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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/O settings or contents of registers. Device is notinitialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.

V850 Series, V850E/IA1, and V850E/IA2 are trademarks of NEC Electronics Corporation.
Windows is either a registered trademark or a trademark of Microsoft Corporation in the United States and/or
other countries.
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These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

License not needed: HuPD70F3114
The customer must judge the need for license: uPD703114

The information in this document is current as of July, 2002. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all
products and/or types are available in every country. Please check with NEC Electronics sales
representative for availability and additional information.

No part of this document may be copied or reproduced in any form or by any means without prior

written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may
appear in this document.

NEC Electronics does not assume any liability for infringement of patents, copyrights or other intellectual

property rights of third parties by or arising from the use of NEC Electronics products listed in this document

or any other liability arising from the use of such NEC Electronics products. No license, express, implied or
otherwise, is granted under any patents, copyrights or other intellectual property rights of NEC Electronics or
others.

Descriptions of circuits, software and other related information in this document are provided for illustrative

purposes in semiconductor product operation and application examples. The incorporation of these

circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC Electronics assumes no responsibility for any losses incurred by customers
or third parties arising from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC

Electronics products, customers must incorporate sufficient safety measures in their design, such as

redundancy, fire-containment and anti-failure features.

NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and

"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

"Standard": Computers, office equipment, communications equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances, machine tools, personal electronic equipment
and industrial robots.

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact NEC Electronics sales representative in advance to
determine NEC Electronics's willingness to support a given application.

(Note)
(1) "NEC Electronics" as used in this statement means NEC Electronics Corporation and also includes its

majority-owned subsidiaries.

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics

(as defined above).
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
Electronics product in your application, please contact the NEC Electronics office in your country to
obtain a list of authorized representatives and distributors. They will verify:

« Device availability
« Ordering information

« Product release schedule

« Availability of related technical literature

« Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

« Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics America, Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC Electronics (Europe) GmbH

Duesseldorf, Germany
Tel: 0211-65 03 01
Fax: 0211-65 03 327

e Sucursal en Espana
Madrid, Spain
Tel: 091-504 27 87
Fax: 091-504 28 60

e Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99

e Filiale Italiana
Milano, Italy
Tel: 02-66 75 41
Fax: 02-66 75 42 99

¢ Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-244 58 45
Fax: 040-244 45 80

¢ Tyskland Filial
Taeby, Sweden
Tel: 08-63 80 820
Fax: 08-63 80 388

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
Fax: 01908-670-290
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Shanghai, Ltd.
Shanghai, P.R. China

Tel: 021-6841-1138

Fax: 021-6841-1137

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 6253-8311

Fax: 6250-3583
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Readers

Purpose

Organization

How to Read This Manual

PREFACE

This manual is intended for users who wish to understand the functions of the

V850E/IA2 (uPD703114, 70F3114) and design application systems using it.

This manual is intended to give users an understanding of the hardware functions of
the V850E/IA2 shown in the Organization below.

This manual is divided into two parts: Hardware (this manual) and Architecture
(V850E1 Architecture User’s Manual).

Hardware Architecture
¢ Pin functions ¢ Data type
e CPU function * Register set
¢ On-chip peripheral functions e Instruction format and instruction set
¢ Flash memory programming e Interrupts and exceptions
¢ Electrical specifications ¢ Pipeline operation

It is assumed that the readers of this manual have general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

¢ To find the details of a register where the name is known
— Refer to APPENDIX B REGISTER INDEX.

¢ To find the details of a function, etc. where the name is known
— Refer to APPENDIX D INDEX.

e To understand the details of an instruction function
— Refer to the V850E1 Architecture User’s Manual.

» To know details of the electrical specifications of the V850E/IA2
— Refer to CHAPTER 16 ELECTRICAL SPECIFICATIONS.

¢ To understand the overall functions of the V850E/IA2
— Read this manual according to the CONTENTS.

* How to read register formats
—The name of a bit whose number is in angle brackets (<>) is defined as a
reserved word in the device file.
When the register format of each register describes 0 or 1, other values are
prohibited to be specified.
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Conventions

Data significance:

Active low representation:

Memory map address:
Note:

Caution:

Remark:

Numeric representation:

Higher digits on the left and lower digits on the right
XXX (overscore over pin or signal name)

Top: higher, bottom: lower

Footnote for item marked with Note in the text
Information requiring particular attention
Supplementary information

Binary ... xxxx or xxxxB

Decimal ... xxxx

Hexadecimal ... xxxxH

Prefix indicating power of 2 (address space, memory capacity):

Data type:

K (kilo): 2"° = 1,024

M (mega): 2% = 1,024°
G (giga): 2% = 1,024°
Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits
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Related Documents The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents related to V850E/IA2

Document Name Document No.
V850E1 Architecture User's Manual U14559E
V850E/IA2 Hardware User’'s Manual This manual
V850E/IA1™, V850E/IA2 AC Motor Inverter Control Using Vector U14868E
Operation Application Note

Documents related to development tools (user’s manuals)

Document Name Document No.
IE-V850E-MC, IE-V850E-MC-A (In-Circuit Emulator) U14487E
IE-703114-MC-EM1 (In-Circuit Emulator Option Board) To be prepared
CAB850 Ver.2.40 or Later C Compiler Operation U15024E
Package C Language U15025E
Project Manager U15026E
Assembly Language U15027E
ID850 Ver.2.40 Integrated Debugger Operation Windows™ Based | U15181E
SM850 Ver.2.40 System Simulator Operation Windows Based U15182E
SM850 Ver.2.00 or Later System External Part User Open U14873E
Simulator Interface Specifications
RX850 Ver.3.13 or Later Real-Time OS | Basics U13430E
Installation U13410E
Technical U13431E
RX850 Pro Ver.3.13 Real-Time OS Basics U13773E
Installation U13774E
Technical U13772E
RD850 Ver.3.01 Task Debugger U13737E
RD850 Pro Ver.3.01 Task Debugger U13916E
AZ850 Ver.3.0 System Performance Analyzer U14410E
PG-FP3 Flash Memory Programmer U13502E
PG-FP4 Flash Memory Programmer U15260E
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CHAPTER 1 INTRODUCTION

The V850E/IA2 is a product in NEC Electronics’ V850 Series™ of single-chip microcontrollers. This chapter
provides an overview of the V850E/IA2.

1.1 Outline

The VB850E/IA2 is a 32-bit single-chip microcontroller that uses high-speed operations to realize high-precision
inverter control of motors. It uses the VB50E1 CPU of the V850 Series and has on-chip peripheral functions such as
ROM, RAM, a bus interface, a DMA controller, timers including a 3-phase sine-wave PWM timer for motors, serial
interfaces, and A/D converters.

1

)

(©)

(4)

V850E1 CPU

The V850E1 CPU supports a RISC instruction set in which the instruction execution speed is increased
greatly through the use of basic instructions that execute one instruction per clock, and an optimized pipeline.
Moreover, it supports multiply instructions using a 32-bit hardware multiplier, saturated product-sum operation
instructions, and bit manipulation instructions as optimum instructions for digital servo control applications.
Object code efficiency is increased in the C compiler by using 2-byte-length basic instructions and
instructions corresponding to high-level languages, which promote a compact program.

Furthermore, since the interrupt response time, including processing by the on-chip interrupt controller, is also
fast, this CPU is ideal for advanced real-time control.

External bus interface function

A bus configuration consisting of a multiplexed address bus (22 bits) and data bus (8 bits or 16 bits
selectable) suitable for compact system design is used as the external bus interfface. SRAM and ROM
memories can be connected.

In the DMA controller, transfer is started using software and transfers between external memories can be
made concurrent with internal CPU operations or data transfers. Real-time control such as motor control or
communication control can also be realized simultaneously due to high-speed, high-performance CPU
instruction execution.

On-chip flash memory (uPD70F3114)

The on-chip flash memory version (uPD70F3114), which has a quickly accessible flash memory on-chip, can
shorten system development time since it is possible to rewrite a program with the V850E/IA2 mounted in an
application system. Moreover, it can greatly improve maintainability after a system is shipped.

Complete middleware, development environment

The V850E/IA2 can execute JPEG, JBIG, MH/MR/MMR and other middleware at high speeds. Moreover,
since middleware for realizing speech recognition, voice synthesis, and other processing also is provided,
multimedia systems can be realized easily.

A development environment that integrates an optimized C compiler, debugger, in-circuit emulator, simulator,
and system performance analyzer is also provided.
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CHAPTER 1 INTRODUCTION

Table 1-1 lists the differences between the V850E/IA1 and V850E/IA2. Table 1-2 lists the differences
between the VB50E/IA1 and V850E/IA2 register setting values.

Table 1-1. Differences Between V850E/IA1 and V850E/IA2

Item V850E/IA1 V850E/IA2
Maximum operating frequency 50 MHz 40 MHz
Internal ROM Mask ROM 1PD703116: 256 KB uPD703114: 128 KB
Flash memory 1PD70F3116: 256 KB uPD70F3114: 128 KB
Internal RAM 10 KB 6 KB
Timer Timer 00, 01 Provided Buffer register, compare register, and
compare match interrupt added
Timer 10, 11 Provided Timer 10: Provided, Timer 11: Not
provided
Timer 20, 21 Provided Provided
Timer 3 Provided TOS output buffer off function added by
INTP4 input
Timer 4 Provided Provided
Serial interface UARTO Provided Provided
UART1 Provided Provided (pins multiplexed with CSI1)
UART2 Provided Not provided
CSIo Provided Provided
csit Provided Provided (pins multiplexed with UART1)
FCAN Provided Not provided
Debug support NBD Provided Not provided
function
A/D converter Analog input Total of two circuits: 16 ch Total of two circuits: 14 ch
A/D converter 0: 8 ch A/D converter 0: 6 ch
A/D converter 1: 8 ch A/D converter 1: 8 ch
AVpb, AVReF pins Independent pins Alternate-function pins

Supply voltage Vops =3.3V £0.3V Voo =RVop=5.0V 0.5V
Vops =5.0 V0.5V Internal regulator
Package 144-pin plastic LQFP 100-pin plastic LQFP

Remark For details, refer to the user's manual of each product.

Table 1-2. Differences Between V850E/IA1 and V850E/IA2 Register Setting Values

Register Name

V850E/IA1

V850E/IA2

System wait control register (VSWC)

12H (fxx = 50 MHz)

02H (fxx = 40 MHz)

Timer 1/timer 2 clock selection register
(PRMO02)

00H or 01H

01H (initial value 00H)

Remark For details, refer to the user's manual of each product.
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1.2 Features

O Number of instructions

83

O Minimum instruction execution time

25 ns (@ internal 40 MHz operation)

O General-purpose registers 32 bits x 32 registers

O Instruction set

O Memory space

O External bus interface

O Internal memory

O Interrupts/exceptions

O DMA controller

V850E1 (NB85E) CPU

Signed multiplication (32 bits x 32 bits — 64 bits): 1 or 2 clocks

Saturated operation instructions (with overflow/underflow detection function)

32-bit shift instruction: 1 clock

Bit manipulation instructions

Long/short format load/store instructions
Signed load instructions

4 MB linear address space (shared by program and data)
Memory block division function: 2 MB/block
Programmable wait function

Idle state insertion function

16-bit data bus (address/data multiplexed)
16-/8-bit bus sizing function
External wait function

Part Number Internal ROM Internal RAM
uPD703114 128 KB (mask ROM) 6 KB
uPD70F3114 128 KB (flash memory) 6 KB

External interrupts: 16 (including NMI)

Internal interrupts: 42 sources

Exceptions: 1 source

8 levels of priority can be specified

4-channel configuration

Transfer unit: 8 bits/16 bits

Maximum transfer count: 65,536 (2"

Transfer type: 2-cycle transfer

Transfer modes: Single transfer, single-step transfer, block transfer
Transfer subjects: Memory <> Memory, Memory < 1/O, /0 < 1/0
Transfer requests: On-chip peripheral I/0O, software

Next address setting function
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O 1/0O lines Input ports: 6
I/O ports: 47
O Real-time pulse unit 16-bit timer for 3-phase sine wave PWM inverter control: 2 channels

16-bit up/down counter/timer for 2-phase encoder input: 1 channel
General-purpose 16-bit timer/counter: 2 channels
General-purpose 16-bit timer/event counter: 1 channel

16-bit interval timer: 1 channel

O Serial interface (SIO) Asynchronous serial interface (UART): 2 channels
Clocked serial interface (CSl): 2 channels
Of the four channels, two channels are used for both CSI and UART and therefore
one or the other function must be selected.

O A/D converter 10-bit resolution A/D converter: 6 channels + 8 channels (2 units)

O Regulator Two power supplies, one for the internal CPU and one for the peripheral interface, are
not necessary. A 5V single-power-supply system can be configured by connecting an
N-ch transistor (2SD1950 (VL standard product, surface mount type) or 2SD1581
(independent type) is recommended). If a 3.3 V power supply is available, it can be

directly connected to the REGIN pin.

O Clock generator Multiplication function (x1, x2.5, x5, x10) using PLL clock synthesizer
Divide-by-2 function using external clock input

O Power-saving function HALT, IDLE, and software STOP modes

O Package 100-pin plastic LQFP (fine pitch) (14 x 14)
100-pin plastic QFP (14 x 20)

O CMOS technology All static circuits
1.3 Application Fields

o Consumer equipment (inverter air conditioners)
¢ Industrial equipment (motor control, general-purpose inverters)

1.4 Ordering Information

Part Number Package Internal ROM
UPD703114GC-xxx-8EU 100-pin plastic LQFP (fine pitch) (14 x 14) Mask ROM
uPD703114GC-xxx-3BA 100-pin plastic QFP (14 x 20) Mask ROM
uPD70F3114GC-8EU 100-pin plastic LQFP (fine pitch) (14 x 14) Flash memory
uPD70F3114GF-3BA 100-pin plastic QFP (14 x 20) Flash memory

Remark xxx indicates ROM code suffix.
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1.5 Pin Configuration (Top View)

¢ 100-pin plastic LQFP (fine pitch) (14 x 14)
1PD703114GC-xxx-8EU
uPD70F3114GC-8EU

[To RS2
228
rPRE
okEE~
nZZ0
Oo=skt
TOAN—O o cPTFTONTO mvmmrogggi
SSS227:388358 438855888553
<<<<<<<I—I—I—I—I—I—§§I—I—I—I—I—I—Z<<Lu
COOONOULITOATONDONOULITNONATTOO0NO
OO OHOOOIO)O)00 000000000000 000WONMNIMNN
ANIO5 1= 75
AVbp1 2 O 74
AVss1 3 73
ANI10 4 72
ANI11 5 71
ANI12 6 70
ANI13 7 69
ANI14 8 68
ANI15 9 67
ANI16 10 66
ANI17 11 65
MODEO 12 64
Vss3 13 63
RVoo 14 62
REGOUT 15 61
REGIN 16 60
X1 17 59
X2 18 58
RESET 19 57
CVss 20 56
CKSEL 21 55
SI0/P40 22 54
SO0/P41 23 53
SCKO/P42 24 52
RXDO/P30 25 51
OMNOOOT~TAMNMTONODODOT~TANMNMTUOLONOO O
ANANAANDODODOOOMOOOOOST TSI WO
PP NNNNINESRN3 5S8R ARRR8RAR8S
Q0000000000770
2aakRNNRIREs  S5IRIRYNYSS
xxxo&&&&&&d& alalalalalayayayayaly
F%E?ZZZZZZtZ oonooooooong
HOCI~IDIIID -
m#;mmmmmgo
OFO0000AkF
® FFFFOZ
>
=

Note uPD70F3114 only.

ESOO0/INTPO/PO1
NMI/PO0
TCLR10/INTP101/P12
TCUD10/INTP100/P11
TIUD10/TO10/P10
PCM1/CLKOUT
PCMO/WAIT
PCT6/ASTB
PCT4/RD
PCT1/UWR
PCTO/LWR

Vop

Vss3
MODE1/VppNote
PDH5/A21
PDH4/A20
PDH3/A19
PDH2/A18
PDH1/A17
PDHO0/A16
PDL15/AD15
PDL14/AD14
PDL13/AD13
PDL12/AD12
PDL11/AD11
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¢ 100-pin plastic QFP (14 x 20)
UPD703114GF-xxx-3BA
uPD70F3114GF-3BA
3
e
[T
L
o}
2]
e}
A0 o cOTON—O mﬁmmvog
oS 25555555, 0008338
ZZ2Z2>>00000088000000
<IIIIFFFFFF>>SFRRFRRFRS
/) QOONOUITNNTORDN QLT NN~
gcnc»ououc)cncnovouc»oocooooooooooooooo
ANI03 O—{1 O 80 |«——O ADTRG1/INTP3/P04
ANI04 O—={2 79 |«——O ADTRGO/INTP2/P03
ANI05 O—~{3 78 l«——O ESO1/INTP1/P02
AVoot O——4 77 [«——O ESO0/INTPO/PO1
AVssi O—|5 76 [«——O NMI/P0O0
ANI1O O—~{6 75 [«—=O TCLR10/INTP101/P12
ANIM1 O—~{7 74 [«—=O TCUD10/INTP100/P11
ANI2 O—~{8 73 [+—=O TIUD10/TO10/P10
ANI13 O—=19 72 f«—=O PCM1/CLKOUT
ANI14 O——={10 71 f«—=O PCMO/WAIT
ANI5 O—={11 70 («—=O PCT6/ASTB
ANI16 O—=12 69 [«—=O PCT4/RD
ANI17 O—~{13 68 l«—=O PCT1/UWR
MODEO O—~{14 67 (~—=O PCTO/LWR
Vsss O—15 66 ——O Voo
RVop O——/16 65 ——O Vsss
REGOUT O=~—17 64 f+~——O MODE1/VppNete
REGIN O—~{18 63 [«~—=O PDH5/A21
X1 O0—{19 62 «—=O PDH4/A20
X2 O——{20 61 [«—=O PDH3/A19
RESET O—={21 60 (~—=O PDH2/A18
CVss O—{22 59 [«—=O PDH1/A17
CKSEL O—={23 58 («—=O PDHO/A16
Sl0/P40 O=—{24 57 («—=O PDL15/AD15
S00/P41 O~—+{25 56 («—=O PDL14/AD14
SCKO/P42 O~—={26 55 («=—=O PDL13/AD13
RXDO0/P30 O~—+]27 54 [«—=O PDL12/AD12
TXDO/P31 O~—{28 53 f«—=O PDL11/AD11
SI1/RXD1/P32 O=—={29 52 =—=0 PDL10/AD10
SO1/TXD1/P33 O~—={30 51 |=—=0 PDL9/AD9
~TANMITIODONONO—ANMNILOONOOO
NN OOITIIITIT I I T I 10
ééégééééé%%ééééééééé
0000000077 FIIIIIIIL
COCdATOVA S NRINORD
ANNANANAN 2]
S N N e = o YafafaYatafala
QZZZZZZI:Z (AN a By By a By a By a By o By o B0
32333853
LPOOOOJ&P
® FFFFOZ
1)
=

Note uPD70F3114 only.
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Pin Identification

A16 to A21:

ADO to AD15:
ADTRGO, ADTRGH1:
ANIOO to ANIO5,
ANI10 to ANI17:
ASCK1:

ASTB:

AVpbo, AVbD1:
AVsso, AVsst:
CKSEL:

CLKOUT:

CVss:

ESOO0, ESO1:
INTPO to INTP4,
INTP100, INTP101,
INTP20 to INTP25,
INTP30, INTP31:
LWR:

MODEO, MODEH1:
NMI:

POO0 to P05:

P10 to P12:

P20 to P27:

P30 to P34:

P40 to P42:

PCMO, PCM1:
PCTO, PCT1, PCT4,
PCT6:

Address bus
Address/data bus
A/D trigger input

Analog input

Asynchronous serial clock

Address strobe

Analog power supply

Analog ground

Clock generator operating mode select
Clock output

Clock generator ground

Emergency shut off

Interrupt request from peripherals
Lower write strobe

Mode

Non-maskable interrupt request
Port 0

Port 1

Port 2

Port 3

Port 4

Port CM

Port CT

PDHO to PDH5:
PDLO to PLD15:
RD:

'RESET:

REGIN:
REGOUT:

RVop:

RXDO0, RXD1:
'SCKO, SCK1:
SI0, SI:

SO0, SO1:
TCLR10, TCLR2,
TCLR3:
TCUD10:

TI2, TI3:

TIUD10:

TOO000 to TO0O05,
TOO010 to TO015,
TO10,

TO21 to TO24, TO3:
TOSOFF:

TXDO, TXD1:
UWR:

Vop:

Vpp:

Vss, Vssa:

WAIT:

X1, X2:
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Port DH

Port DL

Read strobe
Reset

Regulator input
Regulator output
Regulator power supply
Receive data
Serial clock
Serial input
Serial output

Timer clear

Timer control pulse input
Timer input

Timer count pulse input

Timer output

Timer output 3 off
Transmit data

Upper write strobe

Power supply
Programming power supply
Ground

Wait

Crystal

31



CHAPTER 1

INTRODUCTION

1.6 Configuration of Function Block

1.6.1 Internal block diagram
NMI ROM /L | | CPU | | BCU | MEMC -
PC — T L] Instruction| [N
INTP2, INTP3C= | s - K] e | || [SRAVC OWR
INTPO/ESOO, Note 1 oy e
INTP1/ESOA1, barrel 11—~ yuitplier ROMC
INTP4/TO30FF, shitter || |apya2 — 64 —~ ASTB
INTP20/TI2 —
' RP -~
INTP21/TO21 to v System WAT
INTP24/T0O24, Timer 0: registers <> ADO to AD15
INTP25/TCLR2, TMO00, TMO1
INTP30/TI3/TCLRS, Timer 1: TM10 RAM General- » > A16 to A21
: purpose
INTP31/TOS, Tmer 2 L] | registers
INTP100/TCUD10, LE A |sobits x 32
INTP101/TCLR10 6 KB
Timer 3: TM3
TOO000 to TO005, N T i B ]
TO010 to TOO15 “—] ™" ™" | .| omac
—1
TIUD10/TO10 =—= @
5
TXDO « CKSEL
/L
RXDO UARTO Ports ADCO ADCH — CLKOUT
cG |~—xi
SO1/TXD1 — X2
SH/RXD1 UART1 CVss
SCK1/ASCKi1 Yo o s e Lol
SEcEsipRas Z84f il MODEO,
T 0EPafPogcscs EXIIT EpZax MODE1/VeeNote 2
H- csit K S S2ofcooocoo 28 2e System |~— RESET
™ ceEL=EiRRaER S 2 controller — Voo
SITO T O = =
aoa g =z P4 —— Vss
SO0 oo < < V.
Slo csio K - REGIN 589
SCKO —~ REGOUT
Regulator | RVoo
—— Vsss
Notes 1. u©PD703114: 128 KB (mask ROM)

uPD70F3114: 128 KB (flash memory)
uPD70F3114 only.
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1.6.2

1

)

@)

(4)

(5)

(6)

@

®)

Internal units

CPU

The CPU uses 5-stage pipeline control to execute address calculation, arithmetic and logical operation, data
transfer, and most other instruction processing in one clock.

A multiplier (16 bits x 16 bits — 32 bits or 32 bits x 32 bits — 64 bits), barrel shifter (32-bit), and other
dedicated hardware are on-chip to accelerate complex instruction processing.

Bus control unit (BCU)

The BCU starts a required external bus cycle based on a physical address obtained from the CPU. If there is
no bus cycle start request from the CPU when fetching an instruction from an external memory area, the BCU
generates a prefetch address and prefetches the instruction code. The prefetched instruction code is fetched
into the internal instruction queue of the CPU.

Memory controller (MEMC)
The MEMC controls SRAM, ROM, and various I/O for external memory expansion.

DMA controller (DMAC)

The DMAC transfers data between memory and 1/O in place of the CPU.

The address mode is two-cycle transfer. The three bus modes are single transfer, single-step transfer, and
block transfer.

ROM

The uPD703114 includes mask ROM (128 KB), and the uPD70F3114 includes flash memory (128 KB).

On an instruction fetch, the ROM can be accessed by the CPU in one clock.

When single-chip mode or flash memory programming mode is set, ROM is mapped starting from address
00000000H.

ROM cannot be accessed if ROMless mode is set.

RAM
RAM is mapped starting from address FFFFCOOOH.
It can be accessed by the CPU in one clock on an instruction fetch or data access.

Interrupt controller (INTC)

The INTC services hardware interrupt requests from on-chip peripheral I/O and external sources (NMI, INTPO
to INTP4, INTP20 to INTP25, INTP30, INTP31, INTP100, INTP101). For these interrupt requests, eight
levels of interrupt priority can be defined and multiprocessing controls against the interrupt sources can be
performed.

Clock generator (CG)

The CG provides a frequency that is 1, 2.5, 5, or 10 times (using the on-chip PLL) or 0.5 times (not using the
on-chip PLL) the input clock (fx) as the internal system clock (fxx). As the input clock, connect an external
resonator to pins X1 and X2 (only when using the on-chip PLL synthesizer) or input an external clock from the
X1 pin.
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(9) Real-time pulse unit (RPU)

The RPU has a 2-channel 16-bit timer (TMO) for 3-phase sine wave PWM inverter control, a 1-channel 16-bit
up/down counter (TM1) that can be used for 2-phase encoder input or as a general-purpose timer, a 2-
channel 16-bit general-purpose timer unit (TM2), a 1-channel 16-bit timer/event counter (TM3), and a 1-
channel 16-bit interval timer (TM4) on-chip. The RPU can measure the pulse interval or frequency and can
output a programmable pulse.

(10)Serial interface (SIO)

A total of four channels of serial interfaces, including asynchronous serial interface (UART) and clocked serial
interface (CSI), are provided. Of these channels, two are used for both UART and CSI, and their function
must be selected. Of the other two channels, one is fixed to UART, and one is fixed to CSI.

The UART performs data transfer using pins TXDn and RXDn (n =0, 1).
The CSI performs data transfer using pins SOn, Sin, and SCKn (n =0, 1).

(11)A/D converter (ADC)

Two circuits of high-speed, high-resolution 10-bit A/D converters with a total of 14 pins (A/D converter 0: 6
pins, A/D converter 1: 8 pins) are available. The ADC converts using a successive approximation method.

(12)Ports

As shown in the table below, ports function as general-purpose ports and as control pins.

Port I/0 Control Functions
Port 0 6-bit input NMI input
Real-time pulse unit output stop signal input
External interrupt input
A/D converter external trigger input
Timer 3 output stop signal input
Port 1 3-bit 110 Real-time pulse unit I/O
External interrupt input
Port 2 8-bit 110 Real-time pulse unit I/O
External interrupt input
Port 3 5-bit I/O Serial interface 1/0 (UARTO, UART1/CSI1)
Port 4 3-bit I/0 Serial interface 1/0 (CSI0)
Port DH 6-bit 1/0 External address bus (A16 to A21)
Port DL 16-bit I/0 External address/data bus (ADO to AD15)
Port CT 4-bit 110 External bus interface control signal output
Port CM 2-bit 110 Wait insertion signal input
Internal system clock output
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The names and functions of the VB50E/IA2 pins are shown below. These pins can be divided by function into port

pins and non-port pins.

2.1 List of Pin Functions

(1) Port pins

Input or output can be specified in 1-bit units

(1/2)
Pin Name I/0 Function Alternate Function
P00 Input Port 0 NMI
P01 6-bit input-only port ESOO/INTPO
P02 ESO1/INTP1
P03 ADTRGO/INTP2
P04 ADTRG1/INTP3
PO5 INTP4/TO30FF
P10 I/O Port 1 TIUD10/TO10
P11 3-bit I/O port TCUD10/INTP100
Input or output can be specified in 1-bit units
P12 TCLR10/INTP101
P20 1/0 Port 2 TI2/INTP20
P21 8-bit /O port TO21/INTP21
Input or output can be specified in 1-bit units
P22 TO22/INTP22
P23 TO23/INTP23
P24 TO24/INTP24
pos TCLR2/INTP25
P26 TI3/TCLR3/INTP30
P27 TOS/INTP31
P30 1/O Port 3 RXDO
P31 5-bit I/0 port TXDO
Input or output can be specified in 1-bit units
P32 RXD1/SI1
P33 TXD1/SO1
P34 ASCK1/SCK1
P40 1/0 Port 4 Slo
P41 3-bit I/0O port SO0
Input or output can be specified in 1-bit units ——
P42 SCKO
PCMO I/0 | PortCM WAIT
PCM1 2-bit /O port CLKOUT
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(2/2)
Pin Name I/0 Function Alternate Function

PCTO /O | PortCT LWR
PCT1 4-bit I/O port UWR

Input or output can be specified in 1-bit units —
PCT4 RD
PCT6 ASTB
PDHO /0 Port DH A16
PDH1 6-bit 1/0 port A17

Input or output can be specified in 1-bit units
PDH2 A18
PDH3 A19
PDH4 A20
PDH5 A21
PDLO 1/0 Port DL ADO
PDL1 16-bit I/O port AD1

Input or output can be specified in 1-bit units
PDL2 AD2
PDL3 AD3
PDL4 AD4
PDL5 AD5
PDL6 AD6
PDL7 AD7
PDL8 ADS8
PDL9 AD9
PDL10 AD10
PDL11 AD11
PDL12 AD12
PDL13 AD13
PDL14 AD14
PDL15 AD15
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(2) Non-port pins

(1/3)

Pin Name I/0 Function Alternate Function
TOO000 Output | Timer 00 pulse signal output -
TOO001 _
TO002 -
TO003 -
TO004 _
TOO005 -
TOO010 Output | Timer 01 pulse signal output -
TOO11 -
TOO012 -
TOO013 -
TOO014 -
TOO015 -
TO10 Output | Timer 10 pulse signal output P10/TIUD10
TO21 Output | Timer 2 pulse signal output P21/INTP21
TO22 P22/INTP22
TO23 P23/INTP23
TO24 P24/INTP24
TO3 Output | Timer 3 pulse signal output P27/INTP31
ESO0 Input Timer 00 or 01 output stop signal input PO1/INTPO
ESO1 P02/INTP1
TIUD10 Input External count clock input to up/down counter (timer 10) P10/TO10
TCUD10 Input Count operation switching signal to up/down counter (timer 10) P11/INTP100
TCLR10 Input | Clear signal input to up/down counter (timer 10) P12/INTP101
TI2 Input Timer 2 or 3 external count clock input P20/INTP20
TI3 P26/INTP30/TCLR3
TCLR2 Input | Timer 2 or 3 clear signal input P25/INTP25
TCLR3 P26/INTP30/TI3
INTPO Input External maskable interrupt request input P0O1/ESO0
INTP1 P02/ESO1
INTP2 PO3/ADTRGO
INTP3 P04/ADTRG1
INTP4 P05/TO30FF
INTP100 Input External maskable interrupt request input and timer 10 external capture P11/TCUD10
INTP101 trigger input P12/TCLR10
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(2/3)

Pin Name I/0 Function Alternate Function
INTP20 Input External maskable interrupt request input and timer 2 external capture P20/TI2
INTP21 trigger input P21/TO21
INTP22 P22/TO22
INTP23 P23/TO23
INTP24 P24/TO24
INTP25 P25/TCLR2
INTP30 Input External maskable interrupt request input and timer 3 external capture P26/TI3/TCLR3
INTP31 trigger input P27/TO3
TO3OFF Input Timer 3 output stop signal input PO5/INTP4
SO0 Output | Serial transmit data output (3-wire) of CSI0 and CSI1 P41
SO1 P33/TXD1
SIo Input Serial receive data input (3-wire) of CSI0 and CSI1 P40
S P32/RXD1
SCKO 1/10 Serial clock 1/O (3-wire) of CSIO and CSI1 P42
SCKT P34/ASCK1
TXDO Output | Serial transmit data output of UARTO and UART1 P31
TXD1 P33/SO1
RXDO Input Serial receive data input of UARTO and UART1 P30
RXD1 P32/SI1
ASCK1 /O | UART1 serial clock /O P34/SCK1
ANIO0 to ANIO5 Input Analog input to A/D converter -
ANI10 to ANI17 -
ADTRGO Input External trigger input to A/D converter PO3/INTP2
ADTRG1 PO4/INTP3
NMI Input Non-maskable interrupt request input P00
MODEO Input Specifies V850E/IA2 operation mode -
MODEH1 V'
Vep'® - Power application for flash memory write MODEH1
WAIT Input | Control signal input to insert wait in bus cycle PCMO
LWR Output | External data lower byte write strobe signal output PCTO
UWR Output | External data higher byte write strobe signal output PCTH
RD Output | External data bus read strobe signal output PCT4
ASTB Output | External data bus address strobe signal output PCT6
ADO to AD15 1/0 16-bit address/data bus for external memory PDLO to PDL15
A16 to A21 Output | Higher 6-bit address bus for external memory PDHO to PDH5
RESET Input | System reset input -
X1 Input Crystal resonator connection pin for system clock oscillation. -
X2 B Input to X1 pin when providing clocks from outside. _

Note uPD70F3114 only
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(3/3)
Pin Name I/0 Function Alternate Function

CLKOUT Output | System clock output PCMA1

CKSEL Input Input specifying clock generator operation mode -
AVbpo, AVob1 - Positive power supply for A/D converter -
AVsso, AVsst - Ground potential for A/D converter -
CVss - Ground potential for oscillator, PLL and regulator -
Vop - 5 V system positive power supply for peripheral interface -
Vss - 5 V system ground potential for peripheral interface -
RVop - Positive power supply pin for regulator (5 V system power supply pin) -
Vsss - Internal 3.3 V system ground pin -
REGOUT Output | Regulator output pin -
REGIN Input Regulator input pin (3.3 V system power supply pin) -
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2.2 Pin Status

The following table shows the status of each pin after a reset, in power-saving mode (software STOP mode, IDLE,
HALT), and during a DMA transfer.

Operating Status Reset Reset IDLE Mode/ HALT Mode/
Pin (Single-Chip Mode) (ROMless Mode) | Software STOP Mode | During DMA Transfer
A16 to A21 (PDHO to PDH5) Hi-Z Hi-Z Hi-Z Operating
ADO to AD15 (PDLO to PDL15) Hi-Z Hi-Z Hi-Z Operating
LWR, UW_R(PCTO, PCT1) Hi-Z Hi-Z H Operating
RD (PCT4) Hi-Z Hi-Z H Operating
ASTB (PCT6) Hi-Z Hi-Z H Operating
WAIT (PCMO) Hi-Z Hi-Z - Operating
CLKOUT (PCM1) Hi-Z Operating L Operating

Caution When controlling the external bus using an ASIC or the like in standby mode, provide a separate
controller.

Remarks Hi-Z: High impedance
H:  High-level output
L: Low-level output
- No input sampling
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2.3 Description of Pin Functions

(1) POO to P05 (Port 0) ... Input

P00 to P05 function as a 6-bit input-only port in which all pins are fixed to input.

Besides functioning as an input port, in control mode, P00 to P05 operate as NMI input, real-time pulse unit
(RPU) output stop signal input, external interrupt request input, A/D converter (ADC) external trigger input,
and timer 3 output stop signal input. Normally, if port pins also have alternate functions, the mode is selected
using a port mode control register. However, there is no such register for P00 to P05. Therefore, the input
port cannot be switched with the NMI input pin, RPU output stop signal input pin, external interrupt request
input pin, A/D converter (ADC) external trigger input pin, and timer 3 output stop signal input pin. Read the
status of each pin by reading the port.

(a) Port mode
P00 to P05 are input-only.

(b) Control mode

P00 to P05 also serve as the NMI, ESO0, ESO1, ADTRGO, ADTRG1, INTPO to INTP4, and TO3OFF
pins, but they cannot be switched.

(i) NMI (Non-maskable interrupt request) ... Input
This is non-maskable interrupt request input.

(ii) ESO0, ESO1 (Emergency shut off) ... Input
These pins input timer 00 and timer 01 output stop signals.

(iii) INTPO to INTP4 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins.

(iv) ADTRGO, ADTRG1 (A/D trigger input) ... Input
These are A/D converter external trigger input pins.

(v) TO3OFF (Timer output 3 off) ... Input
This is a timer output stop signal input pin.

User’s Manual U15195EJ3VOUD 41



CHAPTER 2 PIN FUNCTIONS

42

(2) P10to P12 (Port1)...1/0
P10 to P12 function as a 3-bit I/O port in which input or output can be set in 1-bit units.
Besides functioning as an I/O port, in control mode, P10 to P12 operate as RPU 1/O and external interrupt
request input.
Port or control mode can be selected as the operation mode for each bit, specified by the port 1 mode control
register (PMC1).

(a) Port mode
P10 to P12 can be set to input or output in 1-bit units using the port 1 mode register (PM1).

(b) Control mode
P10 to P12 can be set to port or control mode in 1-bit units using PMC1.

(i) TO10 (Timer output) ... Output
This pin outputs the timer 10 pulse signal.

(ii) TIUD10 (Timer count pulse input) ... Input
This is an external count clock input pin to the up/down counter (timer 10).

(iii) TCUD10 (Timer control pulse input) ... Input
This pin inputs count operation switching signals to the up/down counter (timer 10).

(iv) TCLR10 (Timer clear) ... Input
This is a clear signal input pin to the up/down counter (timer 10).

(v) INTP100, INTP101 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins and timer 10 external capture trigger input pins.
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(3) P20 to P27 (Port 2)...1/0
P20 to P27 function as an 8-bit I/O port in which input or output can be set in 1-bit units.
Besides functioning as an 1/O port, in control mode, P20 to P27 operate as RPU 1/O and external interrupt
request input.
Port or control mode can be selected as the operation mode for each bit, specified by the port 2 mode control
register (PMC2).

(a) Port mode
P20 to P27 can be set to input or output in 1-bit units using the port 2 mode register (PM2).

(b) Control mode
P20 to P27 can be set to port or control mode in 1-bit units using PMC2.

(i) TO21 to TO24 (Timer output) ... Output
These pins output a timer 2 pulse signal.

(ii) TO3 (Timer output) ... Output
This pin outputs a timer 3 pulse signal.

(iii) TI2, TI3 (Timer input) ... Input
These are timer 2 and timer 3 external count clock input pins.

(iv) TCLR2, TCLR3 (Timer clear) ... Input
These are timer 2 and timer 3 clear signal input pins.

(v) INTP20 to INTP25 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins and timer 2 external capture trigger input pins.

(vi) INTP30, INPT31 (Interrupt request from peripherals) ... Input
These are external interrupt request input pins and timer 3 external capture trigger input pins.
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(4) P30 to P34 (Port 3) ... 1/0
P30 to P34 function as a 5-bit I/O port in which input or output can be set in 1-bit units.
Besides functioning as an 1/O port, in control mode, P30 to P34 operate as serial interface (UARTO,
UART1/CSI1) I/O.
Port or control mode can be selected as the operation mode for each bit, specified by the port 3 mode control
register (PMC3). The selection of UART/SCI1 is specified by the port 3 function control register (PFC3).

(a) Port mode
P30 to P34 can be set to input or output in 1-bit units using the port 3 mode register (PM3).

(b) Control mode
P30 to P34 can be set to port or control mode in 1-bit units using PMCS3.

(i) TXDO, TXD1 (Transmit data) ... Output
These pins output serial transmit data of UARTO and UART1.

(i) RXDO, RXD1 (Receive data) ... Input
These pins input serial receive data of UARTO and UART1.

(iii) ASCK1 (Asynchronous serial clock) ... I/O
This is UART1 serial clock 1/O pin.

(iv) SO1 (Serial output) ... Output
This pin outputs serial transmit data of CSI1.

(v) SH (Serial input) ... Input
This pin inputs serial receive data of CSI1.

(vi) SCK1 (Serial clock) ... I/O
This pin is CSI1 serial clock I/O pin.
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®)

(6)

P40 to P42 (Port 4) ... /0

P40 to P42 function as a 3-bit I/O port in which input or output can be set in 1-bit units.

Besides functioning as an I/O port, in control mode, P40 to P42 operate as serial interface (CSI0) 1/0.

Port or control mode can be selected as the operation mode for each bit, specified by the port 4 mode control
register (PMC4).

(a) Port mode
P40 to P42 can be set to input or output in 1-bit units using the port 4 mode register (PM4).

(b) Control mode
P40 to P42 can be set to port or control mode in 1-bit units using PMCA4.

(i) SO0 (Serial output) ... Output
This pin outputs CSIO serial transmit data.

(ii) SIlO0 (Serial input) ... Input
This pin inputs CSIO serial receive data.

(iii) SCKO (Serial clock) ... I/0
This is CSIO0 serial clock I/O pin.

PCMO, PCM1 (Port CM) ... I/0

PCMO0 and PCM1 function as a 2-bit I/0 port in which input or output can be set in 1-bit units.

Besides functioning as a port, in control mode, PCMO and PCM1 operate as wait insertion signal input and
internal system clock output.

Port or control mode can be selected as the operation mode for each bit, specified by the port CM mode
control register (PMCCM).

(a) Port mode
PCMO0 and PCM1 can be set to input or output in 1-bit units using the port CM mode register (PMCM).

(b) Control mode
PCMO0 and PCM1 can be set to port or control mode in 1-bit units using PMCCM.

(i) WAIT (Wait) ... Input
This control signal input pin, which inserts a data wait in a bus cycle, can be input asynchronously to
the CLKOUT signal. Sampling is performed at the falling edge of the CLKOUT signal in the T2 or
TW state of the bus cycle. If the setup or hold time is not secured within the sampling timing, wait
insertion may not be performed.

(ii) CLKOUT (Clock output) ... Output
This is an internal system clock output pin. In single-chip mode, output is not performed by the
CLKOUT pin because it is in port mode. To perform CLKOUT output, set this pin to control mode
using the port CM mode control register (PMCCM). This pin performs CLKOUT output, even during
the reset period, in ROMless mode.

User’s Manual U15195EJ3VOUD 45



CHAPTER 2 PIN FUNCTIONS

46

(7) PCTO, PCT1, PCT4, PCT6 (Port CT) ... I/O
PCTO, PCT1, PCT4, and PCT®6 function as a 4-bit I/O port in which input or output can be set in 1-bit units.
Besides functioning as a port, in control mode, these pins operate as control signal output for when memory

is expanded externally.
Port or control mode can be selected as the operation mode for each bit, specified by the port CT mode
control register (PMCCT).

(a) Port mode
PCTO, PCT1, PCT4, and PCT6 can be set to input or output in 1-bit units using the port CT mode register
(PMCT).

(b) Control mode
PCTO, PCT1, PCT4, and PCT6 can be set to port or control mode in 1-bit units using PMCCT.

)

(ii)

LWR (Lower byte write strobe) ... Output

This is a strobe signal that shows that the bus cycle being executed is a write cycle for SRAM,
external ROM, or an external peripheral I/O area.

In the data bus, the lower byte is valid. If the bus cycle is a lower memory write, it becomes active at
the falling edge of the CLKOUT signal in the T1 state and becomes inactive at the falling edge of the
CLKOUT signal in the T2 state.

UWR (Higher byte write strobe) ... Output

This is a strobe signal that shows that the bus cycle being executed is a write cycle for SRAM,
external ROM, or an external peripheral I/O area.

In the data bus, the higher byte is valid. If the bus cycle is a higher memory write, it becomes active
at the falling edge of the CLKOUT signal in the T1 state and becomes inactive at the falling edge of
the CLKOUT signal in the T2 state.

(iii) RD (Read strobe) ... Output

This is a strobe signal that shows that the bus cycle being executed is a read cycle for SRAM,
external ROM, or external peripheral I/O. It is inactive in the idle state (TI).

(iv) ASTB (Address strobe) ... Output

This is the external address bus latch strobe signal output pin.
Output becomes low level in synchronization with the falling edge of the clock in the T1 state of the
bus cycle, and high level in synchronization with the falling edge of the clock in the T3 state.
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(9)

(10

(11)

(12)

(13)

PDHO to PDH5 (Port DH) ... I/O

PDHO to PDHS5 function as a 6-bit I/O port in which input or output can be set in 1-bit units.

Besides functioning as a port, in control mode (external expansion mode), these pins operate as the address
bus (A16 to A21) for when memory is expanded externally.

Port or control mode can be selected as the operation mode for each bit, specified by the port DH mode
control register (PMCDH).

(a) Port mode
PDHO to PDH5 can be set to input or output in 1-bit units using the port DH mode register (PMDH).

(b) Control mode
PDHO to PDH5 can be specified as A16 to A21 using PMCDH.

(i) A16 to A21 (Address) ... Output
These pins output the higher 6-bit address of the 22-bit address in the address bus on an external
access.

PDLO to PDL15 (PortDL) ... I/O

PDLO to PDL15 function as a 16-bit I/O port in which input or output can be set in 1-bit units.

Besides functioning as a port, in control mode (external expansion mode), these pins operate as the
address/data bus (ADO to AD15) for when memory is expanded externally.

Port or control mode can be selected as the operation mode for each bit, specified by the port DL mode
control register (PMCDL).

(a) Port mode
PDLO to PDL15 can be set to input or output in 1-bit units using the port DL mode register (PMDL).

(b) Control mode
PDLO to PDL15 can be specified as ADO to AD15 using PMCDL.

(i) ADO to AD15 (Address/data bus) ... /10
This is a multiplexed bus for addresses or data on an external access. When used for addresses (T1
state) these pins output AO to A15 of the 22-bit address, and when used for data (T2, TW, T3) they
are 16-bit data 1/0 bus pins.

TOO000 to TO005 (Timer output) ... Output
These pins output the pulse signal of timer 00.

TOO010 to TO015 (Timer output) ... Output
These pins output the pulse signal of timer 01.

ANIOO to ANIO5, ANI10 to ANI17 (Analog input) ... Input
These pins input analog signals to the A/D converter.

CKSEL (Clock generator operating mode select) ... Input

This is the input pin that specifies the operation mode of the clock generator. Fix this pin so that the input
level does not change during operation.
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(14)

(15)

(16)

(7)

(18)

(19)

MODEO, MODE1 (Mode) ... Input

These are the input pins that specify the operation mode. Operation modes are broadly divided into normal
operation modes and flash memory programming mode. The normal operation modes are single-chip mode
and ROMIless mode (see 3.3 Operation Modes for details). The operation mode is determined by sampling
the status of each of the MODEO and MODE1 pins on a reset.

Fix these pins so that the input level does not change during operation.

(a) uPD703114

MODEH1 MODEO Operation Mode
L L Normal operation mode ROMIess mode
L H Single-chip mode
Other than above Setting prohibited

(b) uPD70F3114

MODE1/Vee MODEO Operation Mode
L L Normal operation mode ROMless mode
L H Single-chip mode
7.8V H Flash memory programming mode
Other than above Setting prohibited

Remark L: Low-level input
H: High-level input

RESET (Reset) ... Input

RESET input is asynchronous input. When a signal having a certain low level width is input in asynchronous
with the operation clock, a system reset that takes precedence over all operations occurs.

Besides a normal initialize or start, this signal is also used to release a standby mode (HALT, IDLE, software
STOP).

X1, X2 (Crystal)

These pins connect a resonator for system clock generation.

They can also input external clocks. In this case, connect the external clock to the X1 pin and leave the X2
pin open.

CVss (Ground for clock generator)
This is the ground pin for the resonator, PLL and regulator.

Vob (Power supply)
This is the 5 V system positive power supply pin for the peripheral interface.

Vss (Ground)
This is the 5 V system ground pin for the peripheral interface.
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(20)

(21)

(22)

(23)

(24)

(25)

RVob (Regulator power supply)
This is the positive power supply pin for the regulator.
Supply 5 V system power to this pin.

Vsss (Ground)
This is the internal 3.3 V system ground pin.

REGOUT (Regulator output) ... Output
This is the regulator output pin.

REGIN (Regulator input) ... Input
This is the regulator input pin. Supply 3.3 V system power to this pin.

AVppo, AVbb1 (Analog power supply)
These are the analog positive power supply pins for the A/D converter.

AVsso, AVss1 (Analog ground)
These are the ground pins for the A/D converter.
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2.4 Types of Pin I/0 Circuits and Connection of Unused Pins
Connection of a 1 to 10 kQ resistor is recommended when connecting to Vob, Vss, or CVss via a resistor.

(1/2)

Pin 1/0O Circuit Type Recommended Connection

POO/NMI 2 Connect directly to Vss.

PO1/ESOO0/INTPO
P02/ESO1/INTP1

PO3/ADTRGO/INTP2
P04/ADTRG1/INTP3

PO5/INTP4/TO30FF

P10/TIUD10/TO10 5-AC Input: Independently connect to Voo or Vss via a resistor.
Output: Leave open.

P11/TCUD10/INTP100

P12/TCLR10/INTP101

P20/TI2/INTP20
P21/TO21/INTP21 to P24/TO24/INTP24

P25/TCLR2/INTP25

P26/TI3/TCLR3/INTP30

P27/TO3/INTP31

P30/RXD0

P31/TXDO 5

P32/RXD1/SI1 5-AC

P33/TXD1/SO1 5
P34/ASCK1/SCK1 5-AC

P40/S10

P41/SO0 5

P42/SCKO 5-AC
PCMO/WAIT 5
PCM1/CLKOUT
PCTO/LWR
PCT1/UWR

PCT4/RD

PCT6/ASTB
PDHO/A16 to PDH5/A21
PDLO/ADO to PDL15/AD15

ANIOO to ANIO5 7 Connect to AVsso.
ANI10 to ANI17 Connect to AVsst.
TOO000 to TO005, TO010 to TO015 4 Leave open.
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(2/2)
Pin 1/0 Circuit Type Recommended Connection
MODEO 2 -
Vee"**/MODE1
RESET
CKSEL
X2 - Leave open.
AVsso, AVssi - Connect to Vss.
AVooo, AVbp1 - Connect to Voo.
REGOUT - Leave open.

Note 1PD70F3114 only
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2.5 Pin I/O Circuits

Type 2 Type 5-AC
Vop
Data P-ch
IN/OUT
IN O
Output N-ch
disable
e . . ) . Input
Schmitt-triggered input with hysteresis characteristics enable
Type 4 Type 7
Vob
P-ch
P-ch J—
out INO m T N Comparator
Output N-ch N-ch P
disable T %

Vrer (threshold voltage)

Push-pull output with possible high-impedance output
(P-ch, N-ch both off)

Type 5
Vop
Data ——— 1| [ Pn
—O IN/OUT
Output N-ch
disable
Input ]
enable
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The CPU of the V850E/IA2 is based on RISC architecture and executes almost all instructions in one clock cycle,
using 5-stage pipeline control.

3.1 Features

¢ Minimum instruction execution time: 25 ns (@ internal 40 MHz operation)
* Memory space Program space: 64 MB Linear
Data space: 4 GB Linear
¢ Thirty-two 32-bit general-purpose registers
* Internal 32-bit architecture
* Five-stage pipeline control
* Multiplication/division instructions
¢ Saturated operation instructions
* One-clock 32-bit shift instruction
* Load/store instructions in long/short format
¢ Four types of bit manipulation instructions
* SET1
e CLR1
* NOT1
e TST1
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3.2 CPU Register Set

The registers of the VB50E/IA2 can be classified into two categories: a general-purpose program register set and a
dedicated system register set. The width of all the registers is 32 bits.
For details, refer to VB50E1 Architecture User’s Manual.

(1) Program register set (2) System register set

31 0 31 0
r0 (Zero register) EIPC (Status saving register during interrupt)

1 (Assembler-reserved register) EIPSW (Status saving register during interrupt)
r2

r3 (Stack pointer (SP)) FEPC  (Status saving register during NMI)

r4 (Global pointer (GP)) FEPSW (Status saving register during NMI)
r5 (Text pointer (TP))

ré
r7 |

ECR (Interrupt source register) |

r8 |
r9
r10
r11
ri2
r13
r14
r15
r16
r17 CTBP  (CALLT base pointer) |
r18

r19

r20

r21

r22

r23

r24

r25

r26

r27

r28

r29

r30 (Element pointer (EP))
r31 (Link pointer (LP))

PSW (Program status word) |

CTPC  (Status saving register during CALLT execution)

CTPSW (Status saving register during CALLT execution)

DBPC  (Status saving register during exception/debug trap)

DBPSW (Status saving register during exception/debug trap)

31 0
| PC (Program counter)
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3.2.1

Program register set

The program register set includes general-purpose registers and a program counter.

(1) General-purpose registers

Thirty-two general-purpose registers, r0 to r31, are available. Any of these registers can be used as a data
variable or address variable.

However, r0 and r30 are implicitly used by instructions, and care must be exercised when using these
registers. r0 is a register that always holds 0, and is used for operations using 0 and offset 0 addressing. r30
is used, by means of the SLD and SST instructions, as a base pointer for when memory is accessed. Also,
r1, r3 to r5, and r31 are implicitly used by the assembler and C compiler. Therefore, before using these
registers, their contents must be saved so that they are not lost. The contents must be restored to these
registers after they have been used. r2 is sometimes used by a real-time OS. r2 can be used as a register
for variables when it is not being used by the real-time OS.

Table 3-1. Program Registers

Name Usage Operation
r0 Zero register Always holds 0
r1 Assembler-reserved register | Working register for generating address
r2 Address/data variable register (when not being used by the real-time OS)
r3 Stack pointer Used to generate stack frame when function is called
r4 Global pointer Used to access global variable in data area
r5 Text pointer Register to indicate the start of the text area (where program

code is located)

r6 to r29 Address/data variable register:

(2]

r30 Element pointer Base pointer for generating address when memory is
accessed

r31 Link pointer Used by compiler when calling function

PC Program counter Holds instruction address during program execution

Remark For detailed descriptions of r1, r3 to r5, and r31, which are used by the assembler and C compiler, refer

to CA850 (C Compiler Package) Assembly Language User’s Manual (U10543E).

(2) Program counter (PC)

This register holds the instruction address during program execution. The lower 26 bits of this register are
valid, and bits 31 to 26 are fixed to 0. If a carry occurs from bit 25 to 26, it is ignored.
Bit 0 is fixed to 0, and branching to an odd address cannot be performed.

31 2625 10
r 1T 11111 1rrtrtrrrrrrrrrrrr 111111

. After reset
PC Fixed to O Instruction address during execution

00000000H

o
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3.2.2 System register set
System registers control the status of the CPU and hold interrupt information.
To read/write these system registers, specify a system register number indicated below using the system register

load/store in

struction (LDSR or STSR instruction).

Table 3-2. System Register Numbers

No. System Register Name Operand Specification
LDSR Instruction STSR Instruction
0 Status saving register during interrupt (EIPC)"" e} 0}
1 Status saving register during interrupt (EIPSW) ©)
2 Status saving register during NMI (FEPC) O ©)
3 Status saving register during NMI (FEPSW) O (@)
4 Interrupt source register (ECR) X O
5 Program status word (PSW) O ©)
610 15 Reserved number for future function expansion (operations that access X X
these register numbers cannot be guaranteed).
16 Status saving register during CALLT execution (CTPC) O O
17 Status saving register during CALLT execution (CTPSW) O O
18 Status saving register during exception/debug trap (DBPC) onee? O
19 Status saving register during exception/debug trap (DBPSW) onoe? O
20 CALLT base pointer (CTBP) O O
21 to 31 Reserved number for future function expansion (operations that access X X
these register numbers cannot be guaranteed).
Notes 1. Because this register has only one set, to allow multiple interrupts, it is necessary to save this register
by program.
2. Access is only possible when the DBTRAP instruction is executed.
Caution Even if bit 0 of EIPC, FEPC, or CTPC is set to 1 with the LDSR instruction, bit 0 will be ignored

when the program is returned by the RETI instruction after interrupt servicing (because bit 0 of
the PC is fixed to 0). When setting the value of EIPC, FEPC, or CTPC, use an even value (bit 0 =
0).

Remark O: Access allowed

x: Access prohibited

(1) Interrupt source register (ECR)

31 1615 0
con I B B \FE\CC\ I B B I B B \EI(\3C\ I B B After reset
00000000H
Bit position Bit name Function
31to 16 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception/maskable interrupt

56
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(2) Program status word (PSW)

31 876543210
I I N N I O B
After reset
PSW RFU NP|EP|ID [SAT|ICY|OV|S | Z 00000020H
Bit position Flag Function
31to8 RFU Reserved field (fixed to 0).

7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress. This flag is

set when an NMI is acknowledged, and disables multiple interrupts.
0: NMI servicing not under execution.
1: NMI servicing under execution.

6 EP Indicates that exception processing is in progress. This flag is set when an
exception is generated. Moreover, interrupt requests can be acknowledged
when this bit is set.

0: Exception processing not under execution.
1: Exception processing under execution.
5 ID Displays whether a maskable interrupt request can be acknowledged or not.
0: Interrupt enabled (El).
1: Interrupt disabled (DlI).

4 SAT" Displays that the operation result of a saturated operation processing instruction
is saturated due to overflow. Due to the cumulative flag, if the operation result is
saturated by the saturation operation instruction, this bit is set (1), but is not
cleared (0) even if the operation results of subsequent instructions are not
saturated. To clear (0) this bit, load the data in PSW. Note that in a general
arithmetic operation, this bit is neither set (1) nor cleared (0).

0: Not saturated.
1: Saturated.

3 cY This flag is set if a carry or borrow occurs as result of an operation (if a carry or
borrow does not occur, it is reset).

0: Carry or borrow does not occur.
1: Carry or borrow occurs.

2 ov™e This flag is set if an overflow occurs during operation (if an overflow does not
occur, it is reset).

0: Overflow does not occur.
1: Overflow occurs.

1 g This flag is set if the result of an operation is negative (it is reset if the result is
positive).

0: The operation result was positive or 0.
1: The operation result was negative.

0 Z This flag is set if the result of an operation is zero (if the result is not zero, it is
reset).

0: The operation result was not 0.
1: The operation result was 0.

Note The result of a saturation-processed operation is determined by the contents of the OV and S flags
during the saturation operation. Simply setting the OV flag (1) will set the SAT flag (1) in a saturation

operation.
Status of operation result Flag status Saturation-processed
S oV SAT operation result
Maximum positive value exceeded 1 1 0 7FFFFFFFH
Maximum negative value exceeded 1 1 80000000H
Positive (not exceeding the maximum) mi‘%;“lu e 0 0 Operation result itself
Negative (not exceed the maximum) ggg’rraeﬁ on 1
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3.3 Operation Modes

3.3.1

pins.

58

Operation modes
The V850E/IA2 has the following operation modes. Mode specification is carried out by the MODEO and MODE1

(1) Normal operation mode

(a) Single-chip mode
Access to the internal ROM is enabled.

In single-chip mode, after the system reset is cleared, each pin related to the bus interface enters the port
mode, program execution branches to the reset entry address of the internal ROM, and instruction
processing starts. By setting the PMCDH, PMCDL, PMCCT, and PMCCM registers to control mode by
instruction, an external device can be connected to the external memory area.

(b) ROMless mode

After the system reset is cleared, each pin related to the bus interface enters the control mode, program
execution branches to the external device’s (memory) reset entry address, and instruction processing

starts. Fetching of instructions and data access for internal ROM becomes impossible.
In ROMless mode, the data bus is a 16-bit data bus.

(2) Flash memory programming mode (uPD70F3114 only)

If this mode is specified, it becomes possible for the flash programmer to run a program to the internal flash

memory.

The initial values of the registers differ depending on the mode.

Operation Mode PMCDH PMCDL PMCCT PMCCM BSC
Normal ROMless mode FFH FFFFH 53H 03H 5555H
°pe;a“°” Single-chip mode 00H 0000H 00H 00H 5555H
mode
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3.3.2 Operation mode specification

The operation mode is specified according to the status of the MODEO and MODE1 pins. In an application system,
fix the specification of these pins and do not change them during operation. Operation is not guaranteed if these pins

are changed during operation.

(a) pPD703114

MODEH1 MODEO Operation Mode Remark
L L Normal operation mode ROMIless mode 16-bit data bus
L H Single-chip mode Internal ROM area is allocated
from address 000000H.

Other than above

Setting prohibited

(b) uPD70F3114

MODE1/VpP MODEO Operation Mode Remark
L L Normal operation mode ROMIess mode 16-bit data bus
L H Single-chip mode Internal ROM area is allocated
from address 000000H.
7.8V H Flash memory programming mode -

Other than above

Setting prohibited

Remarks L:
H: High-level input

Low-level input
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3.4 Address Space

3.4.1 CPU address space

The V850E1 CPU of the V850E/IA2 is of 32-bit architecture and supports up to 4 GB of linear address space (data
space) during operand addressing (data access). Also, in instruction address addressing, a maximum of 64 MB of
linear address space (program space) is supported.

Figure 3-1 shows the CPU address space.

Figure 3-1. CPU Address Space

CPU address space

FFFFFFFFH
= i Data area
(4 GB linear)
04000000H
03FFFFFFH
Program area
(64 MB linear)
00000000H
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3.4.2 Image

16 images, each containing a 256 MB physical address space, are seen in the 4 GB CPU address space. In
actuality, the same 256 MB physical address space is accessed regardless of the values of bits 31 to 28 of the CPU
address. Figure 3-2 shows the image of the virtual addressing space.

Physical address x0000000H can be seen as CPU address 00000000H, and in addition, can be seen as address
10000000H, address 20000000H, ... , address EO000000H, or address FOOO0000H.

Figure 3-2. Image on Address Space

CPU address space

FFFFFFFFH .
Image \\\
FO000000H .
EFFFFFFFH N S
Image AN
\\ - . Physical address space
E0000000H R L7 P FFFFFFFH
DFFFFFFEH . ' I On-chip peripheral I/O
N N Internal RAM
Image \\/\/ v
L T N External memory
20000000H 7 FERNOY
1FFFFFFFH J AN Internal ROM 0000000H
Image /) /// ///
10000000H 7 J/
OFFFFFFFH /
Image /
00000000H !
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3.4.3 Wrap-around of CPU address space

(1) Program space

Of the 32 bits of the PC (program counter), the higher 6 bits are fixed to 0, and only the lower 26 bits are
valid. Even if a carry or borrow occurs from bit 25 to 26 as a result of branch address calculation, the higher
6 bits ignore the carry or borrow.

Therefore, the lower-limit address of the program space, address 00000000H, and the upper-limit address
03FFFFFFH become contiguous addresses. Wrap-around refers to a situation like this whereby the lower-
limit address and upper-limit address become contiguous.

Caution Access to the 4 KB area of addresses 03FFFO00H to 03FFFFFFH is prohibited. Operation is
not guaranteed if this area is accessed.

03FFFFFEH Program space
03FFFFFFH
(+) direction (-) direction
00000000H
00000001H
Program space

(2) Data space

The result of an operand address calculation that exceeds 32 bits is ignored.

Therefore, the lower-limit address of the program space, address 00000000H, and the upper-limit address
FFFFFFFFH are contiguous addresses, and the data space is wrapped around at the boundary of these
addresses.

FFFFFFFEH Data space
FFFFFFFFH
(+) direction (-) direction
00000000H
00000001H
Data space
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3.4.4 Memory map

The V850E/IA2 reserves areas as shown in Figure 3-3. Each mode is specified by the MODEO and MODE1 pins.

Figure 3-3. Memory Map

xFFFFFFFH

xFFFFO00H
xFFFEFFFH

xFFFD800H
xFFFD7FFH

xFFFCOOOH
XFFFBFFFH

x0400000H
X03FFFFFH

x0200000H
x01FFFFFH

x0100000H
X0OFFFFFH

x0000000H

Single-chip mode

ROMless mode

On-chip peripheral

1/0O area

On-chip peripheral

I/O area

Internal RAM area

Internal RAM area

Access prohibitedN°te

Internal ROM area

External memory
area of V850E/IA2

6 KB

256 MB

4 MB

Note By setting the PMCDH, PMCDL, PMCCT, and PMCCM registers to control mode, this area can be used
as external memory area.
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3.4.5 Area

(1) Internal ROM/internal flash memory area

(a) Memory map
1 MB of internal ROM/internal flash memory area, addresses 00000H to FFFFFH, is reserved.
Actually, internal ROM/internal flash memory of 128 KB is mapped to addresses 000000H to 01FFFFH.
Addresses 020000H to OFFFFFH are undefined.

Figure 3-4. Internal ROM/Internal Flash Memory Area

OFFFFFH
== Undefined e
020000H
01FFFFH Internal ROM/
internal flash
memory area
000000H
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(b) Interrupt/exception table
The V850E/IA2 increases the interrupt response speed by assigning handler addresses corresponding to

interrupts/exceptions.
The collection of these handler addresses is called an interrupt/exception table, which is located in the

internal ROM area.

When an interrupt/exception request is acknowledged, execution jumps to the

handler address, and the program written at that memory location is executed. Table 3-3 shows the
sources of interrupts/exceptions, and the corresponding addresses.

Remark When in ROMless mode, in order to resume correct operation after reset, provide a handler
address to the reset routine at address 0 of the external memory.

Table 3-3. Interrupt/Exception Table

Start Address of
Interrupt/Exception Table

Interrupt/Exception Source

Start Address of
Interrupt/Exception Table

Interrupt/Exception Source

00000000H RESET 00000230H INTP24/INTCC24
00000010H NMIO 00000240H INTP25/INTCC25
00000040H TRAPONn (n=0to F) 00000250H INTTM3
00000050H TRAP1n (n=0to F) 00000260H INTP30/INTCC30
00000060H ILGOP/DBGO 00000270H INTP31/INTCC31
00000080H INTPO 00000280H INTCM4
00000090H INTP1 00000290H INTDMAO
000000A0OH INTP2 000002A0H INTDMA1
000000BOH INTP3 000002BOH INTDMA2
000000COH INTP4 000002COH INTDMA3
000000FOH INTDETO 00000310H INTCSIO
00000100H INTDET1 00000320H INTCSIH
00000110H INTTMOO 00000330H INTSRO
00000120H INTCMO003 00000340H INTSTO
00000130H INTTMO1 00000350H INTSERO
00000140H INTCMO13 00000360H INTSRH1
00000150H INTP100/INTCC100 00000370H INTST1
00000160H INTP101/INTCC101 000003A0H INTADO
00000170H INTCM100 000003BOH INTAD1
00000180H INTCM101 000003F0OH INTCMO10
000001DOH INTTM20 00000400H INTCMO11
000001EOH INTTM21 00000410H INTCMO12
000001FOH INTP20/INTCC20 00000420H INTCMO14
00000200H INTP21/INTCC21 00000430H INTCMO15
00000210H INTP22/INTCC22 00000440H INTCMO004
00000220H INTP23/INTCC23 00000450H INTCMO005
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(2) Internal RAM area
12 KB of memory, addresses FFFCOOOH to FFFEFFFH, are reserved for the internal RAM area.
The 12 KB area of 3FFCO00H to 3FFEFFFH can be seen as an image of FFFCOOOH to FFFEFFFH.
In the VB50E/IA2, 6 KB of memory, addresses FFFCO00H to FFFD7FFH, are provided as physical internal
RAM.
Access to the area of addresses FFFD800H to FFFEFFFH is prohibited.

FFFEFFFH
Access prohibited
FFFD800H
FFFD7FFH
Internal RAM area (6 KB)
FFFCO00H
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(8) On-chip peripheral I/O area
4 KB of memory, addresses FFFFOOOH to FFFFFFFH, are provided as an on-chip peripheral I/O area.

An image of addresses FFFFOO0OH to FFFFFFFH can be seen in the area between addresses 3FFFO00H and
3FFFFFFH"".

Note Access to the area of addresses 3FFFOOOH to 3FFFFFFH is prohibited. To access the on-chip
peripheral I/O, specify addresses FFFFOOOH to FFFFFFFH.

FFFFFFFH

On-chip peripheral I/O area
(4 KB)

FFFFOOOH

On-chip peripheral I/O registers associated with the operation mode specification and the state monitoring for

the on-chip peripheral I/O are all memory-mapped to the on-chip peripheral I/O area. Program fetches
cannot be executed from this area.

Cautions 1. The least significant bit of an address is not decoded. Therefore, if byte access is
executed in the register at an odd address (2n + 1), the register at the even address (2n)
will be accessed because of the hardware specification.

2. In the V850E/IA2, no registers exist that are capable of word access, but if a register is
word accessed, halfword access is performed twice in the order of lower address, then
higher address of the word area, ignoring the lower 2 bits of the address.

3. For registers in which byte access is possible, if halfword access is executed, the
higher 8 bits become undefined during the read operation, and the lower 8 bits of data
are written to the register during the write operation.

4. Addresses that are not defined as registers are reserved for future expansion. If these
addresses are accessed, the operation is undefined and not guaranteed.

5. Addresses 3FFFO00H to 3FFFFFFH cannot be specified as the source/destination
address of DMA transfer. Be sure to use addresses FFFFO00H to FFFFFFFH for the
source/destination address of DMA transfer.

(4) External memory area
4 MB are available for external memory area.

e Single-chip mode: x100000H to x3FFFFFH
e ROMIless mode: x000000H to x3FFFFFH

Note that the internal ROM, internal RAM, and on-chip peripheral I/O areas cannot be accessed as external
memory areas.
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3.4.6 External memory expansion

By setting the port n mode control register (PMCn) to control mode, an external device can be connected to the
external memory space using each pin of ports DH, DL, CT, and CM. Each register is set by selecting control mode
for each pin of these ports using PMCn (n = DH, DL, CT, CM).

Note that the status after reset differs as shown below in accordance with the operating mode specification set by
the MODEO and MODET1 pins (refer to 3.3 Operation Modes for details of the operation modes).

(a) In the case of ROMless mode
Because each pin of ports DH, DL, CT, and CM enters control mode following a reset, external memory
can be used without making changes to the port n mode control register (PMCn) (the external data bus
width is 16 bits).

(b) In the case of single-chip mode
Since the internal ROM area is accessed after a reset, each pin of ports DH, DL, CT, and CM enters the
port mode, and external devices cannot be used.

To use external memory, set the port n mode control register (PMCn).

Remark n=DH, DL, CT,CM
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3.4.7 Recommended use of address space
The architecture of the V850E/IA2 requires that a register that serves as a pointer be secured for address

generation when accessing operand data in the data space. Operand data access from instruction can be directly
executed at the address in this pointer register £32 KB. However, because there is a limit to which general-purpose
registers are used as a pointer register, by minimizing the deterioration of address calculation performance when

changing the pointer value, the number of usable general-purpose registers for handling variables is maximized, and

the program size can be saved.

To enhance the efficiency of using the pointer in connection with of the memory map of the V850E/IA2, the

following points are recommended.

(1)

()

Program space

Of the 32 bits of the program counter (PC), the higher 6 bits are fixed to 0, and only the lower 26 bits are
valid. Therefore, a contiguous 64 MB space, starting from address 00000000H, unconditionally corresponds
to the memory map of the program space.

Data space

For the efficient use of resources that make use of the wrap-around feature of the data space, the continuous
16 MB address spaces 00000000H to OOFFFFFFH and FFOO0000H to FFFFFFFFH of the 4 GB CPU are
used as the data space. With the V850E/IA2, a 256 MB physical address space is seen as 16 images in the
4 GB CPU address space. The highest bit (bit 25) of this 26-bit address is assigned as address sign-
extended to 32 bits.

Example Application of wrap-around

0001FFFFH

00007FFFH

Internal ROM area 32 KB

(R =) 00000000H

On-chip peripheral
FFFFFOOOH /O area
FFFFEFFFH

4 KB

FFFFD800H
FFFFD7FFH
FFFFCOOOH
FFFFBFFFH

Internal RAM area 6 KB

16 KB

FFFF8000H

When R = r0 (zero register) is specified with the LD/ST disp16 [R] instruction, an addressing range of
00000000H £32 KB can be referenced by the sign-extended disp 16. By mapping the external memory in the
16 KB area in the figure, all resources including internal hardware can be accessed with one pointer.

The zero register (r0) is a register set to 0 by the hardware, and eliminates the need for additional registers
for the pointer.
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Figure 3-5. Recommended Memory Map

Program space

Data space

FFFFFFFFH
FFFFFA78H
FFFFFA77H

FFFFFOOOH
FFFFEFFFH

FFFFD800H
FFFFD7FFH

FFFFCOOOH
FFFFBFFFH

04000000H

On-chip
peripheral /0

)]

03FFFFFFH

03FFFO00H

On-chip
peripheral 1/QNete

03FFEFFFH

03FFD800H
03FFC7FFH

03FFCO000H

Internal RAM

03FFBFFFH

Program space

64 MB

00400000H

003FFFFFH

00100000H

External
memory of
V850E/IA2

External
memory of
V850E/IA2

000FFFFFH

00020000H
0001FFFFH

Internal ROM

00000000H

Internal ROM | _.-~

to FFFFFFFH.

Remarks 1.

used in external expansion mode.

The arrows indicate the recommended area.

On-chip
peripheral 1/0

xFFFFFFFH
xFFFFA78H
xFFFFA77H

xFFFFOOOH

External
memory of
V850E/IA2

Internal ROM

xFFFEFFFH

xFFFD800H
xFFFD7FFH

xFFFCO00H
xFFFBFFFH

x0400000H
X03FFFFFH

x0100000H
XOOFFFFFH

x0020000H
x001FFFFH

x0000000H

Note Access to this area is prohibited. To access the on-chip peripheral 1/O, specify addresses FFFFOO0H

2. This is a recommended memory map when the V850E/IA2 is set to single-chip mode, and
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3.4.8 On-chip peripheral I/O registers

(1/10)
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1Bit | 8 Bits | 16 Bits
FFFFFO04H | Port DL PDL R/W y Undefined
FFFFFO04H | Port DLL PDLL R/W V V Undefined
FFFFFOO5H | Port DLH PDLH R/W y y Undefined
FFFFFOO6H | Port DH PDH R/W y y Undefined
FFFFFOOAH | Port CT PCT R/W v v Undefined
FFFFFOOCH | Port CM PCM R/W v v Undefined
FFFFF024H | Port DL mode register PMDL R/W v FFFFH
FFFFFO24H | Port DL mode register L PMDLL R/W v v FFH
FFFFFO25H | Port DL mode register H PMDLH R/W v V FFH
FFFFFO26H | Port DH mode register PMDH R/W v V FFH
FFFFFO2AH | Port CT mode register PMCT R/W v v FFH
FFFFFO2CH | Port CM mode register PMCM R/W v v FFH
FFFFF044H | Port DL mode control register PMCDL R/W y 0000H/FFFFH
FFFFFO44H | Port DL mode control register L PMCDLL | R/W v V 00H/FFH
FFFFFO45H | Port DL mode control register H PMCDLH | R/W v v 00H/FFH
FFFFF046H | Port DH mode control register PMCDH | RW v v OOH/FFH
FFFFFO4AH | Port CT mode control register PMCCT R/W N N 00H/53H
FFFFFO4CH | Port CM mode control register PMCCM | R/W N N 00H/03H
FFFFFO60H | Chip area select control register 0 CSscCo R/W 2C11H
FFFFF062H | Chip area select control register 1 CSCH1 R/W 2C11H
FFFFFO66H | Bus size configuration register BSC R/W v 5555H
FFFFFOBEH | System wait control register VSWC R/W y 77H
FFFFFO80H | DMA source address register OL DSAOL R/W v Undefined
FFFFFO82H | DMA source address register OH DSAOH R/W v Undefined
FFFFF084H | DMA destination address register OL DDAOL R/W v Undefined
FFFFF086H | DMA destination address register OH DDAOH R/W N Undefined
FFFFFO88H | DMA source address register 1L DSA1L R/W v Undefined
FFFFFO8AH | DMA source address register 1H DSA1H R/W v Undefined
FFFFFO8CH | DMA destination address register 1L DDA1L R/W N Undefined
FFFFFO8EH | DMA destination address register 1H DDA1H R/W N Undefined
FFFFFO90H | DMA source address register 2L DSA2L R/W v Undefined
FFFFF092H | DMA source address register 2H DSA2H R/W v Undefined
FFFFF094H | DMA destination address register 2L DDA2L R/W N Undefined
FFFFF096H | DMA destination address register 2H DDA2H R/W N Undefined
FFFFF098H | DMA source address register 3L DSA3L R/W v Undefined
FFFFFO9AH | DMA source address register 3H DSA3H R/W v Undefined
FFFFFO9CH | DMA destination address register 3L DDAS3L R/W N Undefined
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(2/10)
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1 Bit | 8 Bits | 16 Bits
FFFFFO9EH | DMA destination address register 3H DDA3H R/W \/ Undefined
FFFFFOCOH | DMA transfer count register O DBCO R/W \ Undefined
FFFFFOC2H | DMA transfer count register 1 DBC1 R/W \ Undefined
FFFFFOC4H | DMA transfer count register 2 DBC2 R/W \/ Undefined
FFFFFOC6H | DMA transfer count register 3 DBC3 R/W \/ Undefined
FFFFFODOH | DMA addressing control register O DADCO R/W \ 0000H
FFFFFOD2H | DMA addressing control register 1 DADCH1 R/W \ 0000H
FFFFFOD4H | DMA addressing control register 2 DADC2 R/W J 0000H
FFFFFOD6H | DMA addressing control register 3 DADC3 R/W \/ 0000H
FFFFFOEOH | DMA channel control register 0 DCHCO R/W \ \ 00H
FFFFFOE2H | DMA channel control register 1 DCHC1 R/W \ \ 00H
FFFFFOE4H | DMA channel control register 2 DCHC2 R/W J J 00H
FFFFFOE6H | DMA channel control register 3 DCHC3 | RW J J 00H
FFFFFOFOH | DMA disable status register DDIS R \ 00H
FFFFFOF2H | DMA restart register DRST R/W \ 00H
FFFFF100H | Interrupt mask register 0 IMRO R/W J FFFFH
FFFFF100H | Interrupt mask register OL IMROL R/W J J FFH
FFFFF101H | Interrupt mask register OH IMROH R/W \ \ FFH
FFFFF102H | Interrupt mask register 1 IMRA1 R/W \ FFFFH
FFFFF102H | Interrupt mask register 1L IMR1L R/W J J FFH
FFFFF103H | Interrupt mask register 1H IMR1H R/W J J FFH
FFFFF104H | Interrupt mask register 2 IMR2 R/W \ FFFFH
FFFFF104H | Interrupt mask register 2L IMR2L R/W \ \ FFH
FFFFF105H | Interrupt mask register 2H IMR2H R/W J J FFH
FFFFF106H | Interrupt mask register 3 IMR3 R/W J FFFFH
FFFFF106H | Interrupt mask register 3L IMR3L R/W \ \ FFH
FFFFF107H | Interrupt mask register 3H IMR3H R/W \ \ FFH
FFFFF110H | Interrupt control register POICO R/W J J 47H
FFFFF112H | Interrupt control register POIC1 R/W J J 47H
FFFFF114H | Interrupt control register PoIC2 R/W \ \ 47H
FFFFF116H | Interrupt control register POIC3 R/W \ \ 47H
FFFFF118H | Interrupt control register PoOIC4 R/W J J 47H
FFFFF11EH | Interrupt control register DETICO R/W J J 47H
FFFFF120H | Interrupt control register DETICH R/W \ \ 47H
FFFFF122H | Interrupt control register TMOICO R/W \ \ 47H
FFFFF124H | Interrupt control register CMO3ICO | RW J J 47H
FFFFF126H | Interrupt control register TMOIC1 R/W J J 47H
FFFFF128H | Interrupt control register CMO3IC1 | RW \ \ 47H
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(3/10)
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1 Bit | 8 Bits | 16 Bits
FFFFF12AH | Interrupt control register CC10ICO | R/W S S 47H
FFFFF12CH | Interrupt control register ccioict | RW y y 47H
FFFFF12EH | Interrupt control register CM10ICO | R/W \/ \/ 47H
FFFFF130H | Interrupt control register CM10IC1 | R/W y y 47H
FFFFF13AH | Interrupt control register TM2ICO | RW S S 47H
FFFFF13CH | Interrupt control register TM2ICT R/W y y 47H
FFFFF13EH | Interrupt control register Ccc2ico | RW y y 47H
FFFFF140H | Interrupt control register CC2ICt R/W S S 47H
FFFFF142H | Interrupt control register ccaic2 R/W N N 47H
FFFFF144H | Interrupt control register ccaic3 R/W N N 47H
FFFFF146H | Interrupt control register cc2ic4 R/W v v 47H
FFFFF148H | Interrupt control register CC2IC5 | RW S \/ 47H
FFFFF14AH | Interrupt control register TM3ICO R/W S v 47H
FFFFF14CH | Interrupt control register CC3ICo R/W v v 47H
FFFFF14EH | Interrupt control register (olox][o}! R/W v v 47H
FFFFF150H | Interrupt control register CM4ICO | R/W y y 47H
FFFFF152H | Interrupt control register DMAICO | RW y y 47H
FFFFF154H | Interrupt control register DMAICT | RW v v 47H
FFFFF156H | Interrupt control register DMAIC2 | RW y y 47H
FFFFF158H | Interrupt control register DMAIC3 | R/W y y 47H
FFFFF162H | Interrupt control register cslico R/W y y 47H
FFFFF164H | Interrupt control register cslict R/W y y 47H
FFFFF166H | Interrupt control register SRICO R/W y y 47H
FFFFF168H | Interrupt control register STICO R/W y y 47H
FFFFF16AH | Interrupt control register SEICO R/W y y 47H
FFFFF16CH | Interrupt control register SRIC1 R/W y y 47H
FFFFF16EH | Interrupt control register STICH R/W v v 47H
FFFFF174H | Interrupt control register ADICO R/W S v 47H
FFFFF176H | Interrupt control register ADICH R/W v v 47H
FFFFF17EH | Interrupt control register CMOOICT | RW v v 47H
FFFFF180H | Interrupt control register CMo1IC1 | RW v v 47H
FFFFF182H | Interrupt control register CM02IC1 | R/W y y 47H
FFFFF184H | Interrupt control register CMO04IC1 | R/W S \/ 47H
FFFFF186H | Interrupt control register CMO5ICT | RW v v 47H
FFFFF188H | Interrupt control register CM04ICO | RW v v 47H
FFFFF18AH | Interrupt control register CMO5ICO | R/W \/ \/ 47H
FFFFF1FAH | In-service priority register ISPR R y y 00H
FFFFF1FCH | Command register PRCMD w \/ Undefined
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(4/10)
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1Bit | 8 Bits | 16 Bits
FFFFF1FEH | Power-saving control register PSC R/W \ N 00H
FFFFF200H A/D scan mode register 00 ADSCMO00| R/W \ 0000H
FFFFF200H | A/D scan mode register 00L ADSCMoOL | R/W \ \ 00H
FFFFF201H | A/D scan mode register 00H ADSCMOOH| R/W N N OO0H
FFFFF202H | A/D scan mode register 01 ADSCMO1| R/W J 0000H
FFFFF202H | A/D scan mode register 01L ADSCMo1L| R J 00H
FFFFF203H | A/D scan mode register 01H ADSCMO1H| R/W \ \ 00H
FFFFF204H A/D voltage detection mode register 0 ADETMO | R/W J 0000H
FFFFF204H | A/D voltage detection mode register OL ADETMOL | R/W N N 00H
FFFFF205H | A/D voltage detection mode register OH ADETMOH | R/W \ \ 00H
FFFFF210H A/D conversion result register 00 ADCRO00 R \ 0000H
FFFFF212H A/D conversion result register 01 ADCRO1 R J 0000H
FFFFF214H A/D conversion result register 02 ADCRO02 R J 0000H
FFFFF216H A/D conversion result register 03 ADCRO03 R \ 0000H
FFFFF218H A/D conversion result register 04 ADCRO04 R \ 0000H
FFFFF21AH | A/D conversion result register 05 ADCRO05 R J 0000H
FFFFF240H | A/D scan mode register 10 ADSCM10| R/W J 0000H
FFFFF240H | A/D scan mode register 10L ADSCM10L| R/W \ \ 00H
FFFFF241H | A/D scan mode register 10H ADSCM10H| R/W \ \ 00H
FFFFF242H A/D scan mode register 11 ADSCM11| R/W J 0000H
FFFFF242H | A/D scan mode register 11L ADSCM11L| R J O00H
FFFFF243H | A/D scan mode register 11H ADSCM11H| R/W \ \ 00H
FFFFF244H A/D voltage detection mode register 1 ADETM!1 R/W \ 0000H
FFFFF244H | A/D voltage detection mode register 1L ADETMIL | RW N N 00H
FFFFF245H | A/D voltage detection mode register 1H ADETM1H | RW N N 00H
FFFFF250H A/D conversion result register 10 ADCR10 R \ 0000H
FFFFF252H A/D conversion result register 11 ADCR11 R \ 0000H
FFFFF254H A/D conversion result register 12 ADCR12 R J 0000H
FFFFF256H A/D conversion result register 13 ADCR13 R J 0000H
FFFFF258H A/D conversion result register 14 ADCR14 R \ 0000H
FFFFF25AH | A/D conversion result register 15 ADCR15 R \ 0000H
FFFFF25CH | A/D conversion result register 16 ADCR16 R J 0000H
FFFFF25EH | A/D conversion result register 17 ADCR17 R J 0000H
FFFFF280H | A/D internal trigger select register 0 ITRGO R/W \ \ 00H
FFFFF288H | A/D internal trigger select register 1 ITRG1 R/W \ \ 00H
FFFFF300H | Regulator control register REGC R/W N \/ OOH
FFFFF400H | Port 0 PO R J J Undefined
FFFFF402H | Port 1 P1 R/W J J Undefined
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Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1 Bit | 8 Bits | 16 Bits

FFFFF404H | Port 2 P2 R/W y y Undefined
FFFFF406H | Port 3 P3 R/W y y Undefined
FFFFF408H | Port 4 P4 R/W y y Undefined
FFFFF422H | Port 1 mode register PM1 R/W v V FFH
FFFFF424H | Port 2 mode register PM2 R/W v V FFH
FFFFF426H | Port 3 mode register PM3 R/W v v FFH
FFFFF428H | Port 4 mode register PM4 R/W v v FFH
FFFFF442H | Port 1 mode control register PMCH R/W y y OOH
FFFFF444H | Port 2 mode control register PMC2 R/W y y OOH
FFFFF446H | Port 3 mode control register PMC3 R/W v v O0H
FFFFF448H | Port 4 mode control register PMC4 R/W v v O0H
FFFFF462H | Port 1 function control register PFC1 R/W y y OOH
FFFFF464H | Port 2 function control register PFC2 R/W y y OOH
FFFFF466H | Port 3 function control register PFC3 RW v v O0H
FFFFF480H | Bus cycle type configuration register O BCTO R/W v CCCCH
FFFFF482H | Bus cycle type configuration register 1 BCT1 R/W N CCCCH
FFFFF484H | Data wait control register O DWCO R/W N 3333H
FFFFF486H | Data wait control register 1 DWC1 R/W v 3333H
FFFFF488H | Address wait control register AWC R/W v 0000H
FFFFF48AH | Bus cycle control register BCC R/W y AAAAH
FFFFF540H | Timer 4 T™M4 R y 0000H
FFFFF542H | Compare register 4 CM4 R/W v 0000H
FFFFF544H | Timer control register 4 TMC4 RW v v O0H
FFFFF570H | Dead time timer reload register O DTRRO R/W N OFFFH
FFFFF572H | Buffer register CM0OO BFCMO00 R/W N FFFFH
FFFFF574H | Buffer register CMO1 BFCMO01 | R/W y FFFFH
FFFFF576H | Buffer register CM02 BFCM02 | R/W y FFFFH
FFFFF578H | Buffer register CM03 BFCMO03 R/W N FFFFH
FFFFF57AH | Timer control register 00 TMCO00 R/W N 0508H

FFFFF57AH| Timer control register 00L TMCOOL | RW v v 08H

FFFFF57BH| Timer control register 00H TMCOOH R/W v 05H
FFFFF57CH | Timer unit control register 00 TUCO00 R/W N 01H
FFFFF57DH | Timer output mode register 0 TOMRO R/W N O0H
FFFFF57EH | PWM software timing output register 0 PSTOO R/W v 00H
FFFFF57FH | PWM output enable register 0 POERO R/W v v O0H
FFFFF580H | TOMR write enable register 0 SPECO R/W 0000H
FFFFF59CH | Buffer register CM04 BFCMO04 R/W FFFFH
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1Bit | 8 Bits | 16 Bits

FFFFF59EH | Buffer register CM05 BFCMO05 R/W N FFFFH
FFFFF5BOH | Dead time timer reload register 1 DTRR1 R/W \ OFFFH
FFFFF5B2H | Buffer register CM10 BFCM10 | R/W J FFFFH
FFFFF5B4H | Buffer register CM11 BFCM11 R/W N FFFFH
FFFFF5B6H | Buffer register CM12 BFCM12 R/W N FFFFH
FFFFF5B8H | Buffer register CM13 BFCM13 | R/W J FFFFH
FFFFF5BAH | Timer control register 01 TMCO1 R/W \ 0508H

FFFFFSBAH| Timer control register 01L TMCO1L | R/W J J 08H

FFFFFSBBH| Timer control register 01H TMCO1H | R/W J J 05H
FFFFFSBCH | Timer unit control register 01 TUCO1 R/W \ \ 01H
FFFFF5BDH | Timer output mode register 1 TOMR1 R/W \ 00H
FFFFF5BEH | PWM software timing output register 1 PSTO1 R/W J J O00H
FFFFF5BFH | PWM output enable register 1 POER1 R/W \ \ OO0H
FFFFF5COH | TOMR write enable register 1 SPEC1 R/W \ 0000H
FFFFFSDOH | Timer O clock select register PRMO1 R/W \ \ 00H
FFFFF5D8H | Timer 1/Timer 2 clock select register PRMO02 R/W J J 00H
FFFFF5DCH | Buffer register CM14 BFCM14 R/W N FFFFH
FFFFF5DEH | Buffer register CM15 BFCM15 | R/W J FFFFH
FFFFF5EOH | Timer 10 TM10 R/W J 0000H
FFFFFSE2H | Compare register 100 CM100 R/W v | 0000H
FFFFF5E4H | Compare register 101 CM101 R/W N 0000H
FFFFF5E6H | Capture/compare register 100 CC100 R/W \ 0000H
FFFFF5E8H | Capture/compare register 101 CC101 R/W \ 0000H
FFFFFSEAH | Capture/compare control register O CCRO R/W \ \ 00H
FFFFF5EBH | Timer unit mode register 0 TUMO R/W J J 00H
FFFFFSECH | Timer control register 10 TMC10 R/W \ \ 00H
FFFFFSEDH | Signal edge select register 10 SESA10 | RW \ \ 00H
FFFFFSEEH | Prescaler mode register 10 PRM10 R/W J J 07H
FFFFF5EFH | Status register 0 STATUSO| R \ \ 00H
FFFFF5F6H | CC101 capture input select register CSL10 R/W S S O0H
FFFFF5F8H | Timer 10 noise elimination time select register | NRC10 R/W \ \ 00H
FFFFF620H | Timer connection select register 0 TMICO R/W \ \ 00H
FFFFF630H | Timer 2 input filter mode register 0 FEMO R/W J J 00H
FFFFF631H | Timer 2 input filter mode register 1 FEM1 R/W \ \ 00H
FFFFF632H | Timer 2 input filter mode register 2 FEM2 R/W \ \ 00H
FFFFF633H | Timer 2 input filter mode register 3 FEM3 R/W J J 00H
FFFFF634H | Timer 2 input filter mode register 4 FEM4 R/W J J O00H
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FFFFF635H | Timer 2 input filter mode register 5 FEMS5 R/W y y OOH
FFFFF640H | Timer 2 clock stop register 0 STOPTEO | R/W v 0000H
FFFFF640H | Timer 2 clock stop register OL STOPTEOL| R 00H
FFFFF641H| Timer 2 clock stop register OH STOPTEOH| R/W N O00H
FFFFF642H | Timer 2 count clock/control edge select CSEO R/W N 0000H
register 0
FFFFF642H| Timer 2 count clock/control edge select CSEOL R/W v v O0H
register OL
FFFFF643H| Timer 2 count clock/control edge select CSEOH R/W v v O0H
register OH
FFFFF644H | Timer 2 subchannel input event edge select SESEO R/W N 0000H
register 0
FFFFF644H| Timer 2 subchannel input event edge select | SESEOL | R/W N N O0H
register OL
FFFFF645H| Timer 2 subchannel input event edge select | SESEOH | R/W v v O0H
register OH
FFFFF646H | Timer 2 time base control register 0 TCREO R/W v 0000H
FFFFF646H| Timer 2 time base control register OL TCREOL R/W O00H
FFFFF647H| Timer 2 time base control register OH TCREOH R/W O00H
FFFFF648H | Timer 2 output control register O OCTLEO R/W v 0000H
FFFFF648H| Timer 2 output control register OL OCTLEOL | R/W 00H
FFFFF649H| Timer 2 output control register OH OCTLEOH| R/W O00H
FFFFF64AH | Timer 2 subchannel 0, 5 capture/compare CMSEO050 | R/W N 0000H
control register
FFFFF64CH | Timer 2 subchannel 1, 2 capture/compare CMSE120| R/W N 0000H
control register
FFFFF64EH | Timer 2 subchannel 3, 4 capture/compare CMSE340| R/W N 0000H
control register
FFFFF650H | Timer 2 subchannel 1 sub capture/compare CVSE10 R/W N 0000H
register
FFFFF652H | Timer 2 subchannel 1 main capture/compare | CVPE10 R N 0000H
register
FFFFF654H | Timer 2 subchannel 2 sub capture/compare CVSE20 R/W N 0000H
register
FFFFF656H | Timer 2 subchannel 2 main capture/compare | CVPE20 R N 0000H
register
FFFFF658H | Timer 2 subchannel 3 sub capture/compare CVSE30 R/W N 0000H
register
FFFFF65AH | Timer 2 subchannel 3 main capture/compare | CVPE30 R N 0000H
register
FFFFF65CH | Timer 2 subchannel 4 sub capture/compare CVSE40 R/W N 0000H

register

User's Manual U15195EJ3VOUD

77



CHAPTER 3

CPU FUNCTION

(8/10
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1Bit | 8 Bits | 16 Bits
FFFFF65EH | Timer 2 subchannel 4 main capture/compare | CVPE40 R \ 0000H
register
FFFFF660H | Timer 2 subchannel O capture/compare CVSEO0 R/W S 0000H
register
FFFFF662H | Timer 2 subchannel 5 capture/compare CVSES50 R/W S 0000H
register
FFFFF664H | Timer 2 time base status register 0 TBSTATEO| R/W N 0101H
FFFFF664H| Timer 2 time base status register OL TBSTATEOL| R/W \ \ 01H
FFFFF665H| Timer 2 time base status register OH TBSTATEOH| R/W \ \ 01H
FFFFF666H | Timer 2 capture/compare 1 to 4 status CCSTATEOQO| R/W \ 0000H
register 0
FFFFF666H| Timer 2 capture/compare 1 to 4 status CCSTATEOL| R/W \ \ 00H
register OL
FFFFF667H| Timer 2 capture/compare 1 to 4 status CCSTATEOH| R/W \ \ 00H
register OH
FFFFF668H | Timer 2 output delay register O ODELEO R/W \ 0000H
FFFFF668H| Timer 2 output delay register OL ODELEOL | RW \ \ 00H
FFFFF669H | Timer 2 output delay register OH ODELEOH| R/W N N 00H
FFFFF66AH | Timer 2 software event capture register CSCEO R/W N 0000H
FFFFF680H | Timer 3 T™3 R v | 0000H
FFFFF682H | Capture/compare register 30 CC30 R/W \ 0000H
FFFFF684H | Capture/compare register 31 CC31 R/W N 0000H
FFFFF686H | Timer control register 30 TMC30 R/W J J 00H
FFFFF688H | Timer control register 31 TMC31 RW \ \ 20H
FFFFF689H | Valid edge select register SESC R/W \ \ 00H
FFFFF690H | Timer 3 clock select register PRMO3 R/W J J 00H
FFFFF698H | Timer 3 noise elimination time select register | NRC3 R/W J J 00H
FFFFF6AOH | Timer 3 output control register TO3C R/W \ \ 00H
FFFFF800H | Peripheral command register PHCMD w \ Undefined
FFFFF802H | Peripheral status register PHS R/W \ \ OO0H
FFFFF810H | DMA trigger factor register 0 DTFRO R/W J J 00H
FFFFF812H | DMA trigger factor register 1 DTFR1 R/W \ \ 00H
FFFFF814H | DMA trigger factor register 2 DTFR2 R/W \ \ 00H
FFFFF816H | DMA trigger factor register 3 DTFR3 R/W J J 00H
FFFFF820H | Power-saving mode register PSMR R/W \ \ OO0H
FFFFF822H | Clock control register CKC R/W \ 00H
FFFFF824H | Lock register LOCKR R \ \ 0000000xB
FFFFF880H | External interrupt mode register 0 INTMO R/W J J 00H

78

User's Manual U15195EJ3VOUD



CHAPTER 3 CPU FUNCTION

(9/10)
Address Function Register Name Symbol R/W | Bit Units for Manipulation| After Reset
1 Bit | 8 Bits | 16 Bits
FFFFF882H | External interrupt mode register 1 INTM1 R/W y y OOH
FFFFF884H | External interrupt mode register 2 INTM2 R/W v v O0H
FFFFF900H | Clocked serial interface mode register 0 CSIM0 R/W v v O0H
FFFFF901H | Clocked serial interface clock select register 0 | CSICO R/W N N O0H
FFFFF902H | Clocked serial interface receive buffer register 0 | SIRBO R N 0000H
FFFFF902H| Clocked serial interface receive buffer register LO | SIRBLO R v v 00H
FFFFF904H | Clocked serial interface transmit buffer register 0 | SOTBO R/W v 0000H
FFFFF904H| Clocked serial interface transmit buffer register | SOTBLO | R/W N N O0H
LO
FFFFF906H | Clocked serial interface read-only receive SIRBEO R N 0000H
buffer register 0
FFFFF906H| Clocked serial interface read-only receive SIRBELO R v v O0H
buffer register LO
FFFFF908H | Clocked serial interface first transmit buffer SOTBFO R/wW y 0000H
register 0
FFFFF908H| Clocked serial interface first transmit buffer SOTBFLO | R/W y y OOH
register LO
FFFFF90AH | Serial I/O shift register O SIO0 R 0000H
FFFFF90AH | Serial I/O shift register LO SIOLO R 0000H
FFFFF910H | Clocked serial interface mode register 1 CSIM1 R/W 00H
FFFFF911H | Clocked serial interface clock select register 1 | CSIC1 R/W O0H
FFFFF912H | Clocked serial interface receive buffer register 1 | SIRB1 R 0000H
FFFFF912H| Clocked serial interface receive buffer register L1 | SIRBL1 R 0000H
FFFFF914H | Clocked serial interface transmit buffer register 1 | SOTB1 R/W 0000H
FFFFF914H| Clocked serial interface transmit buffer register | SOTBL1 R/W N N O0H
L1
FFFFF916H | Clocked serial interface read-only receive SIRBEH1 R N 0000H
buffer register 1
FFFFF916H| Clocked serial interface read-only receive SIRBELT1 R v v O0H
buffer register L1
FFFFF918H | Clocked serial interface first transmit buffer SOTBF1 R/wW y 0000H
register 1
FFFFF918H| Clocked serial interface first transmit buffer | SOTBFL1 | R/W V V 00H
register L1
FFFFF91AH | Serial I/O shift register 1 SIO1 R N 0000H
FFFFF91AH| Serial I/O shift register L1 SIOLA1 R v v O0H
FFFFF920H | Prescaler mode register 3 PRSM3 R/W v 00H
FFFFF922H | Prescaler compare register 3 PRSCM3 | R/W N O0H
FFFFFAOOH | Asynchronous serial interface mode register 0 | ASIMO R/W y y 01H
FFFFFAO2H | Receive buffer register O RXBO R v FFH
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FFFFFAO3H | Asynchronous serial interface status register 0 | ASISO R J 00H
FFFFFAO04H | Transmit buffer register O TXBO R/W \ FFH
FFFFFAO5H | Asynchronous serial interface transmit status | ASIFO R \ \ 00H
register O
FFFFFAO6H | Clock select register 0 CKSRO R/W J 00H
FFFFFAO7H | Baud rate generator control register 0 BRGCO R/W J FFH
FFFFFA20H | 2-frame successive receive buffer register 1 RXB1 \ Undefined
FFFFFA22H | Receive buffer register L1 RXBL1 R \ Undefined
FFFFFA24H | 2-frame successive transmit shift register 1 TXS1 w J Undefined
FFFFFA26H | Transmit shift register L1 TXSL1 w J Undefined
FFFFFA28H | Asynchronous serial interface mode register 10 | ASIM10 R/W \ \ 81H
FFFFFA2AH | Asynchronous serial interface mode register 11 | ASIM11 R/W \ \ 00H
FFFFFA2CH | Asynchronous serial interface status register 1 | ASIS1 R N N 00H
FFFFFA2EH | Prescaler mode register 1 PRSMH1 R/W J J 00H
FFFFFA30H | Prescaler compare register 1 PRSCM1 | R/W \ 00H
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3.4.9 Specific registers

Specific registers are registers that are protected from being written with illegal data due to inadvertent program
loop (runaway), etc. The V850E/IA2 has two specific registers, the power save control register (PSC) (refer to 8.5.2
Control registers) and clock control register (CKC) (refer to 8.3.4 Clock control register (CKC)).

3.4.10 System wait control register (VSWC)

The system wait control register (VSWC) controls the wait cycles of a bus access to the on-chip peripheral 1/0
registers.

Set the following values to this register.

Set value of VSWC: 02H (when operating frequency (fxx) = 40 MHz)

This register can be read/written in 8-bit units (address: FFFFFO6EH, after reset: 77H).

Remark If the timing at which the flag or count value changes overlaps the register access timing when a register
that includes a status flag indicating the status of on-chip peripheral functions (ASIFO, etc.) or a register
that indicates a timer count value (TMOn, etc.) are accessed, a register access retry operation occurs.

Therefore, it may take longer than normal to access an on-chip peripheral register.

3.4.11 Cautions
When using the V850E/IA2, the following registers must be set from the beginning.

¢ System wait control register (VSWC)

(See 3.4.10 System wait control register (VSWC))
o Clock control register (CKC)

(See 8.3.4 Clock control register (CKC))

After setting VSWC and CKC, set other registers as required.
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The V850E/IA2 is provided with an external bus interface function by which external 1/0 and memories, such as
ROM and RAM, can be connected.

4.1 Features

16-bit/8-bit data bus sizing function
e  Wait function
* Programmable wait function: up to 7 wait states can be inserted
* External wait function via WAIT pin
Idle state insertion function
e External device connection enabled via bus control/port alternate function pins

4.2 Bus Control Pins

The following pins are used for connection to external devices.

Bus Control Pin (Function When in Control Mode) Function When in Port Mode Register for Port/Control
Mode Switching
Address data bus (ADO to AD15) PDLO to PDL15 (Port DL) PMCDL
Address bus (A16 to A21) PDHO to PDH5 (Port DH) PMCDH
Read/write control (LWR/UWR, RD, ASTB) PCTO, PCT1, PCT4, PCT6 PMCCT
(Port CT)

External wait control (WAIT) PCMO (Port CM) PMCCM
Internal system clock (CLKOUT) PCM1 (Port CM)

Remark In the case of ROMless mode, when the system is reset, each bus control pin becomes valid
unconditionally.

* 4.2.1 Pin status during internal ROM, internal RAM, and on-chip peripheral I/O access
When the internal ROM and RAM are accessed, both the address bus and address data bus become undefined.
The external bus control signal becomes inactive.
When on-chip peripheral 1/0 are accessed, both the address bus and address data bus output the address of the
on-chip peripheral I/O currently being accessed. No data is output. The external bus control signal becomes inactive.

82 User's Manual U15195EJ3VOUD



CHAPTER 4 BUS CONTROL FUNCTION

4.3 Memory Block Function

In the V850E/IA1, the 256 MB memory space is divided into memory blocks of 2 MB and 64 MB units. The
programmable wait function and bus cycle operation mode can be independently controlled for each block.

The area that can be used as program area is the 64 MB space of addresses 0000000H to 3FFFFFFH.

In the VB50E/IA2, memory space is the 4 MB space of addresses 000000H to 3FFFFFH (n = 1 to 7) because the
CSn pin has been deleted and the A0 to A21 pins have been specified as address pins.

T T FFFFFFFH FFFFFFFH
Block 7 . .
(2 MB) *\;On-chlp peripheral I/O area (4 KB)
FOFPRRPH FEFFO00H
Block 6 FFFEFFFH -
ote
. FCO0000H (2 MB) Internal RAM area (12 KBNete 1)
CS7, CS6, CS5 FBEFFFFH FFFCO00H
Block 5
Area3| FA00000H (2 MB)
FOFFFFFH Block 4
2 F800000H (2 MB)
i F7FFFFFH
CS6
k3 _y_ C000000H
BFEEFFFH External memory area
CS4 Area 2 64 MB
K3 'y 8000000H
7FFFFFFH
CS3 Area 1 64 MB
BB _y_ 4000000H
3FFFFFFH 3FFFFFFH
Csi *\;On-chip peripheral I/O area (4 KB)Note2
3FFFO00H
X 0800000H 3FFEFFFH
07FFFFFH Block 3 Internal RAM area (12 KBNte )
0600000H (2 MB) y 3FFCO00H
05FFFFFH
Area 0 52|0|§3/||T32 External memory area
S 0400000H (2MB)
CS2, CS1, CSOo 03FFFFFH Block 1
0200000H (2 MB) _ Note 4
01FFFFFH Block 0 00FFFFFH
2 MB) Internal ROM area (1 MB)Note 3
. Y 0000000H 0000000H

Notes 1. Internal physical RAM: 6 KB
2. Access to this area is prohibited. To access the on-chip peripheral 1/O, specify addresses
FFFFOOOH to FFFFFFFH.
3. When in ROMless mode, this becomes an external memory area.
4. Memory space of the VB50E/IA2
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4.3.1 Chip select control function

Of the 256 MB memory area, the lower 8 MB (0000000H to 07FFFFFH) and the higher 8 MB (F800000H to
FFFFFFFH) can be divided into 2 MB memory blocks by chip area select control registers 0 and 1 (CSC0, CSCH1) to
control the chip select signal.

The memory area can be effectively used by dividing it into memory blocks using the chip select control function.
The priority order is described below.

(1) Chip area select control registers 0, 1 (CSC0, CSC1)
These registers can be read/written in 16-bit units and become valid by setting each bit to 1.
Only the CS01 and CSO00 bits of the CSCO register are valid in the V850E/IA2. These registers are not
affected by other bit settings. In the V850E/IA2, set the CS01 and CS00 bits to 11B so that CSO0 is output to
both block 0 and 1.
If different chip select signal outputs are set to the same block, the priority order is controlled as follows.

CSCO0: On-chip peripheral I/O area > CS0 > CS2 > CS1
CSC1: On-chip peripheral I/O area > CS7 > CS5 > CS6

If both the CSOm and CS2m bits of the CSCO register are set to 0, CS1 is output to the corresponding block
(m=0to 3).
Similarly, if both the CS5m and CS7m bits of the CSC1 register are set to 0, CS6 is output to the

corresponding block (m = 0 to 3).

Caution Write to the CSCO0 and CSC1 registers after reset, and then do not change the set values.
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSCO  [CS33(0832{CS31|0830|CS23(522|CS21|CS20|CS13(CS12[ 081 1{CS10| 0503 CS02{ 801 o500 FAFdFdFrgZ% " Agg oot
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSC1  [c843(042(CS41|0340{CS5(C852|CS51|CS50|CS63{CS62 CS61 [CS60| 873 Cs72{cs7i os7of ?FdlfFrgZSQH Ag‘g oot
Bit position Bit name Function
15t00 CSnm Chip select enabled by setting CSnm bit to 1.
(n=0t07)
(m=0t03) CSnm CS operation
CS00 'CS0 output during block 0 access
CSo1 'CSO0 output during block 1 access.
CS02 ‘CS0 output during block 2 access.
CS03 ‘CS0 output during block 3 access.
CS10to CS13 Note 1
CS20 CS2 output during block 0 access.
CS21 CS2 output during block 1 access.
CSs22 CS2 output during block 2 access.
CS23 CS2 output during block 3 access.
CS30 to CS33 Note 2
CS40 to CS43 Note 3
CS50 'CS5 output during block 7 access.
CS51 CS5 output during block 6 access.
CS52 'CS5 output during block 5 access.
CS53 'CS5 output during block 4 access.
CS60 to CS63 Note 4
CS70 'CS7 output during block 7 access.
Cs71 CS7 output during block 6 access.
CS72 'CS7 output during block 5 access.
CS73 'CS7 output during block 4 access.
Notes 1. If both the CSOm and CS2m bits have been set to 0, if area 0 is accessed, CS1 will be output

regardless of the setting of the CS1m bit.
2. When area 1 is accessed, CS3 will be output regardless of the setting of the CS3m bit.
3. When area 2 is accessed, CS4 will be output regardless of the setting of the CS4m bit.
4. If both the CS5m and CS7m bits have been set to 0, if area 3 is accessed, CS6 will be output
regardless of the setting of the CS6m bit.

Caution In the V850E/IA2, set the CS01 and CS00 bits to 11B so that CS0 is output to both block 0 and 1.
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The following diagram shows the CS signal that is enabled for area 0 when the CSCO register is set to
0703H.
When the CSCO register is set to 0703H, CS0 and CS2 are output to block 0 and block 1, but since CSO has
priority over C—SZ, CSOis output if the addresses of block 0 and block 1 are accessed.
If the address of block 3 is accessed, both the CS03 and CS23 bits of the CSCO register are 0, and CS1is
output.

Figure 4-1. Example When CSCO0 Register Is Set to 0703H

"I 3FFFFFFH
58 MB CS1 is output.
0800000H(
07FFFFFH
Block 3
(2 MB)
_Y 0600000H
05FFFFFH
Block 2 —
2 MB (2 MB) CS2 is output.
_y_ 0400000H
03FFFFFH
Block 1
(2 MB)
0200000H| - . CSO i
4 MB 01FFFFFH CS0 is output.
Block 0
(2 MB)
-1 0000000H
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4.4 Bus Cycle Type Control Function
In the VB50E/IA2, the following external devices can be connected directly to each memory block.
e SRAM, external ROM, external /O
Connected external devices are specified by bus cycle type configuration registers 0 and 1 (BCTO and BCT1).

(1) Bus cycle type configuration registers 0, 1 (BCT0, BCT1)
These registers can be read/written in 16-bit units.
Only the MEO bit is valid in the V850E/IA2. These registers are not affected by other bit settings.

Caution Write to the BCTO and BCT1 registers after reset, and then do not change the set values.
Also, do not access an external memory area other than the one for this initialization
routine until the initial setting of the BCT0 and BCT1 registers is complete. However, it is
possible to access external memory areas whose initial settings are complete.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Address After reset
BCT ME3| 1 ME2| 1 ME1| 1 MEO| 1
CTO | 8 00 010 00 0 i FFFFF480H CCCCH
L L L L
CSn signal CS3 Cs2 Cs1 CSo
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Address After reset
BCT1 |ME7 1] 0| 0 |ME6| 1 0 | 0O |[ME5| 1 0| 0 |[ME4| 1 0|0 FEFFF482H CCCCH
__ — — — e
CSn signal CS7 CSe6 CS5 Cs4
Bit position Bit name Function
15,11,7,3 MEn Sets memory controller operation enable for each chip select.
(BCTO0), (n=0t07)
15,11,7,3 MEn Memory controller operation enable
(BCT1)
0 Operation disabled
1 Operation enabled
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4.5 Bus Access

4.5.1 Number of access clocks
The number of basic clocks required to access each resource is shown below.

Bus Cycle Status Instruction Fetch Operand Data Access

Resource (Bus Width)

Internal ROM (32 bits) {note 5
Internal RAM (32 bits) {Note 2 ]

On-chip peripheral I/O (16 bits) _ ghetes
External memory (16 bits) ote3 e

Notes 1. This value is 2 in the case of instruction branch.
2. This value is 2 if there is conflict with data access.
3. MIN. value

Remark Unit: Clock/access
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4.5.2 Bus sizing function

The bus sizing function controls the data bus width for each CS space. The data bus width is specified by using
the bus size configuration register (BSC).

(1) Bus size configuration register (BSC)
This register can be read/written in 16-bit units.
Only the BSO00 bit is valid in the V850E/IA2. This register is not affected by other bit settings.

Cautions 1. Write to the BSC register after reset, and then do not change the set values. Also, do
not access an external memory area other than the one for this initialization routine
until the initial setting of the BSC register is complete. However, it is possible to
access external memory areas whose initial settings are complete.

2. When the data bus width is specified as 8 bits, only the signals shown below become
active.
LWR: When accessing SRAM, external ROM, or external I/O (write cycle)

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Address After reset
B BS7 B B BS4 B! BS2 BS1 B
SC 0 |BS70| O |BS60| O |BS50, O |BS40| O |BS30, O |BS20| O |(BS10| O |BS00 FFFFFO66H 5555H
[ | [ | [ | [ | [ | [ | [ | [ |
CSn signal Cs7 CS6 CS5 CS4 CS3 Cs2 CS1 CSso
Bit position Bit name Function
14,12,10,8, | BSn0 Sets the data bus width of CSn space.
6,4,2,0 (n=0t07)
BSn0 Data bus width of CSn space
0 8 bits
1 16 bits
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4.5.3 Bus width

The V850E/IA2 accesses on-chip peripheral I/O and external memory in 8-bit, 16-bit, or 32-bit units. The following

shows the operation for each type of access. Access all data in order starting from the lower side.

(1) Byte access (8 bits)

(@) When the data bus width is 16 bits (little endian)

0
Byte data

<1> Access to even address (2n)

Address
15

~ 0o

2n
0

External
data bus

<2> Access to odd address (2n + 1)

0

Byte data

Address
15

2n + 1

~ 0o

0

External
data bus

(b) When the data bus width is 8 bits (little endian)

0
Byte data

<1> Access to even address (2n)

Address

2n
0

External
data bus

<2> Access to odd address (2n + 1)

0

Byte data

Address

2n + 1
0

External
data bus
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(2) Halfword access (16 bits)

(a) When the bus width is 16 bits (little endian)

<1> Access to even address (2n)

<2> Access to odd address (2n + 1)

1st access 2nd access
Address Address Address
15 15 15 15 15
2n+1 2n +1
8 8 8 8 8
7 7 7 7 7
2n P 2n+2
0 0 0 0 0
Halfword External Halfword External Halfword External
data data bus data data bus data data bus
(b) When the data bus width is 8 bits (little endian)
<1> Access to even address (2n) <2> Access to odd address (2n + 1)
1st access 2nd access 1st access 2nd access
15 15 15 15
Address 8 Address 8 Address 8 Address
7 7 7 7 7 7 7 7
2n 2n+1 2n+1 2n+2
0 0 0 0 0 0 0 0
Halfword External Halfword External Halfword External Halfword External
data data bus data data bus data data bus data data bus
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(3) Word access (32 bits)

(a) When the bus width is 16 bits (little endian) (1/2)

<1> Access to address 4n

1st access 2nd access
31 [ ] 31 [ ]
24 | | 24 [
23 23
16 || - Address 16 || - Address
15 15 15 15
4n + 1 4n + 3
8| 8| 8[| 8 |
7 7 7 7
4n 4n + 2
0| 0| 0 | 0 |
Word data External Word data External
data bus data bus

<2> Access to address 4n + 1

1st access 2nd access 3rd access
31 [ ] 31 [ ] 31 [ ]
24 || 24 || 24 ||
23 23 23
16 || Address 16 || - Address 16 || . Address
15 15 15 15 15 155 '
4n +1 4n+3 : :
8| 8 8 8| 8| g
7 7% 7 7 7 7
P an +2 4n + 4

ol 0 ol o ol 0
Word data External Word data External Word data External

data bus data bus data bus
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(@) When the bus width is 16 bits (little endian) (2/2)

<3> Access to address 4n + 2

1st access
31 [ ]
24 | |
23
16 || - Address
15 15
4n + 3
8 | 8 |
7 7
4n +2
0 | 0 [ |
Word data External
data bus

<4> Access to address 4n + 3

1st access
31 [ |
24 ||
23
16 || Address
15 15
4n + 3
8[| 8
7 700
o 0Lt
Word data External
data bus

2nd access
31 [ ]
24 ||
23
16 |_| - Address
15 15
4n+5
8 | 81 |
7 7
in+4
0 | 0 |
Word data External
data bus
2nd access
31 [ ]
24 ||
23
16 || - Address
15 15
4n+5
8| 81 |
7 7
4n +4
0 | 0l |
Word data External
data bus

31

24
23

16
15

0

Word data

3rd access

Address
15

~ oo

4n + 6
0

External
data bus
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(b) When the data bus width is 8 bits (little endian) (1/2)

1st access
31 [ ]
24| |
23
16 ||
15
8 Address
7] 7
4n

0 | 0
Word data External

data bus

1st access
31 [ ]
24| |
23
16 ||
15
8 Address
7] 7
4n +1
0 | 0
Word data External
data bus

<1> Access to address 4n

<2> Access to address 4n + 1

2nd access
31 [
24 | |
23
16 ||
15
8 Address
7] 7
4n +1

0 | 0
Word data External

data bus

2nd access
31 [
24| |
23
16 ||
15
8 Address
7] 7
4n+2

0 | 0
Word data External

data bus

3rd access
31 [ ]
241 |
23
16 ||
15
s || Address
7 7
4n + 2

0 | 0
Word data External

data bus

3rd access
31 [ ]
241 |
23
16 [ |
15
s || Address
7 7
4n+3

0 | 0
Word data External

data bus

4th access
31 [
24| |
23
16 [ |
15
8 Address
7 7
4n +3

0 | 0
Word data External

data bus

4th access
31 [
24| |
23
16 [ |
15
8 Address
7 7
4n+4

0 | 0
Word data External

data bus
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(b) When the data bus width is 8 bits (little endian) (2/2)

<3> Access to address 4n + 2

1st access 2nd access
31 [ ] 31 [ |
24| | 24 | |
23 23
16 || 16|
15 15
8 Address 8 Address
7] 7 7 7
4n + 2 4n +3
0 | 0 0 | 0
Word data External Word data External
data bus data bus
<4> Access to address 4n + 3
1st access 2nd access
31 [ ] 31 [ |
24| | 24 | |
23 23
16 || 16|
15 15
8 Address 8 Address
7] 7 7 7
4n +3 an + 4
0 | 0 0 | 0
Word data External Word data External
data bus data bus

3rd access
31 [ 1
24| |
23
16 ||
15
s || Address
7 7
4n +4
0 | 0
Word data External
data bus
3rd access
31 [ 1
24| |
23
16 ||
15
s || Address
7 7
4n+5
0 | 0
Word data External
data bus

4th access
31 [ ]
24 | |
23
16 ||
15
8 Address
7 7
4n+5

o[ | 0
Word data External

data bus

4th access
31 [ ]
24 | |
23
16 ||
15
8 Address
7 7
4n+6

o[ | 0
Word data External

data bus
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4.6 Wait Function

4.6.1 Programmable wait function

(1) Data wait control registers 0, 1 (DWCO0, DWC1)
To facilitate interfacing with low-speed memory or with I/Os, it is possible to insert up to 7 data wait states in
the bus cycle activated for each CS space.
The number of wait states can be specified by program using data wait control registers 0 and 1 (DWCO0 and

DWCH1). Just after system reset, all blocks have 3 data wait states inserted.
These registers can be read/written in 16-bit units.
Only the DW02, DWO01, and DWOO bits are valid in the V850E/IA2. These registers are not affected by other

bit settings.

Cautions 1. The internal ROM area and internal RAM area are not subject to programmable waits
and ordinarily no wait access is carried out. The on-chip peripheral I/O area is also not
subject to programmable wait states, with wait control performed by each peripheral
function only.

2. Write to the DWCO0 and DWC1 registers after reset, and then do not change the set
values. Also, do not access an external memory area other than the one for this
initialization routine until the initial setting of the DWCO0 and DWC1 registers is
complete. However, it is possible to access external memory areas whose initial
settings are complete.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWCO | O [DWs2Dw31DW30| O [DW22DW21[DV20) O |DWI2DW11DW10| O DWo2DWotDwWoo| 'delféZZjH Afggﬁe‘
. — — —— ——
CSn signal CS3 CS2 CS1 CSo
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DWC1 | 0 |[DW72DW71[DW70| O [DWe2[DW61|DW60| O |[DW52[DWS51DWS0| O |DWA2|DWa1/DWag FldegFrizz y Af;zrsgejet
. — — —— E—
CSn signal CSs7 CS6 CS5 CS4
Bit position Bit name Function
14 to0 12, DWn2 to Specifies the number of wait states inserted in the CSn space.
160:0048” avzn(())to 7 DWn2 DWn1 DWnO Number of wait states inserted in CSn space
2t00 0 0 0 Not inserted
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7
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(2) Address wait control register (AWC)
In the VB50E/IA2, address setup wait and address hold wait states can be inserted before and after the T1
cycle, respectively.
These wait states can be set for each CS space via the AWC register.
This register can be read/written in 16-bit units.
Only the AHWO and ASWO bits are valid in the V850E/IA2. This register is not affected by other bit settings.

Caution Write to the AWC register after reset, and then do not change the set values.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
AWC |AHW7 ‘ASW7 ‘AHW6 ‘ ASW6 ‘ AHWS‘ ASW5 ‘ AHW4 ‘ ASW4 ‘ AHW3‘ ASWS‘ AHWZ‘ ASWZ‘ AHWA ‘ ASW1 ‘ AHWO‘ ASWO| FFFFF488H 0000H
\ ] \ ] \ ] \ ] \ ] \ ] \ ] \ ]

CSnsignal  CS7 CS6 CS5 CS4 CS3 CS2 Ccst1 CS0
Bit position Bit name Function
15,13, 11,9, | AHWn Sets the insertion of an address hold wait state in each CSn space after the T1 cycle.
7,5,38,1 (n=0to7) 0: Address hold wait state not inserted
1: Address hold wait state inserted
14,12,10, 8, | ASWn Sets the insertion of an address setup wait state in each CSn space before the T1 cycle.
6,4,2,0 (n=0t07) 0: Address setup wait state not inserted

1: Address setup wait state inserted
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4.6.2 External wait function

When an extremely slow device, an I/O, or an asynchronous system is connected, an arbitrary number of wait
states can be inserted in the bus cycle by the external wait pin (WAIT) for synchronization with the external device.

Just as with programmable waits, accessing internal ROM, internal RAM, and on-chip peripheral I/O areas cannot
be controlled by external waits.

The external WAIT signal can be input asynchronously to CLKOUT and is sampled at the falling edge of the clock
in the T2 and TW states of the bus cycle. If the setup/hold time is not satisfied within the sampling timing, a wait state

may or may not be inserted in the next state.

4.6.3 Relationship between programmable wait and external wait

A wait cycle is inserted as the result of an OR operation between the wait cycles specified by the set value of the
programmable wait and the wait cycles controlled by the WAIT pin. In other words, the number of wait cycles is
determined by the side with the greatest number of cycles.

Programmable wait
Wait control
Wait by WAIT pin

For example, if the timings of the programmable wait and the WAIT pin signal are as illustrated below, three wait
states will be inserted in the bus cycle.

Figure 4-2. Example of Wait Insertion

T2 T™W ™ ™ T3

CLKOUT—l |_
wATon [\ \ [/ \

Wait from WAIT pin / \

Programmable wait / \

Wait control / \

Remark The circles indicate the sampling timing.
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4.7 Idle State Insertion Function

To facilitate interfacing with low-speed memory devices, a set number of idle states (T1) can be inserted into the
bus cycle to be activated after the T3 state to secure the data output float delay time (tor) of the memory when each
CS space is read-accessed. The bus cycle following the T3 state starts after the inserted idle state(s).

Idle states are inserted at the following timing.

o After the read cycle for SRAM, external I/O, or external ROM.

The idle state insertion setting can be specified using the bus cycle control register (BCC). Idle state insertion is
automatically programmed for all memory blocks immediately after a system reset.

(1) Bus cycle control register (BCC)
This register can be read/written in 16-bit units.
Only the BCO1 bit is valid in the V850E/IA2. This register is not affected by other bit settings.

Cautions 1. Idle states cannot be inserted in internal ROM, internal RAM, or on-chip peripheral I/O
areas.

2. Write to the BCC register after reset, and then do not change the set values. Also, do
not access an external memory area other than the one for this initialization routine until
the initial setting for this register is complete. However, it is possible to access external
memory areas whose initial settings are complete.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
BoC [Bo71| 0 |acet] o |Bost| o [Beat| o |sesi| o [scar| o |soi] o [scot] o | FFFFFasaH  AAAAH
[ I I

CSn signal CS7 Cs6 Cs5 Cs4 Cs3 cs2 cst CSso

Bit position Bit name Function
15,13, 11,9, | BCn1 Specifies the insertion of idle states after the T3 state in each CSn space.
7,5,3,1 (n=0to7) 0: Idle state not inserted
1: Idle state inserted
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4.8 Bus Priority Order

There are three external bus cycles: DMA cycle, operand data access, and instruction fetch.

In order of priority, DMA cycle is the highest, followed by operand data access and instruction fetch, in that order.
An instruction fetch may be inserted between a read access and write access during a read modify write access.
Also, an instruction fetch may be inserted between bus accesses when the CPU bus clock is used.

Table 4-1. Bus Priority Order

Priority External Bus Cycle Bus Master
Order
High DMA cycle DMA controller
t Operand data access CPU
Low Instruction fetch CPU
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4.9 Boundary Operation Conditions
4.9.1 Program space

(1) Branching to the on-chip peripheral I/O area or successive fetches from the internal RAM area to the on-chip
peripheral 1/0 area are prohibited. If the above is performed (branching or successive fetch), the data to be
fetched is undefined and the operation is not guaranteed.

(2) If a branch instruction exists at the upper limit of the internal RAM area, a prefetch operation (invalid fetch)
that straddles over the on-chip peripheral I/0 area does not occur.

4.9.2 Data space

The VB50E/IA2 is provided with an address misalign function.

Through this function, regardless of the data format (word data, halfword data, or byte data), data can be allocated
to all addresses. However, in the case of word data and halfword data, if the data is not subject to boundary
alignment, the bus cycle will be generated at least 2 times and bus efficiency will drop.

(1) In the case of halfword-length data access
When the address’s LSB is 1, the byte-length bus cycle will be generated 2 times.

(2) In the case of word-length data access
(a) When the address’s LSB is 1, bus cycles will be generated in the order of byte-length bus cycle,

halfword-length bus cycle, and byte-length bus cycle.
(b) When the address’s lowest 2 bits are 10, the halfword-length bus cycle will be generated 2 times.
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5.1 SRAM, External ROM, External I/O Interface
5.1.1 Features

* SRAM is accessed in a minimum of 3 states.

* A maximum of 7 programmable data wait states can be inserted according to DWCO and DWC1 register
settings.

« Data waits can be controlled by WAIT pin input.

e Anidle state (1 state) can be inserted after a read/write cycle by setting the BCC register.

* An address hold wait state or address setup wait state can be inserted by setting the AWC register.
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5.1.2 SRAM, external ROM, external I/O access

Figure 5-1. SRAM, External ROM, External I/O Access Timing (1/4)

CLKOUT (Output)

A16 to A21 (Output)

ADO to AD15 (I/O)

ASTB (Output)

RD (Output)

UWR, LWR (Output)

WAIT (Input)

Remarks 1.

(a) When reading (1 wait inserted)

T

O\

T2

™

T3

ress

r Address

N\

\ _/

/

The circles indicate the sampling timing.

2. Broken lines indicate high impedance.

\
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Figure 5-1. SRAM, External ROM, External I/O Access Timing (2/4)

(b) When reading (0 waits, address setup waits, address hold wait states inserted)

TASW T TAHW T2 T3
CLKOUT (Output)  \ _\_ _\_ _\_ _\_ _\_
A16 to A21 (Output) Address

ADO to AD15 (I/O)  ====-=-=--1 Address | @ | )p==ee-- < Data  y------ <
ASTB (Output) / \ /

RD (Output)

UWR, LWR (Output)
WAIT (Input) / \

Remarks 1. The circles indicate the sampling timing.
2. Broken lines indicate high impedance.
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Figure 5-1. SRAM, External ROM, External I/0 Access Timing (3/4)

CLKOUT (Output)

A16 to A21 (Output)

ADO to AD15 (I/O)

ASTB (Output)

RD (Output)

UWR, LWR (Output)

WAIT (Input)

(c¢) When writing (1 wait inserted)

T

O\

T2

O\

T™W

O\

T3

O\

Address

Address

D ataNote

\

N/

/ N\

Note ADO to AD7 output invalid data when odd-numbered address byte data is accessed.
ADB8 to AD15 output invalid data when even-numbered address byte data is accessed.

Remarks 1.

The circles indicate the sampling timing.

2. Broken lines indicate high impedance.
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Figure 5-1. SRAM, External ROM, External I/O Access Timing (4/4)

(d) When writing (0 waits inserted, for 8-bit data bus)

CLKOUT (Output) \

T

O\

T2

O\

T3

O\

A16 to A21 (Output)

Address

ADS to AD15 (I/O)

Address

ADO to AD7 (1/0)

- Address

DataNete

ASTB (Output) /

N\

RD (Output)

UWR, LWR (Output)

WAIT (Input)

N

Note ADO to AD7 output invalid data when odd-numbered address byte data is accessed.

Remarks 1. The circles indicate the

sampling timing.

2. Broken lines indicate high impedance.
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CHAPTER 6 DMA FUNCTIONS (DMA CONTROLLER)

The V850E/IA2 includes a direct memory access (DMA) controller (DMAC) that executes and controls DMA
transfer.

The DMAC controls data transfer between memory and I/O, between memories or between 1/Os, based on DMA
requests issued by the on-chip peripheral I/O (serial interface, real-time pulse unit, and A/D converter), or software
triggers (memory refers to internal RAM or external memory).

6.1 Features

e Four independent DMA channels
e Transfer unit: 8/16 bits
» Maximum transfer count: 65,536 (2'°)
* Two-cycle transfer
e Three transfer modes
* Single transfer mode
* Single-step transfer mode
* Block transfer mode
e Transfer requests
e Request by interrupts from on-chip peripheral I/O (serial interface, real-time pulse unit, A/D converter)
* Requests by software trigger
e Transfer objects
e Memory < 1/O
* Memory <> memory
* /0« 1/0
* Next address setting function
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6.2

Configuration

Internal RAM

CPU

@ Internal bus

On-chip
peripheral /0

>

On-chip peripheral I/O bus

>

7

Zas Zas

AV

AV AV

Data

control

Address DMA source address
control register (DSAnH/DSAnNL)

!

t DMA destination address

register (DDAnH/DDAnNL)

Count
control

| |_| DMA transfer count
register (DBCn)

Channel
control

DMA channel control
register (DCHCn)

DMA addressing control
register (DADCn)

DMA disable status
register (DDIS)

=— DMA restart register (DRST)

DMA trigger factor
register (DTFRn)

DMAC

Bus interface

7S

|9 External bus V850E/IA2

g U U

External External
External I1/0 RAM ROM

Remark n=0t03
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6.3 Control Registers

6.3.1 DMA source address registers 0 to 3 (DSAO0 to DSA3)

These registers are used to set the DMA source addresses (28 bits each) for DMA channel n (n = 0 to 3). They
are divided into two 16-bit registers, DSAnH and DSAnL.

Since these registers are configured as 2-stage FIFO buffer registers, a new source address for DMA transfer can
be specified during DMA transfer. (Refer to 6.9 Next Address Setting Function.)

(1) DMA source address registers OH to 3H (DSAOH to DSA3H)
These registers can be read/written in 16-bit units.
Be sure to set bits 14 to 12 to 0. If they are set to 1, the operation is not guaranteed.

Caution When setting an address of an on-chip peripheral I/O register for the source address, be
sure to specify an address between FFFFOOOH and FFFFFFFH. An address of the on-chip
peripheral I/O register image (3FFFO00H to 3FFFFFFH) must not be specified.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Address After reset
DSAOH IR| 0 | O | O |SA27|SA26|SA25/SA24|SA23|SA22|SA21|SA20(SA19|SA18|SA17|SA16 FFFFFO82H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

DSA1H IR| 0 | O | O |SA27|SA26|SA25/SA24|SA23|SA22|SA21(SA20|SA19|SA18|SA17|SA16 FFFFFO8AH Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

DSA2H IR| 0 | O | O |SA27|SA26|SA25/SA24|SA23|SA22|SA21|SA20({SA19|SA18|SA17|SA16 FFFFFO92H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

DSA3H IR| 0 | O | O |SA27|SA26|SA25/SA24|SA23|SA22|SA21(SA20|SA19|SA18|SA17|SA16 FFFFFO9AH Undefined

Bit position Bit name Function

15 IR Specifies the DMA source address.
0: External memory, on-chip peripheral I/O
1: Internal RAM

11t00 SA27 to Sets the DMA source addresses (A27 to A16). During DMA transfer, it stores the next
SA16 DMA transfer source address.
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(2) DMA source address registers OL to 3L (DSAOL to DSA3L)
These registers can be read/written in 16-bit units.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Address After reset
A7 | SA6 | SA5 | SA4 | SA3 |SA2 | SA1 | SA
DSAOL |SA15|SA14|SA13|SA12|SA11[SA10| SA9 | SA8 | SA7 | SA6 | SA5 | SA4 | SA3 | SA2 | SA1 | SAD FFEFFO8OH Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DSA1L |SA15|SA14|SA13|SA12|SA11|SA10| SA9 | SA8 | SA7 | SA6 | SA5 | SA4 | SA3 | SA2| SA1|SA0 FFFFFO88H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DSA2L  |SA15/SA14|SA13|SA12|SA11|SA10| SA9 | SA8 | SA7 | SAG | SA5 | SA4 | SA3 | SA2 | SA1|SAO FFFFFO90H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DSA3L |SA15|SA14|SA13|SA12|SA11|SA10| SA9 | SA8 | SA7 | SA6 | SA5 | SA4 | SA3 | SA2| SA1|SA0 FFFFFO98H Undefined

Bit position Bit name Function

15t0 0 SA15to SAO | Sets the DMA source address (A15 to A0). During DMA transfer, it stores the next DMA
transfer source address.

110 User’'s Manual U15195EJ3VOUD



CHAPTER 6 DMA FUNCTIONS (DMA CONTROLLER)

6.3.2 DMA destination address registers 0 to 3 (DDAO to DDA3)

These registers are used to set the DMA destination address (28 bits each) for DMA channel n (n = 0 to 3). They
are divided into two 16-bit registers, DDAnH and DDAnNL.

Since these registers are configured as 2-stage FIFO buffer registers, a new destination address for DMA transfer
can be specified during DMA transfer. (Refer to 6.9 Next Address Setting Function.)

(1) DMA destination address registers OH to 3H (DDAOH to DDA3H)
These registers can be read/written in 16-bit units.
Be sure to set bits 14 to 12 to 0. If they are set to 1, the operation is not guaranteed.

Caution When setting an address of an on-chip peripheral I/O register for the destination address,
be sure to specify an address between FFFFOOOH and FFFFFFFH. An address of the on-
chip peripheral I/O register image (3FFFO00H to 3FFFFFFH) must not be specified.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Address After reset
DDAOH IR DA27|DA26 |DA25|DA24|DA23|DA22|DA21|DA20|DA19|DA18|DA17|DA1
0 000 6|DA25 3 0 3|pAte 6 FFFFFO86H Undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DDA1H IR| 0 | O | O |DA27|DA26|DA25/DA24|DA23|DA22|DA21|DA20|DA19|DA18|DA17|DA16 FFFFFOSEH Undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DDA2H IR| 0 | 0 | O |DA27|DA26|DA25/DA24|DA23|DA22|DA21|DA20|DA19|DA18|DA17|DA16 FFFFF0O96H Undefined
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DDA3H IR| 0 | O | O |DA27|DA26|DA25/DA24|DA23|DA22|DA21|DA20|DA19|DA18|DA17|DA16 FFFFFO9EH Undefined
Bit position Bit name Function
15 IR Specifies the DMA destination address.
0: External memory, on-chip peripheral I/O
1: Internal RAM
11100 DA27 to Sets the DMA destination addresses (A27 to A16). During DMA transfer, it stores the
DA16 next DMA transfer destination address.
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(2) DMA destination address registers OL to 3L (DDAOL to DDA3L)
These registers can be read/written in 16-bit units.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Address After reset
DA11|DA10| DA9 | DA8 | DA7 | DAG | DA5 | DA4 | DA3 | DA2 | DA1 | DA
DDAOL |DA15|DA14|DA13|DA12 0/DA9 | DA8 6|DA5 3 0 FFEFF084H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DDA1L  |DA15|DA14|DA13|DA12|DA11|DA10| DA9 | DA8 | DA7 | DAG | DA5 | DA4 | DA3 | DA2| DA1|DAO FFFFFO8CH Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DDA2L  |DA15|DA14|DA13|DA12|DA11|DA10| DA9 | DA8 | DA7 | DA6 | DA5 | DA4 | DA3 | DA2| DA1|DAO FFFFF094H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DDA3L  |DA15|DA14|DA13|DA12|DA11|DA10| DA9 | DA8 | DA7 | DAG | DA5 | DA4 | DA3 | DA2| DA1|DAO FFFFFO9CH Undefined

Bit position Bit name Function

15t00 DA15 to DAO | Sets the DMA destination address (A15 to AO). During DMA transfer, it stores the next
DMA transfer destination address.
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6.3.3 DMA byte count registers 0 to 3 (DBCO to DBC3)

These 16-bit registers are used to set the byte transfer counts for DMA channels n (n = 0 to 3). They store the
remaining transfer counts during DMA transfer.

Since these registers are configured as 2-stage FIFO buffer registers, a new DMA byte transfer count for DMA
transfer can be specified during DMA transfer. (Refer to 6.9 Next Address Setting Function.)

These registers are decremented by 1 per transfer. Transfer is terminated if a borrow occurs.

These registers can be read/written in 16-bit units.

Remark If the DBCn register is read after a terminal count has occurred during DMA transfer without the value
of the DBCn register rewritten, the value set immediately before DMA transfer is read (0000H is not
read even after completion of transfer).

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Address After reset
DBCO |BC15|BC14|BC13|BC12|BC11|BC10|BC9|BC8 |BC7|BC6|BC5|BC4 |BC3 |BC2|BC1|BCO EFFFEOCOH Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DBC1 |BC15/BC14|BC13|BC12|BC11|BC10|BC9 | BC8|BC7|BC6|BC5|BC4 |[BC3|BC2|BC1|BCO FFFFFOC2H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DBC2 |BC15|BC14|BC13|BC12|BC11/BC10|BC9 |BC8 |BC7 |BC6|BC5|BC4 |BC3|BC2|BC1|BCO FFFFFOC4H Undefined

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DBC3 |BC15|BC14/BC13|BC12|BC11|BC10|BC9 |BC8|BC7|BC6 |BC5|BC4 |BC3|BC2|BC1|BCO FFFFFOC6H Undefined
Bit position Bit name Function
15t00 BC15 to BCO Sets the byte transfer count. It stores the remaining byte transfer count during DMA
transfer.
DBCn (n=0to 3) States
0000H Byte transfer count 1 or remaining byte transfer count
0001H Byte transfer count 2 or remaining byte transfer count
FFFFH Byte transfer count 65,536 (2'°) or remaining byte transfer
count
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6.3.4 DMA addressing control registers 0 to 3 (DADCO to DADC3)
These 16-bit registers are used to control the DMA transfer modes for DMA channel n (n = 0 to 3). These registers

cannot be accessed during DMA operation.
They can be read/written in 16-bit units.
* Be sure to set bits 1310 8, 1, and 0 to 0. If they are set to 1, the operation is not guaranteed.

Caution The DS1 and DSO0 bits are used to set how many bits of data are transferred.
When 8-bit data (DS1, DS0 bits = 00) is set, the lower data bus (ADO to AD7) is not necessarily
used.
When the transfer data size is set to 16 bits, the transfer must start from an address with bit 1 of
the lower address aligned to “0”. In this case, the transfer cannot start from an odd address.

(1/2)
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DADCO |DS1/DS0| 0 | 0 | 0 | 0 | 0 | O |SAD1/SADODAD1DADO| TM1|TMO| O | ©O Address After reset
FFFFFODOH 0000H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DADC1 |DS1|DSO| 0 | O | O | O | O | O |SAD1/SADODAD1|DADO|TM1|TMO| O | O FFFFFOD2H 0000H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DADC2 |DS1|DS0| 0 | O | O | O | O | O |[SAD1/SADODAD1|DADO|TM1|TMO| O | O FFFFFOD4H 0000H
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DADC3 |DS1|DSO| 0 | O | O | O | O | O |SAD1/SADODAD1|DADO|TM1|TMO| O | O FFFFFOD6H 0000H
Bit position Bit name Function
15, 14 DS1, DSO Sets the transfer data size for DMA transfer.
DS1 DSO Transfer data size
0 0 8 bits
0 1 16 bits
1 0 Setting prohibited
1 1 Setting prohibited
For the on-chip peripheral I/O registers, ensure the transfer size matches the access size.
7,6 SAD1, Sets the count direction of the source address for DMA channel n (n = 0 to 3).
SADO
SAD1 SADO Count direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
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(2/2)
Bit position Bit name Function
54 DAD1, Sets the count direction of the destination address for DMA channel n (n = 0 to 3).
DADO
DAD1 DADO Count direction
0 0 Increment
0 1 Decrement
1 0 Fixed
1 1 Setting prohibited
3,2 TM1, TMO | Sets the transfer mode during DMA transfer.
T™1 TMO Transfer mode
0 0 Single transfer mode
0 1 Single-step transfer mode
1 0 Setting prohibited
1 1 Block transfer mode
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6.3.5 DMA channel control registers 0 to 3 (DCHCO to DCHC3)

These 8-bit registers are used to control the DMA transfer operating mode for DMA channel n (n = 0 to 3).

These registers can be read/written in 8-bit or 1-bit units. (However, bit 7 is read only and bits 2 and 1 are write

only. If bits 2 and 1 are read, the read value is always 0.)
* Be sure to set bits 6 to 4 to 0. If they are set to 1, the operation is not guaranteed.

* Caution Setting the MLEn bit to 1 is valid only for starting DMA transfer by the DMARQn signal (internal

signal) or an interrupt from the on-chip peripheral /0 (n = 0 to 3) (hardware DMA).

To start DMA transfer by setting the STGn bit to 1 (software DMA), read the TCn bit and check

that it is set to 1, and then set the STGn bit to 1.

<7> 6 5 4 <3> <2> <1> <0>
Address After reset
DCHCO TCO 0 0 0 MLEO INITO STGO EO00 FFFFFOEOH 00H
<7> 6 5 4 <3> <2> <1> <0>
DCHCH1 TCAH 0 0 0 MLE1 INITA STG1 E11 FFFFFOE2H 00H
<7> 6 5 4 <3> <2> <1> <0>
DCHC2 TC2 0 0 0 MLE2 INIT2 STG2 E22 FFFFFOE4H 00H
<7> 6 5 4 <3> <2> <1> <0>
DCHCS3 TC3 0 0 0 MLE3 INIT3 STG3 E33 FFFFFOE6H 00H
Bit position Bit name Function

7 TCn This status bit indicates whether DMA transfer through DMA channel n has ended or not.
This bit is read-only. It is set to 1 when DMA transfer ends and cleared (to 0) when it is
read.

0: DMA transfer had not ended.

1: DMA transfer had ended.

3 MLEn When this bit is set to 1 at terminal count output, the Enn bit is not cleared to 0 and the
* DMA transfer enable state is retained. When the next DMA transfer request is the

DMARQn signal (internal signal) or an interrupt from the on-chip peripheral I/O (hardware
DMA), the DMA transfer request can be accepted even when the TCn bit is not read.
When the next DMA transfer request is the setting of the STGn bit to 1 (software DMA),
the DMA transfer request can be accepted by reading and clearing the TCn bit to 0.
When this bit is cleared to 0 at terminal count output, the Enn bit is cleared to 0 and the
DMA transfer disable state is entered. At the next DMA transfer request, the setting of the
Enn bit to 1 and the reading of the TCn bit are required.

2 INITn When this bit is set to 1, DMA transfer is forcibly terminated.

1 STGn If this bit is set to 1 in the DMA transfer enable state (TCn bit = 0, Enn bit = 1), DMA
transfer is started.

0 Enn Specifies whether DMA transfer through DMA channel n is to be enabled or disabled. This
bit is cleared to 0 when DMA transfer ends. It is also cleared to 0 when DMA transfer is
forcibly terminated by means of setting the INITn bit to 1 or by NMI input.

0: DMA transfer disabled
1: DMA transfer enabled
Remark n=0to3
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6.3.6 DMA disable status register (DDIS)
This register holds the contents of the Enn bit of the DCHCn register during NMI input (n = 0 to 3).
This register is read-only in 8-bit units.
Be sure to set bits 7 to 4 to 0. If they are set to 1, the operation is not guaranteed.

7 6 5 4 3 2 1 0
Address After reset
DDIS 0 0 0 0 CH3 CH2 CH1 CHO FFFFFOFOH 00H
Bit position Bit name Function
3to0 CH3 to CHO | Reflects the contents of the Enn bit of the DCHCn register during NMI input. The
contents of this register are held until the next NMI input or until the system is reset.

6.3.7 DMA restart register (DRST)
This register is used to restart DMA transfer that has been forcibly interrupted by NMI input. The ENn bit of this

register and the Enn bit of the DCHCn register are linked to each other (n = 0 to 3). Following forcible interrupt by
NMI input, the DMA channel that was interrupted is confirmed from the contents of the DDIS register, and DMA
transfer is restarted by setting the ENn bit of the corresponding channel to 1.

This register can be read/written in 8-bit units.
Be sure to set bits 7 to 4 to 0. If they are set to 1, the operation is not guaranteed.

7 6 5 4 3 2 1 0
Address After reset
DRST 0 0 0 0 EN3 EN2 EN1 ENO FEFFFOF2H 00H
Bit position Bit name Function
3t00 EN3 to ENO Specifies whether DMA transfer via DMA channel n is to be enabled or disabled. This

bit is cleared to 0 when DMA transfer is completed in accordance with the terminal count
output (n =0 to 3).
It is also cleared to 0 when DMA transfer is forcibly terminated by setting the INITn bit of
the DCHCn register to 1 or by NMI input.

0: DMA transfer disabled

1: DMA transfer enabled
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6.3.8 DMA trigger factor registers 0 to 3 (DTFRO to DTFR3)

These 8-bit registers are used to control the DMA transfer start trigger via interrupt requests from on-chip
peripheral I/O.

The interrupt requests set with these registers serve as DMA transfer start factors.

These registers can be read/written in 8-bit units. Only bit 7 (DFn) can be read/written in 1-bit units (n = 0 to 3).

Cautions 1. Be sure to stop the DMA operation before making changes to DTFRn register settings.

2. Except INTPO to INPT4 and INTP20 to INTP25 (when noise elimination by an analog filter is
selected), an interrupt request input in standby mode (IDLE or software STOP mode) does
not trigger DMA transfer.

3. INTCMO004 and INTCMO0O05 cannot be used as DMA trigger sources.

(1/3)

<7> 6 5 4 3 2 1 0 Address After reset

DTFRO| DFO | 0 | IFCO5 | IFCO4 | IFCO3 | IFCO2 | IFCO1 | IFCOO | FFFFF810H 00H
<7> 6 5 4 3 2 1 0

DTFR1| DF1 \ 0 \ IFC15 \ IFC14 \ IFC13 \ IFC12 \ IFC11 \ IFC10 | FFFFF812H 00H
<7> 6 5 4 3 2 1 0

DTFR2| DF2 0 IFC25 | IFC24 | IFC23 | IFC22 | IFC21 | IFC20 | FFFFF814H 00H
<7> 6 5 4 3 2 1 0

DTFR3| DF3 \ 0 \ IFC35 \ IFC34 \ IFC33 \ IFC32 \ IFC31 \ IFC30 | FFFFF816H 00H

Bit position Bit name Function

7 DFn This is a DMA transfer request flag.

Only 0 can be written to this bit.

0: No DMA transfer request

1: DMA transfer request
If the interrupt specified as the DMA transfer start factor occurs and it is necessary to clear
the DMA transfer request while DMA transfer is disabled (including when it is aborted by
NMI or forcibly stopped by software), stop the operation that has caused the interrupt (e.g.,
if serial reception is in progress, by disabling reception) and then clear the DFn bit.
If it is clearly known that the interrupt will not occur until the next DMA transfer is started, it
is not necessary to stop the operation that has caused the interrupt.

Remark n=0t03
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2/3)

Bit position Bit name Function
5t00 IFCn5 to Sets the interrupt source that serves as the DMA transfer start factor.
IFCnO

IFCn5 | IFCn4 | IFCn3 | IFCn2 | IFCn1 | IFCnO Interrupt source
0 0 0 0 0 0 DMA request from on-chip
peripheral 1/0O disabled
0 0 0 0 0 1 INTPO
0 0 0 0 1 0 INTP1
0 0 0 0 1 1 INTP2
0 0 0 1 0 0 INTP3
0 0 0 1 0 1 INTP4
0 0 1 0 0 0 INTDETO
0 0 1 0 0 1 INTDETH
0 0 1 0 1 0 INTTMOO
0 0 1 0 1 1 INTCMO003
0 0 1 1 0 0 INTTMO1
0 0 1 1 0 1 INTCMO013
0 0 1 1 1 0 INTP100/INTCC100
0 0 1 1 1 1 INTP101/INTCC101
0 1 0 0 0 0 INTCM100
0 1 0 0 0 1 INTCM101
0 1 0 1 1 0 INTTM20
0 1 0 1 1 1 INTTM21
0 1 1 0 0 0 INTP20/INTCC20
0 1 1 0 0 1 INTP21/INTCC21
0 1 1 0 1 0 INTP22/INTCC22
0 1 1 0 1 1 INTP23/INTCC23
0 1 1 1 0 0 INTP24/INTCC24
0 1 1 1 0 1 INTP25/INTCC25
0 1 1 1 1 0 INTTM3
0 1 1 1 1 1 INTP30/INTCC30
1 0 0 0 0 0 INTP31/INTCC31
1 0 0 0 0 1 INTCM4
1 0 0 0 1 0 INTDMAO
1 0 0 0 1 1 INTDMA1
1 0 0 1 0 0 INTDMA2

Remark n=0t03
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(3/3)

Bit position Bit name Function
5t00 IFCn5 to
IFCn0 IFCn5 | IFCn4 | IFCn3 | IFCn2 | IFCn1 | IFCnO Interrupt source
1 0 0 1 0 1 | INTDMA3
1 0 1 0 1 0 | INTCSIO
1 0 1 0 1 1| INTCSH
1 0 1 1 0 0 | INTSRO
1 0 1 1 0 1| INTSTO
1 0 1 1 1 0 | INTSERO
1 0 1 1 1 1 | INTSR1
1 1 0 0 0 o | INTST1
1 1 0 0 1 1| INTADO
1 1 0 1 0 0 | INTAD1
1 1 1 0 1 0 | INTCMO10
1 1 1 0 1 1| INTCMO11
1 1 1 1 0 0 | INTCMO12
1 1 1 1 0 1| INTCMO14
1 1 1 1 1 o | INTCMO15

Other than above

Setting prohibited

Remark n=0t03
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6.4 DMA Bus States

6.4.1 Types of bus states
The DMAC bus cycle consist of the following 10 states.

1

()

@)

(4)

(5)

(6)

@

(®)

()

Tl state
The Tl state is an idle state, during which no access request is issued.
The DMA request signals are sampled at the rising edge of the CLKOUT signal.

TO state
DMA transfer ready state (state in which a DMA transfer request has been issued and the bus mastership is
acquired for the first DMA transfer).

T1R state
The bus enters the T1R state at the beginning of a read operation in the two-cycle transfer mode.
Address driving starts. After entering the T1R state, the bus invariably enters the T2R state.

T1RI state

The T1RI state is a state in which the bus waits for the acknowledge signal corresponding to an external
memory read request.

After entering the last T1RI state, the bus invariably enters the T2R state.

T2R state

The T2R state corresponds to the last state of a read operation in the two-cycle transfer mode, or to a wait
state.

In the last T2R state, read data is sampled. After entering the last T2R state, the bus invariably enters the
T1W state.

T2RI state

State in which the bus is ready for DMA transfer to on-chip peripheral I/O or internal RAM (state in which the
bus mastership is acquired for DMA transfer to on-chip peripheral I/O or internal RAM).

After entering the last T2RI state, the bus invariably enters the T1W state.

T1W state
The bus enters the T1W state at the beginning of a write operation in the two-cycle transfer mode.
Address driving starts. After entering the T1W state, the bus invariably enters the T2W state.

T1WI state
State in which the bus waits for the acknowledge signal corresponding to an external memory write request.
After entering the last T1WI state, the bus invariably enters the T2W state.

T2W state

The T2W state corresponds to the last state of a write operation in the two-cycle transfer mode, or to a wait
state.

In the last T2W state, the write strobe signal is made inactive.
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(10) TE state
The TE state corresponds to DMA transfer completion. Various internal signals are initialized (n = 0 to 3).
After entering the TE state, the bus invariably enters the Tl state.

6.4.2 DMAC bus cycle state transition
Except for the block transfer mode, each time the processing for a DMA transfer is completed, the bus mastership

is released.

Figure 6-1. DMAC Bus Cycle (Two-Cycle Transfer) State Transition

(28

cs
©

Q,
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6.5 Transfer Modes

6.5.1 Single transfer mode

In single transfer mode, the DMAC releases the bus at each byte/halfword transfer. If there is a subsequent DMA
transfer request, transfer is performed again once. This operation continues until a terminal count occurs.

When the DMAC has released the bus, if another higher priority DMA transfer request is issued, the higher priority
DMA request always takes precedence. However, if a lower priority DMA transfer request is generated within one
clock after the end of a single transfer, even if the previous higher priority DMA transfer request signal stays active,
this request is not prioritized, and the next DMA transfer after the bus is released for the CPU is a transfer based on
the newly generated, lower priority DMA transfer request.

Figures 6-2 to 6-5 show examples of single transfer.

Figure 6-2. Single Transfer Example 1

DMARQ3 _/ \ / __

(Internal signal)

DMA channel 3 terminal count

Note The bus is always released.

Figure 6-3 shows a single transfer mode example in which a higher priority DMA transfer request is generated.
DMA channels 0 to 2 are used for a block transfer, and channel 3 is used for a single transfer.

Figure 6-3. Single Transfer Example 2

DMARQO / \

(Internal signal)

DMARQ1 / \
(Internal signal)
DMARQ2 / \

(Internal signal)

DMARQ3 / \_

(Internal signal)

Note Note Note Note

v v v v
(‘cpu X cpu X cPu XDMASY CPU XDMAOXDMAOX CPU XDMA1X DMATX CPU XDMA2X DMA2X CPU XDMASY CPUZXDI\%AEB)

DMA channel 1 DMA channel 3

DMA channel 0 terminal count DMA channel 2 terminal count
terminal count terminal count

Note The bus is always released.
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Figure 6-4 shows a single transfer mode example in which a lower priority DMA transfer request is generated
within one clock after the end of a single transfer. DMA channels 0 and 3 are used for a single transfer. When two
DMA transfer request signals are activated at the same time, the two DMA transfers are performed alternately.

Figure 6-4. Single Transfer Example 3

DMARQO

\RQO __/ ___
(Internal signal)

DMARQ3 / \
(Internal signal)

DMA channel 3 DMA channel 0
terminal count terminal count

Note The bus is always released.

Figure 6-5 shows a single transfer mode example in which two or more lower priority DMA transfer requests are
generated within one clock after the end of a single transfer. DMA channels 0, 2, and 3 are used for a single transfer.

When three or more DMA transfer request signals are activated at the same time, always the two highest priority DMA
transfers are performed alternately.

Figure 6-5. Single Transfer Example 4

DMARQO / \
(Internal signal)

DMARQ2 / \

(Internal signal)
DMARQ3

\RQ3 _/ |
(Internal signal)

Note Note Note Note Note Note Note Note Note

DMA channel 0 DMA channel 3
terminal count DMA channel 2 terminal count
terminal count

Note The bus is always released.
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6.5.2 Single-step transfer mode
In single-step transfer mode, the DMAC releases the bus at each byte/halfword transfer. Once a DMA transfer

request signal has been received, transfer continues until a terminal count occurs.
When the DMAC has released the bus, if another higher priority DMA transfer request is issued, the higher priority

DMA request always takes precedence.
Figures 6-6 and 6-7 show examples of single-step transfer.

Figure 6-6. Single-Step Transfer Example 1

DMARQ1 / \

(Internal signal)
Note Note Note

('cPu X cPU X CPU XDMATX CPU XDMA1X CPU XDMA1X CPU XDMA1X CPU X CPU X CPU X CPU X CPU X CPU X CPU )

DMA channel 1
terminal count

Note The bus is always released.

Figure 6-7. Single-Step Transfer Example 2

DMARQO / \

(Internal signal)

DMARQ1 / \
Note Note

(Internal signal)
Note Note Note Note

('cPu X CPU X CPU XDMA1X CPU XDMATX CPU XDMAOX CPU XDMAOX CPU XDMAOX CPU XDMA1X CPU XDMA1X CPU )

DMA channel 0 DMA channel 1
terminal count terminal count

Note The bus is always released.

6.5.3 Block transfer mode
In the block transfer mode, once transfer starts, the DMAC continues the transfer operation without releasing the

bus until a terminal count occurs. No other DMA requests are acknowledged during block transfer.
After the block transfer ends and the DMAC releases the bus, another DMA transfer can be acknowledged.
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6.6 Transfer Types

6.6.1 Two-cycle transfer

In two-cycle transfer, data transfer is performed in two cycles, a read cycle (source to DMAC) and a write cycle
(DMAC to destination).

In the first cycle, the source address is output and reading is performed from the source to the DMAC. In the
second cycle, the destination address is output and writing is performed from the DMAC to the destination.

Caution An idle cycle of 1 clock is always inserted between the read cycle and write cycle.
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6.7 Transfer Object
6.7.1 Transfer type and transfer object
Table 6-1 lists the relationship between the transfer type and transfer object (\: Transfer enabled, x: Transfer

disabled).

Table 6-1. Relationship Between Transfer Type and Transfer Object

Destination
Two-Cycle Transfer
Internal On-Chip Internal External
ROM Peripheral I/0 RAM Memory,
External I/O
On-chip x v v \/
peripheral 1/0
@ | External /O x v v v
5
& | Internal RAM x v X v
External memory x v \/
Internal ROM X X X X

Cautions 1. The operation is not guaranteed for combinations of transfer destination and source marked
with "x" in Table 6-1.
2. Addresses between 3FFFO000H and 3FFFFFFH cannot be specified for the source and
destination address of DMA transfer. Be sure to specify an address between FFFFO00H and
FFFFFFFH.

Remark During two-cycle 16-bit transfer, if the data bus width of the transfer source and that of the transfer
destination are different, the operation becomes as follows.

In the case of transfer from a 16-bit bus to an 8-bit bus
A 16-bit read cycle is generated and then an 8-bit write cycle is sequentially generated twice.

In the case of transfer from an 8-bit bus to a 16-bit bus
An 8-bit read cycle is sequentially generated twice and then a 16-bit write cycle is generated.

6.7.2 External bus cycles during DMA transfer (two-cycle transfer)
The external bus cycles during DMA transfer (two-cycle transfer) are shown below.

Table 6-2. External Bus Cycles During DMA Transfer (Two-Cycle Transfer)

Transfer Object External Bus Cycle

On-chip peripheral I/O, internal RAM | None"**® -

External memory, external I/O Yes SRAM, external ROM, external I/O access cycle

Note Other external cycles such as a CPU-based bus cycle can be started.
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6.8 DMA Channel Priorities
The DMA channel priorities are fixed as follows.
DMA channel 0 > DMA channel 1 > DMA channel 2 > DMA channel 3

These priorities are valid in the Tl state only. In the block transfer mode, the channel used for transfer is never

switched.
In the single-step transfer mode, if a higher priority DMA transfer request is issued while the bus is released (in the

Tl state), the higher priority DMA transfer request is acknowledged.

Caution Be sure not to activate multiple DMA channels using the same start factor. If multiple channels
are activated in this way, a lower priority DMA channel may be acknowledged prior to a higher
priority DMA channel.

6.9 Next Address Setting Function

The DMA source address registers (DSAnH, DSAnL), DMA destination address registers (DDAnH, DDAnL), and
DMA transfer count register (DBCn) are buffer registers with a 2-stage FIFO configuration (n = 0 to 3).
When the terminal count is issued, these registers are automatically rewritten with the value that was set immediately

before.

Therefore, during DMA transfer, transfer is automatically started when a new DMA transfer setting is made for
these registers and both the Enn and MLEn bits of the DCHCn register are set (1) (however, the DMA transfer end
interrupt may be issued even if DMA transfer is automatically started).

Figure 6-8 shows the configuration of the buffer register.

Figure 6-8. Buffer Register Configuration

Ny
Data read |
. |
=}
Ke)
©
c
(0]
< Data write Master Slave Address/
register register count
controller
—J
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6.10 DMA Transfer Start Factors

There are two types of DMA transfer start factors, as shown below.

(1) Request from software
If the STGn, Enn, and TCn bits of the DCHCn register are set as follows, DMA transfer starts (n = 0 to 3).

e STGn bit = 1
e Enn bit=1
eTCnbit=0

(2) Request from on-chip peripheral I/O
If, when the Enn and TCn bits of the DCHCn register are set as shown below, an interrupt request is issued
from the on-chip peripheral I/O that is set in the DTFRn register, DMA transfer starts (n = 0 to 3).

e Enn bit=1
eTCnbit=0

6.11 Forcible Interruption

DMA transfer can be forcibly interrupted by NMI input during DMA transfer.

At such a time, the DMAC resets the Enn bit of the DCHCn register of all channels to 0 and the DMA transfer
disabled state is entered. An NMI request can then be acknowledged after the DMA transfer executed during NMI
input is terminated (n = 0 to 3).

In the single-step transfer mode or block transfer mode, the DMA transfer request is held in the DMAC. If the Enn
bit is set to 1, DMA transfer restarts from the point it was interrupted.

In the single transfer mode, if the Enn bit is set to 1, the next DMA transfer request is acknowledged and DMA
transfer starts.

Figure 6-9. Example of Forcible Interruption of DMA Transfer

NMI (input) 4/—\ /—\_
Forcible Transfer Forcible
r interruption r restart r interruption

DMAtransferXDMAtransferstopX DMA transfer X DMA transfer stop

DDIS register X \ 01H X

DRST register X\ 01H

EO0O bit of DCHC register \ (Z; \
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6.12 DMA Transfer End

When DMA transfer ends and the TCn bit of the DCHCn register is set to 1, a DMA transfer end interrupt
(INTDMAN) is issued to the interrupt controller (INTC) (n = 0 to 3).

6.13 Forcible Termination

In addition to the forcible interruption operation by means of NMI input, DMA transfer can be forcibly terminated by
the INITn bit of the DCHCn register (n = 0 to 3).

Remark Because the DSAn, DDAn, and DBCn registers are FIFO-configured buffer registers, the values are

held even after a forcible termination. Also, the next transfer condition can be set even during DMA
transfer. But, because the DADCn and DCHCn registers are not buffer registers, setting during DMA
transfer is invalid (refer to 6.9 Next Address Setting Function and 6.3.4 DMA addressing control
registers 0 to 3 (DADCO to DADC3)).

6.14 Cautions

130
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Memory boundary
The transfer operation is not guaranteed if the source or the destination address exceeds the area of DMA
objects (external memory, internal RAM, or on-chip peripheral 1/0) during DMA transfer.

Transfer of misaligned data
DMA transfer of 16-bit bus width misaligned data is not supported.

Times related to DMA transfer
The overhead before and after DMA transfer and the minimum execution clock for DMA transfer are shown
below.

o Internal RAM access: 1 clock

Note that for external memory access, the time depends on the type of external memory connected.

Bus arbitration for CPU

The CPU can access external memory, on-chip peripheral /0O, and internal RAM not undergoing DMA
transfer.

While data transfer between external memories or to and from 1/O is being performed, the CPU can access
internal RAM.

While data transfer is being executed between internal RAMs, the CPU can access external memory and on-
chip peripheral 1/0.

DMA start factors

Be sure not to activate multiple DMA channels using the same start factor. If multiple channels are activated
in this way, a lower priority DMA channel may be acknowledged prior to a higher priority DMA channel.
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The VB850E/IA2 is provided with a dedicated interrupt controller (INTC) for interrupt servicing and can process a
total of 48 interrupt requests.

An interrupt is an event that occurs independently of program execution, and an exception is an event whose
occurrence is dependent on program execution.

The V850E/IA2 can process interrupt requests from the on-chip peripheral hardware and external sources.
Moreover, exception processing can be started by the TRAP instruction (software exception) or by generation of an
exception event (i.e. fetching of an illegal opcode) (exception trap).

Eight levels of software-programmable priorities can be specified for each interrupt request. Interrupt servicing
starts after at least 4 system clocks (125 ns (@ 40 MHz)) following the generation of an interrupt request.

7.1 Features

O Interrupts

* Non-maskable interrupts: 1 source

¢ Maskable interrupts: 47 sources

* 8 levels of programmable priorities (maskable interrupts)

* Multiple interrupt control according to priority

¢ Masks can be specified for each maskable interrupt request.

* Noise elimination", edge detection, and valid edge specification for external interrupt request signals.
Note For details of the noise eliminator, refer to 12.4 Noise Eliminator.

O Exceptions
¢ Software exceptions: 32 sources

* Exception traps: 2 sources (illegal opcode exception and debug trap)

Interrupt/exception sources are listed in Table 7-1.
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Table 7-1. Interrupt/Exception Source List (1/2)

Type Classification Interrupt/Exception Source Default | Exception| Handler | Restored PC
Name Controlling Generating Source | Generating| Priority | Code Address
Register Unit

Reset Interrupt RESET - RESET input Pin - 0000H 00000000H |Undefined

Non-maskable |Interrupt NMIO - NMI input Pin - 0010H 00000010H [nextPC

Software Exception TRAPOn"“*" - TRAP instruction - -~ |004nH"™™" |00000040H |nextPC

exception Exception TRAP1n"*! - TRAP instruction - - |005nH™" |00000050H |nextPC

Exception trap |Exception ILGOP/DBGO - lllegal opcode/ - - 0060H 00000060H [nextPC

DBTRAP instruction

Maskable Interrupt INTPO POICO INTPO pin Pin 0 0080H 00000080H [nextPC
Interrupt INTP1 POICA INTP1 pin Pin 1 0090H 00000090H [nextPC
Interrupt INTP2 P0IC2 INTP2 pin Pin 2 00AOH 000000A0H [nextPC
Interrupt INTP3 POIC3 INTP3 pin Pin 3 00BOH 000000BOH |[nextPC
Interrupt INTP4 POIC4 INTP4 pin Pin 4 00COH 000000COH [nextPC
Interrupt - - Not used™*°? - - - 000000DOH -
Interrupt - - Not used™*°? - - - 000000EOH -
Interrupt INTDETO DETICO ADO voltage detection ADC 5 00FOH 000000FOH [nextPC
Interrupt INTDET1 DETICA AD1 voltage detection ADC 6 0100H 00000100H [nextPC
Interrupt INTTMOO TMOICO TMOO underflow RPU 7 0110H 00000110H [nextPC
Interrupt INTCMO003 CMO03ICO CMO003 match RPU 8 0120H 00000120H [nextPC
Interrupt INTTMO1 TMOIC1 TMO1 underflow RPU 9 0130H 00000130H [nextPC
Interrupt INTCMO013 CMO3IC1 CMO013 match RPU 10 |0140H 00000140H [nextPC
Interrupt INTP100/ CC10ICO INTP100 pin/ Pin/RPU 11 |0150H 00000150H [nextPC

INTCC100 CC100 match
Interrupt INTP101/ CC1o0IC1 INTP101/INTP100 pin/  |Pin/RPU 12 |0160H 00000160H [nextPC
INTCC101 CC101 match
Interrupt INTCM100 CM10ICO CM100 match RPU 13 |0170H 00000170H [nextPC
Interrupt INTCM101 CM10IC1 CM101 match RPU 14 |0180H 00000180H [nextPC
Interrupt - - Not used™*°? - - - 00000190H -
Interrupt - - Not used™*®? - - - 000001A0H -
Interrupt - - Not used™*°? - - - 000001BOH -
Interrupt - - Not used™*°? - - - 000001COH -
Interrupt INTTM20 TM2ICO TM20 overflow RPU 15 |01DOH 000001DOH [nextPC
Interrupt INTTM21 TM2IC1 TM20 overflow RPU 16 |01EOH 000001EOH [nextPC
Interrupt INTP20/INTCC20 |CC2ICO INTP20 pin/CC20 match |Pin/RPU 17 |01FOH 000001FOH [nextPC
Interrupt INTP21/INTCC21 |CC2ICH INTP21 pin/CC21 match |Pin/RPU 18 |0200H 00000200H |nextPC
Interrupt INTP22/INTCC22 |CC2IC2 INTP22 pin/CC22 match |Pin/RPU 19 |0210H 00000210H |nextPC
Interrupt INTP23/INTCC23 |CC2IC3 INTP23 pin/CC23 match |Pin/RPU 20 |0220H 00000220H |nextPC
Interrupt INTP24/INTCC24 |CC2IC4 INTP24 pin/CC24 match |Pin/RPU 21 |0230H 00000230H |nextPC
Interrupt INTP25/INTCC25 |CC2IC5 INTP25 pin/CC25 match |Pin/RPU 22 |0240H 00000240H |nextPC
Interrupt INTTM3 TM3ICO TMB overflow RPU 23 |0250H 00000250H [nextPC
Interrupt INTP30/INTCC30 [CC3ICO INTP30 pin/CC30 match |Pin/RPU 24 |0260H 00000260H [nextPC
Interrupt INTP31/INTCC31 |CC3IC1 INTP31 pin/CC31 match |Pin/RPU 25 |0270H 00000270H |nextPC
Interrupt INTCM4 CM4ICo CM4 match signal RPU 26 |0280H 00000280H [nextPC
Interrupt INTDMAO DMAICO End of DMAQO transfer DMA 27  |0290H 00000290H |nextPC
Interrupt INTDMA1 DMAICA End of DMAT1 transfer DMA 28 |02A0H 000002A0H [nextPC
Notes 1. n=0to FH
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2. Reserved for expansion to the V850E/IA1.
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Table 7-1. Interrupt/Exception Source List (2/2)

Type Classification Interrupt/Exception Source Default | Exception| Handler | Restored PC
Name Controlling Generating Source | Generating | Priority | Code Address
Register Unit
Maskable Interrupt INTDMA2 DMAIC2 End of DMA2 transfer DMA 29 |02BOH 000002BOH [nextPC
Interrupt INTDMA3 DMAIC3 End of DMAS transfer DMA 30 |02COH 000002COH [nextPC
Interrupt - - Not used™* - - - 000002DOH -
Interrupt - - Not used™*® - - - 000002EO0H -
Interrupt - - Not used™*® - - - 000002FOH -
Interrupt - - Not used"*® - - - 00000300H -
Interrupt INTCSIO Cslico CSI0 transmission SIO 31 0310H 00000310H [nextPC
complete
Interrupt INTCSIH CSIlIC1 CSI1 reception complete |SIO 32 |0320H 00000320H |nextPC
Interrupt INTSRO SRICO UARTO reception SIO 33 |0330H 00000330H [nextPC
complete
Interrupt INTSTO STICO UARTO transmission SIO 34 |0340H 00000340H [nextPC
complete
Interrupt INTSERO SEICO UARTO receiver error SIO 35 |0350H 00000350H |nextPC
Interrupt INTSR1 SRIC1 UART1 reception SIO 36 |0360H 00000360H [nextPC
complete
Interrupt INTST1 STICAH UART1 transmission SIO 37 |0370H 00000370H [nextPC
complete
Interrupt - - Not used™* - - - 00000380H -
Interrupt - - Not used™*® - - - 00000390H -
Interrupt INTADO ADICO End of ADO conversion |ADC 38 |03A0OH 000003A0H |nextPC
Interrupt INTAD1 ADIC1 End of ADO conversion |ADC 39 |03BOH 000003BOH |nextPC
Interrupt - - Not used™*® - - - 000003COH -
Interrupt - - Not used™*® - - - 000003DOH -
Interrupt - - Not used™*® - - - 000003EOH -
Interrupt INTCMO10 CMo0IC1 CMO010 match RPU 40 |O3FOH 000003F0H [nextPC
Interrupt INTCMO11 CMO1IC1 CMO011 match RPU 41 0400H 00000400H |nextPC
Interrupt INTCMO12 CMo2IC1 CMO012 match RPU 42 |0410H 00000410H |nextPC
Interrupt INTCMO14 CMo4IC1 CMO014 match RPU 43 |0420H 00000420H |nextPC
Interrupt INTCMO15 CMO5IC1 CMO015 match RPU 44  |0430H 00000430H |nextPC
Interrupt INTCMO004 CMo4IC0o CMO004 match RPU 45 |0440H 00000440H |nextPC
Interrupt INTCMO005 CMO05ICO CMO005 match RPU 46  |0450H 00000450H [nextPC

Note Reserved for expansion to the V850E/IA1.

Remarks 1. Default priority: The priority order when two or more maskable interrupt requests are generated at
the same time. The highest priority is 0.

Restored PC:

nextPC:

The value of the PC saved to EIPC or FEPC when interrupt/exception processing

is started. However, the value of the PC saved when an interrupt is acknowledged
during division (DIV, DIVH, DIVU, DIVHU) instruction execution is the value of the
PC of the current instruction (DIV, DIVH, DIVU, DIVHU).

The PC value that starts the processing following interrupt/exception processing.

2. The execution address of the illegal instruction when an illegal opcode exception occurs is
calculated by (Restored PC — 4).
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7.2 Non-Maskable Interrupt

A non-maskable interrupt request is acknowledged unconditionally, even when interrupts are in the interrupt
disabled (DI) status. An NMI is not subject to priority control and takes precedence over all the other interrupts.

A non-maskable interrupt request is input from the NMI pin. When the valid edge specified by bit 0 (ESNO) of the
external interrupt mode register 0 (INTMO) is detected on the NMI pin, the interrupt occurs.

While the service program of the non-maskable interrupt is being executed (PSW.NP = 1), the acknowledgement
of another non-maskable interrupt request is held pending. The pending NMI is acknowledged after the original
service program of the non-maskable interrupt under execution has been terminated (by the RETI instruction). Note
that if two or more NMI requests are input during the execution of the service program for an NMI, the number of
NMis that will be acknowledged after PSW.NP is cleared to 0 is only one.

Remark PSW.NP: The NP bit of the PSW register.
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7.2.1 Operation
If a non-maskable interrupt is generated, the CPU performs the following processing, and transfers control to the
handler routine.

(1) Saves the restored PC to FEPC.

(2) Saves the current PSW to FEPSW.

(3) Writes exception code 0010H to the higher halfword (FECC) of ECR.

(4) Sets the NP and ID bits of the PSW and clears the EP bit.

(5) Sets the handler address (00000010H) corresponding to the non-maskable interrupt to the PC, and transfers
control.

The servicing configuration of a non-maskable interrupt is shown in Figure 7-1.

Figure 7-1. Servicing Configuration of Non-Maskable Interrupt

- ( NMI input )
= ( Non-maskable interrupt request )

PSW.NP

INTC
acknowledged

CPU processing

FEPC -— restored PC ( Interrupt request held pending )
FEPSW -— PSW

ECR.FECC -=—0010H
PSW.NP =1

PSW.EP =0

PSW.ID -1

PC ~—00000010H

( Interrupt servicing )
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Figure 7-2. Acknowledging Non-Maskable Interrupt Request

(a) If a new NMI request is generated while an NMI service program is being executed

( Main routine )

(PSW.NP = 1)

\

NMI request held pending regardless

NMI . NMI —
request request =1 the value of the NP bit of the PSW

Pending NMI request processed

A

(b) If a new NMI request is generated twice while an NMI service program is being executed

C Main routine )

NMI request —| Held pending because NMI service program is being processed

NMI request —

NMI request —| Held pending because NMI service program is being processed

Only one NMI request is acknowledged even though
two NMI requests are generated

R
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7.2.2 Restore

Execution is restored from the non-maskable interrupt servicing by the RETI instruction.

When the RETI instruction is executed, the CPU performs the following processing, and transfers control to the
address of the restored PC.

(1) Restores the values of the PC and the PSW from FEPC and FEPSW, respectively, because the EP bit of the
PSW is 0 and the NP bit of the PSW is 1.
(2) Transfers control back to the address of the restored PC and PSW.

Figure 7-3 illustrates how the RETI instruction is processed.

Figure 7-3. RETI Instruction Processing

( RETI instruction )

: 0

: 1

; PSW.NP

S -0
PC < EIPC PC < FEPC
PSW <~ EIPSW PSW = FEPSW

C Original processing restored )

Caution When the PSW.EP bit and PSW.NP bit are changed by the LDSR instruction during non-
maskable interrupt servicing, in order to restore the PC and PSW correctly during recovery
by the RETI instruction, it is necessary to set PSW.EP back to 0 and PSW.NP back to 1 using
the LDSR instruction immediately before the RETI instruction.

Remark The solid lines show the CPU processing flow.
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7.2.3 Non-maskable interrupt status flag (NP)
The NP flag is a status flag that indicates that non-maskable interrupt (NMI) servicing is under execution.
This flag is set when an NMI interrupt has been acknowledged, and masks all interrupt requests and exceptions to

prohibit multiple interrupts from being acknowledged.

0: No NMI interrupt servicing
1: NMl interrupt currently being serviced

31 876543210
L I S O B I
After reset
PSW 00000000000000000O0O0O0O O O OINPIEP|IDSATICY|OV|S|Z 00000020H
Bit position Bit name Function
7 NP Indicates whether NMI interrupt servicing is in progress.

7.2.4 Edge detection function

(1) External interrupt mode register 0 (INTMO)
External interrupt mode register 0 (INTMO) is a register that specifies the valid edge of a non-maskable

interrupt (NMI). The NMI valid edge can be specified to be either the rising edge or the falling edge by the

ESNO bit.

This register can be read/written in 8-bit or 1-bit units.

7 6 5 4 3 2 1 <0>
INTMO 0 0 0 0 0 0 0 ESNO Address After reset
FFFFF880H 00H
Bit position Bit name Function
0 ESNO Specifies the NMI pin’s valid edge.
0: Falling edge
1: Rising edge

138
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7.3 Maskable Interrupts

Maskable interrupt requests can be masked by interrupt control registers. The V850E/IA2 has 47 maskable
interrupt sources.

If two or more maskable interrupt requests are generated at the same time, they are acknowledged according to
the default priority. In addition to the default priority, eight levels of priorities can be specified by using the interrupt
control registers (programmable priority control).

When an interrupt request has been acknowledged, the acknowledgement of other maskable interrupt requests is
disabled and the interrupt disabled (DI) status is set.

When the El instruction is executed in an interrupt servicing routine, the interrupt enabled (El) status is set, which
enables servicing of interrupts having a higher priority than the interrupt request in progress (specified by the
interrupt control register). Note that only interrupts with a higher priority will have this capability; interrupts with the
same priority level cannot be nested.

However, if multiple interrupts are executed, the following processing is necessary.

<1> Save EIPC and EIPSW in memory or a general-purpose register before executing the El instruction.
<2> Execute the DI instruction before executing the RETI instruction, then reset EIPC and EIPSW with the values
saved in <1>.

7.3.1 Operation
If a maskable interrupt occurs by INT input, the CPU performs the following processing, and transfers control to a
handler routine.

(1) Saves the restored PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code to the lower halfword of ECR (EICC).

(4) Sets the ID bit of the PSW and clears the EP bit.

(5) Sets the handler address corresponding to each interrupt to the PC, and transfers control.

The servicing configuration of a maskable interrupt is shown in Figure 7-4.
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Figure 7-4. Maskable Interrupt Servicing

T C INT input )

INTC acknowledged

No

Is the interrupt
mask released?

Priority higher than
that of interrupt currently
being serviced?

No

Priority higher
than that of other interrupt
request?

No

ighest default
priority of interrupt requests
with the same priority?

1 CMaskable interrupt request> Gnterrupt request held pendingD

No

CPU processing

EIPC -«— restored PC Qnterrupt request held pending)
EIPSW -— PSW

ECR.EICC -— exception code
PSW.EP =0

PSW.ID - 1
Corresponding =— 1

bit of ISPRNet®

PC -— handler address

C Interrupt servicing )

Note For details of the ISPR register, see 7.3.6 In-service priority register (ISPR).

The INT input masked by the interrupt controllers and the INT input that occurs while another interrupt is being
serviced (when PSW.NP = 1 or PSW.ID = 1) are held pending internally by the interrupt controller. In such case, if
the interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 as set by the RETI and LDSR instructions, input
of the pending INT starts the new maskable interrupt servicing.
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7.3.2 Restore

Recovery from maskable interrupt servicing is carried out by the RETI instruction.

When the RETI instruction is executed, the CPU performs the following steps, and transfers control to the address
of the restored PC.

(1) Restores the values of the PC and the PSW from EIPC and EIPSW because the EP bit of the PSW is 0 and
the NP bit of the PSW is 0.
(2) Transfers control to the address of the restored PC and PSW.

Figure 7-5 illustrates the processing of the RETI instruction.

Figure 7-5. RETI Instruction Processing

( RETI instruction )

PC -<— EIPC PC -— FEPC
PSW -— EIPSW PSW =«— FEPSW
Corresponding =— 0
bit of ISPRNete

( Restores original processing )

Note For details of the ISPR register, see 7.3.6 In-service priority register (ISPR).

Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction during
maskable interrupt servicing, in order to restore the PC and PSW correctly during recovery
by the RETI instruction, it is necessary to set PSW.EP back to 0 and PSW.NP back to 0 using
the LDSR instruction immediately before the RETI instruction.

Remark The solid lines show the CPU processing flow.
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7.3.3 Priorities of maskable interrupts

The VB50E/IA2 provides multiple interrupt servicing in which an interrupt is acknowledged while another interrupt
is being serviced. Multiple interrupts can be controlled by priority levels.

There are two types of priority level control: control based on the default priority levels, and control based on the
programmable priority levels that are specified by the interrupt priority level specification bit (xxPRn) of the interrupt
control register (xxICn). When two or more interrupts having the same priority level specified by the xxPRn bit are
generated at the same time, interrupts are serviced in order depending on the priority level allocated to each interrupt
request type (default priority level) beforehand. For more information, refer to Table 7-1 Interrupt/Exception
Source List. The programmable priority control customizes interrupt requests into eight levels by setting the priority
level specification flag.

Note that when an interrupt request is acknowledged, the ID flag of PSW is automatically set to 1. Therefore,
when multiple interrupts are to be used, clear the ID flag to 0 beforehand (for example, by placing the El instruction in
the interrupt service program) to set the interrupt enable mode.

Remark xx: Identification name of each peripheral unit (refer to Table 7-2)
n: Peripheral unit number (refer to Table 7-2)
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Figure 7-6. Example of Servicing in Which Another Interrupt Request Is Issued While an
Interrupt Is Being Serviced (1/2)

C Main routine )

Servicing of a Servicing of b

|

Interrupt request a — Interrupt
(level 3) request b Interrupt request b is acknowledged because the
(level 2) —- priority of b is higher than that of a and interrupts are
enabled.
/ Servicing of ¢
Interrupt request ¢ — “Interrupt request d o o
(level 3) (level 2)— Although the priority of interrupt request d is higher
than that of ¢, d is held pending because interrupts
are disabled.

Servicing of d

Servicing of e

\ /)

Interrupt request € — “Interrupt request f

(level 2) (level 3) — Interrupt request f is held pending even if interrupts are

enabled because its priority is lower than that of e.

Servicing of f

/1

Servicing of g

Interrupt request g — Interrupt request h
(level 1) (level 1) — Interrupt request h is held pending even if interrupts are

enabled because its priority is the same as that of g.

Servicing of h

/|

Caution The values of the EIPC and EIPSW registers must be saved before executing multiple
interrupts.
When returning from multiple interrupt servicing, restore the values of EIPC and EIPSW after
executing the DI instruction.

Remarks 1. ato uin the figure are the temporary names of interrupt requests shown for the sake of
explanation.
2. The default priority in the figure indicates the relative priority between two interrupt requests.
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Figure 7-6. Example of Servicing in Which Another Interrupt Request Is Issued While an
Interrupt Is Being Serviced (2/2)

Servicing of i
El

El Servicing of k
Interrupt
Interrupt request i — request j__
(level 2) (level 3) Interrupt request j is held pending because its

Interrupt requestk priority is lower than that of i.

level 1) ™
(level 1) k that occurs after j is acknowledged because it
has the higher priority.
Servicing of

Servicing of |

Interrupt requests m and n are held pending
because servicing of | is performed in the interrupt

Interrupt

request m ecau

Interrupt request | —— (level 3) — disabled status.
Interrupt request n
(level 2) level 1) o

Pending interrupt requests are acknowledged after
servicing of interrupt request I.

At this time, interrupt requests n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Servicing of m

Servicing of o

/1E| Servicing of p Servicing of

Interrupt request o0 — \/TEI ervicing of q N

(level 3) oot b Tnterrupt El Servicing of r
request =" Interrupt

(level 2) (level 1) request r -
(level 0)

Servicing of n

If levels 3 to 0 are acknowledged

Servicing of s Pending interrupt requests t and u are
acknowledged after servicing of s.

Interrupt Because the priorities of t and u are the same, u is

request t acknowledged first because it has the higher

Interrupt request s —= (level 2) . | Note1 default priority, regardless of the order in which the

(level 1) Interruptl rSQTJS)St Ul e 2 interrupt requests have been generated.
evel 2)—»

Servicing of u

Servicing of t Notes 1. Lower default priority
2. Higher default priority

Caution The values of the EIPC and EIPSW registers must be saved before executing multiple
interrupts. When returning from multiple interrupt servicing, restore the values of EIPC
and EIPSW after executing the DI instruction.
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Figure 7-7. Example of Servicing Interrupt Requests Generated Simultaneously

( Main routine )

El

Interrupt request a (level 2)
Interrupt request b (level 1) -
Interrupt request c (level 1)

T

Servicing of interrupt request b = Interrupt request b and c are
acknowledged first according to
their priorities.

* Because the priorities of b and ¢ are
. . the same, b is acknowledged first
Servicing of interrupt request ¢ according to the default priority.

NMI request »

Default priority
a>b>c

Servicing of interrupt request a

A

Caution The values of the EIPC and EIPSW registers must be saved before executing multiple
interrupts. When returning from multiple interrupt servicing, restore the values of EIPC and
EIPSW after executing the DI instruction.

Remark a to c in the figure are pseudo names given to interrupt requests for the sake of explanation.

User's Manual U15195EJ3VOUD 145



CHAPTER 7 INTERRUPT/EXCEPTION PROCESSING FUNCTION

7.3.4 Interrupt control register (xxICn)

An interrupt control register is assigned to each interrupt request (maskable interrupt) and sets the control
conditions for each maskable interrupt request.

This register can be read/written in 8-bit or 1-bit units.

* Caution Read the xxIFn bit of the xxICn register in the interrupt disabled (DI) state. Otherwise if the
timing of interrupt acknowledgement and bit reading conflict, normal values may not be read.

<7> <6> 5 4 3 <2> <1> <0>
Address After reset
xxICn xxIFn xXxMKn 0 0 0 xxPRn2 | xxPRn1 | xxPRn0 | FFFFF110H to 47H
FFFF18AH
Bit position Bit name Function
7 xxIFn This is an interrupt request flag.

0: Interrupt request not issued

1: Interrupt request issued
The flag xxIFn is reset automatically by the hardware if an interrupt request is
acknowledged.

6 xXMKn This is an interrupt mask flag.
0: Enables interrupt servicing
1: Disables interrupt servicing (pending)

2t00 xxPRn2 to | 8 levels of priority order are specified for each interrupt.
xxPRnO
xxPRn2 | xxPRn1 xxPRnO Interrupt priority specification bit
0 0 0 Specifies level 0 (highest).
0 0 1 Specifies level 1.
0 1 0 Specifies level 2.
0 1 1 Specifies level 3.
1 0 0 Specifies level 4.
1 0 1 Specifies level 5.
1 1 0 Specifies level 6.
1 1 1 Specifies level 7 (lowest).

Remark xx: Identification name of each peripheral unit (refer to Table 7-2)
n: Peripheral unit number (refer to Table 7-2).

The address and bit of each interrupt control register are as follows.
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Table 7-2. Addresses and Bits of Interrupt Control Registers (1/2)

Address Register Bit
<7> <6> 5 4 3 <2> <1> <0>
FFFFF110H | POICO POIFO POMKO 0 0 0 POPR02 POPRO1 POPRO00
FFFFF112H | POIC1 POIF1 POMK1 0 0 0 POPR12 POPR11 POPR10
FFFFF114H | POIC2 POIF2 POMK2 0 0 0 POPR22 POPR21 POPR20
FFFFF116H | POIC3 POIF3 POMK3 0 0 0 POPR32 POPR31 POPR30
FFFFF118H | POIC4 POIF4 POMK4 0 0 0 POPR42 POPR41 POPR40
FFFFF11AH | Not - - - - - - - -
used"™
FFFFF11CH | Not - - - - - - - -
used"™™"
FFFFF11EH | DETICO | DETIFO DETMKO 0 0 0 DETPRO2 |DETPRO1 |DETPROO
FFFFF120H | DETIC1 | DETIF1 DETMK1 0 0 0 DETPR12 |DETPR11 |DETPR10
FFFFF122H | TMOICO | TMOIFO TMOMKO 0 0 0 TMOPR02 | TMOPRO1 | TMOPROO
FFFFF124H | CM3ICO | CMO3IFO | CMO3MKO 0 0 0 CMO3PR02 | CMO3PR0O1 | CMO3PRCO
FFFFF126H | TMOIC1 | TMOIF1 TMOMK1 0 0 0 TMOPR12 |TMOPR11 | TMOPR10
FFFFF128H | CMO3IC1 [ CMO3IF1 CMO3MK1 0 0 0 CMO3PR12 | CMO3PR11 | CMO3PR10
FFFFF12AH | CC10ICO | CC10IFO | CC10MKO 0 0 0 CC10PR02 | CC10PRO01 | CC10PR00
FFFFF12CH | CC1CIC1| CC10IF1 | CC10MKT1 0 0 0 CC10PR12 | CC10PR11 | CC10PR10
FFFFF12EH | CM10ICO | CM10IFO | CM10MKO 0 0 0 CM10PR02 | CM10PR0O1| CM10PRO00
FFFFF130H | CM10IC1 [ CM10IF1 CM10MKA1 0 0 0 CM10PR12| CM10PR11 | CM10PR10
FFFFF132H | Not - - - - - - - -
used"™
FFFFF134H | Not - - - - - - - -
used"™™"
FFFFF136H | Not - - - - - - - -
used"™
FFFFF138H | Not - - - - - - - -
used"™™"
FFFFF13AH | TM2ICO | TM2IFO TM2MKO 0 0 0 TM2PR02 | TM2PRO1 | TM2PRO0O
FFFFF13CH | TM2IC1 | TM2IF1 TM2MK1 0 0 0 TM2PR12 | TM2PR11 | TM2PR10
FFFFF13EH | CC2ICO | CC2IF0 CC2MKO 0 0 0 CC2PR02 |CC2PR0O1 |CC2PR00
FFFFF140H | CC2IC1 | CC2IF1 CC2MK1 0 0 0 CC2PR12 |CC2PR11 |CC2PR10
FFFFF142H | CC2IC2 |CC2IF2 CC2MK2 0 0 0 CC2PR22 |CC2PR21 |CC2PR20
FFFFF144H |CC2IC3 |CC2IF3 | CC2MK3 0 0 0 CC2PR32 |CC2PR31 |CC2PR30
FFFFF146H | CC2IC4 |CC2IF4 CC2MK4 0 0 0 CC2PR42 |CC2PR41 |CC2PR40
FFFFF148H |CC2IC5 |CC2IF5 | CC2MK5 0 0 0 CC2PR52 |CC2PR51 | CC2PR50
FFFFF14AH | TM3ICO | TM3IFO TM3MKO 0 0 0 TM3PR02 | TM3PRO1 | TM3PRO0O
FFFFF14CH | CC3ICO | CC3IF0 CC3MKO 0 0 0 CC3PR02 |CC3PR0O1 |CC3PR00
FFFFF14EH | CC3IC1 | CC3IF1 CC3MK1 0 0 0 CC3PR12 |CC3PR11 |CC3PR10

Note Reserved for expansion to V850E/IA1.
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Table 7-2. Addresses and Bits of Interrupt Control Registers (2/2)

Address Register Bit
<7> <6> 5 4 3 <2> <1> <0>

FFFFF150H | CM4ICO | CM4IF0 CM4MKO 0 0 0 CM4PR02 | CM4PR0O1 | CM4PR00O

FFFFF152H | DMAICO | DMAIFO DMAMKO 0 0 0 DMAPRO02 | DMAPRO1 | DMAPROO

FFFFF154H | DMAIC1 | DMAIFA1 DMAMK1 0 0 0 DMAPR12 | DMAPR11 | DMAPR10

FFFFF156H | DMAIC2 | DMAIF2 DMAMK2 0 0 0 DMAPR22 | DMAPR21 | DMAPR20

FFFFF158H | DMAIC3 | DMAIF3 DMAMK3 0 0 0 DMAPR32 | DMAPR31 | DMAPR30

FFFFF15AH | Not - - - - - - - -
usedNB!e

FFFFF15CH | Not - - - - - - - -
usedNote

FFFFF15EH | Not - - - - - - - -
usedNB!e

FFFFF160H | Not - - - - - - - -
usedNote

FFFFF162H | CSIICO | CSIIFO CSIMKO 0 0 0 CSIPR02 |[CSIPRO1 | CSIPROO

FFFFF164H | CSIIC1 | CSIIF1 CSIMK1 0 0 0 CSIPR12 |CSIPR11 | CSIPR10

FFFFF166H | SRICO SRIFO SRMKO 0 0 0 SRPRO02 SRPRO1 SRPRO00

FFFFF168H | STICO STIFO STMKO 0 0 0 STPR0O2 STPRO1 STPROO

FFFFF16AH | SEICO SEIFO SEMKO 0 0 0 SEPRO02 SEPRO1 SEPRO00

FFFFF16CH | SRIC1 SRIF1 SRMK1 0 0 0 SRPR12 SRPR11 SRPR10

FFFFF16EH | STIC1 STIF1 STMK1 0 0 0 STPR12 STPR11 STPR10

FFFFF170H | Not - - - - - - - -
usedNote

FFFFF172H | Not - - - - - - - -
usedNB!e

FFFFF174H | ADICO ADIFO ADMKO 0 0 0 ADPRO02 ADPRO1 ADPRO00

FFFFF176H | ADIC1 ADIF1 ADMK1 0 0 0 ADPR12 ADPR11 ADPR10

FFFFF178H | Not - - - - - - - -
usedNote

FFFFF17AH | Not - - - - - - - -
usedNB!e

FFFFF17CH | Not - - - - - - - -
usedNote

FFFFF17EH | CMOOIC1 | CMOOIF1 | CMOOMK1 0 0 0 CMOOPR12| CMOOPR11 | CMOOPR10

FFFFF180H | CMO1IC1|CMO1IF1 | CMO1MK1 0 0 0 CMO1PR12| CM0O1PR11| CMO1PR10

FFFFF182H | CM02IC1|CMO02IF1 | CM02MK1 0 0 0 CMO2PR12 | CM02PR11 | CMO2PR10

FFFFF184H | CM04IC1 | CM04IF1 | CM04MK1 0 0 0 CMO04PR12| CM04PR11| CM04PR10

FFFFF186H | CMO5IC1|CMO05IF1 | CMO5MK1 0 0 0 CMO5PR12 | CMO5PR11 | CMO5PR10

FFFFF188H | CM04ICO | CM04IFO | CM04MKO 0 0 0 CMO04PR02 | CM04PR01 | CM04PR00

FFFFF18AH | CMO5ICO | CMO5IFO | CMO5MKO 0 0 0 CMO05PR02 | CMO5PR01 | CMO5PR00

Note Reserved for expansion to V850E/IA1.
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7.3.5 Interrupt mask registers 0 to 3 (IMRO to IMR3)
These registers set the interrupt mask state for the maskable interrupts.
The xxMKn bit of the IMRO to IMR3 registers is equivalent to the xxMKn bit of the xxICn register.
IMRm can be read/written in 16-bit units (m = 0 to 3).

When the IMRm register is divided into two registers: higher 8 bits (IMRmH register) and lower 8 bits (IMRmL

register), these registers can be read/written in 8-bit or 1-bit units.

<15> <14> <13> <12> <11> <10> <9> <8> Address After reset
IMRO |CM10MK0| CC10MK1 | CC10MK0| CM03MK1| TMOMK 1| CMoaMKo| TMOMKo| DETMK1| FFFFF100H  FFFFH
<7> 6 5 <4> <3> <2> <1> <0>
[oETMko| 1 | 1 | Pomka | Pomks | PomKz | PoMK1 | PoMKo |
<15> <14> <13> <12> <11> <10> <9> <8> Address After reset
IMR1 | CCaMK1 | cCaMKo | TM3MKO | CCaMKs | coamKa | ceamka | coamka | ceamkt | FFFFF102H  FFFFH
<7> <6> <5> 4 3 2 1 <0>
[ccomko | tMamkt [Tvamko| 1 [ 1 | 1 | 1 |omomkil
<15> <14> <13> <12> <11> <10> <9> 8 Address After reset
IMR2 | STMK1 | SRMK1 | SEMK0 | STMKO | SRMKo | CSIMK1 | CsiMKo | 1 | FFFFF104H  FFFFH
7 6 5 <4> <3> <2> <1> <0>
[ 1+ | 1+ | 1 |;omamks|pmAvKe|DMAMKT|DMAMKO|CManKo|
15 14 <13> <12> <11> <10> <9> <8> Address After reset
mR3 | 1 | 1 [cMosmKo|cMoamKo| cMosMKi | CMoamK1 | cMozuKi | cMotmKT | FFFFF106H  FFFFH
<7> 6 5 4 <3> <2> 1 0
[omoomki] 1+ | 1 | 1 [aADmki [ADmko| 1 | 1
Bit position Bit name Function

15105, 0 (IMR

15107, 4 to 0 (IMRO)| xxMKn

15109, 410 0 (IMR2)
13107, 3, 2 (IMR3)

Interrupt mask flag
1) 0: Interrupt servicing enabled

1: Interrupt servicing disabled (pending)

n:

Peripheral unit number (refer Table 7-2)

Remark xx: Identification name of each peripheral unit (refer to Table 7-2).
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7.3.6 In-service priority register (ISPR)

This register holds the priority level of the maskable interrupt currently acknowledged. When an interrupt request
is acknowledged, the bit of this register corresponding to the priority level of that interrupt request is set to 1 and
remains set while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt request having the highest priority is
automatically reset to 0 by hardware. However, it is not reset to 0 when execution is returned from non-maskable
interrupt servicing or exception processing.

This register is read-only in 8-bit or 1-bit units.

Caution In the interrupt enabled (EI) state, if an interrupt is acknowledged during the reading of the ISPR
register, the value of the ISPR register may be read after the bit is set (1) by this interrupt
acknowledgement. To read the value of the ISPR register properly before interrupt
acknowledgement, read it in the interrupt disabled (DI) state.

<7> <6> <5> <4> <3> <2> <1> <0>

Address After reset

ISPR ISPR7 | ISPR6 | ISPR5 | ISPR4 | ISPR3 | ISPR2 | ISPR1 | ISPRO FEFFF1FAH 00H

Bit position Bit name Function

7t00 ISPR7 to ISPRO Indicates priority of interrupt currently acknowledged
0: Interrupt request with priority n not acknowledged
1: Interrupt request with priority n acknowledged

Remark n =0 to 7 (priority level)
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7.3.7 Maskable interrupt status flag (ID)
The ID flag is bit 5 of the PSW and this controls the maskable interrupt’s operating state, and stores control
information regarding enabling or disabling of interrupt requests.

31 876543210
L L L L L e L L
After reset
PSW 00000000000000D0000O0OOO O ONPEP|IDIATICY[OV|S|Z 00000020H
Bit position Bit name Function
5 ID Indicates whether maskable interrupt servicing is enabled or disabled.

0: Maskable interrupt request acknowledgement enabled

1: Maskable interrupt request acknowledgement disabled (pending)
This bit is set to 1 by the DI instruction and reset to 0 by the El instruction. Its
value is also modified by the RETI instruction or LDSR instruction when
referencing the PSW.
Non-maskable interrupt requests and exceptions are acknowledged regardless
of this flag. When a maskable interrupt is acknowledged, the ID flag is
automatically set to 1 by hardware.
The interrupt request generated during the acknowledgement disabled period
(ID = 1) is acknowledged when the xxIFn bit of xxICn register is set to 1, and the
ID flag is reset to 0.

7.3.8 Interrupt trigger mode selection

The valid edge of the INTPn, ADTRGO, ADTRG1, TIUD10, TCUD10, TCLR10, TCLR3, and TI3 pins can be
selected by program. The edge that can be selected as the valid edge is one of the following (n = 0 to 4, 20 to 25,
30, 31, 100, 101).

¢ Rising edge
e Falling edge
¢ Both the rising and falling edges

When the INTPn, ADTRGO, ADTRG1, TIUD10, TCUD10, TCLR10, TCLR3, and TI3 signals are edge-detected,
they become an interrupt source or capture trigger.

The valid edge is specified by external interrupt mode registers 1 and 2 (INTM1 and INTM2), signal edge selection
register 10 (SESA10), the valid edge selection register (SESC), and TM2 input filter mode registers 0 to 5 (FEMO to
FEMS).
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(1) External interrupt mode registers 1, 2 (INTM1, INTM2)

These registers specify the valid edge for external interrupt requests (INTPO to INTP4), input via external
pins.

The correspondence between each register and the external interrupt requests that register controls is
shown below.

e INTM1: INTPO, INTP1, INTP2/ADTRGO, INTP3/ADTRG1
o INTM2: INTP4

INTP2 and INTP3 function alternately as ADTRGO and ADTRG1 (A/D converter external trigger input).
Therefore, if the external trigger mode has been set by the TRGO to TRG2 bits of A/D converter mode
register n0 (ADSCMnO0), setting the ES20 and ES21, and ES30 and ES31 bits of INTM1 also specifies the
valid edge of the external trigger input (ADTRGO and ADTRG1) (n =0, 1).

The valid edge can be specified independently for each pin (rising edge, falling edge, or both rising and
falling edges).

These registers can be read/written in 8-bit or 1-bit units.

7 6 5 4 3 2 1 0 Address After reset
INTM1 | ES31 | ES30 | Es21 | Es20 | Est1 | Esto | ESo1 | Esoo | FFFFFes2H 00H
L ] L ] L ] L ]
INTP3/ADTRG1 INTP2/ADTRGO INTP1 INTPO
7 6 5 4 3 2 1 0 Address After reset
nm2| o | o | o | o | o | o | Esar | Esao | FFFFFesaH oo
L ]
INTP4
Bit position Bit name Function

7t00 ESn1, ESn2 | Specifies the valid edge of the INTPn, ADTRGO and ADTRGH1 pins.
(INTM1), (n=0to 4)

(II\:'I"ISIQ) ESn1 ESn0 Valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
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(2) Signal edge selection register 10 (SESA10)
These registers specify the valid edge of external interrupt requests (INTP100, INTP101, TIUD10, TCUD10,
and TCLR10), input via external pins.
The valid edge can be specified independently for each pin (rising edge, falling edge, or both rising and
falling edges).
These registers can be read/written in 8-bit or 1-bit units.

Cautions 1. The bits of the SESA10 register cannot be changed during TM10 operation (TM1CEO bit
of timer control register 10 (TMC10) = 1).
2. TM1CEO bit must be set (1) before using the TCUD10/INTP100 and TCLR10/INTP101
pins as INTP100 and INTP101, even if not using timer 1.
3. Setting the trigger mode of the INTP100, INTP101, TIUD10, TCUD10, or TCLR10 pin
should be performed after setting the PMC1 register.
If the PMC1 register is set after setting the SESA10 register, an invalid interrupt may

occur when the PMC1 register is set.

1/2)

(

7 6 5 4 3 2 1 0 Address After reset

SESA10 [TESUDO1|TESUD0O|CESUD01|CESUDO00| 1ES1011 | 1ES1010 | 1ES1001 | IES1000 | FFFFFSEDH  0OH
I I I I
TIUD10, TCUD10 TCLR10 INTP101 INTP100
Bit position Bit name Function
7,6 TESUDO1, Specifies the valid edge of the TIUD10 and TCUD10 pins.
TESUDOO

TESUDO1 TESUDOO Valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges

Cautions 1. The values set to the TESUDO1 and TESUDOO bits are valid only in

2.

UDC mode A" 'and UDC mode B""".

If TM10 operation has been specified in mode 4
specification (TESUD01 and TESUDOO bits) for the TIUD10 and

Note 2

TCUD10 pins is invalid.

, the valid edge

Notes 1. See 9.2.4 (2) Timer unit mode register 0 (TUMO).
2. See 9.2.4 (6) Prescaler mode register 10 (PRM10).
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2/2)

Bit position Bit name Function
54 CESUDO01, Specifies the valid edge of the TLCR10 pin
CESUDO0
CESUDO1 CESUDO00 Valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Low level
1 1 High level
The setting values of the CESUDO01 and CESUDOO bits and the operation of TM10
are as follows.
00: TM10 cleared after detection of TCLR10 rising edge
01: TM10 cleared after detection of TCLR10 falling edge
10: TM10 holds cleared status while TCLR10 input is low level
11: TM10 holds cleared status while TCLR10 input is high level
Caution The values set to the CESUDO1 and CESUDOO bits are valid only in
UDC mode A™™".
3,2 IES1011, Specifies the valid edge of the pin selected using the CSLO bit of the CSL10 register
IES1010 (INTP101/INTP100)
IES1011 IES1010 Valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
1,0 IES1001, Specifies the valid edge of the INTP100 pin
IES1000
IES1001 IES1000 Valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges

Note See 9.2.4 (2) Timer unit mode register 0 (TUMO).
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(3) Valid edge selection register (SESC)

This register specifies the valid edge for external interrupt requests (INTP30, INTP31, TCLRS, TI3), input via
external pins.

The valid edge can be specified independently for each pin (rising edge, falling edge, or both rising and
falling edges).
This register can be read/written in 8-bit or 1-bit units.

Cautions 1. The TM3CAE and TM3CE bits of timer control register 30 (TMC30) must be set (1) before

using the TI3/TCLR3/INTP30 and TO3/INTP31 pins as INTP30 and INTP31, even if not
using timer 3.

2. Setting the trigger mode of the INTP30, INTP31, TCLR3, or TI3 pin should be performed
after setting the PMC2 register.

If the PMC2 register is set after setting the SESC register, an invalid interrupt may occur
when the PMC2 register is set.

7 6 5 4 3 2 1 0 Address After reset
sesc | TEsa1 | TEsso | cesst | CEs3o | IES311 | IES310 | IES301 | IES300 | FFFFFES8OH  00H
L ] | | |
TI3 TCLR3 INTP31 INTP30
Bit position Bit name Function
7,6 TES31, Specifies the valid edge of the INTP30, INTP31, TCLRS3, or TI3 pins.
TES30
54 CES3Ht, xESn1 xESnO Valid edge
CES30 0 0 Falling edge
0 1 Rising edge
3,2 IES311, 1 0 Setting prohibited
IES310 1 1 Both rising and falling edges
1.0 TES301, Remark n=3, 30, 31
TES300
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156

(4) Timer 2 input filter mode registers 0 to 5 (FEMO to FEMS5)
These registers specify the valid edge for external interrupts input to timer 2 (INTP20 to INTP25). The
correspondence between each register and the external interrupt request that register controls is shown

below.

e FEMO: INTP20
e FEM1: INTP21
e FEM2: INTP22
e FEM3: INTP23
e FEM4: INTP24
o FEM5: INTP25

The valid edge can be specified independently for each pin (rising edge, falling edge, or both rising and

falling edges).

These registers can be read/written in 8-bit or 1-bit units.

Cautions 1.

Be sure to clear (0) the STFTE bit of timer 2 clock stop register 0 (STOPTEQ) even when
using the TI2/INTP20, TO21/INTP21, TO22/INTP22, TO23/INTP23, TO24/INTP24, and
TCLR2/INTP25 pins as INTP20, INTP21, INTP22, INTP23, INTP24, and INTP25,
respectively, even if not using timer 2.

Setting the trigger mode of the INTP2n pin should be performed after setting the PMC2
register.

If the PMC2 register is set after setting the FEMn register, an invalid interrupt may occur
when the PMC2 register is set (n = 0 to 5).
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(1/2)

7 6 5 4 3 2 1 0 Address After reset
FEMO | DFENOO ‘ 0 0 ‘ 0 ‘ EDGEO010 ‘ EDGEOOO‘ TMSO010 ‘ TMS000 | FFFFF630H 00H
|
INTP20
7 6 5 4 3 2 1 0 Address After reset
FEM1 |DFENOT| 0 | o |epceort|epceoot| TMs011 | TMs001 | FFFFFE31H oM
|
INTP21
7 6 5 4 3 2 1 0 Address After reset
FEM2 | DFEN02| 0 o | o |EpcEo12|EDGE002| TMSO12 | TMS002 | FFFFFe32H  ooH
|
INTP22
7 6 5 4 3 2 1 0 Address After reset
FEM3 [DFENO3 | 0 o | o |epceo1s|epceoos| TMs013 | TMs00s| FFFFFe3sH  ooH
|
INTP23
7 6 5 4 3 2 1 0 Address After reset
FEM4 | DFENO04 ‘ 0 0 ‘ 0 ‘ EDGEO14 ‘ EDGEOO4‘ TMSO014 ‘ TMS004 | FFFFF634H O00H
|
INTP24
7 6 5 4 3 2 1 0 Address After reset
FEM5 | DFENO05 ‘ 0 0 ‘ 0 ‘ EDGEO015 ‘ EDGEOOS‘ TMSO015 ‘ TMS005 | FFFFF635H 00H
|
INTP25
Bit position Bit name Function
7 DFENOn Specifies the filter of the INTP2n pin.
0: Analog filter
1: Digital filter
Caution When the DFENOnN bit = 1, the sampling clock of the digital filter is fxtmz
(clock selected by the PRMO02 register).
3,2 EDGEO1n, Specifies the valid edge of the INTP2n pin.
EDGEOONn

EDGEO1Nn EDGEOON Operation
0 0 Interrupt by INTCC2n"*®
0 1 Rising edge
1 0 Falling edge
1 1 Both rising and falling edges

Note Set when INTCC2n is selected by a match between TM20, TM21 and the
subchannel compare register (specified by the TMS01n, TMSO00n bits) (n = 0 to

5).

Remark n=0to5
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©2/2)

Bit position Bit name Function
1,0 TMSO01n, Selects the capture input™®.
TMSO00n

TMSO01n TMSO00n Operation
0 0 Used as a pin
0 1 Digital filter (noise eliminator specification)
1 0 Timer-based capture to subchannel 1

Timer-based capture to subchannel 2

Note Selection of capture input based on INTCM100 and INTCM101 is valid only for the FEM1 and FEM2
registers. Set the TMS01m and TMS00m bits of the FEMm register to 00B or 01B. All other settings

are prohibited (m =1, 3t0 5).

Subchannels 1 and 2 of timer 2 can be captured by INTP21, INTP22, and INTCM100, INTCM101.

An example is given below.

(a) When subchannel 1 is captured by INTCM101

FEM1 register = xxxxxx10B
TMICO register = 00000010B

(b) When subchannel 2 is captured by INTCM101

FEM2 register = xxxxxx11B
TMICO register = 00001000B

Remark n=0to5
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7.4 Software Exception

A software exception is generated when the CPU executes the TRAP instruction, and can be always
acknowledged.

7.4.1 Operation
If a software exception occurs, the CPU performs the following processing, and transfers control to the handler
routine:

(1) Saves the restored PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt source).

(4) Sets the EP and ID bits of the PSW.

(5) Sets the handler address (00000040H or 00000050H) corresponding to the software exception to the PC,
and transfers control.

Figure 7-8 illustrates the processing of a software exception.

Figure 7-8. Software Exception Processing

-+ ( TRAP instructionNote )

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC —— exception code
PSW.EP =1

PSW.D  =—1

PC -— handler address

( Exception processing )

Note TRAP instruction format: TRAP vector (the vector is a value from 0 to 1FH.)

CPU processing

The handler address is determined by the TRAP instruction’s operand (vector). If the vector is 0 to OFH, it
becomes 00000040H, and if the vector is 10H to 1FH, it becomes 00000050H.
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7.4.2 Restore

Recovery from software exception processing is carried out by the RET]I instruction.

By executing the RETI instruction, the CPU carries out the following processing and shifts control to the restored

PC’s address.

(1) Loads the restored PC and PSW from EIPC and EIPSW because the EP bit of the PSW is 1.
(2) Transfers control to the address of the restored PC and PSW.

Figure 7-9 illustrates the processing of the RETI instruction.

Figure 7-9. RETI Instruction Processing

C

RET]I instruction )

i 0
PC -—EIPC PC -—FEPC
PSW -—EIPSW PSW -—FEPSW

( Original processing restored )

Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR instruction during the
software exception processing, in order to restore the PC and PSW correctly during
recovery by the RETI instruction, it is necessary to set PSW.EP back to 1 using the LDSR
instruction immediately before the RETI instruction.

Remark The solid lines show the CPU processing flow.
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7.4.3 Exception status flag (EP)
The EP flag is bit 6 of PSW, and is a status flag used to indicate that exception processing is in progress. It is set
when an exception occurs.

31 876543210
T

PSW 00000000D0O0OO00D0OOOOOOOOO O O|NPEP|ID[SATICY|OV|S|Z

After reset
00000020H

Bit position Bit name Function

6 EP Shows that exception processing is in progress.
0: Exception processing not in progress.
1: Exception processing in progress.
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7.5 Exception Trap

An exception trap is an interrupt that is requested when an illegal execution of an instruction takes place. In the
V850E/IA2, an illegal opcode exception (ILGOP: lllegal Opcode Trap) is considered as an exception trap.

7.5.1 lllegal opcode definition
The illegal instruction has an opcode (bits 10 to 5) of 111111B, sub-opcodes of 0111B to 1111B (bits 26 to 23),
and OB (bit 16). An exception trap is generated when an instruction applicable to this illegal instruction is executed.

15 1110 5 4 0 31 2726
I I I

2322 16
N O O B I A B T

[ [
0111

XXXXX1T11111TXXXXX[XXXXX to X X X X X X|0
1111

x : Arbitrary

Caution Since it is possible that this instruction will be assigned to an illegal opcode in the future, it is
recommended that it not be used.

(1) Operation
If an exception trap occurs, the CPU performs the following processing, and transfers control to the handler
routine.

1) Saves the restored PC to DBPC.

2) Saves the current PSW to DBPSW.

3) Sets the NP, EP, and ID bits of the PSW.

4) Sets the handler address (00000060H) corresponding to the exception trap to the PC, and transfers
control.

(
(
(
(

Figure 7-10 illustrates the processing of the exception trap.
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Figure 7-10. Exception Trap Processing

— C Exception trap (ILGOP) occurs )

DBPC -«— Restored PC
DBPSW =—PSW
PSW.NP «—1

PSW.EP «—1

PSW.ID =1

PC ~— 00000060H

< Exception processing )

CPU processing

(2) Restore
Recovery from an exception trap is carried out by the DBRET instruction. By executing the DBRET
instruction, the CPU carries out the following processing and controls the address of the restored PC.

(1) Loads the restored PC and PSW from DBPC and DBPSW.
(2) Transfers control to the address indicated by the restored PC and PSW.

Figure 7-11 illustrates the restore processing from an exception trap.

Figure 7-11. Restore Processing from Exception Trap

( DBRET instruction >

PC -« DBPC
PSW -<— DBPSW

( Jump to address of restored PC )
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7.5.2 Debug trap

The debug trap is an exception that can be acknowledged every time and is generated by execution of the
DBTRAP instruction.

When the debug trap is generated, the CPU performs the following processing.

(1) Operation
When the debug trap is generated, the CPU performs the following processing, transfers control to the
debug monitor routine, and shifts to debug mode.

1) Saves the restored PC to DBPC.

2) Saves the current PSW to DBPSW.

3) Sets the NP, EP and ID bits of the PSW.

4) Sets the handler address (00000060H) corresponding to the debug trap to the PC and transfers control.

—~ o~ o~ o~

Figure 7-12 illustrates the processing of the debug trap.

Figure 7-12. Debug Trap Processing

—_— ( DBTRAP instruction )

DBPC -— Restored PC
DBPSW =— PSW
PSW.NP «— 1

CPU processing PSWEP <1
PSW.ID = 1
PC -— (00000060H

( Exception processing )
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(2) Restore
Recovery from a debug trap is carried out by the DBRET instruction. By executing the DBRET instruction,
the CPU carries out the following processing and controls the address of the restored PC.

(1) Loads the restored PC and PSW from DBPC and DBPSW.
(2) Transfers control to the address indicated by the restored PC and PSW.

Figure 7-13 illustrates the restore processing from a debug trap.

Figure 7-13. Restore Processing from Debug Trap

( DBRET instruction )

PC -<— DBPC
PSW -<— DBPSW

( Jump to address of restored PC )
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7.6 Multiple Interrupt Servicing Control

Multiple interrupt servicing control is a process by which an interrupt request that is currently being processed can
be interrupted during processing if there is an interrupt request with a higher priority level, and the higher priority
interrupt request is received and processed first.

If there is an interrupt request with a lower priority level than the interrupt request currently being processed, that
interrupt request is held pending.

Maskable interrupt multiple processing control is executed when interrupts are enabled (ID = 0). Thus, if multiple
interrupts are executed, it is necessary for interrupts to be enabled (ID = 0) even during an interrupt servicing routine.

If a maskable interrupt or a software exception is generated in a maskable interrupt or software exception service
program, it is necessary to save EIPC and EIPSW.

This is accomplished by the following procedure.

(1) Acknowledgement of maskable interrupts in service program

Service program of maskable interrupt or exception

e EIPC saved to memory or register
e EIPSW saved to memory or register
¢ Elinstruction (interrupt acknowledgement enabled)

« Maskable interrupt acknowledgement

¢ Dl instruction (interrupt acknowledgement disabled)
e Saved value restored to EIPSW

e Saved value restored to EIPC

¢ RETI instruction
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(2) Generation of exception in service program

Service program of maskable interrupt or exception

EIPC saved to memory or register
EIPSW saved to memory or register

TRAP instruction « Exception such as TRAP instruction acknowledged.

Saved value restored to EIPSW
Saved value restored to EIPC

RETI instruction

The priority order for multiple interrupt servicing control has 8 levels, from 0 to 7 for each maskable interrupt
request (0 is the highest priority), but it can be set as desired via software. Setting of the priority order level
is done using the xxPRnO0 to xxPRn2 bits of the interrupt control request register (xxICn), which is provided
for each maskable interrupt request. After system reset, an interrupt request is masked by the xxMKn bit
and the priority order is set to level 7 by the xxPRn0 to xxPRn2 bits.

The priority order of maskable interrupts is as follows.
(High) Level 0 > Level 1 > Level 2 > Level 3 > Level 4 > Level 5 > Level 6 > Level 7 (Low)
Interrupt servicing that has been suspended as a result of multiple servicing control is resumed after the
servicing of the higher priority interrupt has been completed and the RETI instruction has been executed.
A pending interrupt request is acknowledged after the current interrupt servicing has been completed and

the RETI instruction has been executed.

Caution In a non-maskable interrupt servicing routine (time until the RETI instruction is executed),
maskable interrupts are suspended and not acknowledged.
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7.7 Interrupt Response Time

The following table describes the V850E/IA2 interrupt response time (from interrupt generation to start of interrupt

servicing).
Figure 7-14. Pipeline Operation at Interrupt Request Acknowledgement (Outline)
' 4 systemclocks !
Internalclock|||||||||||I|||||||
Interrupt request | | .
Instruction 1 | F [ o [Ex | DF [wB
Instruction 2 IFX | IDX i
Interrupt acknowledgement operation INT1|INT2 INT3| INT4
Instruction (start instruction of interrupt servicing routine) IF ‘ IF ‘ ID ‘EX ‘
I
Interleave
access"*®

Note For details of interleave access, refer to 8.1.2 2-clock branch in V850E1 Architecture User’s Manual
(U14559E).

Remark INT1 to INT4: Interrupt acknowledgement processing

IFX: Invalid instruction fetch
IDX: Invalid instruction decode
Interrupt Response Time (Internal System Clock (fxx)) Condition
Internal External Interrupt
Interrupt | INTPO to INTP4, |INTP20 to INTP25 | INTP100, INTP30,
INTP20 to INTP25 INTP101, INTP31
Mini- 4 4+ 4+ 4 + Note 1 + The following cases are exceptions.
mum analog delay time | digital noise filter | digital noise filter | o In IDLE/software STOP mode
Maxi- 7N 7+ 7+ 7 + Note 1 + e External bus access
mum analog delay time | digital noise filter | digital noise filter | ¢ Two or more interrupt request non-
sampling instructions are executed in
succession
e Access to on-chip peripheral I/O
register

Notes 1. The number of internal system clocks is as follows.

e For timer 10 (TM10) using INTP100 and INTP101 as external interrupt inputs (see 9.2.4 (1)
Timer 1/timer 2 clock selection register (PRM02)):
fek = fxx/2 (PRM2 bit = 1): 2
ferk = fxx/4 (PRM2 bit = 0): 4

e For timer 3 (TM3) using INTP30 and INTP31 as external interrupt inputs (see 9.4.5 (1) Timer
3 clock selection register (PRM03)):
fok = fxx (PRM3 bit = 1): 2
ferk = fxx/2 (PRMS3 bit = 0): 4

2. When LD instruction is executed to internal ROM (during align access)
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7.8 Periods in Which Interrupts Are Not Acknowledged

An interrupt is acknowledged while an instruction is being executed. However, no interrupt will be acknowledged
between an interrupt non-sample instruction and the next instruction (interrupt is held pending).
The interrupt request non-sampling instructions are as follows.

El instruction

DI instruction

LDSR reg2, 0x5 instruction (for PSW)

The load instruction, store instruction, and bit manipulation instruction for the interrupt control register (xxICn),
in-service priority register (ISPR), and interrupt mask registers 0 to 3 (IMRO to IMR3).

The store instruction for the command register (PRCMD)

The load instruction, store instruction, and bit manipulation instruction for the registers related to CSI
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The clock generator (CG) generates and controls the internal system clock (fxx) that is supplied to each internal
unit, such as the CPU.

8.1 Features

e Multiplier function using a phase locked loop (PLL) synthesizer
e Clock sources
¢ Oscillation by connecting a resonator
o External clock
e Power-saving modes
e HALT mode
¢ |DLE mode
e Software STOP mode
¢ Internal system clock output function

8.2 Configuration

X1 "X+ CPU, on-chip peripheral /O
§ , on-chip periphera
(x) Clock CLKOUT
X20——— generator
(CG) Time base counter (TBC)
CKSEL O——

Remark fx: External resonator or external clock frequency
fxx: Internal system clock
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8.3 Input Clock Selection

The clock generator consists of an oscillator and a PLL synthesizer. For example, connecting a 4.0 MHz crystal
resonator or ceramic resonator to the X1 and X2 pins enables a 40 MHz internal system clock (fxx) to be generated
when the multiplier is 10. Also, an external clock can be input directly to the oscillator. In this case, the clock signal
should be input only to the X1 pin (the X2 pin should be left open). Two basic operation modes are provided for the
clock generator. These are the PLL mode and the direct mode. The operation mode is selected by the CKSEL pin.
The input to this pin is latched on reset.

CKSEL Operation Mode
0 PLL mode
1 Direct mode

Caution The input level for the CKSEL pin must be fixed. If it is switched during operation, a
malfunction may occur.

8.3.1 Direct mode

In the direct mode, the external clock is divided by two and the divided clock is supplied as the internal system
clock. The maximum frequency that can be input in the direct mode is 50 MHz. This mode is used in application
system where the V850E/IA2 operates at relatively low frequencies.

Caution In direct mode, an external clock must be input (an external resonator should not be
connected).

8.3.2 PLL mode

In PLL mode, an external resonator is connected or external clock is input and multiplied by the PLL synthesizer.
The multiplied PLL output is divided by the division ratio specified by the clock control register (CKC) to generate a
system clock that is 10, 5, 2.5, or 1 times the frequency (fx) of the external resonator or external clock.

After reset, an internal system clock (fxx) that is 1 time the frequency (1 x fx) of the internal clock frequency (fx) is
generated.

When a frequency that is 10 times the clock frequency (fx) (10 x fx) is generated, a system with low noise and low
power consumption can be realized because a frequency of up to 40 MHz is obtained based on a 4 MHz external
resonator or external clock.

In PLL mode, if the clock supply from an external resonator or external clock source stops, operation of the internal
system clock (fxx) based on the self-propelled frequency of the clock generator’s internal voltage controlled oscillator
(VCO) continues. In this case, fxx is undefined. However, do not devise an application method expecting to use this
self-propelled frequency.

Example: Clocks when PLL mode (fxx = 10 x fx) is used

Internal System Clock Frequency (fxx) External Resonator or External Clock Frequency (fx)

40.000 MHz 4.0000 MHz
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Caution Only an fx value for which 10 x fx does not exceed the system clock maximum frequency (40

MHz) (i.e. 4 MHz) can be used for the oscillation frequency or external clock frequency.
When 5 x fx, 2.5 x fx, or 1 x fx is used, a frequency of 4 to 6.6 MHz can be used.

Remark Note the following when PLL mode is selected (fxx = 5 x fx, fxx = 2.5 x fx, or fxx = 1 x fx)

If the VB50E/IA2 does not need to be operated at a high frequency, use fxx = 5 x fx, fxx = 2.5 x fx, or fxx

=1 x fx to reduce the power consumption by lowering the system clock frequency using software.

8.3.3 Peripheral command register (PHCMD)

This is an 8-bit register that is used to set protection for writing to registers that can significantly affect the system
so that the application system is not halted unexpectedly due to erroneous program execution. This register is write-

only in 8-bit units (when it is read, undefined data is read out).

Writing to the first specific register (CKC register) is only valid after first writing to the PHCMD register. Because of
this, the register value can be overwritten only in the specified sequence, preventing an illegal write operation from

being performed.

7 6 5 4 3 2 1 0 Address After reset
PHCMD | REG7 | REG6 | REGs | REG4 | REG3 | REG2 | REG1 | REGO |FFFFF800H Undefined

Bit position Bit name Function
7100 REG7 to Registration code (arbitrary 8-bit data)
REGO The specific register targeted is the clock control register (CKC).

The generation of an illegal store operation can be checked with the PRERR bit of the peripheral status register

(PHS).

172 User’'s Manual U15195EJ3VOUD



CHAPTER 8 CLOCK GENERATION FUNCTION

8.3.4 Clock control register (CKC)

The clock control register is an 8-bit register that controls the internal system clock (fxx) in PLL mode. It can be
written to only by a specific sequence combination so that it cannot easily be overwritten by mistake due to erroneous
program execution.

This register can be read or written in 8-bit units.

Caution Do not change the CKDIV2 to CKDIVO bits in direct mode.

7 6 5 4 3 2 1 0 Address  After reset
CKC | 0 | 0 ‘ TBCS ‘ CESEL | 0 ‘ CKDIV2 | CKDIV1 | CKDIVO | FFFFF822H OO0H
Bit position Bit name Function
5 TBCS Selects the time base counter clock.
0: fx/2°
1: fx/2°
For details, see 8.6.2 Time base counter (TBC).
4 CESEL Specifies the functions of the X1 and X2 pins.
0: A resonator is connected to the X1 and X2 pins
1: An external clock is connected to the X1 pin
When CESEL = 1, the oscillator feedback loop is disconnected to prevent current
leakage in software STOP mode.
2t00 CKDIV2 to Sets the internal system clock frequency (fxx) when PLL mode is used.
CKDIVO
CKDIV2|CKDIV1|CKDIVO Internal system clock (fxx)
0 0 0 fx
0 0 1 2.5 x fx
0 1 1 5 x fx
1 1 1 10 x fx

Other than above Setting prohibited

Caution When changing the internal system clock during operation, be
sure to set the clock to be changed after setting the CKDIV2 to
CKDIVO0 bits to 000 (fx).

Example Clock generator settings

Operation CKSEL Pin CKC Register Input Clock (fx) Internal System
Mode CKDIV2 | CKDIVO | CKDIVO Clock (fxx)
Direct mode High-level input 0 0 0 16 MHz 8 MHz
PLL mode Low-level input 0 0 0 4 MHz 4 MHz
0 0 1 5 MHz 12.5 MHz
0 1 1 6.4 MHz 32 MHz
1 1 1 4 MHz 40 MHz
Other than above Setting prohibited Setting prohibited
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Data is set in the clock control register (CKC) according to the following sequence.

<1> Disable interrupts (set the NP bit of PSW to 1)
<2> Prepare data in any one of the general-purpose registers to set in the specific register.
<3> Write arbitrary data to the peripheral command register (PHCMD)
<4> Set the clock control register (CKC) (with the following instructions).
e Store instruction (ST/SST instruction)
<5> Insert five or more NOP instructions (5 instructions (<5> to <9>))
<10> Release the interrupt disabled state (set the NP bit of PSW to 0).

[Sample coding] <1> LDSR rX, 5

<2> MOV  0X04, ri0

<8> ST.B rl1l0, PHCMD [r0]
<4> ST.B rl0, CKC [ro0]
<5> NOP

<6> NOP

<7> NOP

<8> NOP

<9> NOP

<10> LDSR rY, 5

Remark rX: Value written to PSW
rY: Value returned to PSW

No special sequence is required to read the specific register.

174

Cautions 1. If an interrupt is acknowledged between the issuing of data to PHCMD <3> and writing to the
specific register immediately after <4>, the write operation to the specific register is not
performed and a protection error (the PRERR bit of the PHS register = 1) may occur.
Therefore, set the NP bit of the PSW to 1 <1> to disable interrupt acknowledgement. Also
disable interrupt acknowledgement when selecting a bit manipulation instruction for the
specific register setting.

2. Although the data written to the PHCMD register is dummy data, use the same register as
the general-purpose register used in specific register setting <4> for writing to the PHCMD
register (<3>). The same method should be applied when using a general-purpose register
for addressing.

3. Before executing this processing, complete all DMA transfer operations.
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8.3.5 Peripheral status register (PHS)

If a write operation is not performed in the correct sequence including access to the command register for the
protection-targeted internal registers, writing is not performed and a protection error is generated, setting the status
flag (PRERR) to 1. This flag is a cumulative flag. After checking the PRERR flag, it is cleared to 0 by an instruction.

This register can be read or written in 8-bit or 1-bit units

7 6 5 4 3 2 1 <0> Address After reset
PHS | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 | 0 | PRERR |FFFFF802H 00H
Bit position Bit name Function
0 PRERR 0: Protection error does not occur
1: Protection error occurs

The operation conditions of the PRERR flag are as follows.

Set conditions: <1> If the operation of the relevant store instruction for the on-chip peripheral I/O is not a write
operation for the PHCMD register, but the peripheral specific register is written to.
<2> |f the first store instruction operation after the write operation to the PHCMD register is for
memory other than the specific registers and on-chip peripheral I/O.

Reset conditions: <1> If the PRERR flag of the PHS register is set to 0.
<2> |f the system is reset
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8.4 PLL Lockup

The lockup time (frequency stabilization time) is the time from when the power is turned on or the software STOP
mode is released until the phase locks at the prescribed frequency. The state until this stabilization occurs is called a
lockup state, and the stabilized state is called a lock state.

The lock register (LOCKR) has a LOCK flag that reflects the stabilized state of the PLL frequency.

This register is read-only in 8-bit or 1-bit units.

Caution When the PLL is locked, the LOCK flag is 0. If the system then enters an unlocked state due to
a standby, the LOCK flag becomes 1. If anything other than a standby causes the system to
enter an unlocked state, the LOCK flag is not affected (LOCK = 0).

7 6 5 4 3 2 1 <0> Address  After reset
tockkR | o | o | o [ o | o | o | o | ook |FFFFFe24H 0000000XB
Bit position Bit name Function
0 LOCK This is a read-only flag that indicates the PLL state. This flag holds the value 0 as

long as a lockup state is maintained and is not initialized by a system reset.
0: Indicates that the PLL is locked.
1: Indicates that the PLL is not locked (UNLOCK state).

If the clock stops, the power fails, or some other factor operates to cause an unlock state to occur, for control
processing that depends on software execution speed, such as real-time processing, be sure to judge the LOCK flag
using software immediately after operation begins so that processing does not begin until after the clock stabilizes.

On the other hand, static processing such as the setting of internal hardware or the initialization of register data or
memory data can be executed without waiting for the LOCK flag to be reset.

The relationship between the oscillation stabilization time (the time from when the resonator starts to oscillate until
the input waveform stabilizes) when a resonator is used, and the PLL lockup time (the time until frequency stabilizes)
is shown below.

Oscillation stabilization time < PLL lockup time
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8.5 Power Save Control

8.5.1 Overview
The power save function has the following three modes.

1

()

@)

HALT mode

In this mode, the clock generator (oscillator and PLL synthesizer) continues to operate, but the CPU's
operation clock stops. Since the supply of clocks to on-chip peripheral functions other than the CPU
continues, operation continues. The power consumption of the overall system can be reduced by intermittent
operation that is achieved due to a combination of HALT mode and normal operation mode.

The system is switched to HALT mode by a specific instruction (the HALT instruction).

IDLE mode

In this mode, the clock generator (oscillator and PLL synthesizer) continues to operate, but the supply of
internal system clocks is stopped, which causes the overall system to stop.

When the system is released from IDLE mode, it can be switched to normal operation mode quickly because
the oscillator's oscillation stabilization time need not be secured.

The system is switched to IDLE mode according to a PSMR register setting.

IDLE mode is located midway between software STOP mode and HALT mode in relation to the clock
stabilization time and current consumption. It is used for situations in which a low current consumption mode
is to be used and the clock stabilization time is to be eliminated after the mode is released.

Software STOP mode

In this mode, the overall system is stopped by stopping the clock generator (oscillator and PLL synthesizer).
The system enters an ultra-low power consumption state in which only leak current is lost.

The system is switched to software STOP mode according to a PSMR register setting.

(a) PLL mode
The system is switched to software STOP mode by setting the register by software. The PLL
synthesizer's clock output is stopped at the same time that the oscillator is stopped. After software STOP
mode is released, the oscillator's oscillation stabilization time must be secured while the system clock
stabilizes. Also, PLL lockup time may be required depending on the program. When a resonator or
external clock is connected, following the release of the software STOP mode, execution of the program
is started after the count time of the time base counter has elapsed.

(b) Direct Mode

To stop the clock, set the X1 pin to low level. After the release of software STOP mode, execution of the
program is started after the count-time of the time base counter has elapsed.
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Figure 8-1 shows the operation of the clock generator in normal operation mode, HALT mode, IDLE mode, and

software STOP mode.
An effective low power consumption system can be realized by combining these modes and switching modes

according to the required use.

Figure 8-1. Power Save Mode State Transition Diagram

Release according to RESET,
NMI, or maskable interrupt

Normal operation mode

Set HALT mode

o

Release according to RESET,
NMI, or maskable interruptNete

Release according to RESET, HALT mode

Set STOP mode NMI, or maskable interruptNote

Set IDLE mode

IDLE mode

Software STOP mode

Note INTPn (n=0to4, 20 to 25)
However, in cases such as when a digital filter using clock sampling is selected as the noise eliminator

for INTP20 to INTP25, the software STOP or IDLE mode cannot be released.
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Table 8-1. Clock Generator Operation Using Power Save Control

Clock Source Power Save Mode Oscillator PLL Clock Supply Clock
Synthesizer | to Peripheral | Supply to
1/0 CPU
PLL mode Oscillation with Normal operation N N S N
resonator HALT mode N N J -
IDLE mode v v - -
Software STOP mode - - - -
External clock Normal operation - N \/ N
HALT mode - v J -
IDLE mode - v - -
Software STOP mode - - - -
Direct mode External clock Normal operation - - S N
HALT mode - - J -
IDLE mode - - - -
Software STOP mode - - - -

Remark V: Operating

Stopped
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8.5.2 Control registers

)

Power save mode register (PSMR)

This is an 8-bit register that controls the power save mode. It is effective only when the STB bit of the PSC
register is set to 1.

Writing to the PSMR is executed by store instructions (ST/SST instruction) and bit manipulation instructions
(SET1/CLR1/NOT1 instruction).

This register can be read or written in 8-bit or 1-bit units.

7 6 5 4 3 2 1 <0> Address  After reset
PsMR | o | o | o | o | o | o | o | psw |FFFFFe20H  ooH
Bit position Bit name Function
0 PSM Specifies IDLE mode or software STOP mode.
0: Switches the system to IDLE mode
1: Switches the system to software STOP mode
(2) Command register (PRCMD)

This is an 8-bit register that is used to set protection for write operations to registers that can significantly
affect the system so that the application system is not halted unexpectedly due to erroneous program
execution.

Writing to the first specific register (power save control register (PSC)) is only valid after first writing to the
PRCMD register. Because of this, the register value can be overwritten only by the specified sequence,
preventing an illegal write operation from being performed.

This register is write-only in 8-bit units. Undefined data is read out if read.

PRCMD | REG7 | REG6 | REGs | REG4 | REG3 | REG2 | REG1 | REGO |FFFFF1FCH Undefined

7 6 5 4 3 2 1 0 Address After reset

Bit position Bit name Function
7t00 REG7 to Registration code (arbitrary 8-bit data)
REGO The specific register targeted is the power save control register (PSC).
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(3) Power save control register (PSC)

This is an 8-bit register that controls the power save function. This register, which is one of the specific
registers, is effective only when accessed by a specific sequence during a write operation (see 3.4.9 Specific

registers).
This register can be read or written in 8-bit or 1-bit units.

Caution It is impossible to set the STB bit and NMIM or INTM bit at the same time. Be sure to set the

STB bit after setting the NMIM or INTM bit.

7 6 <5> <4> 3 2 <1> 0 Address  After reset
PSC | 0 | 0 ‘ NMIM ‘ INTM | 0 ‘ 0 | STB | 0 | FFFFF1FEH O00H
Bit position Bit name Function
5 NMIM This is the enable/disable setting bit for standby mode release using valid edge
input of NMIL.

0: Enables NMI cancellation
1: Disables NMI cancellation

4 INTM This is the enable/disable setting for standby mode release using an unmasked
maskable interrupt (INTPn)
(n=0to 4, 20 to 25, 30, 31, 100, 101).

0: Enables maskable interrupt cancellation

1: Disables maskable interrupt cancellation

1 STB Indicates the standby mode status.
If 1 is written to this bit, the system enters standby mode (when it is in IDLE or
software STOP mode). When standby mode is released, this bit is automatically
reset to 0.

0: Standby mode is released

1: Standby mode is in effect

Data is set in the power save control register (PSC) according to the following sequence.

<1> Set the power save mode register (PSMR) (with the following instructions).
e Store instruction (ST/SST instruction)
¢ Bit manipulation instruction (SET1/CLR1/NOT1 instruction)
<2> Prepare data in any one of the general-purpose registers to set to the specific register.
<3> Write arbitrary data to the command register (PRCMD).
<4> Set the power save control register (PSC) (with the following instructions).
e Store instruction (ST/SST instruction)
¢ Bit manipulation instruction (SET1/CLR1/NOT1 instruction)
<5> Assert the NOP instructions (5 instructions (<5> to <9>).
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[Sample coding] <1> ST.B rll, PSMR [r0] ; Set PSMR register

<2> MOV 0x04, rlo0 ; Prepare data for setting
specific register in

general-purpose register

<3> ST.B r1l0, PRCMD [rO0] ; Write PRCMD register

<4> ST.B rl0, PSC [rO0] ; Set PSC register

<5> NOP ; Dummy instruction

<6> NOP ; Dummy instruction

<7> NOP ; Dummy instruction

<8> NOP ; Dummy instruction

<9> NOP ; Dummy instruction

(next instruction) ; Execution routine after software

STOP mode and IDLE mode release

No special sequence is required to read the specific register.

182

Cautions 1.

4.

Interrupts are not acknowledged in store instructions for the command register. This
coding is made on assumption that <3> and <4> above are executed by the program with
consecutive store instructions. If another instruction is set between <3> and <4>, the above
sequence may become ineffective when the interrupt is acknowledged by that instruction,
and a malfunction of the program may resuit.

Although the data written to the PRCMD register is dummy data, use the same register as
the general-purpose register used in specific register setting <4> for writing to the PRCMD
register (<3>). The same method should be applied when using a general-purpose register
for addressing.

At least 5 NOP instructions must be inserted after executing a store instruction to the PSC
register to set software STOP or IDLE mode.

Before executing this processing, complete all DMA transfer operations.
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8.5.3 HALT mode

(1) Setting and operation status
In the HALT mode, the clock generator (oscillator and PLL synthesizer) continues to operate, but the
operation clock of the CPU is stopped. Since the supply of clocks to on-chip peripheral I/O units other than
the CPU continues, operation continues. The power consumption of the overall system can be reduced by
setting the system to HALT mode while the CPU is idle.
The system is switched to HALT mode by the HALT instruction.
Although program execution stops in the HALT mode, the contents of all registers, internal RAM, and ports
are maintained in the state they were in immediately before HALT mode began. Also, operation continues for
all on-chip peripheral I/O units (other than ports) that do not depend on CPU instruction processing. Table 8-2
shows the status of each hardware unit in the HALT mode.

Table 8-2. Operation Status in HALT Mode

Function Operation Status
Clock generator Operating
Internal system clock Operating
CPU Stopped
Ports Maintained
On-chip peripheral I/O (excluding ports) Operating

Internal data

All internal data such as CPU registers, statuses, data,
and the contents of internal RAM are maintained in the
state they were in immediately before HALT mode
began.

ADO to AD15

A16 to A21

RD, ASTB

UWR, LWR

WAIT

Operating

CLKOUT

Clock output

User's Manual U15195EJ3VOUD

183



CHAPTER 8 CLOCK GENERATION FUNCTION

(2) Release of HALT mode

184

HALT mode is released by a non-maskable interrupt request, an unmasked maskable interrupt request, or
RESET pin input.

(a) Release by a non-maskable interrupt request or an unmasked maskable interrupt request
HALT mode is released by a non-maskable interrupt request or by an unmasked maskable interrupt
request regardless of the priority. However, if the system is set to HALT mode during an interrupt
servicing routine, operation will differ as follows.

(i) If an interrupt request is generated with a lower priority than that of the interrupt request that is
currently being serviced, HALT mode is released, but the newly generated interrupt request is not
acknowledged. The new interrupt request is held pending.

(i) If an interrupt request (including non-maskable interrupt requests) is generated with a higher priority
than that of the interrupt request that is currently being serviced, HALT mode is released and the

newly generated interrupt request is acknowledged.

Table 8-3. Operation After HALT Mode Is Released by Interrupt Request

Release Source Enable Interrupt (El) Status Disable Interrupt (DI) Status

Non-maskable interrupt request Branch to handler address

Maskable interrupt request Branch to handler address or Execute next instruction
execute next instruction

(b) Release by RESET pin input
This is the same as a normal reset operation.
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8.5.4 IDLE mode

(1) Setting and operation status
In the IDLE mode, the clock generator (oscillator and PLL synthesizer) continues to operate, but the supply of
internal system clocks is stopped which causes the overall system to stop.
When IDLE mode is released, the system can be switched to normal operation mode quickly because the
oscillator's oscillation stabilization time or the PLL lockup time do not need to be secured.
The system is switched to IDLE mode by setting the PSC or PSMR register using a store instruction (ST or
SST instruction) or a bit manipulation instruction (SET1, CLR1, or NOT1 instruction) (see 8.5.2 Control
registers).
In the IDLE mode, program execution is stopped, and the contents of all registers, internal RAM, and ports
are maintained in the state they were in immediately before execution stopped. The operation of on-chip
peripheral I/O units (excluding ports) also is stopped.
Table 8-4 shows the status of each hardware unit in the IDLE mode.

Table 8-4. Operation Status in IDLE Mode

Function Operation Status
Clock generator Operating
Internal system clock Stopped
CPU Stopped
Ports Maintained
On-chip peripheral I/O (excluding ports) Stopped

Internal data

All internal data such as CPU registers, statuses, data,
and the contents of internal RAM are maintained in the
state they were in immediately before IDLE mode
began.

ADO to AD15 High impedance
A16 to A21

RD High level output
UWR, LWR

WAIT Input (no sampling)
ASTB High-level output
CLKOUT Low-level output
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(2) Release of IDLE mode
IDLE mode is released by a non-maskable interrupt request, an unmasked maskable interrupt request
(INTPn)™*, or RESET pin input (n = 0 to 4, 20 to 25).

186

Note When a digital filter using clock sampling is selected as the noise eliminator for INTP20 to INTP25,

(a)

IDLE mode cannot be released.

Release by a non-maskable interrupt request or an unmasked maskable interrupt request

IDLE mode is released by an interrupt request only when transition to IDLE mode is performed with the
INTM and NMIM bits of the PSC register set to 0.

IDLE mode is released by a non-maskable interrupt request or by an unmasked maskable interrupt
request (INTPn) regardless of the priority. However, if the system is set to IDLE mode during a maskable
interrupt servicing routine, operation will differ as follows (n = 0 to 4, 20 to 25).

(i) If an interrupt request is generated with a lower priority than that of the interrupt request that is
currently being serviced, IDLE mode is released, but the newly generated interrupt request is not
acknowledged. The new interrupt request is held pending.

(ii) If an interrupt request (including non-maskable interrupt requests) is generated with a higher priority
than that of the interrupt request that is currently being serviced, IDLE mode is released and the

newly generated interrupt request is acknowledged.

Table 8-5. Operation After IDLE Mode Is Released by Interrupt Request

Release Source Enable Interrupt (El) Status Disable Interrupt (DI) Status
Non-maskable interrupt request Branch to handler address
Maskable interrupt request Branch to handler address or Execute next instruction
execute next instruction

(b)

If the system is set to IDLE mode during an NMI servicing routine, IDLE mode is released, but the
interrupt is not acknowledged (interrupt is held pending).

Interrupt servicing that is started when IDLE mode is released by NMI pin input is handled in the same
way as normal NMI interrupt servicing that occurs during an emergency (because the NMI interrupt
handler address is unique). Therefore, when a program must be able to distinguish between these two
situations, a software status must be prepared in advance and that status must be set before setting the
PSMR register using a store instruction or a bit manipulation instruction. By checking for this status
during NMI interrupt servicing, an ordinary NMI can be distinguished from the processing that is started
when IDLE mode is released by NMI pin input.

Release by RESET pin input
This is the same as a normal reset operation.

User's Manual U15195EJ3VOUD



CHAPTER 8 CLOCK GENERATION FUNCTION

8.5.5 Software STOP mode

(1) Setting and operation status
In the software STOP mode, the clock generator (oscillator and PLL synthesizer) is stopped. The overall
system is stopped, and ultra-low power consumption is achieved in which only leak current is lost.
The system is switched to software STOP mode by using a store instruction (ST or SST instruction) or bit
manipulation instruction (SET1, CLR1, or NOT1 instruction) to set the PSC and PSMR registers (see 8.5.2
Control registers).
When PLL mode and resonator connection mode (CESEL bit of CKC register = 1) are used, the oscillator's
oscillation stabilization time must be secured after software STOP mode is released.
In both PLL and direct mode, following the release of software STOP mode, execution of the program is
started after the count time of the time base counter has elapsed.
Although program execution stops in software STOP mode, the contents of all registers, internal RAM, and
ports are maintained in the state they were in immediately before software STOP mode began. The
operation of all on-chip peripheral I/O units (excluding ports) is also stopped.
Table 8-6 shows the status of each hardware unit in the software STOP mode.

Table 8-6. Operation Status in Software STOP Mode

Function Operation Status
Clock generator Stopped
Internal system clock Stopped
CPU Stopped
Ports Maintained"®
On-chip peripheral I/0 (excluding ports) Stopped
Internal data All internal data such as CPU registers, statuses, data,

and the contents of internal RAM are retained in the

Note

state before STOP mode has been set™".

ADO to AD15 High impedance
A16 to A21

RD High-level output
UWR, LWR

‘WAIT Input (no sampling)
ASTB High-level output
CLKOUT Low-level output

Note When the Vop value is within the operable range. However, even if it drops below the minimum
operable voltage, as long as the data retention voltage Voopr is maintained, the contents of only the
internal RAM will be maintained.
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(2) Release of software STOP mode
Software STOP mode is released by a non-maskable interrupt request, an unmasked maskable interrupt
request (INTPn)"*, or RESET pin input. Also, to release software STOP mode when PLL mode (CKSEL pin
= low level) and resonator connection mode (CESEL bit of CKC register = 0) are used, the oscillator’s
oscillation stabilization time must be secured (n = 0 to 4, 20 to 25)

Moreover, the oscillation stabilization time must be secured even when an external clock is connected
(CESEL bit = 1). See 8.4 PLL Lockup for details.

Note When a digital filter using clock sampling is selected as the noise eliminator for INTP20 to INTP25,

(a)

software STOP mode cannot be released.

Release by a non-maskable interrupt request or an unmasked maskable interrupt request
Software STOP mode is released by an interrupt request only when transition to software STOP mode is
performed with the INTM and NMIM bits of the PSC register set to 0.

Software STOP mode is released by a non-maskable interrupt request or by an unmasked maskable
interrupt request (INTPn) regardless of the priority. However, if the system is set to software STOP mode
during an interrupt servicing routine, operation will differ as follows (n = 0 to 4, 20 to 25).

(i) If an interrupt request is generated with a lower priority than that of the interrupt request that is
currently being servicing, software STOP mode is released, but the newly generated interrupt
request is not acknowledged. The new interrupt request is held pending.

(i) If an interrupt request (including non-maskable interrupt requests) is generated with a higher priority
than that of the interrupt request that is currently being serviced, software STOP mode is released

and the newly generated interrupt request is acknowledged.

Table 8-7. Operation After Software STOP Mode Is Released by Interrupt Request

Cancellation Source Enable Interrupt (El) Status Disable Interrupt (DI) Status

Non-maskable interrupt request Branch to handler address

Maskable interrupt request Branch to handler address or Execute next instruction
execute next instruction

(b)

If the system is set to software STOP mode during an NMI servicing routine, software STOP mode is
released, but the interrupt is not acknowledged (interrupt is held pending).

Interrupt servicing that is started when software STOP mode is released by NMI pin input is handled in
the same way as normal NMI interrupt servicing that occurs during an emergency (because the NMI
interrupt handler address is unique). Therefore, when a program must be able to distinguish between
these two situations, a software status must be prepared in advance and that status must be set before
setting the PSMR register using a store instruction or a bit manipulation instruction.

By checking for this status during NMI interrupt servicing, an ordinary NMI can be distinguished from the
servicing that is started when software STOP mode is released by NMI pin input.

Release by RESET pin input
This is the same as a normal reset operation.
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8.6 Securing Oscillation Stabilization Time

8.6.1 Oscillation stabilization time security specification
Two specification methods can be used to secure the time from when software STOP mode is released until the
stopped oscillator stabilizes.

(1) Securing the time using an on-chip time base counter
Software STOP mode is released when a valid edge is input to the NMI pin or a maskable interrupt request is
input (INTPn). When a valid edge is input to the pin causing the start of oscillation, the time base counter
(TBC) starts counting, and the time until the clock output from the oscillator stabilizes is secured during that
counting time (n = 0 to 4, 20 to 25).

Oscillation stabilization time = TBC counting time

After a fixed time, internal system clock output begins, and processing branches to the NMI interrupt or
maskable interrupt (INTPn) handler address.

Set software STOP mode

{(

))
Oscillation waveform (X2) MW
Internal main clock | | | | | | | |
CLKOUT (output) | | | | | | | |

STOP state

NMI (input)Nete

( |_ | {(
] )]

Oscillator is stopped Time base counter’s
counting time

Note Valid edge: When specified as the rising edge.

The NMI pin should usually be set to an inactive level (for example, high level when the valid edge is
specified as the falling edge) in advance.

Software STOP mode is immediately released if an operation that sets STOP mode before the CPU can
acknowledge interrupts is performed due to NMI valid edge input or maskable interrupt request input (INTPn).
If the direct mode or external clock connection mode (CESEL bit of CKC register = 1) is used, program
execution begins after the count time of the time base counter has elapsed.

Also, even if the PLL mode and resonator connection mode (CESEL bit of CKC register = 0) are used,
program execution begins after the oscillation stabilization time is secured by the time base counter.
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(2) Securing the time according to the signal level width (RE?I’ pin input)
Software STOP mode is released by falling edge input to the RESET pin.
The time until the clock output from the oscillator stabilizes is secured based on the low-level width of the
signal that is input to the pin.
The supply of internal system clocks begins after a rising edge is input to the RESET pin, and processing
branches to the handler address used for a system reset.

Set software STOP mode
! 4

Oscillation waveform (X2) MWW
4
Internal main clock | | | | | | | | o Undefined (« | | | | | | | | | | |
)T 17
4
CLKOUT (output) | | | | | | | | Undefined o
)T

STOP state

RESET (input) ( |
)
{
)

Internal system
reset signal 4

Oscillator is stopped

Oscillation stabilization
time secured by RESET

8.6.2 Time base counter (TBC)

The time base counter (TBC) is used to secure the oscillator's oscillation stabilization time when software STOP
mode is released.

When an external clock is connected (CESEL bit of CKC register = 1) or a resonator is connected (PLL mode and
CESEL bit of CKC register = 0), the TBC counts the oscillation stabilization time after software STOP mode is
released, and program execution begins after the count is completed.

The TBC count clock is selected by the TBCS bit of the CKC register, and the next counting time can be set
(reference).

Table 8-8. Counting Time Examples (fxx = 10 x fx)

TBCS Bit Count Clock Counting Time

fx = 4.0000 MHz

0 fx/2° 16.4 ms

1 fx/2° 32.8 ms

fx: External oscillation frequency
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9.1 TIMER 0

9.1.1 Features (timer 0)
Timers 00 and 01 (TMO0O, TMO1) are 16-bit timer/counters with a 3-phase PWM output function, and have the
following functions.

9.1.2

3-phase PWM output function

PWM mode 0 (symmetric triangular wave)

PWM mode 1 (asymmetric triangular wave)

PWM mode 2 (sawtooth wave)

Interrupt culling function

Culling ratios: 1/1, 1/2, 1/3, 1/4,1/8, 1/16

Forcible 3-phase PWM output stop function

3-phase PWM output can be forcibly stopped by inputting a signal to the external signal input pin ESOn when
an anomaly occurs.

This function can also be used when the clock is stopped.

Real-time output function

3-phase PWM output or rectangular wave output can be selected at the desired timing.

Output of positive phase and negative phase or positive phase and in-phase of 3-phase PWM output

Function overview (timer 0)

16-bit timer (TMON) for 3-phase PWM inverter control: 2 channels

Compare registers: 6 registers x 2 channels

12-bit dead-time timers (DTMnO to DTMn2): 3 timers x 2 channels

Count clock division selectable by prescaler (set the frequency of the count clock to 40 MHz or less)
Base clock (fcik): 2 types (set fcik to 40 MHz or less)

fxx and fxx/2 can be selected

Prescaler division ratio

The following division ratios can be selected according to the base clock (fci).

Division Ratio Base Clock (fcik)
fxx Selected fxx/2 Selected
1 fxx fxx/2
1/2 fxx/2 fxx/4
1/4 fxx/4 fxx/8
1/8 fxx/8 fxx/16
1/16 fxx/16 fxx/32
1/32 fxx/32 fxx/64

User's Manual U15195EJ3VOUD 191



CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

¢ Interrupt request sources
(a) Compare-match interrupt request: 9 types
¢ Interrupt request signal INTCMONn3 generated by match of TMOn register count value and compare
register CMOn3
¢ Interrupt request signals INTCMO010 to INTCMO012, INTCMOn4, and INTCMONn5 generated by match of
TMOn register count value and compare registers CM010 to CM012, CMOn4, and CMOn5

Setting Condition INTCMO010 to INTCMO12,
INTCMON4, INTCMON5 Signal
Occurrence Status

CMO010 to CM012, CMOn4, CMOn5 < CMOn3 Occurs

CMO010 to CM012, CMOn4, CMOn5 = 0000H Occurs
CMO010 to CM012, CMOn4, CMOn5 > CMOn3 Does not occur

(b) Underflow interrupt request: 2 types
¢ Interrupt request signal INTTMOn generated by underflow of the TMOn register

o External pulse output (TOONO to TOON5): 6 x 2 channels

Remark fxx: Internal system clock
n=0,1

192 User’'s Manual U15195EJ3VOUD



CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

9.1.3 Functions added to V850E/IA2

(1) Addition of BFCMn4 and CMOn4 registers, and BFCMn5 and CMOn5 registers

When the TMOCER bit of the TMCOn register is 1 (counting enabled), transferring data from the BFCMn4 or
BFCMn5 register to the CMOn4 or CMON5 register is enabled or disabled by the BFTEN bit of the TMCOn
register (n =0, 1).

(2) Compare-match interrupt output function of CM010 to CMO012, CMOn4, and CMOn5 registers
(INTCMO10 to INTCMO12, INTCMON4, INTCMON5)

The features of the compare-match interrupt output function (INTCMO010 to INTCMO012, INTCMOn4,
INTCMON5) of the CM010 to CM012, CMOn4, and CMON5 registers are as follows (n =0, 1):

(a) This interrupt signal is not affected by the STINTn bit of the TMCOn register that specifies occurrence of
an interrupt when timer TMOn is started.

(b) The compare-match interrupt output function of the CM010 to CM012, CMOn4, and CMOn5 registers
does not have an interrupt culling function. Therefore, it is not affected by the CUL02 to CULOO bits of
the TMCOn register.

The sources of this interrupt signal are shown below.

Table 9-1. Sources of INTCM010 to INTCM012, INTCMOn4, and INTCMOn5

Unit Interrupt Name A/D Trigger Function Interrupt Function DMA Trigger Source
TMO0 INTCMO00 to INTCM002"" X X X
INTCMO004, INTCM005 O O X
TMO1 INTCMO10 to INTCMO012 X O O
INTCMO14, INTCMO015 O O O

Note The V850E/IA2 does not include INTCMOO0O to INTCMO002.

Remarks 1. O: Function provided
X: Function not provided
2. n=0,1
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9.1.4 Basic configuration
The basic configuration is shown below.

Figure 9-1. Block Diagram of Timer 0 (Mode 0: Symmetric Triangular Wave, Mode 1: Asymmetric

Triangular Wave)

INTCMON3

1 Output control by

ALVTO

T} D

INTTMON .
L& o e oo
DTRRn|*---=-==-=-=------ '
v BT
CMOnO| 11 R Underflow
B 1 by [
INTCMO10 ! é
DO R
s
cmm | R Underflow
B b DTMn1 FD R
INTCMO11 ‘ é
> [D]r
S
Ei 1] R Underflow
B D DTMnZFDR
INTCMO12 | é
> Dfr
S
0n4 INTCMOn4 o
CMO 5 INTCMOn5
Remarks 1. TMOn: Timer register
CMOnO to CMOn5: Compare registers
BFCMnO to BFCMn5: Buffer registers
DTRRn: Dead-time timer reload register
DTMnO to DTMn2: Dead-time timers
ALVTO: Bit 7 of TOMRN register
ALVUB: Bit 6 of TOMRN register
ALVVB: Bit 5 of TOMRN register
ALVWB: Bit 4 of TOMRN register
S/R: Set/Reset
2. n=0,1
3. fxx: Internal system clock
4. fck: Base clock (40 MHz (MAX.))

TOONO
(U phase)

TOON1
(U phase)

TOONn2
(V phase)
TOONn3
(V phase)

TOOn4
(W phase)

TOONn5
(W phase)
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Figure 9-2. Block Diagram of Timer 0 (Mode 2: Sawtooth Wave)

BFCMn3

CMOn3

INTCMON3

Output control by

fxx/2 » external input (ESQn),E
1, TMOn timer operation
ALVTO
ﬂ“ Underflow -
s FD R TOONO
INTCMO10 | S (U phase)
[>O D R 'I;00n1
? i »:)D_,—) (U phase)
BFCMMI CMF“I R Underflow
' T > {otwnt =
S FD TOON2
INTCMO11 | é (V phase)
[>o 1w &TO0n3
W | S| (V phase)
BFCM
n2l CMWZ] ﬂ_‘ ” p—— Underflow
n
S FD R TOON4
L~ INTCMO12 ! S| (W phase)
R
> D ©TOoons
LS| (W phase)
On 4 INTCMOn4
Remarks 1. TMOn: Timer register
CMONO to CMOnN5: Compare registers
BFCMnO to BFCMn5: Buffer registers
DTRRn: Dead-time timer reload register
DTMnO to DTMn2: Dead-time timers
ALVTO: Bit 7 of TOMRN register
ALVUB: Bit 6 of TOMRN register
ALVVB: Bit 5 of TOMRn register
ALVWB: Bit 4 of TOMRn register
2. n=0,1

3. fxx: Internal system clock
4. fck: Base clock (40 MHz (MAX.))

User's Manual U15195EJ3VOUD 195




CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

(1) Timers 00, 01 (TM0O, TMO1)
TMOn operates as a 16-bit up/down timer or up timer. The cycle is controlled by compare register On3
(CMONn3) (n =0, 1).
TMOn start/stop is controlled by the TMOCEn bit of timer control register On (TMCOn).
Division by the prescaler can be selected for the count clock from among fcik, fcik/2, fouk/4, fok/8, fcLk/16,
fck/32 using the PRMO02 to PRMOO bits of the TMCOn registers (fcuk: base clock, see 9.1.5 (1) Timer 0 clock
selection register (PRMO01)).
The conditions when TMOn becomes 0000H are as follows.

Reset input
TMOCEnN bit=0
TMOn register and compare register On3 (CMOn3) match (PWM mode 2 (sawtooth wave) only)

Immediately after overflow or underflow

The TMOn timer has 3 operation modes, shown in Table 9-2. The operation mode is selected using timer
control register On (TMCOn).

Table 9-2. Operation Modes of Timer 0

Operation Mode Count Operation Timer Clear Interrupt Source BFCMn3 —» CMOn3 BFCMnO to BFCMn2,
Source Transfer Timing BFCMn4, BFCMn5 —
CMONnO0 to CMOnN2,
CMOn4, CMOn5
Transfer Timing
PWM mode 0 Up/down - INTTMOn, INTTMON INTTMON
(symmetric INTCMO10 to
triangular wave) INTCMO012,
INTCMONS3 to
INTCMON5
PWM mode 1 Up/down - INTTMOn, INTTMON INTTMOn,
(asymmetric INTCMO10 to INTCMON3
triangular wave) INTCMO012,
INTCMONS3 to
INTCMON5
PWM mode 2 Up INTCMON3 INTCMO10 to INTCMON3 INTCMON3
(sawtooth wave) INTCMO12,
INTCMON3 to
INTCMON5

Caution Even if TMOICn, CMO03ICn, or an interrupt mask flag of the IMRO register (TMOMKn or CMO3MKn)
is set (interrupt disabled) as the interrupt sources INTTMOn and INTCMOR3, it simply results in
no interrupt occurrence and does not affect the operation of timer 0.
The interrupt sources INTCM010 to INTCMO012, INTCMONn4, and INTCMOn5 do not affect the
operation of timer 0 regardless of whether the interrupt is masked or not.

Remark n=0,1
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Dead-time timers 00 to 02, 10 to 12 (DTMO00 to DTM02, DTM10 to DTM12)

DTMnO to DTMn2 are dedicated 12-bit down timers that generate dead time, which is effective for inverter
control applications. DTMnO to DTMn2 operate as one-shot timers.

Counting by a dead-time timer is enabled or disabled by the TMOCEDnN bit of timer control register On
(TMCOn) and cannot be controlled by software. Dead-time timer count start and stop is controlled by
hardware.

A dead-time timer starts counting down when the value of dead-time timer reload register n (DTRRn) is
transferred in synchronization with the compare match timing of CMOn0O to CMOn2.

When the value of a dead-time timer changes from 000H to FFFH, the dead-time timer generates an
underflow signal, and the timer stops at the value FFFH.

If the value of a dead-time timer matches the value of the corresponding compare register before underflow of
the dead-time timer takes place, the value of DTRRn is transferred to the dead-time timer again, and the
timer starts counting down.

The count clock of the dead-time timer is fixed to the base clock (fcLk), and the dead-time width is (set value
of DTRRn + 1)/base clock (fcLk).

If TMOn operates in PWM mode 0 or PWM mode 1 with the dead-time timer count operation disabled, an
inverted signal without dead time is output to TOOn0 and TOONn1, TOON2 and TOON3, and TOON4 and TOON5.

Dead-time timer reload registers 0, 1 (DTRRO, DTRR1)

The DTRRn register is a 12-bit register used to set the values of the three dead-time timers (DTMnO to
DTMn2 registers) (n = 0, 1). However, a value is transferred from the DTRRn register to each dead-time
register independently.

DTRRn can be read/written in 16-bit units. All Os are read for the higher 4 bits when the DTRRn register is
read accessed in 16 bits.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
ptRro| o oo lo| | | | [ | [ | [ | | | | rrrers7on  oFFeH
i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
Rt (o ofolo| | | | | | | | [ | | | | rrrersBon  oFFFH

4

Cautions 1. Changing the value of the DTRRn register during TMOn operation (TMOCEn bit of TMCOn
register = 1) is prohibited.
2. Be sure to write 0 to the higher 4 bits.

Compare registers 000 to 002, 010 to 012 (CM000 to CM002, CM010 to CM012)

CMON0 to CMONn2 are 16-bit registers that always compare their own values with the value of TMOn. If the
value of a compare register matches the value of TMOn, the compare register outputs a trigger signal, and
changes the contents of the flip-flop (F/F) connected to the compare register. Each of CMOn0 to CMOn2 is
provided with a buffer register (BFCMn0 to BFCMn2), so that the contents of the buffer are transferred to
CMONO0 to CMON2 at the following base clock (fcik). Transfer is enabled or disabled by the BFTEN bit of the
TMCOn register.

If CM010 to CM012 of timer 01 match TMO1, the INTCMO010 to INTCMO012 interrupts occur.
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(6)

@

Compare registers 004, 005, 014, 015 (CM004, CM005, CM014, CM015)

CMONn4 and CMONn5 are 16-bit registers that always compare their value with TMOn. If the value of these
registers matches the value of TMOn, the registers generate an interrupt signal (INTCMOn4 or INTCMOnS5).
CMOn4 and CMOnN5 are also provided with a buffer register (BFCMn4 or BFCMn5), the contents of which are
transferred to CMOn4 or CMOn5 at the next base clock (fcik). Transfer is enabled or disabled by the BFTEN
bit of the TMCOn register.

Compare registers 003, 013 (CM003, CM013)

CMOn3 is a 16-bit register that always compare its value with the value of TMOn. If the values match, CMOn3
outputs an interrupt signal (INTCMOn3). CMOn3 controls the maximum count value of TMOn, and if the
values match, it performs the following operations at the next timer count clock.

e In triangular wave setting mode (PWM modes 0, 1): Switches TMOn operation from count up to count
down
e Sawtooth wave setting mode (PWM mode 2): Clears the count value of TMOn

CMON3 also has a buffer register (BFCMn3) and transfers the buffer contents in the next base clock (fcik)
cycle to CMOn3. Transfer enable or disable is controlled by the BFTE3 bit of the TMCOn register.

Buffer registers CM00 to CM02, CM04, CM05, CM10 to CM12, CM14, CM15 (BFCM00 to BFCMO02,
BFCMO04, BFCM05, BFCM10 to BFCM12, BFCM14, BFCM15)

BFCMnO to BFCMn2, BFCMn4, and BFCMn5 are 16-bit registers that transfer data to the compare register
(CMONn0 to CMOn2, CMOn4, CMOn5) corresponding to each buffer register when an interrupt signal
(INTCMON3/INTTMON) is generated.

These registers can be read/written in 16-bit units.

Caution The set values of the BFCMn0 to BFCMn2, BFCMn4, and BFCMnS5 registers are transferred

to the CMONnO0 to CMOn2, CMOn4, and CMON5 registers at the following timing (n = 0, 1).

e When TMOCEn bit of TMCOn register = 0: Transfer at the next operation timing after
writing to the BFCMn0 to BFCMn2, BFCMn4, and BFCMn5 registers

e When TMOCEN bit of TMCOn register = 1: The value of the BFCMn0 to BFCMn2, BFCMn4,
and BFCMn5 registers is transferred to the CMOn0 to CMOn2, CMOn4, and CMOn5
registers upon occurrence of INTTMOn or INTCMOn3. At this time, transfer enable or
disable is controlled by the BFTEN bit of the timer control register (TMCOn).

User's Manual U15195EJ3VOUD



CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
srowoo [ | | [ | [ 1 [ [ [ [ [ [ [ [ [ | rerereren
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
srowro| | | | | [ L [ L [ P [ T [ [ | eeeeRseen
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
erovor [ | | [ [ [ 1 [ [ L [ [ [ [ [ [ | rerereran
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
erowt [ | | [ [ 0 [ [ T [ T [ [ | reeeesea
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
srowoe | | | [ | [ 1 [ [ [ [ [ [ [ [ [ | rerersren
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
srowrz| | | | | [ [ [ L [ P [ T [ [ [ | eeersBon
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
srovoa | | | | | [ | [ ] [ ] [ [ [ ] [ | reerrsecH
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
erowia | | | [ | [ 1 [ [ [ [ [ [ [ [ [ | -reeereoon
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
srowos | | | [ | | 0 [ [ [ [ [ [ [ [ [ | rereesoen
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  Address
srows | | | [ [ [ [ [ [ [ [ [ [ [ [ [ | rrrrrsoen

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH

After reset
FFFFH
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(8) Buffer registers CM03, CM13 (BFCM03, BFCM13)
BFCMn3 is a 16-bit register that transfers data to the compare register at any timing. Transfer enable or
disable is controlled by the BFTES3 bit of the TMCOn register.
BFCMn3 can be read/written in 16-bit units.

Cautions 1. The set value of the BFCMn3 register is transferred to the CMOn3 register at the
following timing (n =0, 1).
e When TMOCEN bit of TMCOn register = 0: Transfer at the next operation timing after
writing to the BFCMn3 register
e When TMOCEn bit of TMCOn register = 1: The value of the BFCMn3 register is
transferred to the CMON3 register upon occurrence of INTTMOn. At this time, transfer
enable or disable is controlled by the BFTE3 bit of the timer control register (TMCOn).
2. Setting the BFCMn3 register to 0000H is prohibited.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
gremos| | | | [ 1 [ 1 [ 1 [ [ | | | | | rrerrszen  rrren
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset

| FFFFFSBEH  FRFFH

BFCM13 |
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9.1.5 Control registers

(1) Timer 0 clock selection register (PRMO01)

The PRMO1 register is used to select the base clock (fcik) of timer 0 (TMOn).
It can be read/written in 8-bit or 1-bit units.

Caution Always set this register before using the timer.

7 6 5 4 3 2 1 0 Address After reset
PRMO1| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PRM1 | FFFFF5DOH 00H
Bit position Bit name Function
0 PRM1

Specifies the base clock (fcwk) of timer 0 (TMOn) (See Figure 9-3).
0: fxx/2

1: fxx

Caution Set fcuk to 40 MHz or less.

Remark fxx: Internal system clock

Figure 9-3. Timer 00 and Timer 01 Clock

Timer 00

fxx ——=

Select

fok
fxx/2 ———=

Timer 01

PRM1

Remarks 1. fxx: Internal system clock
2. fck: Base clock
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(2) Timer control registers 00, 01 (TMC00, TMCO1)
TMCOn is a 16-bit register that sets the operation of timer 0 (TMOn).
The TMCOn register can be read/written in 16-bit units.
If the higher 8 bits of the TMCOn register are used as the TMCOnH register and the lower 8 bits as the
TMCOnL register, the register can be read/written in 8-bit or 1-bit units.

Caution To operate timer 0, first set TMOCEn = 0 and then set TMOCEn = 1.

(1/4)

<15><14> 13 12 11 10 9 8

7 6 <5> 4 3 2 1 0 Address After reset

TMCO0 [THoCE0 STINTG CUL02(CUL1 | CULOo|PRNO2] RN PRI

o

0 |micen|BFTE |BFTEN MBFTE|oDot MoD|  FFFFF57AH  0508H

<15><14> 13 12 11 10 9 8

~

6 <5> 4 3 2 1 0 Address After reset

TMCO1  [Iiacet ST CuLo2(cuLot | CULoo| PRo2] PR PIOY)

o

0 ImiceDi|BFTE3 |BFTEN MBFTE|oDot Moo| FFFFFSBAH  0508H

Bit position Bit name

Function

15 TMOCEn

Specifies the operation of TMOn.
0: Count disabled (stops after all count values are cleared)
1: Count enabled

Caution When TMOCEn = 0, TOOn0 to TOOn5 output becomes high impedance.

14 STINTn

Specifies interrupt during TMOn timer start.
0: Interrupt not generated at operation start
1: Interrupt generated at operation start

When STINTn = 1, an interrupt is generated immediately after the rising edge of the
TMOCER signal.

When MODO1 = 0 (triangular wave mode), the INTTMOn interrupt (see Figure 9-4)
is generated, and when MODO1 = 1 (sawtooth wave mode), the INTCMONS interrupt

is generated.
Cautions 1. Changing the STINTn bit during TMOn operation (TMOCEn bit =
1) is prohibited.
2. The INTCMO010 to INTCMO012, INTCMOn4, and INTCMONn5
interrupts are not affected by the STINTn bit (an interrupt does
not occur when the timer is started if STINTn = 1).
13to 11 CULO2 to Specifies the interrupt culling ratio.
CuL00 CcuLo2 CuLo1 CUL00 Interrupt culling ratio
0 0 0 11
0 0 1 1/2
0 1 0 1/4
0 1 1 1/8
1 0 0 1/16
Other than above Culling not performed

Remark n=0,1
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(2/4)

Bit position

Bit name

Function

13 to 11

CULO02 to CULOO

Cautions

1. The INTTMOn and INTCMON3 interrupts can be culled at the same

culling ratio (1/1, 1/2, 1/4, 1/8, 1/16).

2. Even when BFTE3 =1, BFTEN = 1 (settings to transfer data from
the BFCMnO0 to BFCMn3 registers to the CMOn0 to CMOn3
registers), transfer is not performed at the generation timing of
the culled INTTMOn and INTCMON3 interrupts if MBFTE = 0.

3. If the culling ratio is changed during a count operation, the new
culling ratio is applied after an interrupt has occurred at the
culling ratio prior to the change (see Figure 9-5).

4. The INTCMO10 to INTCMO12, INTCMONn4, and INTCMOn5
interrupts are not affected by the CUL02 to CULO0O bits (the
interrupts occur each time at the same culling ratio as when
CULO02 to CUL0O = 000 (1/1)).

10t0 8

PRMO02 to PRM00O

Specifies t

he count clock for TMOn.

PRMO2 PRMO1 PRMO0 Count clock

0

0 0 fok

0 1 foLk/2

1 0 fok/4

0
0
0

1 1 fok/8

1

0 0 fok/16

1

0 1 fok/32

Othe!

r than above Setting prohibited

Caution

Remark

The division ratio switch timing is from when the TMOn value has
become 0000H and the INTTMOn interrupt has occurred. Therefore,
the division ratio is not switched at the timing that corresponds to
interrupt culling.

For the base clock (fck), see 9.1.5 (1) Timer 0 clock selection register

(PRMO1).

TMOCEDN

Specifies t

he operation of the DTMn0 to DTMn2 timers..

0: DTMnO to DTMn2 perform count operation
1: DTMnO to DTMn2 stopped

Cautions1.

is prohibited.

2. If TMOn is operated when TMOCEDn = 1, a signal without dead

time is output to the TOONO to TOON5 pins.

Changing the TMOCEDN bit during TMOn operation (TMOCEn = 1)

Remark n=0,1
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(3/4)

Bit position Bit name Function
4 BFTES Specifies transfer of data from the BFCMn3 register to the CMOnS3 register.
0: Transfer disabled
1: Transfer enabled
The transfer timing from the BFCMn3 register to the CMOn3 register is as follows.
BFTE3 TMOn operation mode BFCMn3 — CMOn3 transfer
timing
0 All modes No transfer
PWM mode 0 (symmetric INTTMONn
triangular wave)
1 PWM mode 1 (asymmetric INTTMONn
triangular wave)
1 PWM mode 2 (sawtooth wave) INTCMON3
When BFTES = 1, the value of the BFCMn3 register is transferred to the CM0On3
register upon occurrence of the INTTMOn or INTCMON3 interrupt.

3 BFTEN Specifies transfer of data from the BFCMn0 to BFCMn2, BFCMn4, and BFCMn5

registers to the CMOn0 to CMOn2, CMOn4, CMOn5 registers.
0: Transfer disabled
1: Transfer enabled
BFTEN TMOn operation mode BFCMnO to BFCMn2, BFCMn4,
BFCMn5 — CMONnO to CMOn2,
CMOn4, CMOn5 transfer timing
0 All modes Don’t transfer
PWM mode 0 (symmetric INTTMONn
triangular wave)
1 PWM mode 1 (asymmetric INTTMOnN, INTCMONn3
triangular wave)
1 PWM mode 2 (sawtooth wave) INTCMON3
When BFTEN = 1, the values of the BFCMnO0 to BFCMn2, BFCMn4, and BFCMn5
registers are transferred to the CMOn0 to CMOn2, CMOn4, and CMOn5 registers upon
occurrence of the INTTMOn or INTCMON3 interrupt.

2 MBFTE When culling of the INTTMOn and INTCMOnN3 interrupts is set by the CUL02 to CUL0O
bits, this bit specifies whether to enable or disable the BFTE3 and BFTEN bit settings
upon occurrence of an interrupt for culling.

0: Disable the set values of the BFTE3 and BFTEN bits upon occurrence of a culling
interrupt
1: Enable the set values of the BFTE3aand BFTEN bits upon occurrence of a culling
interrupt
The various combinations are as follows.
MBFTE Operation upon occurrence of interrupt for culling
0 1
BFTEN | 0 | BFCMnO to BFCMn2 — CMOn0O | BFCMnO to BFCMn2 — CMOnO
to CMOnN2 transfer disabled to CMOnN2 transfer disabled
1| BFCMnO to BFCMn2 — CMOn0 | BFCMnO to BFCMn2 — CMOn0O
to CMOnN2 transfer disabled to CMOn2 transfer enabled
BFTE3 | 0 | BFCMn3 — CMOn3 transfer BFCMn3 — CMOnN3 transfer
disabled disabled
1| BFCMn3 — CMOn3 transfer BFCMn3 — CMOnN3 transfer
disabled enabled

Remark n=0,1
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(4/4)

Bit position Bit name Function

1,0 MODO1, Specifies the operation mode of TMOn.
MODO00

MOD | MOD | Operation mode TMOn Timer clear | BFCMn3 — | BFCMnNO to
01 00 operation source CMOn3 BFCMn2,
timing BFCMn4,
BFCMn5 —
CMOnO to
CMOn2,
CMOn4,
CMOn5
timing

0 0 PWM mode 0 Up/down - INTTMON INTTMON
(symmetric
triangular wave)

0 1 PWM mode 1 Up/down - INTTMON INTTMOn,
(asymmetric INTCMON3
triangular wave)

1 0 PWM mode 2 Up INTCMON3 | INTCMONn3 | INTCMONn3

(sawtooth wave)

1 1 Setting prohibited

Caution Changing the value of the MOD01 and MODOO bits during TMOn operation
(TMOCEN bit = 1) is prohibited.

Remark n=0,1

Figure 9-4. Specification of INTTMOnN Interrupt in PWM Mode 0 (Symmetric Triangular Wave), PWM
Mode 1 (Asymmetric Triangular Wave) (MODO01, MODOO Bits of TMCOn Register = On)

CMOn3
TMOn count value

0000H i

Timer operation
TMOCEnN stopped
Specification from occurrence of INTTMOn INTTMOn occurrence can be INTTMOn
INTTMOn at first start after reset is occurrence specified using STINTn bit occurrence
possible using STINTn bit

Remark n=0, 1
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Figure 9-5. Interrupt Culling Processing

(a) PWM mode 0 (symmetric triangular wave)

CMONB - - A AT T T T R T T T T T AT T T T R T A
TMOnN count value
0000H -
Interrupt request INTTMOn INTTMOnN INTTMONn INTTMOnN
occurrence occurrence occurrence occurrence
CULO02 to CUL00 000 X 001
' Interrupt culling ' Interrupt culling '
1/1 cycle 1/2 cycle

Remark n=0,1

(b) PWM mode 1 (asymmetric triangular wave)

CMON3 - - - oA R T T T T T T T T T T AL T R T A
TMOn count value
0000H -
Interrupt request INTCMOn3  INTTMOn  INTCMOn3  INTTMOn  INTCMOn3 INTTMOn  INTCMON3 INTTMOn
occurrence occurrence Occurrence OCcurrence occurrence occurrence occurrence occurrence
CUL02 to CULOO 000 X 001
: Interrupt culling : Interrupt culling :
1/1 cycle 1/2 cycle

Remark n=0,1

(c) PWM mode 2 (sawtooth wave)

CMON3 ------mm oo g
TMOnN count value
0000H -
Interrupt request INTCMOn3 INTCMON3 INTCMOn3 INTCMON3
occurrence occurrence occurrence occurrence
CULO02 to CUL00 000 X 001
: Interrupt culling : Interrupt culling :
1/1 cycle 1/2 cycle

Remark n=0,1
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Figure 9-6. Interrupt Culling Ratio Change Timing
(Relationship Between STINTn Bit Setting and CUL Bit Change): PWM Mode 1 (Asymmetric Triangular Wave)

TMOCEn bit |

TMON count value

o tuirbodiohrial | el | bl | bl T8 e |

INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3
CULO2 to CULOO bits 000 X 001 X 010
l | ] |
I T T 1
Interrupt culling Interrupt culling Interrupt culling
1/1 cycle 1/2 cycle 1/4 cycle
TMOCEn bit |
CMON S o e e e e ;= = = N e = g

TMON count value

STINT:O:O?H-* TINT‘?MOnT + TINT:MOnT * T * T * TINT‘?MOnT + T * T * TINT'?MOnTINT‘?MOnTINTiMOnTINT:MOnT

INTCMON3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMON3
CULO2 to CULOO bits 001 X 010 X 000
l | | |
I T T 1
Interrupt culling Interrupt culling Interrupt culling
1/2 cycle 1/4 cycle 1/1 cycle

TMOCER bit

TMOnN count value

- T * TlNTiMOHT * T * T * TINT‘?MOHT ! T + T * TINT#MOnT'NTT*MOnTWTT*MMT'NTT*MO”T'N#MO"T

STINTn =1

INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMOn3 INTCMON3
CULO2 to CULOO bits 001 X 010 X 000
| | | |
I T T 1
Interrupt culling Interrupt culling Interrupt culling
1/2 cycle 1/4 cycle 1/1 cycle

Caution If, in TMOn, to realize the INTTMOn and INTCMON3 culling function, the culling ratio is set to a
value other than 1/1 by bits CUL02 to CUL00 and counting is started, the subsequent interrupt
output sequence will differ due to the set value of the STINTn bit at count start.

Remark n=0,1
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(3) Timer unit control registers 00, 01 (TUC00, TUCO1)
TUCON is an 8-bit register that controls the TOONO to TOON5 outputs.
TUCON can be read/written in 8-bit or 1-bit units. However, bit 0 is read-only.

3 2 <1> <0> Address After reset

TUCOO | ©

o

| TORSO | TOSTAO | FFFFFS7CH  O1H

o
o

3 2 <1> <0> Address After reset

TUCO1 | 0

o

| TORS1 | TOSTA1 | FFFFFSBCH  O1H

o
o

Bit position

Bit name

Function

1

TORSNn

Flag that restarts TOONO to TOON5 pin outputs that were forcibly stopped by ESOn pin

input.

Output is resumed by writing “1” to the TORSn bit.

Cautions1. If the level is set to the ESOn pin input level (TOMR register

TOEDGH1 bit = 1, TOEDGO bit = 0 or 1), the output disabled state is
not released (TOSTAnN bit = 1) even if “1” is written to the TORSn
bit while output is disabled (TOSTAnN bit = 1).

If the input level is the inactive level, the output disabled state is
released (TOSTAN bit = 0).

2. If the edge is set to the ESOn pin input (TOEDG1 bit = 0, TOEDGO

bit = 0 or 1), the output disabled state is released (TOSTAnR bit = 0)
when “1” is written to the TORSN bit while output is disabled
(TOSTAN bit =1).

3. After reset, be sure to write “1” to the TORSn bit prior to starting

TOONO to TOON5 output. “0” is read when the TORSn bit is read.

TOSTAnN

Flag indicating TOONO to TOON5 pin output status according to ESOn pin input
0: Output enabled status
1: Output disabled status

Remark n=0,1
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(4) Timer output mode registers 0, 1 (TOMRO, TOMR1)
The TOMRn register controls timer output from the TOONO to TOONS5 pins.
To prevent abnormal output from the TOOnO to TOON5 pins due to illegal access, data is written to the
TOMRRN register in the following two sequences.
(a) Write access to the TOMR write enable register (SPECn), followed by
(b) Write access to the TOMRn register
Write is not enabled via hardware unless the these two sequences are implemented.
TOMRN can be read/written in 8-bit units.

Caution When interrupt requests are generated during write access to the TOMRnN register (after
write access to the SPECn register and prior to writing to the TOMRn register), write
processing to the TOMRn register may not be performed normally if access to other
addresses is performed using the internal bus during servicing of these interrupts. Add
one of the following processing items during the TOMRN register write routine.
e Prior to write access to the TOMRN register, disable acknowledgement of all interrupts of

the CPU.

¢ Following write access to the TOMRNn register, check that write was performed normally.

(1/2)

7 6 5 4 3 2 1 0 Address After reset
ToMRo | AvTO | AlvuB | Alve | Alvwe | TosP | o |TOEDG1|TOEDGO| FFFFF57DH  00H
7 6 5 4 3 2 1 0 Address After reset
TOMR1 | ALVTO ‘ ALVUB ‘ ALVVB ‘ ALVWB ‘ TOSP ‘ 0 ‘TOEDG1 ‘TOEDGOl FFFFF5BDH 00H
Bit position Bit name Function
7 ALVTO Specifies the active level of the TOONO, TOON2, and TOON4 pins.
0: Active level is low level
1: Active level is high level
Caution Changing the ALVTO bit during TMOn operation (TMOCEn = 1) is
prohibited.
6 ALVUB Specifies the output level of the TOON1 pin.

0: Inverted level of active level set by ALVTO bit
1: Active level set by ALVTO bit
When ALVUB = 1, the output level of TOOn1 output is the same as TOONO.

Caution Changing the ALVUB bit during TMOn operation (TMOCEn = 1) is
prohibited.

Remark n=0,1
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(2/2)

Bit position Bit name Function

5 ALVVB Specifies the output level of the TOON3 pin.
0: Inverted level of active level set by ALVTO bit
1: Active level set by ALVTO bit
When ALVVB = 1, the output level of TOON3 output is the same as TOON2.

Caution Changing the ALVVB bit during TMOn operation (TMOCEn = 1) is
prohibited

4 ALVWB Specifies the output level of the TOON5 pin.
0: Inverted level of active level set by ALVTO bit
1: Active level set by ALVTO bit
When ALVWB = 1, the output level of TOOn5 output is the same as TOOn4.

Caution Changing the ALVWB bit during TMOn operation (TMOCEn = 1) is
prohibited.

3 TOSP Controls TOONO to TOON5 pin output stop via ESON pin input.
0: Enables ESOn pin input
1: Disables ESOn pin input

Cautions 1. The output stop status can be released by writing “1” to the
TORSN bit of the TUCON register. The operation continues even if
output is prohibited for all timers and counters.

2. Before changing the ESOn pin input status from disabled to
enabled (changing the TOSP bit from 1 to 0), write “1” to the
TORSN bit of the TUCn register to reset the ESOn pin input

status.
1,0 TOEDGH, These bits select the valid edge or level when setting forcible stop of TOONO0 to
TOEDGO TOON5 output via ESOnN pin input using the TOSP bit.
TOEDG1 | TOEDGO Operation
0 0 Rising edge
0 1 Falling edge
1 0 Low level
1 1 High level

Cautions 1. Changing the TOEDG1 and TOEDGO bits during TMOn operation
(TMOCEN = 1) is prohibited.
2. Before changing the settings of bits TOEDG1 and TOEDGO, write
“1” to the TORSn bit of the TUCON register to reset the ESOn pin
input status.

Remark n=0,1
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Examples of the output waveforms of TO000 and TO001 when the higher 4 bits (ALVTO, ALVUB, ALVVB,
and ALVWB) of the TOMRn register are set in PWM mode 0 (asymmetric triangular waves) are shown below.

Figure 9-7. Output Waveforms of TO000 and TO001 in PWM Mode 0 (Symmetric Triangular Waves)
(Without Dead Time (TMOCEDO Bit = 1))

(a) TOMRO register value = 80H

TMO00 = CM000 TMO00 = CM000

TO000

TOO001

(b) TOMRO register value = 00H

TMO00 = CM000 TMO00 = CM000

TO000

TOO001

(c) TOMRO register value = COH

TMO00 = CM000 TMO00 = CM000

TO000

TOO001

(d) TOMRO register value = 40H

TMO00 = CM000

TO000

TMO00 = CM000

TOO001
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Figure 9-8. Output Waveforms of TO000 and TO001 in PWM Mode 0 (Symmetric Triangular Waves)
(With Dead Time (TMOCEDO Bit = 0))

(a) TOMRO register value = 80H

TMO00 = CM000 TMO00 = CM000
TO000 5 5
TOO001 E 5

Dead time period Dead time period

(b) TOMRO register value = 00H

TMO00 = CM000 TMO00 = CM000
—— —
TOO000 i i
TOO001 E 5
_I 1 1 I_
Dead time period Dead time period

(c) TOMRO register value = COH

TMO00 = CM000 TMO00 = CM000
TO000 5 5
TO001 : 5

Dead time period Dead time period

(d) TOMRO register value = 40H

TMO00 = CM000 TMO00 = CM000
TO000 5 5
TO001 E 5

: 1 l 1
Dead time period Dead time period
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Data is set to timer output mode registers 0 and 1 (TOMRO, TOMR1) in the following sequence.

<1> Prepare the data to be set to timer output mode registers 0 and 1 (TOMRO, TOMR1) in a general-purpose
register.

<2> Write data to TOMR write enable registers 0 and 1 (SEPCO, SPEC1).

<3> Set timer output mode registers 0 and 1 (TOMRO, TOMR1) (using the following instructions).
e Store instruction (ST/SST instructions)
¢ Bit manipulation instruction (SET1/CLR1/NOT1 instructions)

[Description Example] <1> MoV 0x04, rlo0
<2> ST.B r10, SPECn [r0]
<3> ST.B r1l0, TOMRn [r0]

Remark n=0, 1
To read the TOMRN register, no special sequence is required.

Cautions 1. Prohibit interrupts between SPECn issuance (<2>) and the TOMRn register write that
immediately follows (<3>).

2. The data written to the SPECn register is dummy data; use the same register as the general-
purpose register used to set the TOMRN register (<3> in the above example) for SPECn
register write (<2> in the above example). The same applies when using a general-purpose
register for addressing.

3. Do not write to the SPECn register or TOMRN register using DMA transfer.
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(5) PWM output enable registers 0, 1 (POERO, POER1)

The POERN register is used to make the external pulse output (TOONO to TOON5) status inactive by software.

POERnN can be read/written in 8-bit or 1-bit units.

<5> <4> <3> <2> <1> <0> Address After reset

o

POERO[ o0 |

| 0E210 | OE200 | OE110 | OE100 | OE010 | OE000 | FFFFFS7FH oo

<5> <4> <3> <2> <1> <0> Address After reset

o

POER1| 0 |

| OE211 | OE201 | OE111 | OE101 | OEO11 | OE001 | FFFFFSBFH  OOH

Bit position Bit name

Function

5 OE21n

Specifies the output status of the TOON5 pin.
0: TOON5 output status is high impedance.
1: TOON5 output status is controlled by TMOCER bit of TMCOn register and TORTOn
bit of PSTOn register and ESOn pin.

4 OE20n

Specifies the output status of the TOOn4 pin.
0: TOON4 output status is high impedance.
1: TOONn4 output status is controlled by TMOCER bit of TMCOn register and TORTOn
bit of PSTOn register and ESOn pin.

3 OE11n

Specifies the output status of the TOON3 pin.
0: TOON3 output status is high impedance.
1: TOON3 output status is controlled by TMOCEn bit of TMCOn register and TORTOnN
bit of PSTOn register and ESOn pin.

2 OE10n

Specifies the output status of the TOON2 pin.
0: TOON2 output status is high impedance.
1: TOON2 output status is controlled by TMOCEn bit of TMCOn register and TORTOnN
bit of PSTOn register and ESOn pin.

1 OEO1n

Specifies the output status of the TOOn1 pin.
0: TOON1 output status is high impedance.
1: TOONn1 output status is controlled by TMOCER bit of TMCOn register and TORTOn
bit of PSTOn register and ESOn pin.

0 OEOONn

Specifies the output status of the TOONO pin.
0: TOONO output status is high impedance.
1: TOONO output status is controlled by TMOCER bit of TMCOn register and TORTOn
bit of PSTOn register and ESOn pin.

Remark n=0,1
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(6) PWM software timing output registers 0, 1 (PSTO0, PSTO1)
The PSTOn register is used to perform settings to output the desired waveforms to the external pulse output
pins (TOONO to TOON5) by software.
PSTOnN can be read/written in 8-bit or 1-bit units.

Cautions 1.

4.

When the value of the TORTON bit has been changed from 0 to 1 during timer output
(setting changed to software output), the timing is delayed by the dead-time portion
when the output level differs from the timer output signal during output due to the
settings of the UPORTn, VPORTn, and WPORTN bits.

When the output level is the same as the timer output signal during output due to the
settings of the UPORTn, VPORTNn, and WPORTN bits, output is performed maintaining
the same output level.

If software output is enabled (TORTOnN bit = 1), the INTTMOn and INTCMON3 interrupts
and TOONO to TOON5 output statuses are as follows during TMOn operation (TMOCEn bit
=1).

INTTMONn and INTCMOR3 interrupts: Continue occurring at each timing in accordance
with timer and compare operations.
TOONO to TOON5 outputs: Software output has priority.

If the TORTON bit is changed from 1 to 0 during TMOn operation (TMOCEn bit = 1), the
software output state is retained for the TOOn0 to TOOn5 outputs until one of the
set/reset condition of the flip-flop for the TOON0 to TOON5 outputs shown in (a) below is
generated.

(a) Set/reset conditions of flip-flop for TOON0 to TOON5 outputs

Output Status Operation Mode Conditions

Set Timer output Triangular wave mode| Compare match while TMOn is counting up
(PWM mode 0, 1)

Sawtooth wave mode | Match between TMOn and CMON3 registers
(PWM mode 2)

Software output - Set (to 1) UPORTnN, VPORTN, and WPORTN bits

Reset | Timer output Triangular wave mode | Compare match while TMOn is counting down
(PWM mode 0, 1)

Sawtooth wave mode | Compare match with TMOn
(PWM mode 2)

Software output - Clear (to 0) UPORTn, VPORTnN, and WPORTN bits

Remark n=0, 1

If the same value is written to the UPORTn (VPORTn, WPORTN) bit when TORTOn =1,
the TOONO0 and TOON1 outputs (TOON2 and TOON3, TOONn4 and TOON5) are not changed.
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(1/2)
<7> 6 5 4 3 <2> <1> <0> Address After reset
PSTOO | TORTOO| 0 0 0 0 |upoRTo|vPORTO |WPORTO| FFFFF57EH  0OH
<7> 6 5 4 3 <2> <1> <0> Address After reset
PSTO1 | TORTO1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ UPORT1 ‘ VPORT1 ‘WPORT1 | FFFFF5BEH 00H
Bit position Bit name Function
7 TORTON Specifies TOONO to TOON5 output control.
0: Timer output
1: Software output
The change of the TOONO to TOON5 signals during software output occurs when the
TORTORN bit is set (to 1) and a value is written to the UPORTn, VPORTN, and
WPORTNR bits. A dead-time timer can also be used.
2 UPORTN Specifies the TOONO (U phase)/TO0ON1 (U phase) pin output value.
UPORTnN Operation
0 TOONO | Inverted level of ALVTO bit setting
TOOn1 | When ALVUB =0 Level of ALVTO bit setting
When ALVUB = 1 Inverted level of ALVTO bit setting
1 TOONO | Level of ALVTO bit setting
TOONn1 | When ALVUB =0 Inverted level of ALVTO bit setting
When ALVUB =1 Level of ALVTO bit setting
Caution If the UPORTN bit setting value is changed when TORTOn =1, the
dead-time setting becomes valid for the TOOn0/TOON1 output signal
in the same way as during normal timer operation.
1 VPORTN Specifies the TOON2 (V phase)/TO0ON3 (V phase) pin output value.

VPORTN Operation
0 TOON2 | Inverted level of ALVTO bit setting
TOOn3 | When ALVVB =0 Level of ALVTO bit setting
When ALVVB = 1 Inverted level of ALVTO bit setting
1 TOOn2 | Level of ALVTO bit setting
TOON3 | When ALVVB =0 Inverted level of ALVTO bit setting
When ALVVB =1 Level of ALVTO bit setting

Caution If the VPORTN bit setting value is changed when TORTOn = 1, the
dead-time setting becomes valid for the TOOn2/TO0N3 output signal
in the same way as during normal timer operation.

Remark n=0,1
ALVTO bit: Bit 7 of the TOMRn register
ALVUB bit: Bit 6 of the TOMRN register
ALVVB bit: Bit 5 of the TOMRn register
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@/2)

Bit position Bit name

Function

0 WPORTN

Specifies the TOOn4 (W phase)/TO0Nn5 (VV phase) pin output value.

WPORTN Operation
0 TOON4 | Inverted level of ALVTO bit setting
TOOn5 | When ALVWB =0 Level of ALVTO bit setting

When ALVWB = 1

Inverted level of ALVTO bit setting

TOONn4

Inverted level of ALVTO bit setting

TOON5

When ALVWB =0

Inverted level of ALVTO bit setting

When ALVWB = 1

Level of ALVTO bit setting

Caution If the WPORTN bit setting value is changed when TORTOn = 1, the
dead-time setting becomes valid for the TO0On4/TO0N5 output signal
in the same way as during normal timer operation.

Remark n=0,1

ALVTO bit: Bit 7 of the TOMRn register
ALVWB bit: Bit 4 of the TOMRN register

The TOONO to TOON5 pins can be set to timer output by a match between TMOn and the compare register or to
software output using the PSTOn register (TORTON bit = 1). Software output has the priority over timer output.
Consequently, when the setting changes from TMOCEn = 1 (timer operation enabled), TORTOn = 1 (software
output enabled) to TMOCEn = 1 (timer operation enabled), TORTOn = 0 (software output disabled), the TOOnO to
TOON5 pins continue to perform software output until the occurrence of the first F/F set/reset due to a match between
TMOn and the compare register after the TORTOn bit setting changes.
The relationship between the settings of the TORTOn and TMOCEn bits when ALVTO = 1 and the output of TOONO
(negative phase side) is shown on the following pages (the positive phase side (TOOn1, TOOn3, and TOON5) is
dependent on the ALVUB, ALVVB, and ALVWB bits, so refer to the explanations of each of these bits).
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Figure 9-9. When UPORTN = 1 Is Set Inmediately Before TORTOn = 0 (Switched by Active Value)

CMOn3 CMoOn3 CMoOn3 CMOn3

TMOn
Count value

0000H -
Note 1

.

FIF

INTCMON3

INTTMON

TOONO

TORTON

UPORTnN

TMOCEN J

Software output
' P1

Timer output Timer output

-

T

Notes 1. F/F set by compare match during up count
2. F/F reset by compare match during down count
3. F/F set by writing UPORTN bit
4. F/F reset by writing UPORTN bit

Remark n=0,1

If the setting of the TORTOn bit changes from 1 to 0 while the UPORTN bit is set to 1 in the P1 period in Figure 9-9
above, the F/F continues to hold the TORTOn bit setting of “1” until the T1 timing.

However, because the F/F is reset at the T1 timing (by a compare match of TMOn during down counting), the
TOONO output changes from 1 to 0.
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Figure 9-10. When UPORTn =0 Is Set Inmediately Before TORTOn = 0 (Switched by Inactive Value)

CMONn3 CMOn3 CMONn3 CMOn3

TMONn
Count value

0000H --
Note 1

FIF

—

INTCMON3

—
—
7
/
, /
24T -
S
=L
o
'
—
—

INTTMOn

TOONO

TMOCEN J 5

TORTON

UPORTnN

Timer output ™ Software output

Timer output

' P1

T2

Notes 1. F/F set by compare match during up count
2. F/F reset by compare match during down count
3. F/F set by writing UPORTN bit
4. F/F reset by writing UPORTNR bit

Remark n=0,1

If the setting of the TORTON bit changes from 1 to 0 while the UPORTN bit is set to 0 in the P1 period in Figure 9-
10 above, the F/F continues to hold the TORTOn bit setting of “0” until the T2 timing.

However, because the F/F is set at the T2 timing (by a compare match of TMOn during up counting), the TOOn0
output changes from 1 to 0.

Note that TOONO to TOON5 output will stop if the TORTOn bit setting is changed from 1 to 0 while the TMOCER bit
is 0.
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Figure 9-11. When UPORTn =0 Is Set Inmediately Before TORTOn = 1

TMOn
Count value

INTCMON3 | . |
" " " "
TOONO |_
TMOCEN J

TORTOnN

UPORTN

Timer output Software output : Timer output

T3

Notes 1. F/F set by compare match during up count
2. F/F reset by compare match during down count
3. F/F set by writing UPORTN bit
4. F/F reset by writing UPORTN bit

Remark n=0,1

If the setting of the TORTOn bit changes from 0 to 1 while the UPORTnN bit is set to O during TMOn operation
(TMOCERN = 1), the TOONO output changes from 1 to 0 because the F/F is reset at the T3 timing.

Examples of the software output waveforms of TO000 and TO001 based on the settings of the TORTOn, UPORTN,
VPORTN, and WPORTN bits are shown on the following pages.
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Figure 9-12. Software Output Waveforms of TO000 and TO001 (Without Dead Time (TMOCEDO = 1))

(a) TOMRO register value = 80H

UPORTO « 1 UPORTO «- 0

TO000

TOO001

(b) TOMRO register value = 00H

UPORTO « 1 UPORTO « 0

TOO000

TOO001

(c) TOMRO register value = COH

UPORTO « 1 UPORTO « 0

TOO000

TOO001

(d) TOMRO register value = 40H

UPORTO « 1 UPORTO «- 0

TO000

TOO001
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Figure 9-13. Software Output Waveforms of TO000 and TO001 (With Dead Time (TMOCEDO = 0))

(a) TOMRO register value = 80H

UPORTO « 1 UPORTO «- 0
TO000 5 5
TO001 !

Dead-time period Dead-time period

(b) TOMRO register value = 00H

UPORTO « 1 UPORTO «- 0
— ——
TO000 | :
TO001 !
Dead-time period Dead-time period

(c) TOMRO register value = COH

UPORTO « 1 UPORTO « 0
TO000 5 5
TO001 i 5

Dead-time period Dead-time period

(d) TOMRO register value = 40H

UPORTO « 1 UPORTO « 0
— ——
TO000 | :
TO001 !
Dead-time period Dead-time period
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Figure 9-14. Software Output Waveforms of TO000 and TO001 When “1” Is Written to UPORTO Bit
While TORTOO = 1 (When TOMRO Register Value = 80H)

(a) Without dead time (TMOCEDO = 1)

UPORTO « 1 UPORTO « 0
: UPORTO <1 |
TO000 :
TOO001 :

(b) With dead time (TMOCEDO = 0)

UPORTO « 1 UPORTO < 0
: UPORTO 1 |
TOO000 i : E
E—— : —
TO001 : ; E
Dead-time period ~ Dead-time period

The following table shows the output status of external pulse output (in the case of TOONO).

Table 9-3. Output Status of External Pulse Output (In Case of TOOnO0)

OEOQON Bit TORTON, UPORTN Bits TMOCER Bit TOONO
0 0/1 0/1 High impedance
1 0 0 High impedance
1 Timer output
1 01 Output by UPORTN bit

Remarks 1. OEOOn bit: Bit 0 of POERnN register
TORTOn bit: Bit 7 of PSTOn register
UPORTRN bit: Bit 2 of PSTOn register
TMOCERn bit: Bit 15 of TMCOn register
2. n=0,1
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(7) TOMR write enable registers 0, 1 (SPECO0, SPEC1)
The SPECnh register enables writing to the TOMRnN register. Unless writing to the TOMRnN register is
performed immediately after writing to the SPECn register (any data can be written), write processing to the
TOMRnN register is not performed normally. Normally, 0000H is read.
The SPECn register can be read/written in 16-bit units.

Remark n=0, 1

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
speco| o | oo |o]o] o] | 0 | FFFFFs8OH  000OH

o
o |
o |
o |
o |
o |
o
o
o |

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
spect| o] o] oo o] o] | 0 | FFFFFsCOH  000OH

o
o
o
o
o |
o |
o |
o
o |
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9.1.6 Operation

Remarks 1. In the explanation of operations in this section, the bits that affect the TOOnO to TOON5 outputs are
assumed to be set as follows.
ALVTO =1, ALVUB =0, ALVVB = 0, ALVWB = 0, TORTOn =0
2. The F/F in this section indicates the flip-flop for controlling the output of the TOONO to TOON5 pins.

(1) Basic operation
Timer 0 (TMON) is a 16-bit interval timer that operates as an up/down timer or as an up timer. The cycle is
controlled by compare register On3 (CMOn3) (n =0, 1).
All TMOn bits are cleared (0) by RESET input and the count operation is stopped.
Count operation enable/disable is controlled by the TMOCERN bit of timer control register On (TMCOn). The
count operation is started by setting the TMOCERn bit to 1 by software. Resetting the TMOCERn bit to O clears
TMOn and stops the count operation.
When the value of compare register O0n3 (CMOn3) set beforehand and the value of the TMOn counter match,
a match interrupt (INTCMOnN3) is generated.
The count clock to TMOn can be selected from among 6 internal clocks using the TMCOn register. If TMOn
has been set as an up/down timer, an underflow interrupt (INTTMOn) is generated when TMOn becomes
0000H during down counting.
TMOnN has the following three operation modes, which are selected using timer control register On (TMCOn).

e PWM mode 0: Triangular wave modulation (right-left symmetric waveform control)

e PWM mode 1: Triangular wave modulation (right-left asymmetric waveform control)
e PWM mode 2: Sawtooth wave modulation control
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Table 9-4. Operation Modes of Timer 0 (TMON)

TMCOn Register | Operation Mode TMOn Timer Clear Interrupt BFCMn3 — BFCMnO to BFCMn2,
MoDo1 | MoDoo Operation Source Source CMOn3 BFCMn4, BFCMn5 —
Timing CMONO0 to CMOn2,
CMOn4, CMOn5 Timing
0 0 PWM mode 0 Up/down - INTTMOnN, INTTMON INTTMON
(Symmetric INTCMO10 to
triangular wave) INTCMO12,
INTCMONS3 to
INTCMON5
0 1 PWM mode 1 Up/down - INTTMOnN, INTTMON INTTMOn,
(Asymmetric INTCMO10 to INTCMON3
triangular wave) INTCMO12,
INTCMONS3 to
INTCMONn5
1 0 PWM mode 2 Up INTCMONn3 | INTCMO10to | INTCMON3 INTCMON3
(Sawtooth wave) INTCMO12,
INTCMON3 to
INTCMONn5
1 1 Setting prohibited

Caution Changing the MODO01 and MODOO bits during TMOn operation (TMOCEn = 1) is prohibited.

Remark n=0,1

The various operation modes are described below.
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(2) PWM mode 0: Triangular wave modulation (right-left symmetric waveform control)

[Setting procedure]

(a)

(b)

(d)

(e)

Set PWM mode 0 (symmetric triangular wave) using the MODO1 and MODOO bits of the TMCOn register.
Also set the active level of the TOOn0 to TOON5 pins using the ALVTO bit of the TOMRn register (n = 0,

1).

Set the count clock of TMOn using the PRM02 to PRMOO bits of the TMCOn register. The transfer
operation from BFCMn3 to CMOn3 is set using the BFTE3 bit, and the transfer operation from BFCMnO to
BFCMn2, BFCMn4, and BFCMn5 to CMOn0 to CMOn2, CM0n4, and CMOn5 is set using the BFTEN bit.

Set the initial values.
(i) Specify the interrupt culling ratio using the CUL02 to CULOQO bits of the TMCOn register.
(i) Set the half-cycle width of the PWM cycle in BFCMn3.
e PWM cycle = BFCMn3 value x 2 x TMOn count clock
(The TMOnN count clock is set by the TMCOn register.)
(iii) Set the dead-time width in DTRRn.
o Dead-time width = (DTRRn + 1)/fcik
fcLk: Base clock

(iv) Set the set/reset timing of the F/F used in the PWM cycle in BFCMn0 to BFCMn2.

Clear (0) the TMOCEDN bit of the TMCOn register to enable dead-time timer operation. Set TMOCEDnN =
1 when not using dead time.

Setting (1) the TMOCERN bit of the TMCOn register starts TMOn counting, and a 6-channel PWM signal is
output from the TOONO to TOON5 pins.

Caution Setting CMOn3 to 0000H is prohibited.

Remark The TMOCEn bit of the TMCOn register indicates a transfer operation under the following

conditions.

o When TMOCERn bit of TMCOn register is 0
Transfer to the CMOn0 to CMOn2, CMOn4, and CMOn5 registers is performed at the next base
clock (fck) after writing to the BFCMnO to BFCMn2, BFCMn4, and BFCMn5 registers.

o When TMOCERn bit of TMCOn register is 1
The value of the BFCMn0O to BFCMn2, BFCMn4, and BFCMn5 registers is transferred to the
CMONO to CMOn2, CMOn4, and CMOn5 registers upon occurrence of the INTTMOn interrupt.
Transfer enable/disable at this time is controlled by the BFTEN bit of the TMCOn register.
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228

[Operation]

In PWM mode 0, TMOn performs up/down count operation. When TMOn = 0000H during down counting, an
underflow interrupt (INTTMON) is generated, and when TMOn = CMOn3 during up counting, a match interrupt
(INTCMOn3) is generated (n =0, 1).

Switching from up counting to down counting is performed when TMOn and CMOn3 match (INTCMOn3), and
switching from down counting to up counting is performed when a TMOn underflow occurs after TMOn
becomes 0000H.

The PWM cycle in this mode is (BFCMn3 value x 2 x TMOn count clock). Note that the next PWM cycle width
is set to BFCMn3.

The data of BFCMn3 is automatically transferred by hardware to CMOn3 upon generation of the INTTMOn
interrupt. Furthermore, calculation is performed by software processing started by INTTMOnN, and the data for
the next cycle is set to BFCMn3.

Data setting to CMONnO to CMOn2, which control the PWM duty, is explained next.

Setting of data to CMOn0 to CMOn2 consists of setting the duty output from BFCMnO to BFCMn2.

The values of BFCMn0 to BFCMn2 are automatically transferred by hardware to CMOnO to CMOn2 upon
generation of the INTTMOn interrupt. Furthermore, software processing is started up and calculation
performed, and the set/reset timing of the F/F for the next cycle is set to BFCMnO0 to BFCMn2.

The PWM cycle and the PWM duty are set in the above procedure.
The F/F set/reset conditions upon match of CMOn0 to CMOn2 are as follows.

e Set:  CMONO to CMONn2 match detection during TMOn up count operation
¢ Reset: CMONn0 to CMOn2 match detection during TMOn down count operation

In this mode, the F/F set/reset timing is performed at the same timing (right-left symmetric control). The
values of DTRRn are transferred to the corresponding dead-time timers (DTMnO to DTMn2) in
synchronization with the set/reset timing of the F/F, and down counting is started. DTMnO to DTMn2 count
down to 000H, and stop when they count down further to FFFH.

DTMnO to DTMn2 can automatically generate a width at which the active levels of the positive phase (TOONO,
TOON2, TOON4) and negative phase (TOOn1, TOON3, TOONS5) do not overlap (dead time).

In this way, software processing is started by an interrupt (INTTMOn) that occurs once during every PWM
cycle after initial setting has been performed, and by setting the PWM cycle and PWM duty to be used in the
next cycle, it is possible to automatically output a PWM waveform to pins TOOn0 to TOONn5 taking into
consideration the dead-time width (in the case of an interrupt culling ratio of 1/1).
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[Output waveform width with respect to set value]
e PWM cycle = BFCMn3 x 2 x TTmon
e Dead-time width  Tonm = (DTRRn + 1)/fcik
o Active width of positive phase (TOOn0, TOOn2, TOON4 pins)
= { (CMONn3 — CMONnXup) + (CMON3 — CMONXdown) } x TTMon — Tonm
¢ Active width of negative phase (TOOn1, TOOn3, TOON5 pins)
= (CMONXdown + CMONXup) X TT™Mon — Tonm
¢ In this mode, CMONnXup = CMOnXdown (however, within the same PWM cycle).
Since CMOnXup and CMONnXdown in the negative phase formula are prepared in a separate PWM cycle,
CMonXup # CMONXdown.

fok: Base clock

TTmon: TMOn count clock

CMONnXup: Set value of CMON0 to CMOn2 while TMOn is counting up
CMONnXdown: Set value of CMONn0 to CMOn2 while TMOn is counting down

The pin level when the TOONO to TOON5 pins are reset is the high impedance state. When the control mode
is selected thereafter, the following levels are output until TMOn is started.

e TOONO, TOON2, TOON4... When active low — High level
When active high — Low level
e TOON1, TOON3, TOON5... When active low — Low level
When active high — High level

The active level is set with the ALVTO bit of the TOMRn register. The default is active low.

Caution If a value such that the positive phase or negative phase active width is “0” or a negative
value is set in the above formula, the TOOn0 to TOON5 pins output a waveform fixed to the
inactive level waveform with active width “0”.

Remarks.1 m=0to2
n=0,1
2. The interrupt request signal occurrence conditions of INTCM010 to INTCMO012, INTCMOn4,
and INTCMOnN5 are shown below.

Setting Condition INTCMO010 to INTCMO12, INTCMOn4,
INTCMON5 Signal Occurrence Status

CMO010 to CM012, CMOn4, CM0On5 < CMOn3 | Occurs

CMO010 to CM012, CMOn4, CMOn5 = 0000H | Occurs

CMO010 to CM012, CM0On4, CMOn5 > CMOn3 | Does not occur
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Figure 9-15. Operation Timing in PWM Mode 0 (Symmetric Triangular Wave) (1/2)

(a) Operation timing of compare registers 0n0 to 0n2 (CMOnO to CM0On2)

CMOn3 (d) CMOn3 (e)
TMOn
count value
0000H . .
CMOnx  CMOnx ' CMOnx CMOnx !
match match . match match |
BFCMnx \a : b A\ X c 1 X:

CMOnx X* : a :

BFCMn3 . d E : : X R X:

Lo

CMOn3 X\ d X\ e X\f
j j . . 4
Interrupt request {INTCMON3; INTTMOnN INTCMON3 v INTTMONn
U u
INTCMO1x INTCMO1x INTCMO1x INTCMO1x
F/F
DTMnx

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. The above figure shows the timing chart when both BFTE3 and BFTEN of the TMCOn register
are 1, and transfer from BFCMn3 to CMOn3, or from BFCMnx to CMOnx is enabled. Transfer is
not performed when BFTE3 = 0 or BFTEN = 0.

n=0,1

x=0to2

t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)

To not use dead time, set the TMOCEDN bit of the TMCOn register to 1.

The above figure shows an active-high case.

INTCMO1x is generated on a match between TM01 and CMO1x (a and b in the above figure).
INTCMOOx is not generated.

NooaRwNN

Figure 9-16 shows the overall operation image.
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Figure 9-15. Operation Timing in PWM Mode 0 (Symmetric Triangular Wave) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

TMON
count value

0000H

BFCMnx

CMOnx

BFCMn3

CMOn3

Interrupt request

CMOnx CMOnx
match match

CMOn3 (d)

CMOn3 (e)

=5

d X'

X

4 4
INTCMONnx INTCMONnx

A 4
INTCMON3 INTTMOn

4
INTCMOnNx

i
INTCMONn3 INTTMOn

4
INTCMOnx

Remarks 1. The above figure shows the timing chart when both BFTE3 and BFTEN of the TMCOn register
are 1, and transfer from BFCMn3 to CMOn3, or from BFCMnx to CMOnx is enabled. Transfer is
not performed when BFTE3 = 0 or BFTEN = 0.

2. n=0,1
3. x=4,5

4. INTCMOnx is generated on a match between TMOn and CMOnx (a and b in the above figure).
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Figure 9-16. Overall Operation Image of PWM Mode 0 (Symmetric Triangular Wave)

CMOn3

CMOn3

TMOn
count value CMOnQ

0000H

(TOONo output

TOON1 output

TOON2 output

TOON3 output

TOON4 output

\_TOON5 output

/TOOnO output

TOON1 output

TOON2 output

TOON3 output

TOON4 output

\_TOON5 output

<

Without
dead time

<

With

dead time

Remark n=0,1
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Next, an example of the operation timing, which depends on the values set to CMOn0 to CMOn2, CMOn4, and
CMoOn5 (BFCMnO to BFCMn2, BFCMn4, BFCMn5) is shown.

(a) When CMOnx (BFCMnx) > CMOn3 is set

Figure 9-17. Operation Timing in PWM Mode 0 (Symmetric Triangular Wave, BFCMnx > CMOn3) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CMOn2)

CMOn3 CMOn3
a
TMOn »
count value i
0000H «<~------ Aomemmmeee Ao CORRERER X .
CMOnx CMOnx ; CMOnx match :
match match , (BFCMnx = CMOn3) ,
BFCMnx \ a | BFCMnx > CMOn3 § X BFCMnx > CMOn3 § X:
3 ' ' \ \
CMOnx ' a ' BFCMnx > CMOn3
T i T i
Interrupt request 'INTCMON3: INTTMOn INTCMONn3 INTTMOn
4 4
INTCMO1x INTCMO1x INTCMO1x
i i (BFCM1x = CM013)
FIF
DTMnx

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

t

—

Remarks 1. n=0, 1

x=0to2

t: Dead time = (DTRRn + 1)/fck (fck: Base clock)
The above figure shows an active-high case.

a koD

INTCMO1x is generated on a match between TM01 and CMO1x (a in the above figure).
INTCMOOx is not generated.
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Figure 9-17. Operation Timing in PWM Mode 0 (Symmetric Triangular Wave, BFCMnx > CM0On3) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3

TMOn
count value

0000H

CMOnx CMOnx

E CMOnx match
match match ,

BFCMnx = CMOn3) E

(
BFCMnx \ a BFCMnx > CMOn3 \ X BFCMnx > CMOn3 \ X:
A \ \
CMOnx a BFCMnx > CMOn3
4 4 4 4
Interrupt request INTCMON3 INTTMON INTCMON3 INTTMON
4 4 4
INTCMONnx INTCMOnx INTCMOnx

(BFCMnx = CMOn3)

Remarks 1. n=0, 1
2. x=4,5
3. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).

When a value greater than CMOn3 is set to BFCMn0 to BFCMn2, the positive phase side (TOOnNO,
TOONn2, TOON4 pins) outputs a low level, and the negative phase side (TOOn1, TOOn3, TOON5 pins)
continues to output a high level. This feature is effective for outputting a low-level or high-level width
exceeding the PWM cycle in an application such as inverter control. Furthermore, if CMONnO to CMOn2 =
CMON3 is set, matching of TMOn and CMONn0 to CMOn2 is detected during down counting by TMOn, so
that the F/F remains reset as is, and is not set.

The above explanation applies to an active high case. In an active low case, the levels of positive and
negative phases are merely inverted and other operations remain the same.
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(b) When CMOnx (BFCMnx) = 0000H is set

Figure 9-18. Operation Timing in PWM Mode 0 (Symmetric Triangular Wave, BFCMnx = 0000H) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3
a a
TMOn f »
count value , ,
0000H “~------- A AT
CMOnx CMOnx  CMOnx CMOnx

match match match match

0000H \ X 0000H | X:

CMOnx X\ Cooa X* 0000H X*

BFCMnx \ a

t i t i
Interrupt request INTCMON3 INTTMOn INTCMON3 INTTMOnN
INTCMO1x INTCMO1x  INTCMO1x INTCMO1x
F/F
DTMnx

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. n=0, 1

x=0to2

t: Dead time = (DTRRn + 1)/fck (fck: Base clock)
The above figure shows an active-high case.

U ol

INTCMO1x is generated on a match between TM01 and CMO1x (a in the above figure).
INTCMOOx is not generated.
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Figure 9-18. Operation Timing in PWM Mode 0 (Symmetric Triangular Wave, BFCMnx = 0000H) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3

TMOnN
count value
0000H

CMOnx CMOnx  CMOnx CMOnx

match match match match

BFCMnx \ a 0000H \ X 0000H \ X:
CMOnx X* a X* 0000H X*
4 } 4 4
Interrupt request *INTCMOnS* INTEMOn INTCMONn3 INT'I;MOn
INTCMONnx INTCMOnx INTCMOnx INTCMOnx

Remarks 1. n=0,1
2. x=4,5
3. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).

236

Since TMOn = CMOn0 to CMOn2 = 0000H match is detected during up counting by TMOn, the F/F is just
set and does not get reset. Even when the setting value is 0000H, F/F is changed in the cycle during
which transfer is performed from BFCMn0 to BFCMn2 to CMOn0 to CMOn2 similarly to when the setting
value is other than 0000H.

Figure 9-19 shows the change timing from the 100% duty state.
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Figure 9-19. Change Timing from 100% Duty State (PWM Mode 0) (1/2)

(a) Operation timing of compare registers 0n0 to 0n2 (CMOn0 to CM0On2)

TMOn
count value

BFCMOnx

CMOnx

Interrupt request

FIF

DTMnx

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

A A
CMOnx CMOnx
match

CMOn3

CMOn3

match

CMOn3

match

B D] T I

: 0000H: b \ X c!
X\ a ! X\ 0000H \ 0000H X\ b !
R A A A A A
1INTCMOn3: INTTMOn INTCMOn3 INTTMOn INTCMOn3 |NTTMOn ;lNTCMOn(S'

INTCMO1x INTCMO1x

}

INTCMO1x

INTCMO1x

JINTCMO1x INTCMO1x

Note —~

.

Note F/F is reset upon INTTMON occurrence.

Remarks 1. n=0, 1
2. x=0t02

3. t: Dead time = (DTRRn + 1)/fck (fowk: Base clock)

4. The above figure shows an active-high case.

5. INTCMO1x is generated on a match between TMO1 and CMO1x (a and b in the above figure).
INTCMOOx is not generated.
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Figure 9-19. Change Timing from 100% Duty State (PWM Mode 0) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3 CMOn3 CMOn3

TMON
count value

AT N AT AT T /AN N
CMOnx CMOnx CMOnx CMOnx CMOnx CMOnx ;

match match  match match Ematch match

BFCMOnx @ X OOOOH E\\X OOOOHR X b \X c k X:

CMOnx a X\ 0000H X\ 0000H X\ b
i ! i i i ! t !

Interrupt request INTCMOn3  INTTMOn INTCMOn3 INTTMOn INTCMOn3 INTTMOn INTCMOn3 INTTMOn
4 4
INTCMOnx INTCMOnx* INTCMOnx INTCMOnx INTCMOnx
INTCMONX

Remarks 1. n=0,1
2. x=4,5
3. INTCMOnx is generated on a match between TMOn and CMOnx (a and b in the above figure).
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(3) PWM mode 1: Triangular wave modulation (right-left asymmetric waveform control)

[Setting procedure]

(a) Set PWM mode 1 (asymmetric triangular wave) using the MODO1 and MODOO bits of the TMCOn
register. Also set the active level of the TOOnO to TOON5 pins using the ALVTO bit of the TOMRn
register (n =0, 1).

(b) Set the count clock of TMOn using the PRM02 to PRMOO bits of the TMCOn register. The transfer
operation from BFCMn3 to CMOn3 is set using the BFTE3 bit, and the transfer operation from BFCMnO to
BFCMn2, BFCMn4, BFCMn5 to CMOn0 to CMOn2, CM0n4, and CMOn5 is set using the BFTEN bit.

(c) Set the initial values.
(i) Specify the interrupt culling ratio using the CUL02 to CULOO bits of the TMCOn register.

(i) Set the half-cycle width of the PWM cycle in BFCMn3.
e PWM cycle = BFCMn3 value x 2 x TMOn count clock
(The TMOnN count clock is set by the TMCOn register.)

(iii) Set the dead-time width in DTRRn.
o Dead-time width = (DTRRn + 1)/fcik
fcLk: Base clock

(iv) Set the set timing of the F/F used in the PWM cycle in BFCMn0 to BFCMn2, BFCMn4, and BFCMn5.

(d) Clear (0) the TMOCEDN bit of the TMCOn register to enable dead-time timer operation. Set TMOCEDnN =
1 when not using dead time.

(e) Setting (1) the TMOCERN bit of the TMCOn register starts TMOn counting, and a 6-channel PWM signal is
output from the TOONO to TOON5 pins.

Caution Setting CMOn3 to 0000H is prohibited.

Remark The TMOCER bit of the TMCOn register indicates transfer operation under the following conditions.

o When TMOCERn bit of TMCOn register is 0
Transfer to the CMOn0 to CMOn2, CMOn4, and CMOn5 registers is performed at the next base
clock (fck) after writing to the BFCMnO to BFCMn2, BFCMn4, and BFCMn5 registers.

o When TMOCEn bit of TMCOn register is 1
The value of the BFCMn0O to BFCMn2, BFCMn4, and BFCMn5 registers is transferred to the
CMOn0 to CMOn2, CMOn4, and CMONn5 registers upon occurrence of the INTTMOn or
INTCMON3 interrupt. Transfer enable/disable at this time is controlled by the BFTEN bit of the
TMCOn register.

User's Manual U15195EJ3VOUD 239



CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

240

[Operation]

In PWM mode 1, TMOn performs up/down count operation. When TMOn = 0000H during down counting, an
underflow interrupt (INTTMON) is generated, and when TMOn = CMOn3 during up counting, a match interrupt
(INTCMOn3) is generated (n =0, 1).

Switching from up counting to down counting is performed when TMOn and CMOn3 match (INTCMOn3), and
switching from down counting to up counting is performed by INTTMOn.

The PWM cycle in this mode is (BFCMn3 value x 2 x TMOn count clock). Note that the next PWM cycle width
is set to BFCMn3.

The data of BFCMn3 is automatically transferred by hardware to CMOn3 upon generation of the INTTMOn
interrupt. Furthermore, calculation is performed by software processing started by INTTMOn, and the data for
the next cycle is set to BFCMn3.

Data setting to CMONn0 to CMOn2, which control the PWM duty, is explained next.

Setting of data to CMOn0 to CMOn2 consists of setting the duty output from BFCMnO to BFCMn2.

The values of BFCMnO to BFCMn2 are automatically transferred by hardware to CMOnO to CMOn2 upon
generation of INTTMOn and INTCMOn3 (TMOn and CMONn3 match interrupts). Furthermore, software
processing is started up and calculation performed, and the set/reset timing of the F/F after a half cycle is set
in BFCMn0 to BFCMn2.

The PWM cycle and the PWM duty are set in the above procedure.
The F/F set/reset conditions upon match of CMOn0 to CMOn2 are as follows.

e Set:  CMONO to CMONn2 match detection during TMOn up count operation
¢ Reset: CMONn0 to CMOn2 match detection during TMOn down count operation

The values of DTRRn are transferred to the corresponding dead-time timers (DTMnO to DTMn2) in
synchronization with the set/reset timing of the F/F, and down counting is started. DTMnO to DTMn2 count
down to 000H, and stop when they count down further to FFFH.

DTMnO to DTMn2 can automatically generate a width at which the active levels of the positive phase (TOONO,
TOON2, TOON4) and negative phase (TOOn1, TOON3, TOONS5) do not overlap (dead time).

In this way, software processing is started by two interrupts (INTTMOn and INTCMON3) that occur during
every PWM cycle after initial setting has been performed, and by setting the PWM cycle and PWM duty to be
used after a half cycle, it is possible to automatically output a PWM waveform to pins TOOn0 to TOON5 taking
into consideration the dead-time width (in the case of an interrupt culling ratio of 1/1).

The difference between right-left symmetric waveform control and control in this mode (right-left asymmetric
waveform control) is that BFCMn0O to BFCMn2 are transferred to CMOn0 to CMOn2, and that the interrupt
signals that start software processing consist just of INTTMON (generated once per PWM cycle) in the case of
right-left symmetric waveform control, and INTTMOn and INTCMOn3 (generated twice per PWM cycle, or
once per half cycle) in the case of right-left asymmetric waveform control.
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[Output waveform width with respect to set value]
e PWM cycle = BFCMn3 x 2 x TTmon
e Dead time width  Tobnm = (DTRRn + 1)/fcik
o Active width of positive phase (TOOn0, TOOn2, TOON4 pins)
= { (CMONn3 — CMONnXup) + (CMON3 — CMONXdown) } x TTMon — Tbnm
¢ Active width of negative phase (TOOn1, TOOn3, TOON5 pins)
= (CMONXdown + CMONXup) X TT™Mon — Tonm

fok: Base clock

TTmon: TMOn count clock

CMOnXup: Set value of CMON0 to CMOn2 while TMOn is counting up
CMONnXdown: Set value of CMONn0 to CMOn2 while TMOn is counting down

The pin level when the TOOnO to TOON5 pins are reset is high impedance state. When the control mode is
selected thereafter, the following levels are output until TMOn is started.

e TOONO, TOON2, TOON4... When active low — High level
When active high — Low level
e TOON1, TOON3, TOON5... When active low — Low level
When active high — High level

The active level is set with the ALVTO bit of the TOMRn register. The default is active low.

Caution If a value such that the positive phase or negative phase active width is “0” or a negative
value is set in the above formula, the TOOn0 to TOON5 pins output a waveform fixed to the
inactive level waveform with active width “0”.

Remarks.1 m=0to2
n=0,1
2. The interrupt request signal occurrence conditions of INTCM010 to INTCMO012, INTCMOn4,
and INTCMOnN5 are shown below.

Setting Condition INTCMO010 to INTCMO12, INTCMOn4,
INTCMON5 Signal Occurrence Status

CMO010 to CM012, CMOn4, CM0On5 < CMOn3 | Occurs

CMO010 to CM012, CMOn4, CMOn5 = 0000H | Occurs

CMO010 to CM012, CM0On4, CMOn5 > CMOn3 | Does not occur
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Figure 9-20. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave) (1/2)

(a) Operation timing of compare registers 0n0 to 0n2 (CMOn0 to CMOn2)

TMONn
count value

0000H

BFCMnx

CMOnx

BFCMn3

CMOn3 X\

, A
Interrupt request ' INTCMONn3

f

—

1 T !
INTTMON INTCMON3 ¢ INTTMON

JEFURNEN E— -

INTCMO1x  INTCMO1x INTCMO1x  INTCMO1x

FIF

DTMnx

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. The above figure shows the timing chart when both BFTE3 and BFTEN of the TMCOn register
are 1, and transfer from BFCMn3 to CMOn3, or from BFCMnx to CMOnx is enabled. Transfer is
not performed when BFTE3 = 0 or BFTEN = 0.

n=0,1

x=0to2

t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)

To not use dead time, set the TMOCEDN bit of the TMCOn register to 1.

The above figure shows an active-high case.

INTCMO1x is generated on a match between TM01 and CMO1x (a to d in the above figure).
INTCMOOx is not generated.

NooapRwNN
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Figure 9-20. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave) (2/2)

(b) Operation timing of compare registers On4 and 0n5 (CMOn4, CMOn5))

CMON3 (f) CMOn3 (g)
C,

TMOn 5
count value |
0000H #-------- A ------- AT il e AT
CMOnx :  CMOnx CMoOnx CMoOnx
match match i match: match

srome s X5 | X1 X o X \K
S T U (R (REE ¢
BFCMn3 | f 9 \ X h \ X:
S D G ¢

T ] I 1
Interrupt request INTCMON3 INTTMON INTCMON3 INTTMON

INTCMONnx  INTCMOnx INTCMONnx  INTCMOnx

Remarks 1. The above figure shows the timing chart when both BFTE3 and BFTEN of the TMCOn register
are 1, and transfer from BFCMn3 to CMOn3, or from BFCMnx to CMOnx is enabled. Transfer is
not performed when BFTE3 = 0 or BFTEN = 0.
2. n=0,1
3. x=4,5
4. INTCMOnx is generated on a match between TMOn and CMOnx (a to d in the above figure).

Figure 9-21 shows the overall operation image.
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Figure 9-21. Overall Operation Image of PWM Mode 1 (Asymmetric Triangular Wave)

CMOn3

CMOn3

TMOn
count value CMOng,
0000H

(" TOONO output

- - - - - - - - - - -
] > > ] > > 3 > > 3 3
Qo Q Q. Qo Q Q. Q. Q Q. Q. Q
g 8 8 g 8 8 8 8 8 8 8
3 ] > 3 ] > 3 ] > 3 ]
o o o o o o o o o o o
- al ™ < 1o} o - al ™ < o}
jo e j o o o jo jo e j o o o
o o o o o o o o o o o
(] O O (] O O (] O O (] O
F F [~ F F [~ F F [~ F F

J J

e e

Without
dead time

With
dead time

Remark n=0,1

User's Manual U15195EJ3VOUD

244
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(a) When BFCMnx > CMOn3 is set in software processing started by INTCMOn3

Figure 9-22. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx > CMOn3) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3

TMON
count value

0000H

' CMOnx match '
match i (BFCMnx = CMOn3) i

BFCMnx \ a Eb;\XE C.\X CE\ C.\X:

CMOnx X‘ al X\ b : ' c X‘ c X*c
ro 4 : ! 4 }
Interrupt request 'INTCMON3 4 INTTMOnN INTCMON3 INTTMOnN
INTCMO1x  INTCMO1x INTCMO1x
: : (BFCM1x = CM013)
FIF
DTMnx

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. n=0, 1
2. x=0to2
¢ > CMOn3
t: Dead time = (DTRRn + 1)/fck (fck: Base clock)
The above figure shows an active-high case.
INTCMO1x is generated on a match between TM01 and CMO1x (a and b in the above figure).
INTCMOOx is not generated.

o gk w
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Figure 9-22. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx > CMOn3) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3
TMOn 5 :
count value : |
0000H E ' :
CMOnx : CMOnx CMOnx match '
match match (BFCMnx = CMOn3) '

BFCMnx \ a b\X c\X C\X C‘\X:
CMOnx X‘ a X* b X* c X* c X‘c

}
Interrupt request INTCMON3 INTTMON INTCMON3 INTTMON
} U

INTCMONnx  INTCMOnx INTCMOnx
(BFCMnx = CMOn3)

Remarks 1. n=0, 1
2. x=4,5
3. ¢>CMOn3
4. INTCMOnx is generated on a match between TMOn and CMOnx (a and b in the above figure).

246

When a value greater than CMOn3 is set to BFCMn0 to BFCMn2, the positive phase side (TOONO,
TOON2, TOON4 pins) outputs a low level, and the negative phase side (TOOn1, TOOn3, TOON5 pins)
continues to output a high level. This feature is effective for outputting a low-level or high-level width
exceeding the PWM cycle in an application such as inverter control. Furthermore, if CMONnO to CMOn2 =
CMOnN3 is set, matching of TMOn and CMOn0 to CMOn2 is detected during down counting by TMOn, so
that the F/F remains reset as is, and is not set.

The above explanation applies to an active high case. In an active low case, the levels of positive and
negative phases are merely inverted and other operations remain the same.
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(b) When BFCMnx > CMOn3 is set in software processing started by INTTMOn

Figure 9-23. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx > CMOn3) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3

TMONn
count value

0000H

BFCMnx

CMOnx

o 4 4 }
Interrupt request 'INTCMON3 INTTMON INTCMON3 INTTMOnN

4
INTCMO1x

F/F

DTMnx

Positive phase :
(TOONO, TOON2, TOON4) |

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. n=0, 1

x=0to2

b > CMOn3

t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)

The above figure shows an active-high case.

INTCMO1x is generated on a match between TM01 and CMO1x (a in the above figure).
INTCMOOx is not generated.

oo eN
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Figure 9-23. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx > CMOn3) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3

TMOn
count value

0000H

sroume 2 X o0 X o0 X ol X v X
CMOnx X* a X* b ;><~ b X* b ;><*b
4

Interrupt request INTCMON3 INTTMON INTCMON3 INTTMON
4

INTCMOnx

Remarks 1. n=0,1
2. x=4,5
3. b>CMOn3
4. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).

248

When a value greater than CMOn3 is set to BFCMn0 to BFCMn2, the positive phase side (TOONO,
TOON2, TOON4 pins) outputs a high level, and the negative phase side (TOOn1, TOOn3, TOON5 pins)
continues to output a low level. This feature is effective for outputting a low-level or high-level width
exceeding the PWM cycle in an application such as inverter control.

The above explanation applies to an active high case. In an active low case, the levels of positive and
negative phases are merely inverted and other operations remain the same.

Figure 9-24 shows the change timing from the 100% duty state.
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CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

Figure 9-24. Change Timing from 100% Duty State (PWM Mode 1) (1/2)

(a) Operation timing of compare registers 0n0 to 0n2 (CMOn0 to CM0On2)

CMOn3 CMOn3 CMOn3 CMOn3
TMOn
count value
0000H
BFCMOnx
CMOnx
R A
Interrupt request INTCMOn3 INTTMOn INTCMONn3 INTTMOn INTCMOn3 INTTMOn ' INTCMOn3 1INTTMON

INTCMO1x JINTCMO1x  INTCMO1x

F/F J Note *J
DTMnx |\ \J\

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOONS5) :

Note F/F is reset upon INTTMOn occurrence.

Remarks 1. n=0, 1
2. x=0to2
b > CMOn3
t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)
The above figure shows an active-high case.
INTCMO1x is generated on a match between TMO1 and CMO1x (a to c in the above figure).
INTCMOOx is not generated.

o gk w
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CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

Figure 9-24. Change Timing from 100% Duty State (PWM Mode 1) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3 CMOn3 CMOn3
TMOn ; l : '
count value i i | 1
0000H A 1 Y , Y re-e-- SN SRR N
CMonx | | : : ' : CMOnx | CMOnx,
match ! ! ! ! ! ' match | match;

e B e
Ao A :
CMOnxX\aX\bX\bX‘bX\bx\bi\

4 4

INTCMON3 INTTMOn INTCMOn3 INTTMOn INTCMOn3 INTTMOn *INTCMOnS *INTTMOn

BFCMOnx

Interrupt request

Remarks 1.
2.
3.
4.

INTCMONnx INTCMOnx  INTCMOnx
n=0,1
x=4,5
b > CMOn3

INTCMOnx is generated on a match between TMOn and CMOnx (a to c in the above figure).

250
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(c) When BFCMnx = 0000H is set in software processing started by INTCMOn3

Figure 9-25. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx = 0000H) (1) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3
TMon i :
count value 1 i
0000H N T N
CMOnx CMOnx CMOnx i CMOnx
match |  match match : match
BFCMnx \a L b XEOOOOH'K X 0000H X 0000H X:
CMOnx X* ai X‘ Eb X‘ 0000H X\ 0000H X‘OOOOH
— 1 {
Interrupt request 'INTCMON3 | INT];MOn INTCMON3 INTKMOn
INTCMO1x  INTCMO1x INTCMO1x INTCMO1x
FIF
DTMnx
Positive phase ; ! ;
(TOONO, TOON2, TOON4) | : !
' :

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. n=0, 1

x=0to2

t: Dead time = (DTRRn + 1)/fck (fck: Base clock)
The above figure shows an active-high case.

U ol

INTCMO1x is generated on a match between TM01 and CMO1x (a and b in the above figure).
INTCMOOx is not generated.
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* Figure 9-25. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx = 0000H) (1) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3
TMon ! 5
count value | |
0000H R T ORRSeEEE N
CMOnx .  CMOnx CMOnx i CMOnx
match :  match match : match

BFCMnx \ a b\ X 0000H | X OOOOH;\ X 0000H| X:
CMonx X* a X* b E)(‘ 0000H X* 0000H X‘OOOOH

t } i t
Interrupt request INTCMONn3 INTTMOn INTCMON3 INTTMOn

INTCMONnx  INTCMOnx INTCMOnx INTCMOnx

Remarks 1. n=0,1
2. x=4,5
3. INTCMOnx is generated on a match between TMOn and CMOnx (a and b in the above figure).

Since a TMOn = CMONnO0 to CM0On2 = 0000H match is detected during up counting by TMOn, the F/F is just
set and is not reset. The F/F is also set upon match detection in the cycle when 0000H is transferred to
CMON0 to CMONn2 by INTTMOn interrupt.

Figure 9-26 shows the change timing from the 100% duty state.
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Figure 9-26. Change Timing from 100% Duty State (1) (PWM Mode 1) (1/2)

(a) Operation timing of compare registers 0n0 to O0n2 (CMOn0 to CM0On2)

CMOn3 CMOn3 CMOn3 CMOn3
TMOn ;
count value i
0000H £---%-----4--M------ . ASRGECIOEEELR SPt) O
CMOnx, CMOnx CMOnx CMOnx '
match | match match ! match ' match
BFCMOnx L b '\XobooHXoooo'HXoooo'HXOOOOHX c \X 5
: M ! E\\ :\\ :\\ :\\ H :
vV 1 1 v\
CMOnx a b A 0000H A 0000H A 0000H 0000HX ¢
R 1 1 1 P ,
Interrupt request ANTCMOnS;INT'I:MOn INTCMOn3 IN'I';MOn INTCMOn3 INTTMOn ;INTCMOnSVNTI'MOn
INTCMO1x INTCMO1x INTCMO1x INTCMO1x INTCMO1x
INTCMO1
F/F Note —~

DTMnx \_

Positive phase
(TOONO, TOON2, TOON4)

-

Negative phase
(TOON1, TOON3, TOON5)

|
|

Note The F/F is reset upon INTTMOnN occurrence.

Remarks 1. n=0, 1
2. x=0to2
3. t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)
4. The above figure shows an active-high case.
5.

INTCMOOx is not generated.

INTCMO1x is generated on a match between TMO1 and CM0O1x (a to d in the above figure).
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Figure 9-26. Change Timing from 100% Duty State (1) (PWM Mode 1) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

BFCMOnx b ;\Xoooo;\ XooooévXooooéonooo;l\ﬂX c \X d \X e \X:
AR R i\

X\ X\ !X\ X* X\ X\ !X\
CMOnx a b :A0O00OH  0000H{ 0000HK 0000H\ ¢
4 i 4 i 4 4

CMOn3 CMOn3 CMOn3 CMOn3
TMON ; ; ;
count value H H i
0000H TCATTUTUN TR 'Ir ------------ |I' Ir ----------
CMOnx,; CMOnx CMOnx | CMOnx i CMOnx, CMOnx ;
match ! match match ! match !

4
Interrupt request ANTCMOnS*INTTMOn INTCMOn3 INTT*MOn INTCMOn3 INTTMOn *INTCMOn3*INTFMOn
INTCMOnx INTCMOnx INTCMONX INTCMOnx INTCMOnx
4
INTCMOnx

Remarks 1. n=0,1
2. x=4,5
3. INTCMOnx is generated on a match between TMOn and CMOnx (a to d in the above figure).
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(d) When BFCMnx = 0000H is set in software processing started by INTTMOn

Figure 9-27. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx = 0000H) (2) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3
TMon i :
count value | 1
0000H E :
CMOnx . CMOnx : CMOnx
match match : match

BFCMnx \a EOOOOH\ X OOOOH:\ X 0000H ) X OOOOH:\ X:
CMOnx X* al X* 0000H X‘ 0000H X* 0000H X‘OOOOH
5 } } }

4
Interrupt request INTCMON3 INT];MOn INTCMON3 INTTI\zIOn
INTCMO1x INTCMO1x INTCMO1x
FIF
DTMnx
Positive phase :
(TOONO, TOON2, TOON4) :
.
Negative phase
(TOON1, TOON3, TOONS5) -

Remarks 1.

U ol

n=0,1

x=0to2

t: Dead time = (DTRRn + 1)/fck (fck: Base clock)

The above figure shows an active-high case.

INTCMO1x is generated on a match between TMO1 and CMO1x (a in the above figure).
INTCMOOx is not generated.
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* Figure 9-27. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx = 0000H) (2) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMONn3
TMoOn i 5
count value | :
0000H E :
CMONnx . CMOnx : CMOnx
match match i match

BFCMnx \ a OOOOH;\ X 0000H], X OOOOH;\ X 0000H| X:

CMoOnx X* a X* 0000H X* 0000H X‘ 0000H X*OOOOH
i t i

t
Interrupt request INTCMON3 INTTMOnN INTCMON3 INTTMOnN

INTCMOnx INTCMOnx INTCMONnx

Remarks 1. n=0,1
2. x=4,5
3. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).

Since TMOn = CMOn0 to CMOn2 = 0000H match is detected during up counting by TMOn, the F/F is just
set and is not reset. Therefore, the positive phase side (TOOn0, TOOn2, TOON4 pins) outputs a high
level, and the negative phase side (TOOn1, TOONn3, TOON5 pins) continues to output a low level.

The above explanation applies to an active high case. In an active low case, the levels of positive and
negative phases are merely inverted and other operations remain the same.

Figure 9-28 shows the change timing from the 100% duty state.
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Figure 9-28. Change Timing from 100% Duty State (2) (PWM Mode 1) (1/2)

(a) Operation timing of compare registers 0n0 to O0n2 (CMOn0 to CM0On2)

CMOn3 CMOn3 CMONn3 CMOn3
ion | | | |
count value : : : i
0000H &£ -jc--3------Y--m - e SaRE R Ay SoN Pes A Y
CMOnx CMOnx H CMOnx H CMOnx ; CMOnx;
match ! match ! match ! ' match!

E match
BFCMONx Qooo|\4X00003\4X0000|\4Xoooo'|\4Xoooo|\4X b \X

CMOnx X* Ea é)OOOHXE)OOOHXE)OOOHX‘OOOOHXEJOOOHX
! } 1 }

- b-0--}---H------}

1 i !

1INTCMOn3 INT';MOn INTCMOn3 INT'I;MOn INTCMOn3 INTTMOn
* '

}

INTCMON3 +INTTMOn
4

Interrupt request
INTCMO1x INTCMO1x INTCMO1x (INTCMO1x  INTCMO1x

FIF

|

Note —~

\\

Positive phase
(TOONO, TOON2, TOON4)

— 1

Negative phase
(TOON1, TOON3, TOON5)

Note F/F is reset upon INTTMOn occurrence.

Remarks 1. n=0, 1
2. x=0to2
3. t: Dead time = (DTRRn + 1)/fck (fowk: Base clock)
4. The above figure shows an active-high case.
5. INTCMO1x is generated on a match between TMO1 and CMO1x (a to ¢ in the above figure).
INTCMOOx is not generated.

User's Manual U15195EJ3VOUD 257




CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

Figure 9-28. Change Timing from 100% Duty State (2) (PWM Mode 1) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

BFCMOnx oooo;I\-|Xooo0;|\4X0000;|\4X00002|\4X0000;|\4X b \X c \X d &X:
Ao s\* i

CMOnx X* a XgoooHXE)OOOHXE)OOOHXBoooHXE)OOOHX* b
} } } } 4

CMOn3 CMOn3 CMOn3 CMOn3
hion | | | |
count value H H H i
0000H R CaRE D SR e AT A
CMOnx | CMOnx i CMOnx i 1 CMOnx | CMOnx;
match ! match ! match ! ' match ! match!

4 4 4
Interrupt request *INTCMOns INTKMOn INTCMOn3 INTKMOn INTCMONn3 INTTMOn  INTCMOn3  INTTMOn
INTCMONX INTCMOnX INTCMOnx INTCMOnx  INTCMOnx

Remarks 1. n=0,1
2. x=4,5

3. INTCMOnx is generated on a match between TMOn and CMOnx (a to ¢ in the above figure).
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(e) When BFCMnx = CMOn3 is set in software processing started by INTTMOn

Figure 9-29. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx = CMOn3) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3

TMOn 5
count value :

0000H

CMOnx CMOnx
match match

ST SIS G G G ¢
CMOnx X‘ a; X\ b X* b X\ b X* b

t i 4 i
Interrupt request INTCMON3 INTTMON INTCMON3 INTTMOn

INTCMO1x INTCMO1x INTCMO1x

F/F

N

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. n=0, 1
2. x=0to2
b = CMOn3
t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)
The above figure shows an active-high case.
INTCMO1x is generated on a match between TM01 and CMO1x (a in the above figure).
INTCMOOx is not generated.
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Figure 9-29. Operation Timing in PWM Mode 1 (Asymmetric Triangular Wave, BFCMnx = CMOn3) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3
TMON i
count value :
0000H <~ ------ Rl CRSCRRE TR PP RRERER e =
CMOnx CMOnXx : CMONx ;
match match match '

BFCMnx \ a b\X b\X b\X b\X:
CMOnx X* a X* b IX* b IX\ I

i 4
Interrupt request *INTC;VIOnG INTTMON INTC;VIOnS INTTMON

o
>
]

T

INTCMOnx INTCMOnx INTCMONnx

Remarks 1. n=0,1
2. x=4,5
3. b=CMOn3
4. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).
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Since TMOn and CMONnO0 to CMOn2 match is detected during count down of TMOn when BFCMnO to
BFCMn2 = CMOn3 has been set, the F/F remains reset as is and is not set. Therefore, the positive
phase side (TOOnO, TOOn2, TOON4 pins) outputs a low level, and the negative phase side (TOOn1,
TOON3, TOON5 pins) continues to output a high level. Moreover, the timing of matching with TMOn with
CMONO0 to CMONn2 = CMON3 is the cycle when transfer is performed from BFCMn0 to BFCMn2 to CMOn0O

to CMOn2 by INTCMON3.

The above explanation applies to an active high case. In an active low case, the levels of positive and

negative phases are merely inverted and other operations remain the same.
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(4) PWM mode 2: Sawtooth wave modulation

[Setting procedure]

(a)

(b)

(e)

Set PWM mode 2 (sawtooth wave) using the MOD0O1 and MODOO bits of the TMCOn register. Also set
the active level of the TOONO to TOON5 pins using the ALVTO bit of the TOMRn register.

Set the count clock of TMOn using the PRM02 to PRMOO bits of the TMCOn register. The transfer
operation from BFCMn3 to CMOn3 is set using the BFTE3 bit, and the transfer operation from BFCMnO to
BFCMn2, BFCMn4, and BFCMn5 to CMOn0 to CM0n2, CM0n4, and CMON5 is set using the BFTEN bit.
Set the initial values.
(i) Specify the interrupt culling ratio using the CUL02 to CULOO bits of the TMCOn register.
(i) Set the cycle width of the PWM cycle in BFCMn3.
e PWM cycle = (BFCMn3 value + 1) x TMOn count clock
(The TMOnN count clock is set by the TMCOn register.)
(iii) Set the dead-time width in DTRRn.
¢ Dead-time width = (DTRRn + 1)/fcLk
fck: Base clock

(iv) Set the set/reset timing of the F/F used in the PWM cycle in BFCMOnO to BFCMOn2.

Clear (0) the TMOCEDN bit of the TMCOn register to enable dead-time timer operation. Set TMOCEDnN =
1 when not using dead time.

Setting (1) the TMOCERn bit of the TMCOn register starts TMOn counting, and a 6-channel PWM signal is
output from pins TOONO to TOON5.

Caution Setting CMOn3 to 0000H is prohibited.
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262

[Operation]

In PWM mode 2, TMOn performs up count operation, and when it matches the value of CMOn3, match
interrupt INTCMON3 is generated and TMOn is cleared (n = 0, 1).

The PWM cycle in this mode is ((BFCMn3 value + 1) x TMOn count clock). Note that the next PWM cycle
width is set to BFCMn3.

The data of BFCMn3 is automatically transferred by hardware to CMOn3 upon generation of the INTCMOn3
interrupt. Furthermore, calculation is performed by software processing started by INTCMOn3, and the data
for the next cycle is set to BFCMn3.

Data setting to CMONn0 to CMOn2, which control the PWM duty, is explained next.

Setting of data to CMOn0 to CMOn2 consists of setting the duty output from BFCMnO to BFCMn2.

The values of BFCMnO to BFCMn2 are automatically transferred by hardware to CMOnO to CMOn2 upon
generation of the INTCMON3 interrupt. Furthermore, software processing is started up and calculation
performed, and reset timing of the F/F for the next cycle is set to BFCMnO to BFCMn2.

The PWM cycle and the PWM duty are set in the above procedure.
The F/F set/reset conditions upon match of CMOn0 to CMOn2 are as follows.

e Set: TMOn and CMONn3 match detection and rising edge of TMOCEn bit of TMCOn register
e Reset: TMOn and CMONnO to CMOn2 match detection

The values of DTRRn are transferred to the corresponding dead-time timers (DTMnO to DTMn2) in
synchronization with the set/reset timing of the F/F, and down counting is started. DTMnO to DTMn2 count
down to 000H, and stop when they count down further to FFFH.

DTMnO to DTMn2 can automatically generate a width at which the active levels of the positive phase (TOOnO,
TOON2, TOON4) and negative phase (TOOn1, TOON3, TOONS5) do not overlap (dead time).

In this way, software processing is started by an interrupt (INTCMONn3) that occurs once during every PWM
cycle after initial setting has been performed, and by setting the PWM cycle and PWM duty to be used in the
next cycle, it is possible to automatically output a PWM waveform to pins TOOn0 to TOONn5 taking into
consideration the dead-time width (in the case of an interrupt culling ratio of 1/1).
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[Output waveform width with respect to set value]

e PWM cycle = (BFCMn3 + 1) x Ttmon

e Dead time width  Tobnm = (DTRRn + 1)/fcik

o Active width of positive phase (TOOn0, TOOn2, TOON4 pins)
= (CMONnX + 1) x TtMon — Tonm

¢ Active width of negative phase (TOOn1, TOOn3, TOON5 pins)
= (CMONn3 — CMONX) x Ttmon — Tonm

foik: Base clock
Ttmon: TMOn count clock
CMOnX: Set value of CMONnO to CMOn2

The pin level when the TOONO to TOON5 pins are reset is the high impedance state. When the control mode
is selected thereafter, the following levels are output until the TMOn is started.

e TOONO, TOON2, TOON4... When active low — High level
When active high — Low level

e TOON1, TOON3, TOON5... When active low — Low level
When active high — High level

The active level is set with the ALVTO bit of the TOMRn register. The default is active low.

Caution If a value such that the positive phase or negative phase active width is “0” or a negative
value is set in the above formula, the TOOn0 to TOON5 pins output a waveform fixed to the
inactive level waveform with active width “0”.

Remarks.1 m=0to2
n=0,1
2. The interrupt request signal occurrence conditions of INTCM010 to INTCMO012, INTCMOn4,
and INTCMOn5 are shown below.

Setting Condition INTCMO010 to INTCMO12, INTCMOn4,
INTCMON5 Signal Occurrence Status

CMO010 to CM012, CMOn4, CMOn5 < CMOn3 | Occurs

CMO010 to CM012, CMOn4, CMOn5 = 0000H | Occurs

CMO010 to CM012, CMOn4, CMOn5 > CMOn3 | Does not occur
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Figure 9-30. Operation Timing in PWM Mode 2 (Sawtooth Wave) (1/2)

(a) Operation timing of compare registers 0n0 to 0n2 (CMOn0 to CM0On2)

CMOn3 (d) CMOn3 (e)

TMONn
count value

0000H

BFCMnx

CMOnx

BFCMn3 :
cMon3 X A bod X\ e !
: } A A t
Interrupt request ' INTCMO1x  INTCMOn3 INTCMO1x INTCMON3
FIF

Set by rising edge of .
, TMOCERn bit !

DTMnx I \

Positive phase
(TOONO, TOON2, TOON4)

Negative phase ; ;
(TOON1, TOON3, TOON5) - :

Remarks 1. The above figure shows the timing chart when both BFTE3 and BFTEN of the TMCOn register
are 1, and transfer from BFCMn3 to CMOn3, or from BFCMnx to CMOnx is enabled. Transfer is
not performed when BFTE3 = 0 or BFTEN = 0.

n=0,1

x=0to2

t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)

The above figure shows an active-high case.

INTCMO1x is generated on a match between TM01 and CMO1x (a and b in the above figure).
INTCMOOx is not generated.

o0k wN
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Figure 9-30. Operation Timing in PWM Mode 2 (Sawtooth Wave) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 (d) CMOn3 (e)

TMOn
count value

0000H

BFCMnx

CMOnx

BFCMn3

CMOn3

Interrupt request INTCMONnx INTCMONn3 INTCMOnx INTCMON3

Remarks 1. The above figure shows the timing chart when both BFTE3 and BFTEN of the TMCOn register
are 1, and transfer from BFCMn3 to CMOn3, or from BFCMnx to CMOnx is enabled. Transfer is
not performed when BFTE3 = 0 or BFTEN = 0.
2. n=0,1
3. x=4,5
4. INTCMOnx is generated on a match between TMOn and CMOnx (a and b in the above figure).

Figure 9-31 shows the overall operation image.

User's Manual U15195EJ3VOUD 265




CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

Figure 9-31. Overall Operation Image of PWM Mode 2 (Sawtooth Wave)

CMon3 CMon3

TMONn
count value

0000H «=---- RS

TOON1 output

("TOONO output

R e

] T I e

TOON3 output

TOON4 output

TOON2 output : :
Without < —_— . —
dead time e — : —
TOON3 output
TOON4 output
|_TOON5 output : | | ;
("TOONO output
TOON1 output | | |
TOON2 output : : i : :
with _ : ! L
dead time s m— ' I '

AL

\_TOON5 output

Remarks.1. n=0, 1
2. The above figure shows an active low case.

Since the F/F is set at the rising edge of the TMOCERn bit of the TMCOn register in the first cycle, the
PWM signal can be output.
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(@) When BFCMnx > CMOn3 is set

Figure 9-32. Operation Timing in PWM Mode 2 (Sawtooth Wave, BFCMnx > CMOn3) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3 CMOn3

TMOnN
count value
0000H - K R REEEE G
i CMOnx | :
! match ! i
BFCMnx @ \X b \X b \X b
CMOnx EX* ‘a x* b X b
! 4 } } 4
Interrupt request 1INTCMO1x INTCMON3 INTCMONn3 INTCMON3
F/F
Set by rising edge of
. TMOCER bit '
DTMnx I\
Positive phase
(TOONO, TOON2, TOON4) | : |
Negative phase I ; ; ;
(TOON1, TOON3, TOON5) L . :
t t t

Remarks 1. n=0, 1

x=0to2

b > CMOn3

t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)

The above figure shows an active-high case.

INTCMO1x is generated on a match between TMO1 and CMO1x (a in the above figure).
INTCMOOx is not generated.

@ gk wN
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Figure 9-32. Operation Timing in PWM Mode 2 (Sawtooth Wave, BFCMnx > CMOn3) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMONn3 CMON3 CMONn3

TMONn
count value

0000H

BFCMnx

e T T

4 4 4 4
Interrupt request INTCMOnx INTCMOn3 INTCMON3 INTCMON3

Remarks 1. n=0,1
2. x=4,5
3. b>CMOn3
4. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).

When a value greater than CMOn3 is set to BFCMn0 to BFCMn2, the positive phase side (TOONO,
TOON2, TOON4 pins) outputs a high level, and the negative phase side (TOOn1, TOOn3, TOON5 pins)
continues to output a low level. Since TMOn and CMOn0 to CMOn2 match does not occur, the F/F is not
reset. This feature is effective for outputting a low-level or high-level width exceeding the PWM cycle in
an application such as inverter control.

The above explanation applies to an active high case. In an active low case, the levels of positive and
negative phases are merely inverted and other operations remain the same.

Figure 9-33 shows the change timing from the 100% duty state.
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Figure 9-33. Change Timing from 100% Duty State (PWM Mode 2) (1/2)

(a) Operation timing of compare registers 0n0 to 0n2 (CMOn0 to CM0On2)

CMOn3 CMONn3 CMONn3 CMOn3
TMON
count value
0000H
BFCMOnx ) \
CMonx 5¥ 1oa :X\‘ b Xx b X\ Loc |
boh 4 4 [ ] 4
Interrupt request 1 INTCMO1x  INTCMON3 INTCMOn3 INTCMOn3 INTCMO1x INTCMONn3

F/F ‘ Note —
DTMnx |\ \

Positive phase :
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

Note The F/F is reset upon a match with CMOnx.

Remarks 1. n=0, 1

x=0to2

b > CMOn3

t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)

The above figure shows an active-high case.

INTCMO1x is generated on a match between TMO1 and CM01x (a and c in the above figure).
INTCMOOx is not generated.

@ gk wN
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Figure 9-33. Change Timing from 100% Duty State (PWM Mode 2) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMONn3 CMOn3 CMOn3

TMOn
count value
0000H

BFCMOnx

5 i \ |

i 1 4 b 4
Interrupt request INTCMOnx  INTCMOn3 INTCMON3 INTCMOn3 INTCMOnx INTCMOn3

Remarks 1. n=0,1
2. x=4,5
3. b>CMOn3
4. INTCMOnx is generated on a match between TMOn and CMOnx (a and c in the above figure).

270

The timing at which the F/F is reset is upon occurrence of a match with CMOn0 to CMOn2 as usual.
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(b) When BFCMnx = CMOn3 is set

Figure 9-34. Operation Timing in PWM Mode 2 (Sawtooth Wave, BFCMnx = CMOn3) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3 CMOn3

TMOn
count value
0000H -
E CMOnx CMOnx CMOnx
E match  match match
BFCMnx aEX L b \X b \X b
CMOnx EX‘ ra X* b X* b
4
Interrupt request INTCMO1x INTCMONn3 INTCMON3 INTCMON3
i A }
' INTCMO1x INTCMO1x INTCMO1x

F/F

Set by rising edge of
TMOCER bit !

DTMnx

L.

Positive phase
(TOONO, TOON2, TOON4)

Negative phase
(TOON1, TOON3, TOON5)

Remarks 1. n=0, 1
2. x=0to2
b = CMOn3
t: Dead time = (DTRRn + 1)/fck (fck: Base clock)
The above figure shows an active-high case.
INTCMO1x is generated on a match between TM01 and CMO1x (a in the above figure).
INTCMOOx is not generated.

I
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Figure 9-34. Operation Timing in PWM Mode 2 (Sawtooth Wave, BFCMnx = CMOn3) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3 CMOn3
TMONn
count value
0000H
CMOnx CMOnx CMOnx CMOnx

E match  match match match

D Y R G §
CMOnx:><\ a X* b X\ b

i 4 } 4
Interrupt request INTCMOnx INTCMOn3 INTCMON3 INTCMON3

BFCMnx a

| } }
INTCMONx INTCMOnx INTCMONX

Remarks 1. n=0, 1
2. x=4,5
3. b=CMONn3
4. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).

272

If match signal INTCMONn3 for TMOn and CMOn3 and the match signal for TMOn and CMOnO to CMOn2
conflict, reset of the F/F takes precedence, so that the F/F is not set following a match of CMOnO to
CMONn2 (= CMOn3) and TMOn.
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(c) When BFCMnx = 0000H is set

Figure 9-35. Operation Timing in PWM Mode 2 (Sawtooth Wave, BFCMnx = 0000H) (1/2)

(a) Operation timing of compare registers 0n0 to On2 (CMOn0 to CM0On2)

CMOn3 CMOn3 CMOn3

TMOn
count value
0000H
BFCMnx @ \ >< b b b
CMOnx Pa b b
A b b b
Interrupt request INTCMO1x INTCMON3 INTCMON3 INTCMON3
; P K 4
! INTCMO1x INTCMO1x INTCMO1x

Positive phase
(TOONO, TOON2, TOON4)

Negative phase ; !
(TOON1, TOON3, TOON5) - :

Note Set at the rising edge of the TMOCER bit.

Remarks 1. n=0, 1
2. x=0to2
t: Dead time = (DTRRn + 1)/fcik (fck: Base clock)
The above figure shows an active-high case.
W: Width between CMOn3 match and CMOnx match (timer count clock)
INTCMO1x is generated on a match between TM01 and CMO1x (a in the above figure).
INTCMOOx is not generated.

o gk w
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Figure 9-35. Operation Timing in PWM Mode 2 (Sawtooth Wave, BFCMnx = 0000H) (2/2)

(b) Operation timing of compare registers 0n4 and 0n5 (CMOn4, CMOn5)

CMOn3 CMOn3 CMOn3

TMOn
count value
0000H ;
match match
BFCMnx @ | >< b \ >< b
CMOnx a : b
4 A A 4
Interrupt request INTCMOnx INTCMONn3 INTCMON3 INTCMON3
4 } 4
INTCMONnx INTCMONx INTCMOnx

Remarks 1. n=0, 1
2. x=4,5
3. INTCMOnx is generated on a match between TMOn and CMOnx (a in the above figure).

274

If CMONO to CMONn2 = 0000H has been set, the output waveform resulting from the TMOn count clock rate
and the DTRRn set value differ.
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9.1.7 Operation timing

(1) TMOCENn bit write and TMOn timer operation timing

Figure 9-36 shows the timing from when the TMOCERn bit of the TMCOn register is written until the TMOn timer

starts operating.

Figure 9-36. TMOCEn Bit Write and TMOn Timer Operation Timing

TMOCER bit
write timing

L—Register write timing

TMOnN 0000H X0001 HX0002HX0003HX0004HX0005HXOOOGHX0007H x

Caution The operation of TMOn starts 2fcLk after the register write timing.

Remark fcik: Base clock
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(2) Interrupt generation timing
The interrupt generation timing at the TMOn count clock settings (PRM02 to PRMOO bits of the TMCOn
register) in the various modes is described below.

Figure 9-37. Interrupt Generation Timing in PWM Mode 0 (Symmetric Triangular Wave), PWM Mode 1
(Asymmetric Triangular Wave)

(a) When count clock = fcLk

CMOnx 0002H
TMOn
- JUUUUUUUUUUU U UUuuuuy
INTCMOnx
INTTMON
(b) When count clock = fcLk/4
CMOnx 0002H
TMOnN 0000H X 0001H X 0002H X 0001H X 0000H X
INTCMOnx
INTTMON

Cautions 1. INTCMOnx is generated at the next fcLk after detection of a TMOn and CMOnx match.
2. INTTMOn is generated at the next fcLk after detection of a TMOn and 0000H match.
3. INTTMOn is generated at the next fcLk after detection of a TMOn and 0000H match, even if
the count clock is 1/2, 1/8, 1/16, or 1/32.

Remarks 1. n=0,1
2. Wheren=0:x=31t05
Wheren=1:x=01t05
3. fok: Base clock
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Figure 9-38. Interrupt Generation Timing in PWM Mode 2 (Sawtooth Wave)

(a) When count clock = fcLk

INTCMOnx
(b) When count clock = fcLk/4
CMOnx 0002H
TMON 0000H X 0001H X 0002H X 0000H X 0001H X
- JUUUUUUUUUUU LU UUy
INTCMONXx

Cautions 1. INTCMOnx is generated at the next fcLk after detection of a TMOn and CMOnx match.
2. INTCMOnx is generated at the next fcLk after detection of a TMOn and CMOnx match even
if the count clock is 1/2, 1/8, 1/16, or 1/32.

Remarks 1. n=0,1
2. Wheren=0:x=3to5
Wheren=1:x=0t05
3. fck: Base clock
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(3) Relationship between interrupt generation and STINTn bit of TMCOn register

The interrupt generation timing for the setting of the STINTn bit of the TMCOn register and the interrupt culling

ratio setting (bits CULO2 to CULO0O) in the various modes is described below.

If, to realize the INTTMOn and INTCMON3 interrupt culling function for TMOn, bits CUL02 to CULOQO of the
TMCOn register are set for a culling ratio other than 1/1, and count operation is started, the interrupt output

order differs according to the setting of the STINTn bit when counting starts.

Figure 9-39. Interrupt Generation Timing in PWM Mode 0 (Symmetric Triangular Wave), PWM Mode 1

(Asymmetric Triangular Wave): In Case of Interrupt Culling Ratio of 1/1

TMOC

C

INTC

INT

TMOC

C

INT

Remarks 1.
2.

TMONn

(a) When STINTn bit=0

En bit

MOn3

0004H

fok

MOn3

HUUUuyUL

1

NN el

Uy

TMOn

-

(b) When STINTn bit = 1

En bit J

MOn3

0004H

TMOn

INTCMONn3

HUUUuyUL

i

P EERREEECEERREEEE
fcu<|||||||||||

JEgagags

TMOn

-

n=0,1
fck: Base clock
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Figure 9-40. Interrupt Generation Timing in PWM Mode 0 (Symmetric Triangular Wave), PWM Mode 1
(Asymmetric Triangular Wave): In Case of Interrupt Culling Ratio of 1/2

(a) When STINTn bit=0

TMOCER bit J

CMOn3 0004H

o EREEEREEEEEEEEEREE

INTCMOn3
INTTMON
(b) When STINTn bit =1
TMOCER bit J
CMOn3 0004H

o HEEEEEEEEREEERRERREE

INTCMON3

INTTMON

Remarks 1. n=0,1
2. fcik: Base clock
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Figure 9-41. Interrupt Generation Timing in PWM Mode 2 (Sawtooth Wave):
In Case of Interrupt Culling Ratio of 1/1

TMOCER bit

CMOn3

TMOn

fok

INTCMON3

TMOCER bit

CMOn3

TMOn

fok

INTCMON3

Remarks 1.
2.

(a) When STINTn bit=0

L

0004H

o NN e e

vyt

UL

U

(b) When STINTn bit =1

L

0004H

o YN e e

uudiudiudu

UL

U

n=0,1
fck: Base clock

280

User's Manual U15195EJ3VOUD




CHAPTER 9 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

Figure 9-42. Interrupt Generation Timing in PWM Mode 2 (Sawtooth Wave):
In Case of Interrupt Culling Ratio of 1/2

(a) When STINTn bit=0

TMOCER bit J

CMOn3 0004H

on e e e

INTCMON3
(b) When STINTn bit =1
TMOCEn bit
CMOn3 0004H

. o e
« JUUUUUUUULUUULUUUL U UL

INTCMON3

Remarks 1. n=0,1
2. fcik: Base clock
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(4) TOONO to TOON5 output timing

Figure 9-43. TOONO to TOON5 Output Timing in PWM Mode 0 (Symmetric Triangular Wave), PWM Mode 1

(Asymmetric Triangular Wave)

TMOCER bit J
CMOn3 0008H
CMOnx 0003H

TMOn

DTRRn 0002H

DTMnx FFFFH @@@ FFFFH @@ FFFFH
« (Ut iud oy

Match signal

FIF

TOONO, TOON2,
TOONn4

TOON1, TOON3,
TOON5

Remarks 1. The above figure shows the timing until the compare register and the TMOn timer match and the
TOONO to TOON5 outputs change.
2. x=0to2
3. n=0,1
4. fck: Base clock
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Figure 9-44. TOONO to TOON5 Output Timing in PWM Mode 2 (Sawtooth Wave)

TMOCER bit
CMOn3 000AH
CMOnx 0005H

TMONn

DTRRn 0002H

DTMnx  FFFFH @@@ FFFFH @@ FFFFH @@@ FFFFH
« JUUUUUUUUUUIUL LUy

Match signal

FIF

TOONO, TOON2,
TOONn4

TOON1, TOON3,
TOON5

Remarks 1. The above f