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Cautions

Keep safety first in your circuit designs!

1

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

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

Notes regarding these materials

1

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

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

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

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

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

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

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

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

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

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

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

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

1.

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

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

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

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

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.
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General Precautionson the Handling of Products

1. Treatment of NC Pins

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

2. Treatment of Unused Input Pins

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

3. Processing before Initialization

Note:  When power isfirst supplied, the product’s state is undefined. The states of internal
circuits are undefined until full power is supplied throughout the chip and alow level is
input on the reset pin. During the period where the states are undefined, the register
settings and the output state of each pin are also undefined. Design your system so that it
does not malfunction because of processing whileiit isin 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.

Rev. 2.0, 09/02, page iii of xxxviii
RENESAS




Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

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

o 0k~ wbdPE

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
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

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.

11. Index
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Preface

The SH7144 Series single-chip RISC (Reduced Instruction Set Computer) microprocessor
includes a Hitachi-original RISC CPU asits core, and the peripheral functions required to
configure asystem.

Target users. This manual was written for users who will be using this LSl in the design of
application systems. Users of this manual 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 above users.
Refer to the SH-1, SH-2, SH-DSP Programming Manual for a detailed description
of theinstruction set.

Notes on reading this manual:

* Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification On-Chip ROM Classification Product Code
SH7144 (112-pin version) SH7144F Flash memory version HD64F7144
(ROM: 256 kbytes)
SH7144M Mask ROM version HD6437144*
(ROM: 256 kbytes)
SH7145 (144-pin version) SH7145F Flash memory version HD64F7145
(ROM: 256 kbytes)
SH7145M Mask ROM version HD6437145*

(ROM: 256 kbytes)

Note: * Under development

In this manual, the product abbreviations are used to distinguish products. For example, 112-
pin products are collectively referred to as the SH7144, an abbreviation of the basic type's
classification code, while 144-pin products are collectively referred to as the SH7145. There
are two versions of each: aflash memory version and a mask ROM version. When a
description islimited to the flash memory version alone, the character F is added at the end of
the abbreviation, such as SH7144F. When adescription is limited to the mask ROM version
alone, an abbreviation that is determined by adding M at the end of the abbreviation.
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e Thetypical product
The HD64F7144 is taken as the typical product for the descriptionsin this manual.
Accordingly, when using an HD6437144, HD64F7145, or HD6437145, simply replace the
HD®64F7144 in those references where no differences between products are pointed out with
HD6437144, HD64F7145, or HD6437145. Where differences are indicated, be aware that each
specification apply to the products as indicated.

e Inorder 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.

* Inorder to understand the details of the CPU's functions
Read the SH-1, SH-2, SH-DSP Programming Manual.

e Inorder to understand the details of aregister when the user knows its name
Read the index that isthe final part of the manual to find the page number of the entry on the

register. The addresses, bit names, and initial values of the registers are summarized in section
25, List of Registers.

Rules: Register name: The following notation is used for cases when the same or a
similar function, e.g. 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 left and the LSB is on the right.
Numerical expression: Binary is B'xxxx, Hexadecimal is H'xxxx, decimal is Xxxx.
Signal expression: Low active signals are expressed as 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.hitachi semi conductor.com

SH7144 Series manuals:

Manual Title ADE No.
SH7144 Series Hardware Manual This manual
SH-1, SH-2, SH-DSP Programming Manual ADE-602-063
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Users manuals for development tools:

Manual Title ADE No.

C/C++ Compiler, Assembler, Optimized Linkage Editor Users Manual ADE-702-246
Simulator Debugger (for Windows) Users Manual ADE-702-186
Simulator Debugger (for UNIX) Users Manual ADE-702-203
Hitachi Embedded Workshop Users Manual ADE-702-201

Application Notes:

Manual Title ADE No.
C/C++ Compiler Edition ADE-702-179
F-ZTAT Technical Q & A ADE-502-046
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Section 1 Overview

The SH7144 Series single-chip RISC (Reduced Instruction Set Computer) microcomputers
integrate a Hitachi-original RISC CPU core with peripheral functions required for system
configuration.

The SH7144 series CPU has a RISC-type instruction set. Most instructions can be executed in one
state (one system clock cycle), which greatly improves instruction execution speed. In addition,
the 32-bit internal-bus architecture enhances data processing power. With this CPU, it has become
possible to assemble low cost, high performance/high-functioning systems, even for applications
that were previously impossible with microcomputers, such as real-time control, which demands
high speeds.

In addition, the SH7144 series includes on-chip peripheral functions necessary for system
configuration, such as a direct memory access controller (DMAC), large-capacity ROM and
RAM, timers, a serial communication interface (SCI), an A/D converter, an interrupt controller
(INTC), and 1/O ports. As an option, an I°C businterface can also be incorporated.

ROM and SRAM can be directly connected to the SH7144 MCU by means of an external memory
access support function. This greatly reduces system cost.

There are two versions of on-chip ROM: F-ZTAT™* (Flexible Zero Turn Around Time) that
includes flash memory, and mask ROM. The flash memory can be programmed with a
programmer that supports SH7144 series programming, and can a so be programmed and erased
by software. This enables LS| chip to be re-programmed at a user-site while mounted on a board.

Note: * F-ZTAT ™ is aregistered trademark of Hitachi, Ltd.

1.1 Features

» Central processing unit with an internal 32-bit RISC (Reduced Instruction Set Computer)
architecture

O Instruction length: 16-hit fixed length for improved code efficiency
L oad-store architecture (basic operations are executed between registers)
Sixteen 32-bit general registers
Five-stage pipeline
On-chip multiplier: multiplication operations (32 bits x 32 bits — 64 bits) executed in two
to four cycles
O Clanguage-oriented 62 basic instructions
e Various peripheral functions
O Direct memory access controller (DMAC)
O Datatransfer controller (DTC)

O Ooogoo
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Multifunction timer/pulse unit (MTU)
Compare match timer (CMT)
Watchdog timer (WDT)

I°C bus interface (11C)**
10-bit A/D converter
Clock pulse generator
User break controller (UBC)
Hitachi user debug interface (H-UDI)*?
0 Advanced user debugger (AUD)*?
Notes: 1. Option
2. Supported only for flash memory version.

Oo0oOoooogoogoo

e On-chip memory

Asynchronous or clocked synchronous serial communication interface (SCI)

ROM Model ROM RAM Remarks
Flash memory HD64F7144F50 256 kbytes 8 kbytes
Version HD64F7145F50 256 kbytes 8 kbytes
Mask ROM HD6437144F50* 256 kbytes 8 kbytes
Version HD6437145F50% 256 kbytes 8 kbytes

Note: * Under development

e |/Oports

Model No. of I/O Pins No. of Input-only Pins
HD64F7144F50/ 74 8

HD6437144F50*

HD64F7145F50/ 98 8

HD6437145F50*

Note: * Under development

» Supports various power-down states

e Compact package

Model Package (Code) Body Size Pin Pitch
HD64F7144F50/ QFP-112 FP-112B 20.0 X 20.0 mm 0.65 mm
HD6437144F50*

HD64F7145F50/ LQFP-144 FP-144F 20.0 X20.0 mm 0.5 mm
HD6437145F50*

Note: * Under development
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i || [| ap Watchdog D151
Vss —» (x 2 channels) b~ ] converter | timer
Ves —» &) D) > o114
Vss ——» +—> PD13/D13
Vss — @ I°C bus interface  fC ) H-UDI* @ +—> PD12/D12
Vss —» +«— PD11/D11
Vss l«—> PD10/D10
Vss —» «—> PD9/DY
Vss — «—>» PD8/D8
Vss —p —LJ +«—> PD7/D7
Vss — | | | | +«—>» PD6/D6
AVce —» +—» PD5/D5
AVss —p» 4— PD3/D3
~NoOoUwSTONodO = S| X BEONO dN®|= X
osowo —» 2222225 FHHITE T > poue
TS SSSS== -~ ~ =]
ASEBRKAK «—— g c3=g20ks:8888822 «—» PDLD1
fdoaaaaaa T52R2XY582223=253
J9IEEEOP0TTTIEgfls «—» PDO/DO
g0 EcR285553S52C
$80<am2<209083¢Q @ —
IOCESmOOAmESRRIEaa
EEO0B8mOR (fyaya]
SEsggo8gratexiggl
a3g EEEQEQ < q< 95283 DPenpheral address bus (12bits)
Juaog59Es 0838898 )
o) o oo S w 0000 8 (o] @Penpheral data bus (16bits)
E afta® EEEQ £ 5 g (> Internal address bus (32bits)
E G F 5 LD |€ZZD intemal upper data bus (16bits)
w aocaopyaen Internal lower data bus (16bits)
[N

Note: Modules for the F-ZTAT reision only

Figurel.2
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13

Pin Arrangement

-
%%
1y 22
2iE:
< [apya)
8o 2 2
= 55 <<
¥ a < <3 d
o < <
O g2 8 = o O < o o < 0 © N~ DX B AN
238, .8 _Lg52,58888¢8 885 88s8%3
D<333803385x82433083s880488333
C aaoon=232>Z232W=X>000003>0002>0000
000 00000000000 000000006000000
84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57
PEO/TIOCOA/DREQO/TMS** [] 85 56 |1 PD12/D12/AUDRST**
PE1/TIOCOB/DRAKO/TRST** [} 86 551 Vss
PE2/TIOCOC/DREQ1/TDI** [} 87 54 1 PD13/D13/AUDMD**
PE3/TIOCOD/DRAKL/TDO* [ 88 53 |3 PD14/D14/AUDCK**
PE4/TIOCIA/RXD3/TCK** [] 89 52 |3 PD15/D15/AUDSYNC**
Vss [ 90 51 |1 PAO/RXDO
PFO/ANO [ 91 50 3 PAL/TXDO
PF1/AN1 O} 92 49 B PA2/SCKO/DREQO/IRQO
PF2/AN2 O} 93 48 3 PA3/RXD1
PF3/AN3 ] 94 47 B PA4ITXD1
PF4/AN4 [} 95 46 7 PA5/SCK1/DREQT/IRQT
PF5/ANS [ 96 45 0 PAB/TCLKA/CS2
Avss O} 97 443 PA7/TCLKB/CS3
PF6/ANG [} 98 QFP-112 433 PA8/TCLKC/IRQ2
PF7/AN7 [} 99 (Top view) 42 3 PA9/TCLKD/IRQ3
Avcc 100 413 PA10/CSO
Vss 101 40 A PA11/CST
PES5/TIOC1B/TXD3 [J102 39 vss
Vee 0103 38 |3 PA12/WRL
PE6/TIOC2A/SCK3 104 37 vee
PE7/TIOC2B/RXD2 [}105 36 |3 PAL3/WRH
PES/TIOC3A/SCK2 []106 35 [ WDTOVF
PE9/TIOC3B/SCK3 107 343 PA14/RD
PE10/TIOC3C/TXD2 []108 333 Vss(DBGMD*?)

Vss [J109 32 |3 PB9/IRQ7/A21/ADTRG
PE11/TIOC3D/RXD3 [J110 31 [0 PBS/IRQ6/A20/WAIT
PE12/TIOC4A/TXD3 111 30 @ PB7/IRQ5/A19/BREQ
PE13/TIOC4B/MRES 112 29 7 PB6/IRQ4/A18/BACK

N\ !l 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
8 I o
2E 822323 28£3229033338885832@e
B> 533mImommasxg>>000E0
< |G O0OO0OOVOUO0OOVOO0OOLOO0OSAd®F B S b= Q0 d o
o caaaaaaacdadgggogoool Q S |- |4 | B
QF iaddadaadaada S 4o @ |o
I g O 0| W T
e sESRE
oz Slg o @
58 T E o

[a) ==
ooy g 2
[N 9 o a

IS

wn

9

w

a

Notes :

1. Fixed as Vcc in the Mask version, and Used as an FWP pin in the F-ZTAT version (Used as an FWE in write made).

2. Used for E10A debugging mode. Used as an ASEBRKAK pin in the F-ZTAT version. Refer to the table below for

processing the ASEBRKAK pin.

3. Used for E10A debugging mode. Fixed to Vss in the mask version, or used as a DBGMD pin in the F-ZTAT version.
4. Valid only in the F-ZTAT version (invalid only in the mask version).

ASEBRKAK Processing

Product type Processing

Fixed to Vcc Fixed to Vss Pull-up Pull-down NC
Mask version Yes Yes Yes Yes No
F-ZTAT version (when using E10A) No No Yes No No
F-ZTAT version (Not when using E10A) Yes Yes Yes Yes No

Figure 1.3 SH7144 Pin Arrangement
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PEO/TIOCOA/DREQO/AUDCK**
PEL/TIOCOB/DRAKO/AUDMD**
PE2/TIOCOC/DREQT/AUDRST**
Vee
PE3/TIOCOD/DRAK1/AUDATAZ*
PE4/TIOC1A/RXD3/AUDATA2**
PES/TIOC1B/TXD3/AUDATAL**
PE6/TIOC2A/SCK3/AUDATAO**
Vss

PFO/ANO

PFL/ANL

PF2/AN2

PF3/AN3

PF4/AN4

PF5/ANS

Avss

PFG/ANG

PF7/ANT

AVref

Avee

Vss

PAO/RXDO

PAL/TXDO
PA2/SCKO/DREQO/IRQO
PA3/RXD1

PA4/TXDL

Vee

PAS/SCK1/DREQT/IRQT
PE7/TIOC2B/RXD2
PES/TIOC3A/SCK2/TMS**
PE9/TIOC3B/TRST**/SCK3
PE10/TIOC3C/TXD2/TDI*

Vss
PE11/TIOC3D/TDO**/RXD3
PE12/TIOCAAITCK*Y/TXD3
PE13/TIOC4B/MRES

Notes :

b

2

% ~

E g i

<
fers  E5%
W a3 332249 d49% =
K77z 8888¢82
HiNiniN HiNIRIN

PE15/TIOC4D/DACKLIRQOUT [_| &

12 3 4 6 7 8 9 1011
H|N|R|N|N|R]N]R]N]E]N
TokgE82eRes
ESESB SS85S
=3k geRER
595
499
E‘gu
£
5
o
g

[ ] pDO/DO
[] PD3/D3
[ ] PDa/D4

[] vss

Q
B

89 88 87

LQFP-144
(Top view)

1213 14 15 16 17 18 19

vee [

PC5/A5 []
vss [}
PceiAs []
pcaias [
Pcoire [
PC10/A10 [}
pc1u/aLl []
pc12/a12 []
pc13/A13 []

[ ] PDs/DS

86

23

pc1a/a14 []

2728

PC15/A15 [}
PBUAL7 []

[ ] ppio/D10

29 30

PA19/BACK/IDRAK1 []

[ ] pD11/D11

31

PB2/IRQO/POEO/SCLO

[ ] pp12/D12

33

PA18/BREQ/DRAKO

[] Pp13/D13
[] pD14/D14

75 74

34 35

PB4/RQ2/POE2
ASEBRKAK" []

[ ] pD15/D1S

PBS5/IRQ3/POE3

FFEN
&8 3

N O O O O

PD16/D16/RQ0/AUDATA0*
Vss
PD17/D17/IRQT/AUDATAL*
PD18/D18/IRQ2/AUDATA2**
PD19/D19/IRQ3/AUDATA3**
PD20/D20/RQ4/AUDRST**
PD21/D21/IRQ5/AUDMD**
PD22/D22/TRQB/AUDCK**
PD23/D23/IRQ7/AUDSYNC**
Vee

PD24/D24/DERQO

Vss

PD25/D25/DREQT
PD26/D26/DACKO
PD27/D27/DACK1
PD28/D28/CS2
PD29/D29/CS3

Vss

PAG/TCLKAICS2
PA7/TCLKB/CS3
PABITCLKC/IRQ2
PA9/TCLKD/IRQ3
PA10/CS0

PA11/CST

PA12/WRL

PA13/WRH
PD30/D30/RQOUT
PD31/D31/ADTRG
WDTOVF

PA14/RD

Vss(DBGMD*?)
PBY/IRQ7/A21/ADTRG

Vee

PB8/IRQB/A20/WAIT
PB7/IRQ5/A19/BREQ
PB6/IRQ4/A18/BACK

1. Fixed as Vcc in the Mask version, and Used as an FWP pin in the F-ZTAT version (Used as an FWE in write made).
2. Used for E10A debugging mode. Used as an ASEBRKAK pin in the F-ZTAT version. Refer to the table below for

processing the ASEBRKAK pin.

3. Used for E10A debugging mode. Fixed to Vss in the mask version, or as a DBGMD pin in the F-ZTAT version.

4. Valid only in the F-ZTAT version (invalid only in the mask version).

ASEBRKAK Processing

Product type Processing

Fixed to Vcc Fixed to Vss Pull-up Pull-down NC
Mask version Yes Yes Yes Yes No
F-ZTAT version (when using E10A) No No Yes No No
F-ZTAT version (Not when using E10A) Yes Yes Yes Yes No

Figure1.4 SH7145 Pin Arrangement
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14 Pin Functions

Type Symbol I/O Name Function

Power Ve Input Power supply  Power supply pins. Connect all these pins

Supply to the system power supply. The chip does
not operate when some of these pins are
opened.

Vo Input Ground Ground pins. Connect all these pins to the
system power supply (0 V). The chip does
not operate when some of these pins are
opened.

Clock PLLV Input Power supply  Power supply pin for supplying power to
for PLL on-chip PLL.

PLLV Input Ground for On-chip PLL oscillator ground pin.

PLL

PLLCAP Input Capacitance  External capacitance pin for an on-chip

for PLL PLL oscillator.

EXTAL Input External clock For connection to a crystal resonator. (An
external clock can be supplied from the
EXTAL pin.) For examples of crystal
resonator connection and external clock
input, see section 4, Clock Pulse
Generator.

XTAL Input Crystal For connection to a crystal resonator. For
examples of crystal resonator connection
and external clock input, see section 4,
Clock Pulse Generator.

CK Output  System clock  Supplies the system clock to external

output devices.
Operating MD3 Input Set the mode Set the operating mode. Inputs at these
mode control MD2 pins should not be changed during

MD1 operation.

MDO

FWP Input Protection Pin for the flash memory. This pin is only

against write
operation into
Flash memory

used in the F-ZTAT version. Programming
or erasing of flash memory can be
protected. This pin is used as Vcc in the
mask ROM version.
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Type Symbol I/O Name Function
System RES Input Power on When this pin is driven low, the chip
control reset becomes to power on reset state.
MRES Input Manual reset ~ When this pin is driven low, the chip
becomes to manual reset state.
WDTOVF* Output  Watchdog Output signal for the watchdog timer
timer overflow overflow.
If this pin needs to be pulled-down, the
resistance value must be 1 MQ or higher.
BREQ Input Bus request External device can request the release of
the bus mastership by setting this pin low.
BACK Output  Bus Shows that the bus mastership has been
acknowledge released for the external device. The
device that had issued the BREQ signal
can know that bus mastership has been
released for itself by receiving the BACK
signal.
Interrupts NMI Input Non-maskable Non-maskable interrupt pin. If this pin is
interrupt not used, it should be fixed high.
IRQ7 IRQ3  Input Interrupt These pins request a maskable interrupt.
IRQ6 IRQ2 request 7to 0 One of the level input or edge input can be
IRQ5 IRQ1 selected In case of the edge input, one of
IRQ4 IRQO the rising edge, falling edge, or both can
be selected.
IRQOUT OQutput  Interrupt Shows that an interrupt cause has
request output occurred. The interrupt cause can be
recognized even in the bus release state.
Address bus A21to AO Output  Address bus  Output the address.
Data bus SH7144: Input/ Data bus SH7144: Bi-directional 16-bit bus
D150 D0 Output SH7145: Bi-directional 32-bit bus
SH7145:
D31 to DO
Bus control CS3 CSt Output  Chip select Chip select signal for external memory or
CS5C3So 3t00 devices.
RD Output Read Shows reading from external devices.
WRHH Output  Write HH Shows writing into the HH 8 bits (bits 31 to
(SH7145 24) of the external data.
only)
WRHL Output  Write HL Shows writing into the HL 8 bits (bits 23 to
(SH7145 16) of the external data.
only)
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Type Symbol I/O Name Function
Bus control RH Output  Write Shows writing into the upper 8 bits (bits 15
upper half to 8) of the external data.
WRL Output  Write lower Shows writing into the lower 8 bits (bit7 to
half bit0) of the external data.
WAIT Input Wait Inserts the wait cycles into the bus cycle
when accessing the external spaces.
Direct DREQO Input DMA transfer DMA request input pins from an external
memory DREQ1 request device.
aCCEST‘l DRAKO Output DREQ request Outputs an acknowledge signal to the
controller DRAK1 acknowledge external device that has input a DMA
(DMAC) transfer request signal.
DACKO Output DMA transfer Outputs a strobe to the 1/O of the external
DACK1 strobe device that has input a DMA transfer
request signal.
Multi function TCLKA Input External clock These pins input an external clock.
timer-pulse  TCLKB input for MTU
unit (MTU) TCLKC timer
TCLKD
TIOCOA Input/ MTU input The TGRA_O to TGRD_O input capture
TIOCOB Output  capture/output input/output compare output/PWM output
TIOCOC compare pins.
TIOCOD (channel 0)
TIOC1A Input/ MTU input The TGRA_1 to TGRB_1 input capture
TIOC1B Output  capture/output input/output compare output/PWM output
compare pins.
(channel 1)
TIOC2A Input/ MTU input The TGRA_2 to TGRB_2 input capture
TIOC2B Output  capture/output input/output compare output/PWM output
compare pins.
(channel 2)
TIOC3A Input/ MTU input The TGRA_3 to TGRD_3 input capture
TIOC3B Output  capture/output input/output compare output/PWM output
TIOC3C compare pins.
TIOC3D (channel 3)
TIOC4A Input/ MTU input The TGRA_4 to TGRB_4 input capture
TIOC4B Output  capture/output input/output compare output/PWM output
TIOC4C compare pins.
TIOC4D (channel 4)
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Type Symbol I/O Name Function
Serial TXD3 to Output  Transmitted Data output pins.
communication TXDO data
interface (SCI) RXD3 to Input Received data Data input pins.
RXDO
SCK3to Input/ Serial clock Clock input/output pins.
SCKO Output
I°C bus SCLO Input/  I°C clock I°C bus clock input/output pins, which drive
interface Output  input/ output  a bus.
(option) Output a clock in the NMOS open-drain
method.
SDAO Input/  I°C data I°C bus data input/output pins, which drive
Output input/ output  a bus.
Output data in the NMOS open-drain
method.
Output control POES3 to Input Port output Input pins for the signal to request the
for MTU POEO control output pins of MTU waveforms to become
high impedance state.
A/D AN7 to ANO Input Analog input  Analog input pins.
converter pins
ADTRG Input Input of trigger Pin for input of an external trigger to start
for A/ID A/D conversion
conversion
AVref Input Analog Analog reference power supply pin, (In
(SH7145 reference SH7144, this pin is internally connected to
only) power supply the AVcc pin).
AV . Input Analog power Power supply pin for the A/D converter.
supply When the A/D converter is not used,
connect this pin to the system power
supply (+3.3 V).
AV Input Analog ground The ground pin for the A/D converter.
Connect this pin to the system power
supply (0 V).
1/0O port SH7144 Input/ General SH7144: 16-bit general purpose
PA15 to PAO Output  purpose port input/output pins.
SH7145 SH7145: 24-bit general purpose
PA23 to PAO input/output pins.
PB9 to PBO Input/ General 10-bit general purpose input/output pins.
Output  purpose port
PCi15to Input/ General 16-bit general purpose input/output pins.
PCO Output  purpose port
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Type Symbol I/O Name Function
1/0O port SH7144: Input/ General SH7144: 16-bit general purpose
PD15 to Output  purpose port input/output pins.
PDO SH7145: 32-bit general purpose
SH7145: input/output pins.
PD31 to
PDO
PE15 to PEO Input/ General 16-bit general purpose input/output pins.
Output  purpose port
PF7 to PFO Input General 8-bit general purpose input pins.
purpose port
Hitachi user TCK Input Test clock Test clock input pin.
erug TMS Input Test mode Test mode select signal input pin.
interface
select
(H-uDI)
(flash version ~ TDI Input Test data Instruction/data serial input pin.
only) input
TDO Output  Test data Instruction/data serial output pin.
output
TRST Input Test reset Initialization signal input pin.
Advanced user AUDATA3 to Input/ AUD data Branch trace mode: Branch destination
debugger AUDATAO  Output address output pins.
(AUD) . RAM monitor mode: Monitor address
gﬁs)h version input/data input/output pins.
Y. —_—-.
AUDRST Input AUD reset Reset signal input pin.
AUDMD Input AUD mode Mode select signal input pin.
Branch trace mode: Low
RAM monitor mode: High
AUDCK Input/ AUD clock Branch trace mode: Synchronous clock
Output output pin.
RAM monitor mode: Synchronous clock
input pin.
AUDSYNC Input/  AUD Branch trace mode: Data start position
Output  synchroniza-  identification signal output pin.
tion signal

RAM monitor mode: Data start position
identification signal input pin.
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Type Symbol I/O Name Function
E10 interface  ASEBRKAK Output Break mode Shows that E10A has entered to the break
(flash version acknowledge mode. Refer to “E10A emulator user’'s
only) manual for SH7144 (provisional name)” for
the detall of the connection to E10A.
DBGMD Input Debug mode  Enables the functions of EL0A emulator.

Input low to the pin in normal operation
(other than the debug mode). In debug
mode, input high to the pin on the user
board. Refer to “E10A emulator user’s
manual for SH7144 (provisional name)” for
the detail of the connection to E10A.

Note: * Do not pull-down the WDTOVF pin. If this pin needs to be pulled-down, however, the
resistance value must be 1 MQ or higher.
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Section2 CPU

2.1 Features

e General-register architecture

0 Sixteen 32-bit general registers
e Sixty-two basic instructions
» Eleven addressing modes
Register direct [Rn]
Register indirect [ @Rn]
Register indirect with post-increment [ @Rn+]
Register indirect with pre-decrement [@-Rn]
Register indirect with displacement [ @disp:4,Rn]
Register indirect with index [ @RO, Rn]
GBR indirect with displacement [ @disp:8,GBR]
GBR indirect with index [ @R0,GBR]
Program-counter relative with displacement [ @disp:8,PC]
Program-counter relative [disp:8/disp:12/Rn]
Immediate [#mm:8]

Oo0ooDogoooogao

2.2 Register Configuration

The register set consists of sixteen 32-bit general registers, three 32-bit control registers, and four
32-hit system registers.

221 General Registers (Rn)

The sixteen 32-bit general registers (Rn) are numbered RO to R15. General registers are used for
data processing and address calculation. RO is also used as an index register. Several instructions
have RO fixed astheir only usable register. R15 isused as the hardware stack pointer (SP). Saving
and recovering the status register (SR) and program counter (PC) in exception processing is
accomplished by referencing the stack using R15.

CPUS201A_010020020700 Rev. 2.0, 09/02, page 13 of 732
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General registers (Rn)
31 0

RO™1

R1

R2

R3

R4

R5

R6

R7

R8

R9

R10

R11

R12

R13

R14

R15, SP (hardware stack pointer)*2

Status register (SR)
31 9876543210

[---moeeee M Q3121110 -~ S T|

Global base register (GBR)
31 0
| GBR [

Vector base register (VBR)
31 0

| VBR [

Multiply-accumulate register (MAC)
31 0

MACH
MACL

Procedure register
31 0

I PR |

Program counter (PC)
31 0

I PC |

Notes: 1. RO functions as an index register in the indirect indexed register addressing mode and indirect indexed GBR
addressing mode. In some instructions, RO functions as a fixed source register or destination register.
2. R15 functions as a hardware stack pointer (SP) during exception processing.

Figure2.1 CPU Internal Registers
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222

Control Registers

The control registers consist of three 32-bit registers: status register (SR), global base register
(GBR), and vector base register (VBR). The status register indicates processing states. The global
base register functions as a base address for the indirect GBR addressing mode to transfer datato
the registers of on-chip peripheral modules. The vector base register functions as the base address
of the exception processing vector area (including interrupts).

Status Register (SR):

Bit Bit Name Initial Value R/W Description

31 — 0 R/W Reserved bits.

30 — 0 R/W This bit is always read as 0. The write value should

29 _ 0 R/W always be 0.

28 — 0 R/W

27 — 0 R/W

26 — 0 R/W

25 — 0 R/W

24 — 0 R/W

23 — 0 R/W

22 — 0 R/W

21 — 0 R/W

20 — 0 R/W

19 — 0 R/W

18 — 0 R/W

17 — 0 R/W

16 — 0 R/W

15 — 0 R/W

14 — 0 R/W

13 — 0 R/W

12 — 0 R/W

11 — 0 R/W

10 — 0 R/W
M Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.
Q Undefined R/W Used by the DIVOU, DIVOS, and DIV1 instructions.
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Bit Bit Name Initial Value R/W Description

7 13 1 R/W Interrupt mask bits.
6 12 1 R/W
5 11 1 R/W
4 10 1 R/W
3 — 0 R/W Reserved bits. This bit is always read as 0.
2 — 0 R/W The write value should always be 0.
1 S Undefined R/W S bit
Used by the MAC instruction.
0 T Undefined R/W T bit

The MOVT, CMP/cond, TAS, TST, BT (BT/S), BF
(BF/S), SETT, and CLRT instructions use the T bit to
indicate true (1) or false (0).

The ADDV, ADDC, SUBV, SUBC, DIVOU, DIVOS,
DIV1, NEGC, SHAR, SHAL, SHLR, SHLL, ROTR,
ROTL, ROTCR, and ROTCL instructions also use the
T bit to indicate carry/borrow or overflow/underflow.

Global Base Register (GBR): Indicates the base address of the indirect GBR addressing mode.
The indirect GBR addressing mode is used in data transfer for on-chip peripheral modules register
areas and in logic operations.

Vector Base Register (VBR): Indicates the base address of the exception processing vector area.

2.2.3 System Registers

System registers consist of four 32-bit registers: high and low multiply and accumulate registers
(MACH and MACL), the procedure register (PR), and the program counter (PC).

Multiply-and-Accumulate Registers (MAC): Registersto store the results of multiply-and-
accumul ate operations.

Procedure Register (PR): Registersto store the return address from a subroutine procedure.

Program Counter (PC): Registers to indicate the sum of current instruction addresses and four,
that is, the address of the second instruction after the current instruction.
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224 Initial Values of Registers
Table 2.1 lists the values of the registers after reset.

Table2.1 Initial Values of Registers

Classification Register Initial Value
General registers RO to R14 Undefined
R15 (SP) Value of the stack pointer in the vector
address table
Control registers SR Bits I3 to 10 are 1111 (H'F), reserved bits
are 0, and other bits are undefined
GBR Undefined
VBR H'00000000
System registers MACH, MACL, PR Undefined
PC Value of the program counter in the vector

address table

2.3 Data Formats

231 Data Format in Registers

Register operands are always longwords (32 hits). If the size of memory operand is a byte (8 bits)
or aword (16 bits), it is changed into alongword by expanding the sign-part when loaded into a
register.

31 0

Longword

Figure2.2 DataFormat in Registers

2.3.2 Data Formatsin Memory

Memory dataformats are classified into bytes, words, and longwords. Byte data can be accessed
from any address. L ocate, however, word data at an address 2n, longword data at 4n. Otherwise,
an address error will occur if an attempt is made to access word data starting from an address other
than 2n or longword data starting from an address other than 4n. In such cases, the data accessed
cannot be guaranteed. The hardware stack area, pointed by the hardware stack pointer (SP, R15),
uses only longword data starting from address 4n because this area holds the program counter and
status register.
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Address m + 1 Address m + 3
Address m Address m + 2
31 l 23 15 l 7 0]
Byte | Byte Byte | Byte
Address 2n —»; Word Word

Address 4n —» Longword

Figure2.3 Data Formatsin Memory

2.3.3 Immediate Data For mat

Byte (8 hit) immediate data resides in an instruction code. Immediate data accessed by the MOV,
ADD, and CMP/EQ instructionsis sign-extended and handled in registers as longword data.
Immediate data accessed by the TST, AND, OR, and XOR instructions is zero-extended and
handled as longword data. Consequently, AND instructions with immediate data always clear the
upper 24 hits of the destination register.

Word or longword immediate datais not located in the instruction code, but instead is stored in a
memory table. An immediate data transfer instruction (MOV) accesses the memory table using the
PC relative addressing mode with displacement.

24 Instruction Features

24.1 RISC-Type Instruction Set
All instructions are RISC type. This section details their functions.
16-Bit Fixed Length: All instructions are 16 bitslong, increasing program code efficiency.

Onelnstruction per State: The microcomputer can execute basic instructionsin one state using
the pipeline system. One stateis 25 ns at 40 MHz.

Data L ength: Longword is the standard data length for all operations. Memory can be accessed in
bytes, words, or longwords. Byte or word data accessed from memory is sign-extended and
handled as longword data. Immediate data is sign-extended for arithmetic operations or zero-
extended for logic operations. It also is handled aslongword data.
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Table2.2 Sign Extension of Word Data

CPU of This LSI Description Example of Conventional CPU
MOV. W @di sp, PC), Rl Data is sign-extended to 32 ADD. W #H 1234, RO
ADD RL, RO bits, and R1 becomes

H'00001234. It is next
------- operated upon by an ADD
.DATA. W H 1234 instruction.

Note: @(disp, PC) accesses the immediate data.

L oad-Stor e Architecture: Basic operations are executed between registers. For operations that
involve memory access, datais loaded to the registers and executed (load-store architecture).
Instructions such as AND that manipulate bits, however, are executed directly in memory.

Delayed Branch Instructions: Unconditional branch instructions are delayed branch instructions.
With adelayed branch instruction, the branch is taken after execution of the instruction following
the delayed branch instruction. This reduces the disturbance of the pipeline control in case of
branch instructions. There are two types of conditional branch instructions. delayed branch
instructions and ordinary branch instructions.

Table 2.3 Delayed Branch Instructions

CPU of This LSI Description Example of Conventional CPU
BRA TRGET Executes the ADD before ADD. W R1, RO
ADD Rl RO branching to TRGET. BRA TRGET

Multiply/Multiply-and-Accumulate Operations: 16-bit x 16-bit — 32-bit multiply operations
are executed in one to two states. 16-hit x 16-bit + 64-bit - 64-bit multiply-and-accumulate
operations are executed in two to three states. 32-bit x 32-bit - 64-bit multiply and 32-bit x 32-hit
+ 64-bit - 64-bit multiply-and-accumul ate operations are executed in two to four states.

T Bit: The T bit in the status register changes according to the result of the comparison. Whether a
conditional branch istaken or not taken depends upon the T bit condition (true/false). The number
of instructions that change the T bit is kept to a minimum to improve the processing speed.

Rev. 2.0, 09/02, page 19 of 732
RENESAS



Table2.4 T Bit

CPU of This LSI Description Example of Conventional CPU
CWP/ GE R1, RO T bit is set when RO = R1. The CVWP.W R1, RO
BT TRCGETO program branches to TRGETO BGE TRGETO
when RO = R1 and to TRGET1
BF TRGET1 when RO < R1. BLT TRGET1
ADD #-1, RO T bit is not changed by ADD. SUB. W #1, RO
CVWP/EQ  #0, RO T bitis set when RO = 0. The BEQ TRGET

program branches if RO = 0.
BT TRGET

Immediate Data: Byte (8-bit) immediate dataislocated in an instruction code. Word or longword
immediate datais not located in instruction codes but in a memory table. An immediate data
transfer instruction (MOV) accesses the memory table using the PC relative addressing mode with
displacement.

Table2.5 Immediate Data Accessing

Classification CPU of This LSI Example of Conventional CPU
8-bit immediate MoV #H 12, RO MOV.B #H 12, RO
16-bit immediate  MOV. W @ disp, PO, RO MOV. W #H 1234, RO

. DATA. W H 1234

32-bitimmediate  MOV. L @disp, PC), RO MOV. L #H 12345678, RO

.DATA L H 12345678

Note: @(disp, PC) accesses the immediate data.

Absolute Address: When datais accessed by absolute address, the value in the absolute addressis
placed in the memory table in advance. That valueis transferred to the register by loading the
immediate data during the execution of the instruction, and the data is accessed in the indirect
register addressing mode.
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Table2.6 Absolute Address Accessing

Classification CPU of This LSI Example of Conventional CPU
Absolute address MOV. L @disp, PO, R1 MOV.B @+ 12345678, RO
MOV. B @r1, RO

. DATA. L H 12345678

Note: @(disp,PC) accesses the immediate data.

16-Bit/32-Bit Displacement: When data is accessed by 16-bit or 32-bit displacement, the
displacement value is placed in the memory table in advance. That value istransferred to the
register by loading the immediate data during the execution of the instruction, and the datais
accessed in the indirect indexed register addressing mode.

Table2.7 Displacement Accessing

Classification CPU of This LSI Example of Conventional CPU

16-bit displacement  MOV. W @ disp, PO, RO MV. W @H 1234,R1),R2
MOV. W @RO, R1), R2

.DATA. W H 1234

Note: @(disp,PC) accesses the immediate data.
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242

Addressing Modes

Table 2.8 describes addressing modes and effective address calculation.

Table2.8 Addressing Modes and Effective Addr esses

Addressing Instruction
Mode Format Effective Address Calculation Equation
Direct register Rn The effective address is register Rn. (The operand —
addressing is the contents of register Rn.)
Indirect register @Rrn The effective address is the contents of register Rn. Rn
addressing
Post-increment  @Rn+ The effective address is the contents of register Rn. Rn
indirect register A constant is added to the content of Rn after the (After the
addressing instruction is executed. 1 is added for a byte instruction
operation, 2 for a word operation, and 4 for a executes)
longword operation.
Byte:
“ “ Rn+1 - Rn
O Word:
Rn+2 - Rn
Longword:
Rn+4 - Rn
Pre-decrement @ Rn The effective address is the value obtained by Byte:
indirect register subtracting a constant from Rn. 1 is subtracted for Rn-1 - Rn
addressing a byte operation, 2 for a word operation, and 4 for Word:
a longword operation. Rn—2 - Rn
Longword:
R4 - Rn
(Instruction is
executed with
Rn after this
calculation)
Indirect register @ di sp: 4, The effective address is the sum of Rn and a 4-bit  Byte:
addressing with  Rn) displacement (disp). The value of disp is zero- Rn + disp
displacement extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is Rn + disp x 2
quadrupled for a longword operation.
Longword:
Rn Rn + disp x 4
disp + Rn + disp x 1/2/4

(zero-extended)

1/2/14
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Addressing Instruction
Mode Format Effective Address Calculation Equation
Indirect indexed @ RO, Rn) The effective address is the sum of Rn and RO. Rn + RO
register
addressing
©
Indirect GBR @ di sp: 8, The effective address is the sum of GBR value and Byte:
addressing with GBR) an 8-bit displacement (disp). The value of disp is GBR + disp
displacement zero-extended, and remains unchanged for a byte Word:
operation, is doubled for a word operation, and is GBR + disp x
quadrupled for a longword operation. 2
GBR Longword:
disp ¥ GBR GBR + disp x
(zero-extended) + disp x 1/2/4 4
1/2/4
Indirect indexed @ RO, The effective address is the sum of GBR value and GBR + RO
GBR addressing GBR) RO.
Indirect PC @ di sp: 8, The effective address is the sum of PC value and Word:
addressing with  PC) an 8-bit displacement (disp). The value of disp is PC + disp x 2
displacement zero-extended, and is doubled for a word operation, Longword:
and quadrupled for a longword operation. For a PC &
longword operation, the lowest two bits of the PC H'EFEEFEEC
value are masked. + disp x 4
PC
) (for longword)
PC + disp x 2
H'FFFFFFFC Y or
PC & HFFFFFFFC
disp + disp x 4

(zero-extended)

2/4
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Addressing Instruction
Mode Format

Effective Address Calculation Equation

PC relative disp: 8
addressing

The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 8-bit displacement (disp).

disp
(sign-extended)

PC +disp x 2

disp: 12

The effective address is the sum of PC value and PC + disp x 2
the value that is obtained by doubling the sign-
extended 12-bit displacement (disp).

disp
(sign-extended)

and Rn.

Immediate #i mm 8
addressing

The 8-bit immediate data (imm) for the TST, AND, —
OR, and XOR instructions is zero-extended.

#i nm 8

The 8-bit immediate data (imm) for the MOV, ADD, —
and CMP/EQ instructions is sign-extended.

#imm 8

The 8-bit immediate data (imm) for the TRAPA —
instruction is zero-extended and then quadrupled.
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24.3 Instruction For mat

The instruction formats and the meaning of source and destination operand are described below.
The meaning of the operand depends on the instruction code. The symbols used are as follows:

e xxxx: Instruction code

* mmmm: Source register

e nnnn; Destination register
e iiii: Immediate data

e dddd: Displacement

Table2.9 Instruction Formats
Source Destination

Instruction Formats Operand Operand Example

0 format — — NOP

15 0

| XXXX  XXXX XXXX  XXXX |

n format — nnnn: Direct MVT Rn

15 0 register

[ oooc | nnnn [ o000 | Control register or  nnnn: Direct STS MACH, Rn
system register register

Control register or
system register

nnnn: Indirect pre-
decrement register

STC.L SR @Rn

m format

15
| XXXX |mmmm| XXXX  XXXX

mmmm: Direct
register

Control register or
system register

LDC Rm SR

mmmm: Indirect

post-increment

Control register or
system register

LDC. L @mt, SR

register

mmmm: Indirect — JMVP @m
register

mmmm: PC relative — BRAF Rm

using Rm

RENESAS
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Source Destination
Instruction Formats Operand Operand Example
nm format mmmm: Direct nnnn: Direct ADD Rm Rn
15 0 register register
| XXXX | nnnn |mmmm| XXXX | mmmm: Direct nnnn: Indirect MOV.L Rm @Rn
register register
mmmm: Indirect MACH, MACL MAC. W
post-increment @Rm+, @Rn+
register (multiply-
and-accumulate)
nnnn*: Indirect
post-increment
register (multiply-
and-accumulate)
mmmm: Indirect nnnn: Direct MOV.L @Rm+, Rn
post-increment register
register
mmmm: Direct nnnn: Indirect pre- MOV.L Rm @ Rn
register decrement
register
mmmm: Direct nnnn: Indirect MOV. L
register indexed register Rm @ RO, Rn)
md format mmmmdddd: RO (Direct MOV. B
15 Indirect register with register) @ di sp, Rn), RO
| XXXX  XXXX |mmmm| dddd | displacement
nd4 format RO (Direct register) nnnndddd: MOV. B
15 Indirect register with RO, @ di sp, Rn)
| XXXX  XXXX | nnnnl dddd| displacement
nmd format mmmm: Direct nnnndddd: Indirect MOV. L
15 0 register register with Rm @ di sp, Rn)
[ %00 | nnnn [mmmm| ddad | displacement
mmmmdddd: nnnn: Direct MOV. L
Indirect register with register @di sp, R, Rn

displacement
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Source Destination
Instruction Formats Operand Operand Example
d format dddddddd: Indirect RO (Direct register) MOV. L
0 GBR with @disp, GBBR), RO

15
|xxxx XXxx | dddd dddd

displacement

RO (Direct register)

dddddddd: Indirect MOV. L
GBR with RO, @ di sp, GBR)
displacement

dddddddd: PC
relative with
displacement

RO (Direct register) MWVA

@di sp, PO, RO

— dddddddd: PC BF | abel
relative
d12 format — dddddddddddd: PC BRA | abel
15 0 relative (1 abel = disp
[ 0o | dddd  dddd  dddd | + PO)
nd8 format dddddddd: PC nnnn: Direct MOV. L
15 relative with register @di sp, PO, Rn

0
| %0 | nnnn [ dddd dddd |

displacement

i format iiiiiiii: Immediate Indirect indexed AND. B

15 0 GBR #i nm @ RO, GBR)

Loooox ooox [ i iiii | iiiiiiii: Immediate RO (Direct register) AND #i mm RO
iiiiiiii: Immediate — TRAPA #i mm

ni format iiiiiiii: Immediate nnnn: Direct ADD #i mm Rn

|xxxx|nnnn| P i |

register

Note: In multiply-and-accumulate instructions, nnnn is the source register.

RENESAS
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25 I nstruction Set

251 Instruction Set by Classification

Table 2.10 lists the instructions according to their classification.

Table2.10 Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer, immediate data transfer, 39

peripheral module data transfer, structure data
transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of the middle of registers connected

Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIVl Division

DIVOS Initialization of signed division

DIvouU Initialization of unsigned division

DMULS Signed double-length multiplication

DMULU Unsigned double-length multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-length
multiply-and-accumulate operation

MUL Double-length multiply operation

MULS Signed multiplication

MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction
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Operation No. of
Classification Types Code Function Instructions
Arithmetic SUBC Binary subtraction with borrow 33
operations SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 10 ROTL One-bit left rotation 14

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift
Branch 9 BF Conditional branch, conditional branch with 11

delay (Branch when T = 0)
BT Conditional branch, conditional branch with
delay (Branch when T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
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Operation No. of
Classification Types Code Function Instructions
System 11 CLRT T bit clear 31
control CLRMAC MAC register clear

LDC Load to control register

LDS Load to system register

NOP No operation

RTE Return from exception processing

SETT T bit set

SLEEP Transition to power-down mode

STC Store control register data

STS Store system register data

TRAPA Trap exception handling
Total: 62 142
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The table below shows the format of instruction codes, operation, and execution states. They are
described by using this format according to their classification.

Instruction Code For mat

Item Format Explanation
Instruction Described in OP: Operation code
mnemonic. Sz: Size

OP. Sz SRC, DEST SRC: Source
DEST: Destination
Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement*2

Instruction Described in MSB - mmmm: Source register
code LSB order nnnn: Destination register
0000: RO
0001: R1
O
d
d
1111: R15
iiii: Immediate data
dddd: Displacement

Outline of the -, Direction of transfer
Operation (xx) Memory operand
M/IQIT Flag bits in the SR
& Logical AND of each hit
| Logical OR of each bit
n Exclusive OR of each bit
~ Logical NOT of each hit
<<n n-bit left shift
>>n n-bit right shift
Execution — Value when no wait states are inserted*1
states
T bit — Value of T bit after instruction is executed. An em-dash (—)

in the column means no change.

Notes: 1. Instruction execution states: The execution states shown in the table are minimums.
The actual number of states may be increased when (1) contention occurs between
instruction fetches and data access, or (2) when the destination register of the load
instruction (memory - register) equals to the register used by the next instruction.

2. Depending on the operand size, displacement is scaled by x1, x2, or x4. For detalils,
refer the SH-1/SH-2/SH-DSP Programming Manual.
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Data Transfer Instructions

Execution T

Instruction Instruction Code Operation States Bit

MOV #i mm Rn 1110nnnniiiiiiii #imm - Sign extension - 1 —
Rn

MV. W @disp, PC), Rn  1001nnnndddddddd (disp x 2 + PC) - Sign 1 —
extension - Rn

MV.L @disp, PC),Rn 1101nnnndddddddd (dispx4+PC) - Rn 1 —

MoV Rm Rn 0110nnnnnmmmmD011 Rm - Rn 1 —

MOV. B Rm @rn 0010nnnnnmmm0000 Rm - (Rn) 1 —

MOV. W Rm @rn 0010nnnnnmmm0001 Rm - (Rn) 1 —

MV.L Rm @Rn 0010nnnnmMmmD010 Rm - (Rn) 1 —

MOV. B @Rm Rn 0110nnnnnmmmD000 (Rm) - Sign extension —» 1 —
Rn

MV. W @Rm Rn 0110nnnnmMmmmD001 (Rm) - Sign extension - 1 —
Rn

MOV.L @Rm Rn 0110nnnnnmmmD010 (Rm) - Rn 1 —

MV. B Rm @Rn 0010nnnnmMmmD100 Rn-1 -~ Rn,Rm - (Rn) 1 —

MOV. W Rm @-Rn 0010nnnnnmmm0101 Rn-2 -~ Rn,Rm - (Rn) 1 —

MWV.L Rm @Rn 0010nnnnmmmD110 Rn—4 -~ Rn,Rm - (Rn) 1 —

MOV. B @mt, Rn 0110nnnnnmmmD100 (Rm) - Sign extension —» 1 —
Rn,Rm+1 - Rm

MV. W @Rmt, Rn 0110nnnnmmmD101 (Rm) - Sign extension —» 1 —
Rn,Rm +2 - Rm

MOV.L @Rmt+, Rn 0110nnnnnmm0110 (Rm) - Rn,Rm+4 - Rm 1 —

MV. B RO, @di sp, Rn) 10000000nnnndddd RO - (disp + Rn) 1 —

MOV. W RO, @di sp, Rn) 10000001nnnndddd RO - (disp x2 + Rn) 1 —

MWV.L Rm @disp, Rn) 0001lnnnnmmmdddd Rm - (disp x4 + Rn) 1 —

MWV.B @disp, Ry, RO 10000100mmmdddd (disp + Rm) - Sign 1 —
extension - RO

MV. W @disp, Ry, RO 10000101nmmmdddd (disp x2 + Rm) - Sign 1 —
extension - RO

MV.L @disp, R, Rn 0101lnnnnmmmdddd (disp x4 + Rm) - Rn 1 —

M. B Rm @ RO, Rn) 0000nNNNMMMD100 Rm - (RO + Rn) 1 —

MV. W Rm @ RO, Rn) 0000nnnnmMMMD101 Rm - (RO + Rn) 1 —

MOV.L Rm @ RO, Rn) 0000nnNNMmMM0110 Rm - (RO + Rn) 1 —
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Execution T

Instruction Instruction Code Operation States Bit

MWV.B @RO, Rm, Rn 0000nNnNMMMT100 (RO + Rm) - Sign 1 —
extension - Rn

MV. W @ RO, Rm, Rn 0000nnnnnMMM101 (RO + Rm) - Sign 1 —
extension —» Rn

MWV.L @RO, Rm, Rn 0000nnnnnMMM1110 (RO +Rm) - Rn 1 —

MOV. B RO, @di sp, GBR) 11000000dddddddd RO - (disp + GBR) 1 —

MOV. W RO, @di sp, GBR) 11000001dddddddd RO - (disp x2 + GBR) 1 —

MOV.L RO, @di sp, GBBR) 11000010dddddddd RO - (disp x4 + GBR) 1 —

MWV.B @disp, GBR), R0O 11000100dddddddd (disp + GBR) - Sign 1 —
extension —» RO

MOV. W @di sp, GBR), R0 11000101dddddddd (dispx2 +GBR) - Sign 1 —
extension - RO

MOV.L @disp, GBR), RO 11000110dddddddd (disp x4 + GBR) - RO 1 —

MOVA  @disp, PC,R0 11000111dddddddd disp x4 + PC - RO 1 —

MOVT Rn 0000nnnn00101001 T > Rn 1 —

SWAP. B Rm Rn 0110nnnnmmmL 000 Rm - Swap bottom two 1 —
bytes — Rn

SWAP. WRmM Rn 0110nnnnmmm 001 Rm - Swap two 1 —
consecutive words — Rn

XTRCT Rm Rn 0010nnnnnmmm101 Rm: Middle 32 bitsof Rn 1 —
- Rn
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Arithmetic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
ADD Rm Rn 0011lnnnnmmmi1100 Rn+Rm - Rn 1 —
ADD #i mm Rn Ol1lnnnniiiiiiii Rn +imm - Rn 1 —
ADDC Rm Rn 0011nnnnmmml110 Rn+Rm+T - Rn, 1 Carry
Carry - T
ADDV Rm Rn 0011nnnnnmm1l111 Rn+Rm - Rn, 1 Overflow
Overflow - T
CWP/ EQ #i mm RO 10001000iiiiiiii IfRO=imm,1 - T 1 Comparison
result
CWP/EQ Rm Rn 0011nnnnmmmmD000 IfRNn=Rm,1 T 1 Comparison
result
CWP/HS Rm Rn 0011nnnnmmm0010  If Rn=Rm with unsigned 1 Comparison
data,1 - T result
CWP/ CE Rm Rn 0011nnnnmmm0011 If Rn = Rm with signed 1 Comparison
data,1 - T result
CW/H RmRn 0011nnnnnmm©0110 If Rn > Rm with 1 Comparison
unsigned data, 1 - T result
CWP/ GT Rm Rn 0011nnnnmmm0111 If Rn > Rm with signed 1 Comparison
data,1 - T result
CWP/PL Rn 0100nnnn00010101 IfRN>0,1-T 1 Comparison
result
CVMP/ PZ Rn 0100nnnn00010001 IfRN=0,1 - T 1 Comparison
result
CWP/ STR Rm Rn 0010nnnnmmm100 IfRnand Rmhavean 1 Comparison
equivalentbyte, 1 - T result
Dl Vi1 Rm Rn 0011nnnnmmm0100  Single-step division 1 Calculation
(Rn + Rm) result
DIVOS RmRn 0010nnnnmmm0111 MSBofRn - Q,MSB 1 Calculation
of Rm - M,M*"Q - T result
DI VOU 0000000000011001 O - M/Q/T 1 0
DMULS. L Rm Rn 0011nnnnmmmi101 Signed operation of Rn 2 to 4* —
x Rm - MACH, MACL
32 x 32 - 64 bits
DMULU. L Rm Rn 0011nnnnmmmD101 Unsigned operation of 2 to 4* —

Rn xRm - MACH,
MACL 32 x32 - 64
bits
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Execution

Instruction Instruction Code Operation States T Bit

DT Rn 0100nnnn00010000 Rn-1 - Rn,whenRn 1 Comparison
is0,1 - T.When Rnis result
nonzero,0 - T

EXTS.B Rm Rn 0110nnnnmmmi110 Byte in Rm is sign- 1 —
extended - Rn

EXTS. W Rm Rn 0110nnnnnmmmmi111  Word in Rm is sign- 1 —
extended - Rn

EXTU. B Rm Rn 0110nnnnnmmmml100 Byte in Rm is zero- 1 —
extended - Rn

EXTU. W Rm Rn 0110nnnnnmmm1101 Word in Rm is zero- 1 —
extended - Rn

MAC.L  @Rm+, @n+ 0000nnnnmmmmil11l1l  Signed operation of 3/(2to 4)* —
(Rn) x (Rm) + MAC -
MAC 32 x32 + 64 -
64 bits

MAC. W @Rm+, @n+ 0100nnnnmmmmil11l1l  Signed operation of 3/(2)* —
(Rn) x (Rm) + MAC -
MAC 16 x 16 + 64 —
64 bits

MJL. L Rm Rn 0000nnNnnnmmMD111 Rn xRm - MACL, 2 to 4* —
32 x32 - 32 hits

MULS. W Rm Rn 0010nnnnnmmmm111  Signed operation of 1to 3* —
Rn xRm - MACL 16 x
16 - 32 bits

MULU. W Rm Rn 0010nnnnnmmml110 Unsigned operation of 1 to 3* —
Rn xRm - MACL 16 x
16 - 32 bits

NEG Rm Rn 0110nnnnnmmml011 O0—-Rm - Rn —

NEGC Rm Rn 0110nnnnnmm™1 010 O-Rm-T - Rn, 1 Borrow
Borrow - T

SUB Rm Rn 0011nnnnmmml000 Rn—-Rm - Rn 1 —

SUBC Rm Rn 0011nnnnnmm1010 Rn-Rm-T - Rn, 1 Borrow
Borrow - T

SUBV Rm Rn 0011lnnnnmmml011 Rn—-Rm - Rn, 1 Overflow

Underflow - T

Note: * The normal number of execution states is shown. (The number in parentheses is the
number of states when there is contention with the preceding or following instructions.)
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Logic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
AND Rm Rn 0010nnnnmMmmM1001 Rn & Rm - Rn 1 —
AND #i mm RO 1100100%iiiiiiii RO & imm - RO 1 —
AND. B #imm @RO, GBR) 1100110%iiiiiiii (RO + GBR) & imm - 3 —
(RO + GBR)
NOT Rm Rn 0110nnnnmmD111 ~Rm - Rn 1 —
OoR Rm Rn 0010nnnnmmmi011 Rn|Rm - Rn 1 —
R #i mm RO 1100102%iiiiiiii RO | imm - RO 1 —
OR B #imm @RO, GBR) 1100111%iiiiiiii (RO + GBR) | imm - 3 —
(RO + GBR)
TAS. B @Rn 0100nnnn00011011 If(Rn)is0,1 - T;1 -~ 4 Test
MSB of (Rn) result
TST Rm Rn 0010nnnnnmmmiL.000 Rn & Rm; if the resultis 1 Test
0,1-T result
TST #i mm RO 11001000iiiiiiii RO & imm; if the result 1 Test
is0,1 T result
TST.B #imm @RO, GBBR) 11001100iiiiiiii (RO + GBR) & imm; if 3 Test
theresultis0,1 - T result
XOR Rm Rn 0010nnnnmMmMmM1.010 Rn~"Rm - Rn 1 —
XOR #i mm RO 11001010iiiiiiii RO~ imm - RO 1 —
XOR B #imm @RO, GBR) 11001110iiiiiiii (RO +GBR)"imm - 3 —
(RO + GBR)
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Shift Instructions

Execution
Instruction Instruction Code Operation States T Bit
ROTL Rn 0100nnnn00000100 T «Rn - MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB - Rn - T 1 LSB
ROTCL Rn 0100nnnNn00100100 T<Rn T 1 MSB
ROTCR Rn 0100nnnn00100101 T-Rn-T 1 LSB
SHAL Rn 0100nnnn00100000 T-Rn<0 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn - T 1 LSB
SHLL  Rn 0100nnnn00000000 T-Rn<0 1 MSB
SHLR Rn 0100nnnn00000001 0-Rn-T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 -, Rn 1 —
SHLL8 Rn 0100nnnn00011000 Rn<<8 - Rn 1 —
SHLR8 Rn 0100nnnn00011001 Rn>>8 -, Rn 1 —
SHLL16 Rn 0100nnnn00101000 Rn<<16 - Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn>>16 - Rn 1 —

RENESAS
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Branch Instructions

Execution
Instruction Instruction Code Operation States T Bit
BF | abel 10001011dddddddd fT=0,dispx2+PC - PC;ifT= 3/1* —

1, nop

BF/ S | abel 10001111dddddddd Delayed branch, if T=0, dispx2 + 2/1* —
PC - PC;ifT=1, nop

BT | abel 10001001dddddddd IfT=1,dispx2+PC - PC;ifT=  3/1* —
0, nop

BT/ S | abel 10001101dddddddd Delayed branch, if T =1, disp x2 + 2/1* —
PC - PC;ifT=0, nop

BRA | abel 1010dddddddddddd Delayed branch, disp x2 + PC - 2 —

PC

BRAF Rm 0000mmMMD0100011 Delayed branch, Rm + PC - PC 2 —

BSR | abel 1011dddddddddddd Delayed branch, PC - PR, disp x2 2 —
+PC - PC

BSRF Rm 0000mMMDO0000011 Delayed branch, PC - PR, 2 —
Rm + PC - PC

JMP  @Rm 0100mmMmMD0101011 Delayed branch, Rm - PC 2 —

JSR @Rm 0100mmMmD0001011 Delayed branch, PC - PR, Rm - 2 —
PC

RTS 0000000000001011 Delayed branch, PR - PC 2 —

Note: * One state when the program does not branch.
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System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
CLRT 0000000000001000 0 - T 1 0
CLRVAC 0000000000101000 0 - MACH, MACL 1 —
LDC Rm SR 0100mMmMmMD0001110 Rm - SR 1 LSB
LDC Rm GBR 0100nMmMmD0011110 Rm - GBR 1 —
LDC Rm VBR 0100mMmMmD0101110 Rm - VBR 1 —
LDC. L @mt, SR 0100nMmMmMD0000111 (Rm) - SR,Rm+4 - Rm 3 LSB
LDC. L @+, GBR 0100mmmD0010111 (Rm) - GBR,Rm+4 - Rm 3 —
LDC. L @m+, VBR 0100mmm©00100111 (Rm) - VBR,Rm+4 - Rm 3 —
LDS Rm MACH 0100mMmMmD0001010 Rm - MACH 1 —
LDS Rm MACL 0100nMmmMmMD0011010 Rm - MACL 1 —
LDS Rm PR 0100mMmMmD0101010 Rm - PR 1 —
LDS.L @ m+, MACH 0100mmm©00000110 (Rm) - MACH,Rm+4 - Rm 1 —
LDS. L @m+, MACL 0100mmm©00010110 (Rm) - MACL,Rm+4 - Rm 1 —
LDS.L @+, PR 0100mMmMmD0100110 (Rm) - PR,Rm+4 - Rm 1 —
NOP 0000000000001001 No operation 1 —
RTE 0000000000101011 Delayed branch, stack area 4 —
- PC/SR

SETT 0000000000011000 1 - T 1 1
SLEEP 0000000000011011 Sleep 3* —
STC SR, Rn 0000nnNNN00000010 SR - Rn 1 —
STC GBR, Rn 0000nnNnNn00010010 GBR - Rn 1 —
STC VBR, Rn 0000nnNnNn00100010 VBR - Rn 1 —
STC.L SR @Rn 0100nnnn00000011 Rn-4 - Rn, SR - (Rn) 2 —
STC.L GBR, @Rn 0100nnnn00010011 Rn-4 - Rn, GBR - (Rn) 2 —
STC.L VBR @Rn 0100nnnn00100011 Rn-4 - Rn,BR = (Rn) 2 —
STS MACH, Rn 0000nnNnNn00001010 MACH - Rn 1 —
STS MACL, Rn 0000nnNnNn00011010 MACL - Rn 1 —
STS PR, Rn 0000nnNnNn00101010 PR - Rn 1 —
STS.L MACH, @-Rn 0100nnnn00000010 Rn-4 - Rn, MACH - (Rn) 1 —
STS. L MACL, @Rn 0100nnnn00010010 Rn-4 - Rn, MACL - (Rn) 1 —

RENESAS
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Execution

Instruction Instruction Code Operation States T Bit

STS.L PR @Rn 0100nnnn00100010 Rn-4 - Rn, PR - (Rn) 1 —

TRAPA #i mm 11000011iiiiiiii PC/SR - stack area, (imm x4+ 8 —
VBR) - PC

Note: * The number of execution states before the chip enters sleep mode: The execution states
shown in the table are minimums. The actual number of states may be increased when (1)
contention occurs between instruction fetches and data access, or (2) when the destination
register of the load instruction (memory - register) equals to the register used by the next
instruction.
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2.6 Processing States

2.6.1 State Transitions

The CPU has five processing states: reset, exception processing, bus release, program execution
and power-down. Figure 2.4 shows the transitions between the states.

From any state From any state when
when RES =0 RES =1, MRES =0,

o
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n
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®

When an internal power-on

reset by WDT or internal Exception
manual reset by processing state
WDT occur yy
Bl request NMI or IRQ interrupt
Bus request fenerated source occurs
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generated Program execution state
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generated cleared 'SSBY bit cleared for SLEEP
for SLEEP instruction
instruction
_______ —— N

1]
@
o)
o°
3
5]
=
)
(%)
o)
=
=
o
@
[%2]
[}
)
>
I3
=3
<
3
5]
=3
)

Power-down state

Figure2.4 Transitionsbetween Processing States
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Reset State: The CPU resets in the reset state. When the RES pin level goes low, the power-on
reset state is entered. When the RES pin is high and the MRES pinislow, the manual reset stateis
entered.

Exception Processing State: The exception processing state is atransient state that occurs when
exception processing sources such as resets or interrupts alter the CPU'’ s processing state flow.

For areset, the initial values of the program counter (PC) (execution start address) and stack
pointer (SP) are fetched from the exception processing vector table and stored; the CPU then
branches to the execution start address and execution of the program begins.

For an interrupt, the stack pointer (SP) is accessed and the program counter (PC) and status
register (SR) are saved to the stack area. The exception service routine start addressis fetched
from the exception processing vector table; the CPU then branches to that address and the program
starts executing, thereby entering the program execution state.

Program Execution State: In the program execution state, the CPU sequentially executes the
program.

Power-Down State: In the power-down state, the CPU operation halts and power consumption
declines. The SLEEP instruction places the CPU in the deep mode or the software standby mode.

Bus Release State: In the bus rel ease state, the CPU rel eases bus mastership to the device that has
reguested them.

Rev. 2.0, 09/02, page 42 of 732
RENESAS



Section 3 MCU Operating Modes

31 Selection of Operating M odes

This LSl has four operating modes and four clock modes. The operating mode is determined by
the setting of MD3 to MDO, and FWP pins. Do not change these pins during LS| operation (while
power ison). Do not set these pins in the other way than the combination shown in table 3.1.
When power is applied to the system, be sure to conduct power-on reset.

Table3.1 Selection of Operating Modes

Bus Width of
Mode Pin Setting CSO Area
No. FWP MD3*' MD2*' MD1 MDO Mode Name On-Chip ROM SH7144 SH7145
Mode 0 1 X X 0 0 MCU Not Active 8 bits 16 bits
extension
mode 0
Mode 1 1 X X 0 1 MCU Not Active 16 bits 32 bits
extension
mode 1
Mode 2 1 X X 1 0 MCU Active Set by BCR1 of
extension BSC
mode 2
Mode 3 1 X X 1 1 Single chip Active ad
mode
*2 0 X X 0 0 Boot mode*>  Active Set by BCR1 of
BSC
*2 0 X X 0 1 O
*2 0 X X 1 0 User Active Set by BCR1 of
programming BSC
*2 0 X X 1 1 mode** —

Notes: The symbol x means “Don’t care.”
1. MD3 and MD2 pins are used to select clock mode.
2. User programming mode for flash memory. Supported in only F-ZTAT version.

There are two modes as the MCU operating modes: MCU extension mode and single chip mode.
There are two modes to program the flash memory (on-board programming mode): boot mode and
user programming mode.
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The clock mode is selected by the input of MD2 and MD3 pins.

Table3.2 Clock Mode Setting

Pin Setting Clock Ratio (when an input clock is 1)
MD3 MD2 System clock (¢)  Peripheral System clock
Clock Mode No. clock (P output (CK)
0 0 0 x1 x1 x1
1 0 1 x2 x2 x2
2 1 0 x4 x4* x4
3 1 1 x4 x2 x4
Note: * The maximum clock input frequency is 10MHz because the p@is specified as 40MHz or

less.

3.2 I nput/Output Pin
Table 3.3 describes the configuration of operating mode related pin.

Table 3.3 Operating Mode Pin Configuration

Pin Name Input/Output  Function

MDO Input Designates operating mode through the level applied to this pin
MD1 Input Designates operating mode through the level applied to this pin
MD2 Input Designates clock mode through the level applied to this pin

MD3 Input Designates clock mode through the level applied to this pin

FWP Input Pin for the hardware protection against programming/erasing the

on-chip flash memory
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3.3 Explanation of Operating M odes

331 Mode 0 (M CU extension mode 0)

CS0 area becomes an external memory space with 8-bit bus width in SH7144 or 16-bit bus width
in SH7145.

332 Mode 1 (MCU extension mode 1)

CS0 area becomes an external memory space with 16-bit bus width in SH7144 or 32-bit bus width
in SH7145.

333 Mode 2 (M CU extension mode 2)

The on-chip ROM is active and CS0 area can be used in this mode.

334 Mode 3 (Single chip mode)

All ports can be used in this mode, however the external address cannot be used.

335 Clock mode

The input waveform frequency can be used asis, doubled or quadrupled as system clock
frequency in mode O to mode 3.
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34

The address map for the operating modes are shown in figure 3.1.

AddressMap

On-chip ROM disabled mode

Modes 0 and 1

Modes 2

On-chip ROM enabled mode

Modes 3
Single-chip mode

H'00000000 H'00000000 i H'00000000 )
H'0003FFFF On-chip ROM (256kB) H'0003FFFF On-chip ROM (256kB)
€SO0 area H'00040000 Reserved area H'00040000
H'00200000 ©S0 area

H'003FFFFF H'003FFFFF
H'00400000 H'00400000

CS1 area CS1 area
H'007FFFFF H'007FFFFF
H'00800000 H'00800000

CS2 area CS2 area
H'00BFFFFF H'00BFFFFF
H'00C00000 H'00C00000

Reserved area

CS3 area CS3 area
H'00FFFFFF H'00FFFFFF
H'01000000 H'01000000

Reserved area Reserved area
H'FFFF7FFF H'FFFF7FFF H'FFFF7FFF
H'FFFF8000 o H'FFFF8000 o H'FFFF8000 _,
On-chip peripheral On-chip peripheral On-chip peripheral
H'FEFEBFEA 1/0 registers H'FEFEBFEF 1/0 registers H'EEFEBFEF 1/0 registers
H'FFFFC000 H'FFFFC000 H'FFFFC000
Reserved area Reserved area Reserved area
H'FFFFDFFF H'FFFFDFFH H'FFFFDFFF
HFFFFE0CO On-chip RAM(8kB) HFFFFE0CO On-chip RAM(8kB) HFFFFE0CO On-chip RAM(8kB)
H'FFFFFFFF H'FFFFFFFF H'FFFFFFFF
Figure3.1 TheAddressMap for Each Operating Mode

35 Initial Statein ThisLSI

Intheinitial state of thisLSI, some of on-chip modules are set in module standby state for saving

power.

When operating these modules, clear module standby state according to the procedure in section

24, Power-Down Modes.
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Section 4 Clock Pulse Generator

This LSl has an on-chip clock pulse generator (CPG) that generates the system clock (@)and the
peripheral clock(Pg), and then makesinternal clock (¢/2 to ¢/8192 and Pq/2 to P@/1024) out of
this generated clock. The CPG consists of an oscillator, PLL circuit, and pre-scaler. A block
diagram of the clock pulse generator is shown in figure 4.1. The frequency from the oscillator can
be modified by the PLL circuit.

PLLCAP
CK
EXTAL — —
Oscillator |— PLL circuit Clock divider
XTAL — (x1/2)
A
‘ '
Pre-scal £
MD2 . re-scaler
Clock mode Pre-scaler
control circuitry g
MD3 — »
v v v i
[0] @2 to P@2 to Po
©8192 P@1024
AN J

Y
for internal circuit

Figure4.1 Block Diagram of the Clock Pulse Generator
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Table 4.1 shows the operating clock for each module.

Table 4.1 Operating clock for each module

Operating clock Operating Module

System clock (¢) CPU
UBC
DTC
BSC
DMAC
WDT
AUD
ROM
RAM

Peripheral clock (Pg) MTU
POE
SCI
I’c
A/D
CMT
H-UDI

4.1 Oscillator

Clock pulses can be supplied from a connected crystal resonator or an external clock.

411 Connecting a Crystal Oscillator

Circuit Configuration: A crystal oscillator can be connected as shown in figure 4.2. Use the
damping resistance (Rd) listed in table 4.2. Use an AT-cut parallel-resonance type crystal
oscillator that has a resonance frequency of 4 to 12.5 MHz. It is recommended to consult crystal
dealer concerning the compatibility of the crystal oscillator and the LS.
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EXTAL T |

| |
XTAL [ —MWh—T—]

Ry Co C_1 = C|, = 18-22 pF (Recommended value)

Figure4.2 Connection of the Crystal Oscillator (Example)

Table4.2 Damping Resistance Values

Frequency (MHz) 4 8 10 125

Rd (Q) 500 200 0 0

Crystal Resonator: Figure 4.3 shows an equivalent circuit of the crystal resonator. Use a crystal
resonator with the characteristicslisted in table 4.3.

CL

L gs
XTAL — EXTAL
11
1

Co

Figure4.3 Crystal Resonator Equivalent Circuit

Table4.3 Crystal Resonator Characteristics

Frequency (MHz) 4 8 10 125
Rs max (Q) 120 80 60 50
Co max (pF) 7 7 7 7

41.2 External Clock Input Method

Figure 4.4 shows an example of an external clock input connection. In this case, make the external
clock high level to stop it when in software standby mode. During operation, make the external
input clock frequency 4 to 12.5 MHz.

When leaving the X TAL pin open, make sure the parasitic capacitanceis less than 10 pF.

Even when inputting an external clock, be sure to wait at |east the oscillation stabilization timein
power-on sequence or in releasing software standby mode, in order to ensure the PLL stabilization
time.
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EXTAL J-I_n_l-l_ External clock input

XTAL Open state

Figure 4.4 Example of External Clock Connection

4.2 Function for Detecting the Oscillator Halt

This CPG can detect a clock halt and automatically cause the timer pins to become high-
impedance when any system abnormality causes the oscillator to halt. That is, when a change of
EXTAL has not been detected, the high-current 6 pins (PE9/TIOC3B/SCK3/TRST*,
PE11/TIOC3D/RXD3/TDO*, PE12/TIOCAA/TXD3/TCK*, PE13/TIOCAB/MRES,
PE14/TIOCAC/DACKO, PE1S/TIOCAD/DACK L/IRQOUT) can be set to high-impedance
regardless of PFC setting. Refer to section 17.1.11, High-Current Port Control Register (PPCR),
for more details.

Even in software standby mode, these 6 pins can be set to high-impedance regardless of PFC
setting. Refer to section 17.1.11, High-Current Port Control Register (PPCR), for more details.
These pins enter the normal state after software standby mode is released. When abnormalities that
halt the oscillator occur except in software standby mode, other LS| operations become undefined.
In this case, LS| operations, including these 6 pins, become undefined even when the oscillator
operation starts again.

In the case of using E10A, the high-impedance function is disabled when an oscillation stop is
detected, or when in software standby state for the three pins of PE9/TIOC3B/SCK3/TRST,
PE1U/TIOC3D/RXD3/TDO, and PE12/TIOC4A/TXxD3/TCK of the SH7145.

Note: * Only in the SH7145.
4.3 Usage Notes

431 Note on Crystal Resonator

A sufficient evaluation at the user’s site is necessary to use the LS, by referring the resonator
connection examples shown in this section, because various characteristics related to the crystal
resonator are closely linked to the user’ sboard design. Asthe oscillator circuit's circuit constant
will depend on the resonator and the floating capacitance of the mounting circuit, the value of each
externa circuit’s component should be determined in consultation with the resonator
manufacturer. The design must ensure that a voltage exceeding the maximum rating is not applied
to the oscillator pin.
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432 Noteson Board Design

M easures against radiation noise are taken in this LSl. If further reduction in radiation noise is
needed, it is recommended to use amultiple layer board and provide alayer exclusive to the
system ground.

When using a crystal oscillator, place the crystal oscillator and its load capacitors as close as
possible to the XTAL and EXTAL pins. Do not route any signal lines near the oscillator circuitry
as shown in figure 4.5. Otherwise, correct oscillation can be interfered by induction.

Avoid —  Signal A Signal B

C E E This LSI
i | T XTAL
= |
| B EXTAL
cu L

Figure4.5 Cautionsfor Oscillator Circuit System Board Design

A circuitry shown in figure 4.6 is recommended as an external circuitry around the PLL. Place
oscillation stabilization capacitor C1 close to the PLLCAP pin, and ensure that no other signal
lines cross this line. Separate the PLL power lines (PLLVcc, PLLV ss) and the system power lines
(Vee, Vss) at the board power supply source, and be sure to insert bypass capacitors CB and CPB
closeto the pins.

R1=3kQ  C1: 470 pF
PLLCAP MW I
Rp=200Q
PLLVcc T M
CPB=0.1 uF*
PLLVss I
Vee
% CB=0.1pF" Jr-
VSS 777

(Values are preliminary recommended values.)

Note: * CB and CPB are laminated ceramic type.

Figure4.6 Recommended External Circuitry around the PLL

In principle, electromagnetic waves are emitted from an LS| in operation. This LSI regards the
lower of the system clock (¢) and the peripheral clock (Pg) as fundamental (for example, if ¢ =40
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MHz and P = 40 MHz, then 40 MHz), and the peak of electromagnetic wavesisin the high
frequency band. When this LSl is used adjacent to apparatuses sensible to electromagnetic waves
such as FM/VHF band receivers, it is recommended to use a board with at least four layers and

provide alayer exclusive to the system ground.
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Section 5 Exception Processing

51 Overview

511 Types of Exception Processing and Priority

Exception processing is started by four sources: resets, address errors, interrupts and instructions
and have the priority, as shown in table 5.1. When several exception processing sources occur at
once, they are processed according to the priority.

Table5.1 Typesof Exception Processing and Priority Order

Exception Source Priority
Reset Power-on reset High
Manual reset A

Address CPU address error or AUD address error**
error DMAC/DTC address error

Interrupt ~ NMI

User break

H-UDI

IRQ

On-chip « Direct memory access controller (DMAC)

peripheral ¢ Multifunction timer unit (MTU)

modules: «  Serial communication interface 0 and 1(SCI0 and SCI1)

e A/D converter 0 and 1 (A/DO, A/D1)

« Data transfer controller (DTC)

¢ Compare match timer 0 and 1 (CMTO, CMT1)

¢ Watchdog timer (WDT)

« Input/output port (1/0) (MTU)

¢ Serial communication interface 2 and 3 (SCI2 and SCI3)
¢ 1IC bus interface (IIC)

Instructions Trap instruction (TRAPA instruction)

General illegal instructions (undefined code)

lllegal slot instructions (undefined code placed directly after a delay Low
branch instruction*? or instructions that rewrite the PC*®)

Notes: 1. Only in the F-ZTAT version.
2. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF.
3. Instructions that rewrite the PC: JMP, JSR, BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, and BRAF.
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51.2 Exception Processing Operations

The exception processing sources are detected and begin processing according to the timing
shown in table 5.2.

Table5.2 Timing for Exception Source Detection and Start of Exception Processing

Exception  Source Timing of Source Detection and Start of Processing
Reset Power-on reset Starts when the RES pin changes from low to high or when
WDT overflows.
Manual reset Starts when the MRES pin changes from low to high.
Address error Detected when instruction is decoded and starts when the

Interrupts execution of the previous instruction is completed.

Instructions  Trap instruction Starts from the execution of a TRAPA instruction.

General illegal Starts from the decoding of undefined code anytime except

instructions after a delayed branch instruction (delay slot).

lllegal slot Starts from the decoding of undefined code placed in a delayed

instructions branch instruction (delay slot) or of instructions that rewrite the
PC.

When exception processing starts, the CPU operates as follows:

1. Exception processing triggered by reset:
Theinitial values of the program counter (PC) and stack pointer (SP) are fetched from the
exception processing vector table (PC and SP are respectively the H'00000000 and
H'00000004 addresses for power-on resets and the H'00000008 and H'0000000C addresses for
manual resets). See section 5.1.3, Exception Processing Vector Table, for more information.
H'00000000 is then written to the vector base register (VBR) , and H'F (B'1111) iswritten to
the interrupt mask bits (13 to 10) of the status register (SR). The program begins running from
the PC address fetched from the exception processing vector table.

2. Exception processing triggered by address errors, interrupts and instructions:

SR and PC are saved to the stack indicated by R15. For interrupt exception processing, the
interrupt priority level iswritten to the SR’ s interrupt mask bits (13 to 10). For address error
and instruction exception processing, the 13 to 10 bits are not affected. The start addressisthen
fetched from the exception processing vector table and the program begins running from that
address.
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513 Exception Processing Vector Table

Before exception processing begins running, the exception processing vector table must be set in
memory. The exception processing vector table stores the start addresses of exception service
routines. (The reset exception processing table holds the initial values of PC and SP.)

All exception sources are given different vector numbers and vector table address offsets. The
vector table addresses are calculated from these vector numbers and vector table address offsets.
During exception processing, the start addresses of the exception service routines are fetched from
the exception processing vector table that isindicated by this vector table address.

Table 5.3 shows the vector numbers and vector table address offsets. Table 5.4 shows how vector
table addresses are cal cul ated.

Table5.3 Exception Processing Vector Table

Exception Sources Vector Numbers Vector Table Address Offset

Power-on reset PC H'00000000 to H'00000003

SP H'00000004 to H'00000007

Manual reset PC H'00000008 to H'0000000B

SP H'0000000C to H'0000000F

(Reserved by system) H'00000014 to H'00000017

Slot illegal instruction H'00000018 to H'0000001B

(Reserved by system) H'0000001C to H'0000001F

H'00000020 to H'00000023

0
1
2
3
General illegal instruction 4 H'00000010 to H'00000013
5
6
7
8
9

CPU address error or AUD address error** H'00000024 to H'00000027

DMAC/DTC address error 10 H'00000028 to H'0000002B
Interrupts NMI 11 H'0000002C to H'0000002F
User break 12 H'00000030 to H'00000033

(Reserved by system) 13 H'00000034 to H'00000037
H-UDI 14 H'00000038 to H'0000003B
(Reserved by system) 15 H'0000003C to H'0000003F
31 H'0000007C to H'0000007F

Trap instruction (user vector) 32 H'00000080 to H'00000083
63 H'000000FC to H'000000FF
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Exception Sources Vector Numbers Vector Table Address Offset

Interrupts IRQO 64 H'00000100 to H'00000103
IRQ1 65 H'00000104 to H'00000107

IRQ2 66 H'00000108 to H'0000010B

IRQ3 67 H'0000010C to H'0000010F

IRQ4 68 H'00000110 to H'00000113

IRQ5 69 H'00000114 to H'00000117

IRQ6 70 H'00000118 to H'0000011B

IRQ7 71 H'0000011C to H'0000011F

On-chip peripheral module** 72 H'00000120 to H'00000124
255 H'000003FC to H'0O00003FF

Note: 1. Onlyinthe F-ZTAT version.

2. The vector numbers and vector table address offsets for each on-chip peripheral
module interrupt are given in section 6, Interrupt Controller (INTC), and table 6.2,
Interrupt Exception Processing Vectors and Priorities.

Table5.4 Calculating Exception Processing Vector Table Addresses

Exception Source Vector Table Address Calculation
Resets Vector table address = (vector table address offset)
= (vector number) x 4
Address errors, interrupts, Vector table address = VBR + (vector table address offset)
instructions =VBR + (vector number) x 4

Notes: 1. VBR: Vector base register
2. Vector table address offset: See table 5.3.
3. Vector number: See table 5.3.
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5.2 Resets

521 Types of Reset

Resets have the highest priority of any exception source. There are two types of resets: manual
resets and power-on resets. Astable 5.5 shows, both types of resetsinitialize the internal status of

the CPU. In power-on resets, all registers of the on-chip peripheral modules are initialized; in
manual resets, they are not.

Table5.5 Reset Status

Conditions for Transition

to Reset Status Internal Status
On-Chip
WDT Peripheral
Type RES Overflow MRES CPU/INTC Module PFC, 10 Port
Power-on reset Low — — Initialized Initialized Initialized
High Overflow High Initialized Initialized Not initialized
Manual reset High — Low Initialized Not initialized Not initialized

522 Power-On Reset

Power -On Reset by RES Pin: When the RES pin is driven low, the LS| becomes to be a power-
on reset state. To reliably reset the LS|, the RES pin should be kept at low for at |east the duration
of the oscillation settling time when applying power or when in software standby mode (when the
clock circuit is halted) or at least 20 toye when the clock circuit is running. During power-on reset,
CPU internal status and all registers of on-chip peripheral modules areinitialized. See Appendix
A, Pin States, for the status of individual pins during the power-on reset status.

In the power-on reset status, power-on reset exception processing starts when the RES pin isfirst
driven low for a set period of time and then returned to high. The CPU will then operate as
follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception processing vector table.

3. The vector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13 to 10)
of the status register (SR) are set to H'F (B'1111).

4. The values fetched from the exception processing vector table are set in PC and SP, then the
program begins executing.

Be certain to always perform power-on reset processing when turning the system power on.
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Power-On Reset by WDT: When a setting is made for a power-on reset to be generated in the
WDT'swatchdog timer mode, and the WDT's TCNT overflows, the LSl becomes to be a power-
on reset state.

The pin function controller (PFC) registers and /O port registers are not initialized by the reset
signal generated by the WDT (these registers are only initialized by a power-on reset from outside
of the chip).

If reset caused by the input signal at the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bit in RSTCSR is cleared to 0.
When WDT-initiated power-on reset processing is started, the CPU operates as follows:

1. Theinitial value (execution start address) of the program counter (PC) is fetched from the
exception processing vector table.

2. Theinitia value of the stack pointer (SP) is fetched from the exception processing vector table.

3. Thevector base register (VBR) is cleared to H'00000000 and the interrupt mask bits (13-10) of
the status register (SR) are set to H'F (B'1111).

4. The values fetched from the exception processing vector table are set in the PC and SP, then
the program begins executing.

523 Manual Reset

When the RES pin is high and the MRES pin is driven low, the LS| becomes to be a manual reset
state. To reliably reset the LSI, the MRES pin should be kept at low for at least the duration of the
oscillation settling time that is set in WDT when in software standby mode (when the clock is
halted) or at least 20 toye when the clock is operating. During manual reset, the CPU internal status
isinitialized. Registers of on-chip peripheral modules are not initialized. When the LS| enters
manual reset statusin the middle of abus cycle, manual reset exception processing does not start
until the bus cycle has ended. Thus, manual resets do not abort bus cycles. However, once MRES
isdriven low, hold the low level until the CPU becomes to be a manual reset mode after the bus
cycle ends. (Keep at low level for at least the longest bus cycle). See Appendix A, Pin States, for
the status of individual pins during manual reset mode.

In the manual reset status, manual reset exception processing starts when the MRES pinisfirst
kept low for a set period of time and then returned to high. The CPU will then operate in the same
procedures as described for power-on resets.
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53 AddressErrors

531 The Cause of Address Error Exception

Address errors occur when instructions are fetched or data read or written, as shown in table 5.6.

Table5.6 BusCyclesand AddressErrors

Bus Cycle

Type

Bus Master

Bus Cycle Description

Address Errors

Instruction CPU
fetch

Instruction fetched from even address

None (normal)

Instruction fetched from odd address

Address error occurs

Instruction fetched from other than on-chip
peripheral module space*

None (normal)

Instruction fetched from on-chip peripheral
module space*

Address error occurs

Instruction fetched from external memory
space when in single chip mode

Address error occurs

Data CPU or
read/write DMAC or
AUD or DTC

Word data accessed from even address

None (normal)

Word data accessed from odd address

Address error occurs

Longword data accessed from a longword
boundary

None (normal)

Longword data accessed from other than a
long-word boundary

Address error occurs

Byte or word data accessed in on-chip
peripheral module space*

None (normal)

Longword data accessed in 16-bit on-chip
peripheral module space*

None (normal)

Longword data accessed in 8-bit on-chip
peripheral module space*

Address error occurs

External memory space accessed when in
single chip mode

Address error occurs

Note: * See section 9, Bus State Controller (BSC), for more information on the on-chip peripheral

module space.
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532 AddressError Exception Processing

When an address error occurs, the bus cycle in which the address error occurred ends, the current
instruction finishes, and then address error exception processing starts. The CPU operates as

follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the last executed instruction.

3. The start address of the exception service routine is fetched from the exception processing
vector table that corresponds to the occurred address error, and the program starts executing

from that address. The jump in this case is not a delayed branch.

5.4 Interrupts

54.1 Interrupt Sources

Table 5.7 shows the sources that start the interrupt exception processing. They are NMI, user
breaks, H-UDI, IRQ and on-chip peripheral modules.

Table5.7 Interrupt Sources

Type Request Source Number of Sources
NMI NMI pin (external input) 1
User break User break controller (UBC) 1
H-UDI Hitachi user debug interface (H-UDI) 1
IRQ TRQO to IRQ7 pins (external input) 8
On-chip peripheral module Direct Memory Access Controller 4

(DMAC)

Multifunction timer unit (MTU) 23

Data transfer controller (DTC)

Compare match timer (CMT)

A/D converter (A/DO and A/D1) 2

Serial communication interface 16

(SCI0-SCI3)

Watchdog timer (WDT) 1

Input/output Port

IIC bus interface (IIC) 1
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Each interrupt source is allocated a different vector number and vector table offset. See section 6,
Interrupt Controller (INTC), and table 6.2, Interrupt Exception Processing Vectors and Priorities,
for more information on vector numbers and vector table address offsets.

54.2 Interrupt Priority Level

Theinterrupt priority order is predetermined. When multiple interrupts occur simultaneously
(overlapped interruptions), the interrupt controller (INTC) determines their relative priorities and
starts the exception processing according to the results.

The priority order of interruptsis expressed as priority levels O to 16, with priority O the lowest
and priority 16 the highest. The NMI interrupt has priority 16 and cannot be masked, soitis
always accepted. The priority level of user break interrupt and H-UDI is 15. IRQ interrupts and
on-chip peripheral module interrupt priority levels can be set freely using the INTC' sinterrupt
priority level setting registers A through J (IPRA to IPRJ) as shown in table 5.8. The priority
levelsthat can be set are 0 to 15. Level 16 cannot be set. See section 6.3.4, Interrupt Priority
Registers A to J (IPRA to IPRJ), for more information on IPRA to IPRJ.

Table5.8 Interrupt Priority Order

Type Priority Level Comment

NMI 16 Fixed priority level. Cannot be masked.

User break 15 Fixed priority level.

H-UDI 15 Fixed priority level.

IRQ 0to 15 Set with interrupt priority level setting registers

On-chip peripheral module A through J (IPRA to IPRJ).

54.3 Interrupt Exception Processing

When an interrupt occurs, the interrupt controller (INTC) ascertainsits priority level. NMI is
always accepted, but other interrupts are only accepted if they have a priority level higher than the
priority level set in the interrupt mask bits (13 to 10) of the status register (SR).

When an interrupt is accepted, exception processing begins. In interrupt exception processing, the
CPU saves SR and the program counter (PC) to the stack. The priority level value of the accepted
interrupt is written to SR bits 13 to 10. For NMI, however, the priority level is 16, but the value set
in13to10isH'F (level 15). Next, the start address of the exception service routine is fetched from
the exception processing vector table for the accepted interrupt, that addressis jumped to and
execution begins. See section 6.6, Interrupt Operation, for more information on the interrupt
exception processing.

Rev. 2.0, 09/02, page 61 of 732
RENESAS



55 Exceptions Triggered by Instructions

55.1 Types of Exceptions Triggered by Instructions

Exception processing can be triggered by trap instruction, illegal slot instructions, and general
illegal instructions, as shown in table 5.9.

Table5.9 Typesof Exceptions Triggered by Instructions

Type Source Instruction Comment

Trap instruction TRAPA —

lllegal slot Undefined code placed Delayed branch instructions: JMP, JSR,
instructions immediately after a delayed BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF,
branch instruction (delay slot) or BRAF

instructions that rewrite the PC <4\ ctions that rewrite the PC: JMP, JSR,
BRA, BSR, RTS, RTE, BT, BF, TRAPA,
BF/S, BT/S, BSRF, BRAF

General illegal Undefined code anywhere —
instructions besides in a delay slot

55.2 Trap Instructions

When a TRAPA instruction is executed, trap instruction exception processing starts. The CPU
operates as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the start address of the
instruction to be executed after the TRAPA instruction.

3. The start address of the exception service routine is fetched from the exception processing
vector table that corresponds to the vector number specified in the TRAPA instruction. That
address isjumped to and the program starts executing. The jump in this case is not a delayed
branch.
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553 [llegal Slot Instructions

An instruction placed immediately after a delayed branch instruction is called “instruction placed
in adelay slot”. When the instruction placed in the delay slot is an undefined code, illegal slot
exception processing starts after the undefined code is decoded. 1llegal slot exception processing
also starts when an instruction that rewrites the program counter (PC) is placed in adelay dot and
the instruction is decoded. The CPU handles an illegal slot instruction as follows:

1. The status register (SR) is saved to the stack.

2. The program counter (PC) is saved to the stack. The PC value saved is the target address of the
delayed branch instruction immediately before the undefined code or the instruction that
rewrites the PC.

3. The start address of the exception service routine is fetched from the exception processing
vector table that corresponds to the exception that occurred. That addressis jumped to and the
program starts executing. The jump in this case is not a delayed branch.

554 General lllegal Instructions

When undefined code placed anywhere other than immediately after a delayed branch instruction
(i.e., inadelay dot) is decoded, general illegal instruction exception processing starts. The CPU
handles the general illegal instructionsin the same procedures asin theillegal slot instructions.
Unlike processing of illegal dot instructions, however, the program counter value that is stacked is
the start address of the undefined code.

5.6 Cases when Exception Sources Are Not Accepted

When an address error or interrupt is generated directly after a delayed branch instruction or
interrupt-disabled instruction, it is sometimes not accepted immediately but stored instead, as
shown in table 5.10. In this caseg, it will be accepted when an instruction that can accept the
exception is decoded.

Table5.10 Generation of Exception Sources | mmediately after a Delayed Branch
Instruction or Interrupt-Disabled Instruction

Exception Source

Point of Occurrence Address Error Interrupt

Immediately after a delayed branch instruction** Not accepted Not accepted

Immediately after an interrupt-disabled instruction*? Accepted Not accepted

Notes: 1. Delayed branch instructions: JMP, JSR, BRA, BSR, RTS, RTE, BF/S, BT/S, BSRF, and
BRAF

2. Interrupt-disabled instructions: LDC, LDC.L, STC, STC.L, LDS, LDS.L, STS, and STS.L
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5.6.1 Immediately after a Delayed Branch Instruction

When an instruction placed immediately after a delayed branch instruction (delay slot) is decoded,
neither address errors nor interrupts are accepted. The delayed branch instruction and the
instruction placed immediately after it (delay slot) are always executed consecutively, so no
exception processing occurs during this period.

5.6.2 Immediately after an Interrupt-Disabled I nstruction

When an instruction placed immediately after an interrupt-disabled instruction is decoded,
interrupts are not accepted. Address errors can be accepted.
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5.7 Stack Status after Exception Processing Ends

The status of the stack after exception processing ends is shown in table 5.11.

Table5.11 Stack Statusafter Exception Processing Ends

Types Stack Status
Address error T I
Address of instruction .
SP after executed instruction 32 bits
SR 32 hits
Trap instruction F Iy
Address of instruction .
SP > after TRAPA instruction 32 bits
SR 32 bits
General illegal instruction F Iy
Address of instruction after .
SP | general illegal instruction 32 Pits
SR 32 hits
Interrupt F T
Address of instruction .
SP > after executed instruction 32 bits
SR 32 bits
lllegal slot instruction F m— g
sp Jump destination address 32 bit
™ of delay branch instruction 1ts
SR 32 bits
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5.8 Usage Notes

581 Value of Stack Pointer (SP)

The value of the stack pointer must always be a multiple of four. If it is not, an address error will
occur when the stack is accessed during exception processing.

5.8.2 Value of Vector Base Register (VBR)

The value of the vector base register must always be a multiple of four. If it is not, an address error
will occur when the stack is accessed during exception processing.

5.8.3 AddressErrors Caused by Stacking of AddressError Exception Processing

When the value of the stack pointer is not a multiple of four, an address error will occur during
stacking of the exception processing (interrupts, etc.) and address error exception processing will
start after the first exception processing is ended. Address errors will also occur in the stacking for
this address error exception processing. To ensure that address error exception processing does not
go into an endless loop, no address errors are accepted at that point. This allows program control
to be shifted to the service routine for address error exception and enables error processing.

When an address error occurs during exception processing stacking, the stacking bus cycle (write)
is executed. During stacking of the status register (SR) and program counter (PC), the value of SP
isreduced by 4 for both of SR and PC, therefore the value of SP is still not a multiple of four after
the stacking. The address value output during stacking is the SP value, so the address itself where
the error occurred is output. This means that the write data stacked is undefined.
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Section 6 Interrupt Controller (INTC)

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
reguests to the CPU.

6.1 Features

e 16 levelsof interrupt priority
* NMI noise canceler function
e Occurrence of interrupt can be reported externally (IRQOUT pin)
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Figure 6.1 shows a block diagram of the INTC.
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Figure6.1 INTC Block Diagram
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6.2 I nput/Output Pins
Table 6.1 shows the INTC pin configuration.

Table6.1 Pin Configuration

Name Abbreviation /O  Function

Non-maskable interrupt input pin ~ NMI I Input of non-maskable interrupt
request signal

Interrupt request input pins IRQO to IRQ7 | Input of maskable interrupt request
signals

Interrupt request output pin IRQOUT (0] Output of notification signal when an

interrupt has occurred

6.3 Register Descriptions

The interrupt controller has the following registers. For details on register addresses and register
states during each processing, refer to section 25, List of Registers.

e Interrupt control register 1 (ICR1)
e Interrupt control register 2 (ICR2)
* IRQ statusregister (ISR)

e Interrupt priority register A (IPRA)
e Interrupt priority register B (IPRB)
* Interrupt priority register C (IPRC)
e Interrupt priority register D (IPRD)
e Interrupt priority register E (IPRE)
e Interrupt priority register F (IPRF)
e Interrupt priority register G (IPRG)
e Interrupt priority register H (IPRH)
e Interrupt priority register | (IPRI)

e Interrupt priority register J(IPRJ)
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6.3.1 Interrupt Control Register 1 (ICR1)

ICR1 isa 16-bit register that sets the input signal detection mode of the external interrupt input
pins NMI and IRQO to IRQ7 and indicates the input signal level at the NMI pin.

Bit Bit Name Initial Value R/W Description
15 NMIL 1/0 R NMI Input Level
Sets the level of the signal input to the NMI pin. This
bit can be read to determine the NMI pin level. This
bit cannot be modified.
0: NMl input level is low
1: NMl input level is high
14t09 — All 0 R Reserved bits
These bits are always read as 0. The write value
should always be 0.
8 NMIE 0 R/W NMI Edge Select
0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input
7 IRQOS 0 R/W IRQO Sense Select
This bit sets the IRQO interrupt request detection
mode.
0: Interrupt request is detected on low level of IRQO
input
1: Interrupt request is detected on edge of IRQO input
(edge direction is selected by ICR2)
6 IRQ1S 0 R/W IRQ1 Sense Select
This bit sets the IRQ1 interrupt request detection
mode.
0: Interrupt request is detected on low level of IRQ1
input
1: Interrupt request is detected on edge of IRQ1 input
(edge direction is selected by ICR2)
5 IRQ2S 0 R/W IRQ2 Sense Select

This bit sets the IRQ2 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ2
input

1: Interrupt request is detected on edge of IRQ2 input
(edge direction is selected by ICR2)
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Bit

Bit Name Initial Value

R/W

Description

IRQ3S 0

R/W

IRQ3 Sense Select

This bit sets the IRQ3 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ3
input

1: Interrupt request is detected on edge of IRQ3 input
(edge direction is selected by ICR2)

IRQ4S 0O

R/W

IRQ4 Sense Select

This bit sets the IRQ4 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ4
input

1: Interrupt request is detected on edge of IRQ4 input
(edge direction is selected by ICR2)

IRQ5S 0

R/W

IRQ5 Sense Select

This bit sets the IRQ5 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ5
input

1: Interrupt request is detected on edge of IRQ5 input
(edge direction is selected by ICR2)

IRQ6S 0

R/W

IRQ6 Sense Select

This bit sets the IRQ6 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ6
input

1: Interrupt request is detected on edge of IRQ6 input
(edge direction is selected by ICR2)

IRQ7S 0O

R/W

IRQ7 Sense Select

This bit sets the IRQ7 interrupt request detection
mode.

0: Interrupt request is detected on low level of IRQ7
input

1: Interrupt request is detected on edge of IRQ7 input
(edge direction is selected by ICR2)
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6.3.2 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-bit register that sets the edge detection mode of the external interrupt input pins IRQO
to IRQ7. ICR2 is, however, valid only when IRQ interrupt request detection mode is set to the
edge detection mode by the sense select bits of IRQO to IRQ 7 in Interrupt control register 1
(ICR1). If the IRQ interrupt request detection mode has been set to low level detection mode, the
setting of ICR2 isignored.

Bit Bit Name Initial Value R/W Description

15 IRQOES1 O R/W This bit sets the IRQO interrupt request edge

14 IRQOESO 0 R/  detection mode.
00: Interrupt request is detected on falling edge of
IRQO input

01: Interrupt request is detected on rising edge of
IRQO input

10: Interrupt request is detected on both of falling
and rising edge of IRQO input

11: Cannot be set

13 IRQ1IES1 O R/W This bit sets the IRQ1 interrupt request edge

12 IRQIESO O R/  detection mode.
00: Interrupt request is detected on falling edge of
IRQ1 input

01: Interrupt request is detected on rising edge of
IRQ1 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ1 input

11: Cannot be set

11 IRQ2ES1 O R/W This bit sets the IRQ2 interrupt request edge

10 IRQ2ESO 0 R/  detection mode.
00: Interrupt request is detected on falling edge of
IRQ2 input

01: Interrupt request is detected on rising edge of
IRQ2 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ2 input

11: Cannot be set
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Bit Bit Name Initial Value R/W Description
9 IRQ3ES1 O R/W This bit sets the IRQ3 interrupt request edge
8 IRQ3ESO 0 RIW detection mode.
00: Interrupt request is detected on falling edge of
IRQS input
01: Interrupt request is detected on rising edge of
IRQ3 input
10: Interrupt request is detected on both of falling
and rising edge of IRQS input
11: Cannot be set
7 IRQ4ES1 R/W This bit sets the IRQ4 interrupt request edge
6 IRQ4ESO RIW detection mode.
00: Interrupt request is detected on falling edge of
IRQ4 input
01: Interrupt request is detected on rising edge of
IRQ4 input
10: Interrupt request is detected on both of falling
and rising edge of IRQ4 input
11: Cannot be set
5 IRQ5ES1 R/W This bit sets the IRQ5 interrupt request edge
4 IRQ5ESO RIW detection mode.
00: Interrupt request is detected on falling edge of
IRQ5 input
01: Interrupt request is detected on rising edge of
IRQ5 input
10: Interrupt request is detected on both of falling
and rising edge of IRQ5 input
11: Cannot be set
3 IRQ6ES1 R/W This bit sets the IRQ6 interrupt request edge
2 IRQBESO RIW detection mode.

00: Interrupt request is detected on falling edge of
IRQ6 input

01: Interrupt request is detected on rising edge of
IRQ6 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ6 input

11: Cannot be set
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Bit Bit Name Initial Value R/W Description
1 IRQ7ES1 O R/W This bit sets the IRQ7 interrupt request edge
0 IRQ7ESO 0 RIW detection mode.

00: Interrupt request is detected on falling edge of
IRQ7 input

01: Interrupt request is detected on rising edge of
IRQ7 input

10: Interrupt request is detected on both of falling
and rising edge of IRQ7 input

11: Cannot be set

6.3.3 IRQ Status Register (ISR)

ISR isa 16-hit register that indicates the interrupt request status of the external interrupt input pins
IRQO to IRQ7. When IRQ interrupts are set to edge detection, held interrupt requests can be
cleared by writing O to IRQnNF after reading IRQnF = 1.

Bit Bit Name Initial Value R/W Description
15t08 — All0 R Reserved bits
These bits are always read as 0. The write value
should always be 0.
7 IRQOF 0 RW  IRQO to IRQ7 Flags
6 IRQ1F 0 R/W These bits display the IRQO to IRQ7 interrupt request
5 IRQ2F 0 R  Status.
4 IRQ3F 0 RIW [Setting condition]
3 IRQ4F 0 R/W e When interrupt source that is selected by ICR 1
2 IRQ5F 0 RIW and ICR2 has occurred.
1 IRQ6F 0 R/W  [Clearing conditions]
0 IRQ7F 0 RW  + When 0is written after reading IRQNF = 1

* When interrupt exception processing has been
executed at high level of IRQn input under the low
level detection mode.

¢ When IRQn interrupt exception processing has
been executed under the edge detection mode of
falling edge, rising edge or both of falling and
rising edge.

* When the DISEL bit of DTMR of DTC is 0, after
DTC has been started by IRQn interrupt.

Rev. 2.0, 09/02, page 74 of 732

RENESAS



6.3.4

Interrupt Priority RegistersA to J (IPRA to IPRJ)

Interrupt priority registers are ten 16-bit readable/writable registers that set priority levels from O
to 15 for interrupts except NMI. For the correspondence between interrupt request sources and
IPR, refer to table 6.2, Interrupt Exception Processing Vectors and Priorities. Each of the
corresponding interrupt priority ranks are established by setting a value from H'0 to H'F in each of
the four-bit groups 15to 12, 11 t0 8, 7to 4 and 3 to 0. Reserved bits that are not assigned should

be set H'0 (B’ 0000.)

Bit

Bit Name Initial Value

R/W

Description

15
14
13
12

IPR15
IPR14
IPR13
IPR12

0

0
0
0

R/W
R/W
R/W
R/W

These bits set priority levels for the corresponding

interrupt source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

Priority level 15 (highest)

11
10

IPR11
IPR10
IPR9
IPR8

o O O O

R/W
R/W
R/W
R/W

These bits set priority levels for the corresponding

interrupt source.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6
Priority level 7
Priority level 8
Priority level 9
Priority level 10
Priority level 11
Priority level 12
Priority level 13
Priority level 14

1111: Priority level 15 (highest)
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Bit Bit Name Initial Value R/W Description

IPR7 0 R/W These bits set priority levels for the corresponding
IPR6 R/W  interrupt source.

IPR5
IPR4

RIW 0000: Priority level O (lowest)
0001: Priority level 1

RIW 0010: Priority level 2
0011: Priority level 3
0100: Priority level 4
0101: Priority level 5
0110: Priority level 6
0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)

00O N
o O o

IPR3
IPR2
IPR1
IPRO

R/W These bits set priority levels for the corresponding
RIW interrupt source.

RIW 0000: Priority level O (lowest)
0001: Priority level 1

Riw 0010: Priority level 2
0011: Priority level 3
0100: Priority level 4
0101: Priority level 5
0110: Priority level 6
0111: Priority level 7
1000: Priority level 8
1001: Priority level 9
1010: Priority level 10
1011: Priority level 11
1100: Priority level 12
1101: Priority level 13
1110: Priority level 14
1111: Priority level 15 (highest)

o B N W
o O O O

Note: Name in the tables above is represented by a general name. Name in the list of register is,
on the other hand, represented by a module name.
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6.4 Interrupt Sources

There are five types of interrupt sources: NMI, user breaks, H-UDI, IRQ, and on-chip peripheral
modules. Each interrupt has a priority expressed as a priority level (0 to 16, with O the lowest and
16 the highest). Giving an interrupt a priority level of 0 masksit.

6.4.1 External Interrupts

NMI Interrupts: The NMI interrupt has priority 16 and is always accepted. Input at the NMI pin
is detected by edge. Use the NMI edge select bit (NMIE) in the interrupt control register 1 (ICR1)
to select either therising or falling edge. NMI interrupt exception processing sets the interrupt
mask level bits (13 to 10) in the status register (SR) to level 15.

IRQ Interrupts: IRQ interrupts are requested by input from pins IRQO to IRQ7. Set the IRQ
sense select bits (IRQOS to IRQ7S) of the interrupt control register 1 (ICR1) and IRQ edge select
bit (IRQOES[1:0] to IRQ7ES[1:0]) of the interrupt control register 2 (ICR2) to select low level
detection, falling edge detection, or rising edge detection for each pin. The priority level can be set
from 0 to 15 for each pin using the interrupt priority registers A and B (IPRA and | PRB).

When IRQ interrupts are set to low level detection, an interrupt request signal is sent to the INTC
during the period the IRQ pin islow level. Interrupt request signals are not sent to the INTC when
the IRQ pin becomes high level. Interrupt request levels can be confirmed by reading the IRQ
flags (IRQOF to IRQ7F) of the IRQ status register (ISR).

When IRQ interrupts are set to falling edge detection, interrupt request signals are sent to the
INTC upon detecting a change on the IRQ pin from high to low level. The results of detection for
IRQ interrupt request are maintained until the interrupt request is accepted. It is possible to
confirm that |RQ interrupt requests have been detected by reading the IRQ flags (IRQOF to
IRQ7F) of the IRQ status register (ISR), and by writing a0 after reading a 1, IRQ interrupt request
detection results can be cleared

In IRQ interrupt exception processing, the interrupt mask bits (13 to 10) of the status register (SR)
are set to the priority level value of the accepted IRQ interrupt. Figure 6.2 shows the block
diagram of this IRQ7 to IRQO interrupts.
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Figure6.2 Block Diagram of IRQ7 to IRQO Interrupts Control

6.4.2 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are interrupts generated by the following on-chip peripheral
modules.

Asadifferent interrupt vector is assigned to each interrupt source, the exception service routine
does not have to decide which interrupt has occurred. Priority levels between 0 and 15 can be
assigned to individual on-chip peripheral modulesin interrupt priority registers A to J (IPRA to
IPRJ). On-chip peripheral module interrupt exception processing sets the interrupt mask level bits
(13to 10) in the status register (SR) to the priority level value of the on-chip peripheral module
interrupt that was accepted.

6.4.3 User Break Interrupt

A user break interrupt has a priority of level 15, and occurs when the break condition set in the
user break controller (UBC) is satisfied. User break interrupt requests are detected by edge and are
held until accepted. User break interrupt exception processing sets the interrupt mask level bits (13
to 10) in the status register (SR) to level 15. For more details about the user break interrupt, see
section 7, User Break Controller.

6.4.4 H-UDI Interrupt

Hitachi user debug interface (H-UDI) interrupt has a priority level of 15, and occurs when an H-
UDI interrupt instruction is serialy input. H-UDI interrupt requests are detected by edge and are
held until accepted. H-UDI exception processing sets the interrupt mask level bits (13-10) in the
status register (SR) to level 15. For more details about the H-UDI interrupt, see section 22, Hitachi
User Debug Interface.
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6.5 I nterrupt Exception Processing Vectors Table

Table 6.2 lists interrupt sources and their vector numbers, vector table address offsets and interrupt
priorities.

Each interrupt sourceis allocated a different vector number and vector table address offset. Vector
table addresses are cal culated from the vector numbers and address offsets. In interrupt exception
processing, the exception service routine start address is fetched from the vector table indicated by
the vector table address. For the details of calculation of vector table address, see table 5.4,
Calculating Exception Processing Vector Table Addresses in the section 5, Exception Processing.

IRQ interrupts and on-chip peripheral module interrupt priorities can be set freely between 0 and
15 for each pin or module by setting interrupt priority registers A to J (IPRA to IPRJ). However,
the smaller vector number has interrupt source, the higher priority ranking is assigned among two
or more interrupt sources specified by the same IPR, and the priority ranking cannot be changed.

A power-on reset assigns priority level 0 to IRQ interrupts and on-chip peripheral module

interrupts. If the same priority level is assigned to two or more interrupt sources and interrupts
from those sources occur simultaneoudly, they are processed by the default priority order indicated

intable 6.2.

Table6.2 Interrupt Exception Processing Vectorsand Priorities

Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
External pin NMI 11 H'0000002C — High
User break 12 H'00000030 — A
H-UDI 14 H'00000038 —
— Reserved by system 15 H'0000003C —
Interrupts IRQO 64 H'00000100 IPRA15 to IPRA12

IRQ1 65 H'00000104 IPRA11 to IPRAS

IRQ2 66 H'00000108 IPRA7 to IPRA4

IRQ3 67 H'0000010C IPRA3 to IPRAO

IRQ4 68 H'00000110 IPRB15 to IPRB12

IRQ5 69 H'00000114 IPRB11 to IPRBS8

IRQ6 70 H'00000118 IPRB7 to IPRB4

IRQ7 71 H'0000011C IPRB3 to IPRBO
DMAC DEIO 72 H'00000120 IPRC15 to IPRC12

DEI1 76 H'00000130 IPRC11 to IPRC8

DEI2 80 H'00000140 IPRC7 to IPRC4

DEI3 84 H'00000150 IPRC3 to IPRCO Low
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Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
MTU channel 0 TGIA_O 88 H'00000160 IPRD15 to IPRD12 High
TGIB_O 89 H'00000164 A
TGIC_O 90 H'00000168
TGID_O 91 H'0000016C
TCIV_O 92 H'00000170 IPRD11 to IPRD8
MTU channel 1 TGIA_1 96 H'00000180 IPRD7 to IPRD4
TGIB_1 97 H'00000184
TCIV_1 100 H'00000190 IPRD3 to IPRDO
TCIU_1 101 H'00000194
MTU channel 2 TGIA_2 104 H'000001A0 IPRE15 to IPRE12
TGIB_2 105 H'000001A4
TCIV_2 108 H'000001B0 IPRE11 to IPRES
TCIU_2 109 H'000001B4
MTU channel 3 TGIA_3 112 H'000001CO0 IPRE7 to IPRE4
TGIB_3 113 H'000001C4
TGIC_3 114 H'000001C8
TGID_3 115 H'000001CC
TCIV_3 116 H'000001D0 IPRE3 to IPREO
MTU channel 4 TGIA_4 120 H'000001EO IPRF15 to IPRF12
TGIB_4 121 H'000001E4
TGIC_4 122 H'000001ES8
TGID_4 123 H'000001EC
TCIV_4 124 H'000001F0 IPRF11 to IPRF8
SClchannel0 ERI_O 128 H'00000200 IPRF7 to IPRF4
RXI_O 129 H'00000204
TXI_0 130 H'00000208
TEI_O 131 H'0000020C
SClchannell ERI_1 132 H'00000210 IPRF3 to IPRFO
RXI_1 133 H'00000214
TXI_1 134 H'00000218
TEL_1 135 H'0000021C
A/D ADIO 136 H'00000220 IPRG15 to IPRG12
ADI1 137 H'00000224 Low
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Interrupt Vector Vector Table Default
Source Name No. Starting Address IPR Priority
DTC SWDTEND 140 H'00000230 IPRG11to IPRG8 High
CMT CMIO 144 H'00000240 IPRGY to IPRG4 A
CMI1 148 H'00000250 IPRG3 to IPRGO
Watchdog ITI 152 H'00000260 IPRH15 to IPRH12
timer
ad Reserved by system 153 H'00000264 ad
I/0 (MTU) MTUOEI 156 H'00000270 IPRH11 to IPRH8
ad Reserved by system 160to  H'00000290 to ad
167 H'0000029C
SCl channel2 ERI_2 168 H'000002A0 IPRI15 to IPRI12
RXI_2 169 H'000002A4
TXI_2 170 H'000002A8
TEI_2 171 H'000002AC
SCl channel 3 ERI_3 172 H'000002B0 IPRI11 to IPRI8
RXI_3 173 H'000002B4
TXI_3 174 H'000002B8
TEI_3 175 H'000002BC
ad Reserved by system 176to  H'000002CO to ad
188 H'000002FC
Ic ICI 192 H'00000300 IPRJ7 to IPRJ4
ad Reserved by system 196to  H'00000304 to
247 H'000003DC Low
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6.6 Interrupt Operation

6.6.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 6.3 is a flowchart of the
operations.

1
2.

The interrupt request sources send interrupt request signals to the interrupt controller.

Theinterrupt controller selects the highest priority interrupt in the interrupt requests sent,
according to the priority levels set in interrupt priority level setting registers A to J (IPRA to
IPRJ). Interrupts that have lower-priority than that of the selected interrupt are ignored.* 1f
interrupts that have the same priority level or interrupts within a same module occur
simultaneoudly, the interrupt with the highest priority is selected according to the default
priority order indicated in table 6.2.

The interrupt controller compares the priority level of the selected interrupt request with the
interrupt mask bits (13 to 10) in the CPU’ s status register (SR). If the request priority level is
equal to or less than the level setin I3 to 10, the request isignored. If the request priority level
is higher than the level in bits I3 to 10, the interrupt controller accepts the interrupt and sends
an interrupt request signal to the CPU.

When the interrupt controller accepts an interrupt, alow level is output from the IRQOUT pin.

The CPU detects the interrupt request sent from the interrupt controller when CPU decodes the
instruction to be executed. Instead of executing the decoded instruction, the CPU starts
interrupt exception processing (figure 6.5).

SR and PC are saved onto the stack.

The priority level of the accepted interrupt is copied to the interrupt mask level bits (I3to 10) in
the status register (SR).

When the accepted interrupt is sensed by level or isfrom an on-chip peripheral module, ahigh
level is output from the IRQOUT pin. When the accepted interrupt is sensed by edge, ahigh
level is output from the IRQOUT pin at the moment when the CPU startsinterrupt exception
processing instead of instruction execution as noted in (5) above. However, if the interrupt
controller accepts an interrupt with a higher priority than the interrupt just to be accepting, the
IRQOUT pin holds low level.

The CPU reads the start address of the exception service routine from the exception vector
table for the accepted interrupt, jumps to that address, and starts executing the program. This
jump is not adelay branch.

Note: * Interrupt requests that are designated as edge-detect type are held pending until the

interrupt requests are accepted. IRQ interrupts, however, can be cancelled by accessing the
IRQ status register (ISR). Interrupts held pending due to edge detection are cleared by a
power-on reset or amanual reset.
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Notes: 13 to 10 are Interrupt mask bits of status register (SR) in the CPU
1. IRQOUT is the same signal as interrupt request signal to the CPU (see figure 6.1).
Therefore, IRQOUT is output when the request priority level is higher than the level in bits 1310 of SR.
2. When the accepted interrupt is sensed by edge, a high level is output from the IRQOUT pin at the moment when
the CPU starts interrupt exception processing instead of instruction execution (namely, before saving SR to stack).
However, if the interrupt controller accepts an interrupt with a higher priority than the interrupt just to be accepted
and has output an interrupt request to the CPU, the IRQOUT pin holds low level.

*2

Figure6.3 Interrupt Sequence Flowchart
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6.6.2 Stack after Interrupt Exception Processing

Figure 6.4 shows the stack after interrupt exception processing.

Address
4n-8 pct 32 bits | <] gp*2
An—4 SR 32 bits
4n

Notes: 1. PC: Start address of the next instruction (return destination instruction) after the executing

instruction

2. Always make sure that SP is a multiple of 4

Figure6.4 Stack after Interrupt Exception Processing
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6.7 Interrupt Response Time

Table 6.3 lists the interrupt response time, which is the time from the occurrence of an interrupt
reguest until the interrupt exception processing starts and fetching of the first instruction of the
interrupt service routine begins. Figure 6.5 shows an example of the pipeline operation when an

IRQ interrupt is accepted.

Table 6.3 Interrupt Response Time

Number of States

NMI, Peripheral

Item Module IRQ Remarks

DMAC/DTC active Oor1l 1 1 state required for interrupt

judgment signals for which
DMAC/DTC activation is
possible

Interrupt priority judgment 2 3

and comparison with SR

mask bits

Wait for completion of X (=0) X (=0) The longest sequence is for

sequence currently being
executed by CPU

interrupt or address-error
exception processing (X = 4
+ml+m2+m3+m4).lfan
interrupt-masking instruction
follows, however, the time
may be even longer.

Time from start of interrupt 5+ m1 + m2 + m3
exception processing until
fetch of first instruction of
exception service routine

5+ml+m2+m3

Performs the saving PC and
SR, and vector address
fetch.

starts
Interrupt Total: (7 or8)+ml+ 9+ml+m2+
response m2 + m3+X m3 + X
time Minimum: 10 12 0.20 to 0.24 ps at 50 MHz
Maximum: 12 +2 (m1 + m2 13+2 (M1 +m2 0.38 to 0.40 ps at 50 MHz*
+m3) + m4 +m3) + m4
Note: m1 to m4 are the number of states needed for the following memory accesses.

ml: SR save (longword write)
m2: PC save (longword write)

m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine
* 0.38 t0 0.40 ps at 50 MHz is the value in the case thatml=m2=m3=m4 = 1.
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F: Instruction fetch (instruction fetched from memory where program is stored).
D: Instruction decoding (fetched instruction is decoded).

E: Instruction execution (data operation and address calculation is performed according to the results

of decoding).
M: Memory access (data in memory is accessed).

Figure6.5 Example of the Pipeline Operation when an IRQ Interrupt is Accepted
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6.8 Data Transfer with Interrupt Request Signals
The following data transfers can be done using interrupt request signals:
e Activate DMAC only, CPU interrupts do not occur

« Activate DTC only, CPU interrupts according to DTC settings

Interrupt sources that are activated by DMAC are masked without being input to INTC. Mask
condition is asfollows:

Mask condition = DME ¢ (DEO  interrupt source selectO + DEL « interrupt source selectl + DE2
* interrupt source select2 + DE3 « interrupt source select3)

The INTC masks CPU interrupts when the corresponding DTE bit is 1. The conditions for clearing
DTE and interrupt source flag are listed below.

DTE clear condition = DTC transfer end « DTECLR
Interrupt source flag clear condition = DTC transfer end « DTECLR+DMAC transfer end
Where: DTECLR = DISEL + counter O.

Figure 6.6 shows a control block diagram.

Interrupt source ——»
DMAC

Interrupt source <4—|
Flag clear (by DMAC)

Interrupt source
(not designated as DMAC activation source)

» CPU interrupt request

DTC activation
request

DTECLR

Transfer end
Interrupt source

flag clear (by DTC) %

Figure6.6 Interrupt Control Block Diagram
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6.8.1 Handling Interrupt Request Signals as Sourcesfor DTC Activating and CPU

A w DN

o

Interrupt, but Not DMAC Activating

Do not select DMAC activating sources or clear the DTE bit to O.
For DTC, set the corresponding DTE bits and DISEL bitsto 1.
Activating sources are applied to the DTC when interrupts occur.

When the DTC performs a data transfer, it clears the DTE bit to 0 and sends an interrupt
reguest to the CPU. The activating sourceis not cleared.
The CPU clearsinterrupt sourcesin the interrupt processing routine then confirms the transfer
counter value. When the transfer counter value is not 0, the CPU setsthe DTE bit to 1 and
allows the next datatransfer. If the transfer counter value = 0, the CPU performs the
necessary end processing in the interrupt processing routine.

6.8.2 Handling Interrupt Request Signals as Sourcesfor Activating DMAC, but Not

CPU Interrupt and DTC Activating

Select DMAC activating sources and set the DME hit to 1. Then, CPU interrupt and DTC
activating sources are masked regardless of the settings of the interrupt priority register and the
DTC register.

Activating sources are applied to the DMAC when interrupts occur.
The DMAC clearsthe interrupt sources when starting transfer.

6.8.3 Handling Interrupt Request Signalsas Sourcefor DTC Activating, but Not CPU

A w DN

Interrupt and DMAC Activating

Do not select DMAC activating sources or clear the DME bit to O.
For DTC, set the corresponding DTE bitsto 1 and clear the DISEL bitsto 0.
Activating sources are applied to the DTC when interrupts occur.

When the DTC performs a data transfer, it clears the activating source. An interrupt request is
not sent to the CPU, because the DTE bit ishold to 1.

However, when the transfer counter value = 0 the DTE bit is cleared to 0 and an interrupt
reguest is sent to the CPU.

The CPU performs the necessary end processing in the interrupt processing routine.
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6.8.4 Handling Interrupt Request Signals as Sourcefor CPU Interrupt but Not DMAC
and DTC Activating

Do not select DMAC activating sources or clear the DME bit to O.

For DTC, clear the corresponding DTE bitsto 0.

When interrupts occur, interrupt requests are sent to the CPU.

The CPU clearsthe interrupt source and performs the necessary processing in the interrupt
processing routine.

A wN e
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Section 7 User Break Controller (UBC)

The user break controller (UBC) provides functions that make program debugging easier. By
setting break conditionsin the UBC, auser break interrupt is generated according to the contents
of the bus cycle generated by the CPU or DMAC/DTC. This function makes it easy to design an
effective self-monitoring debugger, and customers of the chip can easily debug their programs
without using alarge in-circuit emulator.

7.1 Overview

» Thereareb5 types of break compare conditions as follows:
Address

CPU cycle or DMAC/DTC cycle

Instruction fetch or data access

Read or write

Operand size: longword/word/byte

» User break interrupt generated upon satisfying break conditions

» User break interrupt generated before an instruction is executed by selecting break in the CPU
instruction fetch.

* Module standby mode can be set

OooOooogodg
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Figure 7.1 shows a block diagram of the UBC.

|

|

|

|

| Bus —T

: Module bus interface  [\_L___

| |

S U |

! | UBCR | | UBBR | UBAMRH| [ UBARH | =
| £

| UBAMRL | | UBARL ! g

I I -

' |

' |

' |

' |

: Break condition T

| comparator :

' [

' [

' |

' |

|

| User break :

: interrupt I

| »| generating ; »| Interrupt request

: circuit |

| : Interrupt controller

b — - BC-—————

UBARH, UBARL: User break address registers H, L

UBAMRH, UBAMRL: User break address mask registers H, L

UBBR: User break bus cycle register

UBCR: User break control register

Figure7.1 User Break Controller Block Diagram
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7.2 Register Descriptions

The UBC has the following registers. For details on register addresses and register states during
each processing, refer to section 25, List of Registers.

e User break addressregister H (UBARH)

o User break addressregister L (UBARL)

e User break address mask register H (UBAMRH)
o User break address mask register L (UBAMRL)
e User break bus cycle register (UBBR)

» User break control register (UBCR)

721 User Break Address Register (UBAR)

The user break address register (UBAR) consists of two registers: user break address register H
(UBARH) and user break addressregister L (UBARL). Both are 16-bit readable/writable registers.
UBARH specifies the upper bits (bits 31 to 16) of the address for the break condition, while
UBARL specifies the lower bits (bits 15 to 0).

Theinitial value of UBAR is H'00000000.

» UBARH Bits 15 to 0: specifies user break address 31 to 16 (UBA31 to UBA16)
» UBARL Bits 15 to O: specifies user break address 15 to 0 (UBA15 to UBAO)
722 User Break Address Mask Register (UBAMR)

The user break address mask register (UBAMR) consists of two registers: user break address mask
register H (UBAMRH) and user break address mask register L (UBAMRL). Both are 16-bit
readabl e/writable registers. UBAMRH specifies whether to mask any of the break address bits set
in UBARH, and UBAMRL specifies whether to mask any of the break address bits set in UBARL.

» UBAMRH Bits 15 to 0: specifies user break address mask 31 to 16 (UBM 31 to UBM 16)
 UBAMRL Bits 15 to 0: specifies user break address mask 15 to 0 (UBM 15 to UBMO)
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Bit Bit Name Initial Value R/W Description
UBAMRH UBM31to AlO R/W User Break Address Mask 31 to 16
Bit15t0 0 UBM16 0: Corresponding UBA bit is included in the
break conditions
1: Corresponding UBA bit is not included in
the break conditions
UBAMRL UBM15to AllO R/W User Break Address Mask 15 to 0
Bit 15to0 0 UBMO

0: Corresponding UBA bit is included in the
break conditions

1: Corresponding UBA bit is not included in
the break conditions

7.2.3 User Break Bus Cycle Register (UBBR)

The user break bus cycleregister (UBBR) is a 16-hit readable/writable register that sets the four

break conditions.

Bit Bit Name Initial Value R/W Description
15t0 8 — AllO R Reserved bits
These bits are always read as 0. The write value
should always be 0.
CP1 R/W CPU Cycle/DMAC, DTC Cycle Select 1 and 0
CPO R/W These bits specify break conditions for CPU cycles or
DMAC/DTC cycles.
00: No user break interrupt occurs
01: Break on CPU cycles
10: Break on DTC or DMAC cycles
11: Break on both CPU and DMAC or DTC cycles
5 ID1 R/W Instruction Fetch/Data Access Selectl and 0
IDO R/W These bits select whether to break on instruction fetch

and/or data access cycles.

00:
01:
10:
11:

No user break interrupt occurs
Break on instruction fetch cycles
Break on data access cycles

Break on both instruction fetch and data access
cycles
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Bit Bit Name Initial Value R/W

Description

3 Rw1 0 R/W
2 RWO 0 R/W

Read/Write Select 1 and 0

These bits select whether to break on read and/or
write cycles

00:
01:
10:
11:

No user break interrupt occurs
Break on read cycles

Break on write cycles

Break on both read and write cycles

SZ1 0 R/W
0 SZ0 0 R/W

Operand Size Select 1 and 0*

These bits select operand size as a break condition.

00
01
10
11

Operand size is not a break condition
Break on byte access
Break on word access

Break on longword access

Note: * When breaking on an instruction fetch, clear the SZ0 bit to 0. All instructions are considered
to be accessed in word-size (even when there are instructions in on-chip memory and two
instruction fetches are performed simultaneously in one bus cycle).

Operand size is word for instructions or determined by the operand size specified for the
CPU/DTC, DMAC data access. It is not determined by the bus width of the space being

accessed.

724 User Break Control Register (UBCR)

The user break control register (UBCR) is a 16-bit readable/writable register that enables or

disables user break interrupts.

Bit Bit Name Initial Value R/W

Description

15t0 — All 0 R Reserved bits

1 These bits are always read as 0. The write value
should always be 0.

0 UBID 0 R/W User Break Disable

Enables or disables user break interrupt request
generation in the event of a user break condition
match.

0: User break interrupt request is enabled

1: User break interrupt request is disabled
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7.3 Operation

731 Flow of the User Break Operation

The flow from setting of break conditionsto user break interrupt exception processing is described
below:

1

The user break addresses are set in the user break address register (UBAR), the desired masked
bits in the addresses are set in the user break address mask register (UBAMR) and the breaking
bus cycle typeis set in the user break bus cycle register (UBBR). If even one of the three
groups of the UBBR’s CPU cycle/DMAC, DTC cycle select bits (CP1, CP0), instruction
fetch/data access select bits (ID1, 1DO0), and read/write select bits (RW1, RWO0) is set to 00 (no
user break generated), no user break interrupt will be generated even if all other conditions are
satisfied. When using user break interrupts, always be certain to establish bit conditions for all
of these three groups.

The UBC uses the method shown in figure 7.2 to determine whether set conditions have been
satisfied or not. When the set conditions are satisfied, the UBC sends a user break interrupt
request signal to the interrupt controller (INTC).

Theinterrupt controller checks the accepted user break interrupt request signal’s priority level.
The user break interrupt has priority level 15, so it isaccepted only if the interrupt mask level
in bits 13 to 10 in the status register (SR) is 14 or lower. When the 13 to 10 bit level is 15, the
user break interrupt cannot be accepted but it is held pending until user break interrupt
exception processing can be carried out. Conseguently, user break interrupts within NM|
exception service routines cannot be accepted, since the I3 to 10 bit level is 15. However, if the
I13to 10 bit level ischanged to 14 or lower at the start of the NMI exception service routine,
user break interrupts become acceptable thereafter. See section 6, Interrupt Controller, for the
details on the handling of priority levels.

The INTC sends the user break interrupt request signal to the CPU, which begins user break

interrupt exception processing upon receipt. See section 6.6, Interrupt Operation, for the details
on interrupt exception processing.
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[ UBARH/UBARL | [UBAMRH/UBAMRL

2
Internal address 32 D@w
bits 31-0 32

[ cr1 [ cro |
L

32

CPU cycle

DMAC/DTC cycle

Instruction fetch

User
break

interrupt
Data access S
RW1
Read cycle
Write cycle
SZ1 | SZ0
—O
O
Byte size )
Word size )
Longword size )

| UBIDI

Figure7.2 Break Condition Determination Method
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732 Break on On-Chip Memory Instruction Fetch Cycle

Datain on-chip memory (on-chip ROM and/or RAM) is always accessed as 32-bits datain one
bus cycle. Therefore, two instructions can be retrieved in one bus cycle when fetching instructions
from on-chip memory. At such times, only one bus cycleis generated, but it is possible to cause
independent breaks by setting the start addresses of both instructionsin the user break address
register (UBAR). In other words, when wanting to effect a break using the latter of two addresses
retrieved in one bus cycle, set the start address of that instruction in UBAR. The break will occur
after execution of the former instruction.

7.3.3 Program Counter (PC) Values Saved

Break on Instruction Fetch: The program counter (PC) value saved to the stack in user break
interrupt exception processing is the address that matches the break condition. The user break
interrupt is generated before the fetched instruction is executed. If a break condition issetin an
instruction fetch cycle placed immediately after adelayed branch instruction (delay slot), or on an
instruction that follows an interrupt-disabled instruction, however, the user break interrupt is not
accepted immediately, but the break condition establishing instruction is executed. The user break
interrupt is accepted after execution of the instruction that has accepted the interrupt. In this case,
the PC value saved is the start address of the instruction that will be executed after the instruction
that has accepted the interrupt.

Break on Data Access (CPU/DTC, DMAC): The program counter (PC) value is the top address
of the next instruction after the last instruction executed before the user break exception
processing started. When data access (CPU/DTC, DMAC) is set as a break condition, the place
where the break will occur cannot be specified exactly. The break will occur at the instruction
fetched close to where the data access that isto receive the break occurs.
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7.4 Examples of Use

Break on CPU Instruction Fetch Cycle

1. Register settings: UBARH = H'0000

Conditions set:

UBARL = H'0404

UBBR = H'0054

UBCR = H'0000

Address; H'00000404

Bus cycle: CPU, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt will occur before the instruction at address H'00000404. If it is possible
for the instruction at H'00000402 to accept an interrupt, the user break exception processing
will be executed after execution of that instruction. The instruction at H'00000404 is not
executed. The PC value saved is H'00000404.

2. Register settings: UBARH = H'0015

Conditions set:

UBARL = H'389C

UBBR = H'0058

UBCR = H'0000

Address: H'0015389C

Bus cycle: CPU, instruction fetch, write
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because the instruction fetch cycleis not awrite cycle.

3. Register settings: UBARH = H'0003

Conditions set:

UBARL = H'0147

UBBR = H'0054

UBCR = H'0000

Address: H'00030147

Bus cycle: CPU, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because the instruction fetch was performed for an even
address. However, if the first instruction fetch address after the branch is an odd address set by
these conditions, user break interrupt exception processing will be carried out after address
error exception processing.
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Break on CPU Data Access Cycle

1. Register settings: UBARH = H'0012

Conditions set:

UBARL = H'3456

UBBR = H'006A

UBCR = H'0000

Address: H'00123456

Bus cycle: CPU, data access, write, word
Interrupt requests enabled

A user break interrupt occurs when word data is written into address H'00123456.

2. Register settings: UBARH = H'00A8

Conditions set:

UBARL = H'0391
UBBR = H'0066
UBCR = H'0000

Address; H'00A80391
Bus cycle: CPU, data access, read, word
Interrupt requests enabled

A user break interrupt does not occur because the word access was performed on an even

address.

Break on DMAC/DTC Cycle

1. Register settings: UBARH = H'0076

Conditions set:

UBARL = H'BCDC

UBBR = H'00A7

UBCR = H'0000

Address; H'0076BCDC

Bus cycle: DMAC/DTC, data access, read, longword
Interrupt requests enabled

A user break interrupt occurs when longword data is read from address H'0076BCDC.

2. Register settings: UBARH = H'0023

Conditions set:

UBARL = H'45C8

UBBR = H'0094

UBCR = H'0000

Address; H'002345C8

Bus cycle: DMAC/DTC, instruction fetch, read
(operand size is not included in conditions)
Interrupt requests enabled

A user break interrupt does not occur because no instruction fetch is performed in the
DMAC/DTC cycle.
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7.5 Usage Notes

751 Simultaneous Fetching of Two I nstructions

Two instructions may be simultaneously fetched in instruction fetch operation. Once a break
condition is set on the latter of these two instructions, a user break interrupt will occur before the
latter instruction, even though the contents of the UBC registers are modified to change the break
conditions immediately after the fetching of the former instruction.

75.2 Instruction Fetches at Branches

When a conditional branch instruction or TRAPA instruction causes a branch, the order of
instruction fetching and execution is as follows:

1. When branching with a conditional branch instruction: BT and BF instructions
When branching with a TRAPA instruction: TRAPA instruction
a Ingruction fetch order

Branch instruction fetch — next instruction overrun fetch — overrun fetch of instruction
after the next — branch destination instruction fetch

b. Instruction execution order
Branch instruction execution — branch destination instruction execution
2. When branching with adelayed conditional branch instruction: BT/S and BF/S instructions
a. Instruction fetch order

Branch instruction fetch — next instruction fetch (delay slot) - overrun fetch of
instruction after the next — branch destination instruction fetch

b. Instruction execution order

Branch instruction execution — delay dot instruction execution — branch destination
instruction execution

Thus, when a conditional branch instruction or TRAPA instruction causes a branch, the branch
destination instruction will be fetched after an overrun fetch of the next instruction or the
instruction after the next. However, as the instruction that is the object of the break does not break
until fetching and execution of the instruction have been confirmed, the overrun fetches described
above do not become objects of a break.

If data accesses are also included in break conditions besides instruction fetch, a break will occur
because the instruction overrun fetch is also regarded as satisfying the data break condition.
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753 Contention between User Break and Exception Processing

If auser break is set for the fetch of a particular instruction, and exception processing with higher
priority than auser break isin contention and is accepted in the decode stage for that instruction
(or the next instruction), user break exception processing may not be performed after completion
of the higher-priority exception service routine (on return by RTE).

Thus, if auser break condition is specified to the branch destination instruction fetch after a
branch (BRA, BRAF, BT, BF, BT/S, BF/S, BSR, BSRF, IMP, JSR, RTS, RTE, exception
processing), and that branch instruction accepts an exception processing with higher priority than
auser break interrupt, user break exception processing is not performed after completion of the
exception service routine.

Therefore, a user break condition should not be set for the fetch of the branch destination
instruction after a branch.

754 Break at Non-Delay Branch Instruction Jump Destination

When a branch instruction without delay dot (including exception processing) jumps to the
destination instruction by executing the branch, a user break will not be generated even if auser
break condition has been set for the first jump destination instruction fetch.

755 Module Standby M ode Setting

The UBC can set the module disable/enable by using the module standby control register 2
(MSTCR2). By releasing the module standby mode, register access becomes to be enabled.

By setting the MSTPO bit of MSTCR2 to 1, the UBC is in the module standby mode in which the
clock supply is halted. See section 24, Power-Down State, for further details.

Rev. 2.0, 09/02, page 102 of 732
RENESAS



Section 8 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 8.1 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
bit in SYSCR must be set to 1.

8.1 Features

» 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 32-bit address space possible
e Activation by softwareis possible
» Transfer can be set in byte, word, or longword units
e Theinterrupt that activated the DTC can be requested to the CPU
* Module standby mode can be set
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DTMR: DTC mode register

DTCR: DTC transfer count register
DTSAR: DTC source address register
DTDAR: DTC destination address register
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DTC initial address register
DTC enable register

DTC control/status register
DTC information base register

Figure8.1 Block Diagram of DTC
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8.2 Register Descriptions

DTC hasthe following registers.

DTC mode register (DTMR)

DTC source address register (DTSAR)
DTC destination address register (DTDAR)
DTC initial addressregister (DTIAR)

DTC transfer count register A (DTCRA)
DTC transfer count register B (DTCRB)

These six registers cannot be directly accessed from the CPU.

When activated, the DTC transfer desired set of register information that is stored in an on-chip
RAM to the corresponding DTC registers. After the data transfer, it writes a set of updated register
information back to the RAM.

DTC enable register A (DTEA)

DTC enable register B (DTEB)

DTC enable register C (DTEC)

DTC enable register D (DTED)

DTC enable register E (DTEE)

DTC enable register G (DTEG)

DTC control/status register (DTCSR)
DTC information base register (DTBR)

For details on register addresses and register states during each processing, refer to section 25, List
of Registers.
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821

DTC Mode Register (DTMR)

DTMR isa16-hit register that selects the DTC operating mode.

Bit

Bit Name

Initial Value

R/W

Description

15
14

SM1
SMO

Undefined
Undefined

Source Address Mode 1 and 0

These bits specify a DTSAR operation after a data
transfer.

Ox: DTSAR is fixed

10: DTSAR is incremented after a transfer
(by +1 when Sz 1 and 0 = 00; by +2 when Sz 1
and 0 =01; by +4 when Sz 1 and 0 = 10)

11: DTSAR is decremented after a transfer
(by —1 when Sz 1 and 0 = 00; by -2 when Sz 1
and 0 = 01; by -4 when Sz 1 and 0 = 10)

13
12

DM1
DMO

Undefined
Undefined

Destination Address Mode 1 and 0

These bits specify a DTDAR operation after a data
transfer.

Ox: DTDAR is fixed

10: DTDAR is incremented after a transfer
(by +1 when Sz 1 and 0 = 00; by +2 when Sz 1
and 0 =01; by +4 when Sz 1 and 0 = 10)

11: DTDAR is decremented after a transfer
(by =1 when Sz 1 and 0 = 00; by -2 when Sz 1
and 0 = 01; by -4 when Sz 1 and 0 = 10)

11
10

MD1
MDO

Undefined
Undefined

DTC Mode 1 and 0

These bits specify the DTC transfer mode.
00: Normal mode

01: Repeat mode

10: Block transfer mode

11: Setting prohibited

Sz1
Sz0

Undefined
Undefined

DTC Data Transfer Size 1 and 0

Specify the size of data to be transferred.
00: Byte-size transfer

01: Word-size transfer

10: longword-size transfer

11: Setting prohibited
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B

it Bit Name

Initial Value

R/W

Description

7

DTS

Undefined

DTC Transfer Mode Select

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

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

6

CHNE

Undefined

DTC Chain Transfer Enable

When this bit is set to 1, a chain transfer will be
performed.

0: Chain transfer is canceled
1. Chain transfer is set

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

DISEL

Undefined

DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time 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.

NMIM

Undefined

DTC NMI Mode

This bit designates whether to terminate transfers
when an NMl is input during DTC transfers.

0: Terminate DTC transfer upon an NMI

1: Continue DTC transfer until end of transfer being
executed

Undefined
Undefined
Undefined
Undefined

Reserved

These bits have no effect on DTC operation and
should always be written with 0.

x|lo r v ow

: Don’t care
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8.22 DTC Source Address Register (DTSAR)

The DTC source address register (DTSAR) is a 32-bit register that specifiesthe DTC transfer
source address. For the word size transfer, specify an even source address. For the longword size
transfer, specify amultiple-of-four address.

Theinitia value of DTSAR is undefined.

8.2.3 DTC Destination Address Register (DTDAR)

The DTC destination address register (DTDAR) is a 32-bit register that specifiesthe DTC transfer
destination address. For the word size transfer, specify an even source address. For the longword
size transfer, specify a multiple-of-four address.

Theinitial value of DTDAR is undefined.

8.24 DTC Initial Address Register (DTIAR)

The DTC initial addressregister (DTIAR) isa 32-bit register that specifies the initial transfer
source/transfer destination address in repeat mode. In repeat mode, when the DTS hitisset to 1,
specify theinitial transfer source address in the repeat area, and when the DTS hit is cleared to O,
specify theinitial transfer destination address in the repeat area.

Theinitial value of DTIAR is undefined.

8.25 DTC Transfer Count Register A (DTCRA)

DTCRA isa 16-hit register that designates the number of times datais to be transferred by the
DTC.

In normal mode, the DTCRA functions as a 16-bit transfer counter (1 to 65536). It is decremented
by 1 every time datais transferred, and transfer ends when the count reaches H'0000. The number
of transfersis 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is
H'0000.

In repeat mode, upper 8-bit DTCRAH maintains the transfer count value and lower 8-bit
DTCRAL functions as an 8-bit transfer counter. The number of transfersis 1 when the set valueis
DTCRAH =DTCRAL = H'01, 255 when they are H'FF, and 256 when it is H'00.

In block transfer mode, the DTCRA functions as a 16-bit transfer counter. The number of transfers
is 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.

Theinitial value of DTCRA is undefined.
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8.2.6 DTC Transfer Count Register B (DTCRB)

The DTCRB is a 16-bit register that designates the block length in block transfer mode. The block
length is 1 when the set value is H'0001, 65535 when it is H'FFFF, and 65536 when it is H'0000.

Theinitia value of DTCRB is undefined.

8.2.7 DTC Enable Registers (DTER)

DTER which is comprised of six registers, DTEA to DTEE, DTEG, is aregister that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTE bitsis
shown in table 8.1.

Bit Bit Name Initial Value R/W Description

7 DTE*7 0 R/W DTC Activation Enable

6 DTE*6 0 R/W Setting this bit to 1 specifies the corresponding

5 DTE*5 0 RIW interrupt source to a DTC activation source.

4 DTE*4 0 R/W [Clearing conditions]

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

2 DTE*2 0 RIW ended -

1 DTE*1 0 rRW When the specified number of transfers have
ended

0 DTE*0 0 R/W

* 0 is written to the bit to be cleared after 1 has been
read from the bit

These bits are not cleared when the DISEL bit is 0 and
the specified number of transfers have not ended.

[Setting condition]

1 is written to the bit to be set after a 0 has been read
from the bit

Note: * The last character of the DTC enable register’'s name comes here.
Example: DTEB3 in DTEB, etc.
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8.2.8 DTC Control/Status Register (DTCSR)

The DTCSR is a 16-bit readable/writable register that is used to disable/enable DTC activation by
software and to set the DTC vector addresses for software activation. It also indicatesthe DTC
transfer status.

Bit Bit Name Initial Value R/W Description

15 — 0 R Reserved

14 — 0 R These bits have no effect on DTC operation and
13 _ 0 R should always be written with O.

12 — 0 R

11 — 0 R

10 NMIF 0 R/(W)*' NMI Flag Bit

This bit indicates that an NMI interrupt has occurred.
0: No NMl interrupts

[Clearing condition]

« Write O after reading the NMIF bit

1: NMl interrupt has been generated

When the NMIF bit is set, DTC transfers are not
allowed even if the DTER bit is set to 1. If, however,
a transfer has already started with the NMIM bit of
the DTMR set to 1, execution will continue until that
transfer ends.

9 AE 0 R/(W)** Address Error Flag

This bit indicates that an address error by the DTC
has occurred.

0: No address error by the DTC
[Clearing condition]
« Write O after reading the AE bit

1: An address error by the DTC occurred

When the AE bit is set, DTC transfers are not
allowed even if the DTER bit is set to 1.

8 SWDTE 0 R/W*?  DTC Software Activation Enable
Setting this bit to 1 activates DTC.
0: DTC activation by software disabled
1: DTC activation by software enabled
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Bit Bit Name Initial Value R/W Description

7 DTVEC7 0 R/W DTC Software Activation Vectors 7 to 0

6 DTVEC6 0 R/W These bits specify the lower eight bits of the vector

5 DTVECS 0 RIW addresses for DTC activation by software.

4 DTVEC4 0 R/W A vector address i; calculated as H'0400 + DTVEC
(7:0). Always specify 0 for DTVECO. For example,

3 DTVEC3 0 RW " when DTVEC? to DTVECO = H'10, the vector

2 DTVEC2 0 R/W address is H'0410. When the bit SWDTE is 0, these

1 DTVECI 0 RIW bits can be written to.

0 DTVECO 0 R/W

Notes: 1. For the NMIF and AE bits, only a 0 write after a 1 read is possible.

2. For the SWDTE bit, a 1 write is always possible, but a 0 write is possible only after a 1
is read.

8.2.9 DTC Information Base Register (DTBR)

The DTBR is a 16-hit readable/writable register that specifies the upper 16 bits of the memory
address containing DTC transfer information. Always access the DTBR in word or longword
units. If it is accessed in byte units the register contents will become undefined at the time of a
write, and undefined values will be read out upon reads.

Theinitial value of DTBR is undefined.
8.3 Operation

8.3.1 Activation Sour ces

The DTC operates when activated by an interrupt or by awriteto DTCSR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTER
bit. At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source interrupt flag or corresponding DTER hit iscleared. The activation source flag,
in the case of RXI_2, for example, isthe RDRF flag of SCI2.

When aDTC is activated by an interrupt, 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 8.2 shows a block diagram of activation source control. For details see section 6, Interrupt
Controller (INTC).
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Figure8.2 Activating Source Control Block Diagram

8.3.2 L ocation of Register Information and DTC Vector Table

Figure 8.3 shows the allocation of register information in memory space. The register information
start addresses are designated by DTBR for the upper 16 bits, and the DTC vector table for the
lower 16 bits.

The alocation in order from the register information start address in normal modeis DTMR,
DTCRA, 4 bytes empty (no effect on DTC operation), DTSAR, then DTDAR. In repeat modeit is
DTMR, DTCRA, DTIAR, DTSAR, and DTDAR. In block transfer mode, itis DTMR, DTCRA, 2
bytes empty (no effect on DTC operation), DTCRB, DTSAR, then DTDAR.

Fundamentally, certain RAM areas are designated for addresses storing register information.

Memory space Memory space Memory space

Register " ) \/\ﬂ

information DTMR - DTMR__ - DTMR -

start address - DTCRA - DTCRA - - DTCRA -
2 . F DTIAR ~ DTCRB Register
- DTSAR 1 E DTSAR 1 [ DTSAR - information
- DTDAR 1 - DTDAR 1 - DTDAR 1
Normal mode Repeat mode Block transfer mode

Figure8.3 DTC Register Information Allocation in Memory Space

Figure 8.4 shows the correspondence between DTC vector addresses and register information
allocation. For each DTC activating source there are 2 bytes in the DTC vector table, which
contain the register information start address.

Table 8.1 shows the correspondence between activating sources and vector addresses. When
activating with software, the vector address is calculated as H'0400 + DTVEC[7:0].
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Through DTC activation, aregister information start address is read from the vector table, then
register information placed in memory space is read from that register information start address.
Always designate register information start addresses in multiples of four.

DTC vector address

DTBR

Transfer information
start address |

Memory space

|

(upper 16 bits)

DTC vector table

| Register information |
start address

(lower 16 bits)

Register
information

\_/-\

|

Figure8.4 Correspondence between DTC Vector Addressand Transfer Information

Table8.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTEs

Activating
Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination Priority
MTU (CH4) TGIA 4 H'00000400 DTEA7  Arbitrary*  Arbitrary* High
TGIB_4 H'00000402 DTEA6 Arbitrary*  Arbitrary* A
TGIC_4 H'00000404 DTEAS Arbitrary*  Arbitrary*
TGID_4 H'00000406 DTEA4 Arbitrary* Arbitrary*
TCIV_4 H'00000408 DTEAS Arbitrary*  Arbitrary*
MTU (CH3) TGIA 3 H'0000040A DTEA2  Arbitrary*  Arbitrary*
TGIB_3 H'0000040C DTEA1l Arbitrary*  Arbitrary*
TGIC_3 H'0000040E DTEAO Arbitrary* Arbitrary*
TGID_3 H'00000410 DTEB7 Arbitrary* Arbitrary*
MTU (CH2) TGIA_ 2 H'00000412 DTEB6 Arbitrary*  Arbitrary*
TGIB_2 H'00000414 DTEBS Arbitrary* Arbitrary*
MTU (CH1) TGIA_1 H'00000416 DTEB4  Arbitrary*  Arbitrary* v
TGIB_1 H'00000418 DTEBS3 Arbitrary*  Arbitrary* Low
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Activating

Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination  Priority
MTU (CHO) TGIA_ O H'0000041A  DTEB2 Arbitrary*  Arbitrary* High
TGIB_O H'0000041C DTEB1 Arbitrary*  Arbitrary* A
TGIC_O H'0000041E  DTEBO Arbitrary*  Arbitrary*
TGID_O H'00000420 DTEC7 Arbitrary*  Arbitrary*
A/D converter  ADIO H'00000422 DTEC6 ADDRO Arbitrary*
(CHO)
External pin IRQO H'00000424 DTEC5 Arbitrary*  Arbitrary*
IRQ1 H'00000426 DTEC4 Arbitrary*  Arbitrary*
IRQ2 H'00000428 DTEC3 Arbitrary*  Arbitrary*
IRQ3 H'0000042A  DTEC2 Arbitrary*  Arbitrary*
IRQ4 H'0000042C DTEC1 Arbitrary*  Arbitrary*
IRQ5 H'0000042E  DTECO Arbitrary*  Arbitrary*
IRQ6 H'00000430 DTED7 Arbitrary*  Arbitrary*
IRQ7 H'00000432 DTED6 Arbitrary*  Arbitrary*
CMT (CHO) CMIO H'00000434 DTED5 Arbitrary*  Arbitrary*
CMT (CH1) CMI1 H'00000436 DTED4 Arbitrary*  Arbitrary*
SCIo RXI_0 H'00000438 DTED3 RDR_0 Arbitrary*
TXI_O0 H'0000043A  DTED2 Arbitrary*  TDR_O
SCiI1 RXI_1 H'0000043C DTED1 RDR_1 Arbitrary*
TXI_1 H'0000043E  DTEDO Arbitrary*  TDR_1
Reserved — H'00000440 to — — —
H'00000443
A/D converter  ADI1 H'00000444 DTEES ADDR1 Arbitrary*
(CH1)
Reserved — H'00000446 — — —
SCI2 RXI_2 H'00000448 DTEE3 RDR_2 Arbitrary*
TXI_2 H'0000044A  DTEE2 Arbitrary*  TDR_2
SCI3 RXI_3 H'0000044C DTEE1l RDR_3 Arbitrary*
TXI_3 H'0000044E  DTEEO Arbitrary*  TDR_3  J
Reserved — H'00000450 to — — — Low
H'0000045F
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Activating

Source Activating DTC Vector Transfer Transfer
Generator Source Address DTE Bit  Source Destination Priority
Ic ICI H'00000460 DTEG7 ICDR Arbitrary* High

(receive) (receive)

Arbitrary* ICDR
(transmit) (transmit)

Reserved — H'00000462 to — — —
H'0000049F
Software Write to H'0400+ — Arbitrary*  Arbitrary* Low
DTCSR DTVEC[7:0]

Note: * External memory, memory-mapped external devices, on-chip memory, on-chip peripheral
modules (excluding DMAC and DTC)

8.3.3 DTC Operation

Register information is stored in an on-chip RAM. When activated, the DTC reads register
information in an on-chip RAM and transfers data. After the data transfer, it writes updated
register information back to the RAM.

Pre-storage of register information in the RAM makes it possible to transfer data over any required
number of channels. The transfer mode can be specified as normal, repeat, and block transfer
mode. Setting the CHNE bit to 1 makes it possible to perform a number of transfers with asingle
activation source (chain transfer).

The 32-bit DTSAR designates the DTC transfer source address and the 32-bit DTDAR designates
the transfer destination address. After each transfer, DTSAR and DTDAR are independently
incremented, decremented, or left fixed depending on its register information.
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Initial settings
DTMR, DTCR, DTIAR, DTSAR, DTDAR

la

Transfer request
generated?

I DTC vector read I

<
<

I Transfer information read I

DTCRA = DTCRA — 1 (normal/block transfer mode)
DTCRAL = DTCRAL - 1 (repeat mode)

[«
y
Transfer (1 transfer unit)
DTSAR, DTDAR update
DTCRB = DTCRB -1 (block transfer mode)

Block
transfer mode and
DTCRB # 02

I Transfer information write I I Transfer information write

I NMI or address error I No

\ Yes

CPU interrupt request
When DISEL =1 or DTCRA = 0 (normal/block transfer mode)
When DISEL = 1 (repeat transfer mode)

End

Figure8.5 DTC Operation Flowchart
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Normal Mode: Performs the transfer of one byte, one word, or one longword for each activation.
Thetotal transfer count is 1 to 65536. Once the specified number of transfers have ended, a CPU
interrupt can be requested.

Table8.2 Normal Mode Register Functions

Values Written Back upon a Transfer Information Write

Register Function When DTCRA is other than1 When DTCRA is 1
DTMR Operation mode DTMR DTMR
control
DTCRA Transfer count DTCRA -1 DTCRA - 1 (= H'0000)
DTSAR Transfer source Increment/decrement/fixed Increment/decrement/fixed
address
DTDAR Transfer destination Increment/decrement/fixed Increment/decrement/fixed
address
N— N—
DTSAR —» — <— DTDAR
Transfer
S~ S~

Figure8.6 Memory Mappingin Normal Mode

Repeat Mode: Performs the transfer of one byte, one word, or one longword for each activation.
Either the transfer source or transfer destination is designated as the repeat area. Table 8.3 liststhe
register information in repeat mode.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.
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Table 8.3 Repeat Mode Register Functions

Values Written Back upon a Transfer Information Write

Register Function When DTCRA is otherthan1  When DTCRA is 1
DTMR Operation mode DTMR DTMR
control
DTCRAH Transfer count save DTCRAH DTCRAH
DTCRAL Transfer count DTCRAL -1 DTCRAH
DTIAR Initial address (Not written back) (Not written back)
DTSAR Transfer source Increment/decrement/fixed (DTS = 0) Increment/
address decrement/fixed
(DTS =1) DTIAR
DTDAR Transfer destination Increment/decrement/fixed (DTS =0) DTIAR
address (DTS =1) Increment/
decrement/fixed
N— — N— — N
DTSAR DTDAR
or — Repeat area < > ~-— or
DTDAR DTSAR
Transfer
N~ N~ N

Figure8.7 Memory Mapping in Repeat Mode

Block Transfer Mode: Performsthe transfer of one block for each one activation. Either the
transfer source or transfer destination is designated as the block area.

The block length is specified between 1 and 65536. When the transfer of one block ends, the
initial state of the block size counter and the address register specified asthe block areais
restored. The other address register is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.
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Table8.4 Block Transfer Mode Register Functions

Register Function Values Written Back upon a Transfer Information Write
DTMR Operation mode DTMR
control
DTCRA Transfer count DTCRA-1
DTCRB Block length (Not written back)
DTSAR Transfer source (DTS = 0) Increment/ decrement/ fixed
address (DTS = 1) DTSAR initial value
DTDAR Transfer destination (DTS = 0) DTDAR initial value
address

(DTS = 1) Increment/ decrement/ fixed

First block
1 N—
DTSAR - . 1 - 1 DTDAR
or —- . <:> Block area ~--— or
DTDAR L . 1 Transter . DTSAR
B T N~ —
Nth block
\
\_/_\

Figure8.8 Memory Mappingin Block Transfer Mode

Chain Transfer: Setting the CHNE bit to 1 enables a number of datatransfersto be performed
consecutively in asingle activation source. DTSAR, DTDAR, DTMR, DTCRA, and DTCRB can
be set independently.

Figure 8.9 shows the 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. After the data transfer, the CHNE
bit will be tested. When it has been set to 1, DTC reads next register information located in a
consecutive area and performs the data transfer. These sequences are repeated until the CHNE bit
iscleared to 0.
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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.

T S———
Source
/\_/ /\_/
. ) Destination
Register information
CHNE=1
DTC vector Register information I;
address start address Register information
CHNE =0
— Source
T~  ~——_
L) Destination
T ~—

Figure8.9 Chain Transfer

8.34 Interrupt Source

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 hit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. The interrupt handling routine should clear the SWDTE 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 bitisset to 1.
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Note: When the DTCR contains avalue equal to or greater than 2, the SWDTE bit is
automatically cleared to 0. When the DTCRis set to 1, the SWDTE bit is again set to 1.

8.35 Operation Timing

When register information islocated in on-chip RAM, each mode requires 4 cycles for transfer
information reads, and 3 cyclesfor writes.

o _NNANNNNNNNS ST

Activating
source —0 / \
DTC
request E— \
Address O ORI XD
Vector Transfer information Data Transfer
read read transfer information write

Figure8.10 DTC Operation Timing Example (Normal Mode)

8.3.6 DTC Execution State Counts

Table 8.5 shows the execution state for one DTC data transfer. Furthermore, table 8.6 shows the
state counts needed for execution state.

Table 8.5 Execution Stateof DTC

Register

Information Internal
Mode Vector Read | Read/WriteJ Data Read K Data WriteL Operation M
Normal 1 7 1 1 1
Repeat 1 7 1 1 1
Block transfer 1 7 N N 1

N: block size (default set values of DTCRB)
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Table 8.6 State Counts Needed for Execution State

On-chip On-chip Internal I/O

Access Objective RAM ROM Register External Device

Bus width 32 32 8 or 16 8 16 32

Access state 1 1 2 3 2

Execution Vector read S, — 1 — — 4

state Register information S, 1 1 — — 8 4 2
read/write
Byte data read S, 1 1 2 3 2 2 2
Word data read S, 1 1 2 3 4 2 2
Long word data read S, 1 1 4 6 8 4 2
Byte data write S, 1 1 2 3 2 2 2
Word data write S, 1 1 2 3 4 2 2
Longword data write S, 1 1 4 6 8 4 2
Internal operation S, 1

Notes: 1. Two state access module : port, INT, CMT, SCI, etc.
2. Three state access module : WDT, UBC, etc.

The execution state count is calculated using the following formula. X indicates the number of
transfers by one activating source (count + 1 when CHNE bit is set to 1).

Execution state count=1-S+>(J-S,+K-S,+L-S)+M-S§,
8.4 Proceduresfor Using DTC

84.1 Activation by Interrupt
The procedure for using the DTC with interrupt activationis as follows:

1. Setthe DTMR, DTCRA, DTSAR, DTDAR, DTCRB, and DTIAR register information in
memory space.

Specify the register information start address with DTBR and the DTC vector table.
Set the corresponding DTER bit to 1.
The DTC is activated when an interrupt source occurs.

S SR

When interrupt requests are not made to the CPU, the interrupt source is cleared, but the DTER
isnot. When interrupts are requested, the interrupt source is not cleared, but the DTER is.

6. Interrupt sources are cleared within the CPU interrupt routine. When doing continuous DTC
datatransfers, set the DTER to 1.

Rev. 2.0, 09/02, page 122 of 732
RENESAS



8.4.2 Activation by Software

The procedure for using the DTC with software activation is as follows:

1.

S e

Set the DTMR, DTCRA, DTSAR, DTDAR, DTCRB, and DTIAR register information in
memory space.

Set the start address of the register information in the DTBR register and the DTC vector
address.

Check that the SWDTE hit is 0.

Write 1 to SWDTE bit and the vector number to DTVEC.

Check the vector number written to DTVEC.

After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE bit is cleared to 0. If the DTC isto 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.

The SWDTE bit is cleared to O within the CPU interrupt routine. For continuous DTC data
transfer, set the SWDTE bit to 1 after confirming that its current valueis 0. Then write the
vector number to DTVEC for continuous DTC transfer.

8.4.3 DTC Use Example

Thefollowing isa DTC use example of a 128-byte data reception by the SCI:

1

The settings are: DTMR source address fixed (SM1 = SMO = 0), destination address
incremented (DM1 =1, DMO = 0), normal mode (MD1 = MDO = 0), byte size (SZ1 = SZ0 =
0), one transfer per activating source (CHNE = 0), and a CPU interrupt request after the
designated number of datatransfers (DISEL = 0). DTS bit can be set to any value. 128
(H'0080) issetin DTCRA, the RDR address of the SCI isset in DTSAR, and the start address
of the RAM storing the receive datais set in DTDAR. DTCRB can be set to any value.

Set the register information start address with DTBR and the DTC vector table.

Set the corresponding DTER bit to 1.

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.

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. DTDAR isincremented and DTCRA is decremented. The RDRF flag is
automatically cleared to 0.

When DTCRA is 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
corresponding bitin DTER is cleared to 0, and an RX| interrupt request is sent to the CPU.
Theinterrupt handling routine should perform completion processing.

Rev. 2.0, 09/02, page 123 of 732
RENESAS



8.5 Cautionson Use

85.1 Prohibition against DMAC/DTC Register Accessby DTC

DMAC and DTC register access by the DMAC is prohibited.

8.5.2 Module Standby M ode Setting

DTC operation can be disabled or enabled using the module standby control register. The initial
setting isfor DTC operation to be halted. Register accessis enabled by clearing module standby
mode.

When the MSTP24 and MSTP25 hitsin MSTCR1 are set to 1, the DTC clock is halted and the
DTC enters module standby mode. The MSTP24 and M STP25 bit cannot be set to 1 during
activation of the DTC.

In addition, when the module standby mode is entered, clear all the DTER bhitsto 0.

For details, refer to section 24, Power-Down Modes.

8.5.3 On-Chip RAM

The DTMR, DTSAR, DTDAR, DTCRA,DTCRB and DTIAR registers are all located in on-chip
RAM. When the DTC isused, the RAME bit in SY SCR must not be cleared to 0.
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Section 9 Bus State Controller (BSC)

The bus state controller (BSC) divides up the address spaces and outputs control signals for
various types of memory. This enables memories like SRAM and ROM to be connected directly
to the chip without external circuitry.

9.1 Features
The BSC has the following features:

e Address space is divided into four spaces

O A maximum linear 2 Mbytes for on-chip ROM enabled mode, and a maximum 4-Mbyte for
on-chip ROM disabled mode, for address space CSO

A maximum linear 4-Mbyte for address space CS1, CS2, CS3
Bus width (8, 16, or 32 bits) can be selected for each space
Wait states can be inserted by software for each space
Wait state insertion with WAIT pin in external memory space access
Outputs control signals for each space according to the type of memory connected
* On-chip ROM and RAM interfaces
0 On-chip ROM and RAM access of 32 bitsin 1 state

OooOooogodg
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Figure 9.1 shows the BSC block diagram.

Bus interface

Internal bus

|
[
[
: : On-chip memory | ! RAMER
[ control unit |
[ |
[ |
[ |
[ |
(. WCR1
WA L | wait control ! %
[ | )
(. WCR2 =)
. g
[ | =
[ |
[ |
[ |
[ - I BCR1 k
e
CS0to CS3 Areaucr::i:;ntrol :
Vo : I BCR2 k
[ |
[ | ~
[ |
[ |
[ |
RD <1 '
| : Memory control :
WRHH, WRHL _! ! unit |
RH, WRL "1 | |
[ |
[ |
[ |
b __ [
|
b BSC-——————————————=
WCR1: Wait control register 1
WCR2: Wait control register 2
BCR1: Bus control register 1
BCR2:  Bus control register 2

RAMER: RAM emulation register

Note: Refer to section 19, Flash Memory (F-ZTAT Version), for RAMER.

Figure9.1 BSC Block Diagram
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9.2 Pin Configuration

Table 9.1 shows the bus state controller pin configuration.

Table9.1 Pin Configuration

Name Abbr. 1/0 Description

Address bus A21 to AO Output Address output (Address bus A21 to A18 pins are
disabled and I/O port function is enabled after

power-on-reset.)

Data bus D31 to DO I/O 32-bit data bus
Chip select CS0to CS3 Output Chip select signal indicating the area being
accessed
Read RD Output  Strobe that indicates the read cycle
Write WRHH Output Strobe that indicates a write cycle to the first byte
(D31 to D24)
WRHL Output Strobe that indicates a write cycle to the second byte
(D23 to D16)
RH Output Strobe that indicates a write cycle to the third byte
(D15 to D8)
RL Output Strobe that indicates a write cycle to the fourth byte
(D7 to DO)
Wait WAIT Input  Wait state request signal
Bus request BREQ Input  Bus request input
Bus acknowledge BACK Output Bus use enable output

9.3 Register Descriptions

The BSC hasfive registers. For details on these register addresses and register statesin each
processing states, refer to section 25, List of Registers.

These registers are used to control wait states, bus width, and interfaces with memories like ROM
and SRAM. All registers are 16 bits.

Bus control register 1 (BCR1)

Bus control register 2 (BCR2)
Wait control register 1 (WCR1)
Wait control register 2 (WCR2)
RAM emulation register (RAMER)

RENESAS
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94 AddressMap

Figure 9.2 shows the address format used by this LS.

A31to A24 | A23, A22 | A21

A0

|— Output address:

Output from the address pins

CS space selection:

Decoded, outputs CS0 to CS3 when A31 to A24 = 00000000

Space selection:
Not output externally; used to select the type of space
On-chip ROM space or CS space when 00000000 (H'00)

Reserved (do not access) when 00000001 to 11111110 (H'01 to H'FE)

On-chip peripheral module space or on-chip RAM space when 11111111 (H'FF)

Figure9.2 AddressFormat

This chip uses 32-hit addresses:

» BitsA31to A24 are used to select the type of space and are not output externally.
+ BitsA23 and A22 are decoded and output as chip select signals (CS3 to CS0) for the

corresponding areas when bits A31 to A24 are 00000000.
* A21to A0 are output externally.

Table 9.2 shows the address map.

Table9.2 AddressMap
On-chip ROM enabled mode

Address Space Memory Size Bus Width

H'00000000 to H'0003FFFF On-chip ROM On-chip ROM 256 kbytes 32 bits

H'00040000 to H'001FFFFF Reserved Reserved

H'00200000 to H'003FFFFF CSO0 space External space 2 Mbytes 8/16/32 bits**

H'00400000 to H'007FFFFF CS1 space External space 4 Mbytes 8/16/32 bits**

H'00800000 to H'00BFFFFF CS2 space External space 4 Mbytes 8/16/32 bits**

H'00C00000 to H'00FFFFFF CS3 space External space 4 Mbytes 8/16/32 bits**

H'01000000 to H'FFFF7FFF Reserved Reserved

H'FFFF8000 to H'FFFFBFFF On-chip peripheral  On-chip peripheral 16 kbytes 8/16 bits
module module

H'FFFFCO00 to H'FFFFDFFF  Reserved Reserved

H'FFFFEO000 to H'FFFFFFFF On-chip RAM On-chip RAM 8 kbytes 32 bits
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On-chip ROM disabled mode

Address Space Memory Size Bus Width

H'00000000 to H'003FFFFF CSO0 space External space 4 Mbytes 8/16/32 bits**

H'00400000 to H'007FFFFF CS1 space External space 4 Mbytes 8/16/32 bits**

H'00800000 to H'00BFFFFF CS2 space External space 4 Mbytes 8/16/32 bits**

H'00C00000 to H'00FFFFFF CS3 space External space 4 Mbytes 8/16/32 bits**

H'01000000 to H'FFFF7FFF Reserved Reserved

H'FFFF8000 to H'FFFFBFFF On-chip peripheral  On-chip peripheral 16 kbytes 8/16 bits
module module

H'FFFFCO000 to H'FFFFDFFF  Reserved Reserved

H'FFFFEO0O0 to H'FFFFFFFF On-chip RAM On-chip RAM 8 kbytes 32 hits

Notes: Do not access reserved spaces. Operation cannot be guaranteed if they are accessed.
Spaces other than on-chip ROM, on-chip RAM, and on-chip peripheral modules cannot be
used in single-chip mode.

1. Selected by setting the on-chip register.
2. Selected by the mode pin: 8 or 16 bits in SH7144 (112 pins)
16 or 32 bits in SH7145 (144 pins)
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9.5 Description of Registers

951 Bus Control Register 1 (BCR1)

BCR1 isa 16-hit readable/writable register that enables access to the MTU control registers and
specifies the bus size of each CS space. When using the SH7144, specify the bus size asword (16-
bit) or smaller size.

Write bits 7 to 0 of BCR1 during the initialization stage after a power-on reset, and do not change
the values thereafter. In on-chip ROM enabled mode, do not access any of each CS space until
completion of register initialization. In on-chip ROM disabled mode, do not access CS spaces
other than CS0 until completion of register initialization.

Bit Bit Name Initial Value R/W Description

15 O 0 R Reserved

This bit is always read as 0 and should always be
written with 0.

14 O 1 R Reserved

This bit is always read as 1 and should always be
written with 1.

13 MTURWE 1 R/W MTU Read/Write Enable

This bit enables MTU control register access. For
details, refer to section 11, Multi-Function Timer
Pulse Unit (MTU).

0: MTU control register access is disabled
1: MTU control register access is enabled

12to8 [ AllO R Reserved

These bits are always read as 0 and should always
be written with 0.

7 A3LG 0 R/W CS3 space longword

This bit specifies the CS3 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the A3SZ bit in this
register.

1: Longword (32 bits)
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Bit

Bit Name

Initial Value

R/W

Description

6

A2LG

0

R/W

CS2 space longword

This bit specifies the CS2 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the A2SZ bit in this
register.

1: Longword (32 bits)

5

AlLG

0

R/W

CS1 space longword

This bit specifies the CS1 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the A1SZ bit in this
register.

1: Longword (32 bits)

4

AOLG

0

R/W

CSO0 space longword

This bit specifies the CS0 space bus size. This bit is
valid only for the SH7145.

This bit is reserved in SH7144. This bit is always read
as 0 and should always be written with 0.

0: Depends on the value set with the AOSZ bit in this
register.

1: Longword (32 bits)

Note: AOLG is valid only in on-chip ROM enabled
mode. The CS0 space bus size is specified
with the mode pin in on-chip ROM disabled
mode.

3

A3SZ

1

R/W

CS3 space size

This bit specifies the CS3 space bus size in A3LG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: In A3LG= 1, This bitis ignored and the CS3
bus size is longword (32bits).
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Bit Bit Name Initial Value R/W

Description

2 A2SZ 1 R/W

CS2 space size

This bit specifies the CS2 space bus size in A2LG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: In A2LG= 1, This bitis ignored and the CS2
bus size is longword (32bits).

1 Al1SZ 1 R/W

CS1 space size

This bit specifies the CS1 space bus size in A1LG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: In A1LG= 1, This bitis ignored and the CS1
bus size is longword (32bits).

0 AO0SZ 1 R/W

CSO0 space size

This bit specifies the CS0 space bus size in AOLG= 0.
0: Byte (8 hits)

1: Word (16 bits)

Note: This bit is valid only in on-chip ROM enabled
mode. The CSO0 space bus size is specified
with the mode pin in on-chip ROM disabled
mode. Even in on-chip ROM enabled mode,
this bit is ignored in AOLG= 1, and the CS0
space bus size is longword (32 bits).

95.2 Bus Control Register 2 (BCR2)

BCR2 is a 16-bit readable/writable register that specifies the number of idle cycles and CS signal

assert extension of each CS space.

Bit Bit Name |Initial Value R/W  Description

15 IW31 1 R/W Idle cycles in CS3 space cycles

14 IW30 1 R/W

These bits insert idle cycles when the write cycle to the

CS3 space comes after read access to the CS3 space, or
when continuous access is made to different CS spaces
after read access to the CS3 space.

00: No idle cycle inserted after access to the CS3 space

01: One idle cycle inserted after access to the CS3 space

10: Two idle cycles inserted after access to the CS3 space

11: Three idle cycles inserted after access to the CS3

space
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Bit

Bit Name Initial Value R/W

Description

13
12

w21
W20

R/W
R/W

Idle cycles in CS2 space cycles

These bits insert idle cycles when the write cycle to the
CS2 space comes after read access to the CS2 space, or
when continuous access is made to different CS spaces
after read access to the CS2 space.

00: No idle cycle inserted after access to the CS2 space
01: One idle cycle inserted after access to the CS2 space
10: Two idle cycles inserted after access to the CS2 space

11: Three idle cycles inserted after access to the CS2
space

11
10

W11
IW10

R/W
R/W

Idle cycles in CS1 space cycles

These bits insert idle cycles when the write cycle to the
CS1 space comes after read access to the CS1 space, or
when continuous access is made to different CS spaces
after read access to the CS1 space.

00: No idle cycle inserted after access to the CS1 space
01: One idle cycle inserted after access to the CS1 space
10: Two idle cycles inserted after access to the CS1 space

11: Three idle cycles inserted after access to the CS1
space

9
8

W01
IWO00

R/W
R/W

Idle cycles in CSO space cycles

These bits insert idle cycles when the write cycle to the
CSO0 space comes after read access to the CSO0 space, or
when continuous access is made to different CS spaces
after read access to the CSO space.

00: No idle cycle inserted after access to the CSO space
01: One idle cycle inserted after access to the CS0 space
10: Two idle cycles inserted after access to the CS0 space

11: Three idle cycles inserted after access to the CS0O
space
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Bit Bit Name Initial Value R/W

Description

7 Cw3 1 R/W

Idle cycles at continuous access to CS3 space

This bit inserts an idle cycle and negates the CS3 signal to
make the bus cycle end obvious when accessing the CS3
space continuously.

0: No idle cycle inserted at continuous access to the CS3
space.

1: One idle cycle inserted at continuous access to the CS3
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.

6 Ccw2 1 R/W

Idle cycles at continuous access to CS2 space

This bit inserts an idle cycle and negates the CS2 signal to
make the bus cycle end obvious when accessing the CS2
space continuously.

0: No idle cycle inserted at continuous access to the CS2
space.

1: One idle cycle inserted at continuous access to the CS2
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.

5 Ccwi 1 R/W

Idle cycles at continuous access to CS1 space

This bit inserts an idle cycle and negates the CS1 signal to
make the bus cycle end obvious when accessing the CS1
space continuously.

0: No idle cycle inserted at continuous access to the CS1
space.

1: One idle cycle inserted at continuous access to the CS1
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.
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Bit

Bit Name Initial Value R/W

Description

4

CWo0

1

R/W

Idle cycles at continuous access to CS0 space

This bit inserts an idle cycle and negates the CSO0 signal to
make the bus cycle end obvious when accessing the CS0
space continuously.

0: No idle cycle inserted at continuous access to the CS0O
space.

1: One idle cycle inserted at continuous access to the CS0
space.

When the write cycle follows the read cycle, the larger of
the value specified with IW and that specified with CW is
used as the idle cycles to be inserted.

SW3

R/W

CS assert period extension for CS3 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CS3.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).

SW2

R/W

CS assert period extension for CS2 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CS2.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).

Swi

R/W

CS assert period extension for CS1 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CS1.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).

SWo

R/W

CS assert period extension for CS0 space

This bit inserts a cycle to prevent the assert period of RD
and WRx from extending the assert period of CSO0.

0: No cycle inserted for CS assert period.

1: CS assert extension (each one cycle inserted before and
after the bus cycle).
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953 Wait Control Register 1 (WCR1)

WCRL is a 16-hit readable/writable register that specifies the number of wait cyclesfor each CS
space.

Bit Bit Name Initial Value R/W Description

15 w33 1 R/W CS3 Space Wait Specification
14 W32 1 RIW These bits specify the number of waits for CS3 space
13 w31 1 R/W i
12 W30 1 RIW ' , o ,
0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)
1111: 15 waits (external wait input enabled)
11 w23 1 R/W CS2 Space Wait Specification
10 W22 1 RIW These bits specify the number of waits for CS2 space
9 w21 1 R/W access
8 W20 1 R/W ' _ . _
0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)
1111: 15 waits (external wait input enabled)
7 w13 1 R/W CS1 Space Wait Specification
6 W12 1 RIW These bits specify the number of waits for CS1 space
5 w11l 1 R/W D
4 W10 1 RIW ' , o ,
0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)
1111: 15 waits (external wait input enabled)
3 W03 1 R/W CSO0 Space Wait Specification
2 W02 1 RIW These bits specify the number of waits for CS0 space
1 w01 1 R/W
access.
0 W00 1 R/W

0000: No wait (external wait input disabled)
0001: One wait (external wait input enabled)

1111: 15 waits (external wait input enabled)
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954 Wait Control Register 2 (WCR2)

WCR2 is a 16-hit readabl e/writable register that specifies the number of access cyclesto the CS

space in DMA single address mode transfer.

Do not perform DMA single address transfer before setting WCR2.

Bit Bit Name Initial Value R/W Description

15t04 O All 0 R Reserved
These bits are always read as 0 and should always
be written with 0.

3 DSW3 1 R/W Number of wait cycles for access to CS space in

2 DSwW2 1 R/W DMA single address mode

1 DSW1 1 RIW These bits specify the number of wait cycles (0 to 15)

0 DSWO0 1 R/W

for access to the CS space in DMA single address
mode. These bits are independent of the W bit in
WCR1.

0000: No wait (external wait insertion disabled)
0001: One wait (external wait insertion enabled)

1111: 15 waits (external waits insertion enabled)

955 RAM Emulation Register (RAMER)

The RAM emulation register (RAMER) is a 16-hit readable/writable register that selects the RAM
area to be used when emulating realtime programming of flash memory. For details, refer to
section 19.5.5, RAM Emulation Register (RAMER).
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9.6 Accessing External Space

A strobe signal is output in external space accesses to provide primarily for SRAM or ROM direct
connections.

9.6.1 Basic Timing

External access bus cycles are performed in 2 states. Figure 9.3 shows the basic timing of external
Space access.

Figure9.3 Basic Timing of External Space Access

During aread, irrespective of operand size, al bitsin the data bus width for the access space
(address) accessed by RD signal are fetched by the LS.

During awrite, the WRHH (bits 31 to 24) , the WRHL (bits 23 to 16) , the WRH (bits 15 to 8),
and the WRL (bits 7 to 0) signal indicate the byte location to be written.
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9.6.2 Wait State Control

The number of wait states inserted into external space access states can be controlled using the
WCR settings. The specified number of Tw cycles are inserted as software cycles at the timing
shown in figure 9.4.

| | | |
[ \ |
Data : { ') :
| |
WRxx | \ [/ |
Write : | :
pata ———{_ ! ——
| t t T
| | |
DACK 1 X X
T t

Figure9.4 Wait State Timing of External Space Access (Software Wait Only)
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When the wait is specified by software using WCR, the wait input WAIT signal from outside is

sampled. Figure 9.5 shows the WAIT signal sampling. The WAIT signal is sampled at the clock

rise one cycle before the clock rise when the Tw state shifts to the T2 state.

o et __ 1l __ 1l - > _ __J-4_J1_-L_1_d_4_
T
o
S| —p—-J4-4-—F}-—F-—F-——-J-J-4-F-3-4-4-
T
=3 S U N A N AR I O O e O O B
=
~
=3 - D I N I BN [ N N N S A
T
—
o =t -F— - -} -1~
>< _P\ ><
X 0 c o) © % © - N
O m 7% _R © & IS T O
< _— ——
© []
g £
o =

Figure9.5 Wait State Timing of External Space Access

(Two Software Wait States + WAIT Signal Wait State)
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06.3  CS Assert Period Extension

Idle cycles can be inserted to prevent extension of the RD or WRxx signal assert period beyond
the length of the CSn signal assert period by setting the SW3 to SWO bits of BCR2. This allows
for flexible interfaces with external circuitry. The timing is shown in figure 9.6. Th and Tf cycles
are added respectively before and after the normal cycle. Only CSn is asserted in these cycles; RD
and WRxx signals are not. Further, datais extended up to the Tf cycle, which is effective for gate
arrays and the like, which have slower write operations.

bTth ) T ) T2 L TE
I T T 1
| | | |

S\ S N T T
{F‘D::::\___,/” !
Read [ R T R T [
Pata ——ttt
{WRxxi|i|::i:i:
wite P M o S N
e —— ([ D
o i

Figure9.6 CS Assert Period Extension Function
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9.7 Waits between Access Cycles

When aread from a slow device is completed, data buffers may not go off in time, causing
conflict with the next access data. If there is a data conflict during memory access, the problem
can be solved by inserting await in the access cycle.

To enable detection of bus cycle starts, waits can be inserted between access cycles during
continuous accesses of the same CS space by negating the CSn signal once.

9.7.1 Prevention of Data Bus Conflicts

Wait cycles are inserted in the following cases so that the number of idle cycles specified with the
IW31 to IWOQO bits are inserted:

» Thewrite cycle to the same CS space continues after the cycle read
» The continuous access is made to the different CS space after the read access

If there are idle cycles between the access cycles, the number of wait cyclesisinserted that is
obtained by subtracting the existing idle cycles from the number of idle cycles specified.

Figure 9.7 shows the example of idle cycle insertion. In this example, when oneidle cycle
insertion is specified between CSn space cycles, the specified oneidle cycle isinserted when the
write access is performed to the CSm space immediately after the read cycle of the CSn space.
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| T1 | T2 ! Tidle | T1 | T2 |
I 1 1 1 1 1
| I | I | I | I | I |
'/ \l l/ \. |/ \ |/_\ I\ I
cK | ! | | | | | | | I /_\_
| i i i i i i i i i |
N G R D G A )
! 1 I 1 I 1 I 1 I i [l
I | | | | | I I I I I
I 1 1 I T T T
AN T S S 2 A R AN
i | i | i | i | i | i
L L L L 1 I 1 I
Csm L\ Y/
| : i : i : i : i : |
| I I I I ! 1 ! ! !
RD i ANy A o
! 1 1 1 1 1 1 1
| I | I | I | I | I I
| ! ! ! ! ! ! | 1 1 |
T T T T T T T T I 1
WRxx i ! | \ | \ | :\_f
I 1 I 1 I 1 I 1 I 1 1
1 1 1 1 ! 1
pata ———————("| :>————: — 1)
1 1 1 1 ! 1
CSn space read Idle cycles CSm space write

Figure9.7 Exampleof Idle CycleInsertion

Bits IW31 and IW30 in BCR2 specify the number of idle cyclesinserted in the case of awrite
cycle to CS3 space or an access to different space after CS3 space read.

Bits IW21 and IW20 specify the number of idle cyclesinserted for a CS2 space, bits IW11 and
IW10 specify for a CS1 space, and bits W01 and W00 specify for a CS0 space, respectively.

9.7.2 Simplification of Bus Cycle Start Detection

For consecutive accesses to the same CS space, waits are inserted to provide the number of idle
cycles designated by bits CW3 to CWO0 in BCR2. However, in the case of awrite cycle after a
read, the number of idle cyclesinserted will be the larger of the two values designated by the IW
and CW bits. When idle cycles already exist between access cycles, waits are not inserted.

Figure 9.8 shows an example. A continuous accessidleis specified for CSn space, and CSn space
is consecutively write-accessed.
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|
: CSn space access : Idle cycle: CSn space access :
1 1 1 1

Figure9.8 Exampleof Idle CycleInsertion at Same Space Consecutive Access

9.8 Bus Arbitration

This LSl has a bus arbitration function that, when a bus release request is received from an
external device, releases the busto that device. It also has four internal bus masters, the CPU,
DMAC, DTC, and AUD. The priority for arbitrate the bus mastership between these bus masters
is.

Bus request from external device > AUD > DTC > DMAC > CPU

AUD does not acquire the bus mastership during DTC or DMAC burst transfer; it acquires the bus
mastership after DTC or DMAC burst transfer. AUD has the priority for the bus mastership to
DTC and DMAC if the CPU has the bus mastership. DMAC, continues operating even if DTC
reguests the bus mastership during the read or the write period in DMAC dual address mode,
during burst transfer, or during operation in indirect address transfer mode.

A busrequest by an external device should be input to the BREQ pin. When the BREQ pinis
asserted, this LS| releases the busimmediately after executing the current bus cycle. The signal
indicating that the bus has been released is output from the BACK pin.

However, the bus arbitration is not performed at the timing between the read cycle and the write
cycle of TASinstruction. In addition, bus arbitration is not performed during bus cycle if the
access size is greater than the data-bus size, for example, when along-word access is made for an
8-bit size memory.

When an interrupt is generated and the CPU must process this interrupt, the LSI must take back
the bus mastership. For this purpose, this LS| has the IRQOUT pin used for the bus mastership
request signal. Before the LS takes back the bus mastership, the IRQOUT signal is asserted.
When the IRQOUT signal is asserted, the device that asserted the external bus rel ease request
negates the BREQ signal to rel ease the bus mastership. This allows the bus mastership to return to
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the CPU, and the L SI processes the interrupt. The IRQOUT pin is asserted when a cause of
interrupt is generated and the interrupt request level is higher than the interrupt mask bits (13 to 10)
of the status register (SR).

Figure 9.9 shows a bus mastership release procedure.

( This LSI ) ( External device )

|
BREQ = Low |

Bus mastership request |

| BREQ accepted

Strobe pin:
high-level output

Address, data, strobe pin: BACK confirmation
high impedance

Bus mastership release response

|

Bus mastership release status Bus mastership acquisition

BACK = Low

Figure9.9 BusMastership Release Procedure

9.9 Memory Connection Example

Since A21 to A18 function as input ports at power-on reset, take the procedure such as pulling
down as required.

This LSI 32k x 8-bit ROM
CSn CE
RD OE
A0 to Al4 A0 to A14
DO to D7 1/00 to I/07

Figure9.10 Example of 8-bit Data Bus Width ROM Connection
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256k x 16-bit

This LSI ROM
CSn CE
RD OE
A0
Alto 18 AOto 17
DO to 15 1/00 to 15

Figure9.11 Example of 16-bit Data Bus Width ROM Connection

256k x 16-bit
This LSI ROM
CSn CE
RD OE
A0 |—
Al |—
A2 tol19 AO to 17
D16 to 31 1/00 to 15
DO to 15 |—
CE
OE
— A0 to 17
1/00 to 15

Figure9.12 Example of 32-bit Data Bus Width ROM Connection (only for SH7145)

128k x 8-bit
This LSI SRAM
CSn CE
RD OE
A0 to 16 AO to 16
WRL WE
DOto7 /00 to 7

Figure9.13 Example of 8-bit Data Bus Width SRAM Connection
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128k x 8-bit

This LSI SRAM
CSn CS
RD OE
AO —
Alto 17 A0 to16
WRH WE
D8 to 15 /100 to 7
WRL
DOto 7 _
CS
L+ OE
— A0 to 16
WE
1/00to 7

Figure9.14 Example of 16-bit Data Bus Width SRAM Connection

128k x 8-hit
This LSI SRAM
CSn CS
RD OE
A0 —
Al —
A2t0 18 A0 to 16
WRHH WE
D24 to 31 1/00 to 7
WRHL
D16 to 23
WRH cs
D8to 15 | | | OE
WRL |— t— A0 to 16
DOto 7 |+ WE
1/00 to 7
Ccs
1 OE
+ A0 to 16
WE
1/00 to 7
[}
L+ OE
L AOto 16
WE
1/00 to 7

Figure9.15 Example of 32-bit Data Bus Width SRAM Connection (only for SH7145)
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9.10 Accessto On-chip Peripheral I/0O Registers

On-chip peripheral /O registers are accessed from the bus state controller as shown in table 9.3.
Refer to section 25, List of Registers, for more details.

Table 9.3 Accessto On-chip Peripheral 1/0 Registers

On-chip SCI MTU, INTC PFC, CMT A/D UBC WDT DMAC DTC 1c H-UDI
peripheral POE PORT

module

Connection 8 16 16 16 16 8 16 16 16 16 8 16
bus width bits  bits bits bits bits bits  bits bits bits bits bits  bits
Number of 2 2 2 2 2 3 3 3 3 3 2 2
access cyc  cyc cyc cyc cyc cyc cyc cyc cyc cyc cyc cyc
cycles

9.11 Cyclesof No-Bus Mastership Release

The bus mastership is not released during one bus cycle. For example, when the longword read (or
write) accessis performed to the 8-bit normal space, four memory accesses to the 8-bit normal
space are regarded as one bus cycle. In this bus cycle, the bus mastership is not released. In this
case, assuming that one memory access takes two states, the bus mastership is not released in eight
states.

>< 8 bits >< 8 bits >< 8 bits >< 8 bits ><

‘ Cycle in which the bus ‘
mastership is not released

Figure9.16 OneBusCycle

9.12 CPU Operation When Program IsL ocated in External Memory

In this LSI, two words (two instructions) are fetched in one instruction fetch. This aso appliesto
the cases where program is located in external memory or the bus width of that external memory is
8 or 16 hits.

Also, if the program counter value is the odd word (2n+1) address or the program counter value
before branch is the even word (2n) address, 32 bits (two instructions) including each word
instruction are always fetched.
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Section 10 Direct Memory Access Controller (DMAC)

This LSl includes an on-chip four-channel direct memory access controller (DMAC). The DMAC
can be used in place of the CPU to perform high-speed data transfers among external devices
equipped with DACK (transfer request acknowledge signal), external memories, memory-mapped
external devices, and on-chip peripheral modules (except for the DMAC, DTC, BSC, and UBC).
Using the DMAC reduces the burden on the CPU and increases operating efficiency of the LS| as
awhole.

10.1 Features

* Four channels

» Four Ghytes of address space in the architecture

* Byte, word, or longword selectable data transfer unit

o 16,777,216 transfers, maximum

e Address mode
0 Dual address mode or single address mode can be selected.
0 Direct access or indirect access can be selected in dual address mode.

» Channel function: Transfer modes that can be set are different for each channel.
O Channel 0: Single or dual address mode. External requests are accepted.
O Channel 1: Single or dual address mode. External requests are accepted.
0 Channel 2: Dual address mode only. Source address reload function is available.
O

Channel 3: Dual address mode only. Direct address transfer mode and indirect address
transfer mode selectable.

» Transfer requests: There are three DMAC transfer activation requests, asindicated below.

O External request: From two DREQ pins. DREQ can be detected either by falling edge or by
low level.

O Requests from on-chip peripheral modules: Transfer requests from on-chip modules such
as SCI (request madeto SCI_0 and SCI_1) or A/D (request made to A/D 1).

O Auto-request: The transfer request is generated automatically within the DMAC.
« Selectable bus modes: Cycle-steal mode or burst mode
* Two types of DMAC channel priority ranking: Fixed priority mode or round robin mode
e CPU can be interrupted when the specified number of data transfers are complete.
e Module standby mode can be set.
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Figure 10.1 isablock diagram of the DMAC.

|
N DMAC module N :
|
|
! Transfer [

On-chip ROM ! count | SARN i
1 control |
|

|
:I:I: : Register ™ DARn K ) :
On-chip RAM : control !
|
I
- ! >
onchip |———[g| | |1 T DMATCRnf ) l
p(;]ng)dhjgal % 3 : Activation [*T7] | !
[ = |
@ S| control || |
£ Sl >
= g, Y t+—— CHCRn [ ) !
[ £ | > !
o | !
|
| Lp] |
: \ DMAOR ) i
DREQO, DREQT ™ :
oo 1 e '
) 1 priority |
AD1 +—»{ control :
DEIn < : |
|
DACKO, DACK1 + : |
DRAKO, DRAK1 = ; 3 ] :
N |
External D ! :
N_1 /]
ROM D T | Bus interface :
T
|
External ! |
RAM D : JI
External I/0 D SARn: DMAC source address register
(memo(rjy DARn: DMAC destination address register
mapped) DMATCRnN: DMAC transfer count register
Bus state CHCRn: DMAC channel control register
External /0 controller DMAOR: DMAC operation register
(with D n: 0,123
acknowledge)

~~

Figure10.1 DMAC Block Diagram
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10.2  Input/Output Pins

Table 10.1 shows the DMAC pins.

Table10.1 DMAC Pin Configuration

Channel Name Symbol 1/O

Function

0

DMA transfer request DREQO |

DMA transfer request input from
external device to channel 0

DMA transfer request DACKO O

DMA transfer strobe output from

acknowledge channel 0 to external device
DREQO acceptance DRAKO O Sampling receive acknowledge output
confirmation for DMA transfer request input from

external source

DMA transfer request DREQ1 |

DMA transfer request input from
external device to channel 1

DMA transfer request DACK1 O

DMA transfer strobe output from

acknowledge channel 1 to external device
DREQT1 acceptance DRAK1 O Sampling receive acknowledge output
confirmation for DMA transfer request input from

external source

10.3  Register Descriptions

DMAC has atota of 17 registers. Each channel has four control registers. One other control
register is shared by all channels. For register address and their states in each operating mode,
refer to section25, List of Registers.

DMA source address register 0 (SAR_0)
DMA destination address register 0 (DAR_0)
DMA transfer count register_ 0 (DMATCR_0)
DMA channel control register 0 (CHCR_0)
DMA source addressregister 1 (SAR_1)
DMA destination address register 1 (DAR_1)
DMA transfer count register_1 (DMATCR_1)
DMA channel control register_1 (CHCR_1)
DMA source addressregister 2 (SAR_2)
DMA destination address register 2 (DAR_2)
DMA transfer count register_2 (DMATCR_2)
DMA channel control register_2 (CHCR_2)
DMA source address register 3 (SAR_3)

RENESAS
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* DMA destination address register 3 (DAR_3)
« DMA transfer count register 3 (DMATCR_3)
« DMA channel control register_3 (CHCR_3)

* DMA operation register (DMAOR)

10.3.1 DMA Source Address Registers 0to 3 (SAR_0to SAR_3)

DMA source address registers 0to 3 (SAR_0to SAR_3) are 32-bit readable/writable registers
that specify the source address of a DMA transfer. These registers have a count function, and
during a DMA transfer, they indicate the next source address. In single-address mode, SAR values
are ignored when a device with DACK has been specified as the transfer source.

Specify a 16-bit or 32-bit boundary address when doing 16-bit or 32-bit data transfers. Operation
cannot be guaranteed on any other addresses.

When thisregister is accessed in 16 bits, the value of another 16 bits that are not accessed is
retained.

Theinitial value of SAR is undefined.

10.3.2 DMA Destination Address Registers 0to 3 (DAR_0to DAR_3)

DMA destination address registers 0to 3 (DAR_0to DAR_3) are 32-bit readable/writable
registers that specify the destination address of aDMA transfer. These registers have a count
function, and during a DMA transfer, they indicate the next destination address. In single-address
mode, DAR values are ignored when a device with DACK has been specified as the transfer
destination.

Specify a 16-bit or 32-bit boundary address when doing 16-bit or 32-bit data transfers. Operation
cannot be guaranteed on any other address. When this register is accessed in 16 bits, the value of
another 16 bitsthat are not accessed is retained.

Theinitial value of DAR is undefined.
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10.3.3 DMA Transfer Count Registers 0to 3 (DMATCR_0to DMATCR_3)

DMA transfer count registers 0to 3 (DMATCR_0to DMATCR_3) are 32-hit readable/writable
registers that specify the transfer count for each channel (byte count, word count, or longword
count) with lower 24 bits. Specifying a H'000001 gives atransfer count of 1, while H'000000
gives the maximum setting, 16,777,216 transfers. While DMAC isin operation, the number of
transfersto be performed is indicated. Upper eight bits of this register are read as Os and should
always be written with 0s.When this register is accessed in 16 bits, the value of another 16 bits
that are not accessed is retained.

Theinitial value of DMATCR is undefined.

10.34 DMA Channel Control Registers 0to 3 (CHCR_0to CHCR_3)

DMA channel control registers 0to 3 (CHCR_0to CHCR_3) isa 32-bit readable/writable register
where the operation and transmission of each channel is designated.

Bit Bit Name Initial Value R/W Description

31
30
29
28
27
26
25
24
23
22
21

Reserved

These bits are read as Os and should always be
written with Os.

Oooooooooooao
VOV OVDOVDOVDIOVDIOAOADOAD

elNoNeoNoNolNoNeoNoNoNoNolNo)

20

g

(RIW)*?  Direct/Indirect

Specifies either direct address mode operation or
indirect address mode operation for channel 3
source address. This bit is valid only in CHCR_3.
For CHCRO to CHCRZ2, this bit is always read as 0
and should always be written with 0.

0: Direct access mode operation for channel 3
1: Indirect access mode operation for channel 3

19 RO 0 (RIW)*?  Source Address Reload

Selects whether to reload the source address initial
value during channel 2 transfer. This bit is valid only
for channel 2. For CHCR_O, 1 ,3, this bit is always
read as 0 and should always be written with 0.

0: Does not reload source address
1: Reloads source address
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Bit

Bit Name

Initial Value

R/W

Description

18

RL

0

(RIW)*?

Request Check Level

Selects whether to output DRAK notifying external
device of DREQ received, with active high or active
low. This bit is valid only for CHCR_0 and CHCR_1.
For CHCR_2 and CHCR_3, this bit is always read
as 0 and should always be written with 0.

0: Output DRAK with active high
1: Output DRAK with active low

17

AM

(RIW)*?

Acknowledge Mode

In dual address mode, selects whether to output
DACK in the data write cycle or data read cycle. In
single address mode, DACK is always output
irrespective of the setting of this bit. This bit is valid
only for CHCR_0 and CHCR_1. For CHCR_2 and
CHCR_3, this bit is always read as 0 and should
always be written with 0.

0: Outputs DACK during read cycle
1: Outputs DACK during write cycle

16

AL

(RIW)*?

Acknowledge Level

Specifies whether to set DACK (acknowledge)
signal output to active high or active low. This bit is
valid only with CHCR_0 and CHCR_1. For
CHCR_2 and CHCR_3, this bit is always read as 0
and should always be written with 0.

0: Active high output
1: Active low output

15
14

DM1
DMO

R/W
R/W

Destination Address Mode 1, 0

These bits specify increment/decrement of the DMA
transfer destination address. These bit
specifications are ignored when transferring data
from an external device to address space in single
address mode.

00: Destination address fixed

01: Destination address incremented (+1 during 8-
bit transfer, +2 during 16-bit transfer, +4 during
32-bit transfer)

10: Destination address decremented (—1 during 8-
bit transfer, —2 during 16-bit transfer, —4 during
32-bit transfer)

11: Setting prohibited
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Bit Bit Name Initial Value R/W Description
13 SM1 0 R/W Source Address Mode 1, 0
12 SMO 0 R/W

These bits specify increment/decrement of the DMA
transfer source address. These bit specifications
are ignored when transferring data from an external
device to address space in single address mode.

00: Source address fixed

01: Source address incremented (+1 during 8-bit
transfer, +2 during 16-bit transfer, +4 during 32-
bit transfer)

10: Source address decremented (—1 during 8-hit
transfer, —2 during 16-bit transfer, —4 during 32-
bit transfer)

11: Setting prohibited

When the transfer source is specified at an indirect
address, specify in source address register 3
(SAR_3) the actual storage address of the data you
want to transfer as the data storage address
(indirect address).

During indirect address mode, SAR_3 obeys the
SM1/SMO setting for increment/decrement. In this
case, SAR_3's increment/decrement is fixed at +4/—
4 or 0, irrespective of the transfer data size
specified by TS1 and TSO.
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Bit

Bit Name

Initial Value

R/W

Description

11
10

RS3
RS2
RS1
RSO

O oo

R/W
R/W
R/W
R/W

Resource Select 3,2, 1,0

These bits specify the transfer request source.

0000:
0001:
0010:

0011:

0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
: SCIO TXI_O
: SCI0O RXI_0O
1110:
1111:
Note:

1100
1101

External request, dual address mode
Prohibited

External request, single address mode.
External address space — external device.

External request, single address mode.
External device — external address space.

Auto-request
Prohibited

MTU TGIA_O
MTU TGIA_1
MTU TGIA_2
MTU TGIA_3
MTU TGIA_4
A/D1 ADI1

SCIL TXI_1
SCI1 RXI_1

External request designations are valid only

for channels 0 and 1. No transfer request
sources can be set for channels 2 or 3.

Reserved

This bit is always read as 0 and should always be
written with O
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Bit Bit Name Initial Value R/W Description

6 DS 0 (RIW)**  DREQ Select

Sets the sampling method for the DREQ pin in
external request mode to either low-level detection
or falling-edge detection. This bit is valid only with
CHCR_0 and CHCR_1. For CHCR_2 and
CHCR_3, this bit is always read as 0 and should
always be written with 0.

Even with channels 0 and 1, when specifying an on-
chip peripheral module or auto-request as the
transfer request source, this bit setting is ignored.
The sampling method is fixed at falling-edge
detection in cases other than auto-request.

0: Low-level detection
1: Falling-edge detection

5 ™ 0 R/W Transfer Mode
Specifies the bus mode for data transfer.
0: Cycle steal mode
1: Burst mode

4 TS1
3 TSO

o

R/W Transfer Size 1, 0
R/W

o

Specify size of data for transfer.

00: Specifies byte size (8 bits)

01: Specifies word size (16 bits)

10: Specifies longword size (32 hits)
11: Prohibited

2 IE 0 R/W Interrupt Enable

When this bit is set to 1, interrupt requests are
generated after the number of data transfers
specified in the DMATCR (when TE = 1).

0: Interrupt request not generated after DMATCR-
specified transfer count

1: Interrupt request enabled on completion of
DMATCR specified number of transfers
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Bit Bit Name Initial Value R/W Description

1 TE 0 R/(W)**  Transfer End Flag

This bit is set to 1 after the number of data transfers
specified by the DMATCR. At this time, if the IE bit
is set to 1, an interrupt request is generated.

If data transfer ends before TE is set to 1 (for
example, due to an NMI or address error, or
clearing of the DE bit or DME bit of the DMAOR)
the TE is not set to 1. With this bit set to 1, data
transfer is disabled even if the DE bit is set to 1.

0: DMATCR-specified transfer count not ended

Clear condition:
0 write after TE = 1 read, Power-on reset, software
standby mode

1. DMATCR specified number of transfers
completed

0 DE 0 R/W DMAC Enable
DE enables operation in the corresponding channel.
0: Operation of the corresponding channel disabled
1: Operation of the corresponding channel enabled

Transfer mode is entered if this bit is set to 1 when
auto-request is specified (RS3 to RSO settings).
With an external request or on-chip module request,
when a transfer request occurs after this bit is set to
1, transfer is enabled. If this bit is cleared during a
data transfer, transfer is suspended.

If the DE bit has been set, but TE = 1, then if the
DME bit of the DMAOR is 0, and the NMI or AE bit
of the DMAOR is 1, transfer enable mode is not
entered.

Notes: 1. TE bit: Allows only O write after reading 1.
2. The DI, RO, RL, AM, AL, or DS bit may be absent, depending on the channel.
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10.35 DMAC Operation Register (DMAOR)

The DMAOR is a 16-hit readable/writable register that specifies the transfer mode of the DMAC

Bit Bit Name Initial Value R/W Description

15to O All 0 R Reserved

10 These bits are always read as 0s and should
always be written with 0s.

9 PR1 0 R/W Priority Mode 1 and 0

8 PRO 0 RIW These bits determine the priority level of channels
for execution when transfer requests are made for
several channels simultaneously.
00: CHO > CH1 >CH2 > CH3
01: CHO >CH2 >CH3 >CH1
10: CH2 > CHO > CH1 >CH3
11: Round robin mode

7t03 O All 0 R Reserved
These bits are read as Os and should always be
written with Os.

2 AE 0 R/(W)*  Address Error Flag

Indicates that an address error has occurred during
DMA transfer. If this bit is set during a data
transfer, transfers on all channels are suspended.
The CPU cannot write a 1 to the AE bit. Clearing is
effected by 0 write after 1 read.

0: No address error, DMA transfer enabled

Clearing condition:
Write AE = 0 after reading AE =1

1: Address error, DMA transfer disabled

Setting condition:
Address error due to DMAC
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Bit Bit Name Initial Value R/W Description

1 NMIF 0 R/(W)*  NMI Flag
Indicates input of an NMI. This bit is set
irrespective of whether the DMAC is operating or
suspended. If this bit is set during a data transfer,
transfers on all channels are suspended. The CPU
is unable to write a 1 to the NMIF. Clearing is
effected by a 0 write after 1 read.
0: No NMl interrupt, DMA transfer enabled
Clearing condition:
Write NMIF = 0 after reading NMIF = 1
1: NMI has occurred, DMA transfer prohibited
Set condition:
NMI interrupt occurrence

0 DME 0 R/W DMAC Master Enable

This bit enables activation of the entire DMAC.
When the DME bit and DE bit of the CHCR for the
corresponding channel are set to 1, that channel is
transfer-enabled. If this bit is cleared during a data
transfer, transfers on all channels are suspended.

0: Disable operation on all channels
1: Enable operation on all channels

Even when the DME bit is set, when the TE bit of
the CHCR is 1, or its DE bit is 0, transfer is
disabled when NMI of the DMAOR = 1 or when AE
=1.

Note: * Only 0 can be written to clear the flag.
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10.4  Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto-request, external request, and on-chip
peripheral module request. Transfer can be in either the single address mode or the dual address
mode, and dual address mode can be either direct or indirect address transfer mode. The bus mode
can be either burst or cycle steal.

10.4.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count register (DMATCR), DMA channel control registers (CHCR), and DMA operation
register (DMAOR) are set to the desired transfer conditions, the DMAC transfers data according
to the following procedure:

1. The DMAC checksto seeif transfer isenabled (DE =1, DME =1, TE =0, NMIF =0,
AE=0).

2. When atransfer request comes and transfer has been enabled, the DMAC transfers 1 transfer
unit of data (determined by TS0 and TS1 setting). For an auto-request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented by 1 upon each transfer. The actual transfer flows vary by address mode and bus
mode.

3. When the specified number of transfers have been completed (when DMATCR reaches 0), the
transfer ends normally. If the IE bit of the CHCR is set to 1 at thistime, a DEI interrupt is sent
to the CPU.

4. When an address error occursin the DMAC or an NMI interrupt is generated, the transfer is
aborted. Transfers are also aborted when the DE bit of the CHCR or the DME bit of the
DMAOR are changed to 0.
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Figure 10.2 is a flowchart of this procedure.

( Start )

|
Initial settings
(SAR, DAR, DMATCR, CHCR, DMAOR)

e
<

DE, DME =1 and
NMIF, AE, TE = 0?

Transfer request
occurs?*1

Bus mode,
~ %3 transfer request mode,
v DREQ detection selection
system

Transfer (1 transfer unit);
DMATCR -1 -~ DMATCR,
SAR and DAR updated

NMIF =1, AE =1,
DE =0, or DME

DMATCR = 0?

DEIl interrupt request (when IE = 1) I ( Transfer aborted )

NMIF =1, AE =1,
DE =0, or DME

A
( Transfer ends ) ( Normal end )

Notes: 1. In auto-request mode, transfer begins when NMIF, AE, and TE are all 0,
and the DE and DME bits are set to 1.
2. DREQ = level detection in burst mode (external request) or cycle-steal
mode.
3. DREQ = edge detection in burst mode (external request), or auto-request
mode in burst mode.

Figure10.2 DMAC Transfer Flowchart
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1042 DMA Transfer Requests

DMA transfer requests are usually generated in either the data transfer source or destination, but
they can also be generated by devices and on-chip peripheral modules that are neither the source
nor the destination. Transfers can be requested in three modes: auto-request, external request, and
on-chip peripheral module request. The request mode is selected in the RS3 to RSO bits of the
DMA channel control registers 0 to 3 (CHCRO to CHCR3).

Auto-Request Mode: When there is no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request atransfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bits of CHCRO to CHCR3 and the DME hit of the
DMAOR are set to 1, the transfer begins (so long as the TE bits of CHCRO to CHCR3 and the
NMIF and AE bits of DMAOR are al 0).

External Request Mode: In this mode atransfer is performed at the request signal (DREQ) of an
external device. Choose one of the modes shown in table 10.2 according to the application system.
When this mode is selected, if the DMA transfer isenabled (DE =1, DME =1, TE=0, NMIF =0,
AE =0), atransfer is performed upon arequest at the DREQ input. Choose to detect DREQ by
either the falling edge or low level of the signal input with the DS bit of CHCRO to CHCR3 (DS =
Oislevel detection, DS = 1 is edge detection). The source of the transfer request does not have to
be the data transfer source or destination.

Table10.2 Selecting External Request Modeswith the RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destination

0 0 0 0 Dual address Any* Any*
mode

0 0 1 0 Single address  External memory or  External device with
mode memory-mapped DACK

external device

0 0 1 1 Single address  External device with  External memory or

mode DACK memory-mapped

external device

Note: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, DTC, BSC, UBC).

On-Chip Peripheral Module Request Mode: In this mode atransfer is performed at the transfer
request signal (interrupt request signal) of an on-chip peripheral module. Asindicated in table
10.3, there are ten transfer request signals: five from the multifunction timer pulse unit (MTU),
which are compare match or input capture interrupts; the receive data full interrupts (RX1) and
transmit data empty interrupts (TX1) of the two serial communication interfaces (SCI); and the
A/D conversion end interrupt (ADI1) of the A/D converter. When DMA transfers are enabled (DE
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=1, DME=1, TE=0, NMIF =0, AE = 0), atransfer is performed upon the input of atransfer
request signal.

The transfer request source need not be the data transfer source or transfer destination. However,
when the transfer request is set by RXI (transfer request because SCI’ sreceive dataisfull), the
transfer source must be the SCI’ sreceive dataregister (RDR). When the transfer request is set by
TXI (transfer request because SCI’ s transmit data is empty), the transfer destination must be the
SCI’ stransmit dataregister (TDR). Also, if the transfer request is set to the A/D converter, the
data transfer destination must be the A/D converter register.

Table10.3 Selecting On-Chip Peripheral Module Request M odes with the RS Bits

DMAC Transfer DMA Transfer Desti-

RS3 RS2 RS1 RSO Request Source Request Signal Source nation Bus Mode

o 1 1 o0 MTU TGIA O Any* Any* Burst/cycle steal
o 1 1 1 MTU TGIA_1 Any* Any* Burst/cycle steal
1 0 0 O MTU TGIA 2 Any* Any* Burst/cycle steal
1 0 0 1 MTU TGIA_3 Any* Any* Burst/cycle steal
1 0 1 o0 MTU TGIA_4 Any* Any* Burst/cycle steal
1 0 1 1 A/D1 ADI1 ADDR1 Any* Burst/cycle steal
1 1 0 O SCIO transmit block  TXI_0O Any* TDRO  Burst/cycle steal
1 1 0 1 SCIO receiver block  RXI_0 RDRO Any* Burst/cycle steal
1 1 1 o0 SCI1 transmit block  TXI_1 Any* TDR1  Burst/cycle steal
1 1 1 1 SCI1 receiver block  RXI_1 RDR1 Any* Burst/cycle steal

Notes: * External memory, memory-mapped external device, on-chip memory, on-chip peripheral
module (excluding DMAC, DTC, BSC, UBC).

MTU: Multifunction timer pulse unit.

SCI0, SCI1: Serial communications interface channels 0 and 1.
ADDRZ1: A/D converter's A/D register.

TDR_0, TDR_1: SCI_0 and SCI_1 transmit data registers.
RDR_0, RDR_1: SCI_0 and SCI_1 receive data registers.

In order to output a transfer request from an on-chip peripheral module, set the relevant interrupt
enable bit for each module, and output an interrupt signal.

When an on-chip peripheral modul€e' sinterrupt request signal is used as a DMA transfer request
signal, interrupts for the CPU are not generated.

When a DMA transfer is conducted corresponding with one of the transfer request signalsin table
10.3, it isautomatically discontinued. In cycle steal mode this occursin the first transfer, and in
burst mode in the last transfer.
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1043 Channel Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selectsa
channel according to a predetermined priority order, either in afixed mode or in round robin
mode. These modes are selected by priority bits PR1 and PRO in the DMA operation register
(DMAOR).

Fixed Mode: In this mode, the priority levels among the channels remain fixed.
The following priority orders are available for fixed mode:

e CHO>CH1>CH2>CH3
e CHO>CH2>CH3>CH1
e CH2>CHO>CH1>CH3

These are selected by settings of the PR1 and PRO bits of the DMA operation register (DMAOR).

Round Robin Mode: In round robin mode, each time the transfer of one transfer unit (byte, word
or long word) ends on a given channel, that channel receivesthe lowest priority level (figure 10.3
(1))- The priority level in round robin mode immediately after areset is CHO > CH1 > CH2 >
CH3.
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Transfer on channel 0

Initial pl'iOI’ity Setting | CHO > CH1 > CH2 > CH3 |

Priority after transfer

Transfer on channel 1

| CH1 > CH2 > CH3 >CHO|

Initial priority setting | CHO > CH1 > CH2 > CH3 |

Priority after transfer

Transfer on channel 2

L___EZZZZZE___l

|CH2>CH3>CHO>CH1 |

Initial priority setting | CHO > CH1 >CH2 >CH3 |

Priority after transfer

Priority after transfer

due to issue of a transfer | CH2 > CH3 > CHO > CH1 |

request for channel 1
only.

Transfer on channel 3

- - =

L - —q
v ¥
|CH3>CHO>CH1>CH2|
I i
| L - - =
- - |
Y Y A,

Initial priority setting | CHO > CH1 > CH2 > CH3 |

Priority after transferl CHO > CH1 > CH2 > CH3 |

Channel 0 is given the lowest
priority.

When channel 1 is given the
lowest priority, the priority

of channel 0, which was

above channel 1, is also shifted
simultaneously.

When channel 2 receives the
lowest priority, the priorities

of channel 0 and 1, which

were above channel 2, are also
shifted simultaneously. Immedi-
ately thereafter, if there is a transfer
request for channel 1 only, channel
1 is given the lowest priority,

and the priorities of channels 3
and 0 are simultaneously

shifted down.

No change in priority.

Figure10.3 (1) Round Robin Mode
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Figure 10.3 (2) shows the changesin priority levels when transfer requests are issued
simultaneoudly for channels 0 and 3, and channel 1 receives atransfer request during a transfer on
channel 0. The DMAC operatesin the following manner under these circumstances:

1
2.

Transfer requests are issued simultaneoudly for channels 0 and 3.

Since channel 0 has a higher priority level than channel 3, the channel 0 transfer is conducted
first (channel 3is on transfer standby).

A transfer request isissued for channel 1 during atransfer on channel 0 (channels 1 and 3 are
on transfer standby).

At the end of the channel O transfer, channel 0 shiftsto the lowest priority level.

At this point, channel 1 has a higher priority level than channel 3, so the channel 1 transfer
comesfirst (channel 3 ison transfer standby).

When the channel 1 transfer ends, channel 1 shiftsto the lowest priority level.
Channel 3 transfer begins.

When the channel 3 transfer ends, channel 3 and channel 2 priority levels are lowered, giving
channel 3 the lowest priority.

Transfer request Channel waiting DMAC operation Channel priority
Issued for
channels0and3 —, Channel 0 «— 0>1>2>3
Issued for channel 1 —» _i transfer begins
Change of
13 Channel 0 priority 1>2>3>0
transfer ends /
-1 Channel 1
transfer begins
Change of
3 Channel 1 priority 2>3>0>1
transfer ends /
-1 Channel 3
transfer begins
None Change of
priority
-1 Channel 3 —F» 0>1>2>3

transfer ends

Figure10.3 (2) Example of Changesin Priority in Round Robin Mode
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1044 DMA Transfer Types

The DMAC supports the transfers shown in table 10.4. It can operate in the single address mode,
in which either the transfer source or destination is accessed using an acknowledge signal, or dual
access mode, in which both the transfer source and destination addresses are output. The dual
access mode consists of a direct address mode, in which the output address value is the object of a
direct data transfer, and an indirect address mode, in which the output address value is not the
object of the data transfer, but the value stored at the output address becomes the transfer object
address. The actual transfer operation timing varies with the bus mode. The DMAC has two bus
modes:. cycle-steal mode and burst mode.

Table10.4 Supported DMA Transfers

Destination

Memory-

Mapped On-Chip

External Device External External On-Chip Peripheral

Source with DACK Memory Device Memory Module
External device with DACK Not available Single Single  Not available Not available
External memory Single Dual Dual Dual Dual
Memory-mapped external  Single Dual Dual Dual Dual
device
On-chip memory Not available Dual Dual Dual Dual
On-chip peripheral module Not available Dual Dual Dual Dual

Note: Dual address mode includes both direct address mode and indirect address mode.

Address M odes

Single Address Mode: In the single address mode, both the transfer source and destination are
external; one is accessed by aDACK signal while the other is accessed by an address. In this
mode, the DMAC performsthe DMA transfer in 1 bus cycle by simultaneously outputting a
transfer request acknowledge DACK signal to one external device to accessit while outputting an
address to the other end of the transfer. Figure 10.4 shows an example of atransfer between an
external memory and an external device with DACK in which the external device outputs datato
the data bus while that data is written in external memory in the same bus cycle.
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External address bus External data bus

This LSI m

DMAC

- <. ..... N External
memory

| External device
-— with DACK

DACK T
DREQ

----» Data flow

Figure 10.4 DataFlow in Single Address Mode

Two types of transfers are possible in the single address mode: (a) transfers between external
devices with DACK and memory-mapped external devices, and (b) transfers between external
deviceswith DACK and external memory. The only transfer requests for either of these is the
external request (DREQ). Figure 10.5 shows the DMA transfer timing for the single address mode.

+— Address output to external memory space

| Data that is output from the external
p1s00 —C - device with DACK

WRH T : i o=
WRL ' i ' «—— WR signal to external memory space
DACK h , y «— DACK signal to external devices with

! DACK (active low)

a. External device with DACK to external memory space

o _[LILITLIL

) < Address output to external memory space
CSn N\ /
D15-D0 :>-t—<::t>— «—— Data that is output from external memory space

<—— RD signal to external memory space

DACK \ /

DACK signal to external device with DACK
(active low)

b. External memory space to external device with DACK

Figure10.5 Example of DMA Transfer Timingin the Single Address Mode
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Dual Address Mode

Dual address mode is used for access of both the transfer source and destination by address.
Transfer source and destination can be accessed either internally or externally. Dual address mode
is subdivided into two other modes: direct address transfer mode and indirect address transfer
mode.

Direct Address Transfer Mode: Datais read from the transfer source during the data read cycle,
and written to the transfer destination during the write cycle, so transfer is conducted in two bus
cycles. At thistime, the transfer datais temporarily stored in the DMAC. With the kind of external
memory transfer shown in figure 10.6, datais read from one of the memories by the DMAC
during aread cycle, then written to the other external memory during the subsequent write cycle.
Figure 10.7 shows the timing for this operation.

1st bus cycle

r = DMAC -

1 1 A P

! 1

! SAR ™ Memory

! 1

1 1 % 0

| DAR , |2 2 .

1 1 @ I Transfer source
5 5 module

1 1 % A

! 1| <

1 1 . .

1 frer el Transfer destination

X Data buffer o module

I 1 ~N— N

The SAR value is taken as the address, and data is read from the transfer source
module and stored temporarily in the DMAC.

2nd bus cycle

r- DMAC -
1 1 A P
! 1
! SAR ! Memory
! 1
1 1| g
1 DAR ™ 3 @
2 Q Transfer source
: I 4 g module
1 1 = =
3 a
1 1 °
1 S
I | Data buff 1 - »  Transfer destination
X ata buffer | > > o
| N N

The DAR value is taken as the address, and data stored in the DMAC's data
buffer is written to the transfer destination module.

Figure10.6 Direct AddressOperation during Dual Address Mode
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. |

Transfer source Transfer destination
_ I I
A21-A0 >< address >< address ><

|
|
l
|
|
|
|
|

|
|
|
|
| |
WRH, WRL w —\ S
| |
| |
|
)
|
|
|
I

3
>

I
1
I
I
| Data read cycle Data write cycle :

I

(1st cycle) (2nd cycle)

Note:  Transfer between external memories with DACK are output during read cycle.

Figure10.7 Exampleof Direct Address Transfer Timing in Dual Address Mode

Indirect Address Transfer Mode: In this mode the memory address storing the data you actually
want to transfer is specified in DMAC internal transfer source address register (SAR3). Therefore,
in indirect address transfer mode, the DMAC internal transfer source address register valueis read
first. Thisvalueis stored once in the DMAC. Next, the read value is output as the address, and the
value stored at that address is again stored in the DMAC. Finally, the subsequent read value is
written to the address specified by the transfer destination address register, ending one cycle of
DMA transfer.

In indirect address mode (figure 10.8), transfer destination, transfer source, and indirect address
storage destination are all 16-bit external memory locations, and transfer in this exampleis
conducted in 16-bit or 8-hit units. Timing for thistransfer example is shown in figure 10.9.

In indirect address mode, one NOP cycle (figure 10.9) is required until the dataread as the indirect
addressis output to the address bus. When transfer data is 32-bit, the third and fourth bus cycles
each need to be doubled, giving arequired total of six bus cycles and one NOP cycle for the whole
operation.
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1st, 2nd bus cycles

- DMAC -5
1 1 N A\

: SARS 1 < | Memory

1 1|

1 1 >

1 DAR3 I ”

! ! § a Transfer source

: Temporary : 5 % module

1 buffer 1| < a

: Data : Transfer destination
: buffer : module

1 N N

The SARS3 value is taken as the address, memory data is read, and the value is stored in the
temporary buffer. Since the value read at this time is used as the address, it must be 32 bits.
When external connection data bus is 16 bits, two bus cycles are required.

3rd bus cycle

r= DMAC ==

! : AN N

1

| SAR3 ! Memory

1 1

1 1 g

H DAR3 | | |2 )

1 1 @ a Transfer source
! 'I o < T module

H Temporary = @

1 buffer | < g

1 1 L
1 Data ol Transfer desltlnatlon
! buffer 1 module

! S N~

L

The value in the temporary buffer is taken as the address, and data is read from the
transfer source module to the data buffer.

4th bus cycle

-- DMAC --
: 1 N AN
: SAR3 : Memory
! AE
1
DAR3 || ©
i 1 g 9 Transfer source
I [ Temporary : 5 = module
1 buffer ! 2 g
1 » .
1 Data : N > Transfer d;sltlnatlon
: buffer | module
L. ~N~ N

The DARS3 value is taken as the address, and the value in the data buffer is written to the
transfer destination module.

Note: Memory, transfer source, and transfer destination modules are shown here. In
practice, connection can be made anywhere if there is address space.

Figure10.8 Dual Address Mode and Indirect Address Operation
(When External Memory Spaceis 16 bits)
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< >

>

(1st) | (2nd)
I

CK
| |
| Transfer | Transfer | . I Transfer |
A21-A0 | source | source | Indirect | destination |
| address (H address (L) address address
[ | | 1 1
I | | | |
CS ! | | | | |
! | | |
! T | ] 1 {
|
Indlrect Indirect ! Transfer Transfer
D15-DO | ddress (H%address (Li> | </ data data I
| | | il
Internal | \ \ ! / | |
address | Transfe sourc NOP| ndirect | |
bus | s \ addr ss [} gdress L |
Internal ! | \ Transfer Transfer
data bus : >< Ind|rs]-ctlad‘dress & ! ><\ >< data data
DMAC | I y
indirect | ‘ X\ | Indirect \
address | ‘ | \ address |
buffer 1 : I | I J /
\ | . |
DI\QAC | I I | X | Transfer
ata | I I | data
buffer | T T : ]
J— | |
RD | \ /| \ / | \ /
_ I I
WRH, | ! w ‘ 1
wor 1
RL : : | N/
|
| Address read cycle | NOP ! Data : Data
| | cycle : read cycle | write cycle
L »l
; 'f : (3rd) T (4th)
\ I |

Notes: 1. The internal address bus is controlled by the port and does not change.
DMAC does not fetch value until 32-bit data is read from the internal data
bus.

N

Figure10.9 Dual AddressMode and Indirect Address Transfer Timing Example
(External Memory Space to External Memory Space, 16-bit width)
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Figure 10.10 shows an example of timing in indirect address mode when transfer source and
indirect address storage locations are in internal memory, the transfer destination is an on-chip
peripheral module with 2-cycle access space, and transfer datais 8-hit.

Since the indirect address storage destination and the transfer source are in internal memory, these
can be accessed in one cycle. The transfer destination is 2-cycle access space, so two data write
cycles are required. One NOP cycleis required until the data read as the indirect addressis output
to the address bus.

SO e R e 0 s TR e M

Internal i Transfer
NOP Indirect } destination |
address
address

address I
1
| |
I I

—

bus

1
I
I
Internal |

i
|
I
Indirect | ‘ ‘
data ‘ nop If Tansfer Transfer data ‘
address | | data | |
bus | |
) / |

L e B T A——

1 \ 1 1 I 1
| : | | | w |

DMAC ‘ ‘ f f } f
indirect | ! | Indirect ! ! } !
address | } I address | I | I
buffer | ‘ : | | ; |

| [ \ | | | \

! 1 ! ! y | // ! !

DMAC | | | | | ! |
data | ! | } | Transfer data }
buffer | ! | | | | |

[ ! I I I I 1

I I Address | NOP I Data I o I

} } read cycle } cycle } read cycle } Data write cycle (4th) }

| oasy 1 @nd) @) | |

[ \ | | | |

| \ \ I \ \

Figure10.10 Dual Address Mode and Indirect Address Transfer Timing Example
(On-chip Memory Space to On-chip Memory Space)
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Bus Modes

Select the appropriate bus mode in the TM bits of CHCRO to CHCRS. There are two bus modes:
cycle steal and burst.

Cycle-Steal Mode: In the cycle steal mode, the bus mastership is given to another bus master after
each one-transfer-unit (byte, word, or longword) DMAC transfer. When the next transfer request
occurs, the bus mastership are obtained from the other bus master and a transfer is performed for
one transfer unit. When that transfer ends, the bus mastership is passed to the other bus master.
Thisisrepeated until the transfer end conditions are satisfied.

The cycle steal mode can be used with all categories of transfer destination, transfer source and
transfer request. Figure 10.11 shows an example of DMA transfer timing in the cycle steal mode.
Transfer conditions are dual address mode and DREQ level detection.

orea O\ /

Bus control returned to CPU

—
Bus cycle X CPU X CPUX CPU XDMACXDMACX CPU XDMACXDMACX CPU X CPU X

Read  Write Read Write

Figure10.11 DMA Transfer Examplein the Cycle-Steal Mode

Burst Mode: Once the bus mastership is obtained, the transfer is performed continuously until the
transfer end condition is satisfied. In the external request mode with low level detection of the
DREQ pin, however, when the DREQ pin is driven high, the bus passes to the other bus master
after the bus cycle of the DMAC that currently has an acknowledged request ends, even if the
transfer end conditions have not been satisfied.

Figure 10.12 shows an example of DMA transfer timing in the burst mode. Transfer conditions are
single address mode and DREQ level detection.

ores 1\ /

Bus cycle X CPU X cpu X cpu XDMACXDMACXDMACXDMACXDMACXDMACX CPU X

Figure10.12 DMA Transfer Examplein the Burst Mode
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Relationship between Request M odes and Bus Modesby DM A Transfer Category

Table 10.5 shows the relationship between request modes and bus modes by DMA transfer
category.

Table 10.5 Relationship of Request M odes and Bus Modes by DMA Transfer Category

Address Request Bus Transfer Usable
Mode  Transfer Category Mode Mode Size (Bits) Channels
Single  External device with DACK and External B/C 8/16/32 0,1
external memory
External device with DACK and External B/C 8/16/32 0,1
memory-mapped external device
Dual External memory and external memory Any** B/C 8/16/32 0to 3*°
External memory and memory-mapped Any** B/C 8/16/32 Oto 3*°
external device
Memory-mapped external device and ~ Any** B/C 8/16/32 Oto 3*°
memory-mapped external device
External memory and on-chip memory  Any** B/C 8/16/32 0to 3*°
External memory and on-chip Any*? B/C**  8/16/32** 0to 3*°
peripheral module
Memory-mapped external device and ~ Any** B/C 8/16/32 Oto 3*°
on-chip memory
Memory-mapped external device and ~ Any*? B/C*®  8/16/32** O0to 3*°
on-chip peripheral module
On-chip memory and on-chip memory  Any** B/C 8/16/32 Oto 3*°
On-chip memory and on-chip Any*? B/C**  8/16/32** 0to 3*°
peripheral module
On-chip peripheral module and on- Any*? B/C*®  8/16/32** 0to 3*°
chip peripheral module
B: Burst
C: Cycle steal

Notes: 1. External request, auto-request or on-chip peripheral module request enabled. However,
in the case of on-chip peripheral module request, it is not possible to specify the SCI or
A/D converter for the transfer request source.

2. External request, auto-request or on-chip peripheral module request possible. However,
if transfer request source is also the SCI or A/D converter, the transfer source or
transfer destination must be the SCI or A/D converter.

3. When the transfer request source is the SCI, only cycle steal mode is possible.

4. Access size permitted by register of on-chip peripheral module that is the transfer
source or transfer destination.

5. When the transfer request is an external request, channels 0 and 1 only can be used.
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Bus Mode and Channel Priority Order

When a given channel istransferring in burst mode, and a transfer request isissued to channel 0O,
which has a higher priority ranking, transfer on channel 0 begins immediately. If the priority level
setting is fixed mode (CHO > CH1), channel 1 transfer is continued after transfer on channel 0 are
completely ended, whether the channel 0 setting is cycle steal mode or burst mode.

When the priority level setting isfor round robin mode, transfer on channel 1 begins after transfer
of onetransfer unit on channel 0, whether channel 0 is set to cycle steal mode or burst mode.
Thereafter, bus mastership aternates in the order: channel 1 > channel 0 > channel 1 > channel 0.
Whether the priority level setting isfor fixed mode or round robin mode, since channel 1 is set to
burst mode, the bus mastership is not given to the CPU. An example of round robin modeis
shown in figure 10.13.

X cPU DMACX DMAC DMAC DMAC DMAC DMACX DMAC cPU X

CH1 CH1 CHO CH1 CHO CH1 CH1
, CHO | CH1 | CHO |
< e »t »
DMAC CH1 DMAC CHO and CH1 DMAC CH1
CPU | burst mode | round-robin mode burst mode |, CPU

Priority: Round-robin mode
CHO: Cycle-steal mode
CHZ1: Burst mode

Figure 10.13 BusHandling when Multiple Channels Are Operating

10.45 Number of Bus Cycle States and DREQ Pin Sample Timing

Number of Statesin Bus Cycle: The number of statesin the bus cycle when the DMAC isthe
bus master is controlled by the bus state controller (BSC) just asit iswhen the CPU is the bus
master. For details, see section 9, Bus State Controller (BSC).

DREQ Pin Sampling Timing and DRAK Signal: In external request mode, the DREQ pinis
sampled by either falling edge or low-level detection. When aDREQ input is detected, a DMAC
bus cycleisissued and DMA transfer effected, at the earliest, after three states. However, in burst
mode when single address operation is specified, adummy cycleisinserted for the first bus cycle.
In this case, the actual datatransfer starts from the second bus cycle. Datais transferred
continuously from the second bus cycle. The dummy cycle is not counted in the number of
transfer cycles, so there is no need to recognize the dummy cycle when setting the TCR.

DREQ sampling from the second time begins from the start of the transfer one bus cycle prior to
the DMAC transfer generated by the previous sampling.

DRAK isoutput once for the first DREQ sampling, irrespective of transfer mode or DREQ
detection method. In burst mode, using edge detection, DREQ is sampled for the first cycle only,
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so DRAK isaso output for the first cycle only. Therefore, the DREQ signal negate timing can be
ascertained, and this facilitates handshake operations of transfer requests with the DMAC.

Cycle Steal Mode Operations:. In cycle steal mode, DREQ sampling timing is the same
irrespective of dual or single address mode, or whether edge or low-level DREQ detection is used.

For example, DMAC transfer begins (figure 10.14), at the earliest, three cycles from the first
sampling timing. The second sampling begins at the start of the transfer one bus cycle prior to the
start of the DMAC transfer initiated by the first sampling (i.e., from the start of the CPU(3)
transfer). At this point, if DREQ detection has not occurred, sampling is executed every cycle
thereafter.

Asin figure 10.15, whatever cycle the CPU transfer cycleis, the next sampling begins from the
start of the transfer one bus cycle before the DMAC transfer begins.

Figure 10.14 shows an example of output during DACK read and figure 10.15 an example of
output during DACK write.

Figures 10.16 and 10.17 show cycle steal mode and single address mode. In this case, transfer
begins at earliest three cycles after the first DREQ sampling. The second sampling begins from the
start of the transfer one bus cycle before the start of the first DMAC transfer. In single address
mode, the DACK signal is output during the DMAC transfer period.

Burst Mode, Dual Address, and Level Detection: Figures 10.18 and 10.19 show the DREQ
sampling timing in burst mode with dual address and level detection. DREQ sampling timing in
this mode is virtually the same as that of cycle steal mode.

For example, DMAC transfer begins (figure 10.18), at the earliest, three cycles after the timing of
the first sampling. The second sampling also begins from the start of the transfer one bus cycle
before the start of the first DMAC transfer. In burst mode, aslong as transfer requests are issued,
DMAC transfer continues. Therefore, the “transfer one bus cycle before the start of the DMAC
transfer” may be aDMAC transfer.

In burst mode, the DACK output period is the same asthat of cycle steal mode.

Burst Mode, Single Address, and L evel Detection: DREQ sampling timing in burst mode with
single address and level detection is shown in figures 10.20 and 10.21.

In burst mode with single address and level detection, adummy cycle isinserted as one bus cycle,
at the earliest, three cycles after timing of the first sampling. Data during this period is undefined,
and the DACK signal is not output. Nor is the number of DMAC transfers counted. The actual
DMAC transfer begins after one dummy bus cycle output.
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The dummy cycle is not counted either at the start of the second sampling (transfer one bus cycle
before the start of the first DMAC transfer). Therefore, the second sampling is not conducted from
the bus cycle starting the dummy cycle, but from the start of the CPU(3) bus cycle.

Thereafter, aslong the DREQ is continuously sampled, no dummy cycle isinserted. DREQ
sampling timing during this period begins from the start of the transfer one bus cycle before the
start of DMAC transfer, in the same way as with cycle steal mode.

Aswith the fourth sampling in figure 10.20, once DMAC transfer isinterrupted, adummy cycleis
again inserted at the start as soon as DMAC transfer is resumed.

The DACK output period in burst mode is the same asin cycle steal mode.

Burst Mode, Dual Address, and Edge Detection: In burst mode with dual address and edge
detection, DREQ sampling is conducted only on the first cycle.

Infigure 10.22, DMAC transfer begins, at the earliest, three cycles after the timing of the first
sampling. Thereafter, DMAC transfer continues until the end of the data transfer count set in the
DMATCR. DREQ sampling is not conducted during this period. Therefore, DRAK is output on
thefirst cycle only.

When DMAC transfer is resumed after being halted by an NMI or address error, be sure to reinput
an edge request. The remaining transfer restarts after the first DRAK output.

The DACK output period in burst mode is the same asin cycle steal mode.

Burst Mode, Single Address, and Edge Detection: In burst mode with single address and edge
detection, DREQ sampling is conducted only on the first cycle. In figure 10.23, adummy cycleis
inserted, at the earliest, three cycles after the timing for the first sampling. During this period, data
isundefined, and DACK is not output. Nor is the number of DMAC transfers counted. Thereafter,
DMAC transfer continues until the data transfer count set in the DMATCR has ended. DREQ
sampling is not conducted during this period. Therefore, DRAK is output on the first cycle only.

When DMAC transfer is resumed after being halted by an NMI or address error, be sure to reinput
an edge request. DRAK is output once, and the remaining transfer restarts after output of one
dummy cycle.

The DACK output period in burst mode is the same asin cycle steal mode.
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1st sampling 2nd sampling
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DRAK | : : . . . . : , . : !
C%Se ( cpu(y) X cPu(2) X cPUE) XDMAC(R) XDMAC(W) X CPU(4) XDMAC(R)XDMAC(W) X CPU(5) XDMAC(R) XDMAC(W)
pACK - f A\ f / \ '

Figure10.14 Cycle Steal, Dual Addressand Level Detection (Fastest Operation)

1st sampling 2nd sampling
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DREQ M\ n : . :

DRAK ‘ A : : . —— : : / .

Bus | V V ) ; ) y \V DMAC
o ( cPU X ¢PU X ocpu ! XDMAC(R)X DMAC(W) X CPU X oA
DACK | : ' i ' ' ' T ——

Figure10.15 Cycle Steal, Dual Addressand Level Detection (Normal Operation)

Note:  With cycle-steal and dual address operation, sampling timing is the same regardless of
whether DREQ detection is by level or by edge.

DREQ

DRAK |

Bus
cycle

DACK ¢

DREQ |\ —— - . ! ' L.

c%se ( CPU X CPU X CPU X ' : X CPU

DACK r

Figure10.17 Cycle Steal, Single Addressand L evel Detection (Normal Oper ation)

Note:  With cycle steal and single address operation, sampling timing is the same regardl ess of
whether DREQ detection is by level or by edge.
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Figure 10.18 Burst Mode, Dual Addressand L evel Detection (Fastest Oper ation)
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Figure10.19 Burst Mode, Dual Address and Level Detection (Normal Oper ation)
1st sampling 2nd sampling 3rd sampling 4th sampling
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Figure 10.20 Burst Mode, Single Address and L evel Detection (Fastest Operation)

DRAK ! . .
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Figure10.21 Burst Mode, Single Addressand L evel Detection (Normal Operation)
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Figure10.22 Burst Mode, Dual Addressand Edge Detection
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Figure 10.23 Burst Mode, Single Address and Edge Detection

10.4.6  Source Address Reload Function

Channel 2 has a source address reload function. Thisreturnsto the first value set in the source
addressregister (SAR_2) every four transfers by setting the RO bit of CHCR_2 to 1. Figure 10.24
illustrates this operation. Figure 10.25 is atiming chart for reload ON mode, with burst mode,
autorequest, 16-bit transfer data size, SAR_2 increment, and DAR_2 fixed mode.

F= - -DMAC - - - - - - - - - - - - - - PN
! |
| DMAC control block |
| RO bit=1 |
L i < CHCR_2 |
| | |
| | |
Transfer ! ! Count signal |
requesi M- - - - d--------- > » DMATCR 2 | [
1 | | | 2
: I \ 1
| Reload signal SAR 2 [
| L _ > - k]
| : Reload control > (initial value) : -2
|
| : T Reload I:j :
| | signal
| » SAR 2 !
| L — — — | 4th count |
|
| [
|
|
G l___________Y N

Figure 10.24 Source Address Reload Function
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addromernal :X SAR2 X DAR2 :XSAR2+2X DAR2 :XSAR2+4X DAR2 :XSAR2+6X DAR2 X X X sar2 X DARZ:X
| | | | | |

| | |
gmternal X sArR2data X SAR2+2data X SAR2+4data X SAR2+6data X ! XsAR2 data

| | | | | | \
\ \ \ \ \ \ \
1 1stchannel 2 | 2nd channel2 | 3rdchannel2 | 4thchannel2 1 5th channel 2
! transfer ! transfer ! transfer ! transfer ! ! transfer

! SAR2output ! SAR2+2output ! SAR2+4 output ! SAR2+6 output ! ! SAR2 output !
+ DAR2output + DAR2output '+ DAR2output + DAR2 output ,\ + DAR2 output

After SAR2+6 output, SAR2 is reloaded Bus mastership is returned one time in four

Figure 10.25 Source Address Reload Function Timing Chart
The reload function can be executed whether the transfer datasizeis 8, 16, or 32 bits.

DMATCR 2, which specifies the number of transfers, is decremented by 1 at the end of every
single-transfer-unit transfer, regardless of whether the reload function is on or off. Therefore,
when using the reload function in the on state, a multiple of 4 must be specified in DMATCR_2.
Operation will not be guaranteed if any other valueis set. Also, the counter which counts the
occurrence of four transfers for address reloading is reset by clearing of the DME bitin DMAOR
or the DE bit in CHCR _2, setting of the transfer end flag (the TE bit in CHCR_2), NMI input, and
setting of the AE flag (address error generation in DMAC transfer), aswell asby areset and in
software standby mode, but SAR 2, DAR_2, DMATCR _2, and other registers are not reset.
Consequently, when one of these sources occurs, there is a mixture of initialized counters and
uninitialized registersin the DMAC, and incorrect operation may result if arestart is executed in
this state. Therefore, when one of the above sources, other than TE setting, occurs during use of
the address reload function, SAR_2, DAR_2, and DMATCR_2 settings must be carried out before
re-execution.
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104.7 DMA Transfer Ending Conditions

The DMA transfer ending conditions vary for individual channels ending and for all channels
ending together.

Individual Channel Ending Conditions: There are two ending conditions. A transfer ends when
the value of the channel’s DMA transfer count register (DMATCR) is 0, or when the DE bit of the
channel’s CHCR is cleared to O.

*  When DMATCR is 0: When the DMATCR value becomes 0 and the corresponding channel's
DMA transfer ends, the transfer end flag bit (TE) is set in the CHCR. If the |E (interrupt
enable) bit has been set, aDMAC interrupt (DEI) is requested of the CPU.

*  When DE of CHCR is 0: Software can halt a DMA transfer by clearing the DE bit in the
channel’s CHCR. The TE bit is not set when this happens.

Conditionsfor Ending All Channels Simultaneously: Transferson all channels end when the
NMIF (NMI flag) bit or AE (address error flag) bit is set to 1 in the DMAOR, or when the DME
bitin the DMAOR is cleared to 0.

e Whenthe NMIF or AE hitisset to 1 in DMAOR: When an NMI interrupt or DMAC address
error occurs, the NMIF or AE bit isset to 1 in the DMAOR and all channels stop their
transfers. The DMAC obtains the bus mastership, and if these flags are set to 1 during
execution of atransfer, DMAC halts operation when the transfer processing currently being
executed ends, and transfers the bus mastership to the other bus master. Consequently, even if
the NMIF or AE bitsare set to 1 during a transfer, the DMA source address register (SAR),
designation address register (DAR), and transfer count register (TCR) are all updated. The TE
bit is not set. To resume the transfers after NMI interrupt or address error processing, clear the
appropriate flag bit to 0. To avoid restarting atransfer on a particular channel, clear its DE bit
to 0.

Transfer is halted when the processing of aone unit transfer is complete. In a dual address
mode direct address transfer, even if an address error occurs or the NMI flag is set during read
processing, the transfer will not be halted until after completion of the following write
processing. In such acase, SAR, DAR, and TCR values are updated. In the same manner, the
transfer is not halted in dual address mode indirect address transfers until after the final write
processing has ended.

« When DME iscleared to 0 in DMAOR: Clearing the DME bit to 0 in the DMAOR aborts the
transfers on all channels. The TE bit is not set.
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10.4.8 DMAC Accessfrom CPU

The space addressed by the DMAC is 3-cycle space. Therefore, when the CPU becomes the bus
master and accesses the DMAC, aminimum of three system clock (¢) cycles are required for one
bus cycle. Also, since the DMAC islocated in word space, while a word-size access to the DMAC
iscompleted in one bus cycle, alongword-size access is automatically divided into two word
accesses, requiring two bus cycles (six basic clock cycles). These two bus cycles are executed
consecutively; adifferent bus cycleis never inserted between the two word accesses. This applies
to both write accesses and read accesses.

105 Examplesof Use

10.5.1 Exampleof DMA Transfer between On-Chip SCI and External Memory

In this example, on-chip serial communication interface channel 0 (SCIO0) received datais
transferred to external memory using the DMAC channel 3.

Table 10.6 indicates the transfer conditions and the setting values of each of the registers.

Table10.6 Transfer Conditionsand Register Set Valuesfor Transfer between On-chip SCI
and External Memory

Transfer Conditions Register Value

Transfer source: RDRO of on-chip SCIO SAR_3 H'FFFF81A5
Transfer destination: external memory DAR_3 H'00400000
Transfer count: 64 times DMATCR_3 H'00000040
Transfer source address: fixed CHCR_3 H'00004D05

Transfer destination address: incremented
Transfer request source: SCI0 (RDRO)
Bus mode: cycle steal

Transfer unit: byte

Interrupt request generation at end of transfer
Channel priority ranking: 0 >1 >2 >3 DMAOR H'0001
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105.2 Example of DMA Transfer between External RAM and External Device with
DACK

In this example, an external request, single address mode transfer with external memory asthe
transfer source and an external device with DACK as the transfer destination is executed using
DMAC channel 1.

Table 10.7 indicates the transfer conditions and the setting values of each of the registers.

Table10.7 Transfer Conditionsand Register Set Valuesfor Transfer between External
RAM and External Device with DACK

Transfer Conditions Register Value

Transfer source: external RAM SAR_1 H'00400000
Transfer destination: external device with DACK DAR_1 (access by DACK)
Transfer count: 32 times DMATCR_1 H'00000020
Transfer source address: decremented CHCR_1 H'00002269

Transfer destination address: (setting ineffective)

Transfer request source: external pin (DREQ1) edge
detection

Bus mode: burst

Transfer unit: word

No interrupt request generation at end of transfer
Channel priority ranking: 2>0>1>3 DMAOR H'0201

1053 Exampleof DMA Transfer between A/D Converter and On-chip Memory (Address
Reload On)

In this example, the on-chip A/D converter channel 0 isthe transfer source and on-chip memory is
the transfer destination, and the address reload function is on.

Table 10.8 indicates the transfer conditions and the setting values of each of the registers.

Rev. 2.0, 09/02, page 186 of 732
RENESAS



Table10.8 Transfer Conditionsand Register Set Valuesfor Transfer between A/D
Converter (A/D1) and On-chip Memory

Transfer Conditions Register Value

Transfer source: on-chip A/D converter (A/D1) SAR_2 H'FFFF8428
Transfer destination: on-chip memory DAR_2 H'FFFFFO00
Transfer count: 128 times (reload count 32 times) DMATCR_2 H'00000080
Transfer source address: incremented CHCR_2 H'00085B25

Transfer destination address: incremented

Transfer request source: A/D converter (A/D 1)

Bus mode: burst

Transfer unit: byte

Interrupt request generation at end of transfer

Channel priority ranking: 0 >2 >3 >1 DMAOR H'0101

When address reload is on, the SAR valuereturnsto itsinitially established value every four
transfers. In the above example, when atransfer request is input from the A/D converter (A/D1),
the byte size dataisfirst read from the H'FFFF8482 register of the A/D converter (AD1) and that
dataiswritten to the on-chip memory address H'FFFFFO00. Because a byte size transfer was
performed, the SAR and DAR values at this point are H'FFFF8429 and H'FFFFFO01, respectively.
Also, because thisis a burst transfer, the bus mastership remain secured, so continuous data
transfer is possible.

When four transfers are completed, if the address reload is off, execution continues with the fifth
and sixth transfers and the SAR value continues to increment from H'FFFF842B to H'FFFF842C
to H'FFFF842D and so on. However, when the address reload is on, the DMAC transfer is halted
upon completion of the fourth one and the bus mastership request signal to the CPU is cleared. At
thistime, the value stored in SAR is not H'FFFF842B to H'FFFF842C, but H'FFFF842B to
H'FFFF8428, areturn to the initially established address. The DAR value aways continues to be
incremented regardless of whether the address reload is on or off.

The DMAC internal status, due to the above operation after completion of the fourth transfer, is
indicated in table 10.9 for both address reload on and off.
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Table 10.9 DMAC Internal Status

Item Address Reload On Address Reload Off
SAR H'FFFF8428 H'FFFF842C

DAR H'FFFFF0O04 H'FFFFF004
DMATCR H'0000007C H'0000007C

Bus mastership Released Maintained

DMAC operation Halted Processing continues
Interrupts Not issued Not issued

Transfer request source flag clear Executed

Not executed

Notes: 1. Interrupts are executed until the DMATCR value becomes 0, and if the IE bit of the

CHCR is set to 1, are issued regardless of whether the address reload is on or off.

2. If transfer request source flag clears are executed until the DMATCR value becomes 0,
they are executed regardless of whether the address reload is on or off.

3. Designate burst mode when using the address reload function. There are cases where
abnormal operation will result if it is executed in cycle steal mode.

4. Designate a multiple of four for the DMATCR value when using the address reload
function. There are cases where abnormal operation will result if anything else is

designated.

To execute transfers after the fifth one when the address rel oad is on, make the transfer request

source issue another transfer request signal.

1054 Exampleof DMA Transfer between External Memory and SCI1 Transmit Side

(Indirect Address On)

In this example, DMAC channel 3 isused, an indirect address designated external memory isthe
transfer source and the SCI1 transmit side is the transfer destination.

Table 10.10 indicates the transfer conditions and the setting values of each of the registers.
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Table10.10 Transfer Conditions and Register Set Valuesfor Transfer between External
Memory and SCI1 Transmit Side

Transfer Conditions Register Value
Transfer source: external memory SAR_3 H'00400000
Value stored in address H'00400000 — H'00450000
Value stored in address H'00450000 — H'55
Transfer destination: on-chip SCI1 (TDR1) DAR_3 H'FFFF81B3
Transfer count: 10 times DMATCR_3 H'0000000A
Transfer source address: incremented CHCR_3 H'00011E01

Transfer destination address: fixed

Transfer request source: SCI1 (TDR1)

Bus mode: cycle steal

Transfer unit: byte

Interrupt request not generated at end of transfer
Channel priority ranking: 0 >1>2 >3 DMAOR H'0001

When indirect address mode is on, the data stored in the address established in SAR is not used as
the transfer source data. In the case of indirect addressing, the value stored in the SAR addressis
read, then that value is used as the address and the data read from that address is used as the
transfer source data, then that data is stored in the address designated by the DAR.

In the table 10.10 example, when a transfer request from the TDR_1 of SCI_1 is generated, aread
of the address |ocated at H'00400000, which isthe value set in SAR_3, is performed first. The data
H'00450000 is stored at this H'00400000 address, and the DMAC first reads this H'00450000
value. It then uses this read value of H'00450000 as an address and reads the value of H'55 that is
stored in the H'00450000 address. It then writes the value H'55 to the address H'FFFF81B3
designated by DAR_3 to complete one indirect address transfer.

With indirect addressing, the first executed dataread from the address established in SAR_3
alwaysresultsin alongword size transfer regardless of the TS0, TS1 bit designations for transfer
data size. However, the transfer source address fixed and increment or decrement designations are
as according to the SM0O, SM1 bits. Consequently, despite the fact that the transfer data size
designation is byte in this example, the SAR_3 value at the end of one transfer is H'00400004. The
write operation is exactly the same as an ordinary dual address transfer write operation.
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10.6 Cautionson Use

1

The DMA operation register (DMAOR) can be accessed only in word (16-bit) units. The other
registers can be accessed in word (16-bit) or longword (32-bit) units.

When rewriting the RS0 to RS3 hits of CHCRO to CHCR3, first clear the DE bit to O (set the
DE hit to 0 before doing rewrites with CHCR).

When an NMI interrupt isinput, the NMIF bit of the DMAOR is set even when the DMAC is
not operating.

Set the DME hit of the DMAOR to 0 and make certain that any DMAC received transfer
reguest processing has been completed before entering standby mode.

Do not accessthe DMAC, DTC, BSC, or UBC on-chip peripheral modules from the DMAC.
When activating the DMAC, do the CHCR or DMAOR setting as the final step. There are
instances where abnormal operation will result if any other registers are established last.

After the DMATCR count becomes 0 and the DMA transfer ends normally, alwayswrite a0 to
the DMATCR, even when executing the maximum number of transfers on the same channel.
There are instances where abnormal operation will result if thisis not done.

Designate burst mode as the transfer mode when using the address reload function. There are
instances where abnormal operation will result in cycle steal mode.

Designate a multiple of four for the DMATCR value when using the address reload function.
There are instances where abnormal operation will result if anything else is designated.

10. When detecting external requests by falling edge, maintain the external request pin at high

level when performing the DMAC establishment.

11. When operating in single address mode, establish an external address as the address. There are

instances where abnormal operation will result if an internal addressis established.

12. Do not access DMAC register empty addresses (H'FFFF86B2 to H'FFFF86BF). Operation

cannot be guaranteed when empty addresses are accessed.
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Section 11 Multi-Function Timer Pulse Unit (MTU)

This LSl has an on-chip multi-function timer pulse unit (MTU) that comprises five 16-bit timer
channels.

The block diagram is shown in figure 11.1.

11.1 Features

*  Maximum 16-pulse input/output

» Sdlection 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

Multiple timer counters (TCNT) can be written to simultaneously

Simultaneous clearing by compare match and input captureis possible

Register simultaneous input/output is possible by synchronous counter operation
A maximum 12-phase PWM output is possible in combination with synchronous operation
» Buffer operation settable for channels 0, 3, and 4

» Phase counting mode settable independently for each of channels 1 and 2

» Cascade connection operation

» Fast accessviainterna 16-bit bus

» 23interrupt sources

» Automatic transfer of register data

» A/D converter conversion start trigger can be generated

* Module standby mode can be settable

» A total of six-phase waveform output, which includes complementary PWM output, and
positive and negative phases of reset PIWM output by interlocking operation of channels 3 and
4, ispossible.

» AC synchronous motor (brushless DC motor) drive mode using complementary PWM output
and reset PWM output is settable by interlocking operation of channels 0, 3, and 4, and the
selection of two types of waveform outputs (chopping and level) is possible.

OoOooogoo
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Table11.1 MTU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Count clock Pyl P@l P@l Pyl Pyl
Pq4 Pq4 Pq4 Pq4 Pg4
P16 P@16 P@16 P16 P@16
P@64 Pq@64 Pq@64 P@64 Pq64
TCLKA P@256 P@1024 P@256 P@256
TCLKB TCLKA TCLKA P@1024 P@1024
TCLKC TCLKB TCLKB TCLKA TCLKA
TCLKD TCLKC TCLKB TCLKB
General registers TGRA_0 TGRA 1 TGRA 2 TGRA_3 TGRA_4
TGRB_0 TGRB_1 TGRB_2 TGRB_3 TGRB_4
General registers/ TGRC_0 — — TGRC_3 TGRC_4
buffer registers TGRD_O TGRD_3 TGRD_4
1/0O pins TIOCOA TIOC1A TIOC2A TIOC3A TIOC4A
TIOCOB TIOC1B TIOC2B TIOC3B TIOC4B
TIOCOC TIOC3C TIOC4C
TIOCOD TIOC3D TIOC4D
Counter clear TGR compare TGR compare TGR TGR compare TGR
function match or input match or input compare match or input compare
capture capture match or capture match or
input capture input capture
Compare 0 O O O O O
match output
output 1 o o o o o
output
Toggle O @) O O @)
output
Input capture O O O O O
function
Synchronous O O O O O
operation
PWM mode 1 O O O O O
PWM mode 2 O O O — -
Complementary — — — @) @)
PWM mode
Reset PMW mode — — — O O
AC synchronous @) — — @) @)
motor drive mode
Phase counting — O O — —
mode
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Buffer operation @) — — @) @)
DMAC activation TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA_4
compare match  compare compare compare compare
or input capture  match or match or match or match or
input capture input input capture input
capture capture
DTC activation TGR compare TGR TGR TGR TGR
match or input ~ compare compare compare compare
capture match or match or match or match or
input capture input input capture  input
capture capture and
TCNT
overflow or
underflow
A/D converter start TGRA 0 TGRA 1 TGRA 2 TGRA_3 TGRA 4
trigger compare match  compare compare compare compare
or input capture  match or match or match or match or
input capture input input capture  input
capture capture
Interrupt sources 5 sources 4 sources 4 sources 5 sources 5 sources
* Compare * Compare e Compare <« Compare ¢ Compare
match or input match or match or match or match or
capture OA input input input input
« Compare capture 1A capture 2A  capture 3A capture 4A
match or input ¢« Compare e Compare + Compare e Compare
capture 0B match or match or match or match or
« Compare input input input input
match or input capture 1B capture 2B capture 3B capture 4B
capture 0C ¢ Overflow ¢ Overflow + Compare « Compare
« Compare o Underflow + Underflow  match or match or
match or input input input
capture 0D capture 3C capture 4C
e Overflow e Compare e Compare
match or match or
input input
capture 3D capture 4D
¢ Overflow » Overflow or
underflow

Legend:
O :Possible
— : Not possible
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Legend:
TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchro register TSR: Timer status register
TCR: Timer control register TCNT: Timer counter
TMDR: Timer mode register TGR (A, B, C,D):  Timer general registers (A, B, C, D)

TIOR (H, L): Timer /O control registers (H, L)

Rev. 2.0, 09/02, page 194 of 732

RENESAS

Figure11.1 Block Diagram of MTU




11.2  Input/Output Pins

Table11.2 MTU Pins

Channel Symbol 1/0 Function
Common TCLKA  Input External clock A input pin
(Channel 1 phase counting mode A phase input)
TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase input)
TCLKC  Input External clock C input pin
(Channel 2 phase counting mode A phase input)
TCLKD  Input External clock D input pin
(Channel 2 phase counting mode B phase input)
0 TIOCOA 1/O TGRA_O input capture input/output compare output/PWM output pin
TIOCOB 1/O TGRB_0 input capture input/output compare output/PWM output pin
TIOCOC /O TGRC_0 input capture input/output compare output/PWM output pin
TIOCOD 1/O TGRD_0 input capture input/output compare output/PWM output pin
1 TIOC1A /O TGRA_1 input capture input/output compare output/PWM output pin
TIOC1B /O TGRB_1 input capture input/output compare output/PWM output pin
2 TIOC2A 1/O TGRA_2 input capture input/output compare output/PWM output pin
TIOC2B /O TGRB_2 input capture input/output compare output/PWM output pin
3 TIOC3A 1/O TGRA_3 input capture input/output compare output/PWM output pin
TIOC3B /O TGRB_3 input capture input/output compare output/PWM output pin
TIOC3C 1/O TGRC_3 input capture input/output compare output/PWM output pin
TIOC3D /O TGRD_3 input capture input/output compare output/PWM output pin
4 TIOC4A 1/O TGRA_4 input capture input/output compare output/PWM output pin
TIOC4B 1/O TGRB_4 input capture input/output compare output/PWM output pin
TIOC4C /O TGRC_4 input capture input/output compare output/PWM output pin
TIOC4D 1/O TGRD_4 input capture input/output compare output/PWM output pin
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11.3  Register Descriptions

The MTU has the following registers. For details on register addresses and register states during
each process, refer to section 25, List of Registers. To distinguish registersin each channel, an
underscore and the channel number are added as a suffix to the register name; TCR for channel 0
isexpressed as TCR_O.

» Timer control register_0 (TCR_0)

e Timer moderegister 0 (TMDR_0)

» Timer 1/O control register H_O (TIORH_0)
e Timer I/O control register L_0 (TIORL_0)

» Timer interrupt enableregister_0 (TIER_0)
e Timer statusregister 0 (TSR_0)

* Timer counter O (TCNT_0)

e Timer general register A_0 (TGRA_0)

» Timer general register B_0 (TGRB_0)

e Timer general register C_ 0 (TGRC_0)

» Timer general register D_0 (TGRD_0)

e Timer control register 1 (TCR_1)

» Timer moderegister 1 (TMDR_1)

e Timer I/O control register 1 (TIOR 1)

» Timer interrupt enableregister_1 (TIER_1)
e Timer statusregister 1 (TSR_1)

e Timer counter_1 (TCNT_1)

e Timer general register A_1 (TGRA_1)

» Timer general register B_1 (TGRB_1)

e Timer control register 2 (TCR_2)

* Timer moderegister 2 (TMDR_2)

e Timer I/O control register 2 (TIOR_2)

» Timer interrupt enableregister 2 (TIER_2)
e Timer statusregister 2 (TSR _2)

e Timer counter 2 (TCNT_2)

e Timer general register A_2 (TGRA_2)

» Timer general register B_2 (TGRB_2)

e Timer control register 3 (TCR_3)

» Timer moderegister 3 (TMDR_3)

e Timer I/O control register H_3 (TIORH_3)
e Timer I/O control register L_3 (TIORL_3)
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e Timer interrupt enableregister 3 (TIER_3)
* Timer status register_3 (TSR_3)

e Timer counter 3 (TCNT_3)

» Timer general register A_3 (TGRA_3)

e Timer general register B_3 (TGRB_3)

» Timer general register C_3 (TGRC_3)

e Timer general register D_3 (TGRD_3)

» Timer control register_4 (TCR_4)

e Timer moderegister 4 (TMDR_4)

» Timer 1/O control register H_4 (TIORH_4)
e Timer I/O control register L_4 (TIORL_4)
» Timer interrupt enableregister_4 (TIER_4)
e Timer statusregister 4 (TSR _4)

» Timer counter_4 (TCNT_4)

e Timer general register A_4 (TGRA_4)

» Timer general register B_4 (TGRB_4)

e Timer general register C_4 (TGRC_4)

» Timer general register D_4 (TGRD_4)

Common Registers

e Timer start register (TSTR)
» Timer synchronous register (TSYR)

Common Registersfor timers 3 and 4

» Timer output master enable register (TOER)
» Timer output control enable register (TOCR)
» Timer gate control register (TGCR)

» Timer cycle dataregister (TCDR)

» Timer dead time dataregister (TDDR)

e Timer subcounter (TCNTS)

» Timer cycle buffer register (TCBR)

RENESAS
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11.3.1 Timer Control Register (TCR)

The TCR registers are 8-bit readabl e/writable registers that control the TCNT operation for each
channel. The MTU has atotal of five TCR registers, one for each channel (channel 0to 4). TCR
register settings should be conducted only when TCNT operation is stopped.

Bit Bit Name Initial value R/W Description

CCLR2 0 R/W Counter Clear 0 to 2
CCLR1
CCLRO

R/W These bits select the TCNT counter clearing source.
R/W See tables 11.3 and 11.4 for details.

CKEG1
CKEGO

R/W Clock Edge 0 and 1

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. P@4 both edges = P@/2
rising edge). If phase counting mode is used on
channels 1 and 2, this setting is ignored and the
phase counting mode setting has priority. Internal
clock edge selection is valid when the input clock is
P@4 or slower. When P@1, or the overflow/underflow
of another channel is selected for the input clock,
although values can be written, counter operation
compiles with the initial value.

W MO O N
o oOo|lo o

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 0 to 2

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 11.5 to 11.8 for details.
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Table11.3 CCLROto CCLR2 (channels0, 3, and 4)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,34 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 is set 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.

Table11.4 CCLROto CCLR2 (channels1and 2)

Bit 7 Bit 6 Bit 5
Channel Reserved*’ CCLR1 CCLRO Description
1,2 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 is selected by setting the SYNC bitin TSYR to 1.
2. Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Table11.5 TPSCOto TPSC2 (channel 0)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/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

Table11.6 TPSCOto TPSC2 (channel 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/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 P@/256
1 Counts on TCNT_2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.

Rev. 2.0, 09/02, page 200 of 732
RENESAS



Table11.7 TPSCOto TPSC2 (channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on Pq@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/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 P@/1024

Note: This setting is ignored when channel 2 is in phase counting mode.

Table11.8 TPSCOto TPSC2 (channels 3 and 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3,4 0 0 0 Internal clock: counts on P@/1
1 Internal clock: counts on P@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on P@/64
1 0 0 Internal clock: counts on P@/256
1 Internal clock: counts on P@/1024
1 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
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11.32 Timer Mode Register (TMDR)

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode of
each channel. The MTU has five TMDR registers, one for each channel. TMDR register settings
should be changed only when TCNT operation is stopped.

Bit Bit Name Initial value R/W Description

7 — 1 — Reserved

6 — 1 — These bits are always read as 1 and should be
written with 1.

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 and 2, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be
modified.

0: TGRB and TGRD operate 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 and 2, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be
modified.

0: TGRA and TGRC operate normally

1: TGRA and TGRC used together for buffer
operation

3 MD3 0 R/W Modes O to 3

2 MD2 0 R/W These bits are used to set the timer operating mode.
1 MD1 0 R/W See table 11.9 for details.

0 MDO 0 R/W
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Table11.9 MDOtoMD3

Bit 3 Bit 2 Bit 1 Bit 0
MD3 MD2 MD1 MDO Description
0 0 0 0 Normal operation
1 Setting prohibited
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 0 0 0 Reset synchronous PWM mode*®
1 Setting prohibited
X Setting prohibited
1 0 Setting prohibited
1 Complementary PWM mode 1 (transmit at peak)*®
1 0 Complementary PWM mode 2 (transmit at valley)*®
1 Complementary PWM mode 2 (transmit at peak and valley)**
Legend:
X: Don't care

Notes: 1. PWM mode 2 can not be set for channels 3, 4.
2. Phase counting mode can not be set for channels 0, 3, 4.

3. Reset synchronous PWM mode, complementary PWM mode can only be set for
channel 3. When channel 3 is set to reset synchronous PWM mode or complementary
PWM mode, the channel 4 settings become ineffective and automatically conform to the
channel 3 settings. However, do not set channel 4 to reset synchronous PWM mode or
complementary PWM mode. Reset synchronous PWM mode and complementary PWM
mode can not be set for channels 0, 1, 2.

11.3.3 Timer /O Control Register (TIOR)

The TIOR registers are 8-bit readabl e/writable registers that control the TGR registers. The MTU
haseight TIOR registers, two each for channels 0, 3, and 4, and one each for channels 1 and 2.

Careisrequired as TIOR is affected by the TMDR setting. The initial output specified by TIOR is
valid when the counter is stopped (the CST hit in TSTRis cleared to 0). Note also that, in PWM
mode 2, the output at the point at which the counter is cleared to 0 is specified.

When TGRC or TGRD is designated for buffer operation, this setting isinvalid and the register

operates as a buffer register.
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TIORH_0, TIOR_1, TIOR_2, TIORH_3, TIORH_4

Bit Bit Name Initial value R/W Description

7 10B3 0 R/W 1/O Control BO to B3

6 10B2 0 R/W Specify the function of TGRB.

5 10B1 0 R/W See the following tables.

4 10B0 0 R/W TIORH_O: Table 11.10
TIOR_1: Table 11.12
TIOR_2: Table 11.13
TIORH_3: Table 11.14
TIORH_4: Table 11.16

3 I0A3 0 R/W 1/0 Control AO to A3

2 I0A2 0 R/W Specify the function of TGRA.

1 I0A1 0 R/W See the following tables.

0 I0A0 0 R/W TIORH_O: Table 11.18
TIOR_1: Table 11.20
TIOR_2: Table 11.21
TIORH_3: Table 11.22
TIORH_4: Table 11.24

TIORL_O, TIORL_3, TIORL_4

Bit Bit Name Initial value R/W Description

7 10D3 0 R/W 1/0 Control DO to D3

6 10D2 0 R/W Specify the function of TGRD.

5 10D1 0 R/W See the following tables.

4 10D0 0 R/W TIORL_O: Table 11.11
TIORL_3: Table 11.15
TIORL_4: Table 11.17

3 10C3 0 R/W 1/0 Control CO to C3

2 10C2 0 R/W Specify the function of TGRC.

1 10C1 0 R/W See the following tables.

0 10CO 0 R/W TIORL_O: Table 11.19

TIORL_3: Table 11.23
TIORL_4: Table 11.25
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Table11.10 TIORH_O0 (channel 0)

Description
Bit7 Bit6 Bit5 Bit4 TGRB_0
IOB3 10B2 IOB1 IOBO Function TIOCOB Pin Function
0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 0 0 0 Input Input capture at rising edge
1 ?:g;;lire‘er Input capture at falling edge
1 X 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: * After power-on reset, 0 is output until TIOR is set.

RENESAS

Rev. 2.0, 09/02, page 205 of 732



Table11.11 TIORL_0(channel 0)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_O
IOD3 10D2 I0D1 10DO0 Function TIOCOD Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input Input capture at rising edge

capture

register*? Input capture at falling edge

0

1
1 X Input capture at both edges

X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.
2. When the BFB bitin TMDR_O 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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Table11.12 TIOR_1 (channel 1)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRB_1
I0OB3 10B2 I0B1 10BO Function TIOC1B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1

Toggle output at compare match

Input Input capture at rising edge

capture

. Input capture at falling edge
register P P geda

0
1

1 X Input capture at both edges
X

Input capture at generation of TGRC_0 compare
match/input capture

Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.13 TIOR_2 (channel 2)

Description
Bit7 Bit6 Bit5 Bit4 TGRB_2
IOB3 10B2 IOB1 IOBO Function TIOC2B Pin Function
0 0 0 0 Output Output retained*
1 compare Initial output is O
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
f:(;tsutreer Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care
Note: * After power-on reset, O is output until TIOR is set.
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Table11.14 TIORH_3(channel 3)

Description

Bit7 Bit6 Bit 5 Bit4 TGRB_3

I0OB3 10B2 I0B1 10BO Function TIOC3B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.15 TIORL_3(channel 3)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_3
IOD3 10D2 I0D1 10DO0 Function TIOC3D Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

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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Table11.16 TIORH_4 (channel 4)

Description

Bit7 Bit6 Bit 5 Bit4 TGRB_4

I0OB3 10B2 I0B1 10BO Function TIOC4B Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.17 TIORL_4 (channel 4)

Description

Bit7 Bit6 Bit 5 Bit 4 TGRD_4
IOD3 10D2 I0D1 10DO0 Function TIOC4D Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFB bitin TMDR_4 is set to 1 and TGRD_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table 11.18 TIORH_O0 (channel 0)

Description

Bit3 Bit2 Bit 1 Bit0O TGRA_O

IOA3 I0A2 I0A1 I0A0 Function TIOCOA Pin Function

0 0 0 0 Output Output retained*

1 compare
register

Initial output is O

0 output at compare match

1 0 Initial output is O

1 output at compare match

1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1

0 output at compare match

1 0 Initial output is 1

1 output at compare match

1 Initial output is 1

Toggle output at compare match

Input Input capture at rising edge

capture
register

Input capture at falling edge

0
1

1 X Input capture at both edges
X

Capture input source is channel 1/count clock

Input capture at TCNT_1 count-up/count-down

Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.19 TIORL_0 (channel 0)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRC_0
I0OC3 10C2 I0C1 10CO Function TIOCOC Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1
Toggle output at compare match

Input Input capture at rising edge

capture

register*? Input capture at falling edge

0

1
1 X Input capture at both edges

X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_O is set to 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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Table11.20 TIOR_1 (channel 1)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRA_1
IOA3 I0A2 I0A1 I0A0 Function TIOC1A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1

0 output at compare match

1 0 Initial output is 1
1 output at compare match

1 Initial output is 1

Toggle output at compare match

Input Input capture at rising edge

capture

. Input capture at falling edge
register P P geda

0
1

1 X Input capture at both edges
X

Input capture at generation of channel 0/TGRA_0O
compare match/input capture

Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.21 TIOR_2 (channel 2)

Description
Bit3 Bit2 Bitl Bit0 TGRA_2
IOA3 10A2 IOA1 IOA0 Function TIOC2A Pin Function
0 0 0 0 Output Output retained*
1 Sggng;::e Initial output is O
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is O
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:gitsut:aer Input capture at falling edge
1 Input capture at both edges
Legend:
X: Don't care
Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.22 TIORH_3(channel 3)

Description

Bit3 Bit2 Bit 1 Bit0 TGRA_3

IOA3 I0A2 I0A1 I0A0 Function TIOC3A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.23 TIORL_3(channel 3)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRC_3
I0OC3 10C2 I0C1 10CO Function TIOC3C Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_3 is set to 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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Table11.24 TIORH_4 (channel 4)

Description

Bit3 Bit2 Bit 1 Bit0 TGRA_4

IOA3 I0A2 I0A1 I0A0 Function TIOC4A Pin Function

0 0 0 0 Output Output retained*
1 compare Initial output is 0
register
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0
Toggle output at compare match
1 0 0 Output retained
Initial output is 1
0 output at compare match
1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
?:g;;lire‘er Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don'’t care

Note: * After power-on reset, 0 is output until TIOR is set.
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Table11.25 TIORL_4 (channel 4)

Description

Bit3 Bit2 Bit 1 Bit 0 TGRC_4
I0OC3 10C2 I0C1 10CO Function TIOC4C Pin Function

0 0 0 0 Output Output retained**
1 Compare2 Initial output is O
register*
0 output at compare match
1 0 Initial output is O
1 output at compare match
1 Initial output is 0

Toggle output at compare match

1 0 0 Output retained

Initial output is 1
0 output at compare match

1 0 Initial output is 1
1 output at compare match
1 Initial output is 1
Toggle output at compare match
1 X 0 0 Input Input capture at rising edge
fealg;;lirei*z Input capture at falling edge
1 X Input capture at both edges

Legend:
X: Don't care
Notes: 1. After power-on reset, 0 is output until TIOR is set.

2. When the BFA bitin TMDR_4 is set to 1 and TGRC_4 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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11.34 Timer Interrupt Enable Register (TIER)

The TIER registers are 8-bit readable/writable registers that control enabling or disabling of
interrupt requests for each channel. The MTU has five TIER registers, one for each channel.

Bit Bit Name Initial value R/W Description

7 TTGE 0 R/W 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

6 — 1 R Reserved
This bit is always read as 1 and should be written with
1.

5 TCIEU 0 R/W 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 and 2.

In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and should be written with 0.

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, 3, and 4.

In channels 1 and 2, bit 3 is reserved. It is always
read as 0 and should be written with 0.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled
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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, 3, and 4.

In channels 1 and 2, bit 2 is reserved. It is always
read as 0 and should be written with 0.

0: Interrupt requests (TGIC) by TGFC bit 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 bit 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 bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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11.35

Timer Status Register (TSR)

The TSR registers are 8-bit readable/writable registers that indicate the status of each channel. The
MTU hasfive 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, 3, and 4.
In channel 0, bit 7 is reserved. It is always read as 1 and
should be written with 1.
0: TCNT counts down
1: TCNT counts up
6 — 1 R Reserved
This bit is always read as 1 and should be written with 1.
5 TCFU 0 R/(W)*  Underflow Flag
Status flag that indicates that TCNT underflow has
occurred when channels 1 and 2 are set to phase
counting mode. Only 0 can be written, for flag clearing.
In channels 0, 3, and 4, bit 5 is reserved. It is always
read as 0 and should be written with 0.
[Setting condition]
e When the TCNT value underflows (changes from
H'0000 to H'FFFF)
[Clearing condition]
e When 0 is written to TCFU after reading TCFU =1
4 TCFV 0 R/(W)*  Overflow Flag

Status flag that indicates that TCNT overflow has
occurred. Only 0 can be written, for flag clearing.
[Setting condition]

e When the TCNT value overflows (changes from
H'FFFF to H'0000 )

In channel 4, when the TCNT_4 value underflows
(changes from H'0001 to H'0000) in complementary
PWM mode, this flag is also set.

[Clearing condition]

e When 0 is written to TCFV after reading TCFV =1
In cannel 4, when DTC is activated by TCIV interrupt
and the DISEL bit of DTMR in DTC is 0, this flag is
also cleared.
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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, 3, and 4. Only
0 can be written, for flag clearing. In channels 1 and 2, bit
3is reserved. It is always read as 0 and should be written
with 0.

[Setting conditions]

«  When TCNT = TGRD and TGRD is functioning as
output compare register

*«  When TCNT value is transferred to TGRD by input
capture signal and TGRD is functioning as input
capture register

[Clearing conditions]

When DTC is activated by TGID interrupt and the
DISEL bit of DTMR in DTC is 0

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, 3, and 4. Only
0 can be written, for flag clearing. In channels 1 and 2, bit
2 is reserved. It is always read as 0 and should be written
with 0.

[Setting conditions]

e When TCNT = TGRC and TGRC is functioning as
output compare register

*  When TCNT value is transferred to TGRC by input
capture signal and TGRC is functioning as input
capture register

[Clearing conditions]

«  When DTC is activated by TGIC interrupt and the
DISEL bit of DTMR in DTCis O

e 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

RI(W)*

Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match. Only O can be written, for flag
clearing.

[Setting conditions]
e When TCNT = TGRB and TGRB is functioning as
output compare register

*  When TCNT value is transferred to TGRB by input
capture signal and TGRB is functioning as input
capture register

[Clearing conditions]

«  When DTC is activated by TGIB interrupt and the
DISEL bit of DTMR in DTC is O

e When 0 is written to TGFB after reading TGFB = 1

0

TGFA

0

RI(W)*

Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match. Only 0 can be written, for flag
clearing.

[Setting conditions]
«  When TCNT = TGRA and TGRA is functioning as
output compare register

*  When TCNT value is transferred to TGRA by input
capture signal and TGRA is functioning as input
capture register

[Clearing conditions]

* When DTC is activated by TGIA interrupt and the
DISEL bit of DTMR in DTC is 0

«  When 0 is written to TGFA after reading TGFA =1

Note: * Only 0 can be written to clear the flag.

Rev. 2.0, 09/02, page 225 of 732
RENESAS



11.36 Timer Counter (TCNT)

The TCNT registers are 16-bit readable/writable counters. The MTU has five TCNT counters, one
for each channel.

The TCNT counters areinitialized to H'0000 by a reset.

The TCNT counters cannot be accessed in 8-hit units; they must always be accessed as a 16-bit
unit.

11.3.7 Timer General Register (TGR)

The TGR registers are dual function 16-bit readabl e/writable registers, functioning as either output
compare or input capture registers. The MTU has 16 TGR registers, four each for channels 0, 3,
and 4 and two each for channels 1 and 2. TGRC and TGRD for channels 0, 3, and 4 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-bit unit. TGR buffer register combinations are TGRA and
TGRC and TGRB and TGRD.

Theinitial value of TGR is H'FFFF.
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11.3.8 Timer Start Register (TSTR)

TSTR isan 8-bit readable/writable register that selects operation/stoppage for channels 0 to 4.
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 CST4 0 R/W Counter Start 4 and 3
6 CST3 0 R/W These bits select operation or stoppage for TCNT.

If O is written to the CST bit during operation with the
TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained.
If TIOR is written to when the CST bit is cleared to O,
the pin output level will be changed to the set initial
output value.

0: TCNT_4 and TCNT_3 count operation is stopped
1: TCNT_4 and TCNT_3 performs count operation

5 — 0 R Reserved
— 0 R These bits are always read as 0s and should be
3 . 0 R written with 0s.
2 CST2 0 R/W Counter Start 2to 0
CST1 0 R/W These bits select operation or stoppage for TCNT.
0 CSTO 0 R/W If O is written to the CST bit during operation with the

TIOC pin designated for output, the counter stops but
the TIOC pin output compare output level is retained.
If TIOR is written to when the CST bit is cleared to O,
the pin output level will be changed to the set initial
output value.

0: TCNT_2 to TCNT_O count operation is stopped
1: TCNT_2 to TCNT_O performs count operation

11.3.9 Timer Synchronous Register (TSYR)

TSYR isan 8-hit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 4 TCNT counters. A channel performs synchronous operation when
the corresponding bitin TSYR isset to 1.
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Bit Bit Name

Initial value

R/W

Description

7 SYNC4
6 SYNC3

0
0

R/W
R/W

Timer Synchronous operation 4 and 3

These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit ,
the TCNT clearing source must also be set by means
of bits CCLRO to CCLR2 in TCR.

0: TCNT_4 and TCNT_3 operate independently
(TCNT presetting/clearing is unrelated to other
channels)

1: TCNT_4 and TCNT_3 performs synchronous
operation

TCNT synchronous presetting/synchronous clearing
is possible

Reserved

These bits are always read as 0s and should be
written with Os.

SYNC2
SYNC1
SYNCO

O P N W b O1

O O olo o o

R/W
R/W
R/W

Timer Synchronous operation 2 to 0

These bits are used to select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, the TCNT
synchronous presetting of multiple channels, and
synchronous clearing by counter clearing on another
channel, are possible.

To set synchronous operation, the SYNC bits for at
least two channels must be setto 1. To set
synchronous clearing, in addition to the SYNC bit ,
the TCNT clearing source must also be set by means
of bits CCLRO to CCLR2 in TCR.

0: TCNT_2 to TCNT_O operates independently
(TCNT presetting /clearing is unrelated to other
channels)

1: TCNT_2 to TCNT_O performs synchronous
operation

TCNT synchronous presetting/synchronous clearing
is possible

Rev. 2.0, 09/02, page 228 of 732

RENESAS



11.3.10 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readabl e/writable register that enables/disables output settings for output pins
TIOCAD, TIOCAC, TIOC3D, TIOC4B, TIOC4A, and TIOC3B. These pins do not output
correctly if the TOER bits have not been set. Set TOER of CH3 and CH4 prior to setting TIOR of

CH3 and CH4.

Bit Bit Name

Initial value

R/W

Description

7 —
6 —

1
1

R
R

Reserved

These bits are always read as 1s and should be
written with 1s.

5 OE4D

0

R/W

Master Enable TIOC4D

This bit enables/disables the TIOC4D pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

4 OE4C

R/W

Master Enable TIOC4C

This bit enables/disables the TIOC4C pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

3 OE3D

R/W

Master Enable TIOC3D

This bit enables/disables the TIOC3D pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

2 OE4B

R/W

Master Enable TIOC4B

This bit enables/disables the TIOC4B pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

1 OE4A

R/W

Master Enable TIOC4A

This bit enables/disables the TIOC4A pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

0 OE3B

R/W

Master Enable TIOC3B

This bit enables/disables the TIOC3B pin MTU
output.

0: MTU output is disabled
1: MTU output is enabled

Rev. 2.0, 09/02, page 229 of 732
RENESAS



11.3.11 Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that enables/disables PWM synchronized toggle
output in complementary PWM mode/reset synchronized PWM mode, and controls output level
inversion of PWM output.

Bit Bit Name Initial value R/W Description

7 — 0 R Reserved
This bit is always read as 0 and should be written with
0.

6 PSYE 0 R/W PWM Synchronous Output Enable

This bit selects the enable/disable of toggle output
synchronized with the PWM period.

0: Toggle output is disabled
1: Toggle output is enabled

5 — 0 R Reserved

4 - 0 R These bits are always read as 0s and should be
3 o 0 R written with Os.

2 — 0 R

1 OLSN 0 R/W Output Level Select N

This bit selects the reverse phase output level in
reset-synchronized PWM mode/complementary PWM
mode. See table 11.26

0 OLSP 0 R/W Output Level Select P

This bit selects the positive phase output level in
reset-synchronized PWM mode/complementary PWM
mode. See table 11.26

Table 11.26 Output Level Select Function

Bit 1 Function

Compare Match Output

OLSN Initial Output  Active Level Up Count Down Count
0 High level Low level High level Low level
1 Low level High level Low level High level

Note: The reverse phase waveform initial output value changes to active level after elapse of the
dead time after count start.
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Table 11.27 Output Level Select Function

Bit 0 Function

Compare Match Output
OLSP Initial Output  Active Level Up Count Down Count
0 High level Low level Low level High level
1 Low level High level High level Low level

Figure 11.2 shows an example of complementary PWM mode output (1 phase) when OLSN =1,

OLSP=1.
TCNT_3, and
TCNT_4 values
7 N
TGRA 3
TCNT_3
TCNT_4
TGRA_4
TDDR KA : L P
H0000 K- - - AV - Time
. v Compare match : 1 P
. [ output (up count) Vo .
Positive vy Initial | - ' Compare match !
phase output |+ outout . | Active level ' output (down count) |
! Initial ) . Compare match .
1o, output || N \ ' output (down count) | |
Reverse ! Active 1 Compare matc ! - '
phase output ! level ! output (up count) Active level !

Figure11.2 Complementary PWM Mode Output L evel Example

11.3.12 Timer Gate Control Register (TGCR)

TGCR is an 8-bit readable/writable register that controls the waveform output necessary for
brushless DC motor control in reset-synchronized PWM mode/complementary PWM mode.
These register settings are ineffective for anything other than complementary PWM mode/reset-

synchronized PWM mode.
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Bit Bit Name Initial value

Description

7 — 1

Reserved

This bit is always read as 1 and should be written with
1.

6 BDC 0

R/W

Brushless DC Motor

This bit selects whether to make the functions of this
register (TGCR) effective or ineffective.

0: Ordinary output
1: Functions of this register are made effective

R/W

Reverse Phase Output (N) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output
while the reverse pins (TIOC3D, TIOC4C, and
TIOC4D) are output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

R/W

Positive Phase Output (P) Control

This bit selects whether the level output or the reset-
synchronized PWM/complementary PWM output
while the positive pin (TIOC3B, TIOC4A, and
TIOC4B) are output.

0: Level output

1: Reset synchronized PWM/complementary PWM
output

R/W

External Feedback Signal Enable

This bit selects whether the switching of the output of
the positive/reverse phase is carried out automatically
with the MTU/channel 0 TGRA, TGRB, TGRC input
capture signals or by writing 0 or 1 to bits 2to 0 in
TGCR.

0: Output switching is external input (Input sources
are channel 0 TGRA, TGRB, TGRC input capture
signal)

1: Output switching is carried out by software
(TGCR's UF, VF, WF settings).

VF

R/W
R/W
R/W

Output Phase Switch 2 to 0

These bits set the positive phase/negative phase
output phase on or off state. The setting of these bits
is valid only when the FB bit in this register is set to 1.
In this case, the setting of bits 2 to 0 is a substitute for
external input. See table 11.28.
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Table 11.28 Output level Select Function

Function
Bit 2 Bit 1 Bit 0 TIOC3B TIOC4A TIOC4B TIOC3D TIOC4C TIOC4D
WF VF UF U Phase V Phase W Phase UPhase V Phase W Phase
0 0 0 OFF OFF OFF OFF OFF OFF
1 ON OFF OFF OFF OFF ON
1 0 OFF ON OFF ON OFF OFF
1 OFF ON OFF OFF OFF ON
1 0 0 OFF OFF ON OFF ON OFF
1 ON OFF OFF OFF ON OFF
1 0 OFF OFF ON ON OFF OFF
1 OFF OFF OFF OFF OFF OFF

11.3.13 Timer Subcounter (TCNTYS)
TCNTSisa 16-hit read-only counter that is used only in complementary PWM mode.
Theinitia value of TCNTS is H'0000.

Note: Accessing the TCNTS in 8-bit unitsis prohibited. Always accessin 16-bit units.

11.3.14 Timer Dead Time Data Register (TDDR)

TDDR isa 16-hit register, used only in complementary PWM mode, that specifiesthe TCNT_3
and TCNT_4 counter offset values. In complementary PWM mode, when the TCNT_3 and
TCNT _4 counters are cleared and then restarted, the TDDR register value isloaded into the
TCNT _3 counter and the count operation starts.

Theinitia value of TDDR is H'FFFF.

Note: Accessing the TDDR in 8-bit unitsis prohibited. Always accessin 16-bit units.
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11.3.15 Timer Period Data Register (TCDR)

TCDR isa 16-bit register used only in complementary PWM mode. Set half the PWM carrier
sync value asthe TCDR register value. Thisregister is constantly compared with the TCNTS
counter in complementary PWM mode, and when a match occurs, the TCNTS counter switches
direction (decrement to increment).

Theinitial value of TCDR is H'FFFF.

Note: Accessing the TCDR in 8-bit unitsis prohibited. Always accessin 16-bit units.

11.3.16 Timer Period Buffer Register (TCBR)

The timer period buffer register (TCBR) is a 16-bit register used only in complementary PWM
mode. It functions as a buffer register for the TCDR register. The TCBR register values are
transferred to the TCDR register with the transfer timing set in the TMDR register.

Note: Accessing the TCBR in 8-bit unitsis prohibited. Always accessin 16-bit units.

11.3.17 BusMaster Interface

The timer counters (TCNT), general registers (TGR), timer subcounter (TCNTS), timer period
buffer register (TCBR), and timer dead time data register (TDDR), and timer period data register
(TCDR) are 16-hit registers. A 16-bit data bus to the bus master enables 16-hit read/writes. 8-hit
read/writeis not possible. Always accessin 16-bit units.

All registers other than the above registers are 8-hit registers. These are connected to the CPU by
a 16-bit data bus, so 16-bit read/writes and 8-hit read/writes are both possible.
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114  Operation

1141 Basic Functions

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is also capable of
free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.
Always select MTU external pins set function using the pin function controller (PFC).
Counter Operation

When one of bits CSTOto CST4 issetto 1in TSTR, the TCNT counter for the corresponding
channel begins counting. TCNT can operate as a free-running counter, periodic counter, for
example.

Example of Count Operation Setting Procedure: Figure 11.3 shows an example of the count
operation setting procedure.

( Operation selection ) [1] Select the counter clock
with bits TPSC2 to TPSCO
| in TCR. At the same time,
| Select counter clock | [ select the input clock edge
with bits CKEG1 and
CKEGO in TCR.

| [2] For periodic counter
C Periodic counter ) C Free-running counter) operation, select the TGR
| to be used as the TCNT
clearing source with bits

Select counter clearing 2] CCLR2 to CCLRO in TCR.
source

| [3] Designate the TGR
selected in [2] as an output

Select output compare 3] compare register by means
register of TIOR.
| [4] Set the periodic counter
| Set period | [4] cycle in the TGR selected
T in [2].
Start count operation |[5 frn
| Start count operation |[5] | . p Bl 5 fet the CST bit in TSTR to
— <Free-running counter> to start the counter
<Periodic counter> operation.

Figure 11.3 Example of Counter Operation Setting Procedure
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Free-Running Count Operation and Periodic Count Operation: Immediately after areset, the
MTU’sTCNT counters are al designated as free-running counters. When the relevant bit in TSTR
isset to 1 the corresponding TCNT counter starts up-count operation as a free-running counter.
When TCNT overflows (from H'FFFF to H'0000), the TCFV bit in TSR is set to 1. If the value of
the corresponding TCIEV bitin TIER is 1 at this point, the TPU requests an interrupt. After
overflow, TCNT starts counting up again from H'0000.

Figure 11.4 illustrates free-running counter operation.

TCNT value

H'0000 Time

CST bit | h i

TCFV

Figure11.4 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
CCLROto CCLR2 in TCR. After the settings have been made, TCNT starts up-count operation as
a periodic counter when the corresponding bit in TSTR is set to 1. When the count value matches
thevaluein TGR, the TGF bitin 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 requests an interrupt.
After acompare match, TCNT starts counting up again from H'0000.
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Figure 11.5 illustrates periodic counter operation.

TCNT value
TGR

H'0000

Counter cleared by TGR
compare match

-

Time

CST bit |

TGF

Flag cleared by software or
.~ DTC/DMAC activation

Figure11.5 Periodic Counter Operation

Waveform Output by Compare Match

The MTU can perform 0, 1, or toggle output from the corresponding output pin using compare

match.

Example of Setting Procedure for Waveform Output by Compare Match: Figure 11.6 shows
an exampl e of the setting procedure for waveform output by compare match

( Output selection )

Select waveform output
mode

Set output timing

Start count operation

<Waveform output>

[1] Select initial value O output or 1 output,
and compare match output value 0
output, 1 output, or toggle output, by
means of TIOR. The set initial value is
output at the TIOC pin until the first
compare match occurs.

[2] Set the timing for compare match
generation in TGR.

[3] Setthe CST bitin TSTR to 1 to start the
count operation.

Figure11.6 Example of Setting Procedure for Waveform Output by Compare Match
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Examples of Waveform Output Operation: Figure 11.7 shows an example of 0 output/1 output.

In thisexample TCNT has been designated as a free-running counter, and settings have been made
such that 1 is output by compare match A, and 0 is output by compare match B. When the set level
and the pin level coincide, the pin level does not change.

TCNT value

H'0000 T T T T T T Time
! ! ! ~No change | _~ No change

TIOCA ! I ! ! 1 output

TIOCB . No change . No change 0 output

Figure11.7 Example of 0 Output/1 Output Operation
Figure 11.8 shows an example of toggle output.

In thisexample, TCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.

TCNT value
Counter cleared by TGRB compare match
H'FFFF
TGRB
TGRA
H'0000 T t T t T t T t Time
TIOCB 'ﬂ' I E | Toggle output

TIOCA ‘ I ‘ I Toggle output

Figure 11.8 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 detected edge. For channels 0 and 1,
it is also possible to specify another channel's counter input clock or compare match signal asthe
input capture source.

Note:  When another channel's counter input clock is used as the input capture input for channels
0 and 1, Pg/1 should not be selected as the counter input clock used for input capture
input. Input capture will not be generated if P@/1 is selected.

Example of Input Capture Operation Setting Procedur e: Figure 11.9 shows an example of the
input capture operation setting procedure.

) [1] Designate TGR as an input capture
register by means of TIOR, and select

rising edge, falling edge, or both edges

as the input capture source and input

( Input selection

- - signal edge.
Select input capture input [1]
[2] Setthe CST bitin TSTR to 1 to start
the count operation.
Start count [2]

<Input capture operation>

Figure11.9 Example of Input Capture Operation Setting Procedure

Example of Input Capture Operation: Figure 11.10 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, the falling edge has been selected asthe 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 |- == = = oo o oo m o e ) e

H'O160 | ----mmmmm e e e

H0010 | ecommmm D I D

H'0005 |- @7 o I e ,\ _________
H0000 A\ : Time

TGRB X X H'0180

Figure11.10 Example of Input Capture Operation

11.4.2  Synchronous Operation

In synchronous operation, the valuesin a number of TCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared
simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 4 can al be designated for synchronous operation.
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Example of Synchronous Operation Setting Procedure: Figure 11.11 shows an example of the
synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous

operation (1
(Synchronous presetting) ( Synchronous cIearing)
Set TCNT [2] .
Clearing No
source generation
channel?
Select counter 3] Set synchronous 4]
clearing source counter clearing
Start count [5] Start count [5]
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setto 1 the 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.

Figure11.11 Example of Synchronous Operation Setting Procedure
Example of Synchronous Operation: Figure 11.12 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 TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGRB_0 compare match, are
performed for channel 0to 2 TCNT counters, and the data set in TGRB_0 is used as the PWM
cycle.

For details of PWM modes, see section 11.4.5, PWM Modes.
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Synchronous clearing by TGRB_0 compare match

TCNTO to TCNT2
values / \
TGRB_ 0 [ - - - - =< e T g
TGRB_1 frmmmmmmmmmmens T T
TGRA_Q f------nmmn- AR REE ERRERRERRS S 2O
TGRB_2 [--------, : r B el .'"’"" ............ r .
TGRA L [----- T o e Aot
TGRA_2 ,,1 1r N

Ho000 ¥+7—7v—"77—"F¥ 777 F ¥ T Time

TIOCOA

TIOC1A

TIOC2A IE i i_i i_i

Figure 11.12 Example of Synchronous Operation

11.4.3 Buffer Operation

Buffer operation, provided for channels 0, 3, and 4, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as a compare match register.

Table 11.29 shows the register combinations used in buffer operation.

Table11.29 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

4 TGRA_4 TGRC_4
TGRB_4 TGRD_4
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* When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

Thisoperation isillustrated in figure 11.13.

Compare match signal

l

Buffer Timer general [\ |, —
register ~l> register )| Comparator K TCNT

Figure 11.13 Compare Match Buffer Operation

e When TGRisan input capture register

When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

Thisoperation isillustrated in figure 11.14.

signal

Bu_ffer Timer general TCNT
register register

Input capture j \

Figure11.14 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 11.15 shows an example of the buffer
operation setting procedure.

Buffer operation [1] Designate TGR as an input capture register or
P 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 start the count
operation.
Set buffer operation [2
Start count [3]

<Buffer operation>

Figure11.15 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation:

* When TGR is an output compare register
Figure 11.16 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.
Asbuffer 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 that compare match A occurs.

For details of PWM modes, see section 11.4.5, PWM Modes.

TCNT value

TGRB_0 - H'0520
TGRA_O

H'0000 Time

TGRC_O H02000 X ' HO0450 X H'0520

Transferi\ \ \ \
X

TGRA_O X | HO0200!

H'0450

Figure11.16 Example of Buffer Operation (1)

e When TGRisan input capture register
Figure 11.17 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 the
occurrence of input capture A, the value previously stored in TGRA is simultaneously
transferred to TGRC.
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TCNT value

H'OF07

H'09FB

H'0532

H'0000 Time

ToRA | X H0532 X HOF07 :XH'09FB
: \ \ N
TGRC | X X Hos32 X HoFo7

Figure11.17 Example of Buffer Operation (2)

11.44 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 counter clock upon overflow/underflow of
TCNT_2 asset in bits TPSCO to TPSC2 in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 11.30 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1, the counter clock setting isinvalid and the
counters operates independently in phase counting mode.

Table11.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2
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Example of Cascaded Operation Setting Procedure: Figure 11.18 shows an example of the
setting procedure for cascaded operation.

( Cascaded operation ) [1] Set bits TPSC2 to TPSCO in the channel 1
TCR to B'1111 to select TCNT_2 overflow/
| underflow counting.
Set cascading [1] [2] Setthe CST bitin TSTR for the upper and
lower channel to 1 to start the count
| operation.
Start count 2

<Cascaded operation>

Figure11.18 Cascaded Operation Setting Procedure

Examples of Cascaded Operation: Figure 11.19 illustrates the operation when TCNT_2
overflow/underflow counting has been set for TCNT_1 and phase counting mode has been
designated for channel 2.

TCNT_1isincremented by TCNT_2 overflow and decremented by TCNT_2 underflow.

TCLKC _,—|—| I—,_
o> — [ [ L[

TCNT_2 YFFFDX_FFFE XFFFFX_ 0000 X0001 X 0002 X 0001 X 0000 X FFFF X

TCNT_1 0000 X 0001 X 0000

Figure 11.19 Example of Cascaded Operation

Rev. 2.0, 09/02, page 246 of 732
RENESAS



1145 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. The output level can be selected
as 0, 1, or toggle output in response to a compare match of each TGR.

TGR registers settings can be used to output a PWM waveform in the range of 0% to 100% duty.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOAQ to IOA3 and IOC0to IOC3in TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits IOB0 to IOB3 and IODO0 to IOD3 in TIOR is output at compare matches B
and D. Theinitial output valueisthe 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 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 pinistheinitial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 8-phase PWM output is possible in combination use with
synchronous operation.

The correspondence between PWM output pins and registersis shown in table 11.31.
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Table11.31 PWM Output Registersand Output Pins

Output Pins

Channel Registers PWM Mode 1 PWM Mode 2

0 TGRA_O TIOCOA TIOCOA
TGRB_0 TIOCOB
TGRC_O TIOCOC TIOCOC
TGRD_0 TIOCOD

1 TGRA 1 TIOC1A TIOC1A
TGRB_1 TIOC1B

2 TGRA_2 TIOC2A TIOC2A
TGRB_2 TIOC2B

3 TGRA_3 TIOC3A Cannot be set
TGRB_3 Cannot be set
TGRC_3 TIOC3C Cannot be set
TGRD_3 Cannot be set

4 TGRA_4 TIOC4A Cannot be set
TGRB_4 Cannot be set
TGRC_4 TIOC4C Cannot be set
TGRD_4 Cannot be set

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.
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Example of PWM Mode Setting Procedure: Figure 11.20 shows an example of the PWM mode
setting procedure.

( ) [1] Select the counter clock with bits TPSC2 to
PWM mode TPSCO in TCR. At the same time, select the
| input clock edge with bits CKEG1 and
CKEGO in TCR.

[2] Use bits CCLR2 to CCLRO in TCR to select
| the TGR to be used as the TCNT clearing
source.

Select counter clock [1]

Select counter clearing [2]
source [3] Use TIOR to designate the TGR as an output
| compare register, and select the initial value
and output value.

Select waveform (Bl [4] Setthe cycle in the TGR selected in [2], and
output level set the duty in the other TGR.
| [5] Select the PWM mode with bits MD3 to MDO
Set TGR [4] in TMDR.

| [6] Setthe CST bitin TSTR to 1 to start the
count operation.

Set PWM mode [5]
Start count [6]
<PWM mode>

Figure 11.20 Example of PWM M ode Setting Procedure

Examples of PWM Mode Operation: Figure 11.21 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 is used as the period, and the values set in the TGRB registers
are used asthe duty levels.

TCNT value Counter cleared by
/ TGRA compare match
TGRA |- c e e e e e e e -
TGRB |- @ e e e T e a1 -
H'0000 Time

Figure11.21 Example of PWM Mode Operation (1)
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Figure 11.22 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 O is set for the initial output value and 1 for the
output value of the other TGR registers (TGRA_0to TGRD_0, TGRA _1), outputting 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 are

used asthe duty levels.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRA O |--
H'0000

Counter cleared by
/ TGRB_1 compare match

________

...............

TIOCOA |

TIOCOB |

Tiococ |
TIOCOD | |
TIOC1A | | | |

Figure11.22 Example of PWM Mode Operation (2)
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Figure 11.23 shows examples of PWM waveform output with 0% duty and 100% duty in PWM
mode.

TCNT value
TGRB rewritten

TGRA | ommmmmme e e I I
|
6__ " TGRB
TGRB TGRB rewritten E (53"."”&3'_1_ o
H0000 = | Time
| ) ! |
TIOCA 0% duty '

Output does not change when cycle register and duty register
compare matches occur simultaneously

TCNT value

TGRB rewritten
TGRA |------m--- oO—

Time

100% duty |_|

o
o
0
>

Output does not change when cycle register and duty
register compare matches occur simultaneously

TCNT value
TGRB rewritten >-o———
TGRA L }
1
|

TGRB rewritten

Time

100% duty 0% duty

TGRIIB rewritten

TIOCA 4

Figure 11.23 Example of PWM Mode Operation (3)
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11.4.6 Phase Counting Mode

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 and 2.

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 TPSCO to TPSC2 and bits
CKEGO and CKEGL1 in TCR. However, the functions of bits CCLRO and CCLR1 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.

If overflow occurswhen TCNT is counting up, the TCFV flag in TSR is set; if underflow occurs
when TCNT is counting down, the TCFU flag is set.

The TCFD bit in TSR is the count direction flag. Reading the TCFD flag reveals whether TCNT is
counting up or down.

Table 11.32 shows the correspondence between external clock pins and channels.

Table 11.32 Phase Counting Mode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase
When channel 1 is set to phase counting mode TCLKA TCLKB
When channel 2 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedur e: Figure 11.24 shows an example of the
phase counting mode setting procedure.

Phase counting mode [1] Select phase counting mode with bits
9 MD3 to MDO in TMDR.

| [2] Setthe CST bitin TSTR to 1 to start
the count operation.

Select phase counting [1]
mode
Start count [2]

<Phase counting mode>

Figure11.24 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting Mode 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.

» Phase counting mode 1

Figure 11.25 shows an example of phase counting mode 1 operation, and table 11.33
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) —! !—! !—! I—I I—I I

TCLKB (channel 1) ' , T 1 h ! I !
TCLKD(channeIZ)-I:!:!i!:!i! Ii!:!illl

TCNT value

i
i
i
i
i
:

n

.
i Down-count
1 ' .

Time
Figure11.25 Example of Phase Counting Mode 1 Operation

Table 11.33 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channel 1) TCLKB (Channel 1)

TCLKC (Channel 2) TCLKD (Channel 2) Operation

High level ) Up-count

Low level KA

EY Low level

KA High level

High level KX Down-count

Low level EY

EY High level

KA Low level

Legend:

b :Rising edge

Y _: Falling edge
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» Phase counting mode 2

Figure 11.26 shows an example of phase counting mode 2 operation, and table 11.34
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (channel 2) | I | I | I_I I_I I—

TCLKB (channel 1)
TCLKD (channel 2) 5 5 |

TCNT value E E '

Up—cti)V i
_—] '

Time
Figure11.26 Example of Phase Counting Mode 2 Operation

Table 11.34 Up/Down-Count Conditionsin Phase Counting Mode 2
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Don't care
Low level KA Don't care
EY Low level Don't care
KX High level Up-count
High level KA Don't care
Low level EY Don't care
EY High level Don't care
KA Low level Down-count
Legend:
b :Rising edge

{_: Falling edge
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» Phase counting mode 3

Figure 11.27 shows an example of phase counting mode 3 operation, and table 11.35
summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)
TCLKC (channel 2)

TCLKB (channel 1) : :
TCLKD (channel 2) 5 5 ; 1 1 L

TCNT value ' !

oo,

Time
Figure 11.27 Example of Phase Counting M ode 3 Operation
Table 11.35 Up/Down-Count Conditionsin Phase Counting Mode 3
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Don't care
Low level KA Don't care
EY Low level Don't care
KX High level Up-count
High level KA Down-count
Low level EY Don't care
EY High level Don't care
KA Low level Don't care
Legend:
I :Rising edge

{_: Falling edge
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e Phase counting mode 4

Figure 11.28 shows an example of phase counting mode 4 operation, and table 11.36

summarizes the TCNT up/down-count conditions.

TCLKA (channel 1)

TCLKC (chamnel2) —| @ L1 1] [ 1] ] [

TCLKB (channel 1) | | | |
TCLKD (channel 2)

TCNT value

Time

Figure11.28 Example of Phase Counting M ode 4 Operation
Table 11.36 Up/Down-Count Conditionsin Phase Counting Mode 4
TCLKA (Channel 1) TCLKB (Channel 1)
TCLKC (Channel 2) TCLKD (Channel 2) Operation
High level ) Up-count
Low level KA
EY Low level Don't care
KA High level
High level KX Down-count
Low level EY
EY High level Don't care
KA Low level
Legend:
b :Rising edge

Y _: Falling edge
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Phase Counting M ode Application Example: Figure 11.29 shows an example in which channel
1isin phase counting mode, and channel 1 is coupled with channel O to input servo motor 2-phase
encoder pulsesin order to detect 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 period and
position control period. 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 the pulse widths of 2-phase encoder 4-multiplication pulses are detected.

TGRA_1and TGRB_1 for channel 1 are designated for input capture, and channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source and store the up/down-counter
values for the control periods.

This procedure enables the accurate detection of position and speed.

Channel 1

TCLKA Edge
detection TCNT_1
TCLKB circuit

TGRA_1
(speed period capture)

TGRB_1
(position period capture)

I— TCNT_O

TGRA_O
(speed control period)

(Y ()
IS

TGRC_O
(position control period)

O V+
|

TGRB_O (pulse width capture) ¥<]—_

—[>—> TGRD_O0 (buffer operation)

Channel 0

Figure11.29 Phase Counting Mode Application Example
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1147 Reset-Synchronized PWM Mode

In the reset-synchronized PWM mode, three-phase output of positive and negative PWM
waveforms that share acommon wave transition point can be obtained by combining channels 3
and 4.

When set for reset-synchronized PWM mode, the TIOC3B, TIOC3D, TIOC4A, TIOCAC,
TIOC4B, and TIOCA4D pins function as PWM output pins and TCNT3 functions as an upcounter.

Table 11.37 shows the PWM output pins used. Table 11.38 shows the settings of the registers.

Table 11.37 Output Pinsfor Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOC3B PWM output pin 1
TIOC3D PWM output pin 1' (negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4C PWM output pin 2' (negative-phase waveform of PWM output 2)
TIOC4B PWM output pin 3
TIOC4D PWM output pin 3' (negative-phase waveform of PWM output 3)

Table 11.38 Register Settingsfor Reset-Synchronized PWM Mode

Register Description of Setting

TCNT_3 Initial setting of H'0000

TCNT_4 Initial setting of H'0000

TGRA_3 Set count cycle for TCNT_3

TGRB_3 Sets the turning point for PWM waveform output by the TIOC3B and TIOC3D pins

TGRA_4 Sets the turning point for PWM waveform output by the TIOC4A and TIOCAC pins

TGRB_4 Sets the turning point for PWM waveform output by the TIOC4B and TIOC4D pins
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Procedurefor Selecting the Reset-Synchronized PWM Mode: Figure 11.30 shows an example
of procedure for selecting the reset synchronized PWM mode.

Reset-synchronized [1] Clear the CST3 and CST4 bits in the TSTR
( PWM mode ) to 0 to halt the counting of TCNT. The
| reset-synchronized PWM mode must be set
up while TCNT_3 and TCNT_4 are halted.
| Stop counting |[1]
| [2] Set bits TPSC2-TPSCO and CKEG1 and
CKEGO in the TCR_3 to select the counter
Select counter clock and clock and clock edge for channel 3. Set bits
counter clear source (2] CCLR2-CCLRO in the TCR_3 to select TGRA
| compare-match as a counter clear source.
Brushless DC motor [3] When performing brushless DC motor control,
control setting [3] set bit BDC in the timer gate control register

(TGCR) and set the feedback signal input source
| and output chopping or gate signal direct output.

| Set TCNT |[4]
| [4] Reset TCNT_3 and TCNT_4 to H'0000.
| Set TGR |[5] [5] TGRA_3is the period register. Set the waveform
| period value in TGRA_3. Set the transition timing
of the PWM output waveforms in TGRB_3,
PWM cyc|e output enab”ngY TGRA_4, and TGRB_4. Set times within the
PWM output level setting 6] compare-match range of TCNT_3.
| X < TGRA_3 (X: set value).
Set reset-synchronized 7 [6] Select enabling/disabling of toggle output
PWM mode synchronized with the PMW cycle using bit PSYE
| in the timer output control register (TOCR), and set
the PWM output level with bits OLSP and OLSN.
| Enable waveform output |[8]
| [7] Set bits MD3-MDO in TMDR_3 to B'1000 to select
the reset-synchronized PWM mode. Do not set to TMDR_4.
| PFC setting |[9]
| [8] Set the enabling/disabling of the PWM waveform output
pin in TOER.
| Start count operation |[10]
[9] Set the port control register and the port I/O register.
Reset-synchronized PWM mode [10] Setthe CST3 bitin the TSTR to 1 to start the count

operation.

Note: The output waveform starts to toggle operation at the point of
TCNT_3 =TGRA_3 = X by setting X = TGRA, i.e., cycle = duty.

Figure 11.30 Procedurefor Selecting the Reset-Synchronized PWM Mode
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Reset-Synchronized PWM M ode Operation: Figure 11.31 shows an example of operationin the
reset-synchronized PWM mode. TCNT_3 and TCNT_4 operate as upcounters. The counter is
cleared when a TCNT_3 and TGRA _3 compare-match occurs, and then begins incrementing from
H'0000. The PWM output pin output toggles with each occurrence of aTGRB_3, TGRA _4,
TGRB_4 compare-match, and upon counter clears.

TCNT_3 and TCNT_4
values

TGRA_3
TGRB_3
TGRA_4

TGRB_4
H'0000

TIOC3B

TIOC3D

TIOC4A | I | | I ‘4|| |—
TIOC4B _i
]

TIOC4D

Figure11.31 Reset-Synchronized PWM M ode Operation Example
(Whenthe TOCR’SOLSN =1 and OLSP =1)
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1148 Complementary PWM Mode

In the complementary PWM mode, three-phase output of non-overlapping positive and negative
PWM waveforms can be obtained by combining channels 3 and 4.

In complementary PWM mode, TIOC3B, TIOC3D, TIOC4A, TIOC4B, TIOCAC, and TIOC4D
pins function as PWM output pins, the TIOC3A pin can be set for toggle output synchronized with
the PWM period. TCNT_3 and TCNT_4 function as up/down counters.

Table 11.39 shows the PWM output pins used. Table 11.40 shows the settings of the registers

used.

A function to directly cut off the PWM output by using an external signal is supported as a port

function.

Table 11.39 Output Pinsfor Complementary PWM Mode

Channel Output Pin Description
3 TIOC3A Toggle output synchronized with PWM period (or I/O port)
TIOC3B PWM output pin 1
TIOC3C I/0O port*
TIOC3D PWM output pin 1
(non-overlapping negative-phase waveform of PWM output 1)
4 TIOC4A PWM output pin 2
TIOC4B PWM output pin 3
TIOC4C PWM output pin 2
(non-overlapping negative-phase waveform of PWM output 2)
TIOC4D PWM output pin 3

(non-overlapping negative-phase waveform of PWM output 3)

Note: * Avoid setting the TIOC3C pin as a timer I/O pin in the complementary PWM mode.
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Table 11.40 Register Settingsfor Complementary PWM Mode

Channel Counter/Register Description Read/Write from CPU
3 TCNT_3 Start of up-count from value set Maskable by BSC/BCR1
in dead time register setting*
TGRA_3 Set TCNT_3 upper limit value Maskable by BSC/BCR1
(1/2 carrier cycle + dead time) setting*
TGRB_3 PWM output 1 compare register Maskable by BSC/BCR1
setting*
TGRC_3 TGRA_3 buffer register Always readable/writable
TGRD_3 PWM output 1/TGRB_3 buffer Always readable/writable
register
4 TCNT_4 Up-count start, initialized to Maskable by BSC/BCR1
H'0000 setting*
TGRA 4 PWM output 2 compare register Maskable by BSC/BCR1
setting*
TGRB_4 PWM output 3 compare register Maskable by BSC/BCR1
setting*
TGRC_4 PWM output 2/TGRA_4 buffer Always readable/writable
register
TGRD_4 PWM output 3/TGRB_4 buffer Always readable/writable

register

Timer dead time data register
(TDDR)

Set TCNT_4 and TCNT_3 offset
value (dead time value)

Maskable by BSC/BCR1
setting*

Timer cycle data register
(TCDR)

Set TCNT_4 upper limit value
(1/2 carrier cycle)

Maskable by BSC/BCR1
setting*

Timer cycle buffer register
(TCBR)

TCDR buffer register

Always readable/writable

Subcounter (TCNTS)

Subcounter for dead time
generation

Read-only

Temporary register 1 (TEMP1)

PWM output 1/TGRB_3
temporary register

Not readable/writable

Temporary register 2 (TEMP2)

PWM output 2/TGRA_4
temporary register

Not readable/writable

Temporary register 3 (TEMP3)

PWM output 3/TGRB_4
temporary register

Not readable/writable

Note: * Access can be enabled or disabled according to the setting of bit 13 (MTURWE) in
BSC/BCR1 (bus controller/bus control register 1).
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e PWM cycle
Comparator Match output
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] 1 ] E N —( PWM output 1
o
S —(O PWM output 2
ETCNT 3\\1 TCNTS kTCNT 45’ ; N g —(O PWM output 3
| | | £ M S —(O PWM output 4
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| TGRD_3 | | TGRC_4 | | TGRD_4 |
External cutoff
interrupt

[C—""1: Registers that can always be read or written from the CPU
DN\ : Registers that can be read or written from the CPU

(but for which access disabling can be set by the bus controller)

1 : Registers that cannot be read or written from the CPU
(except for TCNTS, which can only be read)

Figure11.32 Block Diagram of Channels 3 and 4 in Complementary PWM Mode
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Example of Complementary PWM M ode Setting Procedure; An example of the
complementary PWM maode setting procedureis shown in figure 11.33.

[1] Clear bits CST3 and CST4 in the timer start register
(Complementary PWM mode) (TSTR) to 0, and halt timer counter (TCNT) operation.
Perform complementary PWM mode setting when
| TCNT_3 and TCNT_4 are stopped.

Stop count operation [1] [2] Set the same counter clock and clock edge for channels
3 and 4 with bits TPSC2-TPSCO0 and bits CKEG1 and
| CKEGO in the timer control register (TCR). Use bits
Counter clock, counter clear CCLR2-CCLRO to set synchronous clearing only when
source selection 2] restarting by a synchronous clear from another channel

| during complementary PWM mode operation.

Brushless DC motor control 3] [3] When performing brushless DC motor control, set bit BDC
setting in the timer gate control register (TGCR) and set the
| feedback signal input source and output chopping or gate
signal direct output.

TCNT setting [4]
| [4] Set the dead time in TCNT_3. Set TCNT_4 to H'0000.
Inter-channel synchronization [5] Set only when restarting by a synchronous clear from
setting (5] another channel during complementary PWM mode
operation. In this case, synchronize the channel generating
| the synchronous clear with channels 3 and 4 using the timer
TGR setting [6] synchro register (TSYR).
| [6] Set the output PWM duty in the duty registers (TGRB_3,
- - TGRA_4, TGRB_4) and buffer registers (TGRD_3, TGRC_4,
Dead time, carrier cycle 7] TGRD_4). Set the same initial value in each corresponding
setting TGR.

PWM cycle output enabling,
PWM output level setting

[7] Setthe dead time in the dead time register (TDDR), 1/2 the
8] carrier cycle in the carrier cycle data register (TCDR) and
carrier cycle buffer register (TCBR), and 1/2 the carrier cycle
| plus the dead time in TGRA_3 and TGRC_3.
Complementary PWM mode
setting (] [8] Select enabling/disabling of toggle output synchronized with
| the PWM cycle using bit PSYE in the timer output control
register (TOCR), and set the PWM output level with bits OLSP

Enable waveform output | [10] and OLSN.

| [9] Select complementary PWM mode in timer mode register 3
(TMDR_3). Do not set in TMDR_4.

PFC setting [11]
[10] Set enabling/disabling of PWM waveform output pin output in
| the timer output master enable register (TOER).
Start count operation [12] [11] Set the port control register and the port I/O register.
[12] Set bits CST3 and CST4 in TSTR to 1 simultaneously to start
Y the count operation.

<Complementary PWM mode>

Figure 11.33 Example of Complementary PWM Mode Setting Procedure
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Outline of Complementary PWM M ode Oper ation

In complementary PWM mode, 6-phase PWM output is possible. Figure 11.34 illustrates counter
operation in complementary PWM mode, and figure 11.35 shows an example of complementary
PWM mode operation.

Counter Operation: In complementary PWM mode, three counters—TCNT_3, TCNT_4, and
TCNTS—perform up/down-count operations.

TCNT _3isautomatically initialized to the value set in TDDR when complementary PWM mode
is selected and the CST bitin TSTRis 0.

When the CST hitissetto 1, TCNT_3 counts up to the value set in TGRA _3, then switchesto
down-counting when it matches TGRA _3,. When the TCNT3 value matches TDDR, the counter
switches to up-counting, and the operation is repeated in this way.

TCNT _4isinitialized to H'0000.

When the CST hit isset to 1, TCNT4 counts up in synchronization with TCNT _3, and switchesto
down-counting when it matches TCDR . On reaching H'0000, TCNT4 switches to up-counting,
and the operation is repeated in thisway.

TCNTSisaread-only counter. It need not be initialized.

When TCNT_3 matches TCDR during TCNT_3 and TCNT_4 up/down-counting, down-counting
is started, and when TCNTS matches TCDR, the operation switches to up-counting. When
TCNTS matches TGRA _3, it is cleared to H'0000.

When TCNT_4 matches TDDR during TCNT_3 and TCNT_4 down-counting, up-counting is
started, and when TCNTS matches TDDR, the operation switches to down-counting. When
TCNTS reaches H'0000, it is set with the valuein TGRA _3.

TCNTS is compared with the compare register and temporary register in which the PWM duty is
set during the count operation only.
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Counter value

TGRA_3
TCDR

TDDR
H'0000

Time

Figure11.34 Complementary PWM Mode Counter Operation

Register Operation: In complementary PWM mode, nine registers are used, comprising compare
registers, buffer registers, and temporary registers. Figure 11.35 shows an example of
complementary PWM mode operation.

The registers which are constantly compared with the counters to perform PWM output are
TGRB_3, TGRA_4, and TGRB_4. When these registers match the counter, the value set in bits
OL SN and OL SP in the timer output control register (TOCR) is output.

The buffer registers for these compare registersare TGRD_3, TGRC 4, and TGRD_4.

Between a buffer register and compare register there is atemporary register. The temporary
registers cannot be accessed by the CPU.

Datain a compare register is changed by writing the new data to the corresponding buffer register.
The buffer registers can be read or written at any time.

The data written to a buffer register is constantly transferred to the temporary register in the Ta
interval. Datais not transferred to the temporary register in the Tb interval. Data written to a
buffer register in thisinterval is transferred to the temporary register at the end of the Th interval.

The value transferred to atemporary register is transferred to the compare register when TCNTS
for which the Tb interval ends matches TGRA _3 when counting up, or H'0000 when counting
down. The timing for transfer from the temporary register to the compare register can be selected
with bits MD3 to MDO in the timer mode register (TMDR). Figure 11.35 shows an examplein
which the mode is selected in which the change is made in the trough.

Inthetb interval (tbl in figure 11.35) in which data transfer to the temporary register is not
performed, the temporary register has the same function as the compare register, and is compared
with the counter. In thisinterval, therefore, there are two compare match registers for one-phase
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output, with the compare register containing the pre-change data, and the temporary register
containing the new data. In thisinterval, the three counters—TCNT_3, TCNT_4, and TCNTS—
and two registers—compare register and temporary register—are compared, and PWM output

controlled accordingly.

Transfer from temporary
register to compare register

TGRA_3

TCDR

TGRA_4

TGRC_4

TDDR

H'0000

Buffer register
TGRC_4

Temporary register
TEMP2

Compare register
TGRA_4

Transfer from temporary
register to compare register

Output waveform |

L

Th2 Ta Thl Ta Th2 Ta
TCNTS
TCNT_?/
TCNT 4

ss N
' H'6400 X '\ Ho080 !
; ' H'6400 X ; ! Ho080 !
H'6400 X H'0080

Output waveform I

L |

(Output waveform is active-low)

Figure 11.35 Example of Complementary PWM M ode Operation
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Initialization: In complementary PWM mode, there are six registers that must be initialized.

Before setting complementary PWM mode with bits MD3 to MDO in the timer mode register
(TMDR), the following initial register values must be set.

TGRC_3 operates as the buffer register for TGRA _3, and should be set with 1/2 the PWM carrier
cycle + dead time Td. Thetimer cycle buffer register (TCBR) operates as the buffer register for
the timer cycle dataregister (TCDR), and should be set with 1/2 the PWM carrier cycle. Set dead
time Td in the timer dead time dataregister (TDDR).

Set the respective initial PWM duty values in buffer registers TGRD_3, TGRC 4, and TGRD_4.

The values set in the five buffer registers excluding TDDR are transferred simultaneously to the
corresponding compare registers when complementary PWM mode is set.

Set TCNT_4 to H'0000 before setting complementary PWM mode.

Table 11.41 Registersand Counters Requiring I nitialization

Register/Counter Set Value

TGRC_3 1/2 PWM carrier cycle + dead time Td
TDDR Dead time Td

TCBR 1/2 PWM carrier cycle

TGRD_3, TGRC_4, TGRD_4 Initial PWM duty value for each phase
TCNT_4 H'0000

Note: The TGRC_3 set value must be the sum of 1/2 the PWM carrier cycle set in TCBR and
dead time Td set in TDDR.

PWM Output Level Setting: In complementary PWM mode, the PWM pulse output level is set
with bits OLSN and OL SP in the timer output control register (TOCR).

The output level can be set for each of the three positive phases and three negative phases of 6-
phase output.

Complementary PWM mode should be cleared before setting or changing output levels.

Dead Time Setting: In complementary PWM mode, PWM pulses are output with a non-
overlapping relationship between the positive and negative phases. This non-overlap timeis called
the dead time.

The non-overlap timeis set in the timer dead time data register (TDDR). Thevalue setin TDDR is
used asthe TCNT _3 counter start value, and creates non-overlap between TCNT_3 and TCNT_4.
Complementary PWM mode should be cleared before changing the contents of TDDR.
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PWM Cycle Setting: In complementary PWM mode, the PWM pulse cycle is set in two
registers—TGRA_3, in which the TCNT_3 upper limit value is set, and TCDR, in which the
TCNT_4 upper limit value is set. The settings should be made so as to achieve the following
relationship between these two registers:

TGRA_3 set value= TCDR set value + TDDR set value

The TGRA_3 and TCDR settings are made by setting the valuesin buffer registers TGRC_3 and
TCBR. The values set in TGRC_3 and TCBR are transferred simultaneously to TGRA_3 and
TCDR in accordance with the transfer timing selected with bits MD3 to MDO in the timer mode
register (TMDR).

The updated PWM cycle isreflected from the next cycle when the data update is performed at the
crest, and from the current cycle when performed in the trough. Figure 11.36 illustrates the
operation when the PWM cycleis updated at the crest.

See the following section, Register Data Updating, for the method of updating the datain each
buffer register.

TGRC_3  TGRA 3

Counter value
update update

Q )

TCNT_3

TGRA_3 : 3 TCNT_4

Time

Figure 11.36 Example of PWM Cycle Updating
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Register Data Updating: In complementary PWM mode, the buffer register is used to update the
datain a compare register. The update data can be written to the buffer register at any time. There
are five PWM duty and carrier cycle registers that have buffer registers and can be updated during
operation.

There isatemporary register between each of these registers and its buffer register. When
subcounter TCNTS s not counting, if buffer register datais updated, the temporary register value
isalso rewritten. Transfer is not performed from buffer registersto temporary registers when
TCNTS s counting; in this case, the value written to a buffer register istransferred after TCNTS
halts.

The temporary register value is transferred to the compare register at the data update timing set
with bits MD3 to MDO in the timer mode register (TMDR). Figure 11.37 shows an example of
data updating in complementary PWM mode. This example shows the mode in which data
updating is performed at both the counter crest and trough.

When rewriting buffer register data, awrite to TGRD_4 must be performed at the end of the
update. Data transfer from the buffer registersto the temporary registersis performed
simultaneoudly for al five registers after the writeto TGRD_4.

A writeto TGRD_4 must be performed after writing data to the registers to be updated, even when
not updating all five registers, or when updating the TGRD_4 data. In this case, the data written to
TGRD_4 should be the same as the data prior to the write operation.
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Figure 11.37 Example of Data Update in Complementary PWM Mode
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Initial Output in Complementary PWM Mode: In complementary PWM mode, the initial
output is determined by the setting of bits OL SN and OL SP in the timer output control register
(TOCR).

Thisinitial output isthe PWM pulse non-active level, and is output from when complementary
PWM mode is set with the timer mode register (TMDR) until TCNT_4 exceeds the value set in
the dead time register (TDDR). Figure 11.38 shows an example of the initial output in
complementary PWM mode.

An example of the waveform when the initial PWM duty value is smaller than the TDDR valueis
shown in figure 11.39.

Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNTS3, 4 value

TCNT_3
TCNT_4
TGR4_A .\?
TDDR KA
O T — —
' L ! 11 Time
i Initial output 1 | Dead time Vo
Positive phase : — — . .
output 4 I ' I Active level | '
Negative phase U T i . ' i
output ./ : I Active level I I_
\ \
Complementary ~ TCNT3, 4 count start
PWM mode (TSTR setting)

(TMDR setting)

Figure11.38 Example of Initial Output in Complementary PWM Mode (1)
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Timer output control register settings

OLSN bit: 0 (initial output: high; active level: low)
OLSP bit: 0 (initial output: high; active level: low)

TCNT_3, 4 value

TCNT_3
TCNT_4
TDDR
W4
TGRA 46X
I Time
i Initial output 1 .
Positive phase : — .
output Y/ ! Active level
Negative phase T —
output / ,
y y
Complementary TCNT_3, 4 count start
PWM mode (TSTR setting)
(TMDR setting)

Figure11.39 Example of Initial Output in Complementary PWM Mode (2)

Complementary PWM Mode PWM Output Generation Method: In complementary PWM
mode, 3-phase output is performed of PWM waveforms with a non-overlap time between the
positive and negative phases. This non-overlap timeis called the dead time.

A PWM waveform is generated by output of the output level selected in the timer output control
register in the event of a compare-match between a counter and dataregister. While TCNTS s
counting, data register and temporary register values are simultaneously compared to create
consecutive PWM pulses from 0 to 100%. The relative timing of on and off compare-match
occurrence may vary, but the compare-match that turns off each phase takes precedence to secure
the dead time and ensure that the positive phase and negative phase on times do not overlap.
Figures 11.40 to 11.42 show examples of waveform generation in complementary PWM mode.

The positive phase/negative phase off timing is generated by a compare-match with the solid-line
counter, and the on timing by a compare-match with the dotted-line counter operating with a delay
of the dead time behind the solid-line counter. In the T1 period, compare-match a that turns off the
negative phase has the highest priority, and compare-matches occurring prior to a are ignored. In
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the T2 period, compare-match c that turns off the positive phase has the highest priority, and
compare-matches occurring prior to ¢ are ignored.

In normal cases, compare-matches occur intheordera - b -~ ¢ - d(orc - d - a - b'),as
shown in figure 11.40.

If compare-matches deviate fromthea - b - ¢ - d order, since the time for which the negative
phaseis off is less than twice the dead time, the figure shows the positive phaseis not being turned
on. If compare-matches deviate fromthec - d - &' - b’ order, since the time for which the
positive phase is of f is less than twice the dead time, the figure shows the negative phase is not
being turned on.

If compare-match ¢ occurs first following compare-match a, as shown in figure 11.41, compare-
match b isignored, and the negative phase is turned off by compare-match d. Thisis because
turning off of the positive phase has priority due to the occurrence of compare-match c (positive
phase off timing) before compare-match b (positive phase on timing) (consequently, the waveform
does not change since the positive phase goes from off to off).

Similarly, in the examplein figure 11.42, compare-match a' with the new datain the temporary
register occurs before compare-match c, but other compare-matches occurring up to ¢, which turns
off the positive phase, areignored. As aresult, the positive phase is not turned on.

Thus, in complementary PWM mode, compare-matches at turn-off timings take precedence, and
turn-on timing compare-matches that occur before a turn-off timing compare-match are ignored.

54— T1 period ; T2 period + T1 period—

TGR3A 3+

H'0000

Positive phase

Negative phase | | |

Figure11.40 Example of Complementary PWM Mode Waveform Output (1)
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<——————— T1 period ' T2 period : T1 period —
TGRA_3 !

H'0000 *

Positive phase

Negative phase

Figure11.41 Example of Complementary PWM Mode Waveform Output (2)

T1 period f T2 period f T1 period——

TGRA_3 |

TCDR :

TDDR ¢

H'0000 ><

Positive phase . :I

Negative phase

Figure11.42 Example of Complementary PWM Mode Waveform Output (3)
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< T1 period ~ . T2 period T1 period —
\c d
TGRA_3 &
TCDR
TDDR
H'0000

Positive phase

Negative phase I | |

Figure 11.43 Example of Complementary PWM Mode 0% and 100% Waveform Output (1)

T1 period T2 period T1 period—
TGRA_3
TCDR P4
a
TDDR
H'0000

Positive phase

]

Negative phase

Figure 11.44 Example of Complementary PWM Mode 0% and 100% Waveform Output (2)
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T1 period

T2 period

T1 period —

TGRA_3

TCDR

TDDR

H'0000

O

Positive phase

Negative phase _,—l

Figure 11.45 Example of Complementary PWM Mode 0% and 100% Waveform Output (3)

T1 period: T2 period T1 period——
TGRA 3
y 2
4
TCDR a b
TDDR E
H'0000 : . .
H c,b d,a
Positive phase i ; ;
Negative phase i

Figure 11.46 Example of Complementary PWM Mode 0% and 100% Waveform Output (4)
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T1 period : T2 period T1 period—

c a§ d b
TGRA_3

TCDR

TDDR

H'0000

Positive phase

Negative phase

Figure 11.47 Example of Complementary PWM Mode 0% and 100% Waveform Output (5)

Complementary PWM Mode 0% and 100% Duty Output: In complementary PWM mode, 0%
and 100% duty cycles can be output as required. Figures 11.43 to 11.47 show output examples.

100% duty output is performed when the data register valueis set to H'0000. The waveform in this
case has a positive phase with a 100% on-state. 0% duty output is performed when the data
register value is set to the same value as TGRA _3. The waveform in this case has a positive phase
with a 100% off-state.

On and off compare-matches occur simultaneoudly, but if a turn-on compare-match and turn-off
compare-match for the same phase occur simultaneously, both compare-matches are ignored and
the waveform does not change.

Toggle Output Synchronized with PWM Cycle: In complementary PWM mode, toggle output
can be performed in synchronization with the PWM carrier cycle by setting the PSYE bitto 1 in
the timer output control register (TOCR). An example of atoggle output waveform is shownin
figure 11.48.

This output is toggled by a compare-match between TCNT_3 and TGRA _3 and a compare-match
between TCNT4 and H'0000.

The output pin for thistoggle output isthe TIOC3A pin. Theinitial output is 1.
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TGRA_3

H'0000

Toggle output
TIOC3A pin

Figure11.48 Example of Toggle Output Waveform Synchronized with PWM Output

Counter Clearing by another Channel: In complementary PWM mode, by setting a mode for
synchronization with another channel by means of the timer synchronous register (TSYR), and
selecting synchronous clearing with bits CCLR2 to CCLRO in the timer control register (TCR), it
ispossibleto have TCNT_3, TCNT_4, and TCNTS cleared by another channel.

Figure 11.49 illustrates the operation.

Use of this function enables counter clearing and restarting to be performed by means of an

external signal.

RENESAS
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TGRA_B [eeeeeeesssssssssces g A

TCDR [ gy
TCNT_3
TCNT_4
TDDR &/
H'0000 ’
Channel 1

Input capture A

TCNT_1

Synchronous counter clearing by channel 1 input capture A

Figure11.49 Counter Clearing Synchronized with Another Channel

Example of AC Synchronous Motor (Brushless DC Motor) Drive Waveform Output: In
complementary PWM maode, a brushless DC motor can easily be controlled using the timer gate
control register (TGCR). Figures 11.50 to 11.53 show examples of brushless DC motor drive
waveforms created using TGCR.

When output phase switching for a 3-phase brushless DC motor is performed by means of external
signals detected with a Hall element, etc., clear the FB bit in TGCR to 0. In this case, the external
signalsindicating the polarity position are input to channel 0 timer input pins TIOCOA, TIOCOB,
and TIOCOC (set with PFC). When an edge is detected at pin TIOCOA, TIOCOB, or TIOCOC, the
output on/off state is switched automatically.

When the FB hit is 1, the output on/off state is switched when the UF, VF, or WF bitin TGCR is
clearedto O or set to 1.

The drive waveforms are output from the complementary PWM mode 6-phase output pins. With
this 6-phase output, in the case of on output, it is possible to use complementary PWM mode
output and perform chopping output by setting the N bit or P bit to 1. When the N bit or P bit is0,
level output is selected.

The 6-phase output active level (on output level) can be set with the OLSN and OLSP hitsin the
timer output control register (TOCR) regardless of the setting of the N and P bits.
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TIOCOA pin

External input

TIOCOB pin

TIOCOC pin

6-phase output TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin

TIOC4D pin

high

0, output active level =

0,FB =

0P=

1I,N=

When BDC

Figure11.50 Example of Output Phase Switching by External Input (1)

TIOCOA pin

External input

TIOCOB pin

TIOCOC pin

TIOC3B pin

6-phase output

TIOC3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin

TIOCA4D pin

high

0, output active level =

1,FB=

1,P=

1I,N=

When BDC

Figure11.51 Example of Output Phase Switching by External Input (2)
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TGCR UF bit

6-phase output  TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOCAC pin

TIOC4B pin | | | | | | I 1 1 ‘ 1
1 1 ] 1 —

TIOC4D pin

When BDC =1,N=0, P =0, FB =1, output active level = high

Figure 11.52 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (1)

VF bit H H I I

6-phase output TIOC3B pin ”””””“ E E E ”””””” E E
Tocappin | ! A |'|_|'|_|'|_|
TIOC4ApIn | ! Lo “ﬂﬂﬂ.ﬂ.ﬂ'

TIOCA4C pin , , , : : :

TIOC4Bpin

.

When BDC =1,N=1,P =1, FB =1, output active level = high

Figure 11.53 Example of Output Phase Switching by Means of UF, VF, WF Bit Settings (2)
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A/D Conversion Start Request Setting: In complementary PWM mode, an A/D conversion start
request can beissued using a TGRA _3 compare-match or a compare-match on a channel other
than channels 3 and 4.

When start requests using a TGRA_3 compare-match are set, A/D conversion can be started at the
center of the PWM pulse.

A/D conversion start requests can be set by setting the TTGE bit to 1 in the timer interrupt enable
register (TIER).

Complementary PWM M ode Output Protection Function
Complementary PWM mode output has the following protection functions.

* Register and counter miswrite prevention function

With the exception of the buffer registers, which can be rewritten at any time, access by the CPU
can be enabled or disabled for the mode registers, control registers, compare registers, and
counters used in complementary PWM mode by means of the MTURWE bit in the bus
controller’s bus control register 1 (BCR1). The applicable registers are some (21 in total) of the
registersin channels 3 and 4 shown in the following:

TCR_3and TCR_4, TMDR_3 and TMDR_4, TIORH_3 and TIORH_4, TIORL_3 and
TIORL_4, TIER_3and TIER 4, TCNT_3and TCNT_4, TGRA_3 and TGRA_4, TGRB_3
and TGRB_4, TOER, TOCR, TGCR, TCDR, and TDDR.

This function enables miswriting due to CPU runaway to be prevented by disabling CPU access to
the mode registers, control registers, and counters. When the applicable registers are read in the
access-disabled state, undefined values are returned. Writing to these registersisignored.

» Halting of PWM output by external signal

The 6-phase PWM output pins can be set automatically to the high-impedance state by
inputting specified external signals. There are four external signal input pins.

See section 11.9, Port Output Enable (POE), for details.

» Halting of PWM output when oscillator is stopped

If it is detected that the clock input to this LS| has stopped, the 6-phase PWM output pins
automatically go to the high-impedance state. The pin states are not guaranteed when the clock
is restarted.

See section 4.2, Function for Detecting the Oscillator Halt.
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11.5 Interrupt Sources

11.5.1 Interrupt Sourcesand Priorities

There are three kinds of MTU interrupt source; TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing the generation of interrupt request signalsto 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, however the priority order
within achannel is fixed. For details, see section 6, Interrupt Controller.

Table 11.42 liststhe MTU interrupt sources.
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Table11.42 MTU Interrupts

Interrupt DMAC DTC
Channel Name Interrupt Source Flag Activation  Activation  Priority
0 TGIA_O TGRA_O input capture/compare match TGFA_0 Possible Possible High
TGIB_O TGRB_0 input capture/compare match TGFB_0 Not possible Possible A

TGIC_O0 TGRC_O0 input capture/compare match TGFC_0 Not possible Possible

TGID_0 TGRD_O0 input capture/compare match TGFD_0 Not possible Possible

TCIV_O TCNT_O overflow TCFV_0 Not possible Not possible

1 TGIA_1 TGRA_1 input capture/compare match TGFA_1 Possible Possible

TGIB_1 TGRB_1 input capture/compare match TGFB_1 Not possible Possible

TCIV_1 TCNT_1 overflow TCFV_1 Not possible Not possible
TCIU_1 TCNT_1 underflow TCFU_1 Not possible Not possible
2 TGIA_2 TGRA_2 input capture/compare match TGFA_2 Possible Possible

TGIB_2 TGRB_2 input capture/compare match TGFB_2 Not possible Possible

TCIV_2 TCNT_2 overflow TCFV_2 Not possible Not possible
TCIU_2 TCNT_2 underflow TCFU_2 Not possible Not possible
3 TGIA_3 TGRA_3 input capture/compare match TGFA_3 Possible Possible

TGIB_3 TGRB_3 input capture/compare match TGFB_3 Not possible Possible

TGIC_3 TGRC_3 input capture/compare match TGFC_3 Not possible Possible

TGID_3 TGRD_3 input capture/compare match TGFD_3 Not possible Possible

TCIV_3 TCNT_3 overflow TCFV_3 Not possible Not possible

4 TGIA_4 TGRA_4 input capture/compare match TGFA_4 Possible Possible

TGIB_4 TGRB_4 input capture/compare match TGFB_4 Not possible Possible

TGIC_4 TGRC_4 input capture/compare match TGFC_4 Not possible Possible

TGID_4 TGRD_4 input capture/compare match TGFD_4 Not possible Possible \j

TCIV_4 TCNT_4 overflow/underflow TCFV_4 Not possible Possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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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
MTU has 16 input capture/compare match interrupts, four each for channels 0, 3, and 4, and two
each for channels 1 and 2.

Overflow Interrupt: Aninterrupt isrequested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSRisset to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The MTU hasfive 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 MTU has two underflow interrupts, one
each for channels 1 and 2.

11.5.2 DTC/DMAC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt in
each channel. For details, see section 8, Data Transfer Controller (DTC).

A total of 17 MTU 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 and 2, and five for channel 4.

DMAC Activation: The DMAC can be activated by the TGRA input capture/compare match
interrupt in each channel. For details, see section 10, Direct Memory Access Controller (DMAC).

A total of five MTU input capture/compare match interrupts can be used as DMAC activation
sources, one for each channel.

1153 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match in each 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 MTU conversion start trigger has been selected on the A/D
converter at thistime, A/D conversion starts.

Inthe MTU, atotal of five TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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11.6  Operation Timing

11.6.1  Input/Output Timing

TCNT Count Timing: Figure 11.54 shows TCNT count timing in internal clock operation, and
figure 11.55 shows TCNT count timing in external clock operation (normal mode), and figure
11.56 shows TCNT count timing in external clock operation (phase counting mode).

Po

Internal clock (l) Falling edge

Uy

(I) Rising edge

TCNT input

clock

TCNT

N
[ ]

\
[ ]

L

[ ]

N1 )

N A

N+1 )

N+2

Figure 11.54 Count Timingin Internal Clock Operation

Po

UL

External clock j} Falling edge

(|5\Rjng edge El) Falling edge

TCNT input | | | | | |
clock
TCNT N1 X N ) N+1 X N2

Figure11.55 Count Timing in External Clock Operation

[ I S 0 O

Po

External 1) Falling edge q) Rising edge q) Falling edge

clock

TCNT input | | | |

clock

TCNT N-1 X X N+1

Figure11.56 Count Timingin External Clock Operation (Phase Counting M ode)
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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 (TIOC pin). After amatch between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 11.57 shows output compare output timing (normal mode and PWM mode) and figure
11.58 shows output compare output timing (complementary PWM mode and reset synchronous
PWM mode).

AL JS I I O I I
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare | |

match signal

TIOC pin X

Figure 11.57 Output Compare Output Timing (Normal Mode/PWM Mode)

- 4 L L L L L L
TCNT input | |
clock

TCNT N X N+1

TGR N

Compare | |

match signal

TIOC pin X

Figure 11.58 Output Compare Output Timing (Complementary PWM M ode/Reset
Synchronous PWM Mode)
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Input Capture Signal Timing: Figure 11.59 shows input capture signal timing.

P T

ot | |

onal e ] 1

TCNT X N Y v e X X:
o~ o~

TGR X N X N+2

Figure11.59 Input Capture Input Signal Timing

Timing for Counter Clearing by Compare Match/Input Capture: Figure 11.60 shows the
timing when counter clearing on compare match is specified, and figure 11.61 shows the timing
when counter clearing on input capture is specified.

o L LT LT LT LT LT LT LT L
Compare | |
match signal
Counter | |
clear signal )

TCNT N ) H'0000

TGR N

Figure11.60 Counter Clear Timing (Compare Match)
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A2 I U I I I
Input capture
signal | |

Counter clear

h

signal

TCNT N L X H'0000
\

TGR ) N

Figure11.61 Counter Clear Timing (Input Capture)

Buffer Operation Timing: Figures 11.62 and 11.63 show the timing in buffer operation.

SO [ I I I

TCNT n ) n+l
Compare

match buffer | |

signal 1

TGRA, |

TGRB n A
TGRC, N |

TGRD .

Figure 11.62 Buffer Operation Timing (Compare Match)

o T LT LT L L
Input capture
signal | | | |

TCNT N X N+l

TGRA \ \

TGRB n i X N L\ N+l
TGRC s s

TGRD ) n X N

Figure11.63 Buffer Operation Timing (Input Capture)
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11.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 11.64 shows the timing for
setting of the TGF flag in TSR on compare match, and TGI interrupt request signal timing.

oo T LT LT LT L L L L
TCNT input | |
clock

TONT N ) N+1
TGR N

Compare I_l

match signal

TGF flag |

TGl interrupt |

Figure11.64 TGI Interrupt Timing (Compare Match)

TGF Flag Setting Timing in Case of Input Capture: Figure 11.65 shows the timing for setting
of the TGF flag in TSR on input capture, and TGI interrupt request signal timing.

o LT LT LT LT LT LT LI LT
Input capture
signal | |

TCNT N 5
TGR D
TGF flag |

TGl interrupt |

Figure11.65 TGI Interrupt Timing (Input Capture)
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TCFV Flag/ITCFU Flag Setting Timing: Figure 11.66 shows the timing for setting of the TCFV
flag in TSR on overflow, and TCIV interrupt request signal timing.

Figure 11.67 shows the timing for setting of the TCFU flag in TSR on underflow, and TCIU
interrupt request signal timing.

Po ST
TCNT input | |
clock

TCNT ) .
verfion) H'FEFF X Hoo00
Overflow I_l
signal

TCFV flag |

TCIV interrupt |

Figure11.66 TCIV Interrupt Setting Timing

& UL
TCNT l_l
input clock

TCNT . ;
(nderfion) H'0000 X H'FFFF
Underflow | |
signal

TCFU flag |

TCIU interrupt |

Figure11.67 TCIU Interrupt Setting Timing

Rev. 2.0, 09/02, page 292 of 732
RENESAS




Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
0toit. When the DTC/DMAC is activated, the flag is cleared automatically. Figure 11.68 shows
the timing for status flag clearing by the CPU, and figure 11.69 shows the timing for status flag
clearing by the DTC/DMAC.

TSR write cycle

T1 T2
A2 I I O I O A S
Address X TSR address X
Write signal | I
Status flag |

Interrupt |
request signal

Figure11.68 Timingfor StatusFlag Clearing by the CPU

DTC/DMAC DTC/DMAC
read cycle write cycle

1o, T2 . T1 T2
I T T T 1

- LT

Destination
Address X Source address address X
Status flag |
Interrupt |
request signal

Figure11.69 Timing for StatusFlag Clearing by DTC/DMAC Activation
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11.7  Usage Notes

11.7.1  Module Standby M ode Setting

MTU operation can be disabled or enabled using the module standby register. Theinitial setting is
for MTU operation to be halted. Register accessis enabled by clearing module standby mode. For
details, refer to section 24, Power-Down Modes.

11.7.2  Input Clock Restrictions

Theinput 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 MTU will not operate properly at narrower
pulse widths.

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 11.70 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
. Overlap ,ence ,Overlap, ence . Pulse width | i Pulse width |
TCLKA :
(TCLKC) | : ! ! :
TCLKB ' ' ' ' | '
(TCLKD) : , : : :
Pulse width : : Pulse width :

Notes: Phase difference and overlap : 1.5 states or more
Pulse width : 2.5 states or more

Figure11.70 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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11.7.3  Caution on Period Setting

When counter clearing on compare match is set, TCNT is cleared in the final statein 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:

fz_ PO
(N+1)
Where f : Counter frequency
Po : Peripheral clock operating frequency
N : TGRsetvaue
11.7.4  Contention between TCNT Write and Clear Operations

If the counter clear signal is generated in the T2 state of a TCNT write cycle, TCNT clearing takes
precedence and the TCNT write is not performed.

Figure 11.71 shows the timing in this case.

TCNT write cycle

T1 T2
& ijEpEpERERERERERENE
Address XTCNT addressX

Write signal | I
Counter clear I_l
signal

TCNT N X Hoo00

Figure11.71 Contention between TCNT Write and Clear Operations

11.75 Contention between TCNT Write and I ncrement Operations

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented.

Figure 11.72 shows the timing in this case.
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TCNT write cycle

T1 T2
oo T L L L L
Address XTCNT addressX

Write signal | I
TCNT input | |
clock

TCNT N ™

TCNT write data

Figure11.72 Contention between TCNT Write and I ncrement Operations

11.7.6  Contention between TGR Write and Compare Match

If a compare match occursin the T2 state of a TGR write cycle, the TGR write is executed and the
compare match signal is also generated.

Figure 11.73 shows the timing in this case.

TGR write cycle
T1 T2

e
o LTI LT LT LT LT L L
Address X TGR address X

Write signal | I
Compare I_l
match signal

TCNT N X N

TGR N X’ M

TGR write data

Figure11.73 Contention between TGR Write and Compare Match
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11.7.7

Contention between Buffer Register Write and Compare Match

If a compare match occurs in the T2 state of a TGR write cycle, the data that istransferred to TGR
by the buffer operation differs depending on channel 0 and channels 3 and 4: dataon channel O is
that after write, and on channels 3 and 4, before write.

Figures 11.74 and 11.75 show the timing in this case.

TGR write cycle
T1 T2

|
Z I I B I
Adress S |

Write signal

L

E(;T;Easriijnal I_l
[ ]

X

Compare match
buffer signal

Buffer register write data

. -~
Buffer register N

z4+1=

TGR )

Figure11.74 Contention between Buffer Register Write and Compare Match (Channel 0)
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TGR write cycle
T1 T2

i
SN I I I I I I

Address Buffer register
address

Write signal

Compare match
buffer signal

Buffer register write data
a 9

v

Buffer register N M

LI
(SZignmarl)are match I_l
PR

~

TGR )( N

Figure11.75 Contention between Buffer Register Write and Compare Match
(Channéls3 and 4)

11.7.8  Contention between TGR Read and I nput Capture

If an input capture signal is generated in the T1 state of a TGR read cycle, the data that is read will
be that in the buffer after input capture transfer.

Figure 11.76 shows the timing in this case.

TGR read cycle

T1 T2
- ijEpERERERERERERENE
Address X TGR address X

Read signal | I
Input capture I_l
signal

TGR x X w

Internal data
bus X M

Figure11.76 Contention between TGR Read and I nput Capture
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11.7.9  Contention between TGR Writeand Input Capture

If an 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 11.77 shows the timing in this case.

TGR write cycle

T1 T2
Po S
Address X TGR address X

Write signal

Input capture
signal

TCNT

Himls

TGR M

Figure11.77 Contention between TGR Writeand Input Capture
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11.7.10 Contention between Buffer Register Write and Input Capture

If an input capture signal is generated in the T2 state of abuffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 11.78 shows the timing in this case.

Buffer register write cycle
T1 T2

e
Po T
Buffer register

Address X addregs X
Write signal | I
Input capture I_l
signal |
TCNT PN

~
TGR M L) N

\
Buffer register X M

Figure11.78 Contention between Buffer Register Writeand Input Capture

11.7.11 TCNT2 Write and Overflow/Underflow Contention in Cascade Connection

With timer counters TCNT1 and TCNT2 in a cascade connection, when a contention occurs
during TCNT_1 count (during a TCNT_2 overflow/underflow) in the T, state of the TCNT_2
write cycle, thewriteto TCNT_2 is conducted, and the TCNT_1 count signal isdisabled. At this
point, if thereis match with TGRA_1 and the TCNT _1 value, a compare signal is issued.
Furthermore, when the TCNT_1 count clock is selected as the input capture source of channel 0,
TGRA_Oto D_O carry out the input capture operation. In addition, when the compare match/input
capture is selected as the input capture source of TGRB_1, TGRB_1 carries out input capture
operation. The timing is shown in figure 11.79.

For cascade connections, be sure to synchronize settings for channels 1 and 2 when setting TCNT
clearing.
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TCNT write cycle

T1 T2
Fe U
Address XTCNT_Z addressX

Write signal | |
TCNT_2 X H'FFFE X H'FFFF X‘N X N+1 x

TCNT_2 write data

TGRA_2to :

TGRB_2 HFFFF

Ch2 compare- | |

match signal A/B

TCNT_1 input 777777 Disabled
clock H '
TCNT_1 M

TGRA 1 M

Ch1 compare- | |

match signal A

TGRB_1 N X M
Chl input capture | |
signal B

TCNT_O P

TGRA_Oto

TGRD_0 Q P

ChO input capture | |
signal Ato D

Figure11.79 TCNT_2 Writeand Overflow/Underflow Contention with Cascade

Connection

11.7.12 Counter Value during Complementary PWM Mode Stop

When counting operation is suspended with TCNT_3 and TCNT_4 in complementary PWM
mode, TCNT_3 hasthe timer dead time register (TDDR) value, and TCNT_4 is held at H'0000.

When restarting complementary PWM mode, counting begins automatically from theinitialized

state. This explanatory diagram is shown in figure 11.80.

When counting begins in another operating mode, be surethat TCNT_3 and TCNT_4 are set to

theinitial values.
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TGRA 3
TCDR

TDDR
H'0000
” Complementary PWM g N Complementary PWM
mode operation T mode operation
Counter Complementary

operation stop ~ PMW restart

Figure11.80 Counter Value during Complementary PWM Mode Stop

11.7.13 Buffer Operation Settingin Complementary PWM M ode

In complementary PWM mode, conduct rewrites by buffer operation for the PWM cycle setting
register (TGRA _3), timer cycle data register (TCDR), and duty setting registers (TGRB_3,
TGRA_4, and TGRB_4).

In complementary PWM mode, channel 3 and channel 4 buffers operate in accordance with bit
settings BFA and BFB of TMDR_3. When TMDR_3's BFA hitissetto 1, TGRC_3functionsasa
buffer register for TGRA_3. At the sametime, TGRC_4 functions as the buffer register for
TGRA_4, while the TCBR functions as the TCDR' s buffer register.

11.7.14 Reset Sync PWM Mode Buffer Operation and Compare Match Flag

When setting buffer operation for reset sync PWM mode, set the BFA and BFB bits of TMDR_4
to 0. The TIOCAC pin will be unable to produce its waveform output if the BFA bit of TMDR 4 is
setto 1.

In reset sync PWM mode, the channel 3 and channel 4 buffers operate in accordance with the BFA
and BFB bit settings of TMDR_3. For example, if the BFA bit of TMDR_3issetto 1, TGRC_3
functions as the buffer register for TGRA_3. At the sametime, TGRC_4 functions as the buffer
register for TGRA_4.

The TGFC bit and TGFD bit of TSR_3 and TSR _4 are not set when TGRC_3 and TGRD_3 are
operating as buffer registers.
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Figure 11.81 shows an example of operationsfor TGR_3, TGR_4, TIOC3, and TIOC4, with
TMDR_3'sBFA and BFB hitsset to 1, and TMDR_4's BFA and BFB hits set to 0.

TGRA_3 Buffer transfer with

TCNT3 compare match A3
Point a
TGRC 3 —-————————— - TGRA_S,
TGRC_3

TGRB_3, TGRA 4,
TGRB_4

TGRD_4 TGRA_4, TGRC_4,
TGRB_4, TGRD_4

H'0000

|
|
|
|
TGRD_3,TGRC 4,| _ o~ ___|_ TGRB_3, TGRD_3,
|
|
|
]
|
|
|

TIOC3A
TIOC3B
TIOC3D
TIOC4A

Tlocac :=_|_"_,/___|_|- -1
Tiocas T T | I ] I

TIOC4D

oo 3
TGFC | 4 Not set |
TGFD |

Figure11.81 Buffer Operation and Compare-Match Flagsin Reset Sync PWM M ode

11.7.15 Overflow Flagsin Reset Synchronous PWM Mode

When set to reset synchronous PWM mode, TCNT_3 and TCNT_4 start counting when the CST3
bit of TSTRisset to 1. At this point, TCNT_4's count clock source and count edge obey the
TCR_3 setting.

In reset synchronous PWM mode, with cycle register TGRA _3's set value at H'FFFF, when
specifying TGR3A compare-match for the counter clear source, TCNT_3 and TCNT_4 count up
to H'FFFF, then a compare-match occurs with TGRA_3, and TCNT_3 and TCNT_4 are both
cleared. At this point, TSR’s overflow flag TCFV bit is not set.

Figure 11.82 shows a TCFV bit operation example in reset synchronous PWM mode with a set
valuefor cycleregister TGRA_3 of H'FFFF, when a TGRA _3 compare-match has been specified
without synchronous setting for the counter clear source.
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Counter cleared by compare match 3A
TGRA_3

(H'FFFF)

TCNT_3=TCNT 4

Fm------------ v T-- - - - 3
TCFV_ 4 | ) Not set ) |

Figure11.82 Reset Synchronous PWM M ode Overflow Flag

11.7.16 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 11.83 shows the operation timing when a TGR compare match is specified as the clearing
source, and when H'FFFF is set in TGR.

o LTI LT LT LT LT L
TCNT input | |
clock

TCNT HFFFF ) H'0000
Counter clear

signal | |
TGF ;

TCFV Disabled —»!

Figure 11.83 Contention between Overflow and Counter Clearing
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11.7.17 Contention between TCNT Write and Over flow/Under flow

If thereis an up-count or down-count in the T2 state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is
not set.

Figure 11.84 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

| T1 I T2 |

e [T T T
Address X TCNT address X

Write signal I_I / TCNT write data
TCNT HFFFF X M

TCFV flag 1

Figure11.84 Contention between TCNT Write and Overflow

11.7.18 Cautionson Transition from Normal Operation or PWM Mode 1 to Reset-
Synchronous PWM Mode

When making atransition from channel 3 or 4 normal operation or PWM mode 1 to reset-
synchronous PWM mode, if the counter is halted with the output pins (TIOC3B, TIOC3D,
TIOC4A, TIOCAC, TIOC4B, TIOC4D) in the high-impedance state, followed by the transition to
reset-synchronous PWM mode and operation in that mode, theinitia pin output will not be
correct.

When making atransition from normal operation to reset-synchronous PWM mode, write H'11 to
registers TIORH_3, TIORL_3, TIORH_4, and TIORL_4 to initialize the output pinsto low level
output, then set an initial register value of H'00 before making the mode transition.

When making atransition from PWM mode 1 to reset-synchronous PWM mode, first switch to
normal operation, then initialize the output pinsto low level output and set an initial register value
of H'00 before making the transition to reset-synchronous PWM mode.
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11.7.19 Output Level in Complementary PWM M ode and Reset-Synchronous PWM Mode

When channels 3 and 4 are in complementary PWM mode or reset-synchronous PWM mode, the
PWM waveform output level is set with the OLSP and OL SN bitsin the timer output control
register (TOCR). In the case of complementary PWM mode or reset-synchronous PWM mode,
TIOR should be set to H'00.

11.7.20 Interruptsin Module Standby Mode

If module standby mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC/DMAC activation source. Interrupts should therefore
be disabled before entering module standby mode.

11.7.21 Simultaneous Capture of TCNT_1 and TCNT_2 in Cascade Connection

When timer counters 1 and 2 (TCNT_1 and TCNT _2) are operated as a 32-bit counter in cascade
connection, the cascade counter value cannot be captured successfully even if input-capture input
is simultaneously done to TIOC1A and TIOC2A or to TIOC1B and TIOC2B. Thisis because the
input timing of TIOC1A and TIOC2A or of TIOC1B and TIOC2B may not be the same when
external input-capture signalsto beinput into TCNT_1 and TCNT _2 are taken in synchronization
with the internal clock. For example, TCNT _1 (the counter for upper 16 bits) does not capture the
count-up value by overflow from TCNT_2 (the counter for lower 16 bits) but captures the count
value before the count-up. In this case, the values of TCNT_1 = H'FFF1 and TCNT_2 = H'0000
should be transferred to TGRA_1 and TGRA_2 or to TGRB_1 and TGRB_ 2, but the values of
TCNT_1 =H'FFF0 and TCNT_2 = H'0000 are erroneoudly transferred.

11.8 MTU Output Pin Initialization

11.8.1 Operating Modes

The MTU hasthe following six operating modes. Waveform output is possible in al of these
modes.

* Norma mode (channels 0 to 4)

PWM mode 1 (channels 0 to 4)

*  PWM mode 2 (channels 0 to 2)

» Phase counting modes 1 to 4 (channels 1 and 2)

» Complementary PWM mode (channels 3 and 4)

* Reset-synchronous PWM mode (channels 3 and 4)

The MTU output pin initialization method for each of these modesis described in this section.
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11.82 Reset Start Operation

The MTU output pins (TIOC*) areinitialized low by areset and in standby mode. Since MTU pin
function selection is performed by the pin function controller (PFC), when the PFC is set, the
MTU pin states at that point are output to the ports. When MTU output is selected by the PFC
immediately after areset, the MTU output initial level, low, is output directly at the port. When
the active level islow, the system will operate at this point, and therefore the PFC setting should
be made after initialization of the MTU output pins is completed.

Note: Channel number and port notation are substituted for *.

11.8.3 Operation in Case of Re-Setting Dueto Error During Operation, Etc.

If an error occurs during MTU operation, MTU output should be cut by the system. Cutoff is
performed by switching the pin output to port output with the PFC and outputting the inverse of
the active level. For large-current pins, output can aso be cut by hardware, using port output
enable (POE). The pin initialization procedures for re-setting due to an error during operation, etc.,
and the procedures for restarting in a different mode after re-setting, are shown below.

The MTU has six operating modes, as stated above. There are thus 36 mode transition
combinations, but some transitions are not available with certain channel and mode combinations.
Possible mode transition combinations are shown in table 11.43.

Table 11.43 Mode Transition Combinations

After
Before Normal PWM1 PWM2 PCM CPWM RPWM
Normal @ @ ©) 4 ®) (6)
PWM1 (7 (8) (9) (10) (11) (12)
PWM2 (13) (14) (15) (16) None None
PCM a7) (18) (19) (20) None None
CPWM (22) (22) None None (23) (24) (25)
RPWM (26) 27) None None (28) (29)

Legend:

Normal: Normal mode

PWM1: PWM mode 1

PWM2: PWM mode 2

PCM: Phase counting modes 1 to 4
CPWM: Complementary PWM mode
RPWM: Reset-synchronous PWM mode

The above abbreviations are used in some placesin following descriptions.
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11.84 Overview of Initialization Procedures and Mode Transitionsin Case of Error
during Operation, Etc.

* When making atransition to a mode (Normal, PWM 1, PWM2, PCM) in which the pin output
level is selected by the timer 1/0 control register (TIOR) setting, initialize the pins by means of
aTIOR setting.

* In PWM mode 1, since awaveform is not output to the TIOC*B (TIOC *D) pin, setting TIOR
will not initialize the pins. If initialization isrequired, carry it out in normal mode, then switch
to PWM mode 1.

* In PWM mode 2, since awaveform is not output to the cycle register pin, setting TIOR will
not initialize the pins. If initialization is required, carry it out in normal mode, then switch to
PWM mode 2.

* Innorma mode or PWM moade 2, if TGRC and TGRD operate as buffer registers, setting
TIOR will not initialize the buffer register pins. If initialization is required, clear buffer mode,
carry out initialization, then set buffer mode again.

e InPWM mode 1, if either TGRC or TGRD operates as a buffer register, setting TIOR will not
initialize the TGRC pin. To initialize the TGRC pin, clear buffer mode, carry out initialization,
then set buffer mode again.

* When making atransition to a mode (CPWM, RPWM) in which the pin output level is
selected by the timer output control register (TOCR) setting, switch to normal mode and
perform initialization with TIOR, then restore TIOR to itsinitial value, and temporarily disable
channel 3 and 4 output with the timer output master enable register (TOER). Then operate the
unit in accordance with the mode setting procedure (TOCR setting, TMDR setting, TOER
setting).

Note: Channel number is substituted for * indicated in this article.

Pininitialization procedures are described below for the numbered combinations in table 11.43.
The active level is assumed to be low.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Normal Mode: Figure 11.85 shows an explanatory diagram of the case where an error occurs
in normal mode and operation is restarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT)  (0) (normal) (1init (MTU) (1)
0 out) 0 out)
MTU module output { { } { * + } { } i i
TIOC*B ! R
Portoutput | | | | | | | i | | | | | |
PEn — . High-Z | I R [ S I S
PEn —| | Highz IR A . I S
n=0to 15

Figure11.85 Error Occurrencein Normal Mode, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.
After areset, the TMDR setting is for normal mode.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

Initialize the pins with TIOR. (The example showsinitia high output, with low output on
compare-match occurrence.)

5. Set MTU output with the PFC.

6. The count operation is started by TSTR.

7. Output goes low on compare-match occurrence.
8

9

A w bR

An error occurs.
Set port output with the PFC and output the inverse of the active level.
10. Not necessary when restarting in normal mode.
11. The count operation is stopped by TSTR.
12. Initiaize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in PWM Mode 1: Figure 11.86 shows an explanatory diagram of the case where an error occurs
in normal mode and operation isrestarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (PWM1) (1init (MTU) (1)
0 out) 0 out)
MTU module output { { } { * + } { } i i
TIOC*B : : : T T T CTV T @ Not initialized (TIOC*B)
Port output i i 1 ,
PEn — . High-z | i R D A S S S
pen— T mWghz [ T [ R U S U B
n=0to 15

Figure11.86 Error Occurrencein Normal Mode, Recovery in PWM Mode 1
1to 10 arethe same asin figure 11.85.

11. Set PWM mode 1.

12. Initidize the pinswith TIOR. (In PWM mode 1, the TIOC*B sideis not initialized. If
initialization is required, initialize in normal mode, then switch to PWM mode 1.)

13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in PWM Mode 2: Figure 11.87 shows an explanatory diagram of the case where an error occurs
in normal mode and operation isrestarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)

0 out) 0 out)

MTUmoduIeoutput___{ _____ ?_____}' _____ + + _____ + _____ * _____ '{ ____} _____ { _____ { ____} __________

@ Not initialized (cycle register)

Port output

PEN - T Mgz . | . | o o e
PEn— . wWghz . | [+ [ v
n=0to 15

Figure11.87 Error Occurrencein Normal Mode, Recovery in PWM Mode 2
1to 10 arethe same asin figure 11.85.

11. Set PWM mode 2.

12. Initialize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized. If
initialization is required, initialize in normal mode, then switch to PWM mode 2.)

13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note: PWM mode 2 can only be set for channels 0 to 2, and therefore TOER setting is not
necessary.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Phase Counting Mode: Figure 11.88 shows an explanatory diagram of the case where an error
occursin normal mode and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (PCM) (Linit (MTU) (1)
0 out) 0 out)

MTUmoduIeoutput___* _____ ‘{ _____* _____ + + _____ +_ ____* _____ ‘{ _____ + _____ + +

TiOC*B

Portoutput | i i i | i | | } i i i i i

PEn — . High-z - | L
PEN — L Mighz [ [ [
n=0 to 15

Figure11.88 Error Occurrencein Normal Mode, Recovery in Phase Counting Mode
1to 10 arethe same asin figure 11.85.

11. Set phase counting mode.

12. Initiaize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note:  Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Complementary PWM Mode: Figure 11.89 shows an explanatory diagram of the case where
an error occursin normal mode and operation is restarted in complementary PWM mode after re-

setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15  (16) (17) (18)
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR

(normal) (1) (Linit (MTU) (1) occurs (PORT) (0) (O init (disabled) (0) (CPWM) (1) (MTU) (1)

0 out) 0 out)
MTU moduleoutput___{_"}_"_}_"_ " v ____{____{____{___}____}_____{"__*_"_{""{_"_L"}
TIOC3A_—'__' | i i | | | | | | | | | | [
RO S S - h RSN U AU S | L .
TIOC3B —— M M I T S M M M M . . ) ) [
S — [ [ 1 I PR Ty E R N T T B T S
TIOC3D | | ] ] 1 \ \ \ \ \ 1 , , ]
- T T TTTATTTTAT T T T T T TTTTrTTTom T
Portoutput | \ | | | | 1 | | | | | , , , , \ ,
P wgnz T | [ T
CII -i---

PE9 — ,High-z : I

- T : T i — h | | i i i h h |
PE11 - " High-Z | T H T I

Figure11.89 Error Occurrencein Normal Mode, Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.85.

11. Initialize the norma mode waveform generation section with TIOR.

12. Disable operation of the norma mode waveform generation section with TIOR.
13. Disable channel 3 and 4 output with TOER.
14. Select the complementary PWM output level and cyclic output enabling/disabling with

TOCR.
15. Set complementary PWM.

16. Enable channel 3 and 4 output with TOER.

17. Set MTU output with the PFC.
18. Operation isrestarted by TSTR.

RENESAS
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Operation when Error Occursduring Normal Mode Operation, and Operation is Restarted
in Reset-Synchronous PWM Mode: Figure 11.90 shows an explanatory diagram of the case
where an error occurs in normal mode and operation is restarted in reset-synchronous PWM mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1) (1init (MTU) (1) occurs (PORT) (0)  (Oinit (disabled) (0) (CPWM) (1) (MTU) (1)

MTU module output | | |

------------------
TIOC3B —

TIOC3D -

Port output i

PES —] .__HighZ
PE9 — " High-Z
PE11 — | High-Z

Figure11.90 Error Occurrencein Normal Mode,
Recovery in Reset-Synchronous PWM Mode

1to 13 arethe sameasin figure 11.89.

14. Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set reset-synchronous PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU output with the PFC.

18. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Normal Mode: Figure 11.91 shows an explanatory diagram of the case where an error occurs
in PWM mode 1 and operation isrestarted in normal mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (1init (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out) 0 out)

MTUmoduIeoutput___{ _____ +_ ____} _____ + * ____* _____ ? _____ + _____ * L + +

mocA— | ; ; ; : i L.
B T R [ mle-e- oo F---- e [ . Te---
TIOC*B — ' ' @ Not initialized (TIOC*B): h ! ' | | k :
Port output ' ' ' ' ' ' ' ' ' ' ' ' ' '
PEn — . _Highz I I R .
--- T — T B - q----- T T T T T
PEn == . High-z . H H M R . R o I oo
n=0 to 15

A w DN

Figure11.91 Error Occurrencein PWM Mode 1, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.
Set PWM mode 1.
For channels 3 and 4, enable output with TOER before initializing the pins with TIOR.

Initialize the pinswith TIOR. (The example showsiinitial high output, with low output on
compare-match occurrence. In PWM mode 1, the TIOC*B sideis not initialized.)

Set MTU output with the PFC.

The count operation is started by TSTR.

Output goes low on compare-match occurrence.

An error occurs.

Set port output with the PFC and output the inverse of the active level.
The count operation is stopped by TSTR.

. Set normal mode.

Initialize the pins with TIOR.
Set MTU output with the PFC.
Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in PWM Mode 1: Figure 11.92 shows an explanatory diagram of the case where an error occurs
in PWM mode 1 and operation isrestarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT) (0) (PWM1) (linit (MTU) (1)
0 out) 0 out)

MTUmoduIeoutput___{ _____ {____} _____ ¢ { _____ + _____ } _____ { _____+ _____ { ;
TIOC*A -_I--. E E ______ I : : : I PO Lo .

TiocsB — CTTTT eNot initialized (TIOC*B) |~~~ I T T ®Not initialized (TIOC*B)
Portoutput ! ! ! ! ! ! ! ! ! : : : : :
PEn — | _High-z . | T Lo L L
S 2 A O SO OO O A

n=0to 15

Figure11.92 Error Occurrencein PWM Mode 1, Recovery in PWM Mode 1
1to 10 arethe same asin figure 11.91.

11. Not necessary when restarting in PWM mode 1.

12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC*B sideis not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in PWM Mode 2: Figure 11.93 shows an explanatory diagram of the case where an error occurs
in PWM mode 1 and operation isrestarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT)  (0) (PWM2) (Linit (MTU) (1)
0 out) 0 out)
MTU module output * { } { * + } { } * + }
TIOC*A —i | | . \ . . . ! eNot initialized (cycle register)

TocB =y T eNotiniaized (0GB LT[
. . 20 onotnmfaleedVAm L . L L Secee.

Port output | i i 1 1 1 1 1 1 1
PEN — L Highz . S A S PR U IS AU A
PEN — . Highz B S S O O A T A

n=0to 15

Figure11.93 Error Occurrencein PWM Mode 1, Recovery in PWM Mode 2
1to 10 arethe same asin figure 11.91.

11. Set PWM mode 2.

12. Initiaize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.

Note: PWM mode 2 can only be set for channels 0 to 2, and therefore TOER setting is not
necessary.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Phase Counting Mode: Figure 11.94 shows an explanatory diagram of the case where an error
occursin PWM mode 1 and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TMDR TOER TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT) (0) (PCM) (Linit (MTU) (1)
0 out) 0 out)

MTU module output { { } { { + } { } ¢ {
TOC*A—{ &+ &+ R T H H . R S [ S

Tioc*B — YT eNot initialized (TIOC*B) &~ VO VT | i )

Port output , , , , , , , , . , , , , ,
PEn == ! High-Z ! T B T N R S
PENTT| ! HighZz | ' i N A S N

n=0to 15

Figure11.94 Error Occurrencein PWM Mode 1, Recovery in Phase Counting M ode
1to 10 arethe same asin figure 11.91.

11. Set phase counting mode.

12. Initialize the pinswith TIOR.
13. Set MTU output with the PFC.
14. Operation isrestarted by TSTR.

Note:  Phase counting mode can only be set for channels 1 and 2, and therefore TOER setting is
not necessary.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Complementary PWM Mode: Figure 11.95 shows an explanatory diagram of the case where
an error occursin PWM mode 1 and operation is restarted in complementary PWM mode after re-

setting.
3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT) (0) (normal) (O init(disabled) (0) (CPWM) (1) (MTU) (1)
0 out) 0 out)
MTUmoduIeoutput__}____{___i_" | | ____{____L___{____;_____{____L___@____L__i___!_"i"_
Tmoc3A— | i ; H H
TIOC3B —f 1T o Not iniialized Zflb'c's'B') """ N e ' '
TIoCSD =TTV e Notinilized (I6CID) L {3 r
Port output :____;____: _
PES._| High-Z I...J.-.-I—:—I_..-J..--L.--J..-.I. ........ A J....I—T
beo - T T T S S e S S R A S S R
e T ER R R we e

Figure11.95 Error Occurrencein PWM Mode 1,
Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.91.

11.
12.
13.
14.
15.

16.
17.
18.
19.

Set normal mode for initialization of the normal mode waveform generation section.
Initialize the PWM mode 1 waveform generation section with TIOR.

Disable operation of the PWM mode 1 waveform generation section with TIOR.
Disable channel 3 and 4 output with TOER.

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.
Set MTU output with the PFC.

Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 1 Operation, and Operation is Restarted
in Reset-Synchronous PWM Mode: Figure 11.96 shows an explanatory diagram of the case
where an error occursin PWM mode 1 and operation is restarted in reset-synchronous PWM mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(PWM1) (1) (Linit (MTU) (1) occurs (PORT)  (0) (normal) (0 init(disabled) (0) (RPWM) (1) (MTU) (1)
0 out) 0 out)

MTUmodule output |} } IR LI S 20 S A 2 |

T|oc3B'—'T'"7'""""o'N'o'tTn'nTeﬂfzé&Eflb?:'siaj"'"""'""'""""'"""""'""" """""
TlocsD'—"|""."".""G'N'o'tfnitfeﬂl'zé&(T'I(')'C'3b')."":'""f""f"".""f"".""f """"

Potouput _» 1 i L roaooaoa v
e T 2 S B A S N SO N
peo | hghz | i i
P gz L § T

Figure11.96 Error Occurrencein PWM Mode 1,
Recovery in Reset-Synchronous PWM Mode

1to 14 arethe same asin figure 11.95.

15. Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

16. Set reset-synchronous PWM.

17. Enable channel 3 and 4 output with TOER.
18. Set MTU output with the PFC.

19. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in Normal Mode: Figure 11.97 shows an explanatory diagram of the case where an error occurs

in PWM mode 2 and operation isrestarted in normal mode after re-setting.

1 2 3 8 9 10

RESET TMDR TIOR
(PWM2) (Linit (MTU)

4 5 6 7
PFC TSTR Match Error
1) occurs (PORT)
0 out)

MTUmoduIeoutput___{ _____ +_ ____} _____ { _____ + _____ } _____ { _____+ _____ } _____ {____

11
PFC TSTR TMDR TIOR
(0) (normal) (1init (MTU)
0 out)

12
PFC TSTR

13

1)

TIOC*A —| ! ® Not initialized (cycle register) | | .
<--re---- r---- . . . 1----- Fo-- - - - - To---- r----
TIOC*B — - - |
Port output i i i 1 . . . i i i i
PEnN - ;High-Z, . . : : ; :
pen —|___hghz T . A [
n=0 to 15

Figure11.97 Error Occurrencein PWM Mode 2, Recovery in Normal Mode

1. After areset, MTU output islow and ports are in the high-impedance state.

2. Set PWM mode 2.

3. Initidize the pinswith TIOR. (The example shows initial high output, with low output on
compare-match occurrence. In PWM mode 2, the cycle register pins are not initialized. In the
example, TIOC *A isthe cycle register.)

4. Set MTU output with the PFC.

5. The count operation is started by TSTR.

6. Output goes low on compare-match occurrence.

7. Anerror occurs.

8. Set port output with the PFC and output the inverse of the active level.

9. The count operation is stopped by TSTR.

10. Set normal mode.

11. Initialize the pinswith TIOR.

12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in PWM Mode 1: Figure 11.98 shows an explanatory diagram of the case where an error occurs
in PWM mode 2 and operation isrestarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (Linit (MTU) (1) occurs (PORT) (0) (PWM1) (Linit (MTU) (1)
0 out) 0 out)

MTU module output * { } { + } { + } { ¢ {

TIOC*A —| 1 e Not initialized (cycle register) . . . L o
TIOC*B

Port output i i i | | | | | | ) ) ) )
PEn High-Z| . . . . R L S L
pen —| _ Hignzl [ . . . R S A S

n=0to 15

Figure11.98 Error Occurrencein PWM Mode 2, Recovery in PWM Mode 1
1to 9 arethesameasin figure 11.97.

10. Set PWM mode 1.

11. Initiaize the pinswith TIOR. (In PWM mode 1, the TIOC*B side is not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in PWM Mode 2: Figure 11.99 shows an explanatory diagram of the case where an error occurs
in PWM mode 2 and operation isrestarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13

RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (Linit (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)
0 out) 0 out)
MTU module output { { } { + } { + } { } { +

TIOC*A — . ®Not initialized (cycle register) . . ®Not initialized (cycle register)

TIOC*B :::7 ----- N T C T E"---l ____:L _________________
Port output E E E E E E E E E E E E E
PEn : Highzr | E"-""-"":r"" b o N ' ------------
pen —|__wgnzl ] Y A S U S S S R
n=0 to 15

Figure11.99 Error Occurrencein PWM Mode 2, Recovery in PWM Mode 2
1to 9 arethesameasin figure 11.97.

10. Not necessary when restarting in PWM mode 2.

11. Initialize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring PWM Mode 2 Operation, and Operation is Restarted
in Phase Counting Mode: Figure 11.100 shows an explanatory diagram of the case where an
error occursin PWM mode 2 and operation is restarted in phase counting mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PWM2) (1init (MTU) (1) occurs (PORT) (0) (PCM) (linit (MTU) (1)
0 out) 0 out)
MTU module output { { } { + } { + } { { *
TIOC*A — H ® Not initialized (cycle register) H H H o L

TIOC*B

Port output i | | i i i i i | | | | |

PEN — Highz | R
PEN — High-z2 | LT o o L s
n=0to 15

Figure11.100 Error Occurrencein PWM Mode 2, Recovery in Phase Counting Mode
1to 9 arethesameasin figure 11.97.

10. Set phase counting mode.

11. Initiaize the pinswith TIOR.
12. Set MTU output with the PFC.
13. Operation isrestarted by TSTR.
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Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in Normal Mode: Figure 11.101 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in normal mode after re-setting.

1 2 3

RESET TMDR TIOR
(PCM) (Linit (MTU)

0 out)

MTU module output . _{ _____ { L

4

PFC TSTR Match Error
occurs (PORT)

5 6 7

(€3]

TIOC*A -

=T

TIOC*B

'
'
T
———— -
'

Port output H H H

8

PFC TSTR TMDR TIOR

9 10 11 12 13

PFC TSTR
(€3]

(0) (normal) (1init (MTU)

0 out)

..........

PEN - High-Z,
PEn — High-Z:
n=0to 15

Figure11.101 Error Occurrencein Phase Counting Mode, Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.

Set phase counting mode.

Initialize the pins with TIOR. (The example showsiinitial high output, with low output on

compare-match occurrence.)

Set MTU output with the PFC.
The count operation is started by TSTR.
Output goes low on compare-match occurrence.

An error occurs.

Set port output with the PFC and output the inverse of the active level.
The count operation is stopped by TSTR.

Set in normal mode.

. Initialize the pinswith TIOR.

Set MTU output with the PFC.
Operation isrestarted by TSTR.

RENESAS
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Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in PWM Mode 1: Figure 11.102 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in PWM mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(PCM) (Linit (MTU) (1) occurs (PORT)  (0) (PWM1) (Linit (MTU) (1)

0 out) 0 out)

MTU module output ___{ _____ {____ { * { _____ + _____ } _____ { I ¢ *

TIOC*A — : : : . . . . i |

TIOC*B
Port output | 1 , , , , , i | | | | |
PEN — Highz I B S [ S N N
pen —__mignzz [ T ] ¢ [T T
n=0 to 15

Figure11.102 Error Occurrencein Phase Counting Mode, Recovery in PWM Mode 1
1to 9 arethesameasin figure 11.101.

10. Set PWM mode 1.

11. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B sideis not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in PWM Mode 2: Figure 11.103 shows an explanatory diagram of the case where an
error occurs in phase counting mode and operation is restarted in PWM mode 2 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PCM) (1init (MTU) (1) occurs (PORT) (0) (PWM2) (Linit (MTU) (1)
0 out) 0 out)

MTU module output & { { { & +_ } } { } {
TIOC*A — H o o ' ' ' ' ®Not initialized (cycle register)

PR o= T T R R B Tom--e T r

TIOC*B — - [ ! o] [ H

Portoutput | P P : L L L |
PEn — Highz, | S A S (N U D N N
pen—{ gz [l [

n=0 to 15

Figure11.103 Error Occurrencein Phase Counting Mode, Recovery in PWM Mode 2
1to9arethesameasin figure 11.101.

10. Set PWM mode 2.

11. Initiaize the pinswith TIOR. (In PWM mode 2, the cycle register pins are not initialized.)
12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring Phase Counting Mode Operation, and Operation is
Restarted in Phase Counting Mode: Figure 11.104 shows an explanatory diagram of the case
where an error occurs in phase counting mode and operation is restarted in phase counting mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TMDR TIOR PFC TSTR Match Eror PFC TSTR TMDR TIOR PFC TSTR
(PCM) (Linit (MTU) (1) occurs (PORT) (0) (PCM) (linit (MTU) (1)
0 out) 0 out)

MTU module output { { { * { + } { i i
TIoC*A : : : : : : : : :
TIOC*B | j j | h j | j j

Port output i i i 1 1 1 1 1 1 . . . .
PEn \High-Z, . . . . O T S I
PEN — High-z | I N R Lo L
n=0to 15

Figure11.104 Error Occurrencein Phase Counting Mode,
Recovery in Phase Counting Mode

1to9arethesameasin figure 11.101.

10. Not necessary when restarting in phase counting mode.
11. Initiaize the pinswith TIOR.

12. Set MTU output with the PFC.

13. Operation isrestarted by TSTR.
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation isRestarted in Normal Mode: Figure 11.105 shows an explanatory diagram of the
case where an error occurs in complementary PWM mode and operation is restarted in normal
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPwWM) (1) (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out)
MTU module output ¢ ¢ ¢ ¢ * ¢ ¢ ¢ ¢ ¢ ¢
I CTTTTAT T T T TR T T T 1Tt TTTTATTTTTET T 1ITTT T T T T T T e r T
TIOC3A — | | | | L | | | | R [
R [ —— | IR —— - - L
moese— | ool
mocap —{ T T T T
I e — m— S L T =" 1= T T T T p—— B B r----
Portoutput . . . L L : : : . : :
e LMoz T [T [
PEO —| | Highz | SR SR N N AN S N IO A

PE11 ::: i\ High-Z . _:|- . | . _|-: |

Figure11.105 Error Occurrencein Complementary PWM Mode,
Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.

Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

Set complementary PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The complementary PWM waveform is output on compare-match occurrence.
An error occurs.

Set port output with the PFC and output the inverse of the active level.

10. The count operation is stopped by TSTR. (MTU output becomes the complementary PWM
output initial value.)

11. Set norma mode. (MTU output goes low.)
12. Initialize the pinswith TIOR.

13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.

© © Nk ®
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation isRestarted in PWM Mode 1: Figure 11.106 shows an explanatory diagram of the
case where an error occurs in complementary PWM mode and operation is restarted in PWM
mode 1 after re-setting.

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

RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT) (0) (PWM1) (Linit (MTU) (1)
0 out)
MTU module output | | y ' ' ¢ y y | | |
TIOC3A — : . i ) R
[ [ - | I (A | IR — L
TIOC3B _I_._._l _____ L L ' |_[ L L L | eNot initialized (TIOC3B)
mocap T T T T T T eiotinialized (T1GC3D)
- r—-r—Tr """ 7 L T L T T L ¢ T T T
Portoutput | : : : . L ! ! ! ! ! !
PES 1 . High-z | | : | . . L
peo—  mghz [ T [T T T T T 1
pent— v owgnz ¢ T [ [ o

Figure11.106 Error Occurrencein Complementary PWM Mode,
Recovery in PWM Mode 1

1to 10 arethe same asin figure 11.105.

11. Set PWM mode 1. (MTU output goes low.)

12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B sideis not initialized.)
13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation isRestarted in Complementary PWM Mode: Figure 11.107 shows an explanatory
diagram of the case where an error occurs in complementary PWM mode and operation is
restarted in complementary PWM mode after re-setting (when operation is restarted using the
cycle and duty settings at the time the counter was stopped).

1 2 3 4 5 6 7 8 9 10 11 12 13
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR PFC TSTR Match
(CPWM) (1) (MTU) (1) occurs (PORT)  (0) (MTU) (1)
MTU module output ¢ { ¢ * ¢ { ¢ * ¢
TIOC3A — o j

O [ [

TIOC3D —j . ; |

Portoutput 1 . 1 1
PES 1 , High-z |

PE9 —| " High-Z

PE11 —] | High-Z

Figure11.107 Error Occurrencein Complementary PWM Mode,
Recovery in Complementary PWM Moaode

1to 10 arethe same asin figure 11.105.

11. Set MTU output with the PFC.
12. Operation isrestarted by TSTR.
13. The complementary PWM waveform is output on compare-match occurrence.
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation is Restarted in Complementary PWM Mode: Figure 11.108 shows an explanatory
diagram of the case where an error occurs in complementary PWM mode and operation is
restarted in complementary PWM mode after re-setting (when operation is restarted using
completely new cycle and duty settings).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT) (0) (normal) (0) (CPWM) (1) (MTU) (1)

MTU module output

..................

TIOC3B —
TIOC3D —

Port output _

pes ] hgnz | [T T

PEo— . Highz . | .
PEn—[ " Hignz e T T

Figure11.108 Error Occurrencein Complementary PWM Mode,
Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.105.

11. Set normal mode and make new settings. (MTU output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the complementary PWM mode output level and cyclic output enabling/disabling with
TOCR.

14. Set complementary PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU output with the PFC.

17. Operation isrestarted by TSTR.
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Operation when Error Occursduring Complementary PWM M ode Operation, and
Operation is Restarted in Reset-Synchronous PWM Mode: Figure 11.109 shows an
explanatory diagram of the case where an error occurs in complementary PWM mode and
operation isrestarted in reset-synchronous PWM mode.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TOER TOCR TMDR TOER PFC TSTR

(CPWM) (1) (MTU) (1) occurs(PORT) (0) (normal) (0) (RPWM) (1) (MTU) (1)
MTUmoduleoutput___{____L___{____L___}_"_ " v v | " | i i |
TIOC3A — ; ;

TIoc3B 1 [ : Lo

TIOC3D — : : | . ; B ; ; ; \ )

- T T T hl T T T T T T 1 T T

Portoutput | 1 i oo n b

e Hghz T 1 [ 1 . [ T .

peo—  wohz | i

PEl— " wWgnz | 1 T 1

Figure11.109 Error Occurrencein Complementary PWM Mode,
Recovery in Reset-Synchronous PWM Mode

1to 10 arethe same asin figure 11.105.

11. Set norma mode. (MTU output goes low.)
12. Disable channel 3 and 4 output with TOER.

13. Select the reset-synchronous PWM mode output level and cyclic output enabling/disabling
with TOCR.

14. Set reset-synchronous PWM.

15. Enable channel 3 and 4 output with TOER.
16. Set MTU output with the PFC.

17. Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation isRestarted in Normal Mode: Figure 11.110 shows an explanatory diagram of the
case where an error occurs in reset-synchronous PWM mode and operation is restarted in normal
mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(CPWM) (1) (MTU) (1) occurs (PORT) (0) (normal) (1init (MTU) (1)
0 out)
MTU module output ¢ ¢ * ¢ | * v * ¢ ¢
T v T T T - T T T - - T T

Potowput_ 1L . T
pee— L Honz | ] [ i
peo—  Honz | || [ T
PEL1—] . Hignz R 1N N (R O O N N A
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11.
12.
13.
14.

Figure11.110 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in Normal Mode

After areset, MTU output islow and ports are in the high-impedance state.

Select the reset-synchronous PWM output level and cyclic output enabling/disabling with
TOCR.

Set reset-synchronous PWM.

Enable channel 3 and 4 output with TOER.

Set MTU output with the PFC.

The count operation is started by TSTR.

The reset-synchronous PWM waveform is output on compare-match occurrence.
An error occurs.

Set port output with the PFC and output the inverse of the active level.

The count operation is stopped by TSTR. (MTU output becomes the reset-synchronous PWM
output initial value.)

Set normal mode. (MTU positive phase output is low, and negative phase output is high.)
Initialize the pins with TIOR.

Set MTU output with the PFC.

Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation isRestarted in PWM Mode 1: Figure 11.111 shows an explanatory diagram of the
case where an error occurs in reset-synchronous PWM mode and operation is restarted in PWM
mode 1 after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TMDR TIOR PFC TSTR
(RPWM) (1) (MTU) (1) occurs (PORT)  (0) (PWM1) (Linit (MTU) (1)
0 out)
MTU module output ¢ ' ; ¢ ; * ¢ ¢ { ¢
mocsA—— [ i I S S T
o c e mm e cc o pe—"———. e p— e L — L —— [ [P | -
TIOC3B 3 ' ' ' ' ' ' ® Not initialized (TIOC3B)
N we— A S H— O . B
TIOC3D — ' ' : ' ! . ® Not initialized (TIOC3D
-7 T T n T T lr'l_l"l """ l'""J_I """ [ b B rg """ )
Portoutput . h h h h h L . h H H H H H
e Moz | o L L
ol ! : ey setette et ettt ity S [
PE9 — , High-z b I I D . P I .
PEL1 ~ L Highz _ ) N R U A SO U F N

Figure11.111 Error Occurrencein Reset-Synchronous PWM Mode,
Recovery in PWM Mode 1

1to 10 arethe same asin figure 11.110.

11. Set PWM mode 1. (MTU positive phase output is low, and negative phase output is high.)
12. Initialize the pinswith TIOR. (In PWM mode 1, the TIOC *B sideis not initialized.)

13. Set MTU output with the PFC.

14. Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation isRestarted in Complementary PWM Mode: Figure 11.112 shows an explanatory
diagram of the case where an error occurs in reset-synchronous PWM mode and operation is
restarted in complementary PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
RESET TOCR TMDR TOER PFC TSTR Match Error PFC TSTR TOER TOCR TMDR TOER PFC TSTR
RPWM) (1) (MTU) (1) occurs (PORT) () (0) CPWM) (1) MTU) (1)
MTUmoduIeoutputu_} _____ ¢ _____ { { & {__ ; { { { } ____} _____ {""}
TIOC3A:{_:_______:_____:_____ _________ .
i R —— - PR - | S S W ——— [ | S —
TIOC3B —j 1 [ L I \ \ ' ____' 1 1 | R
Tocsp — T 1N R N
Portoutput | . : . | . L . . . . . |
pee—|  mgnz | T
peo— ¢ mgnz | o T[T
pen—{ . wmenz .1

., A, O .

Figure11.112 Error Occurrencein Reset-Synchronous PWM M ode,
Recovery in Complementary PWM Mode

1to 10 arethe same asin figure 11.110.

11. Disable channel 3 and 4 output with TOER.

12. Select the complementary PWM output level and cyclic output enabling/disabling with
TOCR.

13. Set complementary PWM. (The MTU cyclic output pin goes low.)
14. Enable channel 3 and 4 output with TOER.

15. Set MTU output with the PFC.

16. Operation isrestarted by TSTR.
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Operation when Error Occursduring Reset-Synchronous PWM Mode Operation, and
Operation is Restarted in Reset-Synchronous PWM Mode: Figure 11.113 shows an
explanatory diagram of the case where an error occurs in reset-synchronous PWM mode and
operation isrestarted in reset-synchronous PWM mode after re-setting.

1 2 3 4 5 6 7 8 9 10 1 12 13
RESET TOCR TMDR TOER PFC TSTR Match Eror PFC TSTR PFC TSTR Match
(RPWM) (1) (MTU) (1) occurs (PORT)  (0)  (MTU) (1)
MTU module output ¢ { ¢ ¢ * ' ¢ ¢ ¢ y
T v T T T - T T T T T

Port output i , , |

PES —1 , High-Z |
PE9 %' : High-Z :
PE1L —] ' Highz

Figure11.113 Error Occurrencein Reset-Synchronous PWM Mode,
Recovery in Reset-Synchronous PWM Mode

1to 10 arethe same asin figure 11.110.

11. Set MTU output with the PFC.
12. Operation isrestarted by TSTR.
13. The reset-synchronous PWM waveform is output on compare-match occurrence.
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11.9  Port Output Enable (POE)

The port output enable (POE) can be used to establish a high-impedance state for high-current
pins, by changing the POEO to POE3 pin input, depending on the output status of the high-current
pins (PE9/TIOC3B/SCK3/TRST*, PE11/TIOC3D/RXD3/TDO*, PE12/TIOCAA/TXD3/TCK*,
PE13/TIOC4B/MRES, PE14/TIOCAC/DACKO, PE15/TIOC4D/DACKVIRQOUT). It can also
simultaneously generate interrupt requests.

The high-current pins can also be set to high-impedance regardless of whether these pin functions
are selected in cases such as when the oscillator stops or in software standby mode. For details,
refer to section 17.1.11, High-Current Port Control Register (PPCR).

However, when using the E10A, the high-impedance function is disabled when an oscillation stop
is detected, port output enable (POE), or in the software standby state for the three pins of
PE9/TIOC3B/SCK3/TRST, PELLU/TIOC3D/RXD3/TDO, and PE12/TIOC4A/TXD3/TCK of the
SH7145.

Note: * Only in the SH7145.

1191 Features

+ Each of the POEO to POE3 input pins can be set for falling edge, P@/8 x 16, P@/16 x 16, or
P@/128 x 16 low-level sampling.

« High-current pins can be set to high-impedance state by POEO to POE3 pin falling-edge or
low-level sampling.

» High-current pins can be set to high-impedance state when the high-current pin output levels
are compared and simultaneous low-level output continues for one cycle or more.

» Interrupts can be generated by input-level sampling or output-level comparison results.
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The POE has input-level detection circuitry and output-level detection circuitry, as shown in the
block diagram of figure 11.114.

TIOC3B Output level
TIOC3D detection circuit
TIOC4A Output level ||
TIOC4C detection circuit
Tioc4B Output level
TIOC4D detection circuit |
OCSR High-
impedance
— P request control
signal
i ) Interrupt request
ICSR1
Input level detection circuit
Falling-edge
POE3 > detection circuit |
POE2 > Low-level
POE1 »> detection circuit
POEO >
L
L 1 1 1
[ [ [
1 1 1
@8 @16 @128
Legend:

OCSR: Output level control/status register
ICSR1: Input level control/status register

Figure 11.114 POE Block Diagram
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11.9.2  Pin Configuration

Table 11.44 Pin Configuration

Name Abbreviation 1/0 Description

Port output enable input pins POEO to POE3 Input Input request signals to make high-
current pins high-impedance state

Table 11.45 shows output-level comparisons with pin combinations.

Table 11.45 Pin Combinations

Pin Combination 1/0 Description

PE9/TIOC3B and PE11/TIOC3D  Output  All high-current pins are made high-impedance
state when the pins simultaneously output low-level
for longer than 1 cycle.

PE12/TIOC4A and PE14/TIOC4C Output  All high-current pins are made high-impedance
state when the pins simultaneously output low-level
for longer than 1 cycle.

PE13/TIOC4B/MRES and Output  All high-current pins are made high-impedance
PE15/TIOC4D/IRQOUT state when the pins simultaneously output low-level
for longer than 1 cycle.

11.9.3 Register Descriptions

The POE has the two registers. The input level control/status register 1 (ICSR1) controls both
POEO to POE3 pin input signal detection and interrupts. The output level control/status register
(OCSR) contrals both the enable/disable of output comparison and interrupts.

Input Level Control/Status Register 1 (ICSR1): Theinput level control/status register (ICSR1)
is a 16-bit readable/writable register that selects the POEO to POE3 pin input modes, controls the
enable/disable of interrupts, and indicates status.
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Bit Bit Name Initial value

R/W

Description

15 POE3F

0

RI(W)*

POE3 Flag

This flag indicates that a high impedance request has
been input to the POES pin

Clear condition:
« By writing 0 to POE3F after reading a POE3F =1

Set condition:

* When the input set by ICSR1 bits 7 and 6 occurs
at the POES3 pin

14 POE2F

RI(W)*

POE2 Flag

This flag indicates that a high impedance request has
been input to the POE2 pin

Clear condition:
« By writing 0 to POE2F after reading a POE2F =1

Set condition:

« When the input set by ICSR1 bits 5 and 4 occurs
at the POE2 pin

13 POE1F

RI(W)*

POEL1 Flag

This flag indicates that a high impedance request has
been input to the POE1 pin

Clear condition:
« By writing 0 to POELF after reading a POE1F =1

Set condition:

« When the input set by ICSR1 bits 3 and 2 occurs
at the POE1 pin

12 POEOF

RI(W)*

POEO Flag

This flag indicates that a high impedance request has
been input to the POEO pin

Clear condition:
« By writing 0 to POEOF after reading a POEOF = 1

Set condition:

* When the input set by ICSR1 bits 1 and 0 occurs
at the POEO pin

11to9 O

AllO

Reserved

These bits are always read as 0s and should always
be written with 0s.
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Bit Bit Name Initial value

Description

8 PIE 0

R/W

Port Interrupt Enable

This bit enables/disables interrupt requests when any
of the POEOF to POE3F bits of the ICSR1 are setto 1

0: Interrupt requests disabled
1: Interrupt requests enabled

POE3M1 O
POE3MO O

R/W
R/W

POE3 mode 1, 0
These bits select the input mode of the POE3 pin
00: Accept request on falling edge of POES input

01: Accept request when POES input has been
sampled for 16 P@8 clock pulses, and all are low
level.

10: Accept request when POE3 input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POES input has been
sampled for 16 P@/128 clock pulses, and all are
low level.

5 POE2M1 O
4 POE2MO O

R/W
R/W

POE2 mode 1, 0
These bits select the input mode of the POE2 pin
00: Accept request on falling edge of POE2 input

01: Accept request when POE2 input has been
sampled for 16 P@'8 clock pulses, and all are low
level.

10: Accept request when POE2 input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POE2 input has been
sampled for 16 P@/128 clock pulses, and all are
low level.
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Bit Bit Name Initial value R/W

Description

3 POE1IM1 O R/W
2 POE1IMO O R/W

POE1 mode 1,0
These bits select the input mode of the POE1 pin
00: Accept request on falling edge of POE1 input

01: Accept request when POE1 input has been
sampled for 16 P@'8 clock pulses, and all are low
level.

10: Accept request when POE1 input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POE1 input has been
sampled for 16 P@/128 clock pulses, and all are
low level.

1 POEOM1 O R/W
0 POEOMO O R/W

POEO mode 1, 0
These bits select the input mode of the POEO pin
00: Accept request on falling edge of POEOQ input

01: Accept request when POEO input has been
sampled for 16 P@'8 clock pulses, and all are low
level.

10: Accept request when POEO input has been
sampled for 16 P@/16 clock pulses, and all are
low level.

11: Accept request when POEO input has been
sampled for 16 P@/128 clock pulses, and all are
low level.

Note: * Only 0 can be written to clear the flag.
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Output Level Control/Status Register (OCSR): The output level control/status register (OCSR)
isa 16-bit readable/writable register that controls the enable/disable of both output level
comparison and interrupts, and indicates status. |f the OSF bit is set to 1, the high current pins

become high impedance.

Bit Bit Name Initial value R/W Description

15 OSF 0 R/(W)*  Output Short Flag
This flag indicates that any one pair of the three
pairs of 2 phase outputs compared have
simultaneously become low level outputs.
Clear condition:
« By writing 0 to OSF after reading an OSF = 1
Set condition:
« When any one pair of the three 2-phase outputs

simultaneously become low level

14to O All 0 R Reserved

10 These bits are always read as 0s and should always
be written with Os.

9 OCE 0 R/W Output Level Compare Enable

This bit enables the start of output level
comparisons. When setting this bit to 1, pay
attention to the output pin combinations shown in
table 11.43, Mode Transition Combinations. When 0
is output, the OSF bit is set to 1 at the same time
when this bit is set, and output goes to high
impedance. Accordingly, bits 15 to 11 and bit 9 of
the port E data register (PEDR) are setto 1. For the
MTU output comparison, set the bit to 1 after setting
the MTU's output pins with the PFC. Set this bit only
when using pins as outputs.

When the OCE bit is set to 1, if OIE = 0 a high-
impedance request will not be issued even if OSF is
setto 1. Therefore, in order to have a high-
impedance request issued according to the result of
the output level comparison, the OIE bit must be set
to 1. When OCE =1 and OIE = 1, an interrupt
request will be generated at the same time as the
high-impedance request: however, this interrupt can
be masked by means of an interrupt controller
(INTC) setting.

0: Qutput level compare disabled

1: Output level compare enabled; makes an output
high impedance request when OSF = 1.
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Bit Bit Name Initial value R/W Description

8 OIE 0 R/W Output Short Interrupt Enable

This bit makes interrupt requests when the OSF bit
of the OCSR is set.

00: Interrupt requests disabled
01: Interrupt request enabled

7t00 O AllO R Reserved

These bits are always read as 0s and should always
be written with Os.

Note: * Only 0 can be written to write the flag.

11.94  Operation
Input Level Detection Operation

If the input conditions set by the ICSR1 occur on any of the POE pins, al high-current pins
become high-impedance state. Note however, that these high-current pins become high-impedance
state only when general input/output function or MTU function is selected in these pins.

Falling Edge Detection: When a change from high to low level isinput to the POE pins.

Low-L evel Detection: Figure 11.115 shows the low-level detection operation. Sixteen continuous
low levels are sampled with the sampling clock established by the ICSR1. If even one high