TGRA isused asthe cycle, and the values set in TGRB registers as
the duty cycle.
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TCNT value
Counter cleared by

,/ TGRA compare match

TGRA

TGRB
H'0000

TIOCA J I—, I—,

Figure9.21 Example of PWM Mode Operation (1)

Figure 9.22 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set asthe TCNT clearing source, and 0 is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0to TGRD_0, TGRA _1), to output a 5-phase

PWM waveform.

In this case, the value set in TGRB_1 is used asthe cycle, and the values set in the other TGRs as

the duty cycle.

Counter cleared by

TCNT value / TGRB_1 compare match

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRA O --
H'0000

........

TIOCAO | : i ,

TIOCBO | '

TIoCcCo Co Lo
TIOCDO |
TIOCAL | |

Figure9.22 Example of PWM Mode Operation (2)
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Figure 9.23 shows examples of PWM waveform output with 0% duty cycle and 100% duty cycle
in PWM mode.

TCNT value
TGRB rewritten

TGRA fommmmmm e P —i -------------------- -
|
o - TGRB
TGRB TGRB rewrittén E (B_rev_v@rj_ I
H0000 I/ T Time
| o i |
TIOCA 0% duty '

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value

TGRB rewritten
TGRA |-------mm- oO—

Time

4
o
o
>

100% duty |_|

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten >
TGRA L |.
|
1

TGRB rewritten

rewritten
Time

-
9]
)
]

| 100% duty 0% duty
TIOCA

Figure9.23 Example of PWM Mode Operation (3)
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9.4.6 Phase Counting M ode

In phase counting mode, the phase difference between two external clock inputsis 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.

This can be used for two-phase encoder pulse input.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurswhile TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR isthe count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 9.31 shows the correspondence between external clock pins and channels.

Table9.31 Clock Input Pinsin Phase Counting M ode

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

Example of Phase Counting Mode Setting Procedure: Figure 9.24 shows an example of the
phase counting mode setting procedure.

C Phase counting mode > [1] Select phase counting mode with bits MD3 to
MDO in TMDR.

| [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Select phase counting mode | [1]

Start count [2]

!

<Phase counting mode>

Figure9.24 Example of Phase Counting Mode Setting Procedure

Rev. 3.00 Feb 22, 2006 page 307 of 624
REJ09B0281-0300
RENESAS




Section 9 16-Bit Timer Pulse Unit (TPU)

Examples of Phase Counting M ode Operation: 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.

1. Phase counting mode 1

Figure 9.25 shows an example of phase counting mode 1 operation, and table 9.32 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) I I I I I I I I I I
TCLKC (channels 2 and 4)

TCLKB (channels 1 and 5) E T E T , E : E :
TCLKD (channels 2 and 4) —I I I I I I I I ! I I ! I

TCNT value A A

' 1
'Down-count
N 1

Time

Figure9.25 Example of Phase Counting Mode 1 Operation

Table9.32 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 ) Up-count
Low level KR

Ry Low level

KR High level

High level KR Down-count
Low level Ky

Ky High level

B Low level

Legend:

& : Rising edge
Y_: Falling edge
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2. Phase counting mode 2

Figure 9.26 shows an example of phase counting mode 2 operation, and table 9.33 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) I I I

=

TCLKB (channels 1 and 5) E E E E '
TCLKD (channels 2 and 4) ' ' | ' ] \

TCNT value

Time

Figure9.26 Example of Phase Counting Mode 2 Operation

Table 9.33 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level Y Don't care
Low level KR

Ry Low level

KX High level Up-count
High level R Don't care
Low level Ry

Ky High level

R Low level Down-count
Legend:

& : Rising edge
Y_: Falling edge
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3. Phase counting mode 3

Figure 9.27 shows an example of phase counting mode 3 operation, and table 9.34 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)

TCLKC (channels 2 and 4) _I I_I l_,_|_|

TCLKB (channels 1 and 5) . : .
TCLKD (channels 2 and 4) E : ' | | | | |_

TCNT value !

! ! 1 ' Down-count

Figure 9.27 Example of Phase Counting Mode 3 Operation

Time

Table9.34 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 Ky Don't care
Low level B

Ry Low level

KX High level Up-count
High level KR Down-count
Low level Ky Don't care
2y High level

KR Low level

Legend:

_k . Rising edge
Y_: Falling edge
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4. Phase counting mode 4

Figure 9.28 shows an example of phase counting mode 4 operation, and table 9.35 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) T T T T X
TCLKC (channels 2 and 4)J ! I T I ! I T I ! I I . I T I . I T r

TCLKB (channels 1 and 5) | | | | |
TCLKD (channels 2 and 4) \ h h

TCNT value

Time

Figure 9.28 Example of Phase Counting Mode 4 Operation

Table9.35 Up/Down-Count Conditionsin 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 ) Up-count
Low level B

2y Low level Don’t care
KR High level

High level KR Down-count
Low level Ky

) High level Don't care
KR Low level

Legend:

& : Rising edge
Y_: Falling edge
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Phase Counting M ode Application Example: Figure 9.29 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 TGRC 0 compare match; TGRA_0 and
TGRC_0 are used for the compare match function, and are set with the speed control cycle and
position control cycle. TGRB_0 is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_0 input capture
source, and detection of the pulse width of 2-phase encoder 4-multiplication pulses is performed.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source, and the up/down-counter
values for the control cycles are stored.

This procedure enables accurate position/speed detection to be achieved.
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Channel 1
TCLKA Edge
detection TCNT_1
TCLKB circuit

I
TGRA_1 | <]' —
(speed cycle capture) [\ —
i
TGRB_1 - <] B
(position cycle capture) [N —

I— TCNT_O

TGRA_O
(speed control cycle)

TGRC_O
(position control cycle)

o V+
|

Y. L
TGRB_O (pulse width capture) C<]—

—[>—> TGRD_O0 (buffer operation)

Channel 0

Figure9.29 Phase Counting Mode Application Example

9.5 Interrupt Sources

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/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag 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 status flag 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 9.36 lists the TPU interrupt sources.
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Table9.36 TPU Interrupts

Interrupt DTC
Channel  Name Interrupt Source Flag Activation
0 TGIOA TGRA_O input capture/compare match TGFA_ O Possible
TGIOB TGRB_0 input capture/compare match TGFB_0 Possible
TGIOC TGRC_0 input capture/compare match TGFC_0 Possible
TGIOD TGRD_0 input capture/compare match TGFD_O Possible
TCIOV TCNT_O overflow TCFV_O Not possible
1 TGI1A TGRA_1 input capture/compare match TGFA_ 1 Possible
TGI1B TGRB_1 input capture/compare match TGFB_1 Possible
TCI1V TCNT_1 overflow TCFV_1 Not possible
TCI1U TCNT_1 underflow TCFU_1 Not possible
2 TGI2A TGRA_2 input capture/compare match TGFA_2 Possible
TGI2B TGRB_2 input capture/compare match TGFB_2 Possible
TCI2V TCNT_2 overflow TCFV_2 Not possible
TCI2U TCNT_2 underflow TCFU_2 Not possible
3 TGI3A TGRA_3 input capture/compare match TGFA_3 Possible
TGI3B TGRB_3 input capture/compare match TGFB_3 Possible
TGI3C TGRC_3 input capture/compare match TGFC_3 Possible
TGI3D TGRD_3 input capture/compare match TGFD_3 Possible
TCI3V TCNT_3 overflow TCFV_3 Not possible
4 TGI4A TGRA_4 input capture/compare match TGFA_4 Possible
TGl4B TGRB_4 input capture/compare match TGFB_4 Possible
TCl4aVv TCNT_4 overflow TCFV_4 Not possible
TCl4U TCNT_4 underflow TCFU_4 Not possible
5 TGI5A TGRA_5 input capture/compare match TGFA 5 Possible
TGISB TGRB_5 input capture/compare match TGFB_5 Possible
TCISV TCNT_5 overflow TCFV_5 Not possible
TCI5U TCNT_5 underflow TCFU_5 Not possible

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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Input Capture/Compare Match Interrupt: Aninterrupt is requested if the TGIE bit in TIER is
set to 1 when the TGF flag in TSR is set 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.

Overflow Interrupt: Aninterrupt is requested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSR isset to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt is requested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on a channel. 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.

9.6 DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 7, Data Transfer Controller (DTC).

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

9.7 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in 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
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.
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.8 Operation Timing

9.8.1 I nput/Output Timing

TCNT Count Timing: Figure 9.30 shows TCNT count timing in internal clock operation, and
figure 9.31 shows TCNT count timing in external clock operation.

S I I I

Internal clock ( | ) Falling edge (I) Rising edge |

TCNT | | | | | |
input clock

TCNT N-1 X N X N+1 X N+2

Figure9.30 Count Timingin Internal Clock Operation

S I I S A S I I O A S
External clock j} Falling edge (I) Rising edge (I) Falling edge

TCNT | | | | | |

input clock

TCNT N-1 X N X N+1 X N+ 2

Figure9.31 Count Timingin External Clock Operation
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Section 9 16-Bit Timer Pulse Unit (TPU)

Output Compare Output Timing: A compare match signal is generated in the final statein
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output

compare output pin.

After amatch between TCNT and TGR, the compare match signal is not

generated until the (TIOC pin) TCNT input clock is generated.

Figure 9.32 shows output compare output timing.

TCNT
input clock

TCNT

TGR

Compare
match signal

TIOC pin

Ty
[

N \

N+1

[ ]
X

Figure9.32 Output Compare Output Timing

Input Capture Signal Timing: Figure 9.33 shows input capture signal timing.

¢

Input capture
input

Input capture
signal

TCNT

TGR

Uy
| |

Figure9.33 Input CaptureInput Signal Timing
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Section 9 16-Bit Timer Pulse Unit (TPU)

Timing for Counter Clearing by Compare Match/Input Capture; Figure 9.34 showsthe
timing when counter clearing by compare match occurrence is specified, and figure 9.35 shows the
timing when counter clearing by input capture occurrence is specified.

JUHU UL L L
Compare | |
match signal

Counter | |
clear signal

TCNT N X H'0000

TGR N

Figure9.34 Counter Clear Timing (Compare Match)

- L L L
Input capture I
signal |
Counter clear : | |
signal .

TCNT N X H'0000
TGR X N

Figure9.35 Counter Clear Timing (Input Capture)
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Section 9 16-Bit Timer Pulse Unit (TPU)

Buffer Operation Timing: Figures 9.36 and 9.37 show the timings in buffer operation.

9
TCNT n X n+1l
[
Toma S
rene —
Figure9.36 Buffer Operation Timing (Compare Match)
T L L

Input capture
signal

TCNT

TGRA,
TGRB

TGRC,
TGRD

1

N+1

Figure9.37 Buffer Operation Timing (Input Capture)
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.8.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 9.38 shows the timing for setting
of the TGF flag in TSR by compare match occurrence, and the TGI interrupt request signal timing.

(O [ S I

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

Figure9.38

TGI Interrupt Timing (Compare Match)
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Section 9 16-Bit Timer Pulse Unit (TPU)

TGF Flag Setting Timing in Case of Input Capture: Figure 9.39 shows the timing for setting of
the TGF flag in TSR by input capture occurrence, and the TGI interrupt request signal timing.

o T L
Input capture |
signal |

TCNT N

TGR X N

TGF flag |

TGl interrupt |

Figure9.39 TGI Interrupt Timing (Input Capture)
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Section 9 16-Bit Timer Pulse Unit (TPU)

TCFV Flag/TCFU Flag Setting Timing: Figure 9.40 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and the TCIV interrupt request signal timing.

Figure 9.41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
the TCIU interrupt request signal timing.

’ 1 A O I O I
TCNT input | |
clock

TCNT H'FFFF X H'0000
(overflow)
Overflow | |
signal
TCFV flag

TCIV interrupt

Figure9.40 TCIV Interrupt Setting Timing

’ N .
TCNT | |
input clock

TCNT : -
(underflow) H'0000 X H'FFFF
Underflow I_l

signal

TCFU flag |

TCIU interrupt |

Figure9.41 TCIU Interrupt Setting Timing
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Section 9 16-Bit Timer Pulse Unit (TPU)

Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
Otoit. When the DTC is activated, the flag is cleared automatically. Figure 9.42 shows the timing
for status flag clearing by the CPU, and figure 9.43 shows the timing for status flag clearing by the
DTC.

TSR write cycle

T1 T2
L I I O
Address X TSR address X
Write signal | |
Status flag |
Interrupt |
request
signal

Figure9.42 Timing for Status Flag Clearing by CPU

DTC DTC
read cycle write cycle

LT, T2 T T2
I 1 I I 1

- T LHLUL
x Destination x
Address X Source address address

Status flag |

Interrupt |
request
signal

Figure9.43 Timing for Status Flag Clearing by DTC Activation
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.9 Usage Notes

9.9.1 Module Stop M ode Setting

TPU operation can be disabled or enabled using the module stop control register. Theinitial
setting is for TPU operation to be halted. Register accessis enabled by clearing module stop
mode. For details, refer to section 19, Power-Down Modes.

9.9.2 Input Clock Restrictions

The input clock pulse width must be at least 1.5 statesin the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly with a
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 9.44 shows the input clock
conditions in phase counting mode.

Phase Phase

. , diffe- , , diffe- . i . . idth 1

| Overlap .relnce.OverIap. relnce : . Pulse width | , Pulse width
TCLKA i ' i — i
(TCLKC) | ' ' ' ' i |
TCLKB : . : N
(TCLKD) : , ! | . |

' Pulse width ! ' Pulse width

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure9.44 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

Rev. 3.00 Feb 22, 2006 page 324 of 624
REJ09B0281-0300

RENESAS




Section 9 16-Bit Timer Pulse Unit (TPU)

9.9.3 Caution on Cycle Setting

When counter clearing by compare match is set, TCNT is cleared in the final state in which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:
¢
f=—ou—
(N+1)
Where f: Counter frequency

@ Operating frequency
N: TGR set value

994 Contention between TCNT Writeand Clear Operations

If the counter clearing signal is generated in the T2 state of a TCNT write cycle, TCNT clearing
takes precedence and the TCNT write is not performed. Figure 9.45 shows the timing in this case.

TCNT write cycle

T1 T2
; S L L
Address X TCNT address X

Write signal | |
Counter clearing | |
signal

TCNT N X H'0000

Figure9.45 Contention between TCNT Write and Clear Operations
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9.9.5 Contention between TCNT Writeand Increment Operations

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented. Figure 9.46 shows the timing in this case.

TCNT write cycle

T1 T2
- LT L
Address X TCNT address X

Write signal | |
TCNT input | |
clock

TCNT N  ,ow

TCNT write data’

Figure9.46 Contention between TCNT Write and I ncrement Operations
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9.9.6 Contention between TGR Write and Compare Match

If acompare match occursin the T2 state of a TGR write cycle, the TGR write takes precedence
and the compare match signal is disabled. A compare match also does not occur when the same
value as before is written.

Figure 9.47 shows the timing in this case.

TGR write cycle

T1 T2
S I I O O I
Address X TGR address X
Write signal | |
Compare : i~— Disabled
match signal H '
TCNT N X N+1
TGR N X P M

TGR write data

Figure9.47 Contention between TGR Write and Compare Match
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9.9.7 Contention between Buffer Register Write and Compare Match

If acompare match occursin the T2 state of a TGR write cycle, the data transferred to TGR by the
buffer operation will be the data prior to the write.

Figure 9.48 shows the timing in this case.

TGR write cycle

T1 T2

X Buffer register X
Address address

Write signal

match signal

Buffer register write data

Buffer
register

=

L |
Compare I_l
X

z4++%2

TGR X

Figure9.48 Contention between Buffer Register Write and Compare Match
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9.9.8 Contention between TGR Read and Input Capture

If the input capture signal is generated in the T1 state of a TGR read cycle, the data that isread
will be the data after input capture transfer.

Figure 9.49 shows the timing in this case.

TGR read cycle

T1 T2
 J LT L
Address X TGR address X

Read signal | |
Input capture | |
signal

TGR X X M

Internal X M X

data bus

Figure9.49 Contention between TGR Read and Input Capture
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9.9.9 Contention between TGR Write and Input Capture

If the input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed.

Figure 9.50 shows the timing in this case.

TGR write cycle

T1 T2
Address X TGR address X

Write signal | |
Input capture | |
signal

TCNT M

TGR X M

Figure9.50 Contention between TGR Write and Input Capture
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9.9.10 Contention between Buffer Register Writeand Input Capture

If the input capture signal is generated in the T2 state of a buffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 9.51 shows the timing in this case.

Buffer register write cycle

Tl T2

 JHUUUHLULUL

Buffer register

Address address X
Write signal | |

Input capture | |
signal

TCNT LN

TGR M X N
Buffer X M
register

Figure9.51 Contention between Buffer Register Write and Input Capture
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Section 9 16-Bit Timer Pulse Unit (TPU)

9.9.11 Contention between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flagin TSR is

not set and TCNT clearing takes precedence.

Figure 9.52 shows the operation timing when a TGR compare match is specified as the clearing

source, and H'FFFF is set in TGR.

O I I O
TCNT input | |
clock

TCNT H'FFFF X H'0000
Counter | |

clearing signal

TGF |

Disabled pa—
TCFV '

Figure9.52 Contention between Overflow and Counter Clearing
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9.9.12 Contention between TCNT Write and Over flow/Under flow

If there is an up-count or down-count in the T2 state of a TCNT write cycle, when
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flagin TSR is
not set.

Figure 9.53 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| T1 | T2 |

I T 1
’ ) I I
Address X TCNT address X
Write signal | | .

TCNT write data
2

TCNT H'FFFF X M

TCFV flag 1

Figure9.53 Contention between TCNT Write and Overflow

9.9.13  Multiplexing of 1/0 Pins

InthisLSI, the TCLKA input pin is multiplexed with the TIOCCO I/O pin, the TCLKB input pin
with the TIOCDO 1/O pin, the TCLKC input pin with the TIOCB1 1/O pin, and the TCLKD input
pin with the TIOCB2 1/O pin. When an external clock isinput, compare match output should not
be performed from a multiplexed pin.

9.9.14 Interruptsand Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore be
disabled before entering module stop mode.
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Section 10 Programmable Pulse Generator (PPG)

Section 10 Programmable Pulse Generator (PPG)

The programmable pulse generator (PPG) provides pulse outputs by using the 16-bit timer pulse
unit (TPU) as atime base. The PPG pulse outputs are divided into 4-bit groups (groups 3 to 0) that
can operate both simultaneously and independently. The block diagram of PPG is shown in figure
10.1

10.1 Features

e 16-bit output data

* Four output groups

e Sdlectable output trigger signals

* Non-overlap mode

» Can operate together with the data transfer controller (DTC)
e Settable inverted output

¢ Module stop mode can be set
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Section 10 Programmable Pulse Generator (PPG)

PO15 ~—
PO14 =— Pulse output
Egg ~— pins, group 3
PO11 ~—
PO10 =— Pulse output
PO9 = pins, group 2
PO8 =
PO7 ~=—
PO6 —-+— Pulse output
PO5 = pins, group 1
PO4 ~-—

PO3 ~—j
PO2 -=— Pulse output
Egé ~— pins, group 0

-

Legend:
PMR:
PCR:

NDERH:
NDERL:

NDRH:
NDRL:

PODRH:
PODRL:

Compare match signals

Ly

NDERH

NDERL

Control logic

PMR

PCR

--------------- PODRH

............... PODRL

PPG output mode register
PPG output control register
Next data enable register H
Next data enable register L
Next data register H

Next data register L

Output data register H
Output data register L

Internal
data bus

Figure10.1 Block Diagram of PPG
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Section 10 Programmable Pulse Generator (PPG)

10.2  Input/Output Pins

Table 10.1 shows the PPG pin configuration.

Table10.1 Pin Configuration

Pin Name I/0 Function

PO15 Output Group 3 pulse output
PO14 Output

PO13 Output

PO12 Output

PO11 Output Group 2 pulse output
PO10 Output

PO9 Output

PO8 Output

PO7 Output Group 1 pulse output
PO6 Output

PO5 Output

PO4 Output

PO3 Output Group 0 pulse output
PO2 Output

PO1 Output

POO Output

10.3 Register Descriptions

The PPG has the following registers.

* Next data enable register H (NDERH)
* Next dataenableregister L (NDERL)

e Output dataregister H (PODRH)
e Output dataregister L (PODRL)

¢ Next dataregister H (NDRH)
e Next dataregister L (NDRL)

¢ PPG output control register (PCR)
e PPG output mode register (PMR)
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Section 10 Programmable Pulse Generator (PPG)

10.3.1 Next Data Enable RegistersH, L (NDERH, NDERL)

NDERH, NDERL enable or disable pulse output on a bit-by-bit basis. For outputting pulse by the
PPG, set the corresponding DDR to 1.

NDERH

Bit Bit Name Initial Value R/W Description

7 NDER15 0 R/W Next Data Enable 15 to 8

6 NDER14 0 R/W When a bit is set to 1, the value in the

5 NDER13 0 RIW corresponding NDRH bit is transferred to the
PODRH bit by the selected output trigger. Values

4 NDER12 0 RIW are not transferred from NDRH to PODRH for

3 NDER11 0 R/W cleared bits.

2 NDER10 0 R/W

1 NDER9 0 R/W

0 NDERS8 0 R/W

NDERL

Bit Bit Name Initial Value R/W Description

7 NDER7 0 R/W Next Data Enable 7 to 0

6 NDER6 0 R/W When a bit is set to 1, the value in the

5 NDER5 0 RIW corresponding NDRL bit is transferred to the
PODRL bit by the selected output trigger. Values

4 NDER4 0 RIW are not transferred from NDRL to PODRL for

3 NDER3 0 R/W cleared bits.

2 NDER2 0 R/W

1 NDER1 0 R/W

0 NDERO 0 R/W
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Section 10 Programmable Pulse Generator (PPG)

10.3.2 Output Data RegistersH, L (PODRH, PODRL)

PODRH and PODRL store output data for use in pulse output. A bit that has been set for pulse
output by NDER is read-only and cannot be modified.

PODRH

Bit Bit Name Initial Value R/W Description

7 POD15 0 R/W Output Data Register 15to 8

6 POD14 0 R/W For bits which have been set to pulse output by

5 POD13 0 RIW NDE_RH, t_he outpu_t trigger transfe_rs NDRH values
to this register during PPG operation. While

4 POD12 0 RIW NDERH is set to 1, the CPU cannot write to this

3 POD11 0 R/W register. While NDERH is cleared, the initial output

> POD10 0 RIW value of the pulse can be set.

1 POD9 0 R/W

0 PODS8 0 R/W

PODRL

Bit Bit Name Initial Value R/W Description

7 POD7 0 R/W Output Data Register 7 to 0

6 POD6 0 R/W For bits which have been set to pulse output by

5 POD5 0 R/W NDERL, the outpu_t trigger transfe_rs NDRI__ values
to this register during PPG operation. While

4 POD4 0 RIW NDERL is set to 1, the CPU cannot write to this

3 POD3 0 R/W register. While NDERL is cleared, the initial output

> POD2 0 RIW value of the pulse can be set.

1 POD1 0 R/W

0 PODO 0 R/W

10.3.3 Next Data RegistersH, L (NDRH, NDRL)

NDRH, NDRL store the next data for pulse output. The NDR addresses differ depending on
whether pulse output groups have the same output trigger or different output triggers.
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NDRH

If pulse output groups 2 and 3 have the same output trigger, all eight bits are mapped to the same
address and can be accessed at one time, as shown below.

Bit Bit Name Initial Value R/W Description

7 NDR15 0 R/W Next Data Register 15 to 8

6 NDR14 0 R/W The register contents are transferred to the

5 NDR13 0 RIW corresponding PODRH bits by the output trigger
specified with PCR.

4 NDR12 0 R/W

3 NDR11 0 R/W

2 NDR10 0 R/W

1 NDR9 0 R/W

0 NDR8 0 R/W

If pulse output groups 2 and 3 have different output triggers, upper 4 bits and lower 4 bits are
mapped to the different addresses as shown below.

Bit Bit Name Initial Value R/W Description

7 NDR15 0 R/W Next Data Register 15 to 12

6 NDR14 0 R/W The register contents are transferred to the

5 NDR13 0 RIW corresponding PODRH bits by the output trigger
specified with PCR.

4 NDR12 0 R/W

3 — All 1 — Reserved

E)O Always read as 1 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 — All 1 — Reserved

Elo Always read as 1 and cannot be modified.

3 NDR11 0 R/W Next Data Register 11 to 8

2 NDR10 0 R/W The register contents are transferred to the

1 NDRY 0 RIW corresponding PODRH bits by the output trigger
specified with PCR.

0 NDRS8 0 R/W
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NDRL

If pulse output groups 0 and 1 have the same output trigger, all eight bits are mapped to the same
address and can be accessed at one time, as shown below.

Bit Bit Name Initial Value R/W Description

7 NDR7 0 R/W Next Data Register 7 to 0

6 NDR6 0 R/W The register contents are transferred to the

5 NDR5 0 RIW corresponding PODRL bits by the output trigger
specified with PCR.

4 NDR4 0 R/W

3 NDR3 0 R/W

2 NDR2 0 R/W

1 NDR1 0 R/W

0 NDRO 0 R/W

If pulse output groups 0 and 1 have different output triggers, upper 4 bits and lower 4 bits are
mapped to the different addresses as shown below.

Bit Bit Name Initial Value R/W Description

7 NDR7 0 R/W Next Data Register 7 to 4

6 NDR6 0 R/W The register contents are transferred to the

5 NDR5 0 RIW corresponding PODRL bits by the output trigger
specified with PCR.

4 NDR4 0 R/W

3 — All 1 — Reserved

E)O Always read as 1 and cannot be modified.

Bit Bit Name Initial Value R/W Description

7 — All'1 — Reserved

Elo Always read as 1 and cannot be modified.

3 NDR3 0 R/W Next Data Register 3 to 0

2 NDR2 0 R/W The register contents are transferred to the

1 NDR1 0 RIW corresponding PODRL bits by the output trigger
specified with PCR.

0 NDRO 0 R/W
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10.34

PPG Output Control Register (PCR)

PCR selects output trigger signals on a group-by-group basis. For details on output trigger
selection, refer to section 10.3.5, PPG Output Mode Register (PMR).

Bit

Bit Name

Initial Value

R/W

Description

7
6

G3CMS1
G3CMSO0

1
1

R/W
R/W

Group 3 Compare Match Select 1 and 0
Select output trigger of pulse output group 3.
00: Compare match in TPU channel 0

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3

G2CMS1
G2CMS0

R/W
R/W

Group 2 Compare Match Select 1 and 0
Select output trigger of pulse output group 2.
00: Compare match in TPU channel 0

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3

G1CMS1
G1CMSO0

R/W
R/W

Group 1 Compare Match Select 1 and 0
Select output trigger of pulse output group 1.
00: Compare match in TPU channel 0

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3

GOCMS1
GOCMSO0

R/W
R/W

Group 0 Compare Match Select 1 and 0
Select output trigger of pulse output group 0.
00: Compare match in TPU channel O

01: Compare match in TPU channel 1

10: Compare match in TPU channel 2

11: Compare match in TPU channel 3
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10.35 PPG Output Mode Register (PMR)

PMR selects the pulse output mode of the PPG for each group. If inverted output is selected, a
low-level pulseisoutput when PODRH is 1 and a high-level pulseis output when PODRH isO. If
non-overlapping operation is selected, PPG updates its output values at compare match A or B of
the TPU that becomes the output trigger. For details, refer to section 10.4.4, Non-Overlapping
Pulse Output.

Bit Bit Name Initial Value R/W Description
7 G3INV 1 R/W Group 3 Inversion

Selects direct output or inverted output for pulse
output group 3.

0: Inverted output
1: Direct output
6 G2INV 1 R/W Group 2 Inversion

Selects direct output or inverted output for pulse
output group 2.

0: Inverted output
1: Direct output
5 G1INV 1 R/W Group 1 Inversion

Selects direct output or inverted output for pulse
output group 1.

0: Inverted output
1: Direct output
4 GOINV 1 R/W Group 0 Inversion

Selects direct output or inverted output for pulse
output group 0.

0: Inverted output
1: Direct output
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Bit

Bit Name

Initial Value

R/W

Description

3

G3NOV

0

R/W

Group 3 Non-Overlap

Selects normal or non-overlapping operation for
pulse output group 3.

0: Normal operation (output values updated at
compare match A in the selected TPU channel)

1: Non-overlapping operation (output values
updated at compare match A or B in the selected
TPU channel)

2

G2NOV

R/W

Group 2 Non-Overlap

Selects normal or non-overlapping operation for
pulse output group 2.

0: Normal operation (output values updated at
compare match A in the selected TPU channel)

1: Non-overlapping operation (output values
updated at compare match A or B in the selected
TPU channel)

1

GINOV

R/W

Group 1 Non-Overlap

Selects normal or non-overlapping operation for
pulse output group 1.

0: Normal operation (output values updated at
compare match A in the selected TPU channel)

1: Non-overlapping operation (output values
updated at compare match A or B in the selected
TPU channel)

0

GONOV

R/W

Group 0 Non-Overlap

Selects normal or non-overlapping operation for
pulse output group O.

0: Normal operation (output values updated at
compare match A in the selected TPU channel)

1: Non-overlapping operation (output values
updated at compare match A or B in the selected
TPU channel)
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Section 10 Programmable Pulse Generator (PPG)

104  Operation

Figure 10.2 shows an overview diagram of the PPG. PPG pulse output is enabled when the
corresponding bitsin PADDR, P2DDR, and NDER are set to 1. Aninitial output valueis
determined by its corresponding PODR initial setting. When the compare match event specified
by PCR occurs, the corresponding NDR bit contents are transferred to PODR to update the output
values. Sequential output of data of up to 16 bitsis possible by writing new output datato NDR

before the next compare match.

DDR

Pulse output pin

NDER
Q

Output trigger signal

C
Q PODR

Q NDR D

l«—— Internal data bus

Normal output/inverted output

Figure10.2 Overview Diagram of PPG
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10.4.1  Output Timing

If pulse output is enabled, NDR contents are transferred to PODR and output when the specified
compare match event occurs. Figure 10.3 shows the timing of these operations for the case of
normal output in groups 2 and 3, triggered by compare match A.

TCNT X N X ne1 X

TGRA N

Compare match | |

A signal

NDRH n
PODRH m X o
PO8 to PO15 m X n

Figure10.3 Timing of Transfer and Output of NDR Contents (Example)
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10.4.2

Sample Setup Procedurefor Normal Pulse Output

Figure 10.4 shows a sample procedure for setting up normal pulse output.

TPU setup <«

Port and
PPG setup

TPU setup

( Normal PPG output )

| Select TGR functions

[t

| Set TGRA value

[r21

| Set counting operation

31

| Select interrupt request

141

| Set initial output data

|51

| Enable pulse output

[ 61

| Select output trigger

|71

Set next pulse
output data

8l

Start counter

|11

Yes

No

Set next pulse
output data

[10]

(1]

(2]
(3]

[4]

[5]

(6]

(71

(8]

9]

Set TIOR to make TGRA an output
compare register (with output
disabled)

Set the PPG output trigger period

Select the counter clock source with
bits TPSC2 to TPSCO in TCR.
Select the counter clear source with
bits CCLR2 to CCLRO.

Enable the TGIA interrupt in TIER.
The DTC can also be set up to
transfer data to NDR.

Set the initial output values in
PODR.

Set the DDR and NDER bits for the
pins to be used for pulse output to 1.

Select the TPU compare match
event to be used as the output
trigger in PCR.

Set the next pulse output values in
NDR.

Set the CST bit in TSTR to 1 to start
the TCNT counter.

[10] At each TGIA interrupt, set the next

output values in NDR.

Figure 10.4 Setup Procedurefor Normal Pulse Output (Example)
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10.4.3 Example of Normal Pulse Output (Example of Five-Phase Pulse Output)

Figure 10.5 shows an example in which pulse output is used for cyclic five-phase pulse output.

TCNT value TCNT Compare match
TGRA

H'0000

NDRH 80XCOX40X60X20X30X10X18X08X88X80XCOX40
PODRH 00X80XCOX40X60X20X30X10XlSXOBXSSiXBO;XCOX
- 1 1

PO14 i . ,

Time

PO13

PO12

PO11

Figure 10.5 Normal Pulse Output Example (Five-Phase Pulse Output)

1. Setup TGRA in TPU which is used as the output trigger to be an output compare register. Set
acyclein TGRA so the counter will be cleared by compare match A. Set the TGIEA bit in
TIER to 1 to enable the compare match/input capture A (TGIA) interrupt.

2. WriteH'F8 in PLDDR and NDERH, and set the G3CM S1, G3CM S0, G2CM S1, and G2CM SO
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Write output data H'80 in NDRH.

3. Thetimer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'CO) in NDRH.

4. Five-phase pulse output (one or two phases active at atime) can be obtained subsequently by
writing H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive TGIA interrupts.

If the DTC is set for activation by the TGIA interrupt, pulse output can be obtained without
imposing aload on the CPU.
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10.4.4  Non-Overlapping Pulse Output
During non-overlapping operation, transfer from NDR to PODR is performed as follows:

* NDR hits are always transferred to PODR hits at compare match A.

» At compare match B, NDR hits are transferred only if their value is 0. Bits are not transferred
if their valueis 1.

Figure 10.6 illustrates the non-overlapping pulse output operation.

DDR NDER
Q
Compare match A
Compare match B
C
Pulse Q PODR ‘1Q NDR D|=— Internal data bus
output
pin

Normal output/inverted output

Figure10.6 Non-Overlapping Pulse Output

Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A.

The NDR contents should not be altered during the interval from compare match B to compare
match A (the non-overlap margin).

This can be accomplished by having the TGIA interrupt handling routine write the next datain
NDR, or by having the TGIA interrupt activate the DTC. Note, however, that the next data must
be written before the next compare match B occurs.

Figure 10.7 shows the timing of this operation.
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Compare match A I_l I_l

Write to NDR Write to NDR

Compare match B I_l ? I_l ?

NDR . X . X

PODR \ X \ X

0 output  0/1 output 0 output 0/1 output
Write to NDR ——|———|——Write to NDR
Do not write N€"® Do not write  Nere
to NDR here to NDR here

Figure 10.7 Non-Overlapping Operation and NDR Write Timing
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1045 Sample Setup Procedurefor Non-Overlapping Pulse Output

Figure 10.8 shows a sample procedure for setting up non-overlapping pulse output.

( Non-overlapping ) [1] Set TIOR to make TGRA and
pulse output TGRB an output compare registers
| (with output disabled)

([ selectTGRfunctions | (1
T [2] Set the pulse output trigger period
| Set TGR values | 2] in TGRB and the non-overlap
TPU setup < T period in TGRA.
| Set counting operation | (3] [3] Select the counter clock source
- | with bits TPSC2 to TPSCO in TCR.
L | Select interrupt request | [4 Select the counter clear source
B I with bits CCLR2 to CCLRO.
| Set initial output data | [5] . .
T [4] Enable the TGIA interrupt in TIER.
The DTC can also be set up to
Enabl |
| nable pulse output | (6] transfer data to NDR.
PPG setup < [ setectoutputtrigger | (7] [5] ggt ST; initial output values in
[ set ”°"'°"e”"|‘pp'”g groups | [8] [6] Setthe DDR and NDER bits for the
pins to be used for pulse output to
Set next pulse 9] 1
output data :

| [7] Select the TPU compare match
TPU setup | Start counter | [10] event to be used as the pulse
| output trigger in PCR.

Set next pulse 11 [9] Set the next pulse output values in
output data (11] NDR.

[8] In PMR, select the groups that will
operate in non-overlap mode.

| [10] Set the CST bitin TSTR to 1 to
start the TCNT counter.

[11] At each TGIA interrupt, set the next
output values in NDR.

Figure10.8 Setup Procedurefor Non-Overlapping Pulse Output (Example)
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10.4.6  Example of Non-Overlapping Pulse Output (Example of Four-Phase
Complementary Non-Overlapping Output)

Figure 10.9 shows an example in which pulse output is used for four-phase complementary non-
overlapping pulse output.

TCNT value
TGRB

Time

NDRH 95 :X 65 :X 59 :X 56 :X 95 :X 65 :X o

' ' ——Non-overlap margin ! ' ' ' ' ' ' '

PO15

POL4 Lo I | B

PO13

POL2 ! Lo T Lo

PO11 ! ! ! ! ! ! ! ! ! ! ! !

PO10

PO9

Figure10.9 Non-Overlapping Pulse Output Example (Four-Phase Complementary)
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. Set up the TPU channel to be used as the output trigger channel so that TGRA and TGRB are
output compare registers. Set the trigger period in TGRB and the non-overlap margin in
TGRA, and set the counter to be cleared by compare match B. Set the TGIEA bitin TIERto 1
to enable the TGIA interrupt.

. Write H'FF in PLDDR and NDERH, and set the G3CM S1, G3CM S0, G2CM S1, and G2CM SO
bitsin PCR to select compare match in the TPU channel set up in the previous step to be the
output trigger. Set the G3NOV and G2NOV bitsin PMR to 1 to select non-overlapping output.
Write output data H'95 in NDRH.

. Thetimer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the change from O to 1 isdelayed by the value set in TGRA). The TGIA interrupt
handling routine writes the next output data (H'65) in NDRH.

. Four-phase complementary non-overlapping pulse output can be obtained subsequently by
writing H'59, H'56, H'95... at successive TGIA interrupts.

If the DTC is set for activation by the TGIA interrupt, pulse output can be obtained without
imposing aload on the CPU.
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10.4.7 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINV bitsin PMR are cleared to O, values that are the
inverse of the PODR contents can be output.

Figure 10.10 shows the outputs when G3INV and G2INV are cleared to O, in addition to the
settings of figure 10.9.

TCNT value
TGRB

TGRA

H'0000 Time

NDRH

POLS E E T T T T T T T T

PO14 ||
PO13
o T | [T b T
e [ s

> T
o L S S S I IO S

Figure10.10 Inverted Pulse Output (Example)
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10.4.8 Pulse Output Triggered by Input Capture

Pulse output can be triggered by TPU input capture aswell as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be
triggered by the input capture signal.

Figure 10.11 shows the timing of this output.

0 S [ I I I B I

TIOC pin (D
\
Sgnal [ 1
NDR N
PODR M X =N
PO M X N

Figure10.11 Pulse Output Triggered by Input Capture (Example)
10.5 Usage Notes

1051 Module Stop Mode Setting

PPG operation can be disabled or enabled using the module stop control register. The initial value
isfor PPG operation to be halted. Register accessis enabled by clearing module stop mode. For
details, refer to section 19, Power-Down Modes.

10.5.2 Operation of Pulse Output Pins

Pins POO to PO15 are also used for other peripheral functions such asthe TPU. When output by
another peripheral function is enabled, the corresponding pins cannot be used for pulse output.
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of the usage
of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.
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Section 11 8-Bit Timers (TMR)

This LSI has an on-chip 8-bit timer module with two channels operating on the basis of an 8-bit
counter. The 8-bit timer module can be used to count external events and be used as a
multifunction timer in avariety of applications, such as generation of counter reset, interrupt
requests, and pulse output with an arbitrary duty cycle using a compare-match signal with two
registers.

11.1  Features

Selection of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, @/64, or ¢/8192) or an
external clock input

Selection of three waysto clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal
Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to generate output waveforms with an arbitrary duty
cycle or PWM output

Provision for cascading of two channels (TMR_0 and TMR_1)

Operation as a 16-hit timer is possible, using TMR_0 for the upper 8 bitsand TMR_1 for the
lower 8 bits (16-bit count mode)

TMR_1 can be used to count TMR_0 compare matches (compare match count mode)
Three independent interrupts

Compare match A and B and overflow interrupts can be requested independently
A/D converter conversion start trigger can be generated

Figure 11.1 shows a block diagram of the 8-bit timer module (TMR_0 and TMR_1).
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Section 11 8-Bit Timers (TMR)

External clock source Internal clock sources
TMR_0 TMR_1

TMCIO @8 @8

TMCI1 ——————— @64 @64

— @8192 (8192

Clock 1
Clock select Clock 0

TCORA 0 TCORA 1

< Comgare match Al K) K)
|l Compare match AQ| Comparator A_O Comparator A_1 |
TMOOQ ~«—| | <] Overflow 1 (ﬁ (ﬁ s
TMRIO —»] Overflow 0 TCNT O | ToNT1 K —
| clearo f
Clear 1

Compare match B1

Comgare match BO | Comparator B_O 'i' Comparator B_1 |
TMO1 ~ Control logic
TMRI1 —= (W (W

| TCORB_0 |:| TCORB_1 IC
AID
CONVErsion | :I TCSR_0 Ii' TCSR_1 IC

start request

signal
s— 1 = S —
L CMIAO
—— CMIBO
—— 0VIO
——— CMIAlL
———————————=CMiBl
ovii
Interrupt signals
Legend:
TCORA_O: Time constant register A_O TCORA_1: Time constant register A_1
TCORB_0: Time constant register B_0 TCORB_1: Time constant register B_1
TCNT_O: Timer counter_0 TCNT_1: Timer counter_1
TCSR_0: Timer control/status register_0 TCSR_1: Timer control/status register_1
TCR_O: Timer control register_0 TCR_1: Timer control register_1

Internal bus

Figure11.1 Block Diagram of 8-Bit Timer Module

Rev. 3.00 Feb 22, 2006 page 358 of 624
REJ09B0281-0300
RENESAS




Section 11 8-Bit Timers (TMR)

11.2  Input/Output Pins

Table 11.1 shows the pin configuration of the 8-bit timer module.

Table11.1 Pin Configuration

Channel Name Symbol /0 Function

0 Timer output pin TMOO0 Output Outputs at compare match
Timer clock input pin TMCIO Input Inputs external clock for counter
Timer reset input pin TMRIO Input Inputs external reset to counter

1 Timer output pin TMO1 Output Outputs at compare match
Timer clock input pin TMCI1 Input Inputs external clock for counter
Timer reset input pin TMRI1 Input Inputs external reset to counter

11.3 Register Descriptions

The 8-bit timer module has the following registers. For details on the module stop control register,
refer to section 19.1.2 Module Stop Control RegistersH, L (MSTPCRH, MSTPCRL).

» Timer counter O (TCNT_0)

e Time constant register A_0 (TCORA _0)
» Time constant register B_0 (TCORB_0)

e Timer control register 0 (TCR_0)

e Timer control/status register 0 (TCSR_0)

e Timer counter 1 (TCNT_1)

e Time constant register A_1 (TCORA_1)
¢ Timeconstant register B_1 (TCORB_1)

e Timer control register_1 (TCR_1)

e Timer control/status register 1 (TCSR_1)
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11.31 Timer Counter (TCNT)

TCNT is 8-bit up-counter. TCNT_0 and TCNT_1 comprise asingle 16-hit register so they can be
accessed together by aword transfer instruction. Bits CKS2 to CKS0 in TCR are used to select a
clock. TCNT can be cleared by an external reset input or by a compare match signal A or B.
Which signal isto be used for clearing is selected by bits CCLR1 and CCLRO in TCR. When
TCNT overflows from H'FF to H'00, OVF in TCSRisset to 1. TCNT isinitialized to H'00.

11.3.2 TimeConstant Register A (TCORA)

TCORA is 8-bit readable/writable register. TCORA_0 and TCORA_1 comprise asingle 16-hit
register so they can be accessed together by aword transfer instruction.

Thevalue in TCORA is continually compared with the value in TCNT. When a match is detected,
the corresponding CMFA flag in TCSR is set to 1. Note, however, that comparison is disabled
during the T2 state of a TCORA write cycle.

The timer output from the TMO pin can be freely controlled by this compare match signal
(compare match A) and the settings of bits OS1 and OS0 in TCSR.

TCORA isinitialized to H'FF.

11.3.3 Time Constant Register B (TCORB)

TCORSB is 8-hit readable/writable register. TCORB_0 and TCORB_1 comprise asingle 16-bit
register so they can be accessed together by aword transfer instruction.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding CMFB flag in TCSR isset to 1. Note, however, that comparison is disabled during
the T2 state of a TCOBR write cycle.

The timer output from the TMO pin can be freely controlled by this compare match signal
(compare match B) and the settings of bits OS3 and OS2 in TCSR.

TCORB isinitialized to H'FF.
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11.3.4 Timer Control Register (TCR)

TCR selects the clock source and the time at which TCNT is cleared, and controls interrupts.

Bit Bit Name

Initial Value

R/W

Description

7 CMIEB

0

R/W

Compare Match Interrupt Enable B

Selects whether CMFB interrupt requests
(CMIB) are enabled or disabled when the
CMFB flag in TCSR is set to 1.

0: CMFB interrupt requests (CMIB) are disabled
1: CMFB interrupt requests (CMIB) are enabled

6 CMIEA

R/W

Compare Match Interrupt Enable A

Selects whether CMFA interrupt requests
(CMIA) are enabled or disabled when the
CMFA flag in TCSR is set to 1.

0: CMFA interrupt requests (CMIA) are disabled
1: CMFA interrupt requests (CMIA) are enabled

5 OVIE

R/W

Timer Overflow Interrupt Enable

Selects whether OVF interrupt requests (OVI)
are enabled or disabled when the OVF flag in
TCSRis setto 1.

0: OVF interrupt requests (OVI) are disabled
1: OVF interrupt requests (OVI) are enabled

CCLR1
CCLRO

R/W
R/W

Counter Clear 1 and 0

These bits select the method by which TCNT is
cleared

00: Clearing is disabled

01: Clear by compare match A

10: Clear by compare match B

11: Clear by rising edge of external reset input

CKS2
CKs1
CKSO0

R/W
R/W
R/W

Clock Select2t0 0

These bits select the clock input to TCNT and
count condition. See table 11.2.
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Table11.2 Clock Input to TCNT and Count Condition

TCR
Channel Bit2 Bit 1 Bit 0
CKS2 CKs1 CKSO0 Description
TMR_O 0 0 0 Clock input disabled
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of ¢/8192
0 Count at TCNT_1 overflow signal®
TMR_1 0 0 Clock input disabled
1 Internal clock, counted at falling edge of ¢/8
1 0 Internal clock, counted at falling edge of ¢/64
1 Internal clock, counted at falling edge of ¢/8192
0 0 Count at TCNT_0O compare match A*
All 1 0 1 External clock, counted at rising edge
1 0 External clock, counted at falling edge
1 1 External clock, counted at both rising and falling edges

Note: * If the count input of TMR_O is the TCNT_1 overflow signal and that of TMR_1 is the
TCNT_0 compare match signal, no incrementing clock is generated. Do not use this
setting.
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11.35

Timer Control/Status Register (TCSR)

TCSR displays status flags, and controls compare match output.

TCSR_O

Bit

Bit Name

Initial Value

R/W

Description

7

CMFB

0

RI(W)*

Compare Match Flag B

[Setting condition]

¢ Setwhen TCNT matches TCORB
[Clearing conditions]

e Cleared by reading CMFB when CMFB = 1,
then writing 0 to CMFB

<  When DTC is activated by CMIB interrupt
while DISEL bit of MRB in DTC is O

6

CMFA

0

*

RI(W)

Compare Match Flag A

[Setting condition]

e Set when TCNT matches TCORA

[Clearing conditions]

¢ Cleared by reading CMFA when CMFA = 1,
then writing 0 to CMFA

e When DTC is activated by CMIA interrupt
while DISEL bit of MRB in DTC is O

OVF

RI(W)*

Timer Overflow Flag

[Setting condition]

Set when TCNT overflows from H'FF to H'00
[Clearing condition]

Cleared by reading OVF when OVF =1, then
writing O to OVF

4

ADTE

R/W

A/D Trigger Enable

Selects enabling or disabling of A/D converter
start requests by compare match A.

0: A/D converter start requests by compare
match A are disabled

1: A/D converter start requests by compare
match A are enabled
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Bit Bit Name Initial Value R/W

Description

Output Select 3 and 2

These bits select a method of TMO pin output
when compare match B of TCORB and TCNT
occurs.

00: No change when compare match B occurs
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs

11: QOutput is inverted when compare match B
occurs (toggle output)

3 0S3 0 R/IW
2 0Ss2 0 R/W

0os1 0 R/W
0 0Sso 0 R/IW

Output Select 1 and 0

These bits select a method of TMO pin output
when compare match A of TCORA and TCNT
occurs.

00: No change when compare match A occurs
01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A
occurs (toggle output)

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.
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TCSR 1

Bit Bit Name

Initial Value

R/W

Description

7 CMFB

0

RI(W)*

Compare Match Flag B

[Setting condition]

¢ Setwhen TCNT matches TCORB
[Clearing conditions]

e Cleared by reading CMFB when CMFB = 1,
then writing 0 to CMFB

¢« When DTC is activated by CMIB interrupt
while DISEL bit of MRB in DTC is O

6 CMFA

RI(W)*

Compare Match Flag A

[Setting condition]

e Set when TCNT matches TCORA

[Clearing conditions]

¢ Cleared by reading CMFA when CMFA = 1,
then writing 0 to CMFA

e When DTC is activated by CMIA interrupt
while DISEL bit of MRB in DTC is O

5 OVF

RI(W)*

Timer Overflow Flag

[Setting condition]

Set when TCNT overflows from H'FF to H'00
[Clearing condition]

Cleared by reading OVF when OVF =1, then
writing O to OVF

Reserved

This bit is always read as 1 and cannot be
modified.
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Bit Bit Name Initial Value R/W

Description

Output Select 3 and 2

These bits select a method of TMO pin output
when compare match B of TCORB and TCNT
occurs.

00: No change when compare match B occurs
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs

11: QOutput is inverted when compare match B
occurs (toggle output)

3 0S3 0 R/IW
2 0Ss2 0 R/W

0os1 0 R/W
0 0Sso 0 R/IW

Output Select 1 and 0

These bits select a method of TMO pin output
when compare match A of TCORA and TCNT
occurs.

00: No change when compare match A occurs
01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A
occurs (toggle output)

Note: * Only 0 can be written to bits 7 to 5, to clear these flags.
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114  Operation

1141  Pulse Output

Figure 11.2 shows an example that the 8-bit timer is used to generate a pulse output with a
selected duty cycle. The control bits are set as follows:

[1] In TCR, bit CCLR1 iscleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared at a TCORA compare match.

[2] In TCSR, bits OS3 to OS0 are set to B'0110, causing the output to changeto 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides output of pulses at arate determined by TCORA with
apulse width determined by TCORB. No software intervention is required.

T™MO

Figure11.2 Example of Pulse Output
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115 Operation Timing

1151 TCNT Incrementation Timing

Figure 11.3 shows the count timing for internal clock input. Figure 11.4 shows the count timing
for external clock signal. Note that the external clock pulse width must be at least 1.5 states for
incrementation at asingle edge, and at least 2.5 states for incrementation at both edges. The
counter will not increment correctly if the pulse width is less than these values.

0 T e o e O

Internal clock _|

Clock input
to TCNT (

TCNT N1 X

g X N+

Figure11.3 Count Timing for Internal Clock Input

—

External clock
input pin {

Clock input

to TCNT { -
{ {5

TCNT N-1 X N X . N+
)) ))

Figure11l.4 Count Timingfor External Clock Input
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1152 Timing of CMFA and CMFB Setting when Compare-Match Occurs

The CMFA and CMFB flagsin TCSR are set to 1 by a compare match signal generated when the
TCOR and TCNT values match. The compare match signal is generated at the last state in which
the match istrue, just before the timer counter is updated. Therefore, when TCOR and TCNT
match, the compare match signal is not generated until the next incrementation clock input.
Figure 11.5 shows thistiming.

¢ S U I

TCNT N X N+1

TCOR N
Compare match
signal

\

CMF |

Figure11.5 Timing of CMF Setting

11.5.3 Timing of Timer Output when Compare-Match Occurs

When compare match A or B occurs, the timer output changes as specified by bits OS3to OS0 in
TCSR.

Figure 11.6 shows the timing when the output is set to toggle at compare match A.

v 1 e e e I B
Compare match A4,—| ,—\—
signal

™ ™

Timer output pin |

Figure11.6 Timing of Timer Output
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1154 Timing of Compare Match Clear

TCNT is cleared when compare match A or B occurs, depending on the setting of the CCLR1 and
CCLRO bitsin TCR. Figure 11.7 shows the timing of this operation.

¢ S B
Compare match ,—l
signal

\

TCNT N X H'00

Figure11.7 Timing of Compare Match Clear

1155 Timing of TCNT External Reset

TCNT iscleared at the rising edge of an external reset input, depending on the settings of the
CCLR1 and CCLRO bitsin TCR. The clear pulse width must be at least 1.5 states. Figure 11.8
shows the timing of this operation.

e LI LI LTI rire

External reset
input pin |

Clear signal

TCNT N-1 XN X H00

Figure11.8 Timing of Clearance by External Reset
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11.5.6  Timing of Overflow Flag (OVF) Setting

The OVFin TCSRis set to 1 when TCNT overflows (changes from H'FF to H'00). Figure 11.9
shows the timing of this operation.

¢ S

TCNT HEE X H'00

Overflow signal

\

OVF

Figure11.9 Timing of OVF Setting
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11.6  Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit counter
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match count mode). In this case, the timer operates as below.

11.6.1 16-Bit Counter Mode

When bits CKS2 to CKS0 in TCR_O are set to B'100, the timer functions as a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

[1] Setting of compare match flags

e TheCMFflagin TCSR 0isset to 1 when a 16-hit compare match event occurs.

» TheCMFflagin TCSR_1lissetto 1 when alower 8-bit compare match event occurs.

[2] Counter clear specification

» If the CCLR1 and CCLRO bitsin TCR_0 have been set for counter clear at compare match, the
16-hit counters (TCNT_0 and TCNT _1 together) are cleared when a 16-bit compare match
event occurs. The 16-bit counters (TCNTO and TCNT1 together) are cleared even if counter
clear by the TMRIO pin has also been set.

* The settings of the CCLR1 and CCLRO bitsin TCR_1 areignored. The lower 8 bits cannot be
cleared independently.

[3] Pin output

e Control of output from the TMOO pin by bits OS3 to OS0 in TCSR_0 isin accordance with the
16-hit compare match conditions.

» Control of output from the TMOL pin by bits OS3 to OS0 in TCSR_1 isin accordance with the
lower 8-bit compare match conditions.

11.6.2 Compare Match Count Mode

When bits CKS2 to CKS0 in TCR_1 are B'100, TCNT_1 counts compare match A’sfor channel
0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, output from the TMO pin, and counter clear are in accordance with the
settings for each channel.
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11.7  Interrupt Sources

11.7.1  Interrupt Sourcesand DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shown intable 11.3. Each interrupt source is set as enabled or disabled by the corresponding
interrupt enable bit in TCR or TCSR, and independent interrupt requests are sent for each to the
interrupt controller. Itisalso possibleto activate the DTC by means of CMIA and CMIB
interrupts.

Table11.3 8-Bit Timer Interrupt Sources

Name Interrupt Source Interrupt Flag DTC Activation Priority
CMIAO TCORA_0 compare match CMFA Possible High
CMIBO TCORB_0 compare match CMFB Possible T
oVIo TCNT_O overflow OVF Not possible Low
CMIAL TCORA _1 compare match CMFA Possible High
CMIB1 TCORB_1 compare match CMFB Possible T
ovii TCNT_1 overflow OVF Not possible Low

11.7.2  A/D Converter Activation
The A/D converter can be activated only by TMR_0 compare match A.

If the ADTE hitin TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of TMR_0
compare match A, arequest to start A/D conversion is sent to the A/D converter. If the 8-bit timer
conversion start trigger has been selected on the A/D converter side at thistime, A/D conversion is
started.
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11.8  Usage Notes

11.8.1 Contention between TCNT Write and Clear

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 11.10 shows this operation.

TCNT write cycle by CPU
LE Tz

D A
; B e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure11.10 Contention between TCNT Write and Clear
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11.8.2 Contention between TCNT Write and Increment

If atimer counter clock pulse is generated during the T, state of a TCNT write cycle, the write
takes priority and the counter is not incremented.

Figure 11.11 shows this operation.

TCNT write cycle by CPU
Ty T,

R
; N S S

Address >< TCNT address ><

Internal write signal | |

TCNT input clock | |

TCNT N >< P M

Counter write data

Figure11.11 Contention between TCNT Write and Increment
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11.8.3 Contention between TCOR Write and Compare Match

During the T, state of a TCOR write cycle, the TCOR write has priority and the compare match
signal isinhibited even if acompare match event occurs as shown in figure 11.12.

TCOR write cycle by CPU
T1 T,

T
; N s e

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M
b4

TCOR write data

Compare match signal 1 :\

Inhibited

Figure11.12 Contention between TCOR Write and Compare Match
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11.84  Contention between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
intable 11.4.

Table11.4 Timer Output Priorities

Output Setting Priority
Toggle output High

1 output

0 output T

No change Low

11.85 Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 11.5 showsthe
relationship between the timing at which the internal clock is switched (by writing to the CKS1
and CK SO bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseisdetected. If clock switching causes a change from high to low level, asshownin case 3in
table 11.5, aTCNT clock pulseis generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.

The erroneous incrementation can also happen when switching between internal and external
clocks.
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Table11.5 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits TCNT Clock Operation
A S rcovivl IR NS O R N
Clock after :
switchover
TCNT clock
TCNT N X N+1 X
CKS k;it write
L g oo Hil
Clock after :
switchover ‘
TCNT clock :
TCNT N X N+1 X N+2 X
CKS bi:t write
T et e i

Clock after
swichover

TCNT clock

TCNT

CKS bit write
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No.

Timing of Switchover
by Means of CKS1
and CKSO Bits

TCNT Clock Operation

Switching from high
to high

Clock before ‘
switchover _,—\_, | | |

Clock after
switchover

TCNT clock

TCNT N X ne1 X nez X

CKS bit write

Notes: 1.

11.8.6

Includes switching from low to stop, and from stop to low.
Includes switching from stop to high.
Includes switching from high to stop.

incremented.

. Generated on the assumption that the switchover is a falling edge; TCNT is

M ode Setting with Cascaded Connection

If 16-bit counter mode and compare match count mode are specified at the same time, input clocks
for TCNT_O and TCNT_1 are not generated, and the counter stops. Do not specify 16-bit counter
and compare match count modes simultaneously.

11.8.7

Interruptsin Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore be
disabled before entering module stop mode.
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Section 12 Watchdog Timer

The watchdog timer (WDT) is an 8-bit timer that outputs an overflow signal (WDTOVF) if a
system crash prevents the CPU from writing to the timer counter, thus allowing it to overflow.

At the same time, the WDT can a so generate an internal reset signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer operation, an interval timer interrupt is generated each time the counter overflows.

The block diagram of the WDT isshown in figure 12.1.

12.1 Features

» Selectable from eight counter input clocks

» Switchable between watchdog timer mode and interval timer mode

In watchdog timer mode

 If the counter overflows, the WDT outputs WDTOVF. It is possible to select whether or not
the entire chip isreset at the same time.

In interval timer mode

e If the counter overflows, the WDT generates an interval timer interrupt (WOV1).
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[ rsTCsR |<—,|_ TCNT || Tscr |

0 0 U [

Module bus interface

Internal bus

, Overflow @2 !

WOoVI - Interrupt 'Y E

(interrupt request control ——@/128 :
signal) Clock |+~——@512 .

I Clock \

! select f«——@/2048 |

' (/8192 ;

WDTOVF «—— l——— /32768 !
Internal reset signal® <«—— Resetl l«——@131072 !
contro Internal clock i

sources ;

Legend:

TCSR: Timer control/status register
TCNT: Timer counter

RSTCSR: Reset control/status register

Note: * An internal reset signal can be generated by the register setting.

Figure12.1 Block Diagram of WDT

12.2  Input/Output Pin
Table 12.1 shows the WDT pin configuration.

Table12.1 Pin Configuration

Name Symbol 1/0 Function

Watchdog timer overflow WDTOVF Output Outputs counter overflow signal in watchdog
timer mode
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12.3  Register Descriptions

The WDT has the following three registers. To prevent accidental overwriting, TCSR, TCNT, and
RSTCSR have to be written to in amethod different from normal registers. For details, refer to
section 12.6.1, Notes on Register Access.

e Timer counter (TCNT)
» Timer control/status register (TCSR)
» Reset control/status register (RSTCSR)

12.3.1 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNT isinitialized to H'00 when the TME bit in
TCSRiscleared to 0.

12.3.2 Timer Control/Status Register (TCSR)

TCSR selects the clock source to be input to TCNT, and the timer mode.

Bit Bit Name Initial Value R/W Description

7 OVF 0 RI(W)*  Overflow Flag

Indicates that TCNT has overflowed in interval
timer mode. Only a write of 0 is permitted, to
clear the flag.

[Setting condition]

When TCNT overflows in interval timer mode
(changes from H'FF to H'00)

When internal reset request generation is selected
in watchdog timer mode, OVF is cleared
automatically by the internal reset.

[Clearing conditions]

Cleared by reading TCSR when OVF = 1, then
writing 0 to OVF
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Bit Bit Name Initial Value R/W Description
6 WTAT 0 RIW Timer Mode Select

Selects whether the WDT is used as a watchdog
timer or interval timer.

0: Interval timer mode

When TCNT overflows, an interval timer interrupt
(WQOVI) is requested.

1: Watchdog timer mode

When TCNT overflows, the WDTOVF signal is
output.

5 TME 0 R/W Timer Enable

When this bit is set to 1, TCNT starts counting.
When this bit is cleared, TCNT stops counting and
is initialized to H'00.

4,3 — All 1 — Reserved
These bits are always read as 1 and cannot be
modified.
2 CKS2 0 R/W Clock Select2to 0
CKSs1 0 R/W Selects the clock source to be input to TCNT. The
0 CKSO 0 RIW overflow frequency for @ = 20 MHz is enclosed in
parentheses.

000: Clock @2 (frequency: 25.6 us)
001: Clock @64 (frequency: 819.2 ps)
010: Clock @128 (frequency: 1.6 ms)
011: Clock @512 (frequency: 6.6 ms)
100: Clock @2048 (frequency: 26.2 ms)
101: Clock @/8192 (frequency: 104.9 ms)
110: Clock @32768 (frequency: 419.4 ms)
111: Clock @131072 (frequency: 1.68 s)
Note: * Only a write of 0 is permitted, to clear the flag.
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12.3.3

Reset Control/Status Register (RSTCSR)

RSTCSR controls the generation of the internal reset signal when TCNT overflows, and selects
the type of internal reset signal. RSTCSR isinitialized to H'1F by areset signal from the RES pin,
but not by the WDT internal reset signal caused by overflows.

Bit

Bit Name

Initial Value

R/W

Description

7

WOVF

0

RI(W)*

Watchdog Timer Overflow Flag

This bit is set when TCNT overflows in watchdog
timer mode. This bit cannot be set in interval
timer mode, and only 0 can be written.

[Setting condition]

Set when TCNT overflows (changed from H'FF to
H'00) in watchdog timer mode

[Clearing condition]

Cleared by reading RSTCSR when WOVF =1,
and then writing 0 to WOVF

6

RSTE

R/W

Reset Enable

Specifies whether or not a reset signal is
generated in the chip if TCNT overflows during
watchdog timer operation.

0: Reset signal is not generated even if TCNT
overflows
(Though this LSl is not reset, TCNT and TCSR
in WDT are reset)

1: Reset signal is generated if TCNT overflows

R/W

Reserved

Can be read and written, but does not affect
operation.

All 1

Reserved

These bits are always read as 1 and cannot be
modified.

Note:

*  Only a write of 0 is permitted, to clear the flag.
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12.4  Operation

1241 Watchdog Timer Mode
To usethe WDT as awatchdog timer mode, set the WT/IT and TME bitsin TCSR to 1.

If TCNT overflows without being rewritten because of a system crash or other error, the
WDTOVF signal is output. This ensuresthat TCNT does not overflow while the system is
operating normally. Software must prevent TCNT overflows by rewriting the TCNT value
(normally be writing H'00) before overflow occurs. This WDTOVF signal can be used to reset the
chip internally in watchdog timer mode.

If TCNT overflowswhen 1 isset in the RSTE bit in RSTCSR, asignal that resets this LSl
internally is generated at the same time asthe WDTOVF signal. If areset caused by a signal input
to the RES pin occurs at the same time as a reset caused by a WDT overflow, the RES pin reset
has priority and the WOVF bit in RSTCSR is cleared to 0.

The WDTOVF signd is output for 132 states when RSTE = 1, and for 130 states when RSTE = 0.
Theinternal reset signal is output for 518 states.

When TCNT overflows in watchdog timer mode, the WOVF bit in RSTCSR issetto 1. If TCNT
overflowswhen 1 is set in the RSTE bit in RSTCSR, an internal reset signal is generated to the
entire chip.
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TCNT count
Overflow
I ot [
H'00 . ~ Time
{ Nt AN
WT/IT=1 H'00 written WOVF=1 | WT/IT=1 H'00 written
- ' TME=1  to TCNT
TME=1 to TCNT WDTOVE and |
internal reset are .

generated ‘ :
\j !

WDTOVF signal

132 states"? :

Internal reset signal*!

518 states

Legend:

WT/IT: Timer mode select bit
TME: Timer enable bit

Notes: 1. If TCNT overflows when the RSTE bit is set to 1, an internal reset signal is generated.
2. 130 states when the RSTE bit is cleared to 0.

Figure12.2 Operation in Watchdog Timer Mode

12.42 Interval Timer Mode
To usethe WDT asan interval timer, set the WT/IT hit to 0 and TME bit in TCSR to 1.

When the WDT isused as an interval timer, an interval timer interrupt (WOVI) is generated each
timethe TCNT overflows. Therefore, an interrupt can be generated at intervals.

When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) is requested
at the same time the OVF bit inthe TCSR is set to 1.
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TCNT count
4 Overflow Overflow Overflow Overflow
=
S | | | p
WT/T=0 wovI wovI wovI wovI
TME=1
Legend:

WOVI: Interval timer interrupt request generation

Figure12.3 Operation in Interval Timer Mode

125 Interrupt Source

During interval timer mode operation, an overflow generates an interval timer interrupt (WOV1).
The interval timer interrupt is requested whenever the OVF flagisset to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine.

Table12.2 WDT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation

WQoVI TCNT overflow OVF Impossible
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12.6  Usage Notes

126.1 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to writeto. The procedures for writing to and reading these registers are given
below.

Writingto TCNT, TCSR, and RSTCSR

TCNT and TCSR must be written to by aword transfer instruction. They cannot be written to by a
byte transfer instruction.

TCNT and TCSR both have the same write address. Therefore, satisfy the relative condition
shown in figure 12.4 to writeto TCNT or TCSR. The transfer instruction writes the lower byte
datato TCNT or TCSR according to the satisfied condition.

To write to RSTCSR, execute aword transfer instruction for address H'FFBE. A byte transfer
instruction cannot perform writing to RSTCSR.

The method of writing 0 to the WOVF bit differs from that of writing to the RSTE bit. To write 0
to the WOVF bit, satisfy the lower condition shown in figure 12.4.

If satisfied, the transfer instruction clears the WOVF bit to 0, but has no effect on the RSTE bit.
To write to the RSTE bit, satisfy the above condition shown in figure 12.4. If satisfied, the transfer
instruction writes the value in hit 6 of the lower byte into the RSTE bit, but has no effect on the
WOVF hit.

TCNT write or
Writing to RSTE bit in RSTCSR

Address: H'FFBC (TCNT) 15 8 7 0
H'FFBE (RSTCSR) | H'5A [ wiite data
TCSR write
Address: HFFBC (TCSR) 1= 8 1 0
ress: ( ) | H'A5 Write data
Writing O to WOVF bit in RSTCSR
Address: HFFBE (RSTCSR) 1= 8 1 0
ress: ( ) HAS [ H00 |

Figure12.4 Writingto TCNT, TCSR, and RSTCSR
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Reading TCNT, TCSR, and RSTCSR

These registers are read in the same way as other registers. The read addresses are H'FFBC for
TCSR, H'FFBD for TCNT, and H'FFBF for RSTCSR.

12.6.2 Contention between Timer Counter (TCNT) Writeand Increment

If atimer counter clock pulse is generated during the next cycle after the T2 state of a TCNT write
cycle, the write takes priority and the timer counter is not incremented. Figure 12.5 shows this
operation.

TCNT write cycle

T1 To | Next cycle |

Address X X
Internal write signal | |
TCNT input clock | |

TCNT N X M
.l

Counter write data

Figure12.5 Contention between TCNT Write and Increment

12.6.3 Changing Value of CKS2 to CK SO

If bits CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) before
changing the value of bits CKS2 to CKS0.
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12.6.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, while the WDT is operating, errors
could occur in the incrementation. Software must stop the watchdog timer (by clearing the TME
bit to 0) before switching the mode.

12.6.,5 Internal Reset in Watchdog Timer Mode

ThisLSl isnot reset internally if TCNT overflows while the RSTE bit is cleared to 0 during
watchdog timer mode operation, but TCNT and TCSR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to while the WDTOVF signal islow. Also note that
aread of the WOVF flag is not recognized during this period. To clear the WOVF flag, therefore,
read TCSR after the WDTOVF signal goes high, then write O to the WOVF flag.

12.6.6  System Reset by WDTOVF Signal

If the WDTOVF output signal isinput to the RES pin, the chip will not be initialized correctly.
Make sure that the WDTOVF signal is not input logically to the RES pin.

To reset the entire system by means of the WDTOVF signal, use the circuit shown in figure 12.6.

This LSI

Reset input g RES

Reset signal to entire system 4—0@;C WDTOVE

Figure12.6 Circuit for System Reset by WDTOVF Signal (Example)
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Section 13  Serial Communication Interface (SCI, IrDA)

This LSl has three independent serial communication interface (SCI) channels. The SCI can
handle both asynchronous and clocked synchronous serial communication. Serial data
communication can be carried out with standard asynchronous communication chips such asa
Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication
Interface Adapter (ACIA). A function isalso provided for serial communication between
processors (multiprocessor communication function) in asynchronous mode. The SCI also
supports an I1C card (Smart Card) interface conforming to | SO/IEC 7816-3 (Identification Card) as
an asynchronous serial communication interface extension function. One of the three SCI channels
(SCI_0) can generate an IrDA communication waveform conforming to IrDA specification
version 1.0.

Figure 13.1 shows a block diagram of the SCI.

13.1 Features

e Choice of asynchronous or clocked synchronous serial communication mode
* Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously. Double-buffering is used in both the transmitter and the receiver,
enabling continuous transmission and continuous reception of serial data.

*  On-chip baud rate generator allows any bit rate to be selected

External clock can be selected as atransfer clock source (except for in Smart Card interface
mode).

e Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
e Four interrupt sources

Four interrupt sources — transmit-end, transmit-data-empty, receive-data-full, and receive
error — that can issue requests. The transmit-data-empty interrupt and receive data full
interrupts can activate the data transfer controller (DTC).

¢ Module stop mode can be set

Asynchronous mode

« Datalength: 7 or 8 bits
e Stop bit length: 1 or 2 bits
¢ Parity: Even, odd, or none
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» Receive error detection: Parity, overrun, and framing errors

» Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error

» Averagetransfer rate generator (only for SCI_2)
115.152 or 460.606 kbps at 10.667 MHz operation
115.196, 460.784 or 720 kbps at 16 MHz operation
720 kbps at 32 MHz operation

Clocked Synchronous mode

» Datalength: 8 bits
* Receive error detection: Overrun errors detected

Smart Card Interface

e Automatic transmission of error signal (parity error) in receive mode
» Error signal detection and automatic data retransmission in transmit mode
« Direct convention and inverse convention both supported
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(]
Q
< Internal
= n
Q
Module data bus € O data bus
| J
o
[ ror | | TR | SCMR BRR —
T SSR
! U i SCR ¢
Baud rate
RxD _'l | RSR | | | TSR SR generator ¥4
SEMR .« (/16
Transmission/ I
0 reception control
x|
Parity generation Clock
Parity check Average transfer
External clock rate generator
SCK (SCl_2)
TEI 10.667 MHz operation
I + 115.152 kbps
. RXI * 460.606 kbps
Legend: ‘ . . ERI 16 MHz operation
RSR:  Receive shift register » 115.196 kbps
RDR: Receive data register * 460.784 kbps
TSR:  Transmit shift register » 720 kbps
TDR: Transmit data register 32 MHz operation
SMR:  Serial mode register » 720 kbps
SCR:  Serial control register

SSR:  Serial status register

SCMR: Smart card mode register

BRR: Bitrate register

SEMR: Serial extension mode register (only in SCI_2)

Figure 13.1 Block Diagram of SCI
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13.2  Input/Output Pins
Table 13.1 shows the pin configuration of the serial communication interface.

Table13.1 Pin Configuration

Channel Pin Name* 110 Function
0 SCKO I/O Channel 0 clock input/output
RxDO0/IrRxD Input Channel 0 receive data input (normal/IrDA)
TxDO/IrTxD Output Channel 0 transmit data output (normal/lrDA)
1 SCK1 1/0 Channel 1 clock input/output
RxD1 Input Channel 1 receive data input
TxD1 Output Channel 1 transmit data output
2 SCK2 1/0 Channel 2 clock input/output
RxD2 Input Channel 2 receive data input
TxD2 Output Channel 2 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.
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13.3 Register Descriptions

The SCI has the following registers. The serial mode register (SMR), seria status register (SSR),
and serial control register (SCR) are described separately for normal serial communication
interface mode and Smart Card interface mode because their bit functions partialy differ.

Receive shift register 0 (RSR_0)
Transmit shift register_0 (TSR _0)
Receive dataregister 0 (RDR_0)
Transmit dataregister_0 (TDR_0)
Serial mode register 0 (SMR_0)

Serial control register 0 (SCR_0)
Serial statusregister 0 (SSR_0)

Smart card mode register 0 (SCMR_0)
Bit rate register 0 (BRR_0)

[rDA control register 0 (IrCR_0)
Receive shift register 1 (RSR_1)
Transmit shift register_1 (TSR_1)
Receive dataregister 1 (RDR_1)
Transmit dataregister_1 (TDR_1)
Serial moderegister 1 (SMR_1)

Seria control register_1 (SCR_1)
Serial statusregister 1 (SSR_1)

Smart card mode register_1 (SCMR_1)
Bit rate register_1 (BRR_1)

Receive shift register_2 (RSR_2)
Transmit shift register 2 (TSR _2)
Receive dataregister_2 (RDR_2)
Transmit dataregister 2 (TDR_2)
Serial moderegister_2 (SMR_2)

Serial control register 2 (SCR_2)
Serial statusregister 2 (SSR_2)

Smart card mode register 2 (SCMR_2)
Bit rate register_2 (BRR_2)

Serial extension mode register (SEMR)
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13.3.1 Receive Shift Register (RSR)

RSR is a shift register used to receive serial datathat isinput to the RxD pin and convert it into
parallel data. When one byte of data has been received, it istransferred to RDR automatically.
RSR cannot be directly accessed by the CPU.

13.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores receive data. When the SCI has received one byte of serial
data, it transfers the received serial datafrom RSR to RDR whereit is stored. After this, RSRis
receive-enabled. Since RSR and RDR function as a double buffer in this way, enables continuous
receive operations to be performed. After confirming that the RDRF bit in SSRis set to 1, read
RDR for only once. RDR cannot be written to by the CPU.

13.3.3  Transmit Data Register (TDR)

TDR isan 8-bit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enable continuous serial transmission. If the next transmit data has
already been written to TDR during seria transmission, the SCI transfers the written datato TSR
to continue transmission. Although TDR can be read or written to by the CPU at all times, to
achieve reliable serial transmission, write transmit data to TDR for only once after confirming that
the TDRE bit in SSRisset to 1.

13.3.4  Transmit Shift Register (TSR)

TSR isashift register that transmits serial data. To perform serial datatransmission, the SCI first
transfers transmit data from TDR to TSR, then sends the data to the TxD pin starting. TSR cannot
be directly accessed by the CPU.

13.35 Serial Mode Register (SMR)

SMR isused to set the SCI's serial transfer format and select the on-chip baud rate generator clock
source.

Some bit functions of SMR differ in normal serial communication interface mode and Smart Card
interface mode.
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Normal Serial Communication Interface Mode (When SMIF in SCMR Is0)

Bit Bit Name Initial Value R/W Description
7 C/A 0 R/W Communication Mode
0: Asynchronous mode

1: Clocked synchronous mode

6 CHR 0 R/W Character Length (enabled only in asynchronous
mode)

0: Selects 8 bits as the data length.

1: Selects 7 bits as the data length. LSB-first is
fixed and the MSB (bit 7) of TDR is not
transmitted in transmission.

In clocked synchronous mode, a fixed data length
of 8 bits is used.

5 PE 0 R/W Parity Enable (enabled only in asynchronous
mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity
bit is checked in reception. For a multiprocessor
format, parity bit addition and checking are not
performed regardless of the PE bit setting.

4 O/E 0 R/W Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

3 STOP 0 R/W Stop Bit Length (enabled only in asynchronous
mode)

Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop hits

In reception, only the first stop bit is checked
regardless of the STOP bit setting. If the second
stop bhitis 0, it is treated as the start bit of the next
transmit character.
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Bit Bit Name Initial Value R/W Description

2 MP 0 R/W Multiprocessor Mode (enabled only in
asynchronous mode)
When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit
and O/E bit settings are invalid in multiprocessor
mode.

1 CKS1 0 R/W Clock Select 1 and 0O:

0 CKSO0 0 R/W These bits select the clock source for the on-chip

baud rate generator.
00: gclock (n=0)
01: @¢/4 clock (n = 1)
10: @16 clock (n = 2)
11: @/64 clock (n = 3)

For the relation between the bit rate register
setting and the baud rate, see section 13.3.9, Bit
Rate Register (BRR). n is the decimal display of
the value of n in BRR (see section 13.3.9, Bit Rate
Register (BRR)).
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Smart Card Interface Mode (When SMIF in SCMR Is 1)

Bit

Bit Name

Initial Value

R/W

Description

GM

0

R/W

GSM Mode

When this bit is set to 1, the SCI operates in GSM
mode. In GSM mode, the timing of the TEND
setting is advanced by 11.0 etu (Elementary Time
Unit: the time for transfer of one bit), and clock
output control mode addition is performed. For
details, refer to section 13.7.8, Clock Output
Control.

BLK

R/W

When this bit is set to 1, the SCI operates in block
transfer mode. For details on block transfer mode,
refer to section 13.7.3, Block Transfer Mode.

PE

R/W

Parity Enable (enabled only in asynchronous
mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity
bit is checked in reception. In Smart Card
interface mode, this bit must be set to 1.

O/E

R/W

Parity Mode (enabled only when the PE bit is 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

For details on setting this bit in Smart Card
interface mode, refer to section 13.7.2, Data
Format (Except for Block Transfer Mode).

BCP1
BCPO

R/W
R/W

Basic Clock Pulse 1 and 0

These bits select the number of basic clock
periods in a 1-bit transfer interval on the Smart
Card interface.

00: 32 clock (S =32)
01: 64 clock (S = 64)
10: 372 clock (S = 372)
11: 256 clock (S = 256)

For details, refer to section 13.7.4, Receive Data
Sampling Timing and Reception Margin. S stands
for the value of S in BRR (see section 13.3.9, Bit
Rate Register (BRR)).
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Bit Bit Name Initial Value R/W Description
1 CKS1 0 R/W Clock Select 1 and 0:
0 CKSO 0 R/W These bits select the clock source for the on-chip

baud rate generator.
00: gclock (n =0)
01: @4 clock (n = 1)
10: @/16 clock (n = 2)
11: @64 clock (n = 3)

For the relation between the bit rate register
setting and the baud rate, see section 13.3.9, Bit
Rate Register (BRR). n is the decimal display of
the value of n in BRR (see section 13.3.9, Bit Rate
Register (BRR)).

13.36  Serial Control Register (SCR)

SCR performs enabling or disabling of SCI transfer operations and interrupt requests, and
selection of the transfer/receive clock source. For details on interrupt requests, refer to section
13.9, Interrupts Sources. Some bit functions of SCR differ in normal serial communication

interface mode and Smart Card interface mode.

Normal Serial Communication Interface Mode (When SMIF in SCMR Is0)

Bit Bit Name Initial Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, TXI interrupt request is
enabled.
6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXI| and ERI interrupt
requests are enabled.
5 TE 0 R/W Transmit Enable
When this bit s set to 1, transmission is enabled.
4 RE 0 R/W Receive Enable:

When this bit is set to 1, reception is enabled.
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Bit Bit Name Initial Value R/W

Description

3 MPIE 0 R/W

Multiprocessor Interrupt Enable (enabled only
when the MP bit in SMR is 1 in asynchronous
mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of
the RDRF, FER, and ORER status flags in SSR is
prohibited. On receiving data in which the
multiprocessor bit is 1, this bit is automatically
cleared and normal reception is resumed. For
details, refer to section 13.5, Multiprocessor
Communication Function.

2 TEIE 0 R/W

Transmit End Interrupt Enable

When this bit is set to 1, TEI interrupt request is
enabled.

1 CKE1l 0 R/W
0 CKEO 0 R/W

Clock Enable 1 and 0
Selects the clock source and SCK pin function.
Asynchronous mode

00: On-chip baud rate generator

SCK pin functions as 1/O port

01: On-chip baud rate generator

(Outputs a clock of the same frequency as the bit
rate from the SCK pin.)

1X: External clock

(Inputs a clock with a frequency 16 times the bit
rate from the SCK pin.)

Clocked synchronous mode

0X: Internal clock (SCK pin functions as clock
output)

1X: External clock (SCK pin functions as clock
input)

Note: X: Don't care
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Smart Card Interface Mode (When SMIF in SCMR Is 1)

Bit Bit Name Initial Value R/W Description

7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, TXI interrupt request is
enabled.

6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXI and ERI interrupt
requests are enabled.

5 TE 0 R/W Transmit Enable
When this bit is set to 1, transmission is enabled.

4 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled.

3 MPIE 0 R/W Multiprocessor Interrupt Enable (enabled only
when the MP bit in SMR is 1 in asynchronous
mode)

Write 0 to this bit in Smart Card interface mode.

2 TEIE 0 R/W Transmit End Interrupt Enable
Write 0 to this bit in Smart Card interface mode.

CKE1l R/W Clock Enable 1 and O
0 CKEO Enables or disables clock output from the SCK

pin. The clock output can be dynamically switched
in GSM mode. For details, refer to section 13.7.8,
Clock Output Control.

When the GM bit in SMR is 0:

00: Output disabled (SCK pin can be used as an
I/O port pin)

01: Clock output

1X: Reserved

When the GM bitin SMR is 1:
00: Output fixed low

01: Clock output

10: Output fixed high

11: Clock output

Note: X: Don'’t care
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13.3.7

Serial Status Register (SSR)

SSRisaregister containing status flags of the SCI and multiprocessor bits for transfer. 1 cannot
be written to flags TDRE, RDRF, ORER, PER, and FER; they can only be cleared. Some bit
functions of SSR differ in normal serial communication interface mode and Smart Card interface

mode.

Normal Serial Communication Interface Mode (When SMIF in SCMR Is0)

Bit

Bit Name

Initial Value

R/W

Description

7

TDRE

1

RI(W)*

Transmit Data Register Empty

Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCR is 0

e When data is transferred from TDR to TSR

[Clearing conditions]

*  When 0 is written to TDRE after reading TDRE
=1

* When the DTC is activated by a TXI interrupt
request and transfers data to TDR

6

RDRF

0

RI(W)*

Receive Data Register Full

Indicates that the received data is stored in RDR.

[Setting condition]

*  When serial reception ends normally and
receive data is transferred from RSR to RDR

[Clearing conditions]

*  When 0 is written to RDRF after reading
RDRF =1

* When the DTC is activated by an RXI interrupt
and transferred data from RDR

The RDREF flag is not affected and retains their
previous values when the RE bit in SCR is cleared
to 0.
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Bit Bit Name Initial Value R/W

Description

5 ORER 0 RI(W)*

Overrun Error

[Setting condition]

* When the next serial reception is completed
while RDRF =1

[Clearing condition]

* When 0 is written to ORER after reading
ORER =1

4 FER 0 RI(W)*

Framing Error

[Setting condition]

* When the stop bit is 0
[Clearing condition]

* When 0 is written to FER after reading FER =
1

In 2-stop-bit mode, only the first stop bit is
checked.

3 PER 0 RI(W)*

Parity Error

[Setting condition]

* When a parity error is detected during
reception

[Clearing condition]

*  When 0 is written to PER after reading PER =
1

2 TEND 1 R

Transmit End

[Setting conditions]

e  When the TE bitin SCRis 0

* When TDRE =1 at transmission of the last bit
of a 1-byte serial transmit character

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE
=1

* When the DTC is activated by a TXI interrupt
and writes data to TDR
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Bit Bit Name Initial Value R/W Description
1 MPB 0 R Multiprocessor Bit

MPB stores the multiprocessor bit in the receive
data. When the RE bit in SCR is cleared to 0 its
previous state is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT sets the multiprocessor bit to be added to
the transmit data.

Note: * Only O can be written, to clear the flag.

Smart Card Interface Mode (When SMIF in SCMR Is1)

Bit Bit Name Initial Value R/W Description
7 TDRE 1 R/(W)*  Transmit Data Register Empty
Indicates whether TDR contains transmit data.

[Setting conditions]

e When the TE bitin SCR is 0

e When data is transferred from TDR to TSR

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE
=1

 When the DTC is activated by a TXI interrupt
request and transfers data to TDR

6 RDRF 0 R/I(W)*  Receive Data Register Full
Indicates that the received data is stored in RDR.

[Setting condition]

* When serial reception ends normally and
receive data is transferred from RSR to RDR

[Clearing conditions]

* When 0 is written to RDRF after reading
RDRF =1

* When the DTC is activated by an RXI interrupt
and transferred data from RDR

The RDREF flag is not affected and retains their
previous values when the RE bit in SCR is cleared
to 0.
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Bit Bit Name Initial Value R/W

Description

5 ORER 0 RI(W)*

Overrun Error
[Setting condition]

* When the next serial reception is completed
while RDRF =1

[Clearing condition]

* When 0 is written to ORER after reading
ORER =1

4 ERS 0 R/(W)*

Error Signal Status

[Setting condition]

* When the low level of the error signal is
sampled

[Clearing conditions]

¢ When 0 is written to ERS after reading ERS =
1

3 PER 0 R/(W)*

Parity Error

[Setting condition]

* When a parity error is detected during
reception

[Clearing condition]

* When 0 is written to PER after reading PER =
1
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Bit

Bit Name

Initial Value

R/W

Description

2

TEND

1

R

Transmit End

This bit is set to 1 when no error signal has been
sent back from the receiving end and the next
transmit data is ready to be transferred to TDR.

[Setting conditions]

*  When the TE bit in SCR is 0 and the ERS bit
isalso 0

» Ifthe ERS bit is 0 and the TDRE bit is 1 after
the specified interval after transmission of 1-
byte data

Timing to set this bit differs according to the
register settings.

GM =0, BLK = 0: 2.5 etu after transmission

GM =0, BLK = 1: 1.5 etu after transmission

GM =1, BLK = 0: 1.0 etu after transmission

GM =1, BLK = 1: 1.0 etu after transmission

[Clearing conditions]

* When 0 is written to TEND after reading TEND
=1

*  When the DTC is activated by a TXI interrupt
and writes data to TDR

MPB

Multiprocessor Bit
This bit is not used in Smart Card interface mode.

0

MPBT

R/W

Multiprocessor Bit Transfer
Write 0 to this bit in Smart Card interface mode.

Note:

*  Only 0 can be written, to clear the flag.
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13.3.8 Smart Card Mode Register (SCMR)

SCMR selects Smart Card interface mode and its format.

Bit Bit Name

Initial Value

R/W

Description

7 —
to

All'l

Reserved

These bits are always read as 1.

SDIR

R/W

Smart Card Data Transfer Direction

Selects the serial/parallel conversion format.
0: LSB-first in transfer

1: MSB-first in transfer

The bit setting is valid only when the transfer data
format is 8 bits. For 7-bit data, LSB-first is fixed.

2 SINV

R/W

Smart Card Data Invert

Specifies inversion of the data logic level. The
SINV bit does not affect the logic level of the
parity bit. To invert the parity bit, invert the O/E bit
in SMR.

0: TDR contents are transmitted as they are.
Receive data is stored as it is in RDR.

1: TDR contents are inverted before being
transmitted. Receive data is stored in inverted
form in RDR.

Reserved
This bit is always read as 1.

0 SMIF

R/W

Smart Card Interface Mode Select

This bit is set to 1 to make the SCI operate in
Smart Card interface mode.

0: Normal asynchronous mode or clocked
synchronous mode

1: Smart card interface mode
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13.3.9 Bit RateRegister (BRR)

BRR is an 8-hit register that adjusts the bit rate. Asthe SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 13.2 shows
the relationships between the N setting in BRR and bit rate B for normal asynchronous mode,
clocked synchronous mode, and Smart Card interface mode. Theinitial value of BRR is H'FF, and

it can be read or written to by the CPU at all times.

Table13.2 Relationshipsbetween N Setting in BRR and Bit Rate B

Mode Bit Rate Error
Asy:jnchronous 5 @ x108 Error (%) { @ x108 1} 100
M = 0) = — X
ode 64 x 2201 x (N + 1) B x 64 x 2201 x (N + 1)
(Stlockhed . @ x108
ynchronous = ol
Mode 8 x2 x (N + 1)
Smart Card 6 6
¢ x10 ¢ x10
B= Error (%) = -

Interface Mode Sx 22" x(N+ 1) (%) { BxSx 22" x (N+ 1) 1} x 100
Note: B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

@. Operating frequency (MHz)

n and S: Determined by the SMR settings shown in the following tables.

SMR Setting SMR Setting

CKs1 CKSO0 n BCP1 BCPO S
0 0 0 0 0 32
0 1 1 0 1 64
1 0 2 1 0 372
1 1 3 1 1 256
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Table 13.3 shows sample N settingsin BRR in normal asynchronous mode. Table 13.4 shows the
maximum bit rate for each frequency in normal asynchronous mode. Table 13.6 shows sample N
settingsin BRR in clocked synchronous mode. Table 13.8 shows sample N settingsin BRR in
Smart Card interface mode. In Smart Card interface mode, S (the number of basic clock periodsin
a1-bit transfer interval) can be selected. For details, refer to section 13.7.4, Receive Data
Sampling Timing and Reception Margin. Tables 13.5 and 13.7 show the maximum bit rates with
external clock input.

Table13.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (1)

Operating Frequency @ (MHz)

2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54  -0.70 0 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -2.48 0 15 0.00 0 19 -234
9600 —_ — — 0 6 —2.48 0 0.00 0 —-2.34
19200 — — — — — — 0 3 0.00 0 -2.34
31250 0 1 0.00 — — — — — — 0 0.00
38400 — — — — — — 0 1 0.00 - — —
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Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (2)

Operating Frequency @ (MHz)

3.6864 4 49152 5
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64  0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64  0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64  0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 — — — 0 0.00 0 1.73
31250 — — — 0o 3 0.00 0 -1.70 0 0.00
38400 0 2 0.00 — — — 0 0.00 0 1.73
Operating Frequency @ (MHz)
6 6.144 7.3728 8
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 -2.34 0 0.00 0 11 0.00 0 12 0.16
31250 0 0.00 0 2.40 — — — 0 7 0.00
38400 0o 4 -2.34 0o 4 0.00 0 5 0.00 —_ — —
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Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (3)

Operating Frequency @ (MHz)

9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79  0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79  0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79  0.00
9600 0 31 0.00 0 32 -1.36 0 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19 0.00
31250 0 -1.70 0 0.00 0 11 0.00 0 11 2.40
38400 0 7 0.00 0 7 1.73 0 9 -2.34 0 9 0.00
Operating Frequency @ (MHz)
14 14.7456 16 17.2032

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 0.16 1 191 0.00 1 207 0.16 1 223 0.00
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 111  0.00
2400 0 181 0.16 0 191 0.00 0 207 0.16 0 223 0.00
4800 0 90 0.16 0 95 0.00 0 103 0.16 0 111  0.00
9600 0 45 -0.93 0 47 0.00 0 51 0.16 0 55  0.00
19200 0 22 -0.93 0 23 0.00 0 25 0.16 0 27 0.00
31250 0 13 0.00 0 14  -1.70 0 15 0.00 0 16 1.20
38400 — — — 0 11 0.00 0 12 0.16 0 13 0.00
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Table 13.3 BRR Settingsfor Various Bit Rates (Asynchronous Mode) (4)

Operating Frequency @ (MHz)

18 19.6608 20 25
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 0.31 3 88 -0.25 3 110 -0.02
150 2 233 0.16 2 255 0.00 3 64 0.16 3 80 047
300 2 116 0.16 2 127 0.00 2 129 0.16 2 162 0.15
600 1 233 0.16 1 255 0.00 2 64 0.16 2 80 047
1200 1 116 0.16 1 127 0.00 1 129 0.16 1 162 0.15
2400 0 233 0.16 0 255 0.00 1 64 0.16 1 80 047
4800 0 116 0.16 0 127 0.00 0 129 0.16 0 162 0.15
9600 0 58 -0.69 0 63 0.00 0 64 0.16 0 80 047
19200 0 28 1.02 0 31 0.00 0 32 -1.36 0 40 -0.76
31250 0 17 0.00 0 19 -1.70 0 19 0.00 0 24 0.00
38400 0 14 -2.34 0 15 0.00 0 15 1.73 0 19 1.73
Operating Frequency ¢ (MHz)
30 33

Bit Rate Error Error

(bit/s) n N (%) n N (%)

110 3 132 0.13 3 145 0.33

150 3 97 -0.35 3 106 0.39

300 2 194 0.16 2 214 -0.07

600 2 97 -0.35 2 106 0.39

1200 1 194 0.16 1 214 -0.07

2400 1 97 -0.35 1 106 0.39

4800 0 194 0.16 0 214 -0.07

9600 0 97 -0.35 0 106 0.39

19200 0 48 -0.35 0 53 -0.54

31250 0 29 0 0 32 0

38400 0 23 1.73 0 26 -0.54
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Table13.4 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Maximum Bit
¢®(MHz)  Rate (bit/s) n N ¢(MHz)  Rate (bit/s) n N
2 62500 0 0 10 312500 0 0
2.097152 65536 0 0 12 375000 0 0
2.4576 76800 0 0 12.288 384000 0 0
3 93750 0 0 14 437500 0 0
3.6864 115200 0 0 14.7456 460800 0 0
4 125000 0 0 16 500000 0 0
4.9152 153600 0 0 17.2032 537600 0 0
5 156250 0 0 18 562500 0 0
6 187500 0 0 19.6608 614400 0 0
6.144 192000 0 0 20 625000 0 0
7.3728 230400 0 0 25 781250 0 0
8 250000 0 0 30 937500 0 0
9.8304 307200 0 0 33 1031250 0 0
Table 13.5 Maximum Bit Rate with External Clock Input (Asynchronous Mode)
External Input  Maximum Bit External Input  Maximum Bit
¢®(MHz)  Clock (MHz) Rate (bit/s) ¢®(MHz)  Clock (MHz) Rate (bit/s)
2 0.5000 31250 10 2.5000 156250
2.097152 0.5243 32768 12 3.0000 187500
2.4576 0.6144 38400 12.288 3.0720 192000
3 0.7500 46875 14 3.5000 218750
3.6864 0.9216 57600 14.7456  3.6864 230400
4 1.0000 62500 16 4.0000 250000
4.9152 1.2288 76800 17.2032  4.3008 268800
5 1.2500 78125 18 4.5000 281250
6 1.5000 93750 19.6608  4.9152 307200
6.144 1.5360 96000 20 5.0000 312500
7.3728 1.8432 115200 25 6.2500 390625
8 2.0000 125000 30 7.5000 468750
9.8304 2.4576 153600 33 8.2500 515625
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Table13.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

Operating Frequency @ (MHz)

Bit Rate 2 4 8 10 16 20 25
(bit/s) n N n N n N n N n N n N n N
110 3 707 - —

250 2 124 2 249 3 24 — — 3 249

500 1 249 2 124 2 249 — 3 124 — —

1k 1 124 1 249 2 24 — — 2 249 — — 3 97
25k 0 199 1 99 1 199 1 249 2 99 2 124 2 155
5k 0 99 0 199 1 99 1 124 1 199 1 249 2 77
10k O 49 0 99 0 199 0 249 1 99 1 124 1 155
25k 0 19 0 39 0 79 0 99 0 159 0 199 0 249
50k 0 9 0 19 0 39 0 49 0 79 0 99 0 124
100k O 4 0 9 0 19 0 24 0 39 0 49 0 62
250k 0 1 0 3 0 7 0 9 0 15 0 19 0 24
500k 0 0" 0 1 0 3 0 4 0 7 0 9 — —
1M 0 0" 0 1 0 3 0 4 — —
25M 0 0" 0 1 — —
5M 0 [ — —
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Operating Frequency ¢

(MHz)
Bit Rate 30 33
(bit/s) n N n N
110
250
500 3 233
1k 3 116 3 128
25k 2 187 2 205
5k 2 93 2 102
10 k 1 187 1 205
25k 1 74 1 82
50 k 0 149 0 164
100k O 74 0 82
250k O 29 0 32
500k O 14 —_ -
1M — — - -
25M O 2 —_ -
5M S — S —
Legend:

Blank: Cannot be set.
— Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.

Table 13.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

External Input

Maximum Bit

External Input

Maximum Bit

@®(MHz)  Clock (MHz) Rate (bit/s) @(MHz)  Clock (MHz) Rate (bit/s)
2 0.3333 333333.3 16 2.6667 2666666.7
4 0.6667 666666.7 18 3.0000 3000000.0
6 1.0000 1000000.0 20 3.3333 3333333.3
8 1.3333 1333333.3 25 4.1667 4166666.7
10 1.6667 1666666.7 30 5.0000 5000000.0
12 2.0000 2000000.0 33 5.5000 5500000.0
14 2.3333 2333333.3
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Table 13.8 Examplesof Bit Ratefor Various BRR Settings (Smart Card Interface Mode)
(whenn=0and S=372)

Operating Frequency @ (MHz)

7.1424 10.00 10.7136 13.00
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
9600 1 1 0.00 0 1 30 0 1 25 0 1 8.99

Operating Frequency @ (MHz)

14.2848 16.00 18.00 20.00
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
9600 0 1 0.00 0 1 12.01 0 2 15.99 0 2 6.60

Operating Frequency @ (MHz)

25.00 30.00 33.00
Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)
9600 0 3 12.49 0 3 5.01 0 4 7.59

Table13.9 Maximum Bit Rate at Various Frequencies (Smart Card I nterface M ode)
(when S=372)

Maximum Bit

Maximum Bit

¢®(MHz)  Rate (bit/s) n N @(MHz)  Rate (bit/s) n N
7.1424 9600 0 0 18.00 24194 0 0
10.00 13441 0 0 20.00 26882 0 0
10.7136 14400 0 0 25.00 33602 0 0
13.00 17473 0 0 30.00 40323 0 0
14.2848 19200 0 0 33.00 44355 0 0
16.00 21505 0 0
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13.3.10 IrDA Control Register (IrCR)

IrCR selectsthe function of SCI_0.

Bit Bit Name

Initial Value

R/W

Description

7 IrE

0

R/W

IrDA Enable

Specifies normal SCI mode or IrDA mode for
SCI_0 input/output.

0: Pins TxDO/IrTxD and RxDO0/IrRxD function as
TxDO0 and RxDO

1: Pins TxDO/IrTxD and RxDO0/IrRxD function as
IrTxD and IrRxD

IrCKS2
IrCKS1
IrCKSO0

R/W
R/W
R/W

IrDA Clock Select 2to 0

Specifies the high pulse width in IrTxD output
pulse encoding when the IrDA function is enabled.

000: Pulse width = B x 3/16 (3/16 of bit rate)
001: Pulse width = @2

010: Pulse width = @4

011: Pulse width = @8

100: Pulse width = @/16

101: Pulse width = @/32

110: Pulse width = @64

111: Pulse width = @/128

to

All O

Reserved

These bits are always read as 0 and cannot be
modified.
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13.3.11 Serial Extension Mode Register (SEMR)

SEMR selects the clock source in asynchronous mode. The basic clock can be automatically set by
selecting the average transfer rate. SEMR is supported only in SCI_2.

Bit Bit Name Initial Value R/W Description
7 — Undefined — Reserved
210 If these bits are read, an undefined value will be

returned and cannot be modified.

3 ABCS 0 R/W Asynchronous basic clock selection (valid only in
asynchronous mode)

Selects the basic clock for 1-bit period in
asynchronous mode.

0: Operates on a basic clock with a frequency of
16 times the transfer rate.

1. Operates on a basic clock with a frequency of
8 times the transfer rate.
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Bit Bit Name Initial Value R/W Description

2 ACS2 0 R/W Asynchronous clock source selection (valid when
ACS1 0 RIW CKS1 =1 in asynchronous mode)

0 ACSO 0 RIW Selects the clock source for the average transfer

rate.
The basic clock can be automatically set by

selecting the average transfer rate in spite of the

value of ABCS.
000: External clock input

001: Selects 115.152 kbps which is the average
transfer rate dedicated for ¢= 10.667 MHz.
(Operates on a basic clock with a frequency

of 16 times the transfer rate.)

010: Selects 460.606 kbps which is the average
transfer rate dedicated for ¢= 10.667 MHz.
(Operates on a basic clock with a frequency

of 8 times the transfer rate.)

011: Selects 720 kbps which is the average
transfer rate dedicated for ¢ = 32 MHz.

(Operates on a basic clock with a frequency

of 16 times the transfer rate.)
100: Reserved

101: Selects 115.196 kbps which is the average

transfer rate dedicated for ¢ =16 MHz

(Operates on a basic clock with a frequency

of 16 times the transfer rate.)

110: Selects 460.784 kbps which is the average

transfer rate dedicated for ¢ =16 MHz

(Operates on a basic clock with a frequency

of 16 times the transfer rate.)

111: Selects 720 kbps which is the average
transfer rate dedicated for ¢ = 16 MHz

(Operates on a basic clock with a frequency

of 8 times the transfer rate.)
Note that the average transfer rate does not

correspond to the frequency other than 10.667,

16, or 32 MHz.
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13.4  Operation in Asynchronous Mode

Figure 13.2 shows the general format for asynchronous serial communication. One frame consists
of astart bit (low level), followed by transfer data, a parity bit, and finally stop bits (high level). In
asynchronous serial communication, the transmission lineis usualy held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication. In asynchronous serial communication, the
communication lineis usually held in the mark state (high level). The SCI monitors the
communication line, and when it goes to the space state (low level), recognizes a start bit and
starts serial communication. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex communication. Both the transmitter and the receiver also have a double-
buffered structure, so that data can be read or written during transmission or reception, enabling
continuous data transfer.

Idle state
(mark state)
1 LSB MSB 1
Seriall o | po | p1 | D2 | D3| D4 | D5 | D6 | D7 |01 | 1 1
data
Start Parity| Stop bit(s)
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, lor

ornone 2 bits

One unit of transfer data (character or frame)

Figure 13.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)

13.4.1 DataTransfer Format

Table 13.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor
bit, refer to section 13.5, Multiprocessor Communication Function.
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Table 13.10 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE | MP | STOP 2 3 4 5 6 7 8 9 10 11 12
0 0 0 0 | 8-bit data [stop
0 0 0 1 | 8-bit data |STOP| STOP
0 1 0 0 | 8-bit data | P Jstop
0 1 0 1 | 8-bit data I |STOP|STOP
1 0 0 0 | 7-bit data [sTop
1 0 0 1 | 7-bit data |STOP|STOP
1 1 0 0 | 7-bit data | P [stop
1 1 0 1 | 7-bit data I |STOP|STOP
0 — 1 0 | 8-bit data |wpg [ sToP
0 — 1 1 | 8-bit data |wpe |STOP|STOP
1 — 1 0 | 7-bit data | wpB sTOP
1 — 1 1 | 7-bit data | MPB|STOP|STOP
Legend:
S : Start bit
STOP : Stop bit
P : Parity bit

MPB : Multiprocessor bit
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13.42 Receive Data Sampling Timing and Reception Margin in Asynchronous Mode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 timesthe bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive dataislatched at the middle of each bit by sampling the data at
the rising edge of the 8th pulse of the basic clock as shown in figure 13.3. Thus the reception
margin in asynchronous mode is given by formula (1) below.

|D-05]
N

M:{(O.S—%)—(L—O.S)F— (1+|:)} « 100 [%]

... Formula (1)
Where M: Reception Margin

N: Ratio of bit rate to clock (N = 16)

D: Clock duty cycle (D =0.5t0 1.0)

L: Framelength (L = 9to 12)

F: Absolute value of clock rate deviation

Assuming valuesof F=0and D = 0.5 in formula (1), areception margin is given by formula
below.

M ={0.5— 1/(2 x 16)} x 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowed in
system design.

*
8 clocks

s 3 iy 7 .
remaleace | [1[[[[UUUUUUUUUUUTUUUUUUUUUHUU LT UUU UL
clock || L I
Receive data _]‘ " Startbit i | — |Dl
(RxD) = i i
Synchronization | o ¥
sampling timing | o i
Data sampling L |
timing H H

Figure 13.3 Receive Data Sampling Timing in Asynchronous Mode
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13.4.3 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK pin can be selected as the SCI's serial clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEO bitsin SCR. When an external clock isinput at the SCK pin, the
clock frequency should be 16 times the bit rate used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock isin the middle of the transmit data, as shown in figure 13.4.

SCK

TxD 0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | O/1 1 1

1 frame
- -

Figure 13.4 Relation between Output Clock and Transfer Data Phase
(Asynchronous Mode)
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13.4.4  SCI Initialization (Asynchronous Mode)

Before transmitting and receiving data, you should first clear the TE and RE hitsin SCR to 0, then
initialize the SCI as shown in figure 13.5. When the operating mode, transfer format, etc., is
changed, the TE and RE bits must be cleared to O before making the change. When the TE bit is
cleared to O, the TDRE flag is set to 1. Note that clearing the RE bit to 0 does not initialize the
contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR. When the external
clock is used in asynchronous mode, the clock must be supplied even during initialization.

C Start of initialization > [1] Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
‘ TEIE, and MPIE, and bits TE and

| Clear TE and RE bits in SCR to 0 | RE, to 0.
‘ When the clock is selected in
Set CKE1 and CKEO bits in SCR L asynchronous mode, it is output
(TE, RE bits 0) (1 immediately after SCR settings are
made.

\
Set data transfer format in
SMR and SCMR 2]

| [3] Write a value corresponding to the
Set value in BRR 3] bit rate to BRR. (Not necessary if
an external clock is used.)

[2] Set the data transfer format in SMR
and SCMR.

Wait

[4] Wait at least one bit interval, then
set the TE bit or RE bitin SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

No

1-bit interval elapsed?

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Set TE and RE bits in
SCRto 1, and set RIE, TIE, TEIE, [4]
and MPIE bits

<Initialization completed>

Figure 13.5 Sample SCI Initialization Flowchart
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13.45 Data Transmission (Asynchronous Mode)

Figure 13.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1

The SCI monitorsthe TDRE flag in SSR, and if is cleared to 0, recognizes that data has been
written to TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit isset to 1 at thistime, atransmit data empty interrupt request
(TXI1) isgenerated. Because the TXI interrupt routine writes the next transmit datato TDR
before transmission of the current transmit data has finished, continuous transmission can be
enabled.

Datais sent from the TxD pinin the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

The SCI checksthe TDRE flag at the timing for sending the stop bit.

If the TDRE flag is O, the datais transferred from TDR to TSR, the stop bit is sent, and then
seria transmission of the next frame is started.

If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “mark
state” isentered in which 1isoutput. If the TEIE bitin SCRisset to 1 at thistime, a TEI
interrupt request is generated.

Figure 13.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 hit % bit bit  bit % bit bit 1
) )
o | Do | D1 o7 (oa| 1 | o | Do | D1 D7 | o1 | 1 ldlestae
(« ( (mark state)
) )
I
)
TDRE (
A A R A
TEND (« («
) ) i
TXI interrupt Data written to TDR and TXI interrupt ]
request generated TDRE flag cleared to 0 in request generated TEl interrupt
TXI interrupt handling routine request generated
1 frame

Figure 13.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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| Initialization | 1] [1] SClinitialization:

I The TxD pin is automatically
designated as the transmit data
output pin.

-~ After the TE bit is set to 1, a frame
| Read TDRE flag in SSR | 2] of 1s is output, and transmission is

enabled.

Start of transmission

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSR to 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR,