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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi (MAX) and Vit (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi. (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vop or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A 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 when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up 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
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, 1/0 settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an I/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.

Preliminary User's Manual U17473EJ1VOUD




EEPROM is a trademark of NEC Electronics Corporation.

Windows and Windows NT are either registered trademarks or trademarks of Microsoft Corporation in the
United States and/or other countries.

PC/AT is a trademark of International Business Machines Corporation.

HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

SuperFlash® is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

¢ The information contained in this document is being issued in advance of the production cycle for the
product. The parameters for the product may change before final production or NEC Electronics
Corporation, at its own discretion, may withdraw the product prior to its production.

¢ Not all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

o No part of this document may be copied or reproduced in any form or by any means without the prior written consent
of NEC Electronics. NEC Electronics assumes no responsibility for any errors that may appear in this document.

o 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 products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC Electronics or others.

o 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 a customer's equipment shall be done under the full responsibility of the 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.

e« 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.

o 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 an NEC Electronics
products 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 an NEC Electronics sales representative in advance to
determine NEC Electronics' 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.

[GLOBAL SUPPORT]
http://www.necel.com/en/support/support.htmi

NEC Electronics America, Inc. (U.S.) NEC Electronics (Europe) GmbH NEC Electronics Hong Kong Ltd.

Santa Clara, California Duesseldorf, Germany Hong Kong
Tel: 408-588-6000 Tel: 0211-65030 Tel: 2886-9318
800-366-9782
» Sucursal en Espaina NEC Electronics Hong Kong Ltd.
Madrid, Spain Seoul Branch
Tel: 091-504 27 87 Seoul, Korea

Tel: 02-558-3737
* Succursale Francaise
Velizy-Villacoublay, France NEC Electronics Shanghai Ltd.
Tel: 01-30-67 5800 Shanghai, P.R. China
. . Tel: 021-5888-5400
¢ Filiale Italiana

Milano, Italy . .
’ NEC Electronics Taiwan Ltd.
Tel: 02-66 75 41 Taipei, Taiwan

« Branch The Netherlands Tel: 02-2719-2377
Eindhoven, The Netherlands

Tel: 040-2654010 NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
« Tyskland Filial Tel: 6253-8311

Taeby, Sweden

Tel: 08-63 87 200

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78K0/LG2 and design and develop application systems and programs for these devices.
The target products are as follows.

78K0/LG2: 1PD78F0393, 78F0395, 78F0397, 78F0397D

This manual is intended to give users an understanding of the functions described in the
Organization below.

The 78K0/LG2 manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

78K0/LG2 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions ¢ CPU functions
e Internal block functions o Instruction set
¢ Interrupts o Explanation of each instruction

Other on-chip peripheral functions

Electrical specifications (target)

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

e To gain a general understanding of functions:
— Read this manual in the order of the CONTENTS.
e How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a
reserved word in the RA78KO, and is defined as an sfr variable using the
#pragma sfr directive in the CC78KO0.

e To check the details of a register when you know the register name:

— Refer to APPENDIX B REGISTER INDEX.

e To know details of the 78K/0 Series instructions:

— Refer to the separate document 78K/0 Series Instructions User’s Manual

(U12326E).
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Conventions Data significance: Higher digits on the left and lower digits on the right

Active low representations: Xxx (overscore over pin and signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary s XXXX OF XxxxB
Decimal - XXXX
Hexadecimal - xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

78K0/LG2 User's Manual

This manual

78K/0 Series Instructions User's Manual

U12326E

Documents Related to Development Tools (Software) (User’s Manuals)

Document Name

Document No.

RA78KO0 Ver. 3.80 Assembler Package Operation U17199E
Language U17198E
Structured Assembly Language U17197E
CC78K0 Ver. 3.70 C Compiler Operation U17201E
Language U17200E
ID78K0-QB Ver. 2.90 Integrated Debugger Operation U17437E
PM plus Ver. 5.20 U16934E

Documents Related to Development Tools (Hardware) (User’s Manuals)

Document Name

Document No.

QB-78K0LX2 In-Circuit Emulator

U17468E

QB-78KOMINI On-Chip Debug Emulator

U17029E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP4 Flash Memory Programmer User's Manual

U15260E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document when designing.
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Other Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products and Packages — X13769X
Semiconductor Device Mount Manual Note

Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note See the “Semiconductor Device Mount Manual” website (http://www.necel.com/pkg/en/mount/index.html).

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document when designing.
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1.1 Features

CHAPTER 1 OUTLINE

O Minimum instruction execution time can be changed from high speed (0.1 us: @ 20 MHz operation with high-

speed system clock) to ultra low-speed (122 us: @ 32.768 kHz operation with subsystem clock)
O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
O ROM, RAM capacities

Item Program Memory Data Memory
(ROM) Internal High- Internal Expansion LCD Display
Part Number Speed RAM™™* RAM™* RAM
4PD78F0393 Flash memory™* | 32 KB 1 KB - 40 x 4 bits
1PD78F0395 60 KB 2 KB
1PD78F0397, 78F0397D 128 KB 6 KB

Note The internal flash memory, internal high-speed RAM capacities, and internal expansion RAM capacities

can be changed using the internal memory size switching register (IMS) and the internal expansion RAM
size switching register (IXS).

O On-chip single-power-supply flash memory

O Self-programming (with boot swap function)
O On-chip debug function (¢«PD78F0397D only)

@)
@)
©)
@)

switchable)

Segment signals: 40, Common signals: 4
O On-chip multiplier/divider («PD78F0395, 78F0397, 78F0397D only)
O On-chip key interrupt function: 8 channels

O On-chip clock output controller

O 1/O ports: 40
O Timer

uPD78F0393: 7 channels

uPD78F0395, 78F0397, 78F0397D: 8 channels

O Serial interface
uPD78F0393: 3 channels

On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
Short startup is possible via the CPU default start using the on-chip high-speed Ring-OSC
On-chip watchdog timer (operable with the on-chip low-speed Ring-OSC clock)

LCD controller/driver (internal voltage boosting, external resistance division, and internal resistance division are

(UART (LIN (Local Interconnect Network)-bus supported): 1 channel, CSI/UART"": 1 channel, I°C: 1 channel)
uPD78F0395, 78F0397, 78F0397D: 4 channels
(UART (LIN (Local Interconnect Network)-bus supported: 1 channel, CSI/UART"": 1 channel, CSI: 1 channel,

I’C: 1 channel)

Note Select either of the functions of these alternate-function pins.
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CHAPTER 1 OUTLINE

O 10-bit resolution A/D converter: 8 channels
O Power supply voltage: Voo=1.8105.5V
O Operating ambient temperature:
e Ta=-40to +85°C: (T), (S), (R) products
e Ta=—-40 to +125°C: (T2) products

1.2 Applications

APS cameras, digital cameras, AV equipments, and household electrical appliances, etc.
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1.3 Ordering Information

¢ Flash memory version (Lead-free products)

Part Number

Package

1PD78F0393GC(T)-8EU-A
1PD78F0393GC(T2)-8EU-A
1PD78F0393GC(S)-8EU-A
1PD78F0393GC(R)-8EU-A
1PD78F0393GF(T)-JBT-A
1PD78F0393GF(T2)-JBT-A
{PD78F0393GF(S)-JBT-A
1PD78F0393GF(R)-JBT-A
1PD78F0395GC(T)-8EU-A
1PD78F0395GC(T2)-8EU-A
HPD78F0395GC(S)-8EU-A
1PD78F0395GC(R)-8EU-A
1PD78F0395GF(T)-JBT-A
1PD78F0395GF(T2)-JBT-A
1PD78F0395GF(S)-JBT-A
HPD78F0395GF(R)-JBT-A
1PD78F0397GC(T)-8EU-A
1PD78F0397GC(T2)-8EU-A
1PD78F0397GC(S)-8EU-A
1PD78F0397GC(R)-8EU-A
1PD78F0397GF(T)-JBT-A
1PD78F0397GF(T2)-JBT-A
1PD78F0397GF(S)-JBT-A
1PD78F0397GF(R)-JBT-A
1PD78F0397DGC(T)-8EU-A""
HPD78F0397DGF(T)-JBT-A""

100-pin plastic LQFP (14 x 14)
100-pin plastic LQFP (14 x 14)
100-pin plastic LQFP (14 x 14)
100-pin plastic LQFP (14 x 14)
100-pin plastic QFP (14 x 20)

100-pin plastic QFP (14 x 20)

100-pin plastic QFP (14 x 20)

100-pin plastic QFP (14 x 20)

100-pin plastic LQFP (14 x 14)
100-pin plastic LQFP (14 x 14)
100-pin plastic LQFP (14 x 14)
100-pin plastic LQFP (14 x 14)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (14 x 14
100-pin plastic LQFP (14 x 14
100-pin plastic LQFP (14 x 14
100-pin plastic LQFP (14 x 14
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic QFP (14 x 20)
100-pin plastic LQFP (14 x 14)
100-pin plastic QFP (14 x 20)

= = = —

Note ES (Engineering Sample) version only.

Remark (T), (T2): General management

(S) : Management based on individual contract

(R) : Management for automotive accessories

Preliminary User's Manual U17473EJ1VOUD
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1.4 Pin Configuration (Top View)

¢ 100-pin plastic LQFP (14 x 14)

o=z o
e 8. e S
o2 Og 8 fa
Z?—Zov— o E %J— g : 8
CRERRERE8888-822222222 |3
XX XXX XPEEEZDNANLIIIIILLL, 5D
cEIsaCcEmaSNAIS YAIf45S40
[ T Y O Y T TR o Y o WY o WY o WY o WY o WY Y T Y T Y o I o Y o Y o MY o RS S Y n R
00999897969594939291908988878685848382818079787776
P77/KR7 O=—» 1 75 f=—=0O P11/SI10/RxD0O
P120/INTPO/EXLVI Q= 2 O 74 |0 P12/S0O10
P33/INTP4/TI51/TO51 O=—» 3 73 |=——0O P13/TxD6
SDAO O=—+] 4 72 =0 P14/RxD6
SCLO O=— 5 71 |=——0O P15/TOHO
RESET O—~{ 6 70 |0 P16/TOH1/INTP5
P124/XT2/EXCLKS Q=+ 7 69 |=—=O P17/TI50/TO50
P123/XT1 O=—{ 8 68 |=«—=0O P30/INTP1
FLMDO O——={ 9 67 [=—=O P31/INTP2
P122/X2/EXCLK O=—={ 10 66 [«—=O P32/INTP3
P121/X1 O=—n{ 11 65 ——oO LVoo
REGC O— 12 64 [——O LVss
Vss O—— 13 63 —O S39
Voo O——{ 14 62 —O S38
CAPH O— 15 61 |—=O S37
CAPL O— 16 60 —O S36
Vico O—— 17 59 —0O S35
Vict O—1 18 58 |—=0O S34
Vice O—— 19 57 —0O S33
comMo O=— 20 56 —=O 832
com1 O=—{ 21 55 —=0O S31
COM2 O=— 22 54 —=0O S30
com3 O=— 23 53 —=0O S29
S0 O=—124 52 —0O S28
S1 O=-— 25 51 —0O S27
26272829303132333435363738394041424344454647 484950

I

%8(7)%85?3%0‘—(\1(0#mol\mmgagﬁagg
DDV DODDNDNDNDDDODYLLOGD

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the xPD78F0395, 78F0397, and
78F0397D.

Cautions 1. Connect the AVss pin to Vss.

2. Connect the REGC pin to Vss via a capacitor (0.47 uF: target).
3. P20/ANIO to P27/ANI7 are set in the analog input mode after release of reset.
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e 100-pin plastic QFP (14 x 20)

[0}
g2
3
o 8 °
2 e og ., 2
2 E28%-
mar-roCo38 i toraorwon
rcecereeoeo-cozzzZzZ2Z2Z22
XXXXEEEEQOAODILILIILIIILL
PRERS838:9383Ix333J3Q8Rk=
[ S I I I WY WY WY o WY WY o WY o WY o Y o Y o Y o Y o Y o Y o MY n R f
TTOTOTTOOOTOOTOTOOOT
10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
P74/KR4 O 1 80[———0O AVrer
P75/KR5 Q=2 O 79 O P10/SCK10/TxDO
P76/KR6 O 3 78 O P11/SI10/RxDO
P77/KR7 O=~—+{4 77 O P12/SO10
P120/INTPO/EXLVI O 5 76 O P13/TxD6
P33/INTP4/TI51/TO51 O=—=16 75 O P14/RxD6
SDAQ O~—={7 74 O P15/TOHO
SCLO O~—~18 73 O P16/TOH1/INTP5
RESET O——|9 72 O P17/TI50/TO50
P124/XT2/EXCLKS O=—+{10 71 O P30/INTP1
P123/XT1 O=—»11 70 O P31/INTP2
FLMDO O—{12 69 O P32/INTP3
P122/X2/EXCLK O~—]13 68——0O LVoo
P121/X1 O 14 67O LVss
REGC O——15 66 O 839
Vss O——16 65 O S38
Voo O——17 64 O 837
CAPH O———]18 63 O s36
CAPL O—{19 62 O 835
Vico O——120 61 O S34
Vict O———21 60 O 833
Vicc O———22 59 O 832
COMO O~—-23 58 O S31
COM1 O=——{24 57 O 830
COM2 O~—]25 56 O 829
COM3 O=~——|26 55 O s28
S0 O=—-—27 54 O 827
S1 O=—-]28 53 O s26
82 O=~—129 52 O 825
S3 O=—-30 51 O s24
313233343536 3738394041 4243 44 45 46 47 48 49 50

%%Ov—(\lt‘) N~
nnnwn nw

(ONORO) OO0O0O0
5885 rocreoggyg
nnn N w

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the xPD78F0395, 78F0397, and
78F0397D.

Cautions 1. Connect the AVss pin to Vss.

2. Connect the REGC pin to Vss via a capacitor (0.47 uF: target).
3. P20/ANIO to P27/ANI7 are set in the analog input mode after release of reset.
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Pin Identification

ANIO to ANI7:
AVREF:

AVss:

CAPH, CAPL:

COMO to COMa:
EXCLK:

EXCLKS:

EXLVI:

FLMDO:

INTPO to INTP5:
KRO to KR7:
LVbb:

LVss:

P00 to PO6:
P10to P17:
P20 to P27:
P30 to P33:
P70 to P77:
P120 to P124:

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the xPD78F0395, 78F0397, and

Analog input

Analog reference voltage
Analog ground

LCD power supply
capacitance control
Common output

External clock input
(main system clock)
External clock input
(subsystem clock)
External potential input
for low-voltage detector
Flash programming mode
External interrupt input
Key return

Power supply for LCD
controller/driver

Ground for LCD controller/driver
Port 0

Port 1

Port 2

Port 3

Port 7

Port 12

78F0397D.

22

REGC

RESET:

RxDO0, RxD6:
S0 to S39:
SCK10, SCK11"*, SCLO:
SDAO:

SI10, SI11M*:
S010, SO11"*:
SSIAM
TI000, TIO10,
TI001"", TIO11™",
TI50, TI51:
TOO00, TOO1"™,
TO50, TO51,
TOHO, TOH1:
TxDO0, TxD6:
Vob:

Vss:

Vico to Vice:
X1, X2:

XT1, XT2:

Preliminary User's Manual U17473EJ1VOUD

Regulator capacitance

Reset

Receive data

Segment output

Serial clock input/output

Serial data input/output

Serial data input

Serial data output

Serial interface chip select input

Timer input

Timer output
Transmit data
Power supply
Ground

LCD power supply

Crystal oscillator (main system clock)
Crystal oscillator (subsystem clock)



CHAPTER 1 OUTLINE

1.5 78K0/Lx2 Series Lineup

ROM RAM 78KO/LE2 78KO0/LF2 78K0/LG2
64 Pins 80 Pins 100 Pins
128 KB 7 KB - - #PD78F0397D""*
1PD78F0397
60 KB 3KB - 4PD78F0385D"" 4PD78F0395
1PD78F0375D""
4PD78F0385
4PD78F0375
32 KB 1 KB 4PD78F0363D"" 4PD78F0383 4PD78F0393
4PD78F0363 4PD78F0373
24 KB 1 KB - 4PD78F0382 -
4PD78F0372
16 KB 768 B 4PD78F0361 - -

Note Product with on-chip debug function

Preliminary User's Manual U17473EJ1VOUD
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The list of functions in the 78K0/Lx2 Series is shown below.

(2/2)
78K0/LE2 78K0/LF2 78K0/LG2
Part Number
i uPD78F036x uPD78F037x uPD78F038x uPD78F039x
em
64 Pins 80 Pins 100 Pins

Flash memory (KB) 16 32 24 32 60 32 60 32 60 128
RAM (KB) 0.75 1 1 1 3 1 3 1 3 7
Bank (flash memory) - 6

Power supply voltage

Voo=1.8t055V

Regulator

Provided

Minimum instruction
execution time

0.1 us (20 MHz: Voo = 4.0 t0 5.5 V)/0.2 s (10 MHz: Voo = 2.7 t0 5.5 V)/
0.4 s (5 MHz: Voo = 1.8 10 5.5 V)

High-speed 20 MHz: Voo = 4.0 to 5.5 V/10 MHz: Voo = 2.7 t0 5.5 V/5 MHz: Voo = 1.81t0 5.5 V
.% system clock
= | High- . —
E ::gg-zpsegd 8 MHz (TYP.): Voo =1.8t0 5.5V
© Subclock 32.768 kHz (TYP.): Voo =1.8t0 5.5 V
Low-speed Ring- 240 kHz (TYP.): Voo =1.8t0 5.5V
0OSsC
T Total 24 34 26 40
a
16 bits (TMO) 1ch 2ch 1ch 2ch 1ch 2ch
_ | 8 bits (TM5) 2ch
_OEJ 8 bits (TMH) 2ch
" Watch 1ch
WDT 1ch
o | 3-wire CSI"™* 1ch 2ch
% UART"™* 1ch
£ UART supporting 1ch
-8 | LIN-bus
b I’C bus 1ch
Type Internal voltage boosting, external resistance division, and internal resistance division are switchable.
13) Segment signal 20 ‘ 26 | 36 40
Common signal 4
10-bit A/D 5ch ‘ 8ch | - 8ch
‘% External 7
}lé Internal 16 19 16 19 16 19
Key interrupt - ‘ 7 ch 8ch
RESET pin Provided
‘g POC 1.59 V £0.15 V (Time for rising up to 1.8 V : 3.6 ms (MAX.))
&) LVI The detection level of the supply voltage is selectable in 16 steps.
WDT Provided
Clock output Provided
Multiplier/divider - Provided - Provided - Provided

On-chip debug function

4PD78F0363D only

4PD78F0375D only

1PD78F0385D only

1PD78F0397D only

Operating ambient
temperature

—40 to +85°C ((T), (S), (R) products), —40 to +125°C ((T2) products)

Note Select either of the functions of these alternate-function pins.

24
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1.6 Block Diagram

TOO00/TI010/PO1 ~—=]

16-bit TIMER/
EVENT COUNTER 00

TI000/POO (LINSEL)
RxD6/P14 (LINSEL) ]

TOO01Noe2/T|01 1Note2/POG =—mr
TI001No*2/PO5 ———=

16-bit TIMER/EVENT|
COUNTER 01Note2

TOHO/P15 ~—

8-bit TIMER HO

TOH1/P16 =—

8-bit TIMER H1

g 4 ¢ 8

i

LOW-SPEED
Ring-OSC

{

WATCHDOG TIMER

TI50/TO50/P17 ~—

8-bit TIMER/
EVENT COUNTER 50

TI51/TO51/P33 ~—

8-bit TIMER/
EVENT COUNTER 51

WATCH TIMER

RxDO/P11 ——
TxDO/P10 ~—]

SERIAL
INTERFACE UARTO

78K/0
CPU FLASH
CORE

MEMORY

S

RxD6/P14 ———=
TxD6/P13 ~—|

SERIAL
INTERFACE UART6

LINSEL

g U

SIO/P11 ——
SO10/P12 +—
SCK10/P10 <-—=

SERIAL
INTERFACE CSI10

SI11Noe2/Po3 ———
SO11No2/P2 ~—
SCK11Noe2/p04 =——n
'SSI11Note2/po5 ——»

SERIAL INTERFACE
CSl{Nete2

SDAO

SCLO

SERIAL
INTERFACE 1ICO

g ¢ ¢ ¢ 83448 g4y

1

S0-839<_40

LCD

COMO-COM3<_4 CONTROLLER

Vico-Vice DRIVER
82?3 RAM SPACE
LVoo FOR
LVss LCD DATA

CLOCK OUTPUT

CONTROL
RESET CONTROL

g

-
K

Notes 1.

INTERNAL INTERNAL
HIGH-SPEED EXPANSION
RAM RAMNote2
Voo Vss FLMDO

Available only in the xPD78F0397 and 78F0397D.

porTo K7 >Po0-Pos
PORT1 K8 >P10-P17
PORT 2 K8 >P20-P27
porT3 K4 >P30-P33
PORT7 K 8 >P70-P77
PORT12 K5 >P120-P124

g ¢gugyu

A/D CONVERTER

ﬂ ANI0/P20-
ANI7/P27

AVRer

AVss

g

{

g3y

INTPO/P120(LINSEL)
INTERRUPT INTP1/P30-
CONTROL INTP4/P33
INTP5/P16
POWER ON CLEAR/
LOW VOLTAGE
INDICATOR
POC/LVI
CONTROL EXLVI/P120
KRO/P70-
KEY RETURN
(8 Ikr7pr7
MULTIPLIER&
DIVIDERN'e?
ON-CHIP
DEBUGNote3
RESET
SYSTEM X1/P121
CONTROL X2/EXCLK/P122
XT1/P123
XT2/EXCLKS/P124
HIGH-SPEED
Ring-OSC

2. Available only in the #PD78F0395, 78F0397, and 78F0397D.

3. Available only in the xPD78F0397D.
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1.7 Outline of Functions

(1/2)
Item uPD78F0393 uPD78F0395 uPD78F0397 uPD78F0397D
Internal Flash memory 32K 60 K 128 K
memory (self-programming
(bytes) supported)"*’
Bank"*** - - 6

High-speed RAM™*" | 1 K

Expansion RAM"*" - 2K 6K

LCD display RAM 40 x 4 bits
Memory space 64 KB

Main system | High-speed system | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock 1t020 MHz: Voo =4.0t0 5.5V, 1to 10 MHz: Vop =2.7t0 5.5V,
(oscillation 1t05MHz: Voo =1.8t05.5V

frequency) | High-speed Ring- On-chip Ring oscillation

OSC clock

8 MHz (TYP.): Voo = 1.8 0 5.5 V

Subsystem clock
(oscillation frequency)

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Voo =1.8t0 5.5 V

Low-speed Ring-OSC clock (for
TMH1, WDT)

On-chip Ring oscillation
240 kHz (TYP.): Vob =1.8t0 5.5V

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.1 us/0.2 us/0.4 us/0.8 us/1.6 us (high-speed system clock: @ fx1 = 20 MHz operation)

0.25 us/0.5 us/1.0 us/2.0 us/4.0 us (TYP.) (high-speed Ring-OSC clock: @ frH = 8 MHz
(TYP.) operation)

122 us (subsystem clock: @ fsus = 32.768 kHz operation)

Instruction set

* 16-bit operation

¢ Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

¢ Bit manipulate (set, reset, test, and Boolean operation)
* BCD adjust, etc.

1/0 ports

CMOS I/0: 40

Timers

¢ 16-bit timer/event | e 16-bit timer/event counter: 2 channels

counter: 1 channel

¢ 8-bit timer/event counter: 2 channels
e 8-bit timer: 2 channels

e Watch timer: 1 channel

¢ Watchdog timer: 1 channel

Timer outputs

5 (PWM output: 4) 6 (PWM output: 4)

Clock output

* 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(peripheral hardware clock: @ frrs = 20 MHz operation)
* 32.768 kHz (subsystem clock: @ fsus = 32.768 kHz operation)

A/D converter

10-bit resolution x 8 channels

Notes 1.

The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM

capacity can be changed using the internal memory size switching register (IMS) and the internal

expansion RAM size switching register (IXS).

2. Banks to be used can be changed using the bank select register (BANK).
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(2/2)
ltem uPD78F0393 #PD78F0395 #PD78F0397 #PD78F0397D
Serial interface * UART mode * UART mode supporting LIN-bus: 1 channel
supporting LIN- * 3-wire serial I/O mode/UART mode™: 1 channel
bus: 1 channel e 3-wire serial /0O mode: 1 channel
e 3-wire serial I/O * I°C bus mode: 1 channel
mode/UART

Note,

mode™": 1 channel
I°C bus mode: 1
channel

LCD controller/driver

Internal voltage boosting, external resistance division, and internal resistance division are
switchable.

* Segment signal outputs: 40

* Common signal outputs: 4

Multiplier/divider

- * 16 bits x 16 bits = 32 bits (multiplication)
* 32 bits + 16 bits = 32 bits remainder of 16 bits (division)

Vectored Internal

16 19

interrupt sources | external

7

Key interrupt

Key interrupt (INTKR) occurs by detecting falling edge of key input pins (KRO to KR7).

Reset

* Reset using RESET pin

* Internal reset by watchdog timer

¢ Internal reset by power-on-clear

* Internal reset by low-voltage detector

On-chip debug function

- Provided

Power supply voltage

Voo=1.8t05.5V

Operating ambient temperature

e Ta=-40to +85°C ((T), (S), (R) products)
e Ta=-40to +125°C ((T2) products)

Package

* 100-pin plastic LQFP (14 x 14)
* 100-pin plastic QFP (14 x 20)

Note Select either of the functions of these alternate-function pins.
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An outline of the timer is shown below.

16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and Watch Watchdog
Event Counters Event Counters H1 Timer Timer
00 and 01"*" 50 and 51
TMO00 T™MO1™™! TM50 TM51 TMHO TMH1
Function | Interval timer 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel |1 channel™*? -
External event 1 channel | 1 channel | 1 channel | 1 channel - - - -
counter
PPG output 1 output 1 output - - - - - -
PWM output - - 1 output 1 output 1 output 1 output - -
Pulse width 2 inputs 2 inputs - - - - - -
measurement
Square-wave 1 output 1 output 1 output 1 output 1 output 1 output - -
output
Carrier generator - - - - - 1 output - -
Note 3
Watch timer - - - - - - 1 channel -
Note 2
Watchdog timer - - - - - - - 1 channel
Interrupt source 2 2 1 1 1 1 1 -

Notes 1.
2.
3.
28

Available only in the #xPD78F0395, 78F0397, and 78F0397D.

In the watch timer, the watch timer function and interval timer function can be used simultaneously.
TM51 and TMH1 can be used in combination as a carrier generator mode.
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2.1 Pin Function List

CHAPTER 2 PIN FUNCTIONS

There are three types of pin I/O buffer power supplies: AVrer, LVbp, and Vbb. The relationship between these

power supplies and the pins is shown below.

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVRer P20 to P27
LVoo CAPH, CAPL, COMO to COM3, SO0 to S39, Vico to Vice
Vob Pins other than above
(1) Port pins (1/2)
Pin Name 1/0 Function After Reset | Alternate Function
P00 l{e] Port 0. Input TI000
PO 7-bit VO port. TI010/TO00
Input/output can be specified in 1-bit units.
P02 . . - SO11™*
Use of an on-chip pull-up resistor can be specified by a
P03 software setting. Si11™*
P04 SCK11™™*
P05 SSI11"*/TI001""
P06 TI011"*/TO01""
P10 110 Port 1. Input SCK10/TxDO0
P11 8-bit 1/0 port. SI10/RxD0
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P27 /0 Port 2. Input ANIO to ANI7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 to P32 1/0 Port 3. Input INTP1 to INTP3
4-bit 1/0 port.
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a INTP4/T151/TO51
software setting.

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4PD78F0395, 78F0397, and

78F0397D.

Preliminary User's Manual U17473EJ1VOUD

29



CHAPTER 2 PIN FUNCTIONS

(1) Port pins (2/2)

Pin Name 1/0 Function After Reset | Alternate Function
P70 to P77 1/0 Port 7. Input KRO to KR7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P120 1/0 Port 12. Input INTPO/EXLVI
P121 5-bit I/O port. X1
b Input/output can be specified in 1-bit units. XOIEXCLK
122 Only for P120, use of an on-chip pull-up resistor can be 2
P123 specified by a software setting. XT1
P124 XT2/EXCLKS

30
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(2) Non-port pins (1/2)

Pin Name 110 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input P120/EXLVI
INTP1 to INTP3 edge, falling edge, or both rising and falling edges) can be P30 to P32
INTP4 specified P33/T151/TO51
INTP5 P16/TOH1
SO Input Serial data input to serial interface Input P11/RxD0
TR R P03
SO10 Output Serial data output from serial interface Input P12
SO11™* P02
SDAO /0 Serial data I/O for serial interface Input -
SCK10 1/0 Clock input/output for serial interface Input P10/TxDO
SCK11"* P04
SCLO -
SS™ Input Chip select input for serial interface Input P05/T1001
RxDO Input Serial data input to asynchronous serial interface Input P11/SI10
RxD6 P14
TxDO Output Serial data output from asynchronous serial interface Input P10/SCK10
TxD6 P13
TI000 Input External count clock input to 16-bit timer/event counter 00 Input P00

Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TloO1"* External count clock input to 16-bit timer/event counter 01 P05/SSI11""
Capture trigger input to capture registers (CR001, CR011) of
16-bit timer/event counter 01
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TIO11"" Capture trigger input to capture register (CR001) of 16-bit P06/TO01™"
timer/event counter 01
TOO00 Output 16-bit timer/event counter 00 output Input P0O1/TI010
TOO1"™™ 16-bit timer/event counter 01 output PO6/TIO11""
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TO50 Output 8-bit timer/event counter 50 output Input P17/TI50
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO 8-bit timer HO output P15
TOH1 8-bit timer H1 output P16/INTP5

Note SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the 4PD78F0395, 78F0397, and

78F0397D.
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(2) Non-port pins (2/2)

Pin Name 110 Function After Reset | Alternate Function
ANIO to ANI7 Input A/D converter analog input Input P20 to P27
AVRer Input A/D converter reference voltage input and positive power - -

supply for port 2
AVss - A/D converter ground potential. Make the same potential as - -
Vss.
S0 to S39 Output LCD controller/driver segment signal outputs Output -
COMO to COM3 Output LCD controller/driver common signal outputs Output -
LVoo - Positive power supply for LCD controller/driver - -
LVss - Ground potential for LCD controller/driver - -
Vico to Vice - LCD drive voltage - -
CAPH - LCD drive voltage booster capacitor connection - -
CAPL -
KRO to KR7 Input Key interrupt input Input P70 to P77
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 uF: target).
RESET Input System reset input - -
EXLVI Input Potential input for external low-voltage detection Input P120/INTPO
X1 Input Connecting resonator for main system clock Input P121
X2 - P122/EXCLK
EXCLK Input External clock input for main system clock Input P122/X2
XT1 Input Connecting resonator for subsystem clock Input P123
XT2 - P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input P124/XT2
Vob - Positive power supply - -
Vss - Ground potential - -
FLMDO - Flash memory programming mode setting - -
32 Preliminary User's Manual U17473EJ1VOUD
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2.2 Description of Pin Functions

2.2.1 P00 to P06 (port 0)

P00 to P06 function as a 7-bit I/0O port. These pins also function as timer 1/O, serial interface data 1/O, clock 1/O,
and chip select input.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P00 to P06 function as a 7-bit /0O port. P00 to P06 can be set to input or output port in 1-bit units using port
mode register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0
(PUO).

(2) Control mode
P00 to P06 function as timer 1/O, serial interface data 1/0O, clock I/O, and chip select input.

(a) TI000, TIOO1"*
These are the pins for inputting an external count clock to 16-bit timer/event counters 00 and 01 and are also
for inputting a capture trigger signal to the capture registers (CR000, CR010 or CR001, CR011) of 16-bit
timer/event counters 00 and 01.

(b) TIO10, TIOT11"*
These are the pins for inputting a capture trigger signal to the capture register (CR0O00 or CR001) of 16-bit
timer/event counters 00 and 01.

(c) TO00, TOO1"™*
These are timer output pins.

(d) sH1™*
This is a serial interface serial data input pin.

(e) so11™*
This is a serial interface serial data output pin.

(f) SCKi11™v*
This is the serial interface serial clock 1/O pin.

(g) WNole
This is the serial interface chip select input pin.

Note TIOO01, TIO11, TOO1, SI11, SO11, SCK11, and SSI11 are available only in the xPD78F0395, 78F0397,
and 78F0397D.
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2.2.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/0O port. These pins also function as pins for external interrupt request input, serial
interface data 1/O, clock I/0, and timer 1/O.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P10 to P17 function as an 8-bit I/O port. P10 to P17 can be set to input or output port in 1-bit units using port
mode register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1
(PU1).

(2) Control mode
P10 to P17 function as external interrupt request input, serial interface data 1/O, clock I/O, and timer 1/O.

(a) Si10
This is a serial interface serial data input pin.

(b) so10
This is a serial interface serial data output pin.

(c) SCK10
This is a serial interface serial clock I/O pin.

(d) RxDO, RxD6
These are the serial data input pins of the asynchronous serial interface.

(e) TxDO, TxD6
These are the serial data output pins of the asynchronous serial interface.

(f) TI50
This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

(g) TO50, TOHO, and TOH1
These are timer output pins.

(h) INTP5

This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.
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2.2.3 P20 to P27 (port 2)

(1)

)

P20 to P27 function as an 8-bit I/O port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

Port mode
P20 to P27 function as an 8-bit I/O port. P20 to P27 can be set to input or output port in 1-bit units using port
mode register 2 (PM2).

Control mode
P20 to P27 function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input
pins, see (5) ANIO/P20 to ANI7/P27 in 12.6 Cautions for A/D Converter.

Caution P20/ANIO to P27/ANI7 are set in the analog input mode after release of reset.

2.2.4 P30 to P33 (port 3)

P30 to P33 function as a 4-bit I/0O port. These pins also function as pins for external interrupt request input and

timer I/O.

(1)

()

The following operation modes can be specified in 1-bit units.

Port mode

P30 to P33 function as a 4-bit /0O port. P30 to P33 can be set to input or output port in 1-bit units using port
mode register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3
(PU3).

Control mode
P30 to P33 function as external interrupt request input and timer 1/O.

(a) INTP1 to INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TO51
This is a timer output pin.

Caution In the zPD78F0397D, be sure to pull the P31 pin down after reset to prevent malfunction.
Remark P31/INTP2 and P32/INTP3 of the xPD78F0397D can be used as on-chip debug mode setting pins

when the on-chip debug function is used. For details, see CHAPTER 27 ON-CHIP DEBUG
FUNCTION (4PD78F0397D ONLY).
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2.2.5 P70 to P77 (port 7)
P70 to P77 function as an 8-bit I/O port. These pins also function as key interrupt input pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P70 to P77 function as an 8-bit I1/0 port. P70 to P77 can be set to input or output port in 1-bit units using port
mode register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7
(PU7).

(2) Control mode
P70 to P77 function as key interrupt input pins.

2.2.6 P120 to P124 (port 12)

P120 to P124 function as a 5-bit I/O port. These pins also function as pins for external interrupt request input,
potential input for external low-voltage detection, resonator for main system clock connection, resonator for subsystem
clock connection, and external clock input. The following operation modes can be specified in 1-bit units.

(1) Port mode
P120 to P124 function as a 5-bit I/O port. P120 to P124 can be set to input or output port using port mode
register 12 (PM12). Only for P120, use of an on-chip pull-up resistor can be specified by pull-up resistor option
register 12 (PU12).

(2) Control mode
P120 to P124 function as an external interrupt request input, potential input for external low-voltage detection,
resonator for main system clock connection, resonator for subsystem clock connection, and external clock input.

(a) INTPO
This functions as an external interrupt request input (INTPO) for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

(b) EXLVI
This is a potential input pin for external low-voltage detection.

(c) X1, X2
These are the pins for connecting a resonator for main system clock.

(d) EXCLK
This is an external clock input pin for main system clock.

(e) XT1, XT2
These are the pins for connecting a resonator for subsystem clock.

(f) EXCLKS
This is an external clock input pin for subsystem clock.
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2.2.7 SDAO
This is a serial data I/O pin for serial interface (N-ch open-drain).

2.2.8 SCLO
This is a serial clock 1/O pin for serial interface (N-ch open-drain).

2.2.9 AVReF
This is the A/D converter reference voltage input pin.
When the A/D converter is not used, connect this pin directly to Vob.

2.2.10 AVss
This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with
the same potential as the Vss pin.

2.2.11 SO to S39
These pins are the segment signal output pins for the LCD controller/driver.

2.2.12 COMO to COM3
These pins are the common signal output pins for the LCD controller/driver.

2.2.13 LVop
This is the positive power supply pin for the LCD controller/driver.

2.2.14 LVss
This is the ground potential pin for the LCD controller/driver.

2.2.15 Vicoto Vicz
These pins are the power supply voltage pins for driving the LCD.

2.2.16 CAPH, CAPL
These pins are the capacitor connection pins for driving the LCD.

2.2.17 RESET
This is the active-low system reset input pin.
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2.2.18 REGC
This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this

pin to Vss via a capacitor (0.47 uF: target).
f REGC

Vss

Caution Keep the wiring length as short as possible in the area enclosed by the broken lines in the above figures.

2.2.19 Voo
This is the positive power supply pin.

2.2.20 Vss
This is the ground potential pin.

2.2.21 FLMDO
This is a pin for setting flash memory programming mode.
Connect FLMDO to Vss in the normal operation mode.
In flash memory programming mode, be sure to connect this pin to the flash programmer.
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CHAPTER 2 PIN FUNCTIONS

2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

Table 2-2 shows the types of pin I/O circuits and the recommended connections of unused pins.
See Figure 2-1 for the configuration of the I/O circuit of each type.

Table 2-2. Pin I/O Circuit Types (1/2)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
PO0/TI000 5-AH 1/0 Input:  Independently connect to Voo or Vss via a resistor.
PO1/TI010/TO00 Qutput: Leave open.

P02/SO11"*! 5-AG
P03/SI11""! 5-AG (uPD78F0393),
PO4/SCKIT""" 5-AH (4PD78F0395,

P05/SSI11"*"/TI001"""

P06/TI011"""/TO01"""

78F0397, 78F0397D)

P10/SCK10/TxD0

P11/S110/RxD0

5-AH

P12/SO10

P13/TxD6

5-AG

P14/RxD6

5-AH

P15/TOHO

5-AG

P16/TOH1/INTP5

P17/T150/TO50

5-AH

P20/ANIO to
P27/ANI7""?

P30/INTP1

P31/INTP2

P32/INTP3

P33/TI151/TO51/INTP4

P70/KRO0 to P77/KR7

P120/INTPO/EXLVI

5-AH

<Analog setting>
Connect to AVRrer or AVss.
<Digital setting>

Input:  Independently connect to Voo or Vss via a resistor.

Output: Leave open.

Input: Independently connect to Vop or Vss via a resistor.

Qutput: Leave open.

Notes 1. SO11, SI11, SCK11, SSI11, TI001, TI011, and TOO1 are available only in the xPD78F0395, 78F0397,
and 78F0397D.
2. P20/ANIO to P27/ANI7 are set in the analog input mode after release of reset.
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Table 2-2. Pin I/O Circuit Types (2/2)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P121/X1%* 37 I/0 Input:  Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK""* Output: Leave open.

P123/XT1""

P124/XT2/EXCLKS" "

SCLO 13-AD Input:  Connect to Vss.
SDAO Output: Leave open.
SO0 to S39 17 Output | Leave open.

COMO to COM3 18

Vico to Vice - -

CAPH, CAPL

RESET 2 Input

FLMDO 38 Input Connect to Vss.

AVRer - - Connect directly to Voo.
AVss Connect directly to Vss.

Note Use recommended connection above in I/O port mode (see Figure 5-2 Format of Clock Operation Mode

Select Register (OSCCTL)) when these pins are not used.
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Figure 2-1. Pin I/O Circuit List (1/2)
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Figure 2-1. Pin I/O Circuit List (2/2)
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space
Products in the 78K0/LG2 can each access a 64 KB memory space. Figures 3-1 to 3-4 show the memory maps.

Caution Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) of all products
in the 78K0/LG2 are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to
each product as indicated below.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)
and Internal Expansion RAM Size Switching Register (IXS)

Flash Memory Version IMS IXS
(78K0/LG2)
4PD78F0393 C8H 0CH
HPD78F0395 CFH 08H
4PD78F0397, 78F0397D CCH™" 00H

Note Although the #PD78F0397 and 78F0397D have an internal ROM capacity of 128 KB, set the
internal ROM capacity to 48 KB, since banks are used. For how to set the banks, see 26.2
Bank Select Register (#PD78F0397 and 78F0397D Only).
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Figure 3-1. Memory Map (zPD78F0393)

4 FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH 7FFFI¥: Program area
FAFFH 1081H
1080H Option byte areaNot®
107FH
Data memory 1000H Program area
Space OFFFH
-+ CALLF entry area
= Reserved -~ 0800H
07FFH
=0 Program area
0081H
0080H Option byte areaNote
007FH
8000H CALLT table area
TFFFH
0040H
Program A Flash memory A 003FH
memory space T 32768 x 8 bits B
Vector table area
¥ 0000H 0000H

Note 1080H: Set the option byte when the boot swap is used.
0080H: Set the option byte when the boot swap is not used.
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Figure 3-2. Memory Map (zPD78F0395)

4 FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
L Internal high-speed RAM _|_
a 1024 x 8 bits T
FBOOH
FAFFH
E1 Z ; :::J: Program area
b Reserved 0=
v 1080H Option byte areaN°te
107FH
Data memory 1000H Program area
space F800H 0FFFH
F7FFH
~ CALLF entry area
RAM space in _L Internal expansion RAM  _[_ 0800H
which instruction 2048 x 8 bits T TEEH
can be fetched 0
4 Program area
FOOOH 0081H
EFFFH 0080H Option byte areaN°te
007FH
CALLT table area
Program L Flash memory -+
memory space T 61440 x 8 bits T 004:2:
003
Vector table area
¥ 0000H 0000H

Note 1080H: Set the option byte when the boot swap is used.
0080H: Set the option byte when the boot swap is not used.
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Figure 3-3. Memory Map (zPD78F0397)

4 FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
L Internal high-speed RAM _|
h 1024 % 8 bits B
FBOOH
FAFFH
Data memory
space 4 Reserved -
F800H
F7FFH 16384 x 8 bits
(bank 4)
RAM space in

which instruction =

Internal expansion RAM

—— (bank2)

16384 x 8 bits

i 0000H

(common)

can be fetched 6144 x 8 bits
l EQ00H -
DFFFH .
Reserved L l
C000H -
BFFFH
A Flash memory B
T 16384 x 8bits (bank 0) . |1
8000H
7FFFH
16384 x 8 bits
Program \ (banT( A i
memory space 16384 x 8 bits
AL Flash memory B (bank 3)
T 32768 x 8 bits T 16384 x 8 bits

(bank 1)

TFFFH|

1081H]

Program area

1080H

Option byte areaN°te

107FH
1000H

Program area

0FFFH

CALLF entry area

Program area

Option byte areaN°te

0040H

CALLT table area

003FH

0000H

Vector table area

Note 1080H: Set the option byte when the boot swap is used.
0080H: Set the option byte when the boot swap is not used.
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Figure 3-4. Memory Map (zPD78F0397D)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
L Internal high-speed RAM _|
T 1024 x 8 bits ]
FBOOH
FAFFH
Data memory
space 0= Reserved -
F80OH
F7FFH
RAM space in

which instruction S

_ Internal expansion RAM _|

16384 x 8 bits
(bank 4)

16384 x 8 bits
— (bank 2)

Program

memory space £

0000H

can be fetched 6144 8 bits
¢ EOOOH 7
DFFFH %
Reserved 2 1
C000H -
1 BFFFH
1 Flash memory 1
T 16384 x 8 bits (bank 0)
8000H
7FFFH

Flash memory
32768 x 8 bits
(common) 3

16384 X 8 bits
(bank 5)

— 16384 x 8 bits
(bank 3)

16384 x 8 bits
(bank 1)

TFFFH

108FH

1

Program area T

108EH

1085H

Security ID setting areaNote 1

1084H

Security ID control areaNete 1

1083H
1082H
1081H

Program area

1080H

Option byte areaNo®

107FH

1000H

Program area

OFFFH|
0800H

((

CALLF entry area T

07FFH|

0190H

1 (

Program area T

018FH]
008FH[

Note 2 T

008EH

0085H

Security ID setting areaNote 1

0084H

Security ID control areaNote 1

0083H
0082H
0081H

Program area

0080H

Option byte areaNote 1

007FH
007EH

Note 3

007DH
0040H

CALLT table area

003FH

0000H

Vector table area

Notes 1.

0080H, 0084H, 0085H to O08EH:

1080H, 1084H, 1085H to 108EH:

when the boot swap is used.

when the boot swap is not used.

Set the option byte, security ID control flag, and security ID code

Set the option byte, security ID control flag, and security ID code

2. This area cannot be used during on-chip debugging because it is used for communication commands
(008FH to 018FH: standard setting of debugger).
3. This area cannot be used when a software break is used during on-chip debugging.

Preliminary User's Manual U17473EJ1VOUD

47



CHAPTER 3 CPU ARCHITECTURE

3.1.1 Internal program memory space

The internal program memory space stores the program and table data. Normally, it is addressed with the program
counter (PC).

78K0/LG2 products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
#PD78F0393 Flash memory 32768 x 8 bits (0000H to 7FFFH)
uPD78F0395 61440 x 8 bits (0000H to EFFFH)
uPD78F0397, 131072 x 8 bits
78F0397D (0000H to 7FFFH (common area) + 8000H to BFFFH (bank area) x 6)

The internal program memory space is divided into the following areas.

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch
upon reset signal input or generation of each interrupt request are stored in the vector table area.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd

addresses.
Table 3-3. Vector Table
Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input, POC, LVI, WDT 001EH INTTM50
0004H INTLVI 0020H INTTMOO0O
0006H INTPO 0022H INTTMO10
0008H INTP1 0024H INTAD
000AH INTP2 0026H INTSRO
000CH INTP3 0028H INTWTI
000EH INTP4 002AH INTTM51
0010H INTP5 002CH INTKR
0012H INTSRE6 002EH INTWT
0014H INTSR6 0034H INTIICO/INTDMU™"*
0016H INTST6 0036H"" INTCSI11"*
0018H INTCSI10/INTSTO 0038H""* INTTMO001""*
001AH INTTMH1 003AH"™" INTTMO11""*
001CH INTTMHO 003EH BRK

Note Available only in the xPD78F0395, 78F0397, and 78F0397D.
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()

©)

(4)

(5)

(6)

CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

Option byte area

The option byte area is assigned to the 1-byte area of 0080H and 1080H. When the boot swap is not used, set
the option byte to 0080H. When the boot swap is used, set the option byte to 1080H. See CHAPTER 25
OPTION BYTE for details.

CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

Security ID control area (uPD78F0397D only)

A security ID control area is provided in a 1-byte area of 0084H and 1084H. Set the security ID control flag at
0084H when the boot swap is not used, and at 1084H when the boot swap is used. For details, see CHAPTER
27 ON-CHIP DEBUG FUNCTION (xPD78F0397D ONLY).

Security ID setting area (uPD78F0397D only)

A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as a security ID setting area. Set the
security ID for 10 bytes at 0085H to 008EH when the boot swap is not used and at 1085H to 108EH when the
boot swap is used. For details, see CHAPTER 27 ON-CHIP DEBUG FUNCTION (#PD78F0397D ONLY).
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3.1.2 Bank area (uPD78F0397 and 78F0397D only)

The 4PD78F0397 and 78F0397D have bank areas 0 to 5 as illustrated below.

The banks are selected by using a bank select register (BANK) (see 26.2 Bank Select Register (uPD78F0397
and 78F0397D only)).

Cautions 1. Instructions cannot be fetched between different banks.
2. Branch and access cannot be directly executed between different banks. Execute branch or
access between different banks via the common area.
3. Locate interrupt servicing in the common area.

Figure 3-5. Internal ROM (Flash Memory) Configuration

BFFFH
Bank Bank Bank Bank Bank Bank
area 0 area 1 area 2 area 3 area 4 area 5
16384 x 16384 x 16384 x 16384 x 16384 x 16384 x
8 bits 8 bits 8 bits 8 bits 8 bits 8 bits
8000H
7FFFH
Common area
32768 x 8 bits
0000H

50 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 3 CPU ARCHITECTURE

3.1.3 Internal data memory space
78K0/LG2 products incorporate the following RAMs.

(1) Internal high-speed RAM

Table 3-4. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM
uPD78F0393 1024 x 8 bits (FBOOH to FEFFH)
uPD78F0395
uPD78F0397, 78F0397D

The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per bank.

This area cannot be used as a program area in which instructions are written and executed.
The internal high-speed RAM can also be used as a stack memory.

(2) Internal expansion RAM

Table 3-5. Internal Expansion RAM Capacity

Part Number Internal Expansion RAM
uPD78F0393 -
uPD78F0395 2048 x 8 bits (FOOOH to F7FFH)
uPD78F0397, 78F0397D 6144 x 8 bits (EO00H to F7FFH)

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as
well as a program area in which instructions can be written and executed.
The internal expansion RAM cannot be used as a stack memory.

(3) LCD display RAM

LCD display RAM is incorporated in the LCD controller/driver (see Figure 17-4 LCD Display RAM).

Table 3-6. LCD Display RAM Capacity

Part Number LCD Display RAM
uPD78F0393 40 x 4 bits (00H to 27H of LCDSEG)
uPD78F0395
uPD78F0397, 78F0397D
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (see
Table 3-7 Special Function Register List in 3.2.3 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.

3.1.5 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of
the register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
78K0/LG2, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of special function registers (SFR) and general-purpose registers are
available for use. Figures 3-6 to 3-9 show correspondence between data memory and addressing. For details of
each addressing mode, see 3.4 Operand Address Addressing.

Figure 3-6. Correspondence Between Data Memory and Addressing (#PD78F0393)

FFFFH T
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OM(
FF1FH
FFOOH
FEFFH _ A
General-purposg registers Register addressing
FEEOH 32 x 8 bits | Short direct
FEDFH addressing
ot Internal high-speed RAM ot
1024 x 8 bits
FE20H ]
FE1FH
FBOOH Direct addressing
FAFFH
Register indirect addressing
Based addressing
Based indexed addressing
0= Reserved =
8000H
TFFFH
- Flash memory -
B 32768 x 8 bits B
0000H
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FETFH
FBOOH
FAFFH

FBOO0H
F7FFH

FOOOH
EFFFH

0000H

Figure 3-7. Correspondence Between Data Memory and Addressing (#PD78F0395)

Special function registers (SFR) SFHTaddressing
256 x 8 bits
General-purposg registers Register addressing
32 x 8 bits | Short direct
- addressing
- Internal high-speed RAM -
1024 x 8 bits
— Reserved ~

= Internal expansion RAM =

2048 x 8 bits

L Flash memory ~

61440 x 8 bits

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

Preliminary User's Manual U17473EJ1VOUD

53



CHAPTER 3 CPU ARCHITECTURE

54

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FETFH
FBOOH
FAFFH

F800H
F7FFH

E000H
DFFFH

CO00H
BFFFH

8000H
TFFFH

0000H

Figure 3-8. Correspondence Between Data Memory and Addressing (#PD78F0397)

Special function registers (SFR) SFRTaddressing
256 x 8 bits
General-purposg registers Register addressing
32 x 8 bits { Short direct
addressing
- Internal high-speed RAM -
1024 x 8 bits
— Reserved =~

Internal expansion RAM =
6144 x 8 bits

— 16384 x 8 bits
(bank 4)

16384 x 8 bits
(bank 2)

Reserved

Flash memory
16384 x 8 bits (bank 0) a

Flash memory
32768 x 8 bits i
(common)

16384 x 8 bits
(bank 5)
16384 X 8 bits
(bank 3)

16384 x 8 bits
(bank 1)

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-9. Correspondence Between Data Memory and Addressing (uPD78F0397D)

Short direct
addressing

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

FFFFH
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2ORM(
FF1FH
FFOOH
FEFFH )
General-purpose registers Register addressing
32 x 8 bits
FEEOH ‘
FEDFH
- Internal high-speed RAM -
1024 x 8 bits
FE20H| __
FE1FH
FBOOH
FAFFH
0= Reserved ~
F800H
F7FFH
0= Internal expansion RAM ot 16384 x 8 bits
6144 x 8 bits (bank 4)
16384 x 8 bits
(bank 2)
EOOOH
DFFFH
Reserved
C000H
BFFFH
A Flash memory _
T 16384 x 8 bits (bank 0) a
8000H
TFFF Hﬁu Flash memory 1 16334 stsbits
T 32768 x 8 bits T sosa e omre®
________f(common) | (bank 3)
—————————— Notel _______| 16384 x 8 bits
_______________________ (bank 1)
__________ Note2 _______|
0000H
Notes 1.

0080H to 018FH cannot be used during on-chip debugging because they are used as a communication

command area (008FH to 018FH: standard setting of debugger).
2. 007E and 007FH cannot be used when a software break is used during on-chip debugging.

Preliminary User's Manual U17473EJ1VOUD

55



CHAPTER 3 CPU ARCHITECTURE

3.2 Processor Registers
The 78K0/LG2 products incorporate the following processor registers.

3.2.1 Control registers
The control registers control the program sequence, statuses and stack memory. The control registers consist of a
program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1) Program counter (PC)
The program counter is a 16-bit register that holds the address information of the next program to be executed.
In normal operation, the PC is automatically incremented according to the number of bytes of the instruction to be
fetched. When a branch instruction is executed, immediate data and register contents are set.
RESET input sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-10. Format of Program Counter

15 0
PC |PC15‘PC14‘PC13‘PC12‘PC11‘PC10‘ PCO ‘ PC8 ‘ PC7 ‘ PC6 ‘ PC5 ‘ PC4 ‘ PC3 ‘ PC2 ‘ PCA ‘ PCO |

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW
instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
RESET input sets the PSW to 02H.

Figure 3-11. Format of Program Status Word

7 0
PSW | IE | 4 |RBS1| AC |RBSO| 0 |ISP | CY|

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgement is
controlled with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and a
priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgement and is set (1) upon El
instruction execution.
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©)

(b) Zero flag (2)
When the operation result is zero, this flag is set (1). Itis reset (0) in all other cases.

(c) Register bank select flags (RBS0 and RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.

(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). Itis reset (0) in all other
cases.

(e) In-service priority flag (ISP)
This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupt requests specified by a priority specification flag register (PROL, PROH, PR1L, PR1H)
(see 19.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be acknowledged.
Actual request acknowledgement is controlled by the interrupt enable flag (IE).

(f) Carry flag (CY)
This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value
upon rotate instruction execution and functions as a bit accumulator during bit operation instruction execution.

Stack pointer (SP)

This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM
area can be set as the stack area.

Figure 3-12. Format of Stack Pointer

15 0
SP |SP15‘SP14‘SP13‘SP12‘SP11 ‘SP10‘ SP9 ‘ SP8 ‘ SP7 ‘ SP6 ‘ SP5 ‘ SP4 ‘ SP3 ‘ SP2 ‘ SP1 ‘ SPO |

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from
the stack memory.
Each stack operation saves/restores data as shown in Figures 3-13 and 3-14.

Caution Since RESET input makes the SP contents undefined, be sure to initialize the SP before using
the stack.
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SP

SP

Figure 3-13. Data to Be Saved to Stack Memory

(a) PUSH rp instruction (when SP = FEEOH)

FEEOH

— FEEOH

FEDFH

FEDEH

l<—— FEDEH

Register pair higher

Register pair lower

(b) CALL, CALLF, CALLT instructions (when SP = FEEOH)

SP

SP

SP

SP

— FEEOH

FEDFH

l«—— FEDEH

FEEOH = FEEOH
i FEDFH
3 FEDEH
v

FEDDH ~—— FEDDH

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-14. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP = FEDEH)

<—— FEEOH

FEDFH

——» FEDEH

Register pair higher

Register pair lower

(b) RET instruction (when SP = FEDEH)

<—— FEEOH

FEDFH

—» FEDEH

PC15to PC8

PC7 to PCO

(c) RETI, RETB instructions (when SP = FEDDH)

FEEOH ~—— FEEOH
A
! FEDFH
3 FEDEH
FEDDH — FEDDH

PSW

PC15 to PC8

PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. The
general-purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register
(AX, BC, DE, and HL).

These registers can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and
absolute names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of
the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interrupts for each bank.

Figure 3-15. Configuration of General-Purpose Registers

(a) Absolute name

16-bit processing 8-bit processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1
R2
FEE8H
R1
BANKS3 RPO
RO
FEEOH
15 0 7 0
(b) Function name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
FEE8SH c
A
BANK3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)

Unlike a general-purpose register, each special function register has a special function.

SFRs are allocated to the FFOOH to FFFFH areas in the CPU, and are allocated to the 00H to O3H areas of
LCDCTL in the LCD controller/driver.

Special function registers of the CPU can be manipulated like general-purpose registers, using operation, transfer,
and bit manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register

type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (sfr.bit).
This manipulation can also be specified with an address.

8-bit manipulation

Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (sfr).
This manipulation can also be specified with an address.

16-bit manipulation

Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (sfrp).
When specifying an address, describe an even address.

Remark For the operation method of special function registers in the LCD controller/driver, see 16.7

Communication with LCD Controller/Driver.

Table 3-7 gives a list of the special function registers. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
as an sfr variable using the #pragma sfr directive in the CC78K0. When using the RA78K0, ID78K0-QB, and
SM+, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding special function register can be read or written.

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulatable bit units

Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon RESET input.
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Table 3-7. Special Function Register List (1/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FFOOH Port register 0 PO R/W v v - 00H
FFO1H | Port register 1 P1 R/W y y - 00H
FFO2H | Port register 2 P2 R/W \ y - 00H
FFO3H | Port register 3 P3 R/W 3 3 - 00H
FFO7H | Port register 7 P7 R/W \ y - 00H
FFO8H 10-bit A/D conversion result register ADCR - - v 0000H
FFO9H 8-bit A/D conversion result register | ADCRH - v - 00H
FFOAH Receive buffer register 6 RXB6 - v - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - \ - FFH
FFOCH | Port register 12 P12 R/W y y - 00H
FFODH | Port register 13 P13 R/W \ \ - 00H
FFOFH Serial I/0 shift register 10 SIO010 - y - 00H
FF10H 16-bit timer counter 00 TMOO0 - - \ 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CRO000 R/W - - v 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRO10 R/W - - v 0000H
FF15H
FF16H 8-bit timer counter 50 TM50 R - v - 00H
FF17H 8-bit timer compare register 50 CR50 R/W - 3 - 00H
FF18H 8-bit timer H compare register 00 CMPO00 R/W - v - 00H
FF19H 8-bit timer H compare register 10 CMP10 R/W - v - 00H
FF1AH 8-bit timer H compare register 01 CMPO1 R/wW - \ - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - v - 00H
FF1FH 8-bit timer counter 51 TM51 R - \ - 00H
FF20H Port mode register 0 PMO R/W \ v - FFH
FF21H | Port mode register 1 PM1 R/W \ \ - FFH
FF22H Port mode register 2 PM2 R/W v v - FFH
FF23H | Port mode register 3 PM3 R/W \ \ - FFH
FF26H Port mode register 6 PM6 R/W v v - FFH
FF27H | Port mode register 7 PM7 R/W \ \ - FFH
FF28H | A/D converter mode register ADM RW v v - 00H
FF29H Analog input channel specification register ADS R/W v v - 00H
FF2CH | Port mode register 12 PM12 R/W v v - FFH
FF2EH | Port mode register 14 PM14 R/W \ \ - FFH
FF2FH | A/D port configuration register ADPC R/W v v - 00H
FF30H Pull-up resistor option register 0 PUO RW v v - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v v - 00H
FF33H Pull-up resistor option register 3 PU3 RW v v - 00H
FF37H Pull-up resistor option register 7 PU7 R/W v v - 00H
FF3CH | Pull-up resistor option register 12 PU12 RW v v - 00H
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Table 3-7. Special Function Register List (2/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FF40H Clock output selection register CKsS R/W v v - 00H
FF41H 8-bit timer compare register 51 CR51 R/W - v - 00H
FF43H | 8-bit timer mode control register 51 TMC51 R/W v v - 00H
FF48H External interrupt rising edge enable register EGP R/W \ v - 00H
FF49H External interrupt falling edge enable register EGN R/W v v - 00H
FF4AH Serial I/O shift register 11" SI011 R - v - 00H
FF4ACH | Transmit buffer register 11" SOTB11 R/W - v - 00H
FF4FH | Input switch control register ISC RW \ v - 00H
FF50H Asynchronous serial interface operation mode ASIM6 R/W v v - 01H
register 6
FF53H Asynchronous serial interface reception error ASIS6 R - v - O00H
status register 6
FF55H Asynchronous serial interface transmission ASIF6 R - v - 00H
status register 6
FF56H Clock selection register 6 CKSR6 R/W - v - O00H
FF57H Baud rate generator control register 6 BRGC6 R/W - v - FFH
FF58H Asynchronous serial interface control register 6 | ASICL6 R/W v v - 16H
FF60H Remainder data register 0" SDRO |SDRIL R - y v 00H
FF61H SDRH - v 00H
FF62H Multiplication/division data register AQ"* MDAOL [MDAOL | R/W - v v O0H
FF63H NDAOLH - v 00H
FF64H MDAOH| VDAL | R/W - v v 00H
FF65H NDAOHH - v 00H
FF66H Multiplication/division data register BO"* MDBO |MDE0L | R/W - v v 00H
FF67H NDBH - v 00H
FF68H Multiplier/divider control register 0" DMUCO R/W v v - O0H
FF69H 8-bit timer H mode register 0 TMHMDO R/W v v - 00H
FF6AH | Timer clock selection register 50 TCL50 RW v v - 00H
FF6BH | 8-bit timer mode control register 50 TMC50 R/W v v - 00H
FF6CH | 8-bit timer H mode register 1 TMHMD1 R/W v v - 00H
FF6DH | 8-bit timer H carrier control register 1 TMCYCH R/W v v - 00H
FF6EH | Key return mode register KRM RW v v - 00H
FF6FH | Watch timer operation mode register WTM R/W v v - 00H
FF70H Asynchronous serial interface operation mode | ASIMO R/W v v - 01H
register 0
FF71H Baud rate generator control register 0 BRGCO R/W - v - 1FH
FF72H Receive buffer register 0 RXBO R - v - FFH
FF73H Asynchronous serial interface reception error ASISO R - v - 00H
status register 0
FF74H Transmit shift register 0 TXS0 w - v - FFH
Note Available only in the xPD78F0395, 78F0397, and 78F0397D.
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Table 3-7. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | FReset
FF80OH | Serial operation mode register 10 CSIM10 R/W v v - 00H
FF81H | Serial clock selection register 10 csIc10 R/W V V - 00H
FF84H Transmit buffer register 10 SOTB10 R/W - v - O00H
FF88H | Serial operation mode register 11" CSIM11 RW v v - 00H
FF89H Serial clock selection register 11"’ csIc11 R/W v v - 00H
FF8CH | Timer clock selection register 51 TCL51 R/W v v - O0H
FF99H Watchdog timer enable register WDTE R/W - v - 1AH/;‘:I-T
FFOFH | Clock operation mode select register OSCCTL RW v v - 00H
FFAOH | Ring-OSC mode register RCM R/W v v - 8OH""*
FFA1H | Main clock mode register MCM R/W y y - O0H
FFA2H | Main OSC control register MOC R/W v v - 80H
FFA3H | Oscillation stabilization time counter status register| OSTC R v v - 00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - 05H
FFA5H IIC shift register 0 IICO R/W - v - O00H
FFAGH | IIC control register 0 licco RW v v - 00H
FFA7H Slave address register 0 SVAO0 R/W - v - 00H
FFA8H | IIC clock selection register 0 lICCLO RW v v - 00H
FFA9H | IIC function expansion register 0 1ICX0 R/W y y - O0H
FFAAH | IIC status register 0 lICSo R v v - 00H
FFABH | IIC flag register 0 IICFO R/W v v - 00H
FFACH | Reset control flag register RESF R - v - 00H""*
FFBOH 16-bit timer counter 01"’ TMO1 R - - v 0000H
FFB1H
FFB2H 16-bit timer capture/compare register 001"’ CR001 R/W - - v 0000H
FFB3H
FFB4H 16-bit timer capture/compare register 011"’ CRO11 R/W - - v 0000H
FFB5H
FFB6H | 16-bit timer mode control register 01"’ TMCO1 RW v v - 00H
FFB7H | Prescaler mode register 01" PRMO1 R/W v v - 00H
FFB8H | Capture/compare control register 01"’ CRCO01 R/W v v - 00H
FFB9H | 16-bit timer output control register 01" TOCO1 RW v v - 00H
FFBAH | 16-bit timer mode control register 00 TMCO00 R/W V v - 00H
FFBBH | Prescaler mode register 00 PRMO00 R/W v v - O0H
FFBCH | Capture/compare control register 00 CRCO00 R/W v v - O0H
FFBDH | 16-bit timer output control register 00 TOC00 RW v v - 00H

Notes 1. Available only in the xPD78F0395, 78F0397, and 78F0397D.
2. The reset value of WDTE is determined by setting of option byte.
3. The value of this register is 00H immediately after a reset release but automatically changes to 80H after
high-speed Ring-OSC oscillation has been stabilized.
4. The reset value of RESF varies depending on the reset source.
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Table 3-7. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FFBEH Low-voltage detection register LVIM R/W v v - 00H"*"
FFBFH Low-voltage detection level selection register | LVIS RW v v - 0oH"""
FFEOH Interrupt request flag register OL IFO |IFOL | RW v v v O0H
FFE1H Interrupt request flag register OH IFOH | R/W \ v 00H
FFE2H Interrupt request flag register 1L IF1  |IFIL | RW v v v O0H
FFE3H Interrupt request flag register 1H IF1H | RW \ v 00H
FFE4H Interrupt mask flag register OL MKO | MKOL| R/W v v v FFH
FFE5H Interrupt mask flag register OH MKOH| R/W \ v FFH
FFE6H Interrupt mask flag register 1L MK1 | MK1L| R/W v v v FFH
FFE7H Interrupt mask flag register 1H MK1H| R/W \ v FFH
FFE8SH Priority specification flag register OL PRO | PROL | R/W v v v FFH
FFE9H Priority specification flag register OH PROH| R/W \ v FFH
FFEAH Priority specification flag register 1L PR1 | PRIL| R/W v v v FFH
FFEBH Priority specification flag register 1H PR1H| R/W \ v FFH
FFFOH Internal memory size switching register"** IMS R/W - v - CFH
FFF3H Bank select register BANK R/W - v - O00H
FFF4H Internal expansion RAM size switching IXS R/W - v - 0CH
register'"***
FFFBH Processor clock control register PCC R/W v v - 01H
LCDCTL's | LCD mode setting register LCDMD R/wW - y - 00H
O00H
LCDCTL's | LCD display mode register LCDM R/W - v - O00H
01H
LCDCTL's | LCD clock control register LCDC R/wW - y - 00H
02H
LCDCTL's | LCD voltage boost control register 0 VLCGO R/W - v - 00H
03H
Notes 1. The reset values of LVIM and LVIS vary depending on the reset source.
2. Regardless of the internal memory capacity, the initial values of the internal memory size switching

register (IMS) and internal expansion RAM size switching register (IXS) of all products in the 78KO0/LG2
are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to each product as indicated

below.
Flash Memory Version IMS IXS
(78K0/LG2)
uPD78F0393 C8H OCH
uPD78F0395 CFH 08H
uPD78F0397, 78F0397D CCH 00H
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3.3 Instruction Address Addressing

An instruction address is determined by program counter (PC) contents and is normally incremented (+1 for each
byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction is
executed. When a branch instruction is executed, the branch destination information is set to the PC and branched by
the following addressing (for details of instructions, refer to 78K/0 Series Instructions User’s Manual (U12326E)).

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) and branched. The
displacement value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following
instruction to the —128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[lllustration]

15 0
PC indicates the start address

PC of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8
15 0
PC

When S =0, all bits of o are 0.
When S = 1, all bits of o are 1.
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3.3.2 Immediate addressing

[Function]

Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !laddr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL !addr16 and BR !addr16 instructions can be branched to the entire memory space. The CALLF !addr11

instruction is branched to the 0800H to OFFFH area.

[llustration]

In the case of CALL !addr16 and BR !addr16 instructions

CALL or BR

Low Addr.

High Addr.

s

.

87 0
PC
In the case of CALLF !addr11 instruction
7 6 4 3 0
4{ fato-s CALLF
faz-o
15 11 10 87 0
PC|O O O O 1
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 40H to 7FH, and allows branching to
the entire memory space.

[lustration]

7 6 5 10
Operation code 1 1 tas-o 1
15 8 7 6 5 l 10
Effectiveaddress |0 0 0 0 0 0O O O |0 1 0
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 l 8 7 0

PC

3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)
and branched.
This function is carried out when the BR AX instruction is executed.

[lustration]

p A X

15 8 7 0

PC
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3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation
during instruction execution.

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the 78K0/LG2 instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage

ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets

ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]
The general-purpose register to be specified is accessed as an operand with the register bank select flags
(RBSO0 to RBS1) and the register specify codes (Rn and RPn) of an operation code.
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
p AX, BC, DE, HL

‘r and ‘rp’ can be described by absolute names (R0 to R7 and RPO to RP3) as well as function names (X, A, C,
B, E, D, L, H, AX, BC, DE, and HL).

[Description example]
MOV A, C; when selecting C register as r

Operation code 011 00 0 1 0|

L] |

Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1 0 00 0 10 Ol

LIJ—Register specify code
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3.4.3 Direct addressing

[Function]

The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

[Operand format]

Identifier

Description

addr16 Label or 16-bit immediate data

[Description example]
MOV A, I0FEOOH; when setting !laddr16 to FEOOH

[MMustration]

Operation code |1 0 0

|000

|111

OP code

addr16 (lower)

addr16 (upper)

Memory

OP code

00H

FEH
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal RAM and special function registers
(SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to the [lllustration] shown below.

[Operand format]

Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]

MOV OFE30H, A; when transferring value of A register to saddr (FE30H)

Operation code |1 11100 1 O| OP code
|O 011 0 00O O| 30H (saddr-offset)
[lustration]

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effectiveaddress |1 1 1 1 1 1 1 |« .

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is O0OH to 1FH, or= 1

72 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 3 CPU ARCHITECTURE

3.4.5 Special function register (SFR) addressing

[Function]

A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs
mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

16-bit manipulatable special function register name (even address
only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code |1 1110 11 O| OP code
|0 01 0 0 0O 0| 20H (sfr-offset)
[Mustration]
7 0
OP code
sfr-offset
15 8 7 0

SFR

Effective address 1 1 1
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3.4.6 Register indirect addressing

[Function]
Register pair contents specified by a register pair specify code in an instruction word and by a register bank
select flag (RBSO and RBS1) serve as an operand address for addressing the memory. This addressing can be
carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

MOV A, [DE]; when selecting [DE] as register pair

Operation code 1000 O0 1 0 1
[MMustration]
16 8 7 0
DE D E
The memory address
specified with the
7 Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]
8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in
the register bank specified by the register bank select flag (RBS0O and RBS1), and the sum is used to address
the memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from
the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [HL + byte]

[Description example]

MOV A, [HL + 10H]; when setting byte to 10H

Operation code |1 o101 11 O|

[lustration]

HL H L

+10
7 Memory 0

The contents of the memory
addressed are transferred.

Preliminary User's Manual U17473EJ1VOUD 75



CHAPTER 3 CPU ARCHITECTURE

3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that
is, the HL register pair in the register bank specified by the register bank select flag (RBS0 and RBS1), and the
sum is used to address the memory. Addition is performed by expanding the B or C register contents as a
positive number to 16 bits. A carry from the 16th bit is ignored. This addressing can be carried out for all the
memory spaces.

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

In the case of MOV A, [HL + B] (selecting B register)

Operation code 101 010 11
[lustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.4.9 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call and return

instructions are executed or the register is saved/reset upon generation of an interrupt request.
With stack addressing, only the internal high-speed RAM area can be accessed.

[Description example]

In the case of PUSH DE (saving DE register)

[Mustration]

SP

SP

Operation code 101 10 0 1
7 Memory 0
FEEOH — FEEOH
i FEDFH D
y
FEDEH l«—— FEDEH E
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4.1 Port Functions

There are two types of pin /O buffer power supplies: AVrer and Vobo. The relationship between these power
supplies and the pins is shown below.

Table 4-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVRer P20 to P27
Vob Port pins other than P20 to P27

78K0/LG2 products are provided with the ports shown in Figure 4-1, which enable variety of control operations.
The functions of each port are shown in Table 4-2.

In addition to the function as digital /O ports, these ports have several alternate functions. For details of the
alternate functions, see CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

-—— | P30 P00 [¢———
Port 3
~—~| P33 <~ + Port0
- P70 . .
P06 [«*—™
Port 7 P10 [
- P77 Port 1
- P120 B
7 P17 f+——»
Port 12 E—
P20 f«—
-~ P124
Port 2
P27 [+——

78 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 4 PORT FUNCTIONS

Table 4-2. Port Functions

Pin Name 1/0 Function After Reset | Alternate Function
P00 110 Port 0. Input TI000
PO 7-bit VO port. TI010/TO00
Input/output can be specified in 1-bit units. ot
P02 . . - SO11™*
Use of an on-chip pull-up resistor can be specified by a
P03 software setting. Sl
P04 SCK11™™*
P05 SSIT1"%/TI001""
P06 TI011"*/TO01""
P10 110 Port 1. Input SCK10/TxD0
P11 8-bit I/O port. SI110/RxDO0
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P27 /0 Port 2. Input ANIO to ANI7
8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 to P32 110 Port 3. Input INTP1 to INTP3
4-bit I/0 port.
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a INTP4/T151/TO51
software setting.
P70 to P77 /0 Port 7. Input KRO to KR7
8-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P120 1/0 Port 12. Input INTPO/EXLVI
P121 5-bit I/O port. X1
b Input/output can be specified in 1-bit units. XOIEXCLK
122 Only for P120, use of an on-chip pull-up resistor can be 2
P123 specified by a software setting. XT1
P124 XT2/EXCLKS

Note SO11, SI11, SCK11, SSI11, TI001, TIO11, and TOO1 are available only in the xPD78F0395, 78F0397, and

78F0397D.
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4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

Port mode register (PM0 to PM3, PM7, PM12)

Port register (PO to P3, P7, P12)

Pull-up resistor option register (PUO, PU1, PU3, PU7, PU12)
A/D port configuration register (ADPC)

Port

Total: 40

Pull-up resistor

Total: 28

80
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4.2.1 Port0
Port 0 is a 7-bit I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units

using port mode register 0 (PM0). When the P00 to P06 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).
This port can also be used for timer 1/O, serial interface data /0", and clock I/O.

RESET input sets port 0 to input mode.
Figures 4-2 to 4-7 show block diagrams of port 0.

Caution When P02/SO11™"° and P04/SCK11"" are used as general-purpose ports, set serial operation
mode register 11 (CSIM11) and serial clock selection register 11 (CSIC11) to the initial setting

(0OH).
Note Available only in the £PD78F0395, 78F0397, and 78F0397D.

Figure 4-2. Block Diagram of P00

Voo
™1 WReu
l PUO
© PUOO
P-ch
Alternate function
RD
| g O<] o@ |
%) S | (%)
3 %)
[ WRPpoRT
g
£
S Output latch
i (POO) © P00/TI000
WRem
PMO
S PMO00
~_

PUO: Pull-up resistor option register 0
PMO:  Port mode register 0

RD: Read signal

WRxx:  Write signal
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Figure 4-3. Block Diagram of P01

Selector

M WReu
l PUO
N> PUO1
Alternate
function
RD
S
[2]
=}
Qo
g WRProRT
]
£
A Qutput latch
~ (PO1)
WRpm
PMO
S PMO1
Alternate
function
N
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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Figure 4-4. Block Diagram of P02

™  WRru
PUO
S PU02 boch
b—l -C
RD
S
S —
| ko
(%) (4]
>
2 WRProRrT
®©
£
Q
£ Output latch
~ (P02) ——O P02/S011Note
WRem
PMO
S PMO02
Alternate
functionNote
N

Note Available only in the xPD78F0395, 78F0397, and 78F0397D.

PUO:
PMO:
RD:
WRxx:

Pull-up resistor option register 0
Port mode register 0

Read signal

Write signal
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Figure 4-5. Block Diagram of P03 and P05

(a) uPD78F0393
Vop
™1 WReu
PUO
S PU03, PU05
P-ch
RD
S
Pany | g L
(] ~ | °
a )
o WRPpoRT
g
£
A Qutput latch
~ (P03, PO5) © P03, P05
WRem
PMO
S PMO03, PM05
~_/
(b) uPD78F0395, 78F0397, and 78F0397D
Vob
M
WReu
l PUO
S PU03, PU05
P-ch
Alternate function
RD
l e
o 3
3 3
§ WRPpoRT
g
£
A Qutput latch
~ (P03, P05) © PO3/SI11,
P05/SSI11/T1001
WRem
PMO
&S PMO03, PM05
~_/
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PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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Figure 4-6. Block Diagram of P04

(a) uPD78F0393
Voo
(] WRpru
PUO
S PU04 )
P-ch
RD
§ _ ' J
o
g & 8 S~
WRPpoRT
& Out(;;uoti?tch O P04
WRem
PMO
S PMO04
T~
(b) 4PD78F0395, 78F0397, and 78F0397D
Vob
(A WReu
i PUO
& PU04
b—' P-ch
Alternate
function
RD
Fany §
8 &
% WRProRT
5 __
= A Output latch
~ (P04) I © PO4/SCKT1
WRem
PMO
S PMO04
Alternate
function
I~/
PUOQ: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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Figure 4-7. Block Diagram of P06

(a) 4PD78F0393
Vob
(]  WReu
PUO
S PUO6 )
P-ch
RD

ector

Internal bus
C\
Sel
I

WRporT
Output latch
A
S (P06) © Po6
WRem
PMO
S PMO06

(b) ©PD78F0395, 78F0397, and 78F0397D

Voo
(]  WReru
i PUO
AV PUO6 ) pch
-Cl
Alternate
function
RD
| 2 j j |
o [ O | i
3 &
g WRPpoRT
& |
£
Output latch
o
~ (PO6) +——© PO06/TI011/TO01
WRem
PMO
S PMO06
Alternate
function
I~/

PUO: Pull-up resistor option register 0
PMO:  Port mode register 0

RD: Read signal

WRxx: Write signal
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4.2.2 Port1
Port 1 is an 8-bit I/0 port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units

using port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 1 (PU1).
This port can also be used for external interrupt request input, serial interface data 1/O, clock 1/O, and timer 1/0.
RESET input sets port 1 to input mode.
Figures 4-8 to 4-12 show block diagrams of port 1.

Caution When P10/SCK10/TxD0 and P12/SO10 are used as general-purpose ports, set serial operation
mode register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the initial setting

(00H).
Figure 4-8. Block Diagram of P10
Vop
M-  WRru
l PU1
© PU10
P-ch
Alternate
function
RD
5 o<]—o@]‘
= | 3
2 ! 3
Ke)
o] WRPpoRT
c
)
C
- A Qutput latch _
- (P10) ] +——© P10/SCKI10/TXDO
WRem
PM1
S PM10
Alternate
function

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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Figure 4-9. Block Diagram of P11 and P14

Selector

P-ch

© P11/SI10/RxDO,

™1 WReu
l PU1
& PU11, PU14
Alternate
function
RD
1]
>
S 4 I
© i |
IS
2
£ WReroRrT
A Output latch
~ (P11, P14)
WRprm
PMH1
S PM11, PM14
%
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-10. Block Diagram of P12 and P15

M WReu
PU1
S PU12, PU15
P-ch
RD
S
Fany | 3} L
< | <
[
»
S WRporT
el
©
£
o A QOutput latch
= - (P12, P15) ——QO P12/010
WRem P15/TOHO
PM1
S, PM12, PM15
Alternate
function
N
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Internal bus

Figure 4-11. Block Diagram of P13

Vop

WRpu
PU1
S PU13
P-ch
RD
S
[
17}
WRPeorT
A Qutput latch
= (P13) ——O P13/TxD6
WRem
PM1
S PM13
Alternate
function

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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Figure 4-12. Block Diagram of P16 and P17

Internal bus

Vop
WRpu
J PU1
S PU16, PU17 ) | boch
-C
Alternate
function
RD
| <
& 8
| 3
%]
WRPpoRT
A Output latch
S (P16, P17) ——©O P16/TOH1/INTP5,
P17/TI50/TO50
WRpm
PM1
S PM16, PM17
Alternate
function

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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4.2.3 Port 2

Port 2 is an 8-bit I/0 port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units
using port mode register 2 (PM2).

This port can also be used for A/D converter analog input.

When P20/ANIO to P27/ANI7 are used as digital input ports, select digital 1/0 using the A/D port configuration
register (ADPC), set the input mode using PM2, and then use these ports from the lower bits.

When P20/ANIO to P27/ANI7 are used as digital output ports, select digital 1/O using ADPC, and then set output
mode using PM2.

Table 4-4. Settings of P20/ANIO to P27/ANI7 pin function

ADPC Setting PM2 Setting ADS Setting P20/ANIO to P27/ANI7 Pins
Digital I/O selection Input mode ANI selection Setting prohibited
ANI non-selection Digital input
Output mode ANI selection Setting prohibited
ANI non-selection Digital output
Analog input selection Input mode ANI selection Analog input (target for
conversion)
ANI non-selection Analog input (target for non-
conversion)
Output mode ANI selection Setting prohibited
ANI non-selection

When a reset signal is generated, P20/ANIO to P27/ANI7 are all set to analog input mode.
Figure 4-13 shows a block diagram of port 2.
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Figure 4-13. Block Diagram of P20 to P27

© P20/ANIO to

PM2:  Port mode register 2

RD: Read signal
WRxx: Write signal

A
RD
S
& | 8 \
| )
(%) n
]
e
= WRPpoRT
S
2
= QOutput latch
~ (P20 to P27)
WRpm
PM2
S PM20 to PM27
A/D converter
S
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4.2.4 Port3
Port 3 is a 4-bit I/0O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units

using port mode register 3 (PM3). When used as an input port, use of an on-chip pull-up resistor can be specified in
1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input and timer 1/0.

RESET input sets port 3 to input mode.

Figures 4-14 and 4-15 show block diagrams of port 3.

Caution In the uPD78F0397D, be sure to pull the P31 pin down after reset to prevent malfunction.

Remark P31/INTP2 and P32/INTP3 of the xPD78F0397D can be used as on-chip debug mode setting pins when
the on-chip debug function is used. For details, see CHAPTER 27 ON-CHIP DEBUG FUNCTION

(«PD78F0397D ONLY).

Figure 4-14. Block Diagram of P30 to P32

Vob
™1 WReu
l PU3
© PU30 to PU32
P-ch
Alternate
function

RD
)
> - !
2 | Ie) < | < |
g = | s
(0]
E N

WRProRrT
Vany Output latch
~ (P30 to P32) ©) P30/INTP1 to
P32/INTP3
WRem
PM3
& PM30 to PM32
—~_/

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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Figure 4-15. Block Diagram of P33

Internal bus

Vbb
WRpu
l PU3
S PU33 ) | boch
Alternate
function
RD
I 8 i] i] |
[$]
N (0]
[ o
»n
WRerorT
Vany Output latch
~ (P33) ——O P33/INTP4/TI51/TO51
WRem
PM3
S PM33
Alternate
function

PU3: Pull-up resistor option register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal
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4.2.5 Port7
Port 7 is an 8-bit /0 port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units

using port mode register 7 (PM7). When the P70 to P77 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 7 (PU7).

This port can also be used for key return input.

RESET input sets port 7 to input mode.

Figure 4-16 shows a block diagram of port 7.

Figure 4-16. Block Diagram of P70 to P77

Vop
™1 WReu
l PU7
S PU70 to PU77 ) | boch
-C
Alternate
function
RD
(2]
3a l | S O < | O < | [
= ©
£ © | s
) n
£
WRPpoRT
& Output latch
(P70 to P77) © P70/KRO to
P77/KR7
WRem
PM7
O PM70 to PM77
—~_

PU7: Pull-up resistor option register 7
PM7:  Port mode register 7

RD: Read signal

WRxx: Write signal
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4.2.6 Port12

Port 12 is a 5-bit I/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units
using port mode register 12 (PM12). When used as an input port only for P120, use of an on-chip pull-up resistor can
be specified by pull-up resistor option register 12 (PU12).

This port can also be used for external interrupt request input, potential input for external low-voltage detection,
resonator for main system clock connection, external clock input, and resonator for subsystem clock connection.

RESET input sets port 12 to input mode.

Figures 4-17 and 4-18 show block diagrams of port 12.

Caution When using P121/X1, P122/X2/EXCLK, P123/XT1, or P124/XT2/EXCLKS to connect a resonator for
the main system clock or subsystem clock, or to input an external clock, the X1 oscillation mode,
XT1 oscillation mode, or external clock input mode must be set by using the clock operation
mode select register (OSCCTL) (for details, see 5.3 (1) Clock operation mode select register
(OSCCTL) and (3) Setting of operation mode for subsystem clock pin). The reset value of
OSCCTL is 00H (all P121 to P124 are I/O port pins). At this time, settings of PM121 to PM124 and
P121 to P124 are not necessary.

Remark X1 and X2 of the xPD78F0397D can be used as on-chip debug mode setting pins when the on-chip
debug function is used. For details, see CHAPTER 27 ON-CHIP DEBUG FUNCTION (xPD78F0397D

ONLY).
Figure 4-17. Block Diagram of P120
Vop
™1 WReu
l PU12
O PU120
P-ch
Alternate
function
RD
; : <ot
o
2 | g
£ ¥ | g
i) »n
c
- WRProRrT
Qutput latch
i (P120) © P120/INTPO/EXLVI
WRem
PM12
S PM120
~_/

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12

RD: Read signal

WRxx:  Write signal
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Figure 4-18. Block Diagram of P121 to P124
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PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

4.3 Registers Controlling Port Function
Port functions are controlled by the following four types of registers.

e Port mode registers (PMO to PM3, PM7, PM12)

e Port registers (PO to P3, P7, P12)

o Pull-up resistor option registers (PUO, PU1, PU3, PU7, PU12)
e A/D port configuration register (ADPC)

(1) Port mode registers (PMO to PM3, PM7, and PM12)
These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.
When port pins are used as alternate-function pins, set the port mode register and output latch as shown in Table
4-4,

Figure 4-19. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
PMo | 1 | Pmos | Pmos | Pmo4 | Pmos | Pmo2 | Pmot | Pmoo | FF2oH  FFH RIW
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PMi2 | PM11 | PM10 | FF21H  FFH RIW
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | Pm22 | Pm21 | Pm20 | FF22H  FFH RIW
Pms | 1+ | 1 | 1 | 1 | Pms3 | Pm32 | PM31 | PM30 | FF2sH FFH RIW
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | FF27H FFH RIW
P2 | 1 | 1 | 1 | pmi2a | Pmi23 [ Pm122 | Pm121 | Pmi2o | FR2cH  FFH RW

PMmn Pmn pin /O mode selection

(m=0t03,7,12;n=0t07)

0 Qutput mode (output buffer on)

1 Input mode (output buffer off)

Remark For PM6, see 16.3 Registers to Control Serial Interface 1IC0. For PM14, see 11.3 Registers
Controlling Clock Output Controller or 17.3 Registers Controlling LCD Controller/Driver.
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(2) Port registers (PO to P3, P7, P12)
These registers write the data that is output from the chip when data is output from a port.
If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output
latch is read.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 4-20. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
Po| o | Pos | Pos | Poa4 | Pos | Po2 | Po1 | Poo | FFOOH  0OH (outputlaich) RMW
Pt [ P17 | Pte | Pt5 | P1a | P13 | P12 | P11 | P10 | FFOIH  OOH (outputlatch) RMW
P2 | P27 | P26 | P2s | P24 | P23 | P22 | P21 | P20 | FFO2H  0OH (outputlaich) RMW
P o | o | o | o | P | Pa2 | P31 | P30 | FFOBH  O0OH (outputlaich) R
P7 | P77 \ P76 \ P75 \ P74 \ P73 \ P72 \ P71 \ P70 | FFO7H  OOH (output latch) R/W
Pi2| o | o | o | Pi2a | P12 | Pi22 | Pr21 | P12o | FFOCH  00H (output latch) AW

Pmn m=0103,7,12,n=0t0 7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

Remark For P13, see 17.3 Registers Controlling LCD Controller/Driver.
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(3) Pull-up resistor option registers (PU0O, PU1, PU3, PU7, PU12)
These registers specify whether the on-chip pull-up resistors of P00 to P06, P10 to P17, P30 to P33, P70 to P77,
and P120 are to be used or not. On-chip pull-up resistors can be used in 1-bit units only for the bits set to input
mode of the pins to which the use of an on-chip pull-up resistor has been specified in PUO, PU1, PU3, PU7, and
PU12. On-chip pull-up resistors cannot be connected to bits set to output mode and bits used as alternate-
function output pins, regardless of the settings of PUO, PU1, PU3, PU7, and PU12.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Symbol
PUO

PU1

PU3

PU7

PU12

Figure 4-21. Format of Pull-up Resistor Option Register

7 6 5 4 3 2 1 0 Address  After reset R/W
| o | puos | Puos | Puos | Puos | Puo2 | Puot | Puoo | FFaoH  ooH RIW
[ Pu17 | Pute | Puts | puta | Pu1s | put2 | Put1 | Puto | FratH 00H RIW
[ o | o | o | o [ puss|prus2 | pPust | PUs0 | FFaaH 00H RIW
| PU77 \ PU76 \ PU75 \ PU74 \ PU73 \ PU72 \ PU71 \ PU70 | FF37H 00H RW
[ o | o | o | o | o | o | o [Ppurzo]| FracH  ooH RIW

PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3,7,12,n=01t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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(4) A/D port configuration register (ADPC)
This register switches the P20/ANIO to P27/ANI7 pins to analog input of A/D converter or digital /O of port.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 4-22. Format of A/D Port Configuration Register (ADPC)

Address: FF2FH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC3 ADPC2 ADPC1 ADPCO
ADPC3 ADPC2 ADPCA1 ADPCO Analog input (A)/digital input (D) switching
P27/| P26/ | P25/ | P24/ | P23/ | P22/ | P21/ | P20/
ANI7 |ANI6 | ANI5| ANI4 |ANI3| ANI2 | ANI1 |ANIO
0 0 0 0 A A A A A A A A
0 0 0 1 A A A A A A A D
0 0 1 0 A A A A A A D D
0 0 1 1 A A A A A D D D
0 1 0 0 A A A A D D D D
0 1 0 1 A A A D D D D D
0 1 1 0 A A D D D D D D
0 1 1 1 A D D D D D D D
1 0 0 0 D D D D D D D D
Other than above Setting prohibited

Cautions 1. Set the channel used for A/D conversion in the input mode by using port mode register 2
(PM2).
2. Do not set a pin to be used as a digital /0 pin with ADPC with ADS.
3. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the CPU
is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 31 CAUTIONS FOR WAIT.
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.

Caution In the case of 1-bit memory manipulation instruction, although a single bit is manipulated, the
port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output pins, the
output latch contents for pins specified as input are undefined, even for bits other than the
manipulated bit.

4.4.1 Writing to I/O port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared by reset.

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does
not change.
Once data is written to the output latch, it is retained until data is written to the output latch again.

4.4.2 Reading from I/O port

(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on /O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared by reset.

(2) Input mode

The pin level is read and an operation is performed on its contents. The result of the operation is written to the
output latch, but since the output buffer is off, the pin status does not change.
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4.5 Settings of Port Mode Register and Output Latch When Using Alternate Function

When port pins are used as alternate-function pins, set the port mode register and output latch as shown in Table
4-5.

Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P00 TIO00 Input 1 X
PO1 TIO10 Input 1 X
TOO00 Output 0 0

P02 SO11™* Output 0 0
P03 Syt Input 1 X
P04 SCK11%* Input 1 X
Output 0 1

P05 SSH M Input 1 x
TI001"* Input 1 x

P06 TIO11™* Input 1 X
TOO1"™ Output 0 0

P10 SCK10 Input 1 x
Output 0 1

TxDO Output 0 1

P11 S0 Input 1 X
RxDO Input 1 X

P12 S010 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P15 TOHO Output 0 0
P16 TOHA1 Output 0 0
INTP5 Input 1 X

P17 TI50 Input 1 X
TO50 Output 0 0

P20 to P27""** | ANIO to ANI7""* Input 1 X
P30 to P32 INTP1 to INTP3 Input 1 X
P33 INTP4 Input 1 X
TI51 Input 1 X

TO51 Output 0 0

P70 to P77 KRO to KR7 Input 1 X
P120 INTPO Input 1 X
EXLVI Input 1 X

P121 xqhee - X X
P122 X" - X X
EXCLK""® Input X x

P123 XTq% - X X
P124 XT2"* - X X
EXCLKS""** Input X x

(Refer to Notes and Remarks on the next page.)
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Notes1. SO11, SI11, SCK11, SSI11, TI0O1, TI011, and TOO1 are available only in the xPD78F0395, 78F0397, and
78F0397D.
2. The functions of the ANIO/P20 to ANI7/P27 pins are determined according to the settings of A/D port
configuration register (ADPC), Analog input channel specification register (ADS), and PM2.

Table 4-6. Settings of ANI0O/P20 to ANI7/P27 pin function

ADPC Setting PM2 Setting ADS Setting P20/ANIO to P27/ANI7 Pins
Analog input selection Input mode ANI selection Analog input (target for
conversion)
ANI non-selection Analog input (target for non-
conversion)
Output mode ANI selection Setting prohibited

ANI non-selection

Digital I/O selection Input mode ANI selection Setting prohibited
ANI non-selection Digital input
Output mode ANI selection Setting prohibited
ANI non-selection Digital output

3. When using P121/X1, P122/X2/EXCLK, P123/XT1, or P124/XT2/EXCLKS to connect a resonator for the
main system clock or subsystem clock, or to input an external clock, the X1 oscillation mode, XT1
oscillation mode, or external clock input mode must be set by using the clock operation mode select
register (OSCCTL) (for details, see 5.3 (1) Clock operation mode select register (OSCCTL) and (3)
Setting of operation mode for subsystem clock pin). The reset value of OSCCTL is 00H (all P121 to
P124 are 1/0O port pins). At this time, settings of PM121 to PM124 and P121 to P124 are not necessary.

Remarks1. x: Don’t care
PMxx:  Port mode register
Pxx: Port output latch
2. X1, X2, P31, and P32 pins of the 4uPD78F0397D can be used as on-chip debug mode setting pins when
the on-chip debug function is used. For details, see CHAPTER 27 ON-CHIP DEBUG FUNCTION
(uPD78F0397D ONLY).
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5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following three kinds of system clocks and clock oscillators are selectable.

(1) Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator across X1 and X2.
Oscillation can be stopped by executing the STOP instruction or using the main OSC control register
(MOC).

<2> High-speed Ring-OSC oscillator
This circuit oscillates a clock of frRH = 8 MHz (TYP.). After a reset release, the CPU always starts
operating with this high-speed Ring-OSC clock. Oscillation can be stopped by executing the STOP
instruction or using the Ring-OSC mode register (RCM).

An external main system clock (fexcik = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or using RCM.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed
Ring-OSC clock can be selected by using the main clock mode register (MCM).

(2) Subsystem clock
e Subsystem clock oscillator
This circuit oscillates at a frequency of fxt = 32.768 kHz by connecting a 32.768 kHz resonator across XT1
and XT2. Oscillation can be stopped by using the processor clock control register (PCC) and clock
operation mode select register (OSCCTL).

An external subsystem clock (fexcLks = 32.768 kHz) can also be supplied from the EXCLKS/XT2/P124 pin.
An external subsystem clock input can be disabled by setting PCC and OSCCTL.

Remarks 1. fx: X1 clock oscillation frequency
2. frH: High-speed Ring-OSC clock oscillation frequency
3. fexcik:  External main system clock frequency
4. fxt: XT1 clock oscillation frequency
5. fexciks: External subsystem clock frequency
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(3) Low-speed Ring-OSC clock (clock for watchdog timer)
o Low-speed Ring-OSC oscillator
This circuit oscillates a clock of frRL = 240 kHz (TYP.). After a reset release, the low-speed Ring-OSC clock
always starts operating.
Oscillation can be stopped by using the Ring-OSC mode register (RCM) when “low-speed Ring-OSC
oscillation can be stopped by software” is set by option byte.

The low-speed Ring-OSC clock cannot be used as the CPU clock. The following hardware operates with the
low-speed Ring-OSC clock.

o Watchdog timer

e TMH1 (When fri, fr/2, or fr/2°is selected)

Remark frL:

Low-speed Ring-OSC clock oscillation frequency

5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem

Configuration

Control registers

Clock operation mode select register (OSCCTL)

Processor clock control register (PCC)

Ring-OSC mode register (RCM)

Main OSC control register (MOC)

Main clock mode register (MCM)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

Oscillators

X1 oscillator

XT1 oscillator

High-speed Ring-OSC oscillator
Low-speed Ring-OSC oscillator
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Remarks 1. fx: X1 clock oscillation frequency
2. fru: High-speed Ring-OSC clock oscillation frequency
3. fexcik:  External main system clock frequency
4. fxu: High-speed system clock oscillation frequency
5. fxp: Main system clock oscillation frequency
6. fprrs: Peripheral hardware clock oscillation frequency
7. fcpu: CPU clock oscillation frequency
8. fxm XT1 clock oscillation frequency
9. fexciks: External subsystem clock frequency

10. fsus: Subsystem clock oscillation frequency
11. fRL: Low-speed Ring-OSC clock oscillation frequency

5.3 Registers Controlling Clock Generator
The following seven registers are used to control the clock generator.

o Clock operation mode select register (OSCCTL)

e Processor clock control register (PCC)

e Ring-OSC mode register (RCM)

e Main OSC control register (MOC)

e Main clock mode register (MCM)

e Oscillation stabilization time counter status register (OSTC)
e Oscillation stabilization time select register (OSTS)

(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system and subsystem clocks, and the gain of the
on-chip oscillator.
OSCCTL can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.
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Figure 5-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FF9FH After reset: 00H R/W

Symbol <7> <6> <5> <4> 3 2 1 <0>
OSCCTL | EXCLK | OscsEL |Exciks™ foscsets™| o | o | o | AwpH
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK pin
pin operation mode
0 0 1/0 port mode 1/0 port
1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 1/0 port mode 1/0 port
1 1 External clock input 1/0 port External clock input
mode
AMPH Operating frequency control
0 1 MHz < fxi < 10 MHz
1 10 MHz < fxu <20 MHz

Note EXCLKS and OSCSELS are used in combination with XTSTART (bit 6 of the processor
clock control register (PCC)). Refer to (3) Setting of operation mode for subsystem
clock pin.

Cautions 1. Be sure to set AMPH to 1 if the high-speed system clock oscillation frequency
exceeds 10 MHz.

2. Set AMPH before setting the peripheral functions after a reset release. The value
of AMPH can be changed only once after a reset release. The clock supply to the
CPU is stopped for 5 us (MIN.) after AMPH has been set to 1.

3. If the STOP instruction is executed with AMPH set to 1 when the high-speed
Ring-OSC clock or external main system clock is used as the CPU clock, then
the clock supply to the CPU is stopped for 5 us (MIN.) after the STOP mode has
been released. If the X1 clock is used as the CPU clock, oscillation stabilization
time is counted after the STOP mode has been released.

4. To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7
(MSTOP) of the main OSC control register (MOC) is 1 (the X1 oscillator stops or
the external clock from the EXCLK pin is disabled).

Remark fxH: High-speed system clock oscillation frequency
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(2) Processor clock control register (PCC)

This register is used to select the CPU clock, the division ratio, and operation mode for subsystem clock.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCC to 01H.

Figure 5-3. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 01H  R/W"™'

Symbol 7 6 <5> <4> 3 2 1 0
PCC 0 XTSTART " CLS CSs 0 PCC2 PCC1 PCCO
CLS CPU clock status
0 Main system clock
1 Subsystem clock
CSSs PCC2 PCC1 PCCO CPU clock (fcru) selection
0 0 0 0 fxp
0 0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxe/2°
1 0 0 fxp/2*
1 0 0 0 fsue/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

Notes 1. Bit 5 is read-only.
2. XTSTART is used in combination with EXCLKS and OSCSELS (bits 5 and 4 of the Clock
operation mode select register (OSCCTL)). Refer to (3) Setting of operation mode for
subsystem clock pin.

Caution Be sure to clear bits 3 and 7 to 0.

Remarks 1. fxp: Main system clock oscillation frequency
2. fsue: Subsystem clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/LG2. Therefore, the relationship
between the CPU clock (fcpu) and the minimum instruction execution time is as shown in Table 5-2.
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Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcru
High-Speed System Clock"™ High-Speed Ring-OSC Subsystem Clock
Clock™*
At 10 MHz At 20 MHz At 8 MHz (TYP.) Operation At 32.768 kHz Operation
Operation Operation
fxp 0.2 us 0.1 us 0.25 us (TYP.) -
fxe/2 0.4 us 0.2 us 0.5 us (TYP.) -
fxp/2? 0.8 us 0.4 us 1.0 us (TYP.) -
fxp/2° 1.6 us 0.8 us 2.0 us (TYP.) -
fxp/2* 3.2 us 1.6 us 4.0 us (TYP.) -
fsus/2 - - 122.1 us

Note The main clock mode register (MCM) is used to set the main system clock supplied to CPU clock (high-
speed system clock/high-speed Ring-OSC clock) (see Figure 5-6).

(3) Setting of operation mode for subsystem clock pin
The operation mode for the subsystem clock pin can be set by using bit 6 (XTSTART) of the processor clock
control register (PCC) and bits 5 and 4 (EXCLKS, OSCSELS) of the clock operation mode select register
(OSCCTL) in combination.

Table 5-3. Setting of Operation Mode for Subsystem Clock Pin

PCC OSCCTL Subsystem clock pin P123/XT1 pin P124/XT2/EXCLKS pin
bit 6 bit 5 bit 4 operation mode
XTSTART | EXCLKS | OSCSELS
0 0 0 1/0 port mode 1/0 port
0 0 1 XT1 oscillation mode Crystal resonator connection
0 1 0 1/0 port mode 1/0 port
0 1 1 External clock input mode | I/O port ‘ External clock input
1 X X XT1 oscillation mode Crystal resonator connection
Caution Confirm that bit 5 (CLS) of the processor clock control register (PCC) is 0 (CPU is operating
with main system clock) when changing the current values of XTSTART, EXCLKS, and
OSCSELS.
Remark x: don't care
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(4) Ring-OSC mode register (RCM)
This register sets the operation mode of Ring-OSC.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 80H""".

Figure 5-4. Format of Ring-OSC Mode Register (RCM)

Address: FFAOH  After reset: 80H"™ "' R/W""?

Symbol <7> 6 5 4 3 2 <1> <0>
RCM RSTS 0 0 0 0 ‘ 0 ‘ LSRSTOP RSTOP

RSTS Status of high-speed Ring-OSC oscillation
0 Waiting for accuracy stabilization of high-speed Ring-OSC oscillation
1 Stability operating of high-speed Ring-OSC oscillation

LSRSTOP Low-speed Ring-OSC oscillating/stopped

0 Low-speed Ring-OSC oscillating
1 Low-speed Ring-OSC stopped

RSTOP High-speed Ring-OSC oscillating/stopped
0 High-speed Ring-OSC oscillating
1 High-speed Ring-OSC stopped

Notes 1. The value of this register is O0OH immediately after a reset release but automatically
changes to 80H after high-speed Ring-OSC oscillation has been stabilized.
2. Bit 7 is read-only.

Caution When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the high-speed Ring-OSC clock. Specifically, set under either of the
following conditions.

e When MCS = 1 (when CPU operates with the high-speed system clock)

e When CLS =1 (when CPU operates with the subsystem clock)

In addition, stop peripheral hardware that is operating on the high-speed Ring-OSC
clock before setting RSTOP to 1.
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(5) Main OSC control register (MOC)
This register selects the operation mode of the high-speed system clock.
This register is used to stop the X1 oscillator or to disable an external clock input from the EXCLK pin when the
CPU operates with a clock other than the high-speed system clock.
MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 80H.

Figure 5-5. Format of Main OSC Control Register (MOC)

Address: FFA2H After reset: 80H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of high-speed system clock operation
X1 oscillation mode External clock input mode
0 X1 oscillator operating External clock from EXCLK pin is enabled
1 X1 oscillator stopped External clock from EXCLK pin is disabled

Cautions 1. When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the high-speed system clock. Specifically, set under either of the
following conditions.

e When MCS = 0 (when CPU operates with the high-speed Ring-OSC clock)
e When CLS = 1 (when CPU operates with the subsystem clock)
In addition, stop peripheral hardware that is operating on the high-speed system
clock before setting MSTOP to 1.

2. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select
register (OSCCTL) is 0 (I/O port mode).

3. The peripheral hardware cannot operate when the peripheral hardware clock is
stopped. To resume the operation of the peripheral hardware after the peripheral
hardware clock has been stopped, initialize the peripheral hardware.
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(6) Main clock mode register (MCM)
This register selects the main system clock supplied to CPU clock and clock supplied to peripheral hardware
clock.
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 5-6. Format of Main Clock Mode Register (MCM)

Address: FFA1H  After reset: 00H R/W"*

Symbol 7 6 5 4 3 <2> <1> <0>
MCM 0 0 0 0 0 XSEL MCS MCMo
XSEL MCMO Selection of clock supplied to main system clock and peripheral hardware
Main system clock (fxp) Peripheral hardware clock (fers)
0 0 High-speed Ring-OSC clock (fr+) High-speed Ring-OSC clock (fr+)
0 1
1 0 High-speed system clock (fx+)
1 1 High-speed system clock (fx+)
MCS Main system clock status
0 Operates with high-speed Ring-OSC clock
1 Operates with high-speed system clock

Note Bit 1 is read-only.

Cautions 1. XSEL can be changed only once after a reset release.
2. A clock other than frrs is supplied to the following peripheral functions

regardless of the setting of XSEL and MCMO.

o Watchdog timer (operates with low-speed Ring-OSC clock)

e When “frL”, “fr/27”, or “frU/2°” is selected as the count clock for 8-bit timer H1
(operates with low-speed Ring-OSC clock)

e Peripheral hardware selects the external clock as the clock source
(Except when the external count clock of TMOn (n = 0, 1) is selected (TIOOn pin
valid edge))
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(7) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1
clock oscillation starts with the high-speed Ring-OSC clock or subsystem clock used as the CPU clock, the X1
clock oscillation stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction and MSTOP (bit 7 of
MOC register) = 1 clear OSTC to 00H.

Figure 5-7. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: OOH R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 ‘ MOST15 ‘ MOST16 |
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=10MHz | fx=20 MHz
1 0 0 0 0 2"/fx min. | 204.8 s min.| 102.4 us min,
1 1 0 0 0 2°fx min. | 819.2 us min.| 409.6 s min.
1 1 1 0 0 2"/fx min. | 1.64 ms min. | 819.2 us min.
1 1 1 1 0 2%fx min. | 3.27 ms min. | 1.64 ms min.
1 1 1 1 1 2fx min. | 6.55 ms min. | 3.27 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the high-speed Ring-OSC clock or subsystem clock is being used as the
CPU clock, set the oscillation stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

3. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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(8) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP
mode is released.
When the high-speed Ring-OSC clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can
be checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 05H.

Figure 5-8. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTSO0
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz fx =20 MHz
0 0 1 2" fix 204.8 us 102.4 us
0 1 0 2%/fx 819.2 us 409.6 us
0 1 1 2"/fx 1.64 ms 819.2 us
1 0 0 2%/fx 3.27ms 1.64 ms
1 0 1 2"°/x 6.55 ms 3.27 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS
before executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the high-speed Ring-OSC clock or subsystem clock is being used as the
CPU clock, set the oscillation stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2
pins.

Figure 5-9 shows an example of the external circuit of the X1 oscillator.

Figure 5-9. Example of External Circuit of X1 Oscillator (Crystal or Ceramic Oscillation)

| Vss

| 1 X1
74; I

| I I X2

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.
5.4.2 XT1 oscillator
The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.

Figure 5-10 shows an example of the external circuit of the XT1 oscillator.

Figure 5-10. Example of External Circuit of XT1 Oscillator (Crystal Oscillation)

Vss

1
|l
! 32.768

7 [ s
1 —' XT2

Cautions are listed on the next page.
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Cautions 1. When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 5-9 and 5-10 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

¢ Always make the ground point of the oscillator capacitor the same potential as Vss. Do
not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

Note that the XT1 oscillator is designed as a low-amplitude circuit for reducing power
consumption.

Figure 5-11 shows examples of incorrect resonator connection.

Figure 5-11. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2

= =

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
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Figure 5-11. Examples of Incorrect Resonator Connection (2/2)

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)

Vop

Pmn
Vss X2

PD% — vs
A N

i o |
- s
T

S
A . B TC
High current
e cali

High current

(e) Signals are fetched

Vs! X2

Yo
T

[

e

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.

Cautions 2. When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1,
resulting in malfunctioning.
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5.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations, or if not using the
subsystem clock as an 1/O port, set the XT1 and XT2 pins to I/O mode (OSCSEL = 0) and connect them as follows.

Input (PM123/PM124 = 1): Independently connect to Vop or Vss via a resistor.
Output (PM123/PM124 = 0): Leave open.

Remark OSCSEL: Bit 6 of clock operation mode select register (OSCCTL)
PM123, PM124: Bits 3 and 4 of port mode register 12 (PM12)

5.4.4 High-speed Ring-OSC oscillator

The high-speed Ring-OSC oscillator is incorporated in the 78K0/LG2. Oscillation can be controlled by the Ring-
OSC mode register (RCM).

After a RESET release, the high-speed Ring-OSC clock automatically starts oscillation (8 MHz (TYP.)).

5.4.5 Low-speed Ring-OSC oscillator

The low-speed Ring-OSC oscillator is incorporated in the 78K0/LG2.

The low-speed Ring-OSC oscillation clock is only used as the watchdog timer and the clock of 8-bit timer H1. The
low-speed Ring-OSC clock cannot be used as the CPU clock.

“Can be stopped by software” or “Cannot be stopped” can be selected by the option byte. When “Can be stopped
by software” is set, oscillation can be controlled by the Ring-OSC mode register (RCM).

After a reset release, the low-speed Ring-OSC clock automatically starts oscillation, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation is enabled using the option byte.

5.4.6 Prescaler

The prescaler generates various clocks by dividing the main system clock when the main system clock is selected
as the clock to be supplied to the CPU.
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5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 5-1).

e Main system clock fxp
e High-speed system clock fxH
X1 clock fx
[External main system clock fexcik
e High-speed Ring-OSC clock frH
e Subsystem clock fsus
e XT1 clock fxr
e External subsystem clock fexciks
e Low-speed Ring-OSC clock frL
e CPUclock fcru
e Peripheral hardware clock frrs

The CPU starts operation when the on-chip high-speed Ring-OSC oscillator starts outputting after a reset release
in the 78K0/LG2, thus enabling the following.

(1) Enhancement of security function
When the X1 clock is set as the CPU clock by the default setting, the device cannot operate if the X1 clock is
damaged or badly connected and therefore does not operate after reset is released. However, the start clock of
the CPU is the on-chip high-speed Ring-OSC clock, so the device can be started by the high-speed Ring-OSC
clock after a reset release. Consequently, the system can be safely shut down by performing a minimum
operation, such as acknowledging a reset source by software or performing safety processing when there is a
malfunction.

(2) Improvement of performance
Because the CPU can be started without waiting for the X1 clock oscillation stabilization time, the total
performance can be improved.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-12.
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Figure 5-12. Clock Generator Operation When Power Supply Voltage Is Turned on

Power supply
voltage(Vbp)

oV

Internal reset signal<1> ;
Reset processing _
1<3> Waiting for (20 us (TYP.) Swnghed by
: yoltage stabilization: /_: <5> software <5>

" (@24ms (TYP)) | i/

CPU clock High-speed Ring-OSC clock X High-speed system clock X Subsystem clock
i<2> '
High-speed ‘
Ring-OSC :
clock (frH) :
High-speed *Waiting for oscillation : ;

system clock (fxH) accuracy stabilization <4>
(when X1 oscillation
selected) : !

i X1 clock oscillation stabilization
f time: 2'"/fx to 2'¢/fx°

Subsystem clock (fsus) . -
(when XT1 oscillation lStamnng:‘ gsmlle;ttlon T4>_‘_|_|J—|_|—\_|—|_|_|_|U
selected) is specified by software.

Starting XT1 oscillation
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.

<2> When the power supply voltage exceeds 1.59 V (TYP.), the reset is released and the high-speed Ring-OSC
clock automatically starts oscillation.

<3> When the power supply voltage rises with a slope of 0.5 V/ms (MAX.), the CPU starts operation on the high-
speed Ring-OCS clock after the reset is released and after the stabilization times for the voltage of the power
supply and regulator have elapsed, and then reset processing is performed.

<4> Set the start of oscillation of the X1 or XT1 clock via software (refer to (1) in 5.6.1 Example of controlling
high-speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (refer to (2) in 5.6.1 Example of controlling high-speed system clock and (2) in
5.6.3 Example of controlling subsystem clock).

Note When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the high-
speed Ring-OSC clock, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC). If the CPU operates on the high-speed system clock (X1
oscillation), set the oscillation stabilization time when releasing STOP mode using the oscillation
stabilization time select register (OSTS).

Cautions 1. If the voltage rises with a slope of less than 0.5 V/ms (MAX.) from power application until the
voltage reaches 1.8 V, input a low level to the RESET pin from power application until the
voltage reaches 1.8 V (see Figure 5-13). By doing so, the CPU operates with the same timing
as <2> and thereafter in Figure 5-12 after reset release by the RESET pin.

2. It is not necessary to wait for the oscillation stabilization time when an external clock input
from the EXCLK and EXCLKS pins is used.
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Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via

software settings. The high-speed Ring-OSC clock and high-speed system clock can be stopped by
executing the STOP instruction (refer to (4) in 5.6.1 Example of controlling high-speed system clock,
(3) in 5.6.2 Example of controlling high-speed Ring-OSC clock, and (3) in 5.6.3 Example of
controlling subsystem clock).

5.6 Controlling Clock

5.6.1 Example of controlling high-speed system clock

The following two types of high-speed system clocks are available.

* X1 clock: Crystal/ceramic resonator is connected across the X1 and X2 pins.
» External main system clock: External clock is input to the EXCLK pin.
When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as I/O port

pins.

Caution The X1/P121 and X2/EXCLK/P122 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating X1 clock

(2) When using external main system clock
(3) When using high-speed system clock as CPU clock or peripheral hardware clock
(4) When stopping high-speed system clock

(1) Example of setting procedure when oscillating the X1 clock

124

<1> Setting frequency (OSCCTL register)
Using AMPH, set the gain of the on-chip oscillator according to the frequency to be used.

AMPH"" Operating Frequency Control
0 1 MHz < fxu £ 10 MHz
1 10 MHz < fxn £ 20 MHz

Remark fxH: High-speed system clock oscillation frequency

<2> Setting X1 and X2 pins and selecting X1 clock or external clock (OSCCTL register)
When EXCLK is cleared to 0 and OSCSEL is set to 1, the mode is switched from port mode to X1
oscillation mode.

EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin

0 1 X1 oscillation mode Crystal/ceramic resonator connection

<3> Controlling oscillation of X1 clock (MOC register)
If MSTORP is cleared to 0, the X1 oscillator starts oscillating.

<4> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the high-speed Ring OSC clock.

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can be
changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU is
stopped for 5 us (MIN.).
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Cautions1. Do not change the value of EXCLK and OSCSEL while the X1 clock is operating.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to
be used (refer to CHAPTER 29 ELECTRICAL SPECIFICATIONS (TARGET)).

(2) Example of setting procedure when using the external main system clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the frequency to be used.

AMPH""* Operating Frequency Control
0 1 MHz < fxi £ 10 MHz
1 10 MHz < fxn £ 20 MHz

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting operation mode (OSCCTL register)
When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input

mode.
EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin
1 1 External clock input mode | I/O port External clock input

<3> Controlling external main system clock input (MOC register)
When MSTORP is cleared to 0, the input of the external main system clock is enabled.

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can be
changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU is
stopped for 5 us (MIN.).

Cautions1. Do not change the value of EXCLK and OSCSEL while the external main system clock is
operating.
2. Set the external main system clock after the supply voltage has reached the operable
voltage of the clock to be used (refer to CHAPTER 29 ELECTRICAL SPECIFICATIONS
(TARGET)).

(3) Example of setting procedure when using high-speed system clock as CPU clock or peripheral
hardware clock
<1> Setting high-speed system clock oscillation"*®

(Refer to 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of

setting procedure when using the external main system clock.)

Note The setting of <1> is not necessary when high-speed system clock is already operating.

Preliminary User’'s Manual U17473EJ1VOUD 125



CHAPTER 5 CLOCK GENERATOR

<2> Setting the high-speed system clock as the main system clock (MCM register)

When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock

and peripheral hardware clock.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (fers)
1 1 High-speed system clock (fxH) High-speed system clock (fxH)
Caution If the high-speed system clock is selected as the main system clock, a clock other than

the high-speed system clock cannot be set as the peripheral hardware clock.

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)

When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock

division ratio, use PCCO0, PCC1, and PCC2.

CSSs PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxe/2*
Other than above Setting prohibited

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped in the following two ways.
e Executing the STOP instruction to set the STOP mode

126

 Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(a) To execute a STOP instruction

<1> Setting to stop peripheral hardware

Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that

cannot be used in STOP mode, refer to CHAPTER 21 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release

When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP

instruction is executed.

<3> Executing the STOP instruction

When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation

is stopped (the input of the external clock is disabled).

Preliminary User's Manual U17473EJ1VOUD




CHAPTER 5 CLOCK GENERATOR

(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed system clock.
When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the
CPU clock to the subsystem clock or high-speed Ring-OSC clock.

CLS MCS CPU Clock Status
0 0 High-speed Ring-OSC clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Stopping the high-speed system clock (MOC register)
When MSTORP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

5.6.2 Example of controlling high-speed Ring-OSC clock

The following describes examples of setting procedures for the following cases.
(1) Example of setting procedure when restarting high-speed Ring-OSC clock oscillation

(2) Example of setting procedure when using high-speed Ring-OSC clock as CPU clock or high-speed system
clock as peripheral hardware clock

(3) Example of setting procedure when stopping the high-speed Ring-OSC clock

(1) Example of setting procedure when restarting high-speed Ring-OSC clock oscillation"’
<1> Setting restart of high-speed Ring-OSC clock oscillation (RCM register)
When RSTOP is cleared to 0, the high-speed Ring-OSC clock starts operating.

<2> Waiting for the oscillation accuracy stabilization time of high-speed Ring-OSC (RCM register)
Wait until RSTS is set to 12,

Notes 1. After a reset release, the high-speed Ring-OSC clock automatically starts oscillating and is selected
as the CPU clock.

2. This wait time is not necessary if high accuracy is not necessary for the CPU clock and peripheral
hardware clock.
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(2) Example of setting procedure when using high-speed Ring-OSC clock as CPU clock or high-speed
system clock as peripheral hardware clock

<l> e

Note

Restarting the high-speed Ring-OSC clock oscillation
(Refer to 5.6.2 (1) Example of setting procedure when restarting high-speed Ring-OSC clock
oscillation).

Oscillating the high-speed system clock
(This setting is required when using the high-speed system clock as the peripheral hardware clock.
Refer to 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)

Note

Note The setting of <1> is not necessary when the high-speed Ring-OSC clock or high-speed system

clock is already operating.

<2> Selecting the clock supplied as the main system clock and peripheral hardware clock (MCM register)
Set the main system clock and peripheral hardware clock using XSEL and MCMO.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (fers)
0 0 High-speed Ring-OSC clock (frH) High-speed Ring-OSC clock (frH)
0 1
1 0 High-speed system clock (fxH)

<3> Selecting the CPU clock division ratio (PCC register)
When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock
division ratio, use PCCO0, PCC1, and PCC2.

CSs PCC2 PCC1 PCCO CPU Clock (fceu) Selection
0 0 0 0 fxp
0 0 1 fxp/2 (default)
0 1 0 fxp/2°
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(3) Example of setting procedure when stopping the high-speed Ring-OSC clock
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The high-speed Ring-OSC clock can be stopped in the following two ways.
¢ Executing the STOP instruction to set the STOP mode
e Setting RSTOP to 1 and stopping the high-speed Ring-OSC oscillation

(a) To execute a STOP instruction

<1>

<2>

Setting of peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that
cannot be used in STOP mode, refer to CHAPTER 21 STANDBY FUNCTION).

Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.
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<3> Executing the STOP instruction

When the STOP instruction is executed, the system is placed in the STOP mode and high-speed
Ring-OSC oscillation is stopped.

(b) To stop high-speed Ring-OSC oscillation by setting RSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed Ring-OSC
clock.
When CLS = 0 and MCS = 0, the high-speed Ring-OSC clock is supplied to the CPU, so change the
CPU clock to the high-speed system clock or subsystem clock.

CLS MCS CPU Clock Status
0 0 High-speed Ring-OSC clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Stopping the high-speed Ring-OSC clock (RCM register)
When RSTOP is set to 1, high-speed Ring-OSC oscillation is stopped.

Caution Be sure to confirm that MCS = 1 or CLS = 1 when setting RSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed Ring-OSC clock.

5.6.3 Example of controlling subsystem clock
The following two types of subsystem clocks are available.
® XT1 clock: Crystal/ceramic resonator is connected across the XT1 and XT2 pins.
¢ External subsystem clock: External clock is input to the EXCLKS pin.
When the subsystem clock is not used, the XT1/P123 and XT2/EXCLKS/P124 pins can be used as 1/O port pins.

Caution The XT1/P123 and XT2/EXCLKS/P124 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating XT1 clock

(2) When using external subsystem clock

(3) When using subsystem clock as CPU clock

(4) When stopping subsystem clock

(1) Example of setting procedure when oscillating the XT1 clock
<1> Setting XT1 and XT2 pins and selecting operation mode (PCC and OSCCTL registers)
When XTSTART, EXCLKS, and OSCSELS are set as any of the following, the mode is switched from
port mode to XT1 oscillation mode.

XTSTART | EXCLKS | OSCSELS | Operation Mode of P123/XT1 Pin P124/XT2/EXCLK
Subsystem Clock Pin S Pin

0 0 1 XT1 oscillation mode | Crystal/ceramic resonator connection

1 X X

Remark x: don’t care
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<2> Waiting for the stabilization of the subsystem clock oscillation
Wait for the oscillation stabilization time of the subsystem clock by software, using a timer function.

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.

(2) Example of setting procedure when using the external subsystem clock

<1> Setting XT1 and XT2 pins, selecting XT1 clock/external clock and controlling oscillation (PCC and
OSCCTL registers)
When XTSTART is cleared to 0 and EXCLKS and OSCSELS are set to 1, the mode is switched from
port mode to external clock input mode. In this case, input the external clock to the EXCLKS/XT2/P124

pins.
XTSTART | EXCLKS |OSCSELS | Operation Mode of P123/XT1 Pin P124/XT2/EXCLKS
Subsystem Clock Pin Pin
0 1 1 External clock input 1/0 port External clock input
mode

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.

(3) Example of setting procedure when using the subsystem clock as the CPU clock

130

Note

<1> Setting subsystem clock oscillation
(Refer to 5.6.3 (1) Example of setting procedure when oscillating the XT1 clock and (2) Example of
setting procedure when using the external subsystem clock.)

Note The setting of <1> is not necessary when while the subsystem clock is operating.

<2> Switching the CPU clock (PCC register)
When CSS is set to 1, the subsystem clock is supplied to the CPU.

CSss PCC2 PCC1 PCCO CPU Clock (fcru) Selection
1 0 0 0 fsus/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited
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(4) Example of setting procedure when stopping the subsystem clock
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the subsystem clock.
When CLS = 1, the subsystem clock is supplied to the CPU, so change the CPU clock to the high-speed
Ring-OSC clock or high-speed system clock.

CLS MCS CPU Clock Status
0 0 High-speed Ring-OSC clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Stopping the subsystem clock (OSCCTL register)
When OSCSELS is cleared to 0, XT1 oscillation is stopped (the input of the external clock is disabled).

Cautions1. Be sure to confirm that CLS = 0 when clearing OSCSELS to 0. In addition, stop the watch
timer if it is operating on the subsystem clock.
2. The subsystem clock oscillation cannot be stopped using the STOP instruction.

5.6.4 Example of controlling low-speed Ring-OSC clock
The low-speed Ring-OSC clock cannot be used as the CPU clock.
Only the following peripheral hardware can operate with this clock.
» Watchdog timer
o 8-bit timer H1 (if frL is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.
* Low-speed Ring-OSC clock oscillation cannot be stopped
¢ Low-speed Ring-OSC clock oscillation can be stopped by software

The low-speed Ring-OSC clock automatically starts oscillation after a reset release, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation has been enabled by the option byte.

(1) Example of setting procedure when stopping the low-speed Ring-OSC clock
<1> Setting LSRSTOP to 1 (RCM register)
When LSRSTORP is set to 1, the low-speed Ring-OSC oscillation is stopped.

(2) Example of setting procedure when restarting oscillation of the low-speed Ring-OSC clock
<1> Clearing LSRSTOP to 0 (RCM register)
When LSRSTORP is cleared to 0, the low-speed Ring-OSC clock is oscillated.

Caution If “Low-speed Ring-OSC clock oscillation cannot be stopped” is selected by the option byte,
oscillation of the low-speed Ring-OSC clock cannot be controlled.
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5.6.5 Clocks supplied to CPU and peripheral hardware
The following table shows the relation among the clocks supplied to the CPU and peripheral hardware, and setting
of registers.

Table 5-4. Clocks Supplied to CPU and Peripheral Hardware, and Register Setting

Supplied Clock XSEL CSS MCMO EXCLK
Clock Supplied to CPU Clock Supplied to Peripheral
Hardware

High-speed Ring-OSC clock 0 0 X X
High-speed Ring-OSC clock X1 clock 1 0 0 0
External main system clock 1 0 0 1

X1 clock 1 0 1 0
External main system clock 1 0 1 1
Subsystem clock High-speed Ring-OSC clock 0 1 X X
X1 clock 1 1 0 0

1 1 1 0

External main system clock 1 1 0 1

1 1 1 1

Remarks 1. XSEL: Bit 2 of the main clock mode register (MCM)
2. CSS: Bit 4 of the processor clock control register (PCC)
3. MCMO: Bit 0 of MCM
4. EXCLK: Bit 7 of the clock operation mode select register (OSCCTL)
5. x: don'’t care
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5.6.6 CPU clock status transition diagram
Figure 5-13 shows the CPU clock status transition diagram of this product.

Low-speed Ring-OSC: Operable
High-speed Ring-OSC:
Selectable by CPU

X1 oscillation/EXCLK input:
Selectable by CPU

XT1 oscillation/EXCLKS input:
Operating

Low-speed Ring-OSC: Operable
High-speed Ring-OSC: Operable

X1 oscillation/EXCLK input: Operable
XT1 oscillation/EXCLKS input:
Operating

Figure 5-13. CPU Clock Status Transition Diagram

........................ W oo Vo SABOVMING L
Voo > 1.59 V (MIN.)

Low-speed Ring-OSC: Woken up

High-speed Ring-OSC: Woken up

X1 oscillation/EXCLK input: Stops (/O port mode)
XT1 oscillation/EXCLKS input: Stops (I/O port mode)

Low-speed Ring-OSC: Operating

High-speed Ring-OSC: Operating

X1 oscillation/EXCLK input: Stops (I/O port mode)
XT1 oscillation/EXCLKS input: Stops (I/O port mode)

Low-speed Ring-OSC: Operable
High-speed Ring-OSC: Operating
X1 oscillation/EXCLK input:

Selectable by CPU CPU: Operating (H)
XT1 oscillation/EXCLKS input: with high-speed Low-speed Ring-OSC: Operable
Selectable by CPU Ring-OSC \ CPU: High- High-speed Ring-OSC: Stops
speed Ring-OSC X1 oscillation/EXCLK input: Stops
—, STOP XT1 oscillation/EXCLKS input:

Stops

CPU: Operating
with XT1 oscillation or
EXCLKS input

OPU: High. L d Ring-OSC: Operabl
ing- ow-speed Ring-OSC: Operable
(G) (C) Speei zIRETOSC High-speed Ring-OSC: Operating

X1 oscillation/EXCLK input:

CPU: XT1 CPU: Operating Operable
oscillation/EXCLKS with X1 oscillation or é?e rz;clIe"emon/EXCLKS input:

input — HALT EXCLK input

Low-speed Ring-OSC: Operable
High-speed Ring-OSC:

Selectable by CPU

X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input:
|Selectable by CPU

CPU: X1
oscillation/EXCLK
input —» STOP.

(F)

CPU: X1
oscillation/EXCLK
input - HALT

Low-speed Ring-OSC: Operable
High-speed Ring-OSC: Stops

X1 oscillation/EXCLK input: Stops
XT1 oscillation: Stops

Low-speed Ring-OSC: Operable
High-speed Ring-OSC: Operable

X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input: Operable
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Table 5-5 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-5. CPU Clock Transition and SFR Register Setting Examples (1/4)

(1) CPU operating with high-speed Ring-OSC clock (B) after reset release (A)

Status Transition SFR Register Setting

(A) — (B) SFR registers do not have to be set (default status after reset release).

(2) CPU operating with high-speed system clock (C) after reset release (A)
(The CPU operates with the high-speed Ring-OSC clock immediately after a reset release (B).)

(Setting sequence of SFR registers) 1
Setting Flag of SFR Register | AMPH EXCLK | OSCSEL | MSTOP OSTC XSEL MCMO

Status Transition Register

(A) = (B) — (C) (X1 clock: less than 10 MHz) 0 0 1 0 Must be 1 1
checked

(A) = (B) — (C) (external main clock: less than 10 0 1 1 0 Must not be 1 1

MHz) checked

(A) = (B) — (C) (X1 clock: 10 MHz or more) 1 0 1 0 Must be 1 1
checked

(A) — (B) — (C) (external main clock: 10 MHz or 1 1 1 0 Must not be 1 1

more) checked

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (refer
to CHAPTER 29 ELECTRICAL SPECIFICATIONS (TARGET)).

(3) CPU operating with subsystem clock (D) after reset release (A)
(The CPU operates with the high-speed Ring-OSC clock immediately after a reset release (B).)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(A) = (B) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(A) — (B) — (D) (external subsystem clock) 0 1 1 Unnecessary 1

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (I) in Figure 5-13.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:

Bits 7 to 4 and 0 of the clock operation mode select register (OSCCTL)
Bit 7 of the main OSC control register (MOC)
Bits 2 and 0 of the main clock mode register (MCM)

MSTOP:
XSEL, MCMO:

XTSTART, CSS: Bits 6 and 4 of the processor clock control register (PCC)

X don’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (2/4)

(4) CPU clock changing from high-speed Ring-OSC clock (B) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | AMPH"™"® | EXCLK | OSCSEL | MSTOP OSTC | XSEL™ | MCMO

Status Transition Register

(B) = (C) (X1 clock: less than 10 MHz) 0 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: less than 10 MHz) 0 1 1 0 Must not be 1 1
checked

(B) — (C) (X1 clock: 10 MHz or more) 1 0 1 0 Must be 1 1
checked

(B) — (C) (external main clock: 10 MHz or more) 1 1 1 0 Must not be 1 1
checked

~
Unnecessary if these registers Unnecessary if the
are already set CPU is operating

with the high-speed
system clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has
already been set.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (refer
to CHAPTER 29 ELECTRICAL SPECIFICATIONS (TARGET)).

(5) CPU clock changing from high-speed Ring-OSC clock (B) to subsystem clock (D)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(B) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(B) — (D) (external subsystem clock) 0 1 1 Unnecessary 1

Unnecessary if the CPU is operating
with the subsystem clock

Remarks 1. (A) to (I) in Table 5-4 correspond to (A) to (l) in Figure 5-13.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO:  Bits 2 and 0 of the main clock mode register (MCM)
XTSTART, CSS: Bits 6 and 4 of the processor clock control register (PCC)
X don’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (3/4)

(6) CPU clock changing from high-speed system clock (C) to high-speed Ring-OSC clock (B)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register RSTOP RSTS MCMO
Status Transition
(C) - (B) 0 Confirm this flag is 1. 0
Unnecessary if the CPU is operating
with the high-speed Ring-OSC clock
(7) CPU clock changing from high-speed system clock (C) to subsystem clock (D)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(C) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(C) — (D) (external subsystem clock) 0 1 1 Unnecessary 1
Unnecessary if the CPU is operating
with the subsystem clock
(8) CPU clock changing from subsystem clock (D) to high-speed Ring-OSC clock (B)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register RSTOP RSTS MCMO CSS
Status Transition
(D) — (B) 0 Confirm this flag 0 0
is 1.
1

Unnecessary if the CPU is operating
with the high-speed Ring-OSC clock

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (I) in Figure 5-13.

2. MCMO:

Bit O of the main clock mode register (MCM)

Unnecessary if
XSEL is 0

EXCLKS, OSCSELS: Bits 5 and 4 of the clock operation mode select register (OSCCTL)

RSTS, RSTOP:
XTSTART, CSS:

X don’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (4/4)

(9) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

(Setting sequence of SFR registers)

v

etting Flag of SFR Register | AMPH""® | EXCLK | OSCSEL | MSTOP | OSTC | XSEL“ | MCMO CSS
Status Transition Register
(D) — (C) (X1 clock: less than 10 MHz) 0 0 1 0 Must be 1 1 0
checked
(D) — (C) (external main clock: less than 0 1 1 0 Must not be 1 1 0
10 MHz) checked
(D) — (C) (X1 clock: 10 MHz or more) 1 0 1 0 Must be 1 1 0
checked
(D) — (C) (external main clock: 10 MHz or 1 1 1 0 Must not be 1 1 0
more) checked
N N
Unnecessary if these registers  Unnecessary if the Unnecessary if this register
are already set CPU is operating is already set

with the high-speed
system clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has
already been set.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (refer
to CHAPTER 29 ELECTRICAL SPECIFICATIONS (TARGET)).

(10) e HALT mode (E) set while CPU is operating with high-speed Ring-OSC clock (B)
¢ HALT mode (F) set while CPU is operating with high-speed system clock (C)
¢ HALT mode (G) set while CPU is operating with subsystem clock (D)

Status Transition Setting

(B) — (E) Executing HALT instruction
(C)—(F)
(D) - (G)

(11) e« STOP mode (H) set while CPU is operating with high-speed Ring-OSC clock (B)
o STOP mode (I) set while CPU is operating with high-speed system clock (C)

v

(Setting sequence)

Status Transition Setting

(B) — (H) Stopping peripheral functions that Executing STOP instruction
C)—> () cannot operate in STOP mode

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (I) in Figure 5-13.
2. EXCLK, OSCSEL, AMPH: Bits 7, 6 and 0 of the clock operation mode select register (OSCCTL)

MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
CSS: Bit 4 of the processor clock control register (PCC)
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5.6.7 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-6. Changing CPU Clock

CPU Clock Condition Before Change Processing After Change
Before Change After Change
High-speed X1 clock Stabilization of X1 oscillation High-speed Ring-OSC oscillation can be

Ring-OSC clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0
o After elapse of oscillation stabilization time

External main
system clock

Enabling input of external clock from EXCLK

pin
¢ MSTOP =0, OSCSEL =1, EXCLK =1

stopped (RSTOP = 1).
Clock supply to CPU is stopped for 5 us
(MIN.) after AMPH has been set to 1.

X1 clock

High-speed Ring-

Oscillation of high-speed Ring-OSC

X1 oscillation can be stopped (MSTOP = 1).

External main OSC clock *RSTOP =0 External main system clock input can be

system clock disabled (MSTOP = 1).

High-speed XT1 clock Stabilization of XT1 oscillation Operating current can be reduced by

Ring-OSC clock o XTSTART = 0, EXCLKS =0, stopping high-speed Ring-OSC oscillation
OSCSELS =1, or XTSTART =1 (RSTOP = 1).

X1 clock * After elapse of oscillation stabilization time | y{ yscillation can be stopped (MSTOP = 1).

External main External main system clock input can be

system clock disabled (MSTOP = 1).

High-speed External Enabling input of external clock from Operating current can be reduced by

Ring-OSC clock

X1 clock

External main
system clock

subsystem clock

EXCLKS pin
o XTSTART =0, EXCLKS =1,
OSCSELS =1

stopping high-speed Ring-OSC oscillation
(RSTOP =1).

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).

XT1 clock,
external
subsystem clock

High-speed Ring-

Oscillation of high-speed Ring-OSC and

XT1 oscillation can be stopped or external

OSC clock selection of high-speed Ring-OSC clock as | subsystem clock input can be disabled
main system clock (OSCSELS = 0).
¢ RSTOP =0, MCS =0

X1 clock Stabilization of X1 oscillation and selection | « XT1 oscillation can be stopped or external

of high-speed system clock as main system

clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0

o After elapse of oscillation stabilization time

e MCS =1

» Supply voltage has reached the operable
voltage of the clock to be set

External main
system clock

Enabling input of external clock from EXCLK
pin and selection of high-speed system
clock as main system clock

¢ MSTOP =0, OSCSEL =1, EXCLK =1

e MCS =1

subsystem clock input can be disabled
(OSCSELS = 0).

o Clock supply to CPU is stopped for 5 us
(MIN.) after AMPH has been set to 1.
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5.6.8 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS) of the processor clock control register (PCC), the CPU clock
can be switched (between the main system clock and the subsystem clock) and the division ratio of the main system
clock can be changed.

The actual switchover operation is not performed immediately after rewriting to PCC; operation continues on the
pre-switchover clock for several clocks (see Table 5-7).

Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 5
(CLS) of the PCC register.

Table 5-7. Time required for switchover of CPU clock and main system clock cycle division factor

Set Value Before Set Value After Switchover
Switchover
CSS |PCC2|PCC1{PCCO| €SS |PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO
ofofofofofofoft1|ofof1|OofOofOf1|{1|{O|1]|]O|O|1|x]|x]x
0o|j0|0]|O 16 clocks 16 clocks 16 clocks 16 clocks 2fxp/fsus clocks
0|01 8 clocks 8 clocks 8 clocks 8 clocks fxp/fsus clocks
o|1}|0 4 clocks 4 clocks 4 clocks 4 clocks fxp/2fsus clocks
o 1|1 2 clocks 2 clocks 2 clocks 2 clocks fxp/4fsus clocks
100 1 clock 1 clock 1 clock 1 clock fxr/8fsus clocks
1 x| x| x 2 clocks 2 clocks 2 clocks 2 clocks 2 clocks

Caution Selection of the main system clock cycle division factor (PCC0 to PCC2) and switchover from the
main system clock to the subsystem clock (changing CSS from 0 to 1) should not be set
simultaneously.

Simultaneous setting is possible, however, for selection of the main system clock cycle division
factor (PCCO to PCC2) and switchover from the subsystem clock to the main system clock
(changing CSS from 1 to 0).

Remarks1. The number of clocks listed in Table 5-7 is the number of CPU clocks before switchover.
2. When switching the CPU clock from the subsystem clock to the main system clock, calculate the number
of clocks by rounding up to the next clock and discarding the decimal portion, as shown below.

Example When switching CPU clock from fsus/2 to fxr/2 (@ oscillation with fsus = 32.768 kHz, fxr = 10
MHz)
fxp/fsus = 10000/32.768 = 305.1 — 306 clocks

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (between
the high-speed Ring-OSC clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the
pre-switchover clock for several clocks (see Table 5-8).

Whether the CPU is operating on the high-speed Ring-OSC clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.
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Table 5-8. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover

Set Value After Switchover

MCMO

MCMO

1

1 + 2fru/fxn clock

1 + 2fxn/fru clock

Caution When switching the high-speed Ring-OSC clock to the high-speed system clock, bit 2 (XSEL) of
MCM must be set to 1 in advance. The value of XSEL can be changed only once after a reset release.

Remarks1. The number of clocks listed in Table 5-8 is the number of main system clocks before switchover.

2. Calculate the number of clocks in Table 5-8 by removing the decimal portion.

Example When switching the main system clock from the high-speed Ring-OSC clock to the high-speed

system clock (@ oscillation with frH = 8 MHz, fxn = 10 MHz)
1+ 2fr/ffxu=1+2%x810=1+2x08=1+1.6=2.6 — 2clocks

5.6.9 Conditions before clock oscillation is stopped

The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and

conditions before the clock oscillation is stopped.

Table 5-9. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

External subsystem clock

(The CPU is operating on a clock other than
the subsystem clock)

Clock Conditions Before Clock Oscillation Is Flag Settings of SFR Register
Stopped (External Clock Input Disabled)
High-speed Ring-OSC clock MCS=1o0rCLS =1 RSTOP =1
(The CPU is operating on a clock other than
the high-speed Ring-OSC clock)
X1 clock MCS=1o0orCLS =1 MSTOP =1
External main system clock (The CPU is operating on a clock other than
the high-speed system clock)
XT1 clock CLS=0 OSCSELS =0
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5.6.10 Peripheral Hardware and Source Clocks

The following lists peripheral hardware and source clocks incorporated in the 78K0/LG2.

Table 5-10. Peripheral Hardware and Source Clocks

Source Clock

Peripheral

Subsystem Clock

Low-speed Ring-

TM50 Output

External Clock

Hardware Clock (fsus) OSC Clock (frt) from Peripheral
(frrs) Hardware Pins
Peripheral Hardware
16-bit timer/ 00 Y N N N Y (TI000 pin)**
event counter 01 Y N N N Y (TI001 pin)"™*
8-bit timer/ 00 Y N N N Y (TI50 pin)**
event counter 01 Y N N N Y (TI51 pin)™*
8-Bit timer 00 Y N N Y
01 Y N Y N N
Watch timer Y Y N N N
Watchdog timer N N Y N N
Clock output Y Y N N N
A/D converter Y N N N N
Serial interface UARTO Y N N Y N
UART6 Y N N Y N
csl10 Y N N N Y (SCK10 pin)"*
CSli11 Y N N N Y (SCK11 pin)**
1co Y N N N Y (SCLO pin)**
LCD controller/driver Y Y N N N

Note When the CPU is operating on the subsystem clock and the high-speed Ring-OSC clock has been stopped, do

not operate these functions on the external clock input from peripheral hardware pins.

Remark Y :Can be selected, N : Cannot be selected
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The 4PD78F0393 incorporates 16-bit timer/event counter 00, and the 4PD78F0395, 78F0397, and 78F0397D

incorporate 16-bit timer/event counters 00 and 01.

6.1 Functions of 16-Bit Timer/Event Counters 00 and 01

M

)

(©)

(4)

(5)

(6)

Note

16-bit timer/event counters 00 and 01" have the following functions.
e Interval timer

e PPG output

e Pulse width measurement

e External event counter

e Square-wave output

¢ One-shot pulse output

Interval timer
16-bit timer/event counters 00 and 01 generate an interrupt request at the preset time interval.

PPG output
16-bit timer/event counters 00 and 01 can output a rectangular wave whose frequency and output pulse width can
be set freely.

Pulse width measurement
16-bit timer/event counters 00 and 01 can measure the pulse width of an externally input signal.

External event counter
16-bit timer/event counters 00 and 01 can measure the number of pulses of an externally input signal.

Square-wave output
16-bit timer/event counters 00 and 01 can output a square wave with any selected frequency.

One-shot pulse output
16-bit timer event counters 00 and 01 can output a one-shot pulse whose output pulse width can be set freely.

Note Available only in the xPD78F0395, 78F0397, and 78F0397D.
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6.2 Configuration of 16-Bit Timer/Event Counters 00 and 01

16-bit timer/event counters 00 and 01 include the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counters 00 and 01

ltem Configuration
Timer counter 16-bit timer counter On (TMOn)
Register 16-bit timer capture/compare registers 00n, 01n (CR00n, CRO1n)
Timer input TIOON, TI01N
Timer output TOON, output controller
Control registers 16-bit timer mode control register On (TMCOn)

16-bit timer capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCON)

Prescaler mode register On (PRMON)

Port mode register 0 (PMO)

Port register 0 (P0)

Remark n=0: xPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D

Figures 6-1 and 6-2 show the block diagrams.

Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S

Capture/compare control
register 00 (CRCO00)

1 5
To CR010 | | g INTTMO00
Noise [_:8: 16-bit timer capture/compare 2
TI010/TO00/P01 ©——~ eIirtni- § register 000 (CR000)
nator
U Match
frrRs —= ﬁ
frRs/22 ——=| .g ——
frrs/28 § 16-bit timer counter 00 Clear
_J (TMOO) Output TO00/TIO10/
[ [ controller . ’. © PO1
Noise Match
frRs — elimi- | 12 Output latch
nator (PO1) PMO1
I Noise 16-bit timer capture/compare
Tlooo/Poo © ﬁgf[?)lr- ] register 010 (CR010)
] »E‘ INTTMO10
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CRCO002 —
PRMO01/PRM000 [mmcoosiTmcoo2 TmcoofovFoo] [ospToojospEoalTocoo4LvS0o]LVRooTocoTOE0]
16-bit timer mode 16-bit timer output
Prelscaler mode control register 00 control register 00
register 00 (PRM00) (TMCO00) (TOCO00)
q Internal bus
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Figure 6-2. Block Diagram of 16-Bit Timer/Event Counter 01
(uPD78F0395, 78F0397, 78F0397D Only)
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(1) 16-bit timer counter On (TMOn)
TMOn is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the input clock.

Figure 6-3. Format of 16-Bit Timer Counter On (TMOn)

Address: FF10H, FF11H (TM00), FFBOH, FFB1H (TMO1) After reset: 0000H R

Symbol FF11H (TM0O) FF10H (TM0O)
FFB1H (TMO1) FFBOH (TMO1)

oo T T T T T T T T T T T T [ T[]

The count value is reset to 0000H in the following cases.

<1> At RESET input
<2> If TMCOn3 and TMCON2 are cleared

<3> If the valid edge of the TI0On pin is input in the mode in which clear & start occurs when inputting the valid
edge of the TI0On pin

<4> If TMOn and CROONn match in the mode in which clear & start occurs on a match of TMOn and CROONn
<56> OSPTOn is set in one-shot pulse output mode

(2) 16-bit timer capture/compare register 00n (CR0ON)
CROOnN is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is

used as a capture register or as a compare register is set by bit 0 (CRCOnO0) of capture/compare control register
On (CRCOn).

CROON can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 6-4. Format of 16-Bit Timer Capture/Compare Register 00n (CROOn)

Address: FF12H, FF13H (CR000), FFB2H, FFB3H (CR001) After reset: 0000H R/W

Symbol FF13H (CR000) FF12H (CR000)
FFB3H (CR001) FFB2H (CR001)

oo 1T [ T T T T T T T T T T T T[]

¢ When CROOnN is used as a compare register
The value set in CROOn is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMOON) is generated if they match. The set value is held until CR0On is rewritten.

Remark n=0: xPD78F0393
n=0,1: xPD78F0395, 78F0397, 78F0397D
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e When CROOn is used as a capture register
It is possible to select the valid edge of the TIOOn pin or the TIO1n pin as the capture trigger. The TIOOn or
TIO1n pin valid edge is set using prescaler mode register On (PRMOn) (see Table 6-2).

Table 6-2. CR00On Capture Trigger and Valid Edges of TIOOn and TI01n Pins

(1) TIOON pin valid edge selected as capture trigger (CRCOn1 =1, CRCOn0 = 1)

CROON Capture Trigger TIOONn Pin Valid Edge
ESOn1 ESOnO
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1

(2) TIO1n pin valid edge selected as capture trigger (CRCOn1 = 0, CRCOn0 = 1)

CROON Capture Trigger TIO1n Pin Valid Edge
ES1n1 ES1n0
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ESOn1, ESOn0 = 1, 0 and ES1n1, ES1n0 = 1, O is prohibited.
2. ESOn1, ESONO: Bits 5 and 4 of prescaler mode register On (PRMOn)
ES1n1, ES1nO0: Bits 7 and 6 of prescaler mode register On (PRMOn)
CRCOn1, CRCONO: Bits 1 and 0 of capture/compare control register On (CRCOn)
3. n=0: 4PD78F0393
n=0,1: 4PD78F0395, 78F0397, 78F0397D

Cautions 1.

146

Set a value other than 0000H in CROON in the mode in which clear & start occurs on a match
of TMOn and CROON.

If CROON is cleared to 0000H in the free-running mode and in the clear mode using the valid
edge of the TIOOn pin, an interrupt request (INTTMOOn) is generated when the value of
CR0OOn changes from 0000H to 0001H following TMOn overflow (FFFFH). In addition,
INTTMOON is generated after a match between TMOn and CROOn, after detecting the valid
edge of the TI01n pin, and the timer is cleared by a one-shot trigger.

When P01 or P06 is used as the valid edge input of the TIO1n pin, it cannot be used as the
timer output (TOOn). Moreover, when P01 or P06 is used as TOOn, it cannot be used as the
valid edge input of the TI01n pin.

When CROOnN is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value).

If count stop input and capture trigger input conflict, the captured data is undefined.

Do not rewrite CROOn during TMOn operation.
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(3) 16-bit timer capture/compare register 01n (CR01n)
CRO01n is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or a compare register is set by bit 2 (CRCOn2) of capture/compare control register On
(CRCOn).
CRO01n can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 6-5. Format of 16-Bit Timer Capture/Compare Register 01n (CR01n)

Address: FF14H, FF15H (CR010), FFB4H, FFB5H (CRO11) After reset: 0000H R/W

Symbol FF15H (CR010) FF14H (CR010)
FFB5H (CRO11) FFB4H (CRO11)

ooy L [ T [T T T T T T T T T [ T ]

e When CRO1n is used as a compare register
The value set in the CR0O1n is constantly compared with 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMO1n) is generated if they match. The set value is held until CRO1n is rewritten.

e When CRO01n is used as a capture register
It is possible to select the valid edge of the TIOOn pin as the capture trigger. The TI0On pin valid edge is set by

prescaler mode register On (PRMOn) (see Table 6-3).

Table 6-3. CRO1n Capture Trigger and Valid Edge of TIOOn Pin (CRCOn2 = 1)

CRO1n Capture Trigger TIOONn Pin Valid Edge
ESOn1 ESOnO
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ESOn1, ESONnO = 1, 0 is prohibited.
2. ESOn1, ESONnO: Bits 5 and 4 of prescaler mode register On (PRMOn)
CRCOn2: Bit 2 of capture/compare control register On (CRCOn)
3. n=0: uPD78F0393
n=0,1: uPD78F0395, 78F0397, 78F0397D

Cautions 1. If the CRO1n register is cleared to 0000H, an interrupt request (INTTMO1n) is generated when
the value of CR0O1n changes from 0000H to 0001H following TMOn overflow (FFFFH). In
addition, INTTMO1n is generated after a match between TMOn and CRO01n, after detecting the
valid edge of the TI0OOn pin, and the timer is cleared by a one-shot trigger.

2. When CRO01n is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value).
If count stop input and capture trigger input conflict, the captured data is undefined.

3. CRO1n can be rewritten during TMOn operation. For details, see Caution 2 in Figure 6-20.
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6.3

Registers Controlling 16-Bit Timer/Event Counters 00 and 01

The following six registers are used to control 16-bit timer/event counters 00 and 01.

Q)

16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCON)
Prescaler mode register On (PRMOn)

Port mode register 0 (PMO)

Port register 0 (P0)

16-bit timer mode control register On (TMCOn)

This register sets the 16-bit timer operating mode, the 16-bit timer counter On (TMOn) clear mode, and output
timing, and detects an overflow.

TMCOn can be set by a 1-bit or 8-bit memory manipulation instruction.

148

RESET input clears TMCOn to 00H.
Caution 16-bit timer counter On (TMOn) starts operation at the moment TMCOn2 and TMCOnN3 are set to
values other than 0, 0 (operation stop mode), respectively. Set TMCOn2 and TMCOn3 to 0, 0 to

stop the operation.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-6. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address FFBAH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO0| O 0 0 0 [TMCO003[TMC002[TMC001|OVF00
TMCO003 | TMCO002 | TMCO001 Operating mode and clear TOO0O inversion timing selection Interrupt request generation
mode selection
0 0 0 Operation stop No change Not generated
0 0 1 (TMOO cleared to 0)
0 1 0 Free-running mode Match between TM00 and <When used as compare
CRO000 or match between register>
TMOO0 and CR010 Generated on match between
0 1 1 Match between TM0O and TM00 and CRO00, or match
CRO00, match between TMoo | Petween TMOO and CRO10
and CRO10 or TI000 pin valid | <When used as capture
edge register>
Generated by inputting CR000
1 0 0 Clear & start occurs on TI000 - !
. . capture trigger
1 0 1 pin valid edge
1 1 0 Clear & start occurs on match Match between TMO0 and
between TM00O and CR000 CRO000 or match between
TMOO and CR010
1 1 1 Match between TM00 and
CRO000, match between TM0O
and CR010 or TI000 pin valid
edge
OVF00 16-bit timer counter 00 (TM0O) overflow detection
0 Overflow not detected
1 Overflow detected

Cautions 1. Timer operation must be stopped before writing to bits other than the OVF00 flag.
2. Set the valid edge of the TI0O00 pin using prescaler mode register 00 (PRMO00).
3. If any of the following modes: the mode in which clear & start occurs on match between
TMO00 and CR000, the mode in which clear & start occurs at the TI000 pin valid edge, or free-
running mode is selected, when the set value of CR000 is FFFFH and the TMO0O value changes
from FFFFH to 0000H, the OVFO0O flag is set to 1.

Remark TOOQO:
TI000:
TMOO:
CRO000:
CRO010:

16-bit timer counter 00

16-bit timer/event counter 00 output pin
16-bit timer/event counter 00 input pin

16-bit timer capture/compare register 000
16-bit timer capture/compare register 010
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Figure 6-7. Format of 16-Bit Timer Mode Control Register 01 (TMCO01)

Address FFB6H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>

TMCO1| O 0 0 0 [TMCO013TMC012[TMCO11]OVFO1

TMCO013 | TMCO012 | TMCO11 Operating mode and clear TOO01 inversion timing selection Interrupt request generation
mode selection

0 0 0 Operation stop No change Not generated
0 0 1 (TMO1 cleared to 0)
0 1 0 Free-running mode Match between TM01 and <When used as compare
CRO001 or match between register>
TMO1 and CRO11 Generated on match between
0 1 1 Match between TMO1 and TMOT and CROO1, or match

CRO001, match between TMo1 | Petween TMO1 and CRO11

and CRO11 or TI001 pin valid | <When used as capture
register>

edge
Generated by inputting CR001
1 0 0 Clear & start occurs on TI001 - .
. . capture trigger
1 0 1 pin valid edge
1 1 0 Clear & start occurs on match Match between TM01 and
between TMO1 and CRO01 CRO001 or match between
TMO1 and CRO11
1 1 1 Match between TMO1 and
CRO001, match between TMO1
and CRO11 or TI001 pin valid
edge
OVFO01 16-bit timer counter 01 (TM01) overflow detection
0 Overflow not detected
1 Overflow detected

Cautions 1. Timer operation must be stopped before writing to bits other than the OVF01 flag.
2. Set the valid edge of the TI001 pin using prescaler mode register 01 (PRMO01).
3. If any of the following modes: the mode in which clear & start occurs on match between
TMO1 and CR001, the mode in which clear & start occurs at the TI001 pin valid edge, or free-
running mode is selected, when the set value of CR001 is FFFFH and the TMO1 value changes
from FFFFH to 0000H, the OVFO01 flag is set to 1.

Remark TOO1: 16-bit timer/event counter 01 output pin
TIO01: 16-bit timer/event counter 01 input pin
TMO1: 16-bit timer counter 01
CRO0O01: 16-bit timer capture/compare register 001
CRO011: 16-bit timer capture/compare register 011
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(2) Capture/compare control register On (CRCOn)
This register controls the operation of the 16-bit timer capture/compare registers (CR00On, CRO1n).
CRCOn can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CRCOn to 00H.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D

Figure 6-8. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRC002 CRCO001 CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CROO00 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TI000 pin by reverse phase"*
CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

Note The capture operation is not performed if both the rising and falling edges are specified as the valid edge of
the TI1000 pin.

Cautions 1. Timer operation must be stopped before setting CRC00.

2. When the mode in which clear & start occurs on a match between TM00 and CRO00O is
selected with 16-bit timer mode control register 00 (TMC00), CR000 should not be specified
as a capture register.

3. To ensure that the capture operation is performed properly, the capture trigger requires a
pulse two cycles longer than the count clock selected by prescaler mode register 00 (PRM00).
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Figure 6-9. Format of Capture/Compare Control Register 01 (CRC01)

Address: FFB8H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO1 0 0 0 0 0 ‘ CRCO012 ‘ CRCO11 ‘ CRCO010
CRCO012 CRO011 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO11 CRO0O01 capture trigger selection
0 Captures on valid edge of TIO11 pin
1 Captures on valid edge of TI001 pin by reverse phase"™®
CRCO010 CRO001 operating mode selection
0 Operates as compare register
1 Operates as capture register

Note The capture operation is not performed if both the rising and falling edges are specified as the valid edge of
the TI001 pin.

Cautions 1. Timer operation must be stopped before setting CRCO01.

2. When the mode in which clear & start occurs on a match between TMO1 and CRO001 is
selected with 16-bit timer mode control register 01 (TMC01), CR001 should not be specified
as a capture register.

3. To ensure that the capture operation is performed properly, the capture trigger requires a
pulse two cycles longer than the count clock selected by prescaler mode register 01 (PRMO01).

(3) 16-bit timer output control register On (TOCOn)
This register controls the operation of the 16-bit timer/event counter On output controller. It sets/resets the timer
output F/F (LVOn), enables/disables output inversion and 16-bit timer/event counter On timer output,
enables/disables the one-shot pulse output operation, and sets the one-shot pulse output trigger via software.
TOCON can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TOCOn to O0H.

Remark n=0: 4PD78F0393
n=0, 1: uPD78F0395, 78F0397, 78F0397D
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Figure 6-10. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol
TOCO00

7 <6> <5> 4 <3> <2> 1 <0>
0 OSPT00 OSPEO0 TOC004 LVS00 LVROO | TOCO001 | TOEOO0
OSPTO0 One-shot pulse output trigger control via software
0 No one-shot pulse output trigger
1 One-shot pulse output trigger
OSPEOO One-shot pulse output operation control
0 Successive pulse output mode
1 One-shot pulse output mode™*
TOCO004 Timer output F/F control using match of CR010 and TM0O
0 Disables inversion operation
1 Enables inversion operation
LVSO00 LVROO Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TOCO001 Timer output F/F control using match of CR0O00 and TM0O
0 Disables inversion operation
1 Enables inversion operation
TOEOO Timer output control
0 Disables output (output fixed to level 0)
1 Enables output

Note The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TI000 pin valid edge. In the mode in which clear & start occurs on a match
between the TMOO register and CRO0O register, one-shot pulse output is not possible because an overflow
does not occur.

Cautions 1.

o oDbN

Timer operation must be stopped before setting other than TOC004.

If LVS00 and LVROO are read, 0 is read.

OSPTO00 is automatically cleared after data is set, so 0 is read.

Do not set OSPTO00 to 1 other than in one-shot pulse output mode.

A write interval of two cycles or more of the count clock selected by prescaler mode register
00 (PRMO0O) is required to write to OSPT00 successively.

6. Do not set LVSO00 to 1 before TOE00, and do not set LVS00 and TOEQO to 1 simultaneously.
7. Perform <1> and <2> below in the following order, not at the same time.

<1> Set TOC001, TOC004, TOE00, OSPE0O: Timer output operation setting
<2> Set LVSO00, LVRO0O: Timer output F/F setting
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Note The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TI001 pin valid edge. In the mode in which clear & start occurs on a match
between the TMO1 register and CR001 register, one-shot pulse output is not possible because an overflow

Figure 6-11. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FFB9H  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO1 0 OSPTO1 OSPEO1 TOCO014 LVS01 LVRO1 ‘ TOCO11 ‘ TOEO1

OSPTO1 One-shot pulse output trigger control via software
0 No one-shot pulse output trigger
1 One-shot pulse output trigger

OSPEO1 One-shot pulse output operation control
0 Successive pulse output mode
1 One-shot pulse output mode"™*

TOCO014 Timer output F/F control using match of CR011 and TMO1
0 Disables inversion operation
1 Enables inversion operation

LVSO1 LVRO1 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO11 Timer output F/F control using match of CR001 and TMO1
0 Disables inversion operation
1 Enables inversion operation

TOEO1 Timer output control
0 Disables output (output fixed to level 0)
1 Enables output

does not occur.

Cautions 1. Timer operation must be stopped before setting other than TOC014.
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If LVS01 and LVRO1 are read, 0 is read.
OSPTO01 is automatically cleared after data is set, so 0 is read.
Do not set OSPTO01 to 1 other than in one-shot pulse output mode.

a kR wbd

01 (PRMO1) is required to write to OSPTO01 successively.

6. Do not set LVS01 to 1 before TOEO1, and do not set LVS01 and TOEO1 to 1 simultaneously.

7. Perform <1> and <2> below in the following order, not at the same time.
<1> Set TOCO011, TOCO014, TOEO1, OSPEO1: Timer output operation setting
<2> Set LVSO01, LVRO1: Timer output F/F setting
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(4) Prescaler mode register On (PRMOn)

This register is used to set the 16-bit timer counter On (TMOn) count clock and TI0On and TI01n pin input valid

edges.
PRMOn can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears PRMOn to 00H.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D

Figure 6-12. Format of Prescaler Mode Register 00 (PRM00)

Address: FFBBH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00 ES101 ES100 ES001 ES000 0 | 0 | PRMO001 | PRMO000
ES101 ES100 TI010 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 ES000 TI000 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection
frrs =2 MHz | fprs =5 MHz | frrs = 10 MHz | fers = 20 MHz
0 0 fers 2 MHz 5 MHz 10 MHz 20 MHz
0 1 frrs/2° 500 kHz 1.25 MHz 2.5 MHz 5 MHz
1 0 frrs/2° 7.81 kHz 19.53 kHz 39.06 kHz 78.12 kHz
1 1 TI00O valid edge™™

Note The external clock requires a pulse two cycles longer than

internal clock (frrs).
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Cautions 1.
2.

Always set data to PRMO0O after stopping the timer operation.

If the valid edge of the TIO00 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI000 pin and the capture trigger.

If the TIO00 or TIO10 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI000 pin or TI010 pin to enable the operation of 16-bit timer counter 00
(TMO00). Care is therefore required when pulling up the TI000 or TI010 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not detected.
When TI010 pin valid edge is used, P01 cannot be used as the timer output (TO00), and when
the TOO0O pin is used, the TI010 pin valid edge cannot be used.

Remark frrs: Peripheral hardware clock oscillation frequency
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Figure 6-13. Format of Prescaler Mode Register 01 (PRMO01)

Address: FFB7H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO1 ES111 ES110 ESO011 ES010 0 | 0 | PRMO11 | PRM010
ES111 ES110 TI011 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited

Both falling and rising edges

ES011 ES010 TI001 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO11 PRMO010 Count clock selection
frrs =2 MHz | fprs =5 MHz | frrs = 10 MHz | fers = 20 MHz
0 0 frrs 2 MHz 5 MHz 10 MHz 20 MHz
0 1 frrs/2° 125 kHz 312.5 kHz 625 kHz 1.25 MHz
1 0 frrs/2° 31.25 kHz 78.125 kHz 156.25 kHz 312.5 kHz

TI001 valid edge™™

Note The external clock requires a pulse two cycles longer than internal clock (fers).

Cautions 1.

Always set data to PRMO01 after stopping the timer operation.

2. If the valid edge of the TI001 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI001 pin and the capture trigger.
3. If the TIOO1 or TIO11 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI001 pin or TI0O11 pin to enable the operation of 16-bit timer counter 01
(TMO1). Care is therefore required when pulling up the TI001 or TI011 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not detected.
4. When TI011 pin valid edge is used, P06 cannot be used as the timer output (TO01), and when

the TOO1 pin is used, the TI011 pin valid edge cannot be used.

Remark frrs: Peripheral hardware clock oscillation frequency

Preliminary User’'s Manual U17473EJ1VOUD

157



CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(5) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.
When using the P0O1/TO00/TI010 and P06/TO01"*/TI011"" pins for timer output, set PM01 and PM06 and the
output latches of PO1 and P06 to 0.

When using the P00/TI000, PO1/TO00/TI010, P0O5/T1001"*%/SSI11"", and P06/TO01""/TI011"* pins for timer

input, set PM00, PM01, PM05, and PMO6 to 1. At this time, the output latches of P00, P01, P05, and P06 may be
Oori.

PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PMO to FFH.

Figure 6-14. Format of Port Mode Register 0 (PMO0)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PMO| 1 |PMO6|PMO5|PM04|PMO03|PMO2|PMO1|PMOO

PMONn POn pin I/O mode selection (n =0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note Available only in the xPD78F0395, 78F0397, and 78F0397D.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.4 Operation of 16-Bit Timer/Event Counters 00 and 01

6.4.1 Interval timer operation
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 6-15 allows operation as an interval timer.

The basic operation setting procedure is as follows.

<1>
<2>
<3>

<4>

Set the CRCOnN register (see Figure 6-15 for the set value).

Set any value to the CROON register.

Set the count clock by using the PRMOn register.

Set the TMCOn register to start the operation (see Figure 6-15 for the set value).

Caution CRO0ONn cannot be rewritten during TMOn operation.

Remark For how to enable the INTTMOON interrupt, see CHAPTER 19 INTERRUPT FUNCTIONS.

Interrupt requests are generated repeatedly using the count value preset in 16-bit timer capture/compare register
00n (CROON) as the interval.

When the count value of 16-bit timer counter On (TMOn) matches the value set in CR0OOn, counting continues with
the TMOn value cleared to 0 and the interrupt request signal (INTTMOON) is generated.

The count clock of 16-bit timer/event counter On can be selected with bits 0 and 1 (PRMOn0, PRMOn1) of prescaler
mode register On (PRMOn).

Remark n=0: 4PD78F0393

n=0, 1: uPD78F0395, 78F0397, 78F0397D
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Figure 6-15. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 01 0

-t

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CROON.

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| © 0 0 0 0 0/1 | on 0

L CROON used as compare register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2  PRMOn1 PRMOn0

PRMOn| 0/1 0/1 | 01 | o/ 0 0 0/1 | on

L L \_i

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remarks 1. 0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval timer. See the
description of the respective control registers for details.
2. n=0: w©PD78F0393
n=0,1: uPD78F0395, 78F0397, 78F0397D
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Figure 6-16. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00n (CROON)

INTTMOON
frrs (fers)Note 1 ‘ ‘
frrs/22 (frrs/2%)Note 1 %
2 16-bit timer counter On Note 2
frrs/28 (frrs/28)Note ! 3 (TMon) OVFOn
~ TIooo/Poo o—| Noie Lo
(TI001/SST1/PO5)Nete 1 Cloar
ﬁ circuit
fers

Notes 1. Frequencies and pin names without parentheses are for 16-bit timer/event counter 00, and those in

parentheses are for 16-bit timer/event counter 01.
2. OVFOnis set to 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.

Figure 6-17. Timing of Interval Timer Operation

1 t 1

-
1 1
Count clock i | i | | | | | | | | | | | | | | | | | | | |
1 1 1
TMon countvalue  0000H XoootHX |\ X' N Xoooor¥oootHX |\ X' N XooooXoootHX V| X N X
AN A A !
Timer operation enabledl Clear Clear E
CROON N \ N \\ N \\ N
1 1 1
INTTMOON (| |_| (| |_| (( |_
)) A )) A 1]
Interrupt acknowledged Interrupt acknowledged

Remark Intervaltime = (N + 1) xt
N = 0001H to FFFFH (settable range)
n=0: wuPD78F0393
n=0,1: 4PD78F0395, 78F0397, 78F0397D
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6.4.2 PPG output operations
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 6-18 allows operation as PPG (Programmable Pulse Generator) output.

The basic operation setting procedure is as follows.

<1>
<2>
<3>
<4>
<5>

<6>

Set the CRCOn register (see Figure 6-18 for the set value).

Set any value to the CROON register as the cycle.

Set any value to the CR0O1n register as the duty factor.

Set the TOCOn register (see Figure 6-18 for the set value).

Set the count clock by using the PRMOn register.

Set the TMCOn register to start the operation (see Figure 6-18 for the set value).

Caution To change the value of the duty factor (the value of the CRO1n register) during operation, see

Caution 2 in Figure 6-20 PPG Output Operation Timing.

Remarks 1. For the setting of the TOOn pin, see 6.3 (5) Port mode register 0 (PMO).

2. For how to enable the INTTMOON interrupt, see CHAPTER 19 INTERRUPT FUNCTIONS.

In the PPG output operation, rectangular waves are output from the TOOn pin with the pulse width and the cycle
that correspond to the count values preset in 16-bit timer capture/compare register 01n (CRO1n) and in 16-bit timer
capture/compare register 00n (CR0OON), respectively.

Remark n=0: 4PD78F0393
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n=0, 1: xPD78F0395, 78F0397, 78F0397D
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-18. Control Register Settings for PPG Output Operation

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

\—‘—1— Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 0 X 0

L CROON used as compare register

CRO1n used as compare register

(c) 16-bit timer output control register On (TOCOn)

~

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEON

TOCOn| O 0 0 1 0N 0N 1 1
L L L Enables TOOnN output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Inverts output on match between TMOn and CRO1n.

Disables one-shot pulse output.

(d) Prescaler mode register On (PRMOn)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOn0O

PRMOn| 0/ 01 0/1 0/1 0 0 0/1 0/1

—_

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Cautions 1. Values in the following range should be set in CR00n and CRO01n:
0000H < CRO1n < CROON < FFFFH
2. The cycle of the pulse generated through PPG output (CR00n setting value + 1) has a duty of
(CRO1n setting value + 1)/(CROON setting value + 1).

Remark x: Don't care

n=0: wPD78F0393
n=0, 1: uPD78F0395, 78F0397, 78F0397D
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Figure 6-19. Configuration Diagram of PPG Output

16-bit timer capture/compare
register 00n (CROON)

I

16-bit timer counter On Clear
(TMOn) circuit

frrs (frrg)Note —————————=1

frrs/22 (frrs/2%)Note

frrs/28 (frrs/20)Note

TI000/P00,, | Noise |
(TI001/SSI11/PO5)Nete eliminator

o i

16-bit timer capture/compare
register 01n (CR0O1n)

Selector

TOO00/TI010/P01
(TOO01/TI011/P06 )

Output controller

Note Frequencies and pin names without parentheses are for 16-bit timer/event counter 00, and those in
parentheses are for 16-bit timer/event counter 01.

Figure 6-20. PPG Output Operation Timing

t

B
1 1
1 1

Countclock||||||||||||||||||||||

TMON count value N IXOOOOHX0001HX N X N .AXOOOOHX0001HX

A I
Clear X Clear
N 1

o
v

TOON J ¥ FI

CROON capture value

CRO1n capture value

Pulse width: (M + 1) x t

1cycle: (N+1)xt

Cautions 1. CR0On cannot be rewritten during TMOn operation.
2. In the PPG output operation, change the pulse width (rewrite CR01n) during TMOn operation
using the following procedure.
<1> Disable the timer output inversion operation by match of TMOn and CR01n (TOCOn4 = 0)
<2> Disable the INTTMO1n interrupt (TMMKO1n = 1)
<3> Rewrite CRO1n
<4> Wait for 1 cycle of the TMOn count clock
<5> Enable the timer output inversion operation by match of TMOn and CR01n (TOCONn4 = 1)
<6> Clear the interrupt request flag of INTTMO01n (TMIFO1n = 0)
<7> Enable the INTTMO1n interrupt (TMMKO1n = 0)

Remarks 1. 0000H <M < N < FFFFH
2. n=0: uPD78F0393
n=0, 1: 4uPD78F0395, 78F0397, 78F0397D
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.4.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TIOOn pin and TIO1n pin using 16-bit timer
counter On (TMOn).

There are two measurement methods: measuring with TMOn used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI00n pin.

When an interrupt occurs, read the valid value of the capture register, check the overflow flag, and then calculate
the necessary pulse width. Clear the overflow flag after checking it.

The capture operation is not performed until the signal pulse width is sampled in the count clock cycle selected by
prescaler mode register On (PRMOn) and the valid level of the TI0On or TI01n pin is detected twice, thus eliminating

noise with a short pulse width.
Figure 6-21. CR01n Capture Operation with Rising Edge Specified

Count clock _| | | | | | l | | | |
|

l
™on _ Y N-3 T N-2 [ N-1 l\‘l L ~et X

TI0ON [ A

Rising edge detection | | l

CRO1n X

|
|
N
|
INTTMO1n | |

The basic operation setting procedure is as follows.

<1> Set the CRCOnN register (see Figures 6-22, 6-25, 6-27, and 6-29 for the set value).
<2> Set the count clock by using the PRMOn register.
<3> Set the TMCOn register to start the operation (see Figures 6-22, 6-25, 6-27, and 6-29 for the set value).

Caution To use two capture registers, set the TIOOn and TI01n pins.

Remarks 1. For the setting of the TIOOn (or TI01n) pin, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOONn (or INTTMO1n) interrupt, sce CHAPTER 19 INTERRUPT
FUNCTIONS.
3. n=0: wuPD78F0393
n=0,1: uPD78F0395, 78F0397, 78F0397D
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter On (TMOn) is operated in free-running mode, and the edge specified by prescaler mode
register On (PRMOn) is input to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare
register 01n (CRO1n) and an external interrupt request signal (INTTMO1n) is set.
Specify both the rising and falling edges of the TIOOn pin by using bits 4 and 5 (ESOn0 and ESOn1) of PRMON.
Sampling is performed using the count clock selected by PRMOn, and a capture operation is only performed
when a valid level of the TIOOn pin is detected twice, thus eliminating noise with a short pulse width.

Figure 6-22. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register (When TI0O0On and CR01n Are Used)

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 01 0

\—‘—1— Free-running mode

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 01 0

L CROON used as compare register

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESOn0 3 2 PRMOn1 PRMOnO

PRMONn | 0/1 01 1 1 0 0 0/1 01

\ | \ |
Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
n=0: wPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-23. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fers (frrs)Note ——=|

frrs/22 (fers/24)Note —»

frrs/28 (fers/26)Note ——

Selector

16-bit timer counter On
(TMOn)

TIOOn ©

16-bit timer capture/compare
register 01n (CRO1n)

OVFOn

INTTMO1n

{}
y:

Internal bus

Note Frequencies without parentheses are for 16-bit timer/event counter 00, and those in parentheses are for 16-

bit timer/event counter 01.

Figure 6-24. Timing of Pulse Width Measurement Operation with Free-Running Counter

and One Capture Register (with Both Edges Specified)

| t |

-

TMon count value  J0000H)0oo1HY \\Xpo Yoo« 1} |

TI0ON pin input

L

X?1 Xor+ X |1 Xerrrroooory || X sz X ?3)(

CRO1n capture value

LKoo

)

\

Tor

INTTMO1n

OVFOn

(
)

((
‘ )

‘ |
|
. ((

]

Note Clear OVFOn by software.

Remark n=0: 4PD78F0393

(
)

(
]

)
|

I
(D1-DO)xt

n=0, 1: xPD78F0395, 78F0397, 78F0397D
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

(2) Measurement of two pulse widths with free-running counter

When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to simultaneously measure
the pulse widths of the two signals input to the TI00n pin and the TIO1n pin.

When the edge specified by bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode register On (PRMOn) is input to
the TI0ON pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n (CR01n) and an interrupt
request signal (INTTMO1n) is set.

Also, when the edge specified by bits 6 and 7 (ES1n0 and ES1n1) of PRMOn is input to the TI0O1n pin, the value
of TMOn is taken into 16-bit timer capture/compare register 00n (CROOn) and an interrupt request signal
(INTTMOON) is set.

Specify both the rising and falling edges as the edges of the TI00n and TI01n pins, by using bits 4 and 5 (ESOn0
and ESOn1) and bits 6 and 7 (ES1n0 and ES1n1) of PRMOnN.

Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a
capture operation is only performed when a valid level of the TIOOn or TIO1n pin is detected twice, thus
eliminating noise with a short pulse width.

Figure 6-25. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 0/1 0

—T

(b) Capture/compare control register On (CRCOn)

Free-running mode

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 0 1

L CROOnN used as capture register

Captures valid edge of TI01n pin to CROOnN.

CRO1n used as capture register

(c) Prescaler mode register On (PRMOn)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOnt PRMOnO

PRMONn| 1 1 1 1 0 0 0/1 01

L L | \_i

Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Specifies both edges for pulse width detection.

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
n=0: wuPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-26. Timing of Pulse Width Measurement Operation with Free-Running Counter

(with Both Edges Specified)

| t |

T™on count value  J00ooHYoootHY | XDO Yoo+ 1Y | X?1 Xor+ X || XerrrrfooooHk || X ?2 X02:+ 102 + 2§ S\X D3

TI00N pin input
—s

G

<]
O
o

CRO1n capture value

INTTMO1n | | |_| | |_| ( (

TI01n pin input ) )

)
CROON capture value \\

INTTMOON

7

OVFOn

(10000H — D1 + D2) x t

(10000H — D1 + (D2 + 1)) x t

Note Clear OVFOn by software.

Remark n=0: 4PD78F0393
n=0, 1: uPD78F0395, 78F0397, 78F0397D
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@)

Pulse width measurement with free-running counter and two capture registers

When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to measure the pulse width
of the signal input to the TI00n pin.

When the rising or falling edge specified by bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode register On
(PRMON) is input to the TIOOn pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n
(CRO1n) and an interrupt request signal (INTTMO1n) is set.

Also, when the inverse edge to that of the capture operation is input into CRO1n, the value of TMOn is taken into
16-bit timer capture/compare register 00n (CROON).

Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn), and a
capture operation is only performed when a valid level of the TIOOn pin is detected twice, thus eliminating noise
with a short pulse width.

Figure 6-27. Control Register Settings for Pulse Width Measurement with Free-Running Counter and
Two Capture Registers (with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 0 1 01 0

—t—

(b) Capture/compare control register On (CRCOn)

Free-running mode

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 1 1 1

L CROON used as capture register

Captures to CR0OOnN at inverse edge
to valid edge of TI0On.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2  PRMOn1 PRMOn0

PRMOn| 0/1 0/1 0 1 0 0 o/1 | oNn

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.

170

See the description of the respective control registers for details.
n=0: wuPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-28. Timing of Pulse Width Measurement Operation with Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

| t |

-

T™on count value  YoooooootHY || X Do Yoot} |\ X ?1 Xor+ 1) ) XerreroooorX || X D2 Xoo+ X 11X ?3X

TI00N pin input J——g:‘l ‘ F—g| l
\

CRO1n capture value '\ X oo \JQ \)\ X o2 ||
) )

CROON capture value \\

I

INTTMO1n | |_| (
| )
I
I

OVFOn

((
)

(10000H — D1 + D2) x t

((
1)

Note Clear OVFOn by software.

(4) Pulse width measurement by means of restart
When input of a valid edge to the TIOOn pin is detected, the count value of 16-bit timer counter On (TMON) is taken
into 16-bit timer capture/compare register 01n (CR01n), and then the pulse width of the signal input to the TI00n
pin is measured by clearing TMOn and restarting the count operation.
Either of two edges—ising or falling—can be selected using bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode
register On (PRMON).
Sampling is performed using the count clock cycle selected by prescaler mode register On (PRMOn) and a
capture operation is only performed when a valid level of the TI0OOn pin is detected twice, thus eliminating noise
with a short pulse width.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-29. Control Register Settings for Pulse Width Measurement by Means of Restart
(with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCONn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 0 01 0

-t

(b) Capture/compare control register On (CRCOn)

Clears and starts at valid edge of TI00n pin.

7 6 5 4 3 CRCOn2 CRCOn1 CRCOON

CRCOn| O 0 0 0 0 1 1 1

L CROON used as capture register

—————— Captures to CR0On at inverse edge to valid edge of TIOON.

L—————— CRO01n used as capture register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMONnO

PRMOn| 0/1 01 0 1 0 0 01 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Figure 6-30. Timing of Pulse Width Measurement Operation by Means of Restart (with Rising Edge Specified)

Count clock | | | | | | | l | | | | | I | | | l | | | | | |
T™on count value  YooooHfoootHY || X Do YoooorYoootH) b1 X || X' D2 YooooroootHY
: ; :

TI0ON pin input | } | } | } |

(
)

CRO1n capture value \\ XDO \\ X D2
\

CROON capture value

INTTMO1n B | |_| | B | |_|
)] 1]

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D

172 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

6.4.4 External event counter operation

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 6-31 for the set value).

<2> Set the count clock by using the PRMOn register.

<3> Set any value to the CROON register (0000H cannot be set).

<4> Set the TMCOn register to start the operation (see Figure 6-31 for the set value).

Remarks 1. For the setting of the TI0On pin, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOON interrupt, sse CHAPTER 19 INTERRUPT FUNCTIONS.

The external event counter counts the number of external clock pulses input to the TIOOn pin using 16-bit timer
counter On (TMOn).

TMOn is incremented each time the valid edge specified by prescaler mode register On (PRMOn) is input.

When the TMOn count value matches the 16-bit timer capture/compare register 00n (CR0OOn) value, TMOn is
cleared to 0 and the interrupt request signal (INTTMOON) is generated.

Input a value other than 0000H to CR0OON (a count operation with 1-bit pulse cannot be carried out).

Any of three edges—rising, falling, or both edges—can be selected using bits 4 and 5 (ESOn0 and ESOn1) of
prescaler mode register On (PRMON).

Sampling is performed using the internal clock (frrs) and an operation is only performed when a valid level of the
TIOON pin is detected twice, thus eliminating noise with a short pulse width.

Remark n=0: PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-31. Control Register Settings in External Event Counter Mode (with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 1 01 0

-t

(b) Capture/compare control register On (CRCOn)

Clears and starts on match between TMOn and CROON.

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOn| O 0 0 0 0 01 01 0

L CROON used as compare register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESOn0 3 2  PRMOn1 PRMOnO

PRMONn | 0/1 (4 0 1 0 0 1 1

\ ! \ ! \_i

Selects external clock.

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event counter.
See the description of the respective control registers for details.
n=0: uPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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CHAPTER 6 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 6-32. Configuration Diagram of External Event Counter

2 Internal bus 8

{

16-bit timer capture/compare
register 00n (CROON)

iL Match
ﬁ Clear

frrs ——={ Noise eliminator 16-bit timer counter On (TMOn) OVFOnNete

INTTMOON

Valid edge of TIOOn pin ©——
Note OVFOn is set to 1 only when CROOn is set to FFFFH.

Figure 6-33. External Event Counter Operation Timing (with Rising Edge Specified)

TIOOnpininputIlI|||||||||||((||||||||||||||

TMOn count value  §0000H § 0001H § 0002H { 0003+ { 0004H { 0005H X Vo IN—1f N f0000H) 0001H)0002H X 0003H )

=

CROON N \\
LN

INTTMOON N
))

Caution When reading the external event counter count value, TMOn should be read.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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6.4.5 Square-wave output operation

The basic operation setting procedure is as follows.

<1>
<2>
<3>
<4>

<5>

Set the count clock by using the PRMOn register.

Set the CRCOn register (see Figure 6-34 for the set value).

Set the TOCOn register (see Figure 6-34 for the set value).

Set any value to the CR0OON register (0000H cannot be set).

Set the TMCOn register to start the operation (see Figure 6-34 for the set value).

Caution CRO0OnN cannot be rewritten during TMOn operation.

Remarks 1. For the setting of the TOON pin, see 6.3 (5) Port mode register 0 (PMO).

2. For how to enable the INTTMOON interrupt, sse CHAPTER 19 INTERRUPT FUNCTIONS.

A square wave with any selected frequency can be output at intervals determined by the count value preset to 16-
bit timer capture/compare register 00n (CROON).

The TOON pin output status is reversed at intervals determined by the count value preset to CROOn + 1 by setting
bit 0 (TOEON) and bit 1 (TOCON1) of 16-bit timer output control register On (TOCON) to 1. This enables a square wave
with any selected frequency to be output.

TMCOn| O 0 0 0 1 1 0 0

CRCOn| O 0 0 0 0 0/1 0/1 0

Figure 6-34. Control Register Settings in Square-Wave Output Mode (1/2)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

\—‘—1— Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

L CROON used as compare register

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See the
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description of the respective control registers for details.
n=0: wuPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-34. Control Register Settings in Square-Wave Output Mode (2/2)

(c) 16-bit timer output control register On (TOCOn)

7 OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOn

TOCOn| O | O | O | O | OA |01 | 1 1
L | L |

L Enables TOON output.

Inverts output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Does not invert output on match between TMOn and CRO1n.

Disables one-shot pulse output.

(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0 ESOn1 ESON0 3 2  PRMOn1 PRMONn0

PRMOn| 0/ 0/1 0/1 0/1 0 0 0/1 0/1

\ \ \ \ \_li

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See the
description of the respective control registers for details.
n=0: uPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D

Figure 6-35. Square-Wave Output Operation Timing

Countclockllllllll ||||I||||||| Illllll

TMOn count value  }0000HX 0001H)0002H \\ XN-1X N YooooHX0001H)0o02H ) \\ XN-1){ N X ooooH

)

CROON N \l\

|
INTTMOON | [

Tl

TOON pin output J

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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6.4.6 One-shot pulse output operation

16-bit timer/event counter On can output a one-shot pulse in synchronization with a software trigger or an external
trigger (TI0ON pin input).

The basic operation setting procedure is as follows.

<1> Set the count clock by using the PRMOn register.

<2> Set the CRCOn register (see Figures 6-36 and 6-38 for the set value).

<3> Setthe TOCON register (see Figures 6-36 and 6-38 for the set value).

<4> Set any value to the CR0O0On and CRO1n registers (0000H cannot be set).

<5> Set the TMCOn register to start the operation (see Figures 6-36 and 6-38 for the set value).

Remarks 1. For the setting of the TOOn pin, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOn (if necessary, INTTMO1n) interrupt, see CHAPTER 19
INTERRUPT FUNCTIONS.

(1) One-shot pulse output with software trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCOnN) as shown in
Figure 6-36, and by setting bit 6 (OSPTOn) of the TOCOnN register to 1 by software.
By setting the OSPTOn bit to 1, 16-bit timer/event counter On is cleared and started, and its output becomes
active at the count value (N) set in advance to 16-bit timer capture/compare register 01n (CRO1n). After that, the
output becomes inactive at the count value (M) set in advance to 16-bit timer capture/compare register 00n
(CROON)"™ ™,
Even after the one-shot pulse has been output, the TMOn register continues its operation. To stop the TMOn
register, the TMCOn3 and TMCON2 bits of the TMCOn register must be set to 00.

Note The case where N < M is described here. When N > M, the output becomes active with the CROOn register
and inactive with the CR0O1n register. Do not set N to M.

Cautions 1. Do not set the OSPTOn bit to 1 again while the one-shot pulse is being output. To output
the one-shot pulse again, wait until the current one-shot pulse output is completed.
2. When using the one-shot pulse output of 16-bit timer/event counter On with a software
trigger, do not change the level of the TIOOn pin or its alternate-function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even
at the level of the TIOOn pin or its alternate-function port pin, resulting in the output of a
pulse at an undesired timing.

Remark n=0: 4PD78F0393
n=0, 1: uPD78F0395, 78F0397, 78F0397D
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Figure 6-36. Control Register Settings for One-Shot Pulse Output with Software Trigger

(a) 16-bit timer mode control register On (TMCOR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn
™oon | o | o | o | o | o | 1 [ o | o |
Free-running mode
(b) Capture/compare control register On (CRCOn)
7 6 5 4 3 CRCOn2 CRCOn1 CRCONO
creon| o | o | o | o | o | o | o1 | o |
L CRO0ON as compare register
CRO1n as compare register
(c) 16-bit timer output control register On (TOCOn)
7 OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOn
Tocon| o | o | 1 | 1 [ on [ o | 1 | 1
L Enables TOON output.
———— Inverts output upon match
between TMOn and CROON.
Specifies initial value of
TOON output F/F (setting “11” is prohibited.)
Inverts output upon match
between TMOn and CRO1n.
Sets one-shot pulse output mode.
Set to 1 for output.
(d) Prescaler mode register On (PRMOnN)
ES1n1 ES1n0  ESOn1 ESOnO 3 2 PRMOn1 PRMONO
PRMOnl on ‘ 01 ‘ on ‘ on ‘ 0 ‘ 0 ‘ on ‘ 0N |

| | | | \_|i

Selects count clock.

Setting invalid
(setting “10” is prohibited.)
Setting invalid
(setting “10” is prohibited.)

Caution Do not set 0000H to the CROOn and CRO1n registers.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-37. Timing of One-Shot Pulse Output Operation with Software Trigger

Set TMCOn to 04H
(TMOnN count starts)

Countclocklllllll!llllIlll!l

T™On count  0000H 0001HX . X N AN+ 1XJooooHk © IN—1f N X O Im—1f M fm+ 1M+ 2)
CRO1n set value N N ' N '
) | | ) .

N
CROOnN set value M M M M

OSPTOn . .

INTTMO1n

INTTMOON

TOON pin output

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCONn3 and TMCON2 bits.

Remark N <M

(2) One-shot pulse output with external trigger
A one-shot pulse can be output from the TOOn pin by setting 16-bit timer mode control register On (TMCOn),
capture/compare control register On (CRCOn), and 16-bit timer output control register On (TOCON) as shown in
Figure 6-38, and by using the valid edge of the TIOOn pin as an external trigger.
The valid edge of the TIOOn pin is specified by bits 4 and 5 (ESOn0, ESOn1) of prescaler mode register On
(PRMOnN). The rising, falling, or both the rising and falling edges can be specified.
When the valid edge of the TIOOn pin is detected, the 16-bit timer/event counter is cleared and started, and the
output becomes active at the count value set in advance to 16-bit timer capture/compare register 01n (CR0O1n).
After that, the output becomes inactive at the count value set in advance to 16-bit timer capture/compare register
00n (CROON)"™ ™.

Note The case where N < M is described here. When N > M, the output becomes active with the CROOn register
and inactive with the CR0O1n register. Do not set N to M.

Caution Do not input the external trigger again while the one-shot pulse is being output.
To output the one-shot pulse again, wait until the current one-shot pulse output is completed.

Remark n=0: 4PD78F0393
n=0,1: xPD78F0395, 78F0397, 78F0397D
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Figure 6-38. Control Register Settings for One-Shot Pulse Output with External Trigger
(with Rising Edge Specified)

(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn

TMCOn|0‘0‘0‘0‘1‘0‘0‘0|

Clears and starts at
valid edge of TI0On pin.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

CRCOnlO‘O‘O‘O‘O‘O‘OM‘Ol

B

(c) 16-bit timer output control register On (TOCOn)

CRO0ON used as compare register

CRO1n used as compare register

7 OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEON
TOCOn|0‘0‘1‘1‘0/1‘0/1‘1‘1|

Enables TOON output.

Inverts output upon match
between TMOn and CROON.

Specifies initial value of
TOON output F/F (setting “11” is prohibited.)

Inverts output upon match
between TMOn and CRO1n.

Sets one-shot pulse output mode.

(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0 ESOn1  ESONnO 3 2 PRMOn1 PRMONO

PRMOnl 0N ‘ on ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |

T [ I
I

Selects count clock
(setting “11” is prohibited).

Specifies the rising edge
for pulse width detection.

Setting invalid
(setting “10” is prohibited.)

Caution Do not set the CR0O0n and CRO1n registers to 0000H.

Remark n=0: 4PD78F0393
n=0, 1: uPD78F0395, 78F0397, 78F0397D
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Figure 6-39. Timing of One-Shot Pulse Output Operation with External Trigger (with Rising Edge Specified)

When TMCOn is set to 08H

(TMOn count starts)
[

]

Count clock I | I | I I | I

TMOnN count value  0000H {0001H) erOOOHX X N

(

AN + 1XN + 2f M-2fm—1f M M+ 1)m + 2

( ‘
T

CRO1n set value N N

N

CROOnN set value M M

M

N
|
M

TIOON pin input )

INTTMO1n

INTTMOON

TOON pin output ) )

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is

set to the TMCOn2 and TMCON3 bits.

Remark N <M
n=0: uPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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6.5 Cautions for 16-Bit Timer/Event Counters 00 and 01

Q)

()

@)

4

(®)

Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.
This is because 16-bit timer counter On (TMOn) is started asynchronously to the count clock.

Figure 6-40. Start Timing of 16-Bit Timer Counter On (TMOn)

TMOnN count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer start

16-bit timer capture/compare register 00n setting

In the mode in which clear & start occurs on a match between TMOn and CROOn, set 16-bit timer
capture/compare register 00n (CROONn) to other than 0000H. This means a 1-pulse count operation cannot be
performed when 16-bit timer/event counter On is used as an external event counter.

Capture register data retention timing
The values of 16-bit timer capture/compare registers 00n and 01n (CR0On and CRO01n) are not guaranteed after
16-bit timer/event counter On has been stopped.

Valid edge setting

Set the valid edge of the TI0On pin after setting bits 2 and 3 (TMCOn2 and TMCOn3) of 16-bit timer mode control
register On (TMCOn) to 0, 0, respectively, and then stopping timer operation. The valid edge is set using bits 4
and 5 (ESOn0 and ESOn1) of prescaler mode register On (PRMON).

Re-triggering one-shot pulse

(a) One-shot pulse output by software
Do not set the OSPTOn bit to 1 again while the one-shot pulse is being output.
To output the one-shot pulse again, wait until the current one-shot pulse output is completed.

(b) One-shot pulse output with external trigger
Do not input the external trigger again while the one-shot pulse is being output.
To output the one-shot pulse again, wait until the current one-shot pulse output is completed.

(c) One-shot pulse output function
When using the one-shot pulse output of 16-bit timer/event counter On with a software trigger, do not change
the level of the TI0ON pin or its alternate function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even at the level of the
TIOON pin or its alternate function port pin, resulting in the output of a pulse at an undesired timing.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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(6) Operation of OVFOn flag

<1> The OVFOn flag is also set to 1 in the following case.

When of the following modes: the mode in which clear & start occurs on a match between TMOn and
CROQON, the mode in which clear & start occurs on a TIOOn pin valid edge, or the free-running mode, is

selected
d
CROOn is set to FFFFH
d

TMOn is counted up from FFFFH to 0000H.

Figure 6-41. Operation Timing of OVFOn Flag

countcock __ [ | | || |1 L[| [_

CROON FFFFH

|
T™on  FFFEH X FFFFH X 0000H X 0001H X

l
OVFOn |
|

INTTMOON [ ]

<2> Even if the OVFOn flag is cleared before the next count clock is counted (before TMOn becomes 0001H)
after the occurrence of TMOn overflow, the OVFOn flag is re-set newly and clear is disabled.

(7) Conflicting operations
Conflict between the read period of the 16-bit timer capture/compare register (CROOn/CR01n) and capture trigger
input (CROON/CRO1n used as capture register)
Capture trigger input has priority. The data read from CR0O0On/CRO01n is undefined.

Figure 6-42. Capture Register Data Retention Timing

Count clock J | | | | | | |_ﬁ_| |_| |_| |_
TMOncountvalue X N X N+1 X N+2 X \\ X M XM+t XMme2

Edge input | {SJ
)
INTTMO1n | | . | |

Capture read signal

|

((
b
CRO1n capture value X EX; \\ N+2 }X‘ M+ 1

;T LTJ
Capture Capture, but
read value is

not guaranteed

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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(8) Timer operation

<1>

<2>

<3>

Even if 16-bit timer counter On (TMOn) is read, the value is not captured by 16-bit timer capture/compare
register 01n (CRO1n).

Regardless of the CPU’s operation mode, when the timer stops, the input signals to the TI0On/T101n pins
are not acknowledged.

The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TIOOn valid edge. In the mode in which clear & start occurs on a match between
the TMOn register and CROON register, one-shot pulse output is not possible because an overflow does not
occur.

(9) Capture operation

<1>

<2>

<3>

If the TIOONn pin valid edge is specified as the count clock, a capture operation by the capture register
specified as the trigger for the TI00n pin is not possible.

To ensure the reliability of the capture operation, the capture trigger requires a pulse two cycles longer than
the count clock selected by prescaler mode register On (PRMOn).

The capture operation is performed at the falling edge of the count clock. An interrupt request input
(INTTMOON/INTTMO1n), however, is generated at the rise of the next count clock.

(10) Compare operation
A capture operation may not be performed for CROOn/CR01n set in compare mode even if a capture trigger has

been input.

(11) Edge detection

<1>

<2>

If the TIOON or TIO1n pin is high level immediately after system reset and the rising edge or both the rising
and falling edges are specified as the valid edge of the TIOOn or TI0O1n pin to enable the 16-bit timer counter
On (TMOnN) operation, a rising edge is detected immediately after the operation is enabled. Be careful
therefore when pulling up the TI0On or TI01n pin. However, the rising edge is not detected at restart after
the operation has been stopped once.

The sampling clock used to remove noise differs when the TI0On pin valid edge is used as the count clock
and when it is used as a capture trigger. In the former case, the count clock is frrs, and in the latter case
the count clock is selected by prescaler mode register On (PRMOn). The capture operation is started only
after a valid edge is detected twice by sampling, thus eliminating noise with a short pulse width.

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.1 Functions of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 have the following functions.

e |Interval timer

e External event counter

e Square-wave output

o PWM output

Figures 7-1 and 7-2 show the block diagrams of 8-bit timer/event counters 50 and 51.

Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 50

Internal bus

{

8-bit timer compare
regiser 50 (CR50) | | 5 INTTM50
TI50/TO50/P17 @] Match | S Note 1 To TMHO
ferRs — 5 e ] i To UARTO
fzig%% 38 = 5S4 = To UART6
frose 1 2 | |ebittimer 0 =5 3
frrs/28 —= @ counter 50 (TM50) R 3
frrs/218  ——=
Clear 1}
Note 2 Output latch
3 S |, | Invert (17)
R level
| Selector———

I —
[TCL502|TCL501|TCL500]

Timer clock selection
register 50 (TCL50)

|TCE50[TMC506 |LVS50] LVR50[TMC501 [TOE50)

8-bit timer mode control
register 50 (TMC50)

Internal bus

Notes 1.

Timer output F/F

2. PWM output F/F
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51

2 Internal bus 2
8-bit timer compare
register 51 (CR51) 5 INTTM51
TI51/TO51/ o
P33/INTP4©@ =] Match | $ Note 1
PRS — % 3
Bl g = Sq 5
fonos ——| @ | _|8-bittimer OVF D"NV g B
frrs/28 — P counter 51 (TM51) R 2 ) D k © TO51/TI51/
fPrs/212  — 2 P33/INTP4
Clear 1
Note 2 Output latch
ey | P33
3 S | Invert
R level
Selemi
R -
[reLs12TeLs11]TeLs1of |TCE51 [TMC516 |LVS51] LVR51 [TMC511 [TOE51|

Timer clock selection
register 51 (TCL51)

8-bit timer mode control
register 51 (TMC51)

Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.2 Configuration of 8-Bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 include the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

Item Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO5n

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Port mode register 1 (PM1) or port mode register 3 (PM3)
Port register 1 (P1) or port register 3 (P3)

(1) 8-bit timer counter 5n (TM5n)
TM5n is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 7-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF16H (TM50), FF1FH (TM51) After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

) S N

In the following situations, the count value is cleared to O0H.

<1> RESET input

<2> When TCEbn is cleared

<3> When TM5n and CR5n match in the mode in which clear & start occurs upon a match of the TM5n and
CR5n.

Remark n=0,1
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

(2) 8-bit timer compare register 5n (CR5n)
CR5n can be read and written by an 8-bit memory manipulation instruction.
Except in PWM mode, the value set in CR5n is constantly compared with the 8-bit timer counter 5n (TM5n) count
value, and an interrupt request (INTTM5n) is generated if they match.
In PWM mode, when the TO5n pin becomes active due to a TM5n overflow and the values of TM5n and CR5n
match, the TO5n pin becomes inactive.
The value of CR5n can be set within 00H to FFH.
RESET input clears CR5n to 00H.

Figure 7-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF17H (CR50), FF41H (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

e [T T T T T T T ]

Cautions 1. In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do
not write other values to CR5n during operation.
2. In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock
selected by TCL5n) or more.

Remark n=0, 1
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7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51
The following four registers are used to control 8-bit timer/event counters 50 and 51.
e Timer clock selection register 5n (TCL5n)
¢ 8-bit timer mode control register 5n (TMC5n)
e Port mode register 1 (PM1) or port mode register 3 (PM3)

e Port register 1 (P1) or port register 3 (P3)

(1) Timer clock selection register 5n (TCL5n)

This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of the TI5n pin input.

TCL5n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TCL5n to O0H.

Remark n=0,1

Figure 7-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF6AH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection
frrs = frrs = frrs = frrs =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 TI50 pin falling edge™™"
0 0 1 TI50 pin rising edge"™*?
0 1 0 frrs 2 MHz 5 MHz 10 MHz 20 MHz
0 1 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 0 frrs/2° 500 kHz 1.25MHz | 2.5 MHz 5 MHz
1 0 1 frrs/2° 31.25kHz | 78.13kHz | 156.25 kHz | 312.5 kHz
1 1 0 frrs/2° 7.81 kHz 19.53kHz | 39.06 kHz | 78.13 kHz
1 1 1 frrs/2" 0.24 kHz 0.61 kHz 1.22 kHz 2.44 kHz

Notes 1. Inthe on-board mode, the FLMDO pin falling edge is selected.

2. Inthe on-board mode, the FLMDO pin rising edge is selected.

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.

2. Be sure to clear bits 3 to 7 to 0.

Remark frrs: Peripheral hardware clock oscillation frequency
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Figure 7-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF8CH  After reset: 0OOH R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 | TCL512 | TCL511 | TCL510
TCL512 TCL511 TCL510 Count clock selection
frRs = frRs = frRs = frRs =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 TI51 pin falling edge
0 0 1 TI51 pin rising edge
0 1 0 frRs 2 MHz 5 MHz 10 MHz 20 MHz
0 1 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 0 frrs/2* 125 kHz 3125 kHz | 625 kHz 1.25 MHz
1 0 1 frrs/2° 31.25kHz | 78.13kHz | 156.25 kHz | 312.5 kHz
1 1 0 frrs/2° 7.81 kHz 19.53 kHz | 39.06 kHz | 78.13 kHz
1 1 1 frrs/2' 0.49 kHz 1.22 kHz 2.44 kHz 4.88 kHz

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.
2. Be sure to clear bits 3to 7 to 0.

Remark frrs: Peripheral hardware clock oscillation frequency
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

(2) 8-bit timer mode control register 5n (TMC5n)
TMC5n is a register that performs the following five types of settings.

<1> 8-bit timer counter 5n (TM5n) count operation control

8-bit timer counter 5n (TM5n) operating mode selection

Timer output F/F (flip flop) status setting

Active level selection in timer F/F control or PWM (free-running) mode.

<2>
<3>
<4>

<5>

Timer output control

TMC5n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Remark n=0, 1

Address: FF6BH

Figure 7-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 0OH  R/W"™

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCE50 TMC506 0 0 LVS50 LVR50 TMC501 TOES50

TCE50 TM50 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC506 TM50 operating mode selection
0 Mode in which clear & start occurs on a match between TM50 and CR50
1 PWM (free-running) mode

LVS50 LVR50 Timer output F/F status setting

0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)

Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOE50 Timer output control

0 Output disabled (TM50 output is low level)
1 Output enabled

Note Bits 2 and 3 are write-only.

(Refer to Cautions and Remarks on the next page.)
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Address: FF43H

Symbol
TMC51

Figure 7-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

After reset: OOH R/W"™

<7> 6 5 4 <3> <2> 1 <0>
TCE51 TMC516 0 0 LVS51 | LVR51 | TMC511 | TOES51
TCES51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start
TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode
LVS51 LVR51 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOE51 Timer output control
0 Output disabled (TM51 output is low level)

Output enabled

Note Bits 2 and 3 are write-only.

Cautions 1. The settings of LVS5n and LVR5n are valid in other than PWM mode.
Perform <1> to <4> below in the following order, not at the same time.

2.

Remarks 1.
2.
3.

<1> Set TMC5n1, TMC5n6:

Operation mode setting

<2> Set TOE5n to enable output: Timer output enable
<3> Set LVS5n, LVR5n (see Caution 1): Timer F/F setting

<4> Set TCE5n
Stop operation before rewriting TMC5n6.

In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
If LVS5n and LVR5n are read, the value is 0.

The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOE5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.

.n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)

194

These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/TI150 and P33/TO51/TI51/INTP4 pins for timer output, clear PM17 and PM33 and the
output latches of P17 and P33 to 0.

When using the P17/TO50/TI50 and P33/TO51/TI51/INTP4 pins for timer input, set PM17 and PM33 to 1. The
output latches of P17 and P33 at this time may be 0 or 1.

PM1 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 7-9. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Figure 7-10. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 ’ 1 ’ 1 ’ 1 ’ PM33 ’ PM32 ’ PM31 ’ PM30 |
PM3n P3n pin I/0O mode selection (n = 0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 Operations of 8-Bit Timer/Event Counters 50 and 51

7.4.1 Operation as interval timer

8-bit timer/event counter 5n operates as an interval timer that generates interrupt requests repeatedly at intervals
of the count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with the
TM5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n
(TCL5nN).

<1> Set the registers.
e TCL5n: Select the count clock.
e CRb5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n
and CR5n.
(TMC5n = 0000xxx0B x = Don’t care)
<2> After TCE5n = 1 is set, the count operation starts.
<3> If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> [INTTMb5n is generated repeatedly at the same interval.
Set TCE5n to 0 to stop the count operation.

Caution Do not write other values to CR5n during operation.
Figure 7-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

[N |

TMsn countvalue __ 00H X01HX X N XooHXotHX X N XooHXotHX X N X
A A A '
Count start Clear Clear E
CR5n N o N o N TN

Interrupt acknowledged Interrupt acknowledged

Interval time Interval time

Remark Intervaltime = (N + 1) xt

N =01H to FFH
n=0,1
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Figure 7-11. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

L
1 1
1 1
Count clock M
1 1 1 1 1 1
TM5n O0H ' O0H ' OOH ! | . .
CR5n 00H ' 00H

TCE5n|
INTTM5n Illlllllllll

1 1
-
1 1

Interval time

(c) When CR5n = FFH

o
Count clock pEpEpipipEpEpEE e pEpEpEnS
TM5n [oH] |FEH|FFHi00H| - |FEH|FFHi00H |
; ;
CR5n FFH - FFH - FFH

TCESn |
INTTM5n [ [ ]

A A
Interrupt acknowledged Interrupt

1
1
! acknowledged
1

Interval time

Remark n=0, 1
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7.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI5n pin by 8-bit timer
counter 5n (TM5n).

TM5n is incremented each time the valid edge specified by timer clock selection register 5n (TCL5n) is input.
Either the rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0
and an interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTM5n is generated.

<1> Set each register.
e Set the port mode register (PM17 or PM33)"" to 1.
e TCL5n: Select TI5n pin input edge.
TI5n pin falling edge — TCL5n = 00H
TI5n pin rising edge — TCL5n = 01H
e CR5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on match of TM5n and
CR5n, disable the timer F/F inversion operation, disable timer output.
(TMC5n = 0000xx00B x = Don’t care)
<2> When TCE5n = 1 is set, the number of pulses input from the TI5n pin is counted.
<3> When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to O0H).
<4> After these settings, INTTMb5n is generated each time the values of TM5n and CR5n match.

Note 8-bit timer/event counter 50: PM17
8-bit timer/event counter 51: PM33

Figure 7-12. External Event Counter Operation Timing (with Rising Edge Specified)

e [T L T LT L

A l
Count start !
- |
TM5n count value X 00H X 01H X 02H  03H X041 X0sHX XN -1X N_XooH Xo1H X 0o2H X 03H X
|
CR5n o N

INTTM5n []

Remark N =00H to FFH
n=0,1
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7.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer
compare register 5n (CR5n).

The TO5n pin output status is inverted at intervals determined by the count value preset to CR5n by setting bit 0
(TOES5N) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

<1> Set each register.

Clear the port output latch (P17 or P33)"* and port mode register (PM17 or PM33)"* to 0.

TCL5n: Select the count clock.

CR5n:  Compare value

TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CRb5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F inversion enabled
Timer output enabled
(TMC5n = 00001011B or 00000111B)

<2> After TCE5n = 1 is set, the count operation starts.
<3> The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to OOH.
<4> After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TO5N.
The frequency is as follows.
Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

Caution Do not write other values to CR5n during operation.

Remark n=0, 1
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Figure 7-13. Square-Wave Output Operation Timing

[N S

L
contoosx [T [T 1. L L TLrLrLr
| |
TMsn countvalue _ 00HJ 01HJo2HY N -1{ N Yoon YotHYo2HY ~~  YN-1 N YooH
Cour%start E E

1
1
|

TOS5NNet L [ [

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control
register 5n (TMC5n).

7.4.4 PWM output operation

8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n
(TMCb5n) is set to 1.

The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of
TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).

PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected by
TCL5n) or more.

Remark n=0, 1
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(1) PWM output basic operation

<1> Set each register.
¢ Clear the port output latch (P17 or P33)"* and port mode register (PM17 or PM33)"* to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMC5n: Stop the count operation, select PWM mode.
The timer output F/F is not changed.

TMC5n1 Active Level Selection

0 Active-high

1 Active-low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

<2> The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

| PWM output operation |

<1> PWM output (output from TO5n) outputs an inactive level until an overflow occurs.

<2> When an overflow occurs, the active level is output. The active level is output untii CR5n matches the
count value of 8-bit timer counter 5n (TM5n).

<3> After the CR5n matches the count value, the inactive level is output until an overflow occurs again.

<4> Operations <2> and <3> are repeated until the count operation stops.
<5> When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 7-14 and 7-15.
The cycle, active-level width, and duty are as follows.
e Cycle = 2%
o Active-level width = Nt
e Duty = N/2°
(N = 00H to FFH)

Remark n=0,1
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Figure 7-14. PWM Output Operation Timing

(a) Basic operation (active level = H)

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n __00H|01H] |FFH|00H|01H|02H| | N |N+1| |FFH|OOH|O1H|02H| |M| 00H
1
1

CR5n N . . . .
| | | | | |
TCE5n _I 1 1 1 i i |
fi 1 1 1 1 1 1
1 1 1 1 1 1 1
INTTM5n ! . ] ! . L M ! '
1 1 1 1 1 1 1
| I L — | 1 -
TOsn _ e [ L. 1
<1> 4 <5>
<2> Active level <3> Inactive level Active level
(b) CR5n = 00H
ot
o]
1 1
Countclock [ L_ LI S ST L. L
1 1
- | - - | - !
TM5n __00H | 01H] __AFFHJooH]o1H]o2H] I N IN+1IN+2] __ |FFH|00H|01H|02H| ___ImTJooH
1
! |
CR5n 00H . . . . . .
! 1 1
TCE5n o ! o o "_|_
_! : : |
1
INTTM5n ___ - [ - - |_I !
TOsn L | .. ! .. .. ! !
{ 4
Inactive level Inactive level

(c) CR5n =FFH

TM5n __00H [01H] |FFH|00H|01H|02H| N Y 1 [ |FFH|00H|01H|02H| |M|00H

CR5n FFH . . . .
1 1 1 1 :
TCE5n . | . . L R
- o G :
INTTM5n I . I R o
! i i N |
1
TO5n __ ! : | |_| |_
1
t f ot -
Inactive level Active level Active level Inactive level
Inactive level

Remarks 1. <1> to <3> and <5> in Figure 7-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
7.4.4 (1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 7-15. Timing of Operation with CR5n Changed

(a) CRb5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

[

-]
1 1
Count clock ||||||||||||||||||||||||||||||||||||||||||||||||||||
1 1 1 1 1 1 1
o [FEHT 00HT01HT02HT o | I [P [P o [FEHT ooHToTHT02HT o | IV [VES] [P
1 1 1 1 1

1
TM5n_| N [N+1IN+2|
1

1

1
CR5n N_ . X Y . . . .
1 1 1 1 1 1 1 1
TCE5n™ H | : | | | | | |
INTTM5n X ! [ ' ' Il . .
1 1 1 1 1 1 1
TOSn | I I f i f |'

¢ L<2>

<1> CR5n change (N —» M)

(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.

[

=]
Count clock |||||||||||||||||||||||||||||||||||||||||||||||||||||||
| : 1 1 1 1 1
TM5n TN IN+1IN+2] . _FrAJooRTotH]02A] 1. [N IN+i|N+2] .. [FEAJOOHTOTH]0PA] .. T M IM+1[M+2]
! | | | | | :
CR5n N X N . X M .
1 1 1 1 1 1 1
TCE5n~ H | | | | | | |
INTTMS5n : I : : ! ' '
1 1 1 1 1 1 1
TO5n | : | | : | |I
<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 7-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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7.5 Cautions for 8-Bit Timer/Event Counters 50 and 51

(1) Timer start error

An error of up to one clock may occur in the time required for a match signal to be generated after timer start.

This is because 8-bit timer counters 50 and 51 (TM50, TM51) are started asynchronously to the count clock.

Figure 7-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

TM5n count value 00H X 01H X 02H X 03H X 04H

Timer start

Remark n=0, 1
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8.1 Functions of 8-Bit Timers HO and H1
8-bit timers HO and H1 have the following functions.
e Interval timer
o PWM output mode
e Square-wave output
e Carrier generator mode (8-bit timer H1 only)
8.2 Configuration of 8-Bit Timers HO and H1

8-bit timers HO and H1 include the following hardware.

Table 8-1. Configuration of 8-Bit Timers HO and H1

Item Configuration
Timer register 8-bit timer counter Hn
Registers 8-bit timer H compare register On (CMPOn)
8-bit timer H compare register 1n (CMP1n)
Timer output TOHN
Control registers 8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"*
Port mode register 1 (PM1)
Port register 1 (P1)

Note 8-bit timer H1 only

Remark n=0,1

Figures 8-1 and 8-2 show the block diagrams.
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Figure 8-1. Block Diagram of 8-Bit Timer HO
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Figure 8-2. Block Diagram of 8-Bit Timer H1
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(1) 8-bit timer H compare register On (CMPOn)
This register can be read or written by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 8-3. Format of 8-Bit Timer H Compare Register On (CMPOn)

Address: FF18H (CMPO00), FF1AH (CMPO01)  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0

own [ T [ T [ T T T ]

Caution CMPON cannot be rewritten during timer count operation.

(2) 8-bit timer H compare register 1n (CMP1n)
This register can be read or written by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 8-4. Format of 8-Bit Timer H Compare Register 1n (CMP1n)

Address: FF19H (CMP10), FF1BH (CMP11)  After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0

own [ [T [ [ T T [ ]

CMP1n can be rewritten during timer count operation.

An interrupt request signal (INTTMHn) is generated if the timer count values and CMP1n match after setting
CMP1n in carrier generator mode. The timer count value is cleared at the same time. If the CMP1n value is rewritten
during timer operation, transferring is performed at the timing at which the count value and CMP1n value match. If the
transfer timing and writing from CPU to CMP1n conflict, transfer is not performed.

Caution In the PWM output mode and carrier generator mode, be sure to set CMP1n when starting the
timer count operation (TMHEN = 1) after the timer count operation was stopped (TMHEN = 0) (be

sure to set again even if setting the same value to CMP1n).

Remark n=0, 1
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8.3 Registers Controlling 8-Bit Timers HO and H1

The following four registers are used to control 8-bit timers HO and H1.

8-bit timer H mode register n (TMHMDn)

e 8-bit timer H carrier control register 1 (TMCYC1)""*
¢ Port mode register 1 (PM1)

e Port register 1 (P1)

Note 8-bit timer H1 only
(1) 8-bit timer H mode register n (TMHMDn)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to O0H.

Remark n=0,1
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Figure 8-5. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

Address: FF69H  After reset: 0OH R/W

<7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKSO02 | CKSO1 | CKS00 | TMMDOT|TMMDOO | TOLEVO | TOENO |

TMHEO Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)
CKS02 | CKSO01 | CKS00 Count clock selection
frRs = frrs = frrs = frRs =
2 MHz 5 MHz 10 MHz |20 MHz
0 0 0 fers 2 MHz 5 MHz 10 MHz |20 MHz
0 0 1 fers/2 | 1 MHz 25MHz |5MHz 10 MHz
0 1 0 fers/22 | 500 kHz [ 1.25 MHz (2.5 MHz |5 MHz
0 1 1 frrs/2% | 31.25 kHz | 78.13 kHz | 156.25 kHz | 312.5 kHz
1 0 0 fers/2'°| 1.95 kHz | 4.88 kHz |9.77 kHz | 19.54 kHz
1 0 1 TM50 output™et
Other than above Setting prohibited
TMMDO1| TMMDOO Timer operation mode
0 0 Interval timer mode
1 0 PWM output mode
Other than above | Setting prohibited
TOLEVO Timer output level control (in default mode)
0 Low level
1 High level
TOENO Timer output control
0 Disables output
1 Enables output

Note Note the following points when selecting the TM50 output as the count clock.

¢ PWM mode (TMC506 = 1)
Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty =
50%.

¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion operation
(TMC501 = 1).

It is not necessary to enable the TO50 pin as a timer output pin in any mode.

Preliminary User's Manual U17473EJ1VOUD 209



CHAPTER 8 8-BIT TIMERS HO AND H1

Cautions 1. When TMHEDO = 1, setting the other bits of TMHMDO is prohibited.
2. In the PWM output mode, be sure to set 8-bit timer H compare register 10 (CMP10) when
starting the timer count operation (TMHEO = 1) after the timer count operation was stopped
(TMHEO = 0) (be sure to set again even if setting the same value to CMP10).

Remarks 1. frrs: Peripheral hardware clock oscillation frequency

2. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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Figure 8-6. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)

Address: FF6CH  After reset: OOH R/W

<7> 6 5 4 3 2 <1> <0>
TMHMD1 | TMHE1 | Cks12 | CKS11 | CKS10 | TMMD11|TMMD10| TOLEV1 | TOENT |

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS12 | CKS11 | CKS10 Count clock selection

fers = frrs = fers = fers =
2 MHz 5 MHz 10 MHz |20 MHz

0 0 0 fers 2 MHz 5 MHz 10 MHz |20 MHz
0 0 1 frrs/22 | 500 kHz [1.25 MHz [2.5 MHz |5 MHz
0 1 0 fers/24 | 125 kHz |312.5 kHz |625 kHz | 1.25 MHz
0 1 1 frrs/2% | 31.25 kHz |78.13 kHz | 156.25 kHz| 312.5 kHz
1 0 0 frrs/2'2| 0.49 kHz |1.22 kHz [2.44 kHz |4.88 kHz
1 0 1 fr/2” |1.88 kHz (TYP.)
1 1 0 fr/2° |0.47 kHz (TYP.)
1 1 1 faL 240 kHz (TYP.)

TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited

TOLEVA1 Timer output level control (in default mode)
0 Low level
1 High level

TOEN1 Timer output control
0 Disables output
1 Enables output

Cautions 1. When TMHE1 = 1, setting the other bits of TMHMD1 is prohibited.

2. In the PWM output mode and carrier generator mode, be sure to set 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHE1 = 1) after the timer count
operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same value to
CMP11).

3. When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.
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Remarks 1. frrs: Peripheral hardware clock oscillation frequency
2. frR.:  Low-speed Ring-OSC clock oscillation frequency

(2) 8-bit timer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 8-7. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: O0H  R/Whete

7 6 5 4 3 2 1 <0>
™cyct [ o | o | o | o | o |Rmct |NRzB1| NRZt |

RMC1 NRZB1 Remote control output

0 0 Low-level output

0 1 High-level output

1 0 Low-level output

1 1 Carrier pulse output
NRZ1 Carrier pulse output status flag

0 Carrier output disabled status (low-level status)

1 Carrier output enabled status

(RMCH1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit 0 is read-only.

(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P15/TOHO and P16/TOH1/INTP5 pins for timer output, clear PM15 and PM16 and the output
latches of P15 and P16 to 0.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 8-8. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operation of 8-Bit Timers HO and H1

8.4.1 Operation as interval timer/square-wave output

When 8-bit timer counter Hn and compare register On (CMPONn) match, an interrupt request signal (INTTMHn) is
generated and 8-bit timer counter Hn is cleared to 00H.

Compare register 1n (CMP1n) is not used in interval timer mode. Since a match of 8-bit timer counter Hn and the
CMP1n register is not detected even if the CMP1n register is set, timer output is not affected.

By setting bit 0 (TOENN) of timer H mode register n (TMHMDn) to 1, a square wave of any frequency (duty = 50%)
is output from TOHn.

(1) Usage
Generates the INTTMHn signal repeatedly at the same interval.

<1> Set each register.
Figure 8-9. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSn1 CKSn0O TMMDn1 TMMDnO TOLEVn TOENn
TMHMDnl 0 ‘ 0/ ‘ 0/ ‘ 01 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/ |

L Timer output setting

Timer output level inversion setting

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(ii) CMPON register setting

e Compare value (N)

<2> Count operation starts when TMHEnN = 1.

<3> When the values of 8-bit timer counter Hn and the CMPOn register match, the INTTMHn signal is generated
and 8-bit timer counter Hn is cleared to O0H.

Interval time = (N +1)/fcnTt

<4> Subsequently, the INTTMHn signal is generated at the same interval. To stop the count operation, clear
TMHERN to 0.

Remark n=0, 1
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(2) Timing chart
The timing of the interval timer/square-wave output operation is shown below.

Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation

Count clock |||| ||||||||<||||||

é Count start

> T

( X N X ooH X ot X X N X ooH XotH(ooH

Clear

8-bit timer counter Hn OOHX 01H X

CMPOn N

L

h

INTTMHn __: ) | |
A , Interval time |
: . ) .
TOHn ! .
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-bit timer counter Hn clear 8-bit timer counter Hn clear

<1> The count operation is enabled by setting the TMHERN bit to 1. The count clock starts counting no more than
1 clock after the operation is enabled.

<2> When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn
is cleared, the TOHnN output level is inverted, and the INTTMHn signal is output.

<3> The INTTMHn signal and TOHn output become inactive by clearing the TMHEnN bit to O during timer Hn
operation. If these are inactive from the first, the level is retained.

Remark n=0,1
N =01H to FEH
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Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPOn = FFH

Count clock ||||S<||||||||4g_||_||_||_

4 Count start

8-bit timer counter Hn

OOHX 01H X

X Fer X FFHAX 00H X

. Clear

X FeH X FFHAX OOHX:

Clear

CMPON

FFH

TMHEn J

INTTMHnN

TOHN

(c) Operation when CMPOn = 00H

Interval time

comeoss [ L[ L L L

8-bit timer counter Hn

CMPON

TMHEnN

INTTMHn

TOHN

Remark n=0, 1

Count start !

00H

00H

[ N R P R —————

L

' '
L
' '

Interval time
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8.4.2 Operation as PWM output mode

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

8-bit timer compare register On (CMPOn) controls the cycle of timer output (TOHN). Rewriting the CMPOn register
during timer operation is prohibited.

8-bit timer compare register 1n (CMP1n) controls the duty of timer output (TOHn). Rewriting the CMP1n register
during timer operation is possible.

The operation in PWM output mode is as follows.

TOHN output becomes active and 8-bit timer counter Hn is cleared to 0 when 8-bit timer counter Hn and the
CMPOnN register match after the timer count is started. TOHn output becomes inactive when 8-bit timer counter Hn
and the CMP1n register match.

(1) Usage
In PWM output mode, a pulse for which an arbitrary duty and arbitrary cycle can be set is output.

<1> Set each register.
Figure 8-11. Register Setting in PWM Output Mode

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSn1 CKSn0 TMMDn1 TMMDnO TOLEVnR TOENN
TMHMDn|0‘0/1‘O/1‘O/1‘ 1‘0‘0/1‘1|

| | L] L

Timer output enabled

Timer output level inversion setting

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPON register
e Compare value (N): Cycle setting

(iii) Setting CMP1n register
e Compare value (M): Duty setting

Remarks 1. n=0, 1
2. 00H < CMP1n (M) < CMPON (N) < FFH

216 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 8 8-BIT TIMERS HO AND H1

<2>

<3>

<4>

<5>

<6>

The count operation starts when TMHER = 1.

The CMPOnN register is the compare register that is to be compared first after counter operation is enabled.
When the values of 8-bit timer counter Hn and the CMPOn register match, 8-bit timer counter Hn is cleared,
an interrupt request signal (INTTMHn) is generated, and TOHn output becomes active. At the same time,
the compare register to be compared with 8-bit timer counter Hn is changed from the CMPOn register to the
CMP1n register.

When 8-bit timer counter Hn and the CMP1n register match, TOHn output becomes inactive and the
compare register to be compared with 8-bit timer counter Hn is changed from the CMP1n register to the
CMPON register. At this time, 8-bit timer counter Hn is not cleared and the INTTMHn signal is not
generated.

By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

To stop the count operation, set TMHEnN = 0.

If the setting value of the CMPOn register is N, the setting value of the CMP1n register is M, and the count clock

frequency is fent, the PWM pulse output cycle and duty are as follows.

PWM pulse output cycle = (N + 1)/fent
Duty = Active width : Total width of PWM =M+ 1) : (N + 1)

Cautions 1. In PWM output mode, three operation clocks (signal selected using the CKSn2 to CKSn0

bits of the TMHMDn register) are required to transfer the CMP1n register value after
rewriting the register.

2. Be sure to set the CMP1n register when starting the timer count operation (TMHEN = 1) after
the timer count operation was stopped (TMHEnN = 0) (be sure to set again even if setting the
same value to the CMP1n register).

Remark n=0, 1
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)

8-bit

<

<2>

<3>

<4>
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Timing chart
The operation timing in PWM output mode is shown below.

Caution Make sure that the CMP1n register setting value (M) and CMPOn register setting value (N) are

within the following range.
00H < CMP1n (M) < CMPON (N) < FFH

Figure 8-12. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

Count clock |||| |||||||||| |||||||||| ||||
oo

timer counter Hn 00H ' m

o

CMPON A5H

CMP1n 01H

TMHEn J

INTTMHnN

TOHN
(TOLEVn = 0)

]

<1> E<2> E<3>

(TOLEV-rI;O:F:r; |_| | |_|

NG

L

1> The count operation is enabled by setting the TMHERN bit to 1. Start 8-bit timer counter Hn by masking one

count clock to count up. At this time, TOHn output remains inactive (when TOLEVn = 0).

the value of 8-bit timer counter Hn is cleared, and the INTTMHn signal is output.

When the values of 8-bit timer counter Hn and the CMPOn register match, the TOHn output level is inverted,

When the values of 8-bit timer counter Hn and the CMP1n register match, the level of the TOHn output is

returned. At this time, the 8-bit timer counter value is not cleared and the INTTMHn signal is not output.

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (2/4)

SR N N R N RS N R .

FFH, CMP1n

(b) Operation when CMPOn
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(c) Operation when CMPOn

Count clock _l_l_l_l_l_

EE

A
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00H
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8-bit timer counter Hn

FEH

CMP1n

]

INTTMHnN

=0)

(TOLEVn

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (3/4)

= 00H

01H, CMP1n

(d) Operation when CMPOn

Count clock

01H

CMPON

00H

CMP1n

TMHERN
INTTMHRn

=O)

(TOLEVn

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP1n (CMP1n = 01H — 03H, CMPOn = A5H)

Count clock |||| “||||||I||||||||||||||I||I||I

R

<1>

<2>

<3>

<4>

<5>

<6>

[ ' ' ' ' '
' ' ' ' ' ' '
' ' ' ' ' ' '
' ' ' ' ' ' '
' ' ' ' ' ' '
! ( (

)T

CMPON A5H

CMP1n 01H :X o1H (03H) X 03H
E <2> <2>' E

TMHER J L

"

TOHN | | !
(TOLEVn = 0) T &

<1> <3> <4> <5> <6>

ll

INTTMHn S

The count operation is enabled by setting TMHEn = 1. Start 8-bit timer counter Hn by masking one count
clock to count up. At this time, the TOHn output remains inactive (when TOLEVn = 0).

The CMP1n register value can be changed during timer counter operation. This operation is asynchronous
to the count clock.

When the values of 8-bit timer counter Hn and the CMPOn register match, the value of 8-bit timer counter Hn
is cleared, the TOHnN output becomes active, and the INTTMHn signal is output.

If the CMP1n register value is changed, the value is latched and not transferred to the register. When the
values of 8-bit timer counter Hn and the CMP1n register before the change match, the value is transferred to
the CMP1n register and the CMP1n register value is changed (<2>’).

However, three count clocks or more are required from when the CMP1n register value is changed to when
the value is transferred to the register. If a match signal is generated within three count clocks, the changed
value cannot be transferred to the register.

When the values of 8-bit timer counter Hn and the CMP1n register after the change match, the TOHn output
becomes inactive. 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated.

Clearing the TMHER bit to 0 during timer Hn operation makes the INTTMHn signal and TOHn output inactive.

Remark n=0,1

Preliminary User's Manual U17473EJ1VOUD 221



CHAPTER 8 8-BIT TIMERS HO AND H1

8.4.3 Carrier generator mode operation (8-bit timer H1 only)

T

he carrier clock generated by 8-bit timer H1 is output in the cycle set by 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by 8-bit timer/event counter 51,

and the carrier pulse is output from the TOH1 output.

M

)

222

Carrier generation

In carrier generator mode, 8-bit timer H compare register 01 (CMPO01) generates a low-level width carrier pulse
waveform and 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse waveform.
Rewriting the CMP11 register during 8-bit timer H1 operation is possible but rewriting the CMPO1 register is
prohibited.

Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the
outputs is shown below.

RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register
have a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written.
The INTTM51 signal is synchronized with the 8-bit timer H1 count clock and output as the INTTM5H1 signal. The
INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to the
NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 8-13. Transfer Timing

TMHET _|

8ol timer H 'y ore
count clock !
NTTMStT [ ]

INTTM5H1 [ |, [ |,

<1> ! !
NRZ1 0 X 1 X 0
//<2> /
NRZB1 1 X 0 X 1

RMC1 |

<1> The INTTM51 signal is synchronized with the count clock of 8-bit timer H1 and is output as the INTTM5H1
signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten,
or else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.
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(3) Usage
Outputs an arbitrary carrier clock from the TOH1 pin.

<1>

TMHMD/ |

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>
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Set each register.
Figure 8-14. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

0‘0/1‘0/1‘0/1‘0‘1‘0/1‘1|

| | L] L

Timer output enabled

Timer output level inversion setting

Carrier generator mode selection

Count clock (fenr) selection

Count operation stopped

(ii) CMPO1 register setting
e Compare value

(iii) CMP11 register setting
e Compare value

(iv) TMCYC1 register setting
e RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... carrier output enable bit

(v) TCL51 and TMC51 register setting
e See 7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.

When TMHE1 = 1, 8-bit timer H1 starts counting.

When TCE51 of 8-bit timer mode control register 51 (TMC51) is set to 1, 8-bit timer/event counter 51 starts
counting.

After the count operation is enabled, the first compare register to be compared is the CMPO1 register.
When the count value of 8-bit timer counter H1 and the CMPO1 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMPO1 register to the CMP11 register.

When the count value of 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1 signal
is generated, 8-bit timer counter H1 is cleared, and at the same time, the compare register to be compared
with 8-bit timer counter H1 is switched from the CMP11 register to the CMPO1 register.

By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

The INTTM51 signal is synchronized with count clock of 8-bit timer H1 and output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When the NRZ1 bit is high level, a carrier clock is output from the TOH1 pin.

By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation,
clear TMHE1 to 0.
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If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count clock
frequency is fcnt, the carrier clock output cycle and duty are as follows.

Carrier clock output cycle = (N + M + 2)/fent
Duty = High-level width : Carrier clock output width=(M + 1) : (N+ M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1) after
the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if setting the
same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count clock
frequency of TM51.

(4) Timing chart
The carrier output control timing is shown below.

Cautions 1. Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

2. In the carrier generator mode, three operating clocks (signal selected by CKS12 to CKS10
bits of TMHMD1 register) or more are required from when the CMP11 register value is
changed to when the value is transferred to the register.

3. Be sure to set the RMC1 bit before the count operation is started.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>
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Figure 8-15. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N
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When TMHE1 = 0 and TCE51 = 0, 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
OOH.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO01 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is generated.

When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When NRZ1 = 0 is set, the TOH1 output becomes low level.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>

Figure 8-15. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M
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INTTM5HnN

NRZBn

X
NRZn ]
Carrier clock _U_U_LTU_?.I_L T UL
TOHn , 11 — UL

When TMHE1 = 0 and TCE51 = 0, 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, 8-bit timer counter H1 starts a count operation. At that time, the carrier clock is held
at the inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMPO1 register to the CMP11 register. 8-bit timer counter H1 is cleared to
00H.

When the count value of 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal is
generated, the carrier clock signal is inverted, and the compare register to be compared with 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. 8-bit timer counter H1 is cleared to
00H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50% is
generated.

When the INTTM51 signal is generated, it is synchronized with 8-bit timer H1 count clock and output as the
INTTM5H1 signal.

A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.

When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier
clock is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).
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Figure 8-15. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock
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(S dpmmmmmmma 4 T
CMP11 M M, (L) X L
TMHE1

INTTMH1 { _| { T _|

<2> r <4> <5>

Carrier clock <1>

When TMHE1 = 1 is set, 8-bit timer H1 starts a count operation. At that time, the carrier clock is held at the
inactive level.

When the count value of 8-bit timer counter H1 matches the CMPO1 register value, 8-bit timer counter H1 is
cleared and the INTTMH1 signal is output.

The CMP11 register can be rewritten during 8-bit timer H1 operation, however, the changed value (L) is
latched. The CMP11 register is changed when the count value of 8-bit timer counter H1 and the CMP11
register value before the change (M) match (<3>).

When the count value of 8-bit timer counter H1 and the CMP11 register value before the change (M) match,
the INTTMH1 signal is output, the carrier signal is inverted, and 8-bit timer counter H1 is cleared to O0H.

The timing at which the count value of 8-bit timer counter H1 and the CMP11 register value match again is
indicated by the value after the change (L).
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CHAPTER 9 WATCH TIMER

9.1 Functions of Watch Timer
The watch timer has the following functions.

e Watch timer
e Interval timer

The watch timer and the interval timer can be used simultaneously.
Figure 9-1 shows the watch timer block diagram.

Figure 9-1. Block Diagram of Watch Timer

. fwx/24 =
Clear g | fwx i 2
3 5-bit counter fwx/2° | § P=INTWT
7 o © 2
fers/2 IS 11-bit prescaler - & @
8 fw Clear
fous 2 /24| fw/25 fw/28 fu/27 {fw 28 fw2' fwi2ffw/2® A
S
§ INTWTI
[0
»n

[ wrmz | wrme | wims | wrma | wrms | wrmz | wimt | wTwmo |

Watch timer operation
mode register (WTM)

2 Internal bus 2

Remark frrs: Peripheral hardware clock oscillation frequency
fsue: Subsystem clock oscillation frequency
fw:  Watch timer clock frequency (frrs/2” or fsus)
fwx:  fw or fw/2°
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CHAPTER 9 WATCH TIMER

(1) Watch timer
When the peripheral hardware clock or subsystem clock is used, interrupt requests (INTWT) are generated at
preset intervals.

Table 9-1. Watch Timer Interrupt Time

Interrupt Time When Operated at | When Operated at | When Operated at | When Operated at | When Operated at
fsus = 32.768 kHz frrs = 2 MHz frrs = 5 MHz frrs = 10 MHz frrRs = 20 MHz
2'/fw 488 us 1.02 ms 410 us 205 us 102 us
2°ffw 977 us 2.05 ms 819 us 410 us 205 us
2%/fw 0.25s 0.52s 0.210s 0.105s 520 us
2%ffw 05s 1.05s 0.419 s 0.210s 0.105 s
Remark frrs: Peripheral hardware clock oscillation frequency

fsus: Subsystem clock oscillation frequency

fw:

(2) Interval timer

Watch timer clock frequency (frrs/2” or fsus)

Interrupt requests (INTWTI) are generated at preset time intervals.

Table 9-2. Interval Timer Interval Time

Interval Time When Operated at | When Operated at | When Operated at | When Operated at | When Operated at
fsus = 32.768 kHz frrRs = 2 MHz frrRs = 5 MHz frrs = 10 MHz frrs = 20 MHz
2'/fw 488 us 1.02 ms 410 us 205 us 102 us
2°/fw 977 us 2.05ms 820 us 410 us 205 us
2%/fw 1.95 ms 410 ms 1.64 ms 820 us 410 us
2'ffw 3.91 ms 8.20 ms 3.28 ms 1.64 ms 820 us
2°ffw 7.81 ms 16.4 ms 6.55 ms 3.28 ms 1.64 ms
2°ffw 15.6 ms 32.8 ms 13.1 ms 6.55 ms 3.28 ms
2w 31.3ms 65.5 ms 26.2 ms 13.1 ms 6.55 ms
2" ffw 62.5 ms 131.1 ms 52.4 ms 26.2ms 13.1 ms
Remark frrs: Peripheral hardware clock oscillation frequency

fsus: Subsystem clock oscillation frequency

fw:

9.2 Configuration of Watch Timer

The watch timer includes the following hardware.

230

Watch timer clock frequency (frrs/2” or fsus)

Table 9-3. Watch Timer Configuration

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1

Control register

Watch timer operation mode register (WTM)
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9.3 Register Controlling Watch Timer

The watch timer is controlled by the watch timer operation mode register (WTM).

e Watch timer operation mode register (WTM)

This register sets the watch timer count clock, enables/disables operation, prescaler interval time, and 5-bit

counter operation control.

WTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WTM to O0H.

Figure 9-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF6FH After reset: 00H R/W

Symbol
WTM

7 6 5 4 3 2 <1> <0>
WTM7 WTM6 WTM5 WTM4 WTM3 WTM2 WTM1 WTMO
WTM7 Watch timer count clock selection (fw)

fsus = 32.768 kHz | frrs =2 MHz frRs =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 frrs/2’ - 15.625 kHz 39.062 kHz 78.125 kHz 156.25 kHz
1 fsus 32.768 kHz -
WTM6 WTM5 WTM4 Prescaler interval time selection

0 0 0 2w

0 0 1 2°ffw

0 1 0 2w

0 1 1 2'ffw

1 0 0 2°/fw

1 0 1 2°ffw

1 1 0 2w

1 1 1 2" ffw
WTM3 WTM2 Interrupt time selection

0 0 2"/fw

0 1 2"/w

1 0 2°ffw

1 1 2'ffw
WTM1 5-bit counter operation control

0 Clear after operation stop

1 Start
WTMO Watch timer operation enable

0 Operation stop (clear both prescaler and timer)

Operation enable
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CHAPTER 9 WATCH TIMER

Caution Do not change the count clock and interval time (by setting bits 4 to 7 (WTM4 to WTM7) of WTM)
during watch timer operation.

Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)

2. frrs: Peripheral hardware clock oscillation frequency
3. fsue: Subsystem clock oscillation frequency
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9.4 Watch Timer Operations

9.4.1 Watch timer operation
The watch timer generates an interrupt request (INTWT) at a specific time interval by using the peripheral

hardware clock or subsystem clock.
When bit 0 (WTMO) and bit 1 (WTMT1) of the watch timer operation mode register (WTM) are set to 1, the count

operation starts. When these bits are cleared to 0, the 5-bit counter is cleared and the count operation stops.

When the interval timer is simultaneously operated, zero-second start can be achieved only for the watch timer by
clearing WTM1 to 0. In this case, however, the 11-bit prescaler is not cleared. Therefore, an error up to 2° x 1/fw
seconds occurs in the first overflow (INTWT) after zero-second start.

The interrupt request is generated at the following time intervals.

Table 9-4. Watch Timer Interrupt Time

WTM3 | WTM2 | Interrupt Time |When Operated at| When Operated at| When Operated at| When Operated at| When Operated at
Selection fsus = 32.768 kHz frrs = 2 MHz frrs = 5 MHz frrRs = 10 MHz frrs = 20 MHz
(WTM7 = 1) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0) (WTM?7 = 0)
0 0 2"%/fw 05s 1.05s 0.419 s 0.210s 0.105s
0 1 2%/ fw 0.25s 0.52 s 0.210s 0.105 s 520 us
1 0 2%fw 977 us 2.05 ms 819 us 410 us 205 us
1 1 2w 488 us 1.02 ms 410 us 205 us 102 us
Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)
2. fers: Peripheral hardware clock oscillation frequency
3. fsus: Subsystem clock oscillation frequency
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9.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt requests (INTWTI) repeatedly at an interval of
the preset count value.

The interval time can be selected with bits 4 to 6 (WTM4 to WTM®6) of the watch timer operation mode register
(WTM).

When bit 0 (WTMO) of the WTM is set to 1, the count operation starts. When this bit is set to 0, the count operation
stops.

Table 9-5. Interval Timer Interval Time

WTM6 | WTM5 | WTM4 | Interval Time | When Operated | When Operated | When Operated | When Operated | When Operated
at fsus = 32.768 | at frrs =2 MHz | at frrs = 5 MHz |at frrs = 10 MHz | at fers = 20 MHz
kHz (WTM7 =1) | (WTM7 =0) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0)
0 0 0 2'ffw 488 us 1.02 ms 410 us 205 us 102 us
0 0 1 2%fw 977 us 2.05ms 820 us 410 us 205 us
0 1 0 2%/fw 1.95 ms 4.10 ms 1.64 ms 820 us 410 us
0 1 1 2'/fw 3.91 ms 8.20 ms 3.28 ms 1.64 ms 820 us
1 0 0 2%/fw 7.81 ms 16.4 ms 6.55 ms 3.28 ms 1.64 ms
1 0 1 2°/fw 15.6 ms 32.8 ms 13.1ms 6.55 ms 3.28 ms
1 1 0 2w 31.3ms 65.5 ms 26.2 ms 13.1 ms 6.55 ms
1 1 1 2" ffw 62.5ms 131.1 ms 52.4 ms 26.2 ms 13.1 ms
Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)
2. fers: Peripheral hardware clock oscillation frequency
3. fsus: Subsystem clock oscillation frequency
Figure 9-3. Operation Timing of Watch Timer/Interval Timer
5-bit counter
OH
Overflow Overflow
Start | :
| |
Count clock ' | | | | | | | | | | | ' | | | | | | | | | | | ' | |
| | |
Watch timer | ‘ ‘
interrupt INTWT ‘ - !—I -T T !—I
| Interrupt time of watch timer (0.5 sﬂ Interrupt time of watch timer (0.5 s) :
| |
Interval timer |
interrupt INTWTI l !—L --- !_I !—L --- .—I
I | | |
\ Interval time | } T | 1
1 (M 1 1
: nxT : nxT ‘

Remark fw: Watch timer clock frequency
n: The number of times of interval timer operations
Figures in parentheses are for operation with fw = 32.768 kHz (WTM7 = 1, WTM3, WTM2 = 0, 0)
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9.5 Cautions for Watch Timer

When operation of the watch timer and 5-bit counter is enabled by the watch timer mode control register (WTM) (by
setting bits 0 (WTMO0) and 1 (WTM1) of WTM to 1), the interval until the first interrupt request (INTWT) is generated
after the register is set does not exactly match the specification made with bits 2 and 3 (WTM2, WTM3) of WTM.
Subsequently, however, the INTWT signal is generated at the specified intervals.

Figure 9-4. Example of Generation of Watch Timer Interrupt Request (INTWT) (When Interrupt Period = 0.5 s)

It takes 0.515625 seconds for the first INTWT to be generated (2° x 1/32768 = 0.015625 s longer). INTWT is then
generated every 0.5 seconds.

WTMO, WTM1

0.515625 s 05s 05s '

S R
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10.1 Functions of Watchdog Timer

The watchdog timer operates on the low-speed Ring-OSC clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

o If the watchdog timer counter overflows

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

e If data other than “ACH” is written to WDTE

e |f data is written to WDTE during a window close period

o If the CPU fetches an area not set by the IMS and IXS registers (detection of invalid check while CPU hangs up)

e If the CPU accesses an area not set by the IMS and IXS registers by executing a read/write instruction (detection
of abnormal access while CPU hangs up)

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1.
For details of RESF, see CHAPTER 22 RESET FUNCTION.
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10.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 10-1. Configuration of Watchdog Timer

ltem

Configuration

Control register

Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, and window open period are set by the option byte.

Table 10-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte

Window open period

Bits 6 and 5 (WINDOW1, WINDOWO)

Controlling counter operation of watchdog timer

Bit 4 (WDTON)

Overflow time of watchdog timer

Bits 3 to 1 (WDCS2 to WDCS0)

Remark For the option byte, see CHAPTER 25 OPTION BYTE.

Figure 10-1.

Block Diagram of Watchdog Timer

CPU access signal

CPU access

of option byte

WDCS2 to WDCS0

error detector

of option byte

2'%fRL to
Clock 217 ffaL Overflow
fr/2 . 17-bit Selector signal
: input counter
controller
Count clear Window size
signal determination

Reset
output

— Internal reset signal
controller

WINDOW1 and WINDOWO
of option byte

signal

Clear, reset control

WDTON of
option byte

Watchdog timer enable
register (WDTE)

U

Internal bus
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10.3 Register Controlling Watchdog Timer
The watchdog timer is controlled by the watchdog timer enable register (WDTE).

(1) Watchdog timer enable register (WDTE)
Writing ACH to WDTE clears the watchdog timer counter and starts counting again.
This register can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to 9AH or 1AH"".

Figure 10-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFO9H  After reset: 9AH/1AHN*®  R/W
Symbol 7 6 5 4 3 5 1 :

WDTE

Note The WDTE reset value differs depending on the WDTON setting value of the option byte. To operate
watchdog timer, set WDTON to 1.

WDTON Setting Value WDTE Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

Cautions 1. If a value other than ACH is written to WDTE, an internal reset signal is generated. If the
source clock to the watchdog timer is stopped, however, an internal reset signal is
generated when the source clock to the watchdog timer resumes operation.

2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal
is generated. If the source clock to the watchdog timer is stopped, however, an internal
reset signal is generated when the source clock to the watchdog timer resumes operation.

3. The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).

238 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 10 WATCHDOG TIMER

10.4 Operation of Watchdog Timer

10.4.1 Controlling operation of watchdog timer

1. When the watchdog timer is used, its operation is specified by the option byte.

e Enable
counter

counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte to 1 (the
starts operating after a reset release) (for details, see CHAPTER 25).

WDTON

Watchdog Timer Counter Control

0

Count operation disabled (counting stops after reset).

1

Count operation enabled (counting starts after reset).

¢ Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (for details, see 10.4.2 and

CHAPT

ER 25).

¢ Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (for details,
see 10.4.3 and CHAPTER 25).

option byte

. After a reset release, the watchdog timer starts counting.
. By writing “ACH” to WDTE after the watchdog timer starts counting and before the overflow time set by the

, the watchdog timer is cleared and starts counting again.

. After that, write WDTE the second time or later after a reset release during the window open period. If WDTE is

written during a period other than the window open period, an internal reset signal is generated.

. If the overfl

Cautions 1.

ow time expires without “ACH” written to WDTE, an internal reset signal is generated.

The first writing to WDTE after a reset release clears the watchdog timer, if it is made before
the overflow time regardless of the timing of the writing, and the watchdog timer starts
counting again.

If the watchdog timer is cleared by writing “ACH” to WDTE, the actual overflow time may be
different from the overflow time set by the option byte by up to 2/fr. seconds.

The watchdog timer can be cleared immediately before the count value overflows (FFFFH).
The operation of the watchdog timer in the HALT and STOP modes differs as follows
depending on the set value of bit 0 (RINGOSC) of the option byte.

RINGOSC = 0 (Low-Speed Ring-
OSC Can Be Stopped by Software)

RINGOSC = 1 (Low-Speed Ring-
OSC Cannot Be Stopped)

In HALT mode

Watchdog timer operation stops.

Retains status before HALT mode

is set.

In STOP mode Retains status before STOP mode

is set.

If RINGOSC = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is not cleared (0) but retains its present value.

The watchdog timer does not stop during self-programming of the flash memory and
EEPROM™ emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.
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10.4.2 Setting overflow time of watchdog timer

Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte.

If an overflow occurs, an internal reset signal is generated. If “ACH” is written to WDTE during the window open
period before the overflow time, the present count is cleared and the watchdog timer starts counting again.

The following overflow time is set.

Table 10-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer

0 0 0 2"faL (3.88 ms)

0 0 1 2"/frL (7.76 ms)

0 1 0 2"%/faL (15.52 ms)

0 1 1 2%/frL (31.03 ms)

1 0 0 2"/faL (62.06 ms)

1 0 1 2"/ (124.12 ms)

1 1 0 2"/frL (248.24 ms)

1 1 1 2"/fRL (496.48 ms)

Cautions 1. The combination of WDCS2, WDCS1, WDCSO0 = 0, 0, 0 and WINDOW1, WINDOWO = 0,
0 is prohibited.
2. The watchdog timer does not stop during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed.
Set the overflow time and window size taking this delay into consideration.

Remarks 1. fr.: Low-speed Ring-OSC clock oscillation frequency
2. (): frL =264 kHz (MAX.)
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10.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option
byte. The outline of the window is as follows.

o If “ACH” is written to WDTE during the window open period, the watchdog timer is cleared and starts counting
again.

e Even if “ACH” is written to WDTE during the window close period, an abnormality is detected and an internal
reset signal is generated.

Example: If the window open period is 25%

Counting Overflow
starts time

. . o Window open
’i Window close period (75%) ——»f= period (25%) ‘<

T T

Internal reset signal is generated Counting starts again when
if ACH is written to WDTE. ACH is written to WDTE.

Caution The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, and the watchdog timer starts counting
again.

The window open period to be set is as follows.

Table 10-4. Setting Window Open Period of Watchdog Timer

WINDOW1 WINDOWO Window Open Period of Watchdog Timer
0 0 25%
0 1 50%
1 0 75%
1 1 100% (default)

Cautions 1. The combination of WDCS2, WDCS1, WDCSO0 = 0, 0, 0 and WINDOW1, WINDOWO = 0,
0 is prohibited.
2. The watchdog timer does not stop during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed.
Set the overflow time and window size taking this delay into consideration.
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242

Remark If the overflow time is set to 2"/frL, the window close time and open time are as follows.

Setting of Window Open Period

25% 50% 75% 100%

Window close time 0to 3.56 ms 0t02.37 ms 0t00.119 ms None
Window open time 3.56t03.88ms |2.37t03.88ms 0.119t03.88 ms | 0to 3.88 ms

<When window open period is 25%>
¢ Overflow time:
2"/frL (MAX.) = 2'°/264 kHz (MAX.) = 3.88 ms
e Window close time:
0 to 2"frL (MIN.) x (1 — 0.25) = 0 to 2'%/216 kHz (MIN.) x 0.75 = 0 to 3.56 ms
e Window open time:
2"fRL (MIN.) x (1 — 0.25) to 2'%frL (MAX.) = 2"°/216 kHz (MIN.) x 0.75 to 2'%/264 kHz (MAX.)
=3.56 t0 3.88 ms
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CHAPTER 11 CLOCK OUTPUT CONTROLLER

11.1 Functions of Clock Output Controller

The clock output controller of 78K0/LG2 is intended for clock output for supply to LCD controller/driver. The clock
selected with the clock output selection register (CKS) is supplied to the LCD controller/driver.
Figure 11-1 shows the block diagram of clock output controller.

Figure 11-1. Block Diagram of Clock Output Controller

fPRS ——

fsus

Prescaler
8
fPRs to fPRs/27 |
[e]
°© Clock
[0}
© controller
(9]
}
N B
CLOE | CCS3 | CCS2 | CCSs1 | cCso

4R—© LCD controller/driver

PM140

Port mode register 14
(PM14)

@ Clock output selection register (CKS)

Internal bus

8
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11.2 Configuration of Clock Output Controller
The clock output controller includes the following hardware.

Table 11-1. Configuration of Clock Output Controller

Item Configuration

Control registers Clock output selection register (CKS)
Port mode register 14 (PM14)

11.3 Registers Controlling Clock Output Controller

The following two registers are used to control the clock output controller.
o Clock output selection register (CKS)
e Port mode register 14 (PM14)

(1) Clock output selection register (CKS)
This register sets output enable/disable for clock output (PCL), and sets the output clock.
CKS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CKS to 00H.
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Figure 11-2. Format of Clock Output Selection Register (CKS)

Address: FF40H After reset: OOH R/W

Symbol 7 6 5 <4> 3 2 1 0
CKS 0 0 0 CLOE CCS3 ‘ CCSs2 ‘ CCst ‘ CCSso
CLOE PCL output enable/disable specification
0 Clock division circuit operation stopped. PCL fixed to low level.
1 Clock division circuit operation enabled. PCL output enabled.
CCS3 CCSs2 CCsS1 CCS0 PCL output clock selection*
fsus = frrs = frRs =
32.768 kHz 10 MHz 20 MHz
0 0 0 0 fers - 10 MHz Setting
prohibited"®
0 0 0 1 frrs/2 5 MHz 10 MHz
0 0 1 0 frrs/2° 2.5 MHz 5 MHz
0 0 1 1 frrs/2° 1.25 MHz 2.5 MHz
0 1 0 0 frrs/2* 625 kHz 1.25 MHz
0 1 0 1 frrs/2° 312.5 kHz 625 kHz
0 1 1 0 frrs/2° 156.25 kHz | 312.5 kHz
0 1 1 1 frrs/2” 78.125 kHz | 156.25 kHz
1 0 0 0 fsus 32.768 kHz
Other than above Setting prohibited

Note The PCL output clock prohibits settings if they exceed 10 MHz.

Remarks 1. frrs: Peripheral hardware clock oscillation frequency
2. fsus: Subsystem clock oscillation frequency
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(2) Port mode register 14 (PM14)
PM14 controls the clock output to the LCD controller/driver.
Set the PM140 bit to 0 to use this register as the clock output function.
PM14 is set with a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets PM14 to FFH.

Figure 11-3. Format of Port Mode Register 14 (PM14)

Address: FF2EH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM140 |
PM140 Clock output control to LCD controller/driver
0 Clock output to LCD controller/driver enabled
1 Clock output to LCD controller/driver disabled

11.4 Operations of Clock Output Controller
The clock pulse is output as the following procedure.

<1> Select the clock pulse output frequency with bits 0 to 3 (CCS0 to CCS3) of the clock output selection register
(CKS) (clock pulse output in disabled status).
<2> Set bit 4 (CLOE) of CKS to 1 to enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output
enable/disable switching of the clock output. As shown in Figure 11-4, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after securing a high
level of the clock.

Figure 11-4. Remote Control Output Application Example
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12.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to eight channels (ANIO to
ANI7) with a resolution of 10 bits.
The A/D converter has the following function.

o 10-bit resolution A/D conversion
10-bit resolution A/D conversion is carried out repeatedly for one channel selected from analog inputs ANIO to

ANI7. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

Figure 12-1. Block Diagram of A/D Converter

AVrer
ADCS bit —
ANIO/P20 @ o 3 3 3
ANI1/P21 ©@—~ Sample & hold circuit o
ANI2/P220— = : ; S
ANIZ/P23 0= % 1 ' Voltage comparator ‘% : :
ANI4/P24©—| @ : _L : o1
ANI5P25@—| @ ; 1 gl
ANI6/P26 ©—| ; ; ' =S
ANI7/P27 ©—| ; AVss 1 LIS
””””””””” ' Successive P '
approximation ' AVss
register (SAR) - i -- -
Controller |- INTAD
A/D conversion result
3 4 A register (ADCR)
]
|AD82 ‘ ADS1 ‘ ADSO| |ADPCS‘ADPCZ‘ADPC1‘ADPCO| |ADCS‘ FR2 ‘ FR1 ‘ FRO ‘ LV1 ‘ LVO ‘ADCE|
Analog input channel A/D port configuration A/D converter mode
specification register (ADS)J | register (ADPC) register (ADM)
S Internal bus S
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12.2 Configuration of A/D Converter

(1)

)

©)

(4)

(5)

248

The A/D converter includes the following hardware.

Table 12-1. Registers of A/D Converter Used on Software

Item Configuration

Registers A/D converter mode register (ADM)

A/D port configuration register (ADPC)

Analog input channel specification register (ADS)
Port mode register 2 (PM2)

10-bit A/D conversion result register (ADCR)
8-bit A/D conversion result register (ADCRH)

ANIO to ANI7 pins
These are the analog input pins of the 8-channel A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin can be used as I/O port pins.

Sample & hold circuit

The sample & hold circuit samples the input signal of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled analog input voltage value during A/D conversion.

Series resistor string

The series resistor string is connected between AVRer and AVss, and generates a voltage to be compared with
the analog input signal.

Figure 12-2. Circuit Configuration of Series Resistor String

AVRer ©

P-ch = | o<} ADCS

Series resistor string

AVss ©

Voltage comparator

The voltage comparator compares the sampled analog input voltage and the output voltage of the series resistor
string.

Successive approximation register (SAR)

This register compares the sampled analog voltage and the voltage of the series resistor string, and converts the
result, starting from the most significant bit (MSB).

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D
conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR).
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(6)

@)

@®)

)

10-bit A/D conversion result register (ADCR)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6
bits are fixed to 0).

8-bit A/D conversion result register (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.

Caution When data is read from ADCR and ADCRH, a wait cycle is generated. Do not read data from
ADCR and ADCRH when the CPU is operating on the subsystem clock and the peripheral
hardware clock is stopped. For details, see CHAPTER 31 CAUTIONS FOR WAIT.

Controller
When A/D conversion has been completed, this controller generates INTAD.

AVREF pin

This pin inputs an analog power/reference voltage to the A/D converter. Always use this pin at the same potential
as that of the Vob pin even when the A/D converter is not used.

The signal input to ANIO to ANI7 is converted into a digital signal, based on the voltage applied across AVrer and
AVss.

(10) AVss pin

This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the Vss
pin even when the A/D converter is not used.

(11) A/D converter mode register (ADM)

This register is used to set the conversion time of the analog input signal to be converted, and to start or stop the
conversion operation.

(12) A/D port configuration register (ADPC)

This register switches the P20/ANIO to P27/ANI7 pins to analog input of A/D converter or digital input of port.

(13) Analog input channel specification register (ADS)

This register is used to specify the port that inputs the analog voltage to be converted into a digital signal.

(14) Port mode register 2 (PM2)

This register switches the P20/ANIO to P27/ANI7 pins to input or output.
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12.3 Registers Used in A/D Converter
The A/D converter uses the following six registers.

e A/D converter mode register (ADM)

¢ A/D port configuration register (ADPC)

e Analog input channel specification register (ADS)
e Port mode register 2 (PM2)

¢ 10-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

(1) A/D converter mode register (ADM)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
ADM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-3. Format of A/D Converter Mode Register (ADM)

Address: FF28H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 <0>
ADM | ADCS 0 FRoVet | FRiveiet | FRoNetet | Lyqtotet | |yoneet | ADCE
ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation
ADCE Comparator operation controlN°te 2
0 Stops comparator operation
1 Enables comparator operation (comparator: 1/2AVoo operation)

Notes 1. For details of FR2 to FRO, LV1, LVO, and A/D conversion, see Table 12-3 A/D Conversion Time
Selection.
2. A comparator is incorporated to realize low-voltage operation. The operation of the comparator is
controlled by ADCS and ADCE, and it takes 1 us from operation start to operation stabilization.
Therefore, when ADCS is set to 1 after 1 us or more has elapsed from the time ADCE is set to 1, the
conversion result at that time has priority over the first conversion result. Otherwise, ignore data of
the first conversion.

Table 12-2. Settings of ADCS and ADCE

ADCS ADCE A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion waiting mode (comparator: 1/2AVop operation, only comparator

consumes power)

1 0 Conversion mode (comparator operation stopped"™*)

1 1 Conversion mode (comparator: 1/2AVoo operation)

Note Ignore data of the first conversion because it is not guaranteed range.
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Figure 12-4. Timing Chart When Comparator Is Used

Comparator: 1/2AVoo operation

Conversion , Conversion ., Conversion | Conversion
. - e —————— . -
operation waiting i operation

Comparator o :,\

stopped

Note The time from the rising of the ADCE bit to the falling of the ADCS bit must be 1 us or longer.

Cautions 1. A/D conversion must be stopped before rewriting bits FRO to FR2, LV1, and LVO to values
other than the identical data.
2. If data is written to ADM, a wait cycle is generated. Do not write data to ADM when the CPU is
operating on the subsystem clock and the peripheral hardware clock is stopped. For details,
see CHAPTER 31 CAUTIONS FOR WAIT.
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Table 12-3. A/D Conversion Time Selection

(1) 27 V< AVRer<5.5V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Conversion Time Configuration
FR2 | FR1 | FRO | LV1 | LVO frrs = frrs = fens= | Clock (fa0) | gaR Sampling |Successive| ADCR
2MHz | 10 MHz | 20 MHz Clear Conversion| Transfer,
Time INTAD
Generation
0 0 0 0 0 | 264/frrs | Setting 26.4 us [13.2 us |fers/12 2/fap 6/fap 12/fa0 2/fap
0 0 1 0 0 |176/fers |Pronibited | 176 45 | 8.8 us™* | frrs/8
0 1 0 0 0 132/frrs 132 us | 6.6 us"™ | frrs/6
0 1 1 0 0 | 88/fers 8.8 us"*® | Setting | frrs/4
1 0 0 0 0 |66/frrs |33.0 us | 6.6 ushe | Pronibited | o3
1 0 1 0 0 44/fprs | 22.0 us | Setting frrs/2
prohibited

Other than above

Setting prohibited

Note This can be set only when 4.0V < AVrer<5.5V.

(2) 23 V<AVRer<2.7V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Conversion Time Configuration
FR2 | FR1 | FRO | LV1 | LVO fors = fors = Clock (fao) | SAR | sampling [Successive| ADCR
2 MHz 5 MHz Clear Conversion| Transfer,
Time INTAD
Generation
0 0 0 0 1 480/fers | Setting Setting frrs/12 2/fap 24/fap | 12/fap 2/fro
prohibited prohibited
0 0 1 0 1 320/frrs 64.0 us frrs/8
0 1 0 0 1 240/fers 48.0 us fers/6
0 1 1 0 1 160/frrs 32.0 us frrs/4
1 0 0 0 1 120/fers | 60.0 us Setting frrs/3
prohibited
1 0 1 0 1 80/frrs | 40.0 us Setting frrs/2
prohibited

Other than above

Setting prohibited

Cautions 1. Set the conversion times with the following conditions.
¢ 4.0 V < AVrer < 5.5 V: Sampling + successive conversion time = 5 to 30 us

Remark

252

® 2.7 V < AVREeF < 4.0 V: Sampling + successive conversion time = 10 to 30 us
¢ 2.3 V < AVRerF < 2.7 V: Sampling + successive conversion time = 25 to 62 us

2. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion
once beforehand.
3. Change LV1 and LVO from the default value, when 2.3 V < AVrer < 2.7 V.

frrs: Peripheral hardware clock oscillation frequency
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Figure 12-5. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1 or ADS rewrite

1§
ADCS
Sampling
timing ([ |
)T
INTAD |_|
[
)]
Wait SAR | Sampling time Successive Transfer | SAR | Sampling time
periodNot | clear conversion time  to ADCR, | clear
INTAD
generation
)}
Conversion time Conversion time

Note For details of wait period, see CHAPTER 31 CAUTIONS FOR WAIT.

(2) 10-bit A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The lower 6 bits are fixed to 0. Each time
A/D conversion ends, the conversion result is loaded from the successive approximation register, and is stored in
ADCR in order starting from bit 7 of FFO9H. FFO9H indicates the higher 8 bits of the conversion result, and
FFO8H indicates the lower 2 bits of the conversion result.
ADCR can be read by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 12-6. Format of 10-Bit A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: 0000H R

FFO9H FFO8H
Symbol A AL

ADCR 0 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCR may
become undefined. Read the conversion result following conversion completion before
writing to ADM, ADS, and ADPC. Using timing other than the above may cause an incorrect
conversion result to be read.

2. If data is read from ADCR, a wait cycle is generated. Do not read data from ADCR when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 31 CAUTIONS FOR WAIT.

Preliminary User's Manual U17473EJ1VOUD 253



CHAPTER 12 A/D CONVERTER

(©)

8-bit A/D conversion result register (ADCRH)

This register is an 8-bit register that stores the A/D conversion result. The higher 8 bits of 10-bit resolution are
stored.

ADCRH can be read by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-7. Format of 8-Bit A/D Conversion Result Register (ADCRH)
Address: FFO9H  Afterreset: 0OH R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |

Cautions 1. When writing to the A/D converter mode register (ADM), analog input channel specification

254

register (ADS), and A/D port configuration register (ADPC), the contents of ADCRH may
become undefined. Read the conversion result following conversion completion before
writing to ADM, ADS, and ADPC. Using timing other than the above may cause an incorrect
conversion result to be read.

2. If data is read from ADCRH, a wait cycle is generated. Do not read data from ADCRH when
the CPU is operating on the subsystem clock and the peripheral hardware clock is stopped.
For details, see CHAPTER 31 CAUTIONS FOR WAIT.
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(4) Analog input channel specification register (ADS)
This register specifies the input port of the analog voltage to be A/D converted.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 12-8. Format of Analog Input Channel Specification Register (ADS)

Address: FF29H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
aps| o | o | o | o | o |aps2| Apst]| ADso |
ADS2 | ADS1 | ADSO Analog input channel specification
0 0 o | Ano
0 0 1| ann
0 1 o | Ane
0 1 1 | ANz
1 0 o | AN
1 0 1 | Anis
1 1 o | Ane
1 1 1| aniz

Cautions 1. Be sure to clear bits 3 to 7 to 0.
2 Set the channel used for A/D conversion in the input mode by using port mode register 2
(PM2).
3. Do not set a pin to be used as a digital /0 pin with ADPC with ADS.
4. If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the CPU is
operating on the subsystem clock and the peripheral hardware clock is stopped. For details,
see CHAPTER 31 CAUTIONS FOR WAIT.
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(5)

A/D port configuration register (ADPC)

This register switches the P20/ANIO to P27/ANI7 pins to analog input of A/D converter or digital I/O of port.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to O0H.

Figure 12-9. Format of A/D Port Configuration Register (ADPC)

Address: FF2FH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC3 ADPC2 ADPC1 ADPCO
ADPC3 ADPC2 ADPCA1 ADPCO Analog input (A)/digital input (D) switching
P27/ | P26/ | P25/ | P24/ | P23/ | P22/ | P21/ | P20/
ANI7 |ANI6 | ANI5|ANI4 | ANI3| ANI2 | ANI1|ANIO
0 0 0 0 A A A A A A A A
0 0 0 1 A A A A A A A D
0 0 1 0 A A A A A A D D
0 0 1 1 A A A A A D D D
0 1 0 0 A A A A D D D D
0 1 0 1 A A A D D D D D
0 1 1 0 A A D D D D D D
0 1 1 1 A D D D D D D D
1 0 0 0 D D D D D D D D
Other than above Setting prohibited

Cautions 1. Set the channel used for A/D conversion in the input mode by using port mode register 2

256

(PM2).

2. Do not set a pin to be used as a digital I/O pin with ADPC with ADS.

3. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the CPU
is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 31 CAUTIONS FOR WAIT.
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(6) Port mode register 2 (PM2)
When using the P20/ANIO to P27/ANI7 pins for analog input port, set PM20 to PM27 to 1. The output latches of
P20 to P27 at this time may be 0 or 1.
PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 12-10. Format of Port Mode Register 2 (PM2)

Address: FF22H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n P2n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

The functions of the ANIO/P20 to ANI7/P27 pins are determined according to the settings of ADPC, ADS, and
PM2.

Table 12-4. Settings of ANI0O/P20 to ANI7/P27 pin function

ADPC Setting PM2 Setting ADS Setting P20/ANIO to P27/ANI7 Pins

Analog input selection Input mode ANI selection Analog input (target for

conversion)

ANI non-selection

Analog input (target for non-
conversion)

Output mode

ANI selection

ANI non-selection

Setting prohibited

Digital I/O selection

Input mode

ANI selection

Setting prohibited

ANI non-selection

Digital input

Output mode

ANI selection

Setting prohibited

ANI non-selection

Digital output
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

<10>

<11>

<12>

Select one channel for A/D conversion using the analog input channel specification register (ADS).

Set channels for A/D conversion to analog input by using the A/D port configuration register (ADPC) and set
to input mode by using port mode register 2 (PM2).

Set ADCE to 1 and wait for 1 us or longer.

Set ADCS to 1 and start the conversion operation.

(<5> to <11> are operations performed by hardware.)

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
input analog voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVRerF by the tap selector.

The voltage difference between the series resistor string voltage tap and analog input is compared by the
voltage comparator. If the analog input is greater than (1/2) AVRrer, the MSB of SAR remains set to 1. If the
analog input is smaller than (1/2) AVrer, the MSB is reset to 0.

Next, bit 8 of SAR is automatically set to 1, and the operation proceeds to the next comparison. The series
resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit9 =1: (3/4) AVRer

e Bit9=0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 8 of SAR is manipulated as follows.

e Analog input voltage > Voltage tap: Bit8 =1

e Analog input voltage < Voltage tap: Bit8 =0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to the A/D conversion result register (ADCR, ADCRH) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <5> to <11>, until ADCS is cleared to 0.

To stop the A/D converter, clear ADCS to 0.

To restart A/D conversion from the status of ADCE = 1, start from <4>. To restart A/D conversion from the
status of ADCE = 0, however, start from <3>.

Remark Two types of A/D conversion result registers are available.
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¢ ADCR (16 bits): Store 10-bit A/D conversion value
¢ ADCRH (8 bits): Store 8-bit A/D conversion value
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Figure 12-11. Basic Operation of A/D Converter

Conversion time

Sampling time

A/D converter
operation

»Z=0000000000CE"

ADCR Conversion
result

INTAD | |

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register (ADM)
is reset (0) by software.

If a write operation is performed to one of the ADM, analog input channel specification register (ADS) or A/D port
configuration register (ADPC) during an A/D conversion operation, the conversion operation is initialized, and if the
ADCS bit is set (1), conversion starts again from the beginning.

RESET input clears the A/D conversion result register (ADCR, ADCRH) to 0000H or 00H.

Sampling A/D conversion
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12.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical
A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following

expression.
VAN
SAR = INT ( x 1024 + 0.5)
REF
ADCR = SAR x 64
or
AVREF AVREF

(ADCR - 0.5) x——— < VaiNn < (ADCR + 0.5) x
1024 1024

where, INT(): Function which returns integer part of value in parentheses
VaIN: Analog input voltage
AVRer: AVREF pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 12-12 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 12-12. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

10283 —F—+—+—F—F—F-------- FFCOH

1022 —— [ FF80H

1021} SR FF40H
A/D conversion result
(ADCR) : ;

3 00COH

o T 0080H

L e e e S R 0040H

o—rt 0000H

1.1 3 2 5 3 2043 1022 2045 1023 2047 1

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer
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12.4.3 A/D converter operation mode
The operation mode of the A/D converter is the select mode. One channel of analog input is selected from ANIO to
ANI7 by the analog input channel specification register (ADS) and A/D conversion is executed.

(1) A/D conversion operation
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1, the A/D conversion operation of the
voltage, which is applied to the analog input pin specified by the analog input channel specification register
(ADS), is started.
When A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion result
register (ADCR), and an interrupt request signal (INTAD) is generated. Once the A/D conversion has started and
when one A/D conversion has been completed, the next A/D conversion operation is immediately started. The
A/D conversion operations are repeated until new data is written to ADS.
If ADM, ADS, and the A/D port configuration register (ADPC) are rewritten during A/D conversion, the A/D
conversion operation under execution is stopped and restarted from the beginning.
If O is written to ADCS during A/D conversion, A/D conversion is immediately stopped. At this time, the
conversion result immediately before is retained.

Figure 12-13. A/D Conversion Operation

Rewriting ADM
ADCS =1 Rewriting ADS ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
I
Conversion is stopped Stopped
Conversion result immediately ~ Conversion result
before is retained immediately before
1 1 1 is retained
ADCR, ANIn ANIn ANIm
ADCRH
INTAD —| —| —|

Remarks 1. n=0t07
2. m=0to7
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262

The setting methods are described below.

e When used as A/D conversion operation

<1>

<2>

<3>
<4>

<5>

Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1.

Select the channel using bits 2 to 0 (ADS2 to ADSO0) of the analog input channel specification register
(ADS), bits 3 to 0 (ADPC3 to ADPCO) of the A/D port configuration register (ADPC), and bits 7 to 0
(PM27 to PM20) of port mode register 2 (PM2), and select the conversion time using bits 5 to 1 (FR2 to
FRO, LV1, LVO) of ADM.

Set bit 7 (ADCS) of ADM to 1 to start A/D conversion.

An interrupt request signal (INTAD) is generated.

Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).

<Change the channel>

<6>
<7>

<8>

Change the channel using bits 2 to 0 (ADS2 to ADSO0) of ADS to start A/D conversion.
An interrupt request signal (INTAD) is generated.
Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).

<Complete A/D conversion>

<9>

Clear ADCS to 0.

<10> Clear ADCE to 0.

Cautions 1. Make sure the period of <1> to <3> is 1 us or more.

2. ltis no problem if the order of <1> and <2> is reversed.

3. <1>can be omitted. However, ignore data of the first conversion after <3> in this case.

4. The period from <4> to <7> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, LV1, LVO) of ADM. The period from <6> to <7> is the conversion time set using FR2
to FRO, LV1, and LVO.
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12.5 How to Read A/D Converter Characteristics Table

Here, special terms unique to the A/D converter are explained.

(1) Resolution

()

©)

(4)

This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input
voltage per bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the
full scale is expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.

1LSB = 1/2"° = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

Overall error
This shows the maximum error value between the actual measured value and the theoretical value.

Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of
these express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.

Quantization error

When analog values are converted to digital values, a +1/2LSB error naturally occurs. In an A/D converter, an
analog input voltage in a range of +1/2LSB is converted to the same digital code, so a quantization error cannot
be avoided.

Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral
linearity error, and differential linearity error in the characteristics table.

Figure 12-14. Overall Error Figure 12-15. Quantization Error

Toeed oo
Ideal line

2 5

5L 5| g

S Overall 5T /—_\

(2] Ee) |

a _ error g 1/2L.SB—1" Quantization error

| 1« 1/2L.SB
0.0 0 0ven:0 N
0 AVrer 0 " AVRer

Analog input Analog input

Zero-scale error

This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (1/2LSB) when the digital output changes from 0......000 to 0......001.

If the actual measurement value is greater than the theoretical value, it shows the difference between the actual

measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output
changes from O...... 001to 0 010.
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(5)

(6)

(7)

Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (Full-scale — 3/2LSB) when the digital output changes from 1 111.

Integral linearity error

This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It
expresses the maximum value of the difference between the actual measurement value and the ideal straight line
when the zero-scale error and full-scale error are 0.

Differential linearity error
While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value
and the ideal value.

Figure 12-16. Zero-Scale Error

111L

Figure 12-17. Full-Scale Error

Full-scale error
Ideal line
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Analog input (LSB) Analog input (LSB)

Figure 12-18. Integral Linearity Error Figure 12-19. Differential Linearity Error

L P 1
1...... 1 o \ :
{ / T Ideal 1LSB width
Ideal line ! 7
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(o] / °
= N s : J -
a 7 e :
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Analog input

AVrer

(8) Conversion time
This expresses the time from the start of sampling to when the digital output is obtained.

Analog input

The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time

264

This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

. Sampling ___|
time

Conversion time —=
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CHAPTER 12 A/D CONVERTER

12.6 Cautions for A/D Converter

Q)

)

©)

4

Operating current in STOP mode

The A/D converter stops operating in the STOP mode. At this time, the operating current can be reduced by
clearing bit 7 (ADCS) of the A/D converter mode register (ADM) to O (see Figure 12-2).

To restart from the standby status, clear bit 0 (ADIF) of interrupt request flag register 1L (IF1L) to 0 and start
operation.

Input range of ANIO to ANI7

Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVRrer or higher and AVss or lower
(even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of that
channel becomes undefined. In addition, the converted values of the other channels may also be affected.

Conflicting operations

<1> Conflict between A/D conversion result register (ADCR, ADCRH) write and ADCR or ADCRH read by
instruction upon the end of conversion
ADCR or ADCRH read has priority. After the read operation, the new conversion result is written to ADCR
or ADCRH.

<2> Conflict between ADCR or ADCRH write and A/D converter mode register (ADM) write, analog input
channel specification register (ADS), or A/D port configuration register (ADPC) write upon the end of
conversion
ADM, ADS, or ADPC write has priority. ADCR or ADCRH write is not performed, nor is the conversion end
interrupt signal (INTAD) generated.

Noise countermeasures

To maintain the 10-bit resolution, attention must be paid to noise input to the AVrer pin and pins ANIO to ANI7.
Because the effect increases in proportion to the output impedance of the analog input source, it is recommended
that a capacitor be connected externally, as shown in Figure 12-20, to reduce noise.

Figure 12-20. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than AVrer or
equal to or lower than AVss may enter, clamp with a diode with a
small Vr value (0.3 V or lower).

Reference
voltage O * AVRer
input /
j_ ANIO to ANI7
C =100 to 1,000 pF 7_7[
AVss

J; Vss
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(5)

(6)

(7)

266

ANIO/P20 to ANI7/P27

<1> The analog input pins (ANIO to ANI7) are also used as input port pins (P20 to P27).
When A/D conversion is performed with any of ANIO to ANI7 selected, do not access port 2 while
conversion is in progress; otherwise the conversion resolution may be degraded. It is recommended to
select pins used as port 2 starting with the ANIO/P20 that is the furthest from AVrer.

<2> If a digital pulse is applied to the pins adjacent to the pins currently used for A/D conversion, the expected
value of the A/D conversion may not be obtained due to coupling noise. Therefore, do not apply a pulse to
the pins adjacent to the pin undergoing A/D conversion.

Input impedance of ANIO to ANI7 pins

In this A/D converter, the internal sampling capacitor is charged and sampling is performed for approx. one sixth
of the conversion time.

Since only the leakage current flows other than during sampling and the current for charging the capacitor also
flows during sampling, the input impedance fluctuates and has no meaning.

To perform sufficient sampling, however, it is recommended to make the output impedance of the analog input
source 10 kQ or lower, or attach a capacitor of around 100 pF to the ANIO to ANI7 pins (see Figure 12-20).

AVREF pin input impedance

A series resistor string of several tens of kQ is connected between the AVrer and AVss pins.

Therefore, if the output impedance of the reference voltage source is high, this will result in a series connection to
the series resistor string between the AVrer and AVss pins, resulting in a large reference voltage error.
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(8) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is
changed.
Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF for the
pre-change analog input may be set just before the ADS rewrite. Caution is therefore required since, at this time,
when ADIF is read immediately after the ADS rewrite, ADIF is set despite the fact A/D conversion for the post-
change analog input has not ended.
When A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion operation is resumed.

Figure 12-21. Timing of A/D Conversion End Interrupt Request Generation

ADS rewrite ADS rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversion)K has not ended.
A/D conversion ANIn ANIn 3 ANIm ANIm
| | | |
|
|
|
|
|
) - ) )
ADCR ANIn 3 ANIn ANIm >< ANIm
|
|
|
1
ADIF

Remarks 1. n=0t0o7
2. m=0to7

(9) Conversion results just after A/D conversion start
The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the
ADCS bit is set to 1 within 1 us after the ADCE bit was set to 1, or if the ADCS bit is set to 1 with the ADCE bit =
0. Take measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first
conversion result.

(10) A/D conversion result register (ADCR, ADCRH) read operation
When a write operation is performed to the A/D converter mode register (ADM), analog input channel
specification register (ADS), and A/D port configuration register (ADPC), the contents of ADCR and ADCRH may
become undefined. Read the conversion result following conversion completion before writing to ADM, ADS, and
ADPC. Using a timing other than the above may cause an incorrect conversion result to be read.
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(11) Internal equivalent circuit

The equivalent circuit of the analog input block is shown below.

Figure 12-22. Internal Equivalent Circuit of ANIn Pin

R1 R2
A R
C1 c2 C3

D]

Table 12-5. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVRer R1 R2 C1 c2 C3
2.7V T.B.D. T.B.D. T.B.D. T.B.D. T.B.D.
45V T.B.D. T.B.D. T.B.D. T.B.D. T.B.D.

Remarks 1. The resistance and capacitance values shown in Table 12-5 are not guaranteed values.

2.n=0to7

268
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CHAPTER 13 SERIAL INTERFACE UARTO

.1 Functions of Serial Interface UARTO

Serial interface UARTO has the following two modes.

Operation stop mode

This mode is used when serial communication is not executed and can enable a reduction in the power
consumption.

For details, see 13.4.1 Operation stop mode.

Asynchronous serial interface (UART) mode

The functions of this mode are outlined below.

For details, see 13.4.2 Asynchronous serial interface (UART) mode and 13.4.3 Dedicated baud rate
generator.

e Two-pin configuration TxDO0: Transmit data output pin
RxDO: Receive data input pin
¢ Length of communication data can be selected from 7 or 8 bits.
o Dedicated on-chip 5-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently.
e Four operating clock inputs selectable
e Fixed to LSB-first communication

Cautions 1. If clock supply to serial interface UARTO is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UARTO is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply
was stopped. The TxDO pin also holds the value immediately before clock supply was
stopped and outputs it. However, the operation is not guaranteed after clock supply is
resumed. Therefore, reset the circuit so that POWERO = 0, RXEO = 0, and TXEO = 0.

2. Set POWERO = 1 and then set TXEQ = 1 (transmission) or RXEO = 1 (reception) to start
communication.

3. TXEO and RXEO are synchronized by the base clock (fxcLko) set by BRGCO. To enable
transmission or reception again, set TXEO or RXEO to 1 at least two clocks of base clock
after TXEO or RXEO has been cleared to 0. If TXEO or RXEO is set within two clocks of base
clock, the transmission circuit or reception circuit may not be initialized.
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13.2 Configuration of Serial Interface UARTO

Serial interface UARTO includes the following hardware.

270

Table 13-1. Configuration of Serial Interface UARTO

ltem

Configuration

Registers

Receive buffer register 0 (RXBO)
Receive shift register 0 (RXS0)
Transmit shift register 0 (TXSO0)

Control registers

Asynchronous serial interface operation mode register 0 (ASIMO)
Asynchronous serial interface reception error status register 0 (ASIS0)
Baud rate generator control register 0 (BRGCO0)

Port mode register 1 (PM1)

Port register 1 (P1)

Preliminary User's Manual U17473EJ1VOUD




ANOALrAELYLIN lenuely sJasn Areulwiaid

L2

Figure 13-1. Block Diagram of Serial Interface UARTO
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Q)

()

(©)

272

Receive buffer register 0 (RXB0)

This 8-bit register stores parallel data converted by receive shift register 0 (RXS0).

Each time 1 byte of data has been received, new receive data is transferred to this register from receive shift
register 0 (RXS0).

If the data length is set to 7 bits the receive data is transferred to bits 0 to 6 of RXB0O and the MSB of RXBO is
always 0.

If an overrun error (OVEOQ) occurs, the receive data is not transferred to RXBO.

RXBO can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

RESET input or POWERQO = 0 sets this register to FFH.

Receive shift register 0 (RXS0)
This register converts the serial data input to the RxDO pin into parallel data.
RXS0 cannot be directly manipulated by a program.

Transmit shift register 0 (TXSO0)

This register is used to set transmit data. Transmission is started when data is written to TXSO0, and serial data is
transmitted from the TxDO pins.

TXSO0 can be written by an 8-bit memory manipulation instruction. This register cannot be read.

RESET input, POWERO = 0, or TXEO = 0 sets this register to FFH.

Caution Do not write the next transmit data to TXS0 before the transmission completion interrupt signal
(INTSTO) is generated.
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13.3 Registers Controlling Serial Interface UARTO
Serial interface UARTO is controlled by the following five registers.

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)
o Baud rate generator control register 0 (BRGCO0)

e Port mode register 1 (PM1)

e Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 0 (ASIMO0)
This 8-bit register controls the serial communication operations of serial interface UARTO.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (1/2)

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PS01 PS00 CLO SLO 1
POWERO Enables/disables operation of internal operation clock
oM Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously
resets the internal circuit"*>.
1 Enables operation of the internal operation clock.
TXEO Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission.
RXEO Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception.

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.
2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXS0),
and receive buffer register 0 (RXB0) are reset.
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Note If “reception as 0 parity” is selected, the parity is not judged. Therefore, bit 2 (PEQ) of asynchronous serial

Cautions 1.

274

Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO0) (2/2)

PSO01 PS00 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™
1 0 Outputs odd parity. Judges as odd parity.

1 1 Qutputs even parity. Judges as even parity.

CLo Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits

SLO Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2

interface reception error status register 0 (ASIS0) is not set and the error interrupt does not occur.

and then clear POWERO to 0.

2. At startup, set POWERO to 1 and then set RXEO to 1. To stop the operation, clear RXEO to 0,

and then clear POWERO to 0.

3. Set POWERO to 1 and then set RXEO to 1 while a high level is input to the RxDO pin.

POWERO is set to 1 and RXEO is set to 1 while a low level is input, reception is started.

4. TXEO and RXEO are synchronized by the base clock (fxcko) set by BRGCO. To enable
transmission or reception again, set TXEO or RXEOQ to 1 at least two clocks of base clock after
TXEO or RXEO has been cleared to 0. If TXEO or RXEO is set within two clocks of base clock,

the transmission circuit or reception circuit may not be initialized.
5. Clear the TXEO and RXEO bits to 0 before rewriting the PS01, PS00, and CLO bits.

6. Make sure that TXEO = 0 when rewriting the SLO bit. Reception is always performed with

“number of stop bits = 1”, and therefore, is not affected by the set value of the SLO bit.
7. BesuretosetbitOto1.
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(2) Asynchronous serial interface reception error status register 0 (ASISO0)
This register indicates an error status on completion of reception by serial interface UARTO. It includes three
error flag bits (PEO, FEO, OVEO).
This register is read-only by an 8-bit memory manipulation instruction.
'RESET input clears this register to 00H if bit 7 (POWERO) and bit 5 (RXEO) of ASIMO = 0. 00H is read when this
register is read.

Figure 13-3. Format of Asynchronous Serial Interface Reception Error Status Register 0 (ASISO0)

Address: FF73H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Status flag indicating parity error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If the parity of transmit data does not match the parity bit on completion of reception.
FEO Status flag indicating framing error
0 If POWERO = 0 and RXEOQ = 0, or if ASISO register is read.
1 If the stop bit is not detected on completion of reception.
OVEO Status flag indicating overrun error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If receive data is set to the RXBO register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PEO bit differs depending on the set values of the PS01 and PS00 bits of

asynchronous serial interface operation mode register 0 (ASIMO).

2. Only the first bit of the receive data is checked as the stop bit, regardless of the humber of
stop bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 0
(RXBO) but discarded.

4. If data is read from ASISO, a wait cycle is generated. Do not read data from ASISO when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 31 CAUTIONS FOR WAIT.
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(3) Baud rate generator control register 0 (BRGCO0)
This register selects the base clock of serial interface UARTO and the division value of the 5-bit counter.
BRGCO can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to 1FH.

Figure 13-4. Format of Baud Rate Generator Control Register 0 (BRGCO0)

Address: FF71H After reset: 1FH R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO TPSO1 TPS00 0 ‘ MDL04 ‘ MDLO03 ‘ MDL02 ‘ MDLO1 ‘ MDLO0
TPSO1 TPSO00 Base clock (fxciko) selection
frrs = 2 MHz ‘ frrs = 5 MHz ‘ frrs = 10 MHz ‘ frrs = 20 MHz
0 TM50 output™™®
1 fPrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 frrs/2° 250 kHz 625 kHz 1.25 MHz 2.5 MHz
1 1 frrs/2° 62.5 kHz 156.25 kHz 312.5 kHz 625 kHz
MDLO4 MDLO3 MDLO02 MDLO1 MDLO0 k Selection of 5-bit counter
output clock
0 0 X X X | Setting prohibited
0 1 0 0 0 8 | fxcko/8
0 1 0 0 1 9 | fxcLko/9
0 1 0 1 0 10 | fxcko/10
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
1 1 0 1 0 26 | fxcLko/26
1 1 0 1 1 27 | fxciko/27
1 1 1 0 0 28 | fxciko/28
1 1 1 0 1 29 | fxciko/29
1 1 1 1 0 30 | fxcrko/30
1 1 1 1 1 31 | fxciko/31

Note Note the following points when selecting the TM50 output as the base clock.

e PWM mode (TMC506 = 1)
Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty =
50%.

¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion operation
(TMC501 =1).

It is not necessary to enable the TO50 pin as a timer output pin in any mode.
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Cautions 1. Make sure that bit 6 (TXEO) and bit 5 (RXEO) of the ASIMO register = 0 when rewriting the
MDLO04 to MDLOO bits.

2. The baud rate value is the output clock of the 5-bit counter divided by 2.
Remarks 1. fxciko: Frequency of base clock selected by the TPS01 and TPSO00 bits

2. frrs: Peripheral hardware clock oscillation frequency

3. k Value set by the MDL04 to MDLOO bits (k = 8, 9, 10, ..., 31)

4. x Don’t care

5. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)

TMC501: Bit 1 of TMC50

(4) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.

When using the P10/TxD0/SCK10 pin for serial interface data output, clear PM10 to 0 and set the output latch of
P10 to 1.

When using the P11/RxD0/SI10 pin for serial interface data input, set PM11 to 1. The output latch of P11 at this
time may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 13-5. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Preliminary User's Manual U17473EJ1VOUD 277



CHAPTER 13 SERIAL INTERFACE UARTO

13.4 Operation of Serial Interface UARTO
Serial interface UARTO has the following two modes.

¢ Operation stop mode
¢ Asynchronous serial interface (UART) mode

13.4.1 Operation stop mode

In this mode, serial communication cannot be executed, thus reducing the power consumption. In addition, the
pins can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and 5 (POWERO,
TXEO, and RXEOQ) of ASIMO to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 0 (ASIMO).
ASIMO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PS01 PS00 CLO SLO 1
POWERO Enables/disables operation of internal operation clock
ove! Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

TXEO Enables/disables transmission

0 Disables transmission (synchronously resets the transmission circuit).
RXEO Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.
2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXSO0),
and receive buffer register 0 (RXB0) are reset.

Caution Clear POWERO to 0 after clearing TXEO and RXEO to 0 to set the operation stop mode.
To start the operation, set POWERQO to 1, and then set TXEO and RXEO to 1.

Remark To use the RxD0/SI10/P11 and TxD0O/SCK10/P10 pins as general-purpose port pins, sce CHAPTER 4
PORT FUNCTIONS.
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13.4.2 Asynchronous serial interface (UART) mode

In this mode, 1-byte data is transmitted/received following a start bit, and a full-duplex operation can be performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of

baud rates.

(1) Registers used

¢ Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)

Port mode register 1 (PM1)
Port register 1 (P1)

The basic procedure of setting an operation in the UART mode is as follows.

Baud rate generator control register 0 (BRGCO)

<1> Set the BRGCO register (see Figure 13-4).
<2> Set bits 1 to 4 (SLO, CLO, PS00, and PS01) of the ASIMO register (see Figure 13-2).

<3> Set bit 7 (POWERQO) of the ASIMO register to 1.

<4> Set bit 6 (TXEO) of the ASIMO register to 1. — Transmission is enabled.

Set bit 5 (RXEO) of the ASIMO register to 1. — Reception is enabled.

<5> Write data to the TXSO register. — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register

and port register.

The relationship between the register settings and pins is shown below.

Table 13-2. Relationship Between Register Settings and Pins

POWERO| TXEO RXEO PM10 P10 PM11 P11 UARTO Pin Function
Operation | 14p/SCK10/P10 | RxDO/SHO/P11
0 0 0 et et ere ere Stop SCK10/P10 SI10/P11
1 0 1 xee x"e 1 X Reception SCK10/P10 RxDO
1 0 0 1 xee xee Transmission TxDO SI10/P11
1 1 0 1 1 X Transmission/ TxDO RxDO
reception

Note Can be set as port function.

Remark x: don'’t care

POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)

TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation

(a) Format and waveform example of normal transmit/receive data
Figures 13-6 and 13-7 show the format and waveform example of the normal transmit/receive data.

Figure 13-6. Format of Normal UART Transmit/Receive Data

1 data frame

bit bit

Sart| 0o | pt | b2 | D3 | D4 | D5 | D6 | D7 [PAY[  stop bit

Character bits

One data frame consists of the following bits.

e Start bit ... 1 bit

e Character bits ... 7 or 8 bits (LSB first)

o Parity bit ... Even parity, odd parity, 0 parity, or no parity
e Stop bit ... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 0 (ASIMO).

Figure 13-7. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame
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2. Data length: 7 bits, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame
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3. Data length: 8 bits, Parity: None, Stop bit: 1 bit, Communication data: 87H

1 data frame
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(b) Parity types and operation
The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used
on both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error
can be detected. With zero parity and no parity, an error cannot be detected.

)

(i)

(iii)

(iv)

Even parity

e Transmission
Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”; 1
If transmit data has an even number of bits that are “1”: 0

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a
parity error occurs.

Odd parity
e Transmission

Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that
are “1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1”: 1

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a
parity error occurs.

0 parity

The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.

The parity bit is not detected when the data is received. Therefore, a parity error does not occur
regardless of whether the parity bit is “0” or “1”.

No parity

No parity bit is appended to the transmit data.

Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Transmission

The TxDO pin outputs a high level when bit 7 (POWERO) of asynchronous serial interface operation mode
register 0 (ASIMO) is set to 1. If bit 6 (TXEO) of ASIMO is then set to 1, transmission is enabled.
Transmission can be started by writing transmit data to transmit shift register 0 (TXS0). The start bit, parity
bit, and stop bit are automatically appended to the data.

When transmission is started, the start bit is output from the TxDO pin, followed by the rest of the data in
order starting from the LSB. When transmission is completed, the parity and stop bits set by ASIMO are
appended and a transmission completion interrupt request (INTSTO) is generated.

Transmission is stopped until the data to be transmitted next is written to TXSO0.

Figure 13-8 shows the timing of the transmission completion interrupt request (INTST0). This interrupt
occurs as soon as the last stop bit has been output.

Caution After transmit data is written to TXS0, do not write the next transmit data before the
transmission completion interrupt signal (INTSTO) is generated.

Figure 13-8. Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxDO (output) \ Start/ DO X D1 X D2 B D6 X D7 XParity StopI
INTSTO —|

2. Stop bit length: 2

282

\ \
TxDO (output) Start/ DO X D1 X D2 U D6 X D7 XParity/ Stop

INTSTO
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(d) Reception
Reception is enabled and the RxDO pin input is sampled when bit 7 (POWERO) of asynchronous serial
interface operation mode register 0 (ASIMO) is set to 1 and then bit 5 (RXEO) of ASIMO is set to 1.
The 5-bit counter of the baud rate generator starts counting when the falling edge of the RxDO pin input is
detected. When the set value of baud rate generator control register 0 (BRGCO) has been counted, the
RxDO pin input is sampled again (V in Figure 13-9). If the RxDO pin is low level at this time, it is recognized
as a start bit.
When the start bit is detected, reception is started, and serial data is sequentially stored in receive shift
register 0 (RXS0) at the set baud rate. When the stop bit has been received, the reception completion
interrupt (INTSRO) is generated and the data of RXSO0 is written to receive buffer register 0 (RXB0). If an
overrun error (OVEO) occurs, however, the receive data is not written to RXBO.
Even if a parity error (PEO) occurs while reception is in progress, reception continues to the reception
position of the stop bit, and an error interrupt (INTSRO) is generated after completion of reception.

Figure 13-9. Reception Completion Interrupt Request Timing

V '
RxDO (input) Start | DO | D1 ; D2 | D3 | D4 : D5 | D6 ; D7 | Parity [ Stop !
INTSRO |_|
RXBO X

Cautions 1. Be sure to read receive buffer register 0 (RXB0) even if a reception error occurs.
Otherwise, an overrun error will occur when the next data is received, and the reception
error status will persist.

2. Reception is always performed with the “number of stop bits = 1”. The second stop bit
is ignored.

3. Be sure to read asynchronous serial interface reception error status register 0 (ASISO0)
before reading RXBO.
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RxD0/SI10/P11 ©

284

(e) Reception error

®

Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error

flag of asynchronous serial interface reception error status register 0 (ASISO) is set as a result of data

reception, a reception error interrupt request (INTSRO) is generated.

Which error has occurred during reception can be identified by reading the contents of ASISO0 in the reception

error interrupt servicing (INTSRO) (see Figure 13-3).
The contents of ASISO are reset to 0 when ASISO is read.

Table 13-3. Cause of Reception Error

Reception Error

Cause

Parity error

The parity specified for transmission does not match the parity of the receive data.

Framing error

Stop bit is not detected.

Overrun error

Reception of the next data is completed before data is read from receive buffer
register 0 (RXBO).

Noise filter of receive data
The RxDO signal is sampled using the base clock output by the prescaler block.

If two sampled values are the same, the output of the match detector changes, and the data is sampled as

input data.

Because the circuit is configured as shown in Figure 13-10, the internal processing of the reception operation

is delayed by two clocks from the external signal status.

Figure 13-10. Noise Filter Circuit

Base clock

Internal signal A

In Q [|—= Internal signal B

Match detector LD_EN
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13.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and a 5-bit programmable counter, and

generates a serial clock for transmission/reception of UARTO.

Separate 5-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

Base clock

The clock selected by bits 7 and 6 (TPS01 and TPS00) of baud rate generator control register 0 (BRGCO) is
supplied to each module when bit 7 (POWERO) of asynchronous serial interface operation mode register 0
(ASIMO) is 1. This clock is called the base clock and its frequency is called fxciko. The base clock is fixed
to low level when POWERO = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 6 (TXEO) of asynchronous serial
interface operation mode register 0 (ASIMO) is 0.

It starts counting when POWERO = 1 and TXEO = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit shift register 0 (TXSO0).

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 5 (RXEQ) of asynchronous serial
interface operation mode register 0 (ASIMO) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.

Figure 13-11. Configuration of Baud Rate Generator

POWERO

Baud rate generator

POWERO, TXEO (or RXEO)

l

fers/2 ——

fprs/23 ——=

Selector 5-bit counter
forg/25 —= fxcLko E
8-bit timer/ —— .
event counter :
50 output : Match detector 1/2 [+— Baudrate
BRGCO: TPS01, TPS00 BRGCO0: MDL04 to MDLOO

Remark POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
BRGCO: Baud rate generator control register 0
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Generation of serial clock

A serial clock can be generated by using baud rate generator control register 0 (BRGCO).

Select the clock to be input to the 5-bit counter by using bits 7 and 6 (TPS01 and TPS00) of BRGCO.
Bits 4 to 0 (MDLO04 to MDLO00) of BRGCO can be used to select the division value of the 5-bit counter.

(a) Baud rate
The baud rate can be calculated by the following expression.

fxcLko
e Baud rate = —— [bps]
2xk

fxcLko: Frequency of base clock selected by the TPS01 and TPSO00 bits of the BRGCO register
k: Value set by the MDL04 to MDLOO bits of the BRGCO register (k =8, 9, 10, ..., 31)

(b) Error of baud rate
The baud rate error can be calculated by the following expression.

e Error (%) =

Actual baud rate (baud rate with error)
Desired baud rate (correct baud rate)

1] x 100 [%]

Cautions 1. Keep the baud rate error during transmission to within the permissible error range at
the reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz
Set value of MDL04 to MDLOO bits of BRGCO register = 10000B (k = 16)
Target baud rate = 76,800 bps

Baud rate = 2.5 M/(2 x 16)
= 2,500,000/(2 x 16) = 78,125 [bps]

Error = (78,125/76,800 — 1) x 100
=1.725 [%]
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(3) Example of setting baud rate

Table 13-4. Set Data of Baud Rate Generator

Baud fers = 2.0 MHz fers = 5.0 MHz fers = 10.0 MHz fers = 20.0 MHz

Rate TPS01,| k |Calculated| ERR [TPS01,| k [Calculated| ERR [TPS01,| Kk |Calculated| ERR |TPS01,| k |Calculated| ERR

[bPs] | tpsoo Value | [%] |TPS00 value | [%] |TPS00 value | [%] |TPS00 Value | [%]

4800 3 26 4808 0.16 3 16 4883 1.73 - - - - - - - -

9600 3 13 9615 0.16 3 8 9766 1.73 3 16 9766 1.73 - - - -
10400 3 12 | 10417 | 0.16 2 30 | 10417 | 0.16 3 15 | 10417 | 0.16 3 30 | 10417 | 0.16
19200 | 1 26 | 19231 | 0.16 | 2 16 | 19531 | 1.73 | 3 8 | 19531 | 1.73| 3 | 16 | 19531 | 1.73
24000 1 21 23810 |-0.79 2 13 | 24038 | 0.16 2 26 | 24038 | 0.16 3 13 | 24038 | 0.16
31250 1 16 | 31250 0 2 10 | 31250 0 2 20 | 31250 0 3 10 | 31250 0
33660 1 15 | 33333 |-0.79 2 9 34722 | 3.34 2 18 | 34722 | 3.34 3 9 34722 | 3.34
38400 1 13 | 38462 | 0.16 2 8 39063 | 1.73 2 16 | 39063 | 1.73 3 8 39063 | 1.73
56000 1 9 55556 |-0.79 1 22 | 56818 | 1.46 2 11 56818 | 1.46 2 22 | 56818 | 1.46
62500 1 8 62500 0 1 20 | 62500 0 2 10 | 62500 0 2 20 | 62500 0
76800 | - - - - 1 16 | 78125 | 1.73 | 2 8 | 78125 | 1.73| 2 | 16 | 78125 | 1.73
115200 - - - - 1 11 | 113636 |-1.36 1 22 | 113636 |-1.36 2 11 | 113636 |-1.36
153600 - - - - 1 8 | 156250 | 1.73 1 16 | 156250 | 1.73 2 8 | 156250 | 1.73

Remark TPS01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGCO) (setting of base clock

fers:

ERR:

(fxcLko))
Value set by the MDL04 to MDLOO bits of BRGCO (k = 8, 9, 10, ..., 31)
Peripheral hardware clock oscillation frequency

Baud rate error
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by
using the calculation expression shown below.

Figure 13-12. Permissible Baud Rate Range During Reception

Latch timing
Y Y4 Y Y% Y% %7
\ \
Data frame length . . . . s .
of UARTO Start bit /< Bit 0 X Bit 1 Bit 7 XPanty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible . . . . - .
data frame length \ Start bn/< Bit 0 X Bit 1 x x Bit 7 XParlty blt)l Stop bi

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParity bity Stop bit
data frame length

FLmax

—

As shown in Figure 13-12, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 0 (BRGCO) after the start bit has been detected. If the last data (stop bit) meets this
latch timing, the data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™
Brate: Baud rate of UARTO
k: Set value of BRGCO

FL: 1-bit data length
Margin of latch timing: 2 clocks
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k-2 . _21k+2

Minimum permissible data frame length: FLmin = 11 x FL - x FL oK FL

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

BRmax = (FLmin/11)™" =

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Flmax=11xFL_X*2, p - 21k-2

11 2xk 2xk

FL

FLmax = 2X=2 F| « 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)" = —2X_ Brate
21k - 2

The permissible baud rate error between UARTO and the transmission destination can be calculated from the
above minimum and maximum baud rate expressions, as follows.

Table 13-5. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
16 +4.14% -4.19%
24 +4.34% —4.38%
31 +4.44% -4.47%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock
frequency, and division ratio (k). The higher the input clock frequency and the higher the division
ratio (k), the higher the permissible error.

2. k: Set value of BRGCO
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14.1 Functions of Serial Interface UART6
Serial interface UART6 has the following two modes.

(1) Operation stop mode
This mode is used when serial communication is not executed and can enable a reduction in the power
consumption.
For details, see 14.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode
This mode supports the LIN (Local Interconnect Network)-bus. The functions of this mode are outlined below.
For details, see 14.4.2 Asynchronous serial interface (UART) mode and 14.4.3 Dedicated baud rate
generator.

e Two-pin configuration TxD6: Transmit data output pin
RxD6: Receive data input pin
¢ Data length of communication data can be selected from 7 or 8 bits.
o Dedicated internal 8-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently.
o Twelve operating clock inputs selectable
e MSB- or LSB-first communication selectable
¢ Inverted transmission operation
e Sync break field transmission from 13 to 20 bits
¢ More than 11 bits can be identified for sync break field reception (SBF reception flag provided).

Cautions 1. The TxD6 output inversion function inverts only the transmission side and not the reception
side. To use this function, the reception side must be ready for reception of inverted data.

2. If clock supply to serial interface UART6 is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UART6 is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply
was stopped. The TxD6 pin also holds the value immediately before clock supply was
stopped and outputs it. However, the operation is not guaranteed after clock supply is
resumed. Therefore, reset the circuit so that POWERG6 = 0, RXE6 = 0, and TXE6 = 0.

3. If data is continuously transmitted, the communication timing from the stop bit to the next
start bit is extended two operating clocks of the macro. However, this does not affect the
result of communication because the reception side initializes the timing when it has
detected a start bit. Do not use the continuous transmission function if the interface is
incorporated in LIN.
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Remark

Figures

Sleep
bus

TX6

INTST6

LIN stands for Local Interconnect Network and is a low-speed (1 to 20 kbps) serial communication
protocol intended to aid the cost reduction of an automotive network.

LIN communication is single-master communication, and up to 15 slaves can be connected to one
master.

The LIN slaves are used to control the switches, actuators, and sensors, and these are connected to the
LIN master via the LIN network.

Normally, the LIN master is connected to a network such as CAN (Controller Area Network).

In addition, the LIN bus uses a single-wire method and is connected to the nodes via a transceiver that
complies with ISO9141.

In the LIN protocol, the master transmits a frame with baud rate information and the slave receives it and
corrects the baud rate error. Therefore, communication is possible when the baud rate error in the slave
is £15% or less.

14-1 and 14-2 outline the transmission and reception operations of LIN.

Figure 14-1. LIN Transmission Operation

Wakeup Sync Sync field Identifier ~ Data field Data field Checksum
signal frame break field field field
| | | | | | |
13-bitNe2 SBF 55H Data Data Data Data
8 bitgNote 1 transmission transmission transmissiontransmissiontransmissiontransmission
| | | | | | |

Note 3

L

Notes 1.
2.

Remark

The wakeup signal frame is substituted by 80H transmission in the 8-bit mode.

The sync break field is output by hardware. The output width is the bit length set by bits 4 to 2 (SBL62
to SBL60) of asynchronous serial interface control register 6 (ASICL6) (see 14.4.2 (2) (h) SBF
transmission).

INTST® is output on completion of each transmission. It is also output when SBF is transmitted.

The interval between each field is controlled by software.
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Figure 14-2. LIN Reception Operation

Wakeup Sync Sync field Identifier Data field Data field Checksum
signal frame break field field field
| | | | | | |
e It A
bus
SF ID Data Data Data
13 bitgNote 2 reception reception  reception reception receptionNetes
| | | | | | |
SBF || || || |
) reception
RX6 Disable Enable
Note 3
Reception interrupt
(INTSR6) \ ) " n n n ”—
Edge detection Note 1 \‘
(INTPO)
Note 4
Capture timer Disable Enable

Notes 1. The wakeup signal is detected at the edge of the pin, and enables UART6 and sets the SBF reception
mode.

2. Reception continues until the STOP bit is detected. When an SBF with low-level data of 11 bits or
more has been detected, it is assumed that SBF reception has been completed correctly, and an
interrupt signal is output. If an SBF with low-level data of less than 11 bits has been detected, it is
assumed that an SBF reception error has occurred. The interrupt signal is not output and the SBF
reception mode is restored.

3. If SBF reception has been completed correctly, an interrupt signal is output. This SBF reception
completion interrupt enables the capture timer. Detection of errors OVE6, PE6, and FEG6 is
suppressed, and error detection processing of UART communication and data transfer of the shift
register and RXB6 is not performed. The shift register holds the reset value FFH.

4. Calculate the baud rate error from the bit length of the sync field, disable UART6 after SF reception,
and then re-set baud rate generator control register 6 (BRGCS).

5. Distinguish the checksum field by software. Also perform processing by software to initialize UART6
after reception of the checksum field and to set the SBF reception mode again.

To perform a LIN receive operation, use a configuration like the one shown in Figure 14-3.

The wakeup signal transmitted from the LIN master is received by detecting the edge of the external interrupt
(INTPO). The length of the sync field transmitted from the LIN master can be measured using the external event
capture operation of 16-bit timer/event counter 00, and the baud rate error can be calculated.

The input source of the reception port input (RxD6) can be input to the external interrupt (INTPO) and 16-bit
timer/event counter 00 by port input switch control (ISC0/ISC1), without connecting RxD6 and INTPO/TI000 externally.
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Remark

The peripheral functions used in the LIN communication operation are shown below.

Figure 14-3. Port Configuration for LIN Reception Operation

Selector

P14/RxD6 O————

Port mode
(PM14)

Output latch
(P14)

Selector

P120/INTPO O———

RXD6 input

Selector

Port mode
(PM120)

Output latch
(P120)

Selector

P00/TI000 O——

Port input
switch control
(ISC0)

<ISCO0>

0: Select INTPO (P120)
1: Select RxD6 (P14)

Selector

Port mode
(PMOO0)

Output latch
(POO)

ISCO, ISC1: Bits 0 and 1 of the input switch control register (ISC) (see Figure 14-11)

<Peripheral functions used>

e External interrupt (INTPO); wakeup signal detection

Port input
switch control
(ISC1)

<ISC1>

0: Select TI000 (P00)
1: Select RxD6 (P14)

Use: Detects the wakeup signal edges and detects start of communication.
o 16-bit timer/event counter 00 (TI000); baud rate error detection

Use: Detects the baud rate error (measures the TI0O00 input edge interval in the capture mode) by detecting the
sync field (SF) length and divides it by the number of bits.
o Serial interface UART6
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14.2 Configuration of Serial Interface UART6

Serial interface UART® includes the following hardware.

294

Table 14-1. Configuration of Serial Interface UART6

ltem

Configuration

Registers

Receive buffer register 6 (RXB6)
Receive shift register 6 (RXS6)
Transmit buffer register 6 (TXB6)
Transmit shift register 6 (TXS6)

Control registers

Asynchronous serial interface operation mode register 6 (ASIM6)
Asynchronous serial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

Asynchronous serial interface control register 6 (ASICL6)

Input switch control register (ISC)

Port mode register 1 (PM1)

Port register 1 (P1)
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Figure 14-4. Block Diagram of Serial Interface UART6

TI000, INTPONO'® -———

1
|
1
1 Filter -«
e .
‘ " INTSR6 | ) X
1 " Reception control - ; \
1
' i INTSRES Receive shift register 6 | |
‘ : , \ ] (RXS6) '
PRS —»] . " T !
fPHs/%» 1 Y " v y {} :
frrs/2 —»] ! Asynchronous serial Asynchronous serial " ial i i i 1
frrs/25 —» | interface operation mode interface reception error | Saudirate ASynChronoqs Senalplmlerfl_ace Receive buffer register 6|
fers/2% | ! register 6 (ASIM6) status register 6 (ASIS6) |, || _generator control register 6 (ASICL6) (RXB6) .
frrs/25 | 2 . " - ; !
fors/28»| & [ yy Receptionunit AL .. L .
fers/2’ | & . !
8
prs/29» 1 1 Internal bus
frrs/27 —»- . L
frrs/210 ] | e .
8-bit timer/—~} . i
n 1
event counter ) f 1| | Baud rate generator || Clock selection || Asynchronousserial [ 1] Bayq rate Asynchronous serial interface Transmit buffer register 6
50 output \ control register 6 . 6 (CKSR6 interface transmission " . sIC
. (BRGC6) register 6 ( ) [status register 6 (ASIF6)[ | 1| generator control register 6 (ASICL6) (TXB6)
L ‘ TSR S——T——— l ]
1 1 T
1 ! 1
: : ! Ti it shift register 6
! I L ransmit shift register
: ' : INTST6 < Transmission control (TXS6)
1 1
, Registers ' : 7y
1 L 1
1 | T

©RxD6/
P14

Note Selectable with input switch control register (ISC).

914VN 3OV4H3ALNI VIHIS vI H3LdVHO



CHAPTER 14 SERIAL INTERFACE UART6
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Receive buffer register 6 (RXB6)

This 8-bit register stores parallel data converted by receive shift register 6 (RXS6).

Each time 1 byte of data has been received, new receive data is transferred to this register from RXS6. If the
data length is set to 7 bits, data is transferred as follows.

o In LSB-first reception, the receive data is transferred to bits 0 to 6 of RXB6 and the MSB of RXB6 is always 0.
¢ In MSB-first reception, the receive data is transferred to bits 1 to 7 of RXB6 and the LSB of RXB6 is always 0.
If an overrun error (OVEB) occurs, the receive data is not transferred to RXB6.

RXB6 can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

RESET input sets this register to FFH.

Receive shift register 6 (RXS6)
This register converts the serial data input to the RxD6 pin into parallel data.
RXS6 cannot be directly manipulated by a program.

Transmit buffer register 6 (TXB6)

This buffer register is used to set transmit data. Transmission is started when data is written to TXB6.
This register can be read or written by an 8-bit memory manipulation instruction.

RESET input sets this register to FFH.

Cautions 1. Do not write data to TXB6 when bit 1 (TXBF6) of asynchronous serial interface transmission
status register 6 (ASIF6) is 1.
2. Do not refresh (write the same value to) TXB6 by software during a communication
operation (when bit 7 (POWERG6) and bit 6 (TXE6) of asynchronous serial interface operation
mode register 6 (ASIM6) are 1 or when bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 are 1).

Transmit shift register 6 (TXS6)

This register transmits the data transferred from TXB6 from the TxD6 pin as serial data. Data is transferred from
TXB6 immediately after TXB6 is written for the first transmission, or immediately before INTST6 occurs after one
frame was transmitted for continuous transmission. Data is transferred from TXB6 and transmitted from the TxD6
pin at the falling edge of the base clock.

TXS6 cannot be directly manipulated by a program.
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14.3 Registers Controlling Serial Interface UART6
Serial interface UARTS is controlled by the following nine registers.

e Asynchronous serial interface operation mode register 6 (ASIM6)

o Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

* Clock selection register 6 (CKSR®6)

o Baud rate generator control register 6 (BRGC6)

e Asynchronous serial interface control register 6 (ASICL6)

e Input switch control register (ISC)

e Port mode register 1 (PM1)

o Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 6 (ASIM6)
This 8-bit register controls the serial communication operations of serial interface UART6.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Remark ASIM6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6
=1).

Figure 14-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (1/2)

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWER6 TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER6 Enables/disables operation of internal operation clock
ot Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

qhees Enables operation of the internal operation clock

TXE6 Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission

Notes 1. The output of the TxD6 pin goes high and the input from the RxD6 pin is fixed to the high level when
POWERSG6 = 0.

2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), bit 7 (SBRF6) and bit 6 (SBRT6) of asynchronous serial
interface control register 6 (ASICL6), and receive buffer register 6 (RXB6) are reset.

3. Operation of the 8-bit counter output is enabled at the second base clock after 1 is written to the
POWERS bit.
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Figure 14-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (2/2)

RXE6 Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception
PS61 PS60 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™
1 0 Qutputs odd parity. Judges as odd parity.
1 1 Outputs even parity. Judges as even parity.
CL6 Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SL6 Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2
ISRM6 Enables/disables occurrence of reception completion interrupt in case of error
0 “INTSREG” occurs in case of error (at this time, INTSR6 does not occur).
1 “INTSR6” occurs in case of error (at this time, INTSRE®6 does not occur).

Note If “reception as 0 parity” is selected, the parity is not judged. Therefore, bit 2 (PE6) of asynchronous serial
interface reception error status register 6 (ASIS6) is not set and the error interrupt does not occur.

Cautions 1. At startup, set POWERG to 1 and then set TXE6 to 1. To stop the operation, clear TXEG6 to 0,

and then clear POWERS to 0.

2. At startup, set POWERS6 to 1 and then set RXE6 to 1. To stop the operation, clear RXE6 to 0,
and then clear POWERS6 to 0.

3. Set POWERG6 to 1 and then set RXE6 to 1 while a high level is input to the RxD6 pin. If
POWERS is set to 1 and RXES6 is set to 1 while a low level is input, reception is started.

4. Clear the TXE6 and RXES bits to 0 before rewriting the PS61, PS60, and CL6 bits.

5. Fix the PS61 and PS60 bits to 0 when mounting the device on LIN.

6. Make sure that TXE6 = 0 when rewriting the SL6 bit. Reception is always performed with “the
number of stop bits = 1”, and therefore, is not affected by the set value of the SL6 bit.

7. Make sure that RXE6 = 0 when rewriting the ISRM6 bit.
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(2) Asynchronous serial interface reception error status register 6 (ASIS6)
This register indicates an error status on completion of reception by serial interface UART6. It includes three
error flag bits (PE6, FE6, OVES).
This register is read-only by an 8-bit memory manipulation instruction.
'RESET input clears this register to 00H if bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 0. 00H is read when this
register is read.

Figure 14-6. Format of Asynchronous Serial Interface Reception Error Status Register 6 (ASIS6)

Address: FF53H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS6 0 0 0 0 0 PE6 FE6 OVE6
PE6 Status flag indicating parity error
0 If POWERSG = 0 and RXE®6 = 0, or if ASIS6 register is read
1 If the parity of transmit data does not match the parity bit on completion of reception
FE6 Status flag indicating framing error
0 If POWERSG = 0 and RXES6 = 0, or if ASIS6 register is read
1 If the stop bit is not detected on completion of reception
OVES6 Status flag indicating overrun error
0 If POWERSG = 0 and RXES6 = 0, or if ASIS6 register is read
1 If receive data is set to the RXB6 register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PE6 bit differs depending on the set values of the PS61 and PS60 bits of

asynchronous serial interface operation mode register 6 (ASIM6).

2. The first bit of the receive data is checked as the stop bit, regardless of the humber of stop
bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 6
(RXB6) but discarded.

4. If data is read from ASIS6, a wait cycle is generated. Do not read data from ASIS6 when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 31 CAUTIONS FOR WAIT.
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(3) Asynchronous serial interface transmission status register 6 (ASIF6)
This register indicates the status of transmission by serial interface UART6. It includes two status flag bits
(TXBF6 and TXSFB6).
Transmission can be continued without disruption even during an interrupt period, by writing the next data to the
TXB6 register after data has been transferred from the TXB6 register to the TXS6 register.
This register is read-only by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H if bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 0.

Figure 14-7. Format of Asynchronous Serial Interface Transmission Status Register 6 (ASIF6)

Address: FF55H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF6 0 0 0 0 0 0 TXBF6 TXSF6
TXBF6 Transmit buffer data flag
0 If POWERSG = 0 or TXE6 = 0, or if data is transferred to transmit shift register 6 (TXS6)
1 If data is written to transmit buffer register 6 (TXB6) (if data exists in TXB6)
TXSF6 Transmit shift register data flag
0 If POWERSG = 0 or TXE6 = 0, or if the next data is not transferred from transmit buffer register 6
(TXB6) after completion of transfer
1 If data is transferred from transmit buffer register 6 (TXB6) (if data transmission is in progress)

Cautions 1. To transmit data continuously, write the first transmit data (first byte) to the TXB6 register.
Be sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte)
to the TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the
transmit data cannot be guaranteed.

2. To initialize the transmission unit upon completion of continuous transmission, be sure to
check that the TXSF6 flag is “0” after generation of the transmission completion interrupt,
and then execute initialization. If initialization is executed while the TXSF6 flag is “1”, the
transmit data cannot be guaranteed.
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(4) Clock selection register 6 (CKSR6)
This register selects the base clock of serial interface UART®6.
CKSR6 can be set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Remark CKSR6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 =

1).
Figure 14-8. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
CKSR6 0 0 0 0 TPS63 TPS62 TPS61 TPS60
TPS63 TPS62 TPS61 TPS60 Base clock (fxciks) selection
fers = fers = fers = fers =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 0 fers 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 fers/2 | 1 MHz 25MHz |5 MHz 10 MHz
0 0 1 0 frrs/2° |500kHz |1.25MHz |25MHz |5 MHz
0 0 1 1 frrs/2° | 250 kHz | 625 kHz |1.25MHz |2.5 MHz
0 1 0 0 frrs/2* | 125 kHz 312.5 kHz | 625 kHz 1.25 MHz
0 1 0 1 frrs/2° | 62.5 kHz | 156.25 kHz| 312.5 kHz | 625 kHz
0 1 1 0 frrs/2° | 31.25 kHz | 78.13 kHz | 156.25 kHz| 312.5 kHz
0 1 1 1 frrs/2” | 15.625 kHz| 39.06 kHz | 78.13 kHz | 156.25 kHz
1 0 0 0 frrs/2® | 7.813 kHz | 19.53 kHz | 39.06 kHz | 78.13 kHz
1 0 0 1 frrs/2° | 3.906 kHz | 9.77 kHz | 19.53 kHz | 39.06 kHz
1 0 1 0 frrs/2' | 1.953 kHz | 4.88 kHz |9.77 kHz |19.53 kHz
1 0 1 1 TM50 output™™*®
Other than above Setting prohibited

Note Note the following points when selecting the TM50 output as the base clock.

¢ PWM mode (TMC506 = 1)
Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty =
50%.

¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion operation
(TMC501 = 1).

It is not necessary to enable the TO50 pin as a timer output pin in any mode.

Caution Make sure POWERG6 = 0 when rewriting TPS63 to TPS60.

Remarks 1. fers: Peripheral hardware clock oscillation frequency
2. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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(5) Baud rate generator control register 6 (BRGC6)
This register sets the division value of the 8-bit counter of serial interface UART6.
BRGCS6 can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Remark BRGCS6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERSG6) and bit 5 (RXE6) of ASIM6
=1).

Figure 14-9. Format of Baud Rate Generator Control Register 6 (BRGC6)

Address: FF57H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
BRGC6 | MDL67 ‘ MDL66 ‘ MDL65 ‘ MDL64 ‘ MDL63 ‘ MDL62 ‘ MDL61 ‘ MDL60 |

MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 | k Output clock selection of
8-bit counter
0 0 0 0 0 X X X x| Setting prohibited
0 0 0 0 1 0 0 0 8 | fxcke/8
0 0 0 0 1 0 0 1 9 | fxcike/9
0 0 0 0 1 0 1 0 10 | fxcke/10
L[] L] L] L] L] L] L] L] L[] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
1 1 1 1 1 1 0 0 252 | fxcke/252
1 1 1 1 1 1 0 1 253 | fxcke/253
1 1 1 1 1 1 1 0 254 | fxcike/254
1 1 1 1 1 1 1 1 255 | fxcike/255

Cautions 1. Make sure that bit 6 (TXE6) and bit 5 (RXE6) of the ASIM6 register = 0 when rewriting the
MDL67 to MDL60 bits.
2. The baud rate is the output clock of the 8-bit counter divided by 2.

Remarks 1. fxcke: Frequency of base clock selected by the TPS63 to TPS60 bits of CKSR6 register

2. k: Value set by MDL67 to MDL60 bits (k =8, 9, 10, ..., 255)
3. x: Don’t care
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(6) Asynchronous serial interface control register 6 (ASICL6)
This register controls the serial communication operations of serial interface UART6.
ASICL6 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 16H.

Caution ASICL6 can be refreshed (the same value is written) by software during a communication
operation (when bit 7 (POWERG6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5
(RXE6) of ASIM6 = 1). However, do not set both SBRT6 and SBTT6 to 1 by a refresh operation
during SBF reception (SBRF6 = 1) or SBF transmission (until INTST6 occurs since SBTT6 has
been set (1)), because it may re-trigger SBF reception or SBF transmission.

Figure 14-10. Format of Asynchronous Serial Interface Control Register 6 (ASICL6) (1/2)

Address: FF58H After reset: 16H R/W"™®

Symbol <7> <6> 5 4 3 2 1 0
ASICL6 SBRF6 SBRT6 SBTT6 SBL62 SBL61 SBL60 DIR6 TXDLV6
SBRF6 SBF reception status flag
0 If POWERSG = 0 and RXES6 = 0 or if SBF reception has been completed correctly
1 SBF reception in progress
SBRT6 SBF reception trigger
0 —
1 SBF reception trigger
SBTT6 SBF transmission trigger
0 —
1 SBF transmission trigger

Note Bit 7 is read-only.
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Figure 14-10. Format of Asynchronous Serial Interface Control Register 6 (ASICL6) (2/2)

SBL62 SBL61 SBL60 SBF transmission output width control
1 0 1 SBF is output with 13-bit length.
1 1 0 SBF is output with 14-bit length.
1 1 1 SBF is output with 15-bit length.
0 0 0 SBF is output with 16-bit length.
0 0 1 SBF is output with 17-bit length.
0 1 0 SBF is output with 18-bit length.
0 1 1 SBF is output with 19-bit length.
1 0 0 SBF is output with 20-bit length.

DIR6 First-bit specification
0 MSB
1 LSB

TXDLV6 Enables/disables inverting TxD6 output

0 Normal output of TxD6
1 Inverted output of TxD6

Cautions 1.

304

In the case of an SBF reception error, the mode returns to the SBF reception mode. The
status of the SBRF6 flag is held (1).

Before setting the SBRT6 bit, make sure that bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 1.
After setting the SBRT6 bit to 1, do not clear it to 0 before SBF reception is completed (before
an interrupt request signal is generated).

The read value of the SBRT6 bit is always 0. SBRT6 is automatically cleared to 0 after SBF
reception has been correctly completed.

Before setting the SBTT6 bit to 1, make sure that bit 7 (POWERG6) and bit 6 (TXE6) of ASIM6 =
1. After setting the SBTT6 bit to 1, do not clear it to 0 before SBF transmission is completed
(before an interrupt request signal is generated).

The read value of the SBTT6 bit is always 0. SBTT6 is automatically cleared to 0 at the end of
SBF transmission.

Before rewriting the DIR6 and TXDLV6 bits, clear the TXE6 and RXES6 bits to 0.
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(7) Input switch control register (ISC)
The input switch control register (ISC) is used to receive a status signal transmitted from the master during LIN
(Local Interconnect Network) reception. The input source is switched by setting ISC.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
'RESET input clears this register to 00H.

Figure 14-11. Format of Input Switch Control Register (ISC)

Address: FF4FH After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 ‘ 0 ‘ ISC1 ‘ ISCO
ISC1 TI000 input source selection
0 TI000 (P00)
1 RxD6 (P14)
1ISCO INTPO input source selection
0 INTPO (P120)
1 RxD6 (P14)

(8) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P13/TxD6 pin for serial interface data output, clear PM13 to 0 and set the output latch of P13 to 1.
When using the P14/RxD6 pin for serial interface data input, set PM14 to 1. The output latch of P14 at this time
may be 0 or 1.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 14-12. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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14.4 Operation of Serial Interface UART6
Serial interface UART®6 has the following two modes.

¢ Operation stop mode
¢ Asynchronous serial interface (UART) mode

14.4.1 Operation stop mode

In this mode, serial communication cannot be executed; therefore, the power consumption can be reduced. In
addition, the pins can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and
5 (POWERS6, TXE6, and RXES6) of ASIM6 to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 6 (ASIM6).
ASIM6 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWER6 TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWER®6 Enables/disables operation of internal operation clock
ove! Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

TXE6 Enables/disables transmission

0 Disables transmission operation (synchronously resets the transmission circuit).
RXE6 Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The output of the TxD6 pin goes high and the input from the RxD6 pin is fixed to high level when
POWERS = 0.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), bit 7 (SBRF6) and bit 6 (SBRT6) of asynchronous serial
interface control register 6 (ASICL6), and receive buffer register 6 (RXB6) are reset.

Caution Clear POWERS® to 0 after clearing TXE6 and RXE6 to 0 to set the operation stop mode.
To start the operation, set POWERG to 1, and then set TXE6 and RXES6 to 1.

Remark To use the RxD6/P14 and TxD6/P13 pins as general-purpose port pins, sse CHAPTER 4 PORT
FUNCTIONS.
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14.4.2 Asynchronous serial interface (UART) mode

In this mode, data of 1 byte is transmitted/received following a start bit, and a full-duplex operation can be
performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of
baud rates.

(1) Registers used

¢ Asynchronous serial interface operation mode register 6 (ASIM6)

¢ Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

¢ Clock selection register 6 (CKSR6)

¢ Baud rate generator control register 6 (BRGC6)

e Asynchronous serial interface control register 6 (ASICL6)

¢ Input switch control register (ISC)

¢ Port mode register 1 (PM1)

e Port register 1 (P1)

The basic procedure of setting an operation in the UART mode is as follows.

<1> Set the CKSRE6 register (see Figure 14-8).
<2> Set the BRGCES register (see Figure 14-9).
<3> Set bits 0 to 4 (ISRM6, SL6, CL6, PS60, PS61) of the ASIMG6 register (see Figure 14-5).
<4> Set bits 0 and 1 (TXDLV6, DIR6) of the ASICLS6 register (see Figure 14-10).
<5> Set bit 7 (POWERS) of the ASIM®6 register to 1.
<6> Set bit 6 (TXE6) of the ASIM6 register to 1. — Transmission is enabled.
Set bit 5 (RXEB) of the ASIM6 register to 1. — Reception is enabled.
<7> Write data to transmit buffer register 6 (TXB6). — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register
and port register.
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The relationship between the register settings and pins is shown below.

Table 14-2. Relationship Between Register Settings and Pins

POWER6| TXE6 RXE6 PM13 P13 PM14 P14 UART6 Pin Function
Operation TxD6/P13 RxD6/P14
0 0 0 X x\ XN X Stop P13 P14
1 0 1 xee xee 1 x Reception P13 RxD6
1 0 0 1 Xt Xt Transmission TxD6 P14
1 1 0 1 1 X Transmission/ TxD6 RxD6
reception

Note Can be set as port function.

Remark x: don’t care
POWERG®: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXE®6: Bit 6 of ASIM6
RXES6: Bit 5 of ASIM6
PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation

(a) Format and waveform example of normal transmit/receive data

Figures 14-13 and 14-14 show the format and waveform example of the normal transmit/receive data.

Figure 14-13. Format of Normal UART Transmit/Receive Data

1. LSB-first transmission/reception

1 data frame

Sg’;{‘ o | o1 | b2 | D3| ps| D5 | D6 | D7 P‘Z'iitty Stop bit
Character bits
2. MSB-first transmission/reception
1 data frame
Sg’;{‘ D7 | b6 | b5 | D4 | D3 | D2 | D1 | DO P‘Z'iitty Stop bit

Character bits

One data frame consists of the following bits.

o Start bit ... 1 bit

¢ Character bits ... 7 or 8 bits

o Parity bit ... Even parity, odd parity, O parity, or no parity
o Stop bit ... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial

interface operation mode register 6 (ASIM6).

Whether data is communicated with the LSB or MSB first is specified by bit 1 (DIR6) of asynchronous serial

interface control register 6 (ASICLS).

Whether the TxD6 pin outputs normal or inverted data is specified by bit 0 (TXDLV6) of ASICL6.
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Figure 14-14. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, LSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame
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2. Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame

@
o

O
N
o
<
|w)
[¢)]
w)
N
O
@
Q
o
=
|w)
S
e
)
g
@
3
©

3. Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H, TxD6 pin
inverted output

1 data frame
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4. Data length: 7 bits, LSB first, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H
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5. Data length: 8 bits, LSB first, Parity: None, Stop bit: 1 bit, Communication data: 87H

1 data frame
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(b) Parity types and operation
The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used
on both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error
can be detected. With zero parity and no parity, an error cannot be detected.

Caution Fix the PS61 and PS60 bits to 0 when the device is incorporated in LIN.

U}

(ii)

(iif)

(iv)

Even parity

e Transmission
Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”: 1
If transmit data has an even number of bits that are “1”: 0

e Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a
parity error occurs.

Odd parity

e Transmission
Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that
are “1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1”: 1

e Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a
parity error occurs.

0 parity

The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.

The parity bit is not detected when the data is received. Therefore, a parity error does not occur
regardless of whether the parity bit is “0” or “1”.

No parity

No parity bit is appended to the transmit data.

Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Normal transmission

The TxD6 pin outputs a high level when bit 7 (POWERSG) of asynchronous serial interface operation mode
register 6 (ASIM6) is set to 1. |If bit 6 (TXE6) of ASIM6 is then set to 1, transmission is enabled.
Transmission can be started by writing transmit data to transmit buffer register 6 (TXB6). The start bit, parity
bit, and stop bit are automatically appended to the data.

When transmission is started, the data in TXB6 is transferred to transmit shift register 6 (TXS6). After that,
the data is sequentially output from TXS6 to the TxD6 pin. When transmission is completed, the parity and
stop bits set by ASIM6 are appended and a transmission completion interrupt request (INTST6) is generated.
Transmission is stopped until the data to be transmitted next is written to TXB6.

Figure 14-15 shows the timing of the transmission completion interrupt request (INTST6). This interrupt
occurs as soon as the last stop bit has been output.

Figure 14-15. Normal Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxD6 (output) \ Start/ DO X D1 X D2 B D6 X D7 XParity StopI
INTST6 —|

2. Stop bit length: 2

312

\ \
TxD6 (output) Start/ DO X D1 X D2 U D6 X D7 XParity/ Stop

INTST6
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(d) Continuous transmission

The next transmit data can be written to transmit buffer register 6 (TXB6) as soon as transmit shift register 6

(TXS6) has started its shift operation. Consequently, even while the INTST6 interrupt is being serviced after

transmission of one data frame, data can be continuously transmitted and an efficient communication rate

can be realized. In addition, the TXB6 register can be efficiently written twice (2 bytes) without having to wait

for the transmission time of one data frame, by reading bit 0 (TXSF6) of asynchronous serial interface

transmission status register 6 (ASIF6) when the transmission completion interrupt has occurred.

To transmit data continuously, be sure to reference the ASIF6 register to check the transmission status and

whether the TXB6 register can be written, and then write the data.

Cautions 1. The TXBF6 and TXSF6 flags of the ASIF6 register change from “10” to “11”, and to “01”
during continuous transmission. To check the status, therefore, do not use a
combination of the TXBF6 and TXSF6 flags for judgment. Read only the TXBF6 flag
when executing continuous transmission.

2. When the device is incorporated in a LIN, the continuous transmission function cannot
be used. Make sure that asynchronous serial interface transmission status register 6
(ASIF6) is 00H before writing transmit data to transmit buffer register 6 (TXB6).

TXBF6 Writing to TXB6 Register
0 Writing enabled
1 Writing disabled

Caution To transmit data continuously, write the first transmit data (first byte) to the TXB6 register.
Be sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte)
to the TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the
transmit data cannot be guaranteed.

The communication status can be checked using the TXSF6 flag.

TXSF6 Transmission Status
0 Transmission is completed.
1 Transmission is in progress.
Cautions 1. To initialize the transmission unit upon completion of continuous transmission, be sure

to check that the TXSF6 flag is “0” after generation of the transmission completion
interrupt, and then execute initialization. If initialization is executed while the TXSF6
flag is “1”, the transmit data cannot be guaranteed.

During continuous transmission, an overrun error may occur, which means that the
next transmission was completed before execution of INTST6 interrupt servicing after
transmission of one data frame. An overrun error can be detected by developing a
program that can count the number of transmit data and by referencing the TXSF6 flag.
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Figure 14-16 shows an example of the continuous transmission processing flow.

Figure 14-16. Example of Continuous Transmission Processing Flow

Set registers.

Write TXB6.

Transfer
executed necessary
number of times?

Read ASIF6
TXBF6 = 0?

Yes

Write TXB6.

Transmission
completion interrupt
occurs?

No

Transfer
executed necessary
number of times?

Yes

Read ASIF6
TXSF6 = 0?

Completion of
transmission processing

Remark TXB6: Transmit buffer register 6
ASIF6: Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6 (transmit buffer data flag)
TXSF6: Bit 0 of ASIF6 (transmit shift register data flag)
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Figure 14-17 shows the timing of starting continuous transmission, and Figure 14-18 shows the timing of
ending continuous transmission.

Figure 14-17. Timing of Starting Continuous Transmission

mo6 [ \Stat/ Data(1)  %Parity/ Stop \Start/ Data(2) ¥ Parity / Stop \Start

INTST6 A\ /\
TXB6 FF Data(1) X Data(2) X Data (3) X
TXS6 FF Data (1) X Data (2) X Dita (3)
’ ’ B ’
TXBF6 / v/ N
TXSF6

Note When ASIF6 is read, there is a period in which TXBF6 and TXSF6 = 1, 1. Therefore, judge whether
writing is enabled using only the TXBF6 bit.

Remark TxD6: TxD6 pin (output)
INTST6: Interrupt request signal
TXB6: Transmit buffer register 6
TXS6:  Transmit shift register 6
ASIF6:  Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
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Figure 14-18. Timing of Ending Continuous Transmission

T06 [ stop \Start’ Data(n—1) iParity/ swop \Starts Data(n) ¥ Parity)/ Stop
wists [\ a\ N\

TXB6 Data(n-1) X Data (n)

A R

TXS6 X Data (n - 1) X Data (n) :

- y

TXSF6 ' \jL
POWERSG or TXE6 \

Remark TxD6: TxD6 pin (output)
INTST6:  Interrupt request signal
TXB6: Transmit buffer register 6
TXS6: Transmit shift register 6
ASIFé6: Asynchronous serial interface transmission status register 6
TXBF®6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
POWERS®: Bit 7 of asynchronous serial interface operation mode register (ASIM6)

><
m
ul

TXE®6: Bit 6 of asynchronous serial interface operation mode register (ASIM6)
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(e) Normal reception
Reception is enabled and the RxD6 pin input is sampled when bit 7 (POWERS6) of asynchronous serial
interface operation mode register 6 (ASIM6) is set to 1 and then bit 5 (RXE6) of ASIM6 is set to 1.
The 8-bit counter of the baud rate generator starts counting when the falling edge of the RxD6 pin input is
detected. When the set value of baud rate generator control register 6 (BRGC6) has been counted, the
RxD6 pin input is sampled again ( in Figure 14-19). If the RxD6 pin is low level at this time, it is recognized
as a start bit.
When the start bit is detected, reception is started, and serial data is sequentially stored in the receive shift
register (RXS6) at the set baud rate. When the stop bit has been received, the reception completion interrupt
(INTSR6) is generated and the data of RXS6 is written to receive buffer register 6 (RXB6). If an overrun
error (OVE6) occurs, however, the receive data is not written to RXB6.
Even if a parity error (PE6) occurs while reception is in progress, reception continues to the reception
position of the stop bit, and an error interrupt (INTSR6/INTSRES6) is generated on completion of reception.

Figure 14-19. Reception Completion Interrupt Request Timing

\Y i
RxD6 (input) Stat + DO : D1 . D2 : D3 : D4 . D5 : D6 : D7 . Parity [ Stop :
INTSR6 |_|
RXB6 X

Cautions 1. Be sure to read receive buffer register 6 (RXB6) even if a reception error occurs.
Otherwise, an overrun error will occur when the next data is received, and the reception
error status will persist.

2. Reception is always performed with the “number of stop bits = 1”. The second stop bit
is ignored.

3. Be sure to read asynchronous serial interface reception error status register 6 (ASIS6)
before reading RXB6.
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(f) Reception error
Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error
flag of asynchronous serial interface reception error status register 6 (ASIS6) is set as a result of data
reception, a reception error interrupt request (INTSR6/INTSREB) is generated.
Which error has occurred during reception can be identified by reading the contents of ASIS6 in the reception
error interrupt servicing (INTSR6/INTSRES6) (see Figure 14-6).
The contents of ASIS6 are reset to 0 when ASIS6 is read.

Table 14-3. Cause of Reception Error

Reception Error Cause
Parity error The parity specified for transmission does not match the parity of the receive data.
Framing error Stop bit is not detected.
Overrun error Reception of the next data is completed before data is read from receive buffer
register 6 (RXB6).

The error interrupt can be separated into reception completion interrupt (INTSR6) and error interrupt
(INTSRES6) by clearing bit 0 (ISRM6) of asynchronous serial interface operation mode register 6 (ASIM6) to
0.

Figure 14-20. Reception Error Interrupt

1. If ISRM6 is cleared to 0 (reception completion interrupt (INTSR6) and error interrupt (INTSRE6) are

separated)
(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6

2. If ISRM6 is set to 1 (error interrupt is included in INTSR6)

(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6
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(9) Noise filter of receive data
The RXD6 signal is sampled with the base clock output by the prescaler block.
If two sampled values are the same, the output of the match detector changes, and the data is sampled as
input data.
Because the circuit is configured as shown in Figure 14-21, the internal processing of the reception operation
is delayed by two clocks from the external signal status.

Figure 14-21. Noise Filter Circuit

Base clock

RxD6/P14 © In Q Internal signal A

In Q [—— Internal signal B

Match detector LD_EN

(h) SBF transmission
When the device is incorporated in LIN, the SBF (Synchronous Break Field) transmission control function is
used for transmission. For the transmission operation of LIN, see Figure 14-1 LIN Transmission
Operation.
When bit 7 (POWERS6) of asynchronous serial interface mode register 6 (ASIM6) is set to 1, the TxD6 pin
outputs high level. Next, when bit 6 (TXE6) of ASIM6 is set to 1, the transmission enabled status is entered,
and SBF transmission is started by setting bit 5 (SBTT6) of asynchronous serial interface control register 6
(ASICLS) to 1.
Thereafter, a low level of bits 13 to 20 (set by bits 4 to 2 (SBL62 to SBL60) of ASICL6) is output. Following
the end of SBF transmission, the transmission completion interrupt request (INTST6) is generated and
SBTT6 is automatically cleared. Thereafter, the normal transmission mode is restored.
Transmission is suspended until the data to be transmitted next is written to transmit buffer register 6 (TXB6),
or until SBTT6 is set to 1.

Figure 14-22. SBF Transmission

4 .5

TxD6 1

[ —)

1
'
'
'
'
'

N
w
©
-
o
-
—_
-
\V]

INTST6 |_|
SBTT6 |

Remark TxD6: TxD6 pin (output)
INTST6: Transmission completion interrupt request
SBTT6: Bit 5 of asynchronous serial interface control register 6 (ASICL6)
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(i) SBF reception

When the device is incorporated in LIN, the SBF (Synchronous Break Field) reception control function is
used for reception. For the reception operation of LIN, see Figure 14-2 LIN Reception Operation.
Reception is enabled when bit 7 (POWERS6) of asynchronous serial interface operation mode register 6
(ASIM®B) is set to 1 and then bit 5 (RXEB) of ASIM6 is set to 1. SBF reception is enabled when bit 6 (SBRT6)
of asynchronous serial interface control register 6 (ASICLS6) is set to 1. In the SBF reception enabled status,
the RxD6 pin is sampled and the start bit is detected in the same manner as the normal reception enable
status.

When the start bit has been detected, reception is started, and serial data is sequentially stored in the
receive shift register 6 (RXS6) at the set baud rate. When the stop bit is received and if the width of SBF is
11 bits or more, a reception completion interrupt request (INTSR6) is generated as normal processing. At
this time, the SBRF6 and SBRT6 bits are automatically cleared, and SBF reception ends. Detection of
errors, such as OVE6, PE6, and FE6 (bits 0 to 2 of asynchronous serial interface reception error status
register 6 (ASIS6)) is suppressed, and error detection processing of UART communication is not performed.
In addition, data transfer between receive shift register 6 (RXS6) and receive buffer register 6 (RXB6) is not
performed, and the reset value of FFH is retained. If the width of SBF is 10 bits or less, an interrupt does not
occur as error processing after the stop bit has been received, and the SBF reception mode is restored. In
this case, the SBRF6 and SBRT6 bits are not cleared.

Figure 14-23. SBF Reception

1. Normal SBF reception (stop bit is detected with a width of more than 10.5 bits)

RD6 | 1 12 18 4 5 1 6 1 7 .8 1 9 10 1

SBRT6 f

/SBRF6 | I

INTSR6 ”

2. SBF reception error (stop bit is detected with a width of 10.5 bits or less)

RxD6 ;| 112 1 38 1 415 16 7.8 9 10

SBRT6 | :
/SBRF6

INTSR6 ,, :

Remark RxD6: RxD6 pin (input)
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SBRT6: Bit 6 of asynchronous serial interface control register 6 (ASICL6)
SBRF6: Bit 7 of ASICL6
INTSR6: Reception completion interrupt request
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14.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and an 8-bit programmable counter, and

generates a serial clock for transmission/reception of UART®.

Separate 8-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

Base clock

The clock selected by bits 3 to 0 (TPS63 to TPS60) of clock selection register 6 (CKSR6) is supplied to
each module when bit 7 (POWERS) of asynchronous serial interface operation mode register 6 (ASIM6) is
1. This clock is called the base clock and its frequency is called fxcLks. The base clock is fixed to low level
when POWERS6 = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERS6) or bit 6 (TXE6) of asynchronous serial
interface operation mode register 6 (ASIM6) is 0.

It starts counting when POWERG6 = 1 and TXE6 = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit buffer register 6 (TXB6).

If data are continuously transmitted, the counter is cleared to 0 again when one frame of data has been
completely transmitted. If there is no data to be transmitted next, the counter is not cleared to 0 and continues
counting until POWERS6 or TXES is cleared to 0.

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERS6) or bit 5 (RXE6) of asynchronous serial
interface operation mode register 6 (ASIM6) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.
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322

Figure 14-24. Configuration of Baud Rate Generator

POWER6
; fPZ Baud rate generator
PRS/2 — ™
2 B 1
IPRSZS . POWERS, TXE6 (or RXE6)
PRS, ™ 1
fprs/2% ——= ! J
1
fprs/2% ——=
Prs Selector ! 8-bit counter

frrs/27 —
frrs/28 —
frrs/29 ——=

frrs/210 ——=

8-bit timer/ ___ |
event counter

50 output ‘ ‘

1
1
1
1
1
1
1
fprs/26 ——= fXCLKG )
1
1
1
1
1
1

Match detector 1/2 |—— Baud rate

CKSR6: TPS63 to TPS60

BRGC6: MDL67 to MDL60

Remark POWERSG6: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)

TXE®6: Bit 6 of ASIM6
RXES: Bit 5 of ASIM6

CKSR6:  Clock selection register 6
BRGC6: Baud rate generator control register 6
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(2) Generation of serial clock
A serial clock can be generated by using clock selection register 6 (CKSR6) and baud rate generator control
register 6 (BRGCS).
Select the clock to be input to the 8-bit counter by using bits 3 to 0 (TPS63 to TPS60) of CKSR6.
Bits 7 to 0 (MDL67 to MDL60) of BRGC6 can be used to select the division value of the 8-bit counter.

(a) Baud rate
The baud rate can be calculated by the following expression.

fxcLke
2xk

e Baud rate = [bps]

fxcLke: Frequency of base clock selected by TPS63 to TPS60 bits of CKSR®6 register
k: Value set by MDL67 to MDL60 bits of BRGCS6 register (k = 8, 9, 10, ..., 255)

(b) Error of baud rate
The baud rate error can be calculated by the following expression.

Error (%) Actual baud rate (baud rate with error)
. — B
° Desired baud rate (correct baud rate)

1] x 100 [%]

Cautions 1. Keep the baud rate error during transmission to within the permissible error range at
the reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 10 MHz = 10,000,000 Hz
Set value of MDL67 to MDL60 bits of BRGCB6 register = 00100001B (k = 33)
Target baud rate = 153600 bps

Baud rate = 10 M/(2 x 33)
=10000000/(2 x 33) = 151,515 [bps]

Error = (151515/153600 — 1) x 100
= 1.357 [%]
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(3) Example of setting baud rate

Table 14-4. Set Data of Baud Rate Generator

Baud frrs = 2.0 MHz fers = 5.0 MHz frrs = 10.0 MHz fers = 20.0 MHz
Rate

TPS01,| k |Calculated| ERR |TPS01,| k |Calculated| ERR |TPS01,| k [Calculated| ERR [TPS01,| k |Calculated| ERR
(bps] [ tpsoo Value | [%] |TPS00 Value | [%] |TPS00 Value | [%] |TPSO0O Value | [%]

300 8H 13 301 0.16 | 7H | 65 301 0.16 | 8H | 65 301 0.16 | 9H | 65 301 0.16
600 7H 13 601 0.16 | 6H | 65 601 016 | 7H | 65 601 0.16 | 8H | 65 601 0.16
1200 6H 13 1202 | 0.16 | 5H | 65 1202 | 0.16 | 6H | 65 1202 [ 0.16 | 7H | 65 1202 | 0.16
2400 5H 13 2404 | 016 | 4H | 65 | 2404 | 0.16 | 5H | 65 2404 | 016 | 6H | 65 | 2404 | 0.16
4800 4H 13 4808 | 016 | 3H | 65 | 4808 | 0.16 | 4H | 65 4808 | 0.16 | 5H | 65 | 4808 | 0.16
9600 3H 13 9615 [ 016 | 2H | 65 | 9615 | 0.16 | 3H | 65 9615 | 0.16 | 4H | 65 | 9615 | 0.16
19200 | 2H 13 | 19231 | 016 | 1H | 65| 19231 | 0.16 | 2H | 65 | 19231 | 0.16 | 3H | 65 | 19231 | 0.16
24000 | 1H 21 | 23810 |-0.79| 3H 13 | 24038 | 0.16 | 4H 13 | 24038 | 0.16 | 5H 13 | 24038 | 0.16
31250 | 1H 4 31250 0 4H 5 31250 0 5H 5 31250 0 6H 5 | 31250 0
38400 | 1H 13 | 38462 | 0.16 | OH | 65 | 38462 | 0.16 | 1H | 65 | 38462 | 0.16 | 2H | 65 | 38462 | 0.16
48000 | OH 21 | 47619 |-0.79| 2H 13 | 48077 | 0.16 | 3H 13 | 48077 | 0.16 | 4H 13 | 48077 | 0.16
76800 | OH 13 | 76923 | 0.16 | OH | 33 | 75758 |-1.36| OH | 65 | 76923 | 0.16 | 1H | 65 | 76923 | 0.16
115200 OH 9 | 111111 |-3.55| 1H 11 | 113636 |-1.36| OH | 43 | 116279 | 0.94 | OH | 87 | 114943 |-0.22
153600 - - - - 1H 8 | 156250 | 1.73 | OH | 33 | 151515 |-1.36| 1H | 33 | 151515 [ -1.36
3125001 - - - - OH 8 | 312500 0 1H 8 | 312500 0 2H 8 | 312500 0

Remark TPS63to TPS60: Bits 3 to 0 of clock selection register 6 (CKSR6) (setting of base clock (fxcLks))

k: Value set by MDL67 to MDL60 bits of baud rate generator control register 6
(BRGCS6) (k=8, 9, 10, ..., 255)

frRs: Peripheral hardware clock oscillation frequency

ERR: Baud rate error
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by
using the calculation expression shown below.

Figure 14-25. Permissible Baud Rate Range During Reception

Latch timing
\Y4 Y4 \Y4 Y4 Y% %7
\ \
Data frame length . . . . - .
of UART6 Start bit /< Bit 0 X Bit 1 Bit 7 XParlty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible Startbit [ BitO Bit 1 Bit7 ) Paritybit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 14-25, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 6 (BRGC6) after the start bit has been detected. If the last data (stop bit) meets this
latch timing, the data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™
Brate: Baud rate of UART6
k: Set value of BRGC6

FL: 1-bit data length
Margin of latch timing: 2 clocks
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Minimum permissible data frame length: FLmin = 11 x FL - k=2

21k +2

x FL FL

2k

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Flmax=11xFL_X*2, p - 21k-2

11 2xk 2xk

FL

FLmax = 2X=2 F[ x 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™" = 2120k

Brate

326

The permissible baud rate error between UART6 and the transmission destination can be calculated from the

above minimum and maximum baud rate expressions, as follows.

Table 14-5. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
20 +4.26% —-4.31%
50 +4.56% —4.58%
100 +4.66% —4.67%
255 +4.72% —4.73%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock
frequency, and division ratio (k). The higher the input clock frequency and the higher the division

ratio (k), the higher the permissible error.
2. k: Set value of BRGC6
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(5) Data frame length during continuous transmission
When data is continuously transmitted, the data frame length from a stop bit to the next start bit is extended by
two clocks of base clock from the normal value. However, the result of communication is not affected because

the timing is initialized on the reception side when the start bit is detected.

Figure 14-26. Data Frame Length During Continuous Transmission

Start bit of

1 data frame 'K second byte
\ Start bit /< Bit 0 X Bit 1 x x Bit 7 XParity bity Stop bit \ Start bit A Bit 0 x
L FL FL

FL FLstp FL FL

FL F

Where the 1-bit data length is FL, the stop bit length is FLstp, and base clock frequency is fxciks, the following

expression is satisfied.
FLstp = FL + 2/fxcLke
Therefore, the data frame length during continuous transmission is:

Data frame length = 11 x FL + 2/fxcLke
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The 4PD78F0393 incorporates serial interface CSI10, and the 4/PD78F0395, 78F0397, and 78F0397D incorporate
serial interfaces CSI10 and CSI11.

15.1 Functions of Serial Interfaces CSI10 and CSI11

Serial interfaces CSI10 and CSI11 have the following two modes.
e Operation stop mode
e 3-wire serial I/O mode

(1) Operation stop mode
This mode is used when serial communication is not performed and can enable a reduction in the power
consumption.
For details, see 15.4.1 Operation stop mode.

(2) 3-wire serial /O mode (MSB/LSB-first selectable)
This mode is used to communicate 8-bit data using three lines: a serial clock line (SCW) and two serial data
lines (SI1n and SO1n).
The processing time of data communication can be shortened in the 3-wire serial /O mode because transmission
and reception can be simultaneously executed.
In addition, whether 8-bit data is communicated with the MSB or LSB first can be specified, so this interface can
be connected to any device.
The 3-wire serial I/O mode is used for connecting peripheral ICs and display controllers with a clocked serial
interface.
For details, see 15.4.2 3-wire serial /0 mode.

Remark n=0: uPD78F0393
n=0,1: 4PD78F0395, 78F0397, 78F0397D
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15.2 Configuration of Serial Interfaces CSI10 and CSI11
Serial interfaces CSI10 and CSI11 include the following hardware.

Table 15-1. Configuration of Serial Interfaces CSI10 and CSI11

ltem Configuration

Registers Transmit buffer register 1n (SOTB1n)
Serial I/O shift register 1n (SIO1n)

Control registers Serial operation mode register 1n (CSIM1n)

Serial clock selection register 1n (CSIC1n)

Port mode register 0 (PMO0) or port mode register 1 (PM1)
Port register 0 (P0) or port register 1 (P1)

Remark n=0: 4PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D

Figure 15-1. Block Diagram of Serial Interface CSI10

2 Internal bus 2

1 - - - 1
’ 1| Serial /O shift | Transmit buffer | .| Output
SI0/P11/RxD0 © b register 10 (SIO10) register 10 (SOTB10) selector

©S010/P12

Output latch

PM12
| Transmit data Output latch (P12)
I controller
ko e o e —T —————————————————————— —
Transmit controller
frrs/2 ——»
frrs/22 — |
fPRs/23—> 5
;:2:@54’ 3 Clock start/stop controller & INTCSI10
s | © clock phase controller
frrs/2° ——
frRs/27 ——»
SCK10/P10/TxD0©@—
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Figure 15-2. Block Diagram of Serial Interface CSI11
(4PD78F0395, 78F0397, and 78F0397D Only)

8 Internal bus 8

/P03 © : Serial I/0 shift || Transmit buffer Output
: register 11 (SIO11) register 11 (SOTB11) selector

© S011/P02

i Output latch
Transmit data Output latch
controller P (P02)
"""""""""" e SSIN
Transmit controller PMO02
frRs/2 ——
fPRs/22 — = i
fPRs/2z—> S
fers/2* ——| © Clock start/stop controller &
IPRS§S:4> § clock phase controller INTCSI11
PRS —
fPRs/27 ——=
SCK11/P04 ©—

Q)

)

Transmit buffer register 1n (SOTB1n)

This register sets the transmit data.

Transmission/reception is started by writing data to SOTB1n when bit 7 (CSIE1n) and bit 6 (TRMD1n) of serial
operation mode register 1n (CSIM1n) is 1.

The data written to SOTB1n is converted from parallel data into serial data by serial 1/O shift register 1n, and
output to the serial output pin (SO1n).

SOTB1n can be written or read by an 8-bit memory manipulation instruction.

RESET input clears this register to O0H.

Cautions 1. Do not access SOTB1n when CSOT1n = 1 (during serial communication).
2. The SSI11 pin can be used in the slave mode. For details of the transmission/reception
operation, see 15.4.2 (2) Communication operation.

Serial 1/0 shift register 1n (SI01n)

This is an 8-bit register that converts data from parallel data into serial data and vice versa.

This register can be read by an 8-bit memory manipulation instruction.

Reception is started by reading data from SIO1n if bit 6 (TRMD1n) of serial operation mode register 1n (CSIM1n)
is 0.

During reception, the data is read from the serial input pin (SI1n) to SIO1n.

RESET input clears this register to O0H.

Cautions 1. Do not access SIO1n when CSOT1n = 1 (during serial communication).
2. The SSI11 pin can be used in the slave mode. For details of the reception operation, see
15.4.2 (2) Communication operation.

Remark n=0: ©PD78F0393
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15.3 Registers Controlling Serial Interfaces CSI10 and CSI11

Serial interfaces CSI10 and CSI11 are controlled by the following four registers.
o Serial operation mode register 1n (CSIM1n)

o Serial clock selection register 1n (CSIC1n)

e Port mode register 0 (PMO0) or port mode register 1 (PM1)

o Port register 0 (P0) or port register 1 (P1)

(1) Serial operation mode register 1n (CSIM1n)
CSIM1n is used to select the operation mode and enable or disable operation.
CSIM1n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Remark n=0: xPD78F0393
n=0, 1: 4uPD78F0395, 78F0397, 78F0397D

Figure 15-3. Format of Serial Operation Mode Register 10 (CSIM10)

Address: FF80H After reset: 00H R/W"™'

Symbol <7> 6 5 4 3 2 1 0
CSIM10 CSIE10 TRMD10 0 DIR10 0 0 0 CSOT10
CSIE10 Operation control in 3-wire serial I/O mode
0 Disables operation™°* and asynchronously resets the internal circuit"*®.
1 Enables operation
TRMD10""** Transmit/receive mode control
ove® Receive mode (transmission disabled).
1 Transmit/receive mode
DIR10Q™"® First bit specification
0 MSB
1 LSB
CSOT10 Communication status flag
0 Communication is stopped.
1 Communication is in progress.

Notes 1. Bit 0 is a read-only bit.

2. When using P10/SCK10/TxD0, P11/SI10/RxD0, and P12/SO10 as general-purpose port pins, see

CHAPTER 4 PORT FUNCTIONS, Caution 2 of Figure 15-5, and Table 15-2.

3. Bit0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.
4. Do not rewrite TRMD10 when CSOT10 = 1 (during serial communication).

5. The SO10 output is fixed to the low level when TRMD10 is 0. Reception is started when data is read

from SI010.
6. Do not rewrite DIR10 when CSOT10 = 1 (during serial communication).

Caution Be sure to clear bit 5 to 0.
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Figure 15-4. Format of Serial Operation Mode Register 11 (CSIM11)

Address: FF88H After reset: 00H R/W"™'

Symbol <7> 6 5 4 3 2 0
CSIM11 CSIE11 TRMD11 SSE11 DIR11 0 0 CSOT11
CSIE11 Operation control in 3-wire serial I/O mode
0 Disables operation"”* and asynchronously resets the internal circuit"®®.
1 Enables operation
TRMD11""** Transmit/receive mode control
o"r® Receive mode (transmission disabled).
1 Transmit/receive mode
SSE11MV®7 SSI11 pin use selection
0 SSI11 pin is not used
1 SSI11 pin is used
DIR{ 1M First bit specification
0 MSB
1 LSB
CSOT11 Communication status flag
0 Communication is stopped.
1 Communication is in progress.

Notes 1. Bit 0 is a read-only bit.

2. When using P02/SO11, P03/SI11, P04/SCK11, and P05/SSI11/TI001 as general-purpose port pins,
see CHAPTER 4 PORT FUNCTIONS, Caution 2 of Figure 15-6, and Table 15-2.

3. Bit0(CSOT11) of CSIM11 and serial I/O shift register 11 (SIO11) are reset.
4. Do not rewrite TRMD11 when CSOT11 = 1 (during serial communication).

5. The SO11 output is fixed to the low level when TRMD11 is 0. Reception is started when data is read

from SIO11.
6. Do not rewrite SSE11 when CSOT11 = 1 (during serial communication).
Before setting this bit to 1, fix the SSI11 pin input level to 0 or 1.
8. Do not rewrite DIR11 when CSOT11 = 1 (during serial communication).

N
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(2) Serial clock selection register 1n (CSIC1n)

This register specifies the timing of the data transmission/reception and sets the serial clock.
CSIC1n can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Remark n=0: uPD78F0393
n=0,1: xPD78F0395, 78F0397, 78F0397D

Figure 15-5. Format of Serial Clock Selection Register 10 (CSIC10)

Address: FF81H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CSIC10 0 0 o | ckeio | DpaPto | cksto2 | ckstor | ckstoo
CKP10 DAP10 Specification of data transmission/reception timing Type
0 0 sckio | [LI LI LI LI L !
SO10 __XD7XD6XD5XD4XD3XD2XD1XDO
SI10 input timing | I A S I O
0 ! sokio LI LI LILILILr 2
SO10 A D7) D6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
! 0 sokio _[1JT1LILITLILILILIL 8
SO10 __XD7XD6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
! ! sckio 1T 4
SO10 A D7) D6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
CKS102 CKS101 CKS100 CSI10 serial clock selection Mode
frRs = frRs = frRs = frrs =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 fers/2 | 1 MHz 25MHz |5MHz 10 MHz Master mode
0 0 1 frrs/2° | 500 kHz 1.25MHz [25MHz |5 MHz
0 1 0 frrs/2° | 250 kHz [625kHz |1.25MHz |2.5 MHz
0 1 1 frrs/2* | 125 kHz 312.5kHz | 625 kHz 1.25 MHz
1 0 0 frrs/2° | 62.5 kHz | 156.25kHz | 312.5 kHz | 625 kHz
1 0 1 frrs/2° | 31.25 kHz | 78.13kHz | 156.25kHz | 312.5 kHz
1 1 0 frrs/2” | 15.63 kHz | 39.06 kHz | 78.13 kHz | 156.25 kHz
1 1 1 External clock input to SCK10 Slave mode

Cautions 1. Do not write to CSIC10 while CSIE10 = 1 (operation enabled).
2. Clear CKP10 to 0 to use P10/SCK10/TxD0, P11/SI10/RxD0, and P12/SO10 as general-purpose

port pins.

3. The phase type of the data clock is type 1 after reset.

Remark frrs: Peripheral hardware clock oscillation frequency
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Figure 15-6. Format of Serial Clock Selection Register 11 (CSIC11)

Address: FF89H After reset: 00OH R/W

Symbol
CSIC11

7 6 5 4 3 2 1 0
0 0 0 ‘ CKP11 ‘ DAP11 ‘ CKS112 ‘ CKS111 ‘ CKS110
CKP11 DAP11 Specification of data transmission/reception timing Type
0 0 sokit LI LI LML LT LI LI L !
SO11 _XD7XD6XD5XD4XD3XD2XD1XDO
SI11 input timing I I |
° ! soct LML |2
so11
SHtinputtiming __ | | | | [ 1 1
! 0 IO SR I I I I I O I O 8
so11
SI11 input timing | I I O |
! ! sokii _[1LIT LTI LTI L N
so11
SI11 input timing | | | | | | |
CKS112 CKS111 CKS110 CSI11 serial clock selection Mode
frrs = frRs = frRs = frrs =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 frrs/2 | 1 MHz 25MHz |5MHz 10 MHz Master mode
0 0 1 frrs/2® |500 kHz |1.25MHz [2.5MHz |5 MHz
0 1 0 frrs/2° | 250 kHz | 625 kHz |1.25 MHz |2.5 MHz
0 1 1 frrs/2' |125kHz | 312.5kHz | 625 kHz 1.25 MHz
1 0 0 frrs/2° |62.5 kHz | 156.25kHz | 312.5 kHz | 625 kHz
1 0 1 frrs/2° | 31.25 kHz | 78.13 kHz | 156.25kHz | 312.5 kHz
1 1 0 frrs/2” | 15.63 kHz | 39.06 kHz | 78.13 kHz | 156.25 kHz
1 1 1 External clock input to SCK11 Slave mode

Cautions 1. Do not write to CSIC11 while CSIE11 = 1 (operation enabled).
2. Clear CKP11 to 0 to use P02/SO11, P03/SI11, and P04/SCK11 as general-purpose port pins.
3. The phase type of the data clock is type 1 after reset.

Remark frrs: Peripheral hardware clock oscillation frequency
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CHAPTER 15 SERIAL INTERFACES CSI10 AND CSI11

(3) Port mode registers 0 and 1 (PMO, PM1)
These registers set port 0 and 1 input/output in 1-bit units.
When using P10/SCK10 and P04/SCK11""® as the clock output pins of the serial interface, clear PM10 and PM04
to 0, and set the output latches of P10 and P04 to 1.
When using P12/SO10 and P02/SO11"" as the data output pins of the serial interface, clear PM12, PM02, and
the output latches of P12 and P02 to 0.
When using P10/SCK10 and P04/SCK11"" as the clock input pins of the serial interface, P11/SI10/RxD0 and
P03/SI11"" as the data input pins, and P05/SSI11"*/TI001 as the chip select input pin, set PM10, PM04, PM11,
PMO03, and PMO5 to 1. At this time, the output latches of P10, P04, P11, P03, and P05 may be 0 or 1.
PMO and PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Note ©PD78F0395, 78F0397, and 78F0397D only

Figure 15-7. Format of Port Mode Register 0 (PMO)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PMO| 1 |PMO06|PMO5|PM04|PMO0O3|PM02|PMO1|PMOO

PMONn POn pin I/O mode selection (n = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Figure 15-8. Format of Port Mode Register 1 (PM1)

Address: FF21H  Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PM1|PM17|PM16 |[PM15|PM14 |PM13|PM12|PM11|PM10

PM1n P1n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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15.4 Operation of Serial Interfaces CSI10 and CSI11

Serial interfaces CSI10 and CSI11 can be used in the following two modes.
e Operation stop mode
e 3-wire serial I/O mode

15.4.1 Operation stop mode

Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In
addition, the P10/SCK10/TxDO, P11/SI110/RxD0, P12/SO10, P02/SO11"*, P03/SI11""*, and P04/SCK11""* pins can
be used as ordinary 1/O port pins in this mode.

Note «PD78F0395, 78F0397, and 78F0397D only

(1) Register used
The operation stop mode is set by serial operation mode register 1n (CSIM1n).
To set the operation stop mode, clear bit 7 (CSIE1n) of CSIM1n to 0.

(a) Serial operation mode register 1n (CSIM1n)
CSIM1n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM1n to O0H.

Remark n=0: PD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D

¢ Serial operation mode register 10 (CSIM10)

Address: FF80H After reset: OOH R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM10 CSIE10 TRMD10 ’ 0 ’ DIR10 ’ 0 0 0 CSOT10
CSIE10 Operation control in 3-wire serial I/O mode
0 Disables operation"" and asynchronously resets the internal circuit"°>.

Notes 1. When using P10/SCK10/TxD0, P11/SI10/RxD0, and P12/SO10 as general-purpose port pins,
see CHAPTER 4 PORT FUNCTIONS, Caution 2 of Figure 15-5, and Table 15-2.
2. Bit 0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.

o Serial operation mode register 11 (CSIM11)

Address: FF88H After reset: 00OH R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM11 CSIE1 TRMD11 SSE11 DIR11 0 0 0 CSOT11
CSIE11 Operation control in 3-wire serial /0O mode

Note 1 Note 2

0 Disables operation and asynchronously resets the internal circuit

Notes 1. When using P02/SO11, P03/SI11, P04/SCK11, and P05/SSI11/TI001 as general-purpose port
pins, sce CHAPTER 4 PORT FUNCTIONS, Caution 2 of Figure 15-6, and Table 15-2.
2. Bit0(CSOT11) of CSIM11 and serial I/O shift register 11 (SIO11) are reset.
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15.4.2 3-wire serial /0 mode
The 3-wire serial I/O mode is used for connecting peripheral ICs and display controllers with a clocked serial

interface.

In this mode, communication is executed by using three lines: the serial clock (SCK1n), serial output (SO1n), and

serial input (SI1n) lines.

(1) Registers used

Serial operation mode register 1n (CSIM1n)

Serial clock selection register 1n (CSIC1n)

Port mode register 0 (PMO) or port mode register 1 (PM1)
Port register 0 (P0) or port register 1 (P1)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1>

<2>

<3>

<4>

Set the CSIC1n register (see Figures 15-5 and 15-6).

Set bits 0 and 4 to 6 (CSOT1n, DIR1n, SSE11 (serial interface CSI11 only), and TRMD1n) of the CSIM1n
register (see Figures 15-3 and 15-4).

Set bit 7 (CSIE1n) of the CSIM1n register to 1. — Transmission/reception is enabled.

Write data to transmit buffer register 1n (SOTB1n). — Data transmission/reception is started.

Read data from serial I/O shift register 1n (SIO1n). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register

and port register.

Remark n=0: yPD78F0393

n=0,1: 4PD78F0395, 78F0397, 78F0397D
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The relationship between the register settings and pins is shown below.

Table 15-2. Relationship Between Register Settings and Pins (1/2)

(a) Serial interface CSI10

CSIE10 [TRMD10| PM11 P11 PM12 P12 PM10 P10 CSIHo Pin Function
Operation | g110/RxD0/| SO10/P12 | SCK10/
P11 TxDO/P10
0 X XNote 1 Note 1 XNcle 1 Note 1 Note 1 Note 1 S'[Op RXDO/P1 1 P1 2 TXDO/
P1 ONMEZ
1 0 1 x )t | et 1 x Slave SI10 P12 SCK10
reception"”®® (input)**®
1 1 e et 0 0 1 X Slave RxDO/P11 SO10 SCK10
transmission"**® (input)™*©®
1 1 1 X 0 0 1 X Slave S0 SO10 SCK10
transmission/ (input)*®
reception™™*®
1 0 1 x ettt 0 1 Master reception S0 P12 SCK10
(output)
1 1 e e 0 0 0 1 Master RxDO0/P11 SO10 SCK10
transmission (output)
1 1 1 X 0 0 0 1 Master SI10 S0O10 SCK10
transmission/ (output)
reception

Notes 1. Can be set as port function.
2. To use P10/SCK10/TxDO0 as port pins, clear CKP10 to 0.
3. To use the slave mode, set CKS102, CKS101, and CKS100to 1, 1, 1.

Remark x:
CSIE10

TRMD10:

CKP10:

CKS102, CKS101, CKS100:

PM1x:
Pix:

338

don’t care

Bit 7 of serial operation mode register 10 (CSIM10)

Bit 6 of CSIM10

Bit 4 of serial clock selection register 10 (CSIC10)
Bits 2 to 0 of CSIC10

Port mode register
Port output latch
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Table 15-2. Relationship Between Register Settings and Pins (2/2)

(b) Serial interface CSI11 (uWPD78F0395, 78F0397, and 78F0397D only)

CSIE11]TRMD11|SSE11|PM03| P03 |PM02| P02 [PM04| P04 |PMO5| P05 CSIt1 Pin Function
Operation | 5111/ | SO11/ | SCKi1/| SSI1/
P03 P02 P04 [TI001/P05|
O X % Note 1 ><Nv:ne1 Note 1 ><Nmel Note 1 ><Nv:ne1 Note 1 Note 1 Stop P03 P02 P04Nole2 TIOO1/
P05
1 0 0 1 x| T [T o x| T [ e Slave SH1 | P02 | SCKi1 | TIoot/
reception™™** (input) P05
Note —_—
1 1| x ** | ssid
1 1 0 |x*™'|x™'| o | 0 1 x| et | et Slave PO3 | SO11 | SCK11 | TI0O1/
transmission"**® (input) P05
1 1] x ] ssii
1 1 0 1 X 0 0 1 x| et | e Slave SI1 SO11 | SCK11 | TI001/
transmission/ (input) P05
1 1 % receptionNoteS Note 3 m
1 0 0 1 O R el P Sl I B T BVl PVl Master SH1 | P02 | SCKi1 | TI001/
reception (output) P05
1 1 0 xtet [yt 0 0 1| Xt et Master P03 SO11 | SCK11 | TI001/
transmission (output) P05
1 1 0 1 X 0 0 0 L Gl P Master SIH1 | SO11 | SCK11 | TI001/
transmission/ (output) P05
reception
Notes 1. Can be set as port function.
2. To use P04/SCK11 as port pins, clear CKP11 to 0.
3. To use the slave mode, set CKS112, CKS111, and CKS110to 1, 1, 1.
Remark x: don’t care
CSIE11: Bit 7 of serial operation mode register 11 (CSIM11)
TRMD11: Bit 6 of CSIM11
CKP11: Bit 4 of serial clock selection register 11 (CSIC11)
CKS112, CKS111, CKS110: Bits 2 to 0 of CSIC11
PMOx: Port mode register
POx: Port output latch
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)

340

Communication operation

In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted or
received in synchronization with the serial clock.

Data can be transmitted or received if bit 6 (TRMD1n) of serial operation mode register 1n (CSIM1n) is 1.
Transmission/reception is started when a value is written to transmit buffer register 1n (SOTB1n). In addition,
data can be received when bit 6 (TRMD1n) of serial operation mode register 1n (CSIM1n) is 0.

Reception is started when data is read from serial I/O shift register 1n (SIO1n).

However, communication is performed as follows if bit 5 (SSE11) of CSIM11 is 1 when serial interface CSI11 is in
the slave mode.

<1> Low level input to the SSI11 pin
— Transmission/reception is started when SOTB11 is written, or reception is started when SIO11 is read.
<2> High level input to the SSI11 pin
— Transmission/reception or reception is held, therefore, even if SOTB11 is written or SIO11 is read,
transmission/reception or reception will not be started.
<3> Data is written to SOTB11 or data is read from SIO11 while a high level is input to the SSI11 pin, then a low
level is input to the SSI11 pin
— Transmission/reception or reception is started.
<4> A high level is input to the SSI11 pin during transmission/reception or reception
— Transmission/reception or reception is suspended.

After communication has been started, bit 0 (CSOT1n) of CSIM1n is set to 1. When communication of 8-bit data
has been completed, a communication completion interrupt request flag (CSIIF1n) is set, and CSOT1n is cleared
to 0. Then the next communication is enabled.

Cautions 1. Do not access the control register and data register when CSOT1n = 1 (during serial
communication).
2. When using serial interface CSI11, wait for the duration of at least one clock before the
clock operation is started to change the level of the SSI11 pin in the slave mode; otherwise,
malfunctioning may occur.

Remark n=0: 4PD78F0393
n=0, 1: uPD78F0395, 78F0397, 78F0397D
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Figure 15-9. Timing in 3-Wire Serial I/O Mode (1/2)

(1) Transmission/reception timing (Type 1; TRMD1n =1, DIR1n = 0, CKP1n = 0, DAP1n = 0, SSE11 = 1")

m Note

SCKi1n

Read/write trigger

SOTB1n

SIO1n

CSOT1n

INTCSI1n

CSIIF1n

Sl1n (receive AAH)

SO1n

55H is written to SOTB1n.

Note The SSE11 flag and SSI11 pin are available only for serial

mode.

Remark n=0:

| HEEE ST
pipipSpipipipinl
-
A s copmupiatondat! [ T T T T

SRR R R -
T

uPD78F0393
n=0,1: uPD78F0395, 78F0397, 78F0397D

interface
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Figure 15-9. Timing in 3-Wire Serial I/0 Mode (2/2)

(2) Transmission/reception timing (Type 2; TRMD1n =1, DIR1n = 0, CKP1n = 0, DAP1n =1, SSE11 = 1"™)

e U4 PE L P

e T

Readwitewoger | ;i i b i p b

SOTB1n : -x : : 55H (communication data) : : ! o ! ! ! !

W TTE T TR TR R TR O O

corm [ 1 111 L
e N

eswm o T

Sl1n (input AAH) 5 E : E E E : E L
x R S T S S S S R S S E S
SO1n L ’ : E E E E E P

55H is written to SOTB1n.

Note The SSE11 flag and SSI11 pin are available only for serial interface CSI11, and are used in the slave
mode.

Remark n=0: 4PD78F0393
n=0,1: 4PD78F0395, 78F0397, 78F0397D
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Figure 15-10. Timing of Clock/Data Phase

(a) Type 1; CKP1n =0, DAP1n =0

SCK1n
SI1n capture

SO1n
Writing to SOTB1n or
reading from SIO1n

CSIIF1n L
CSOT1n |

5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0

I

i_
—

(b) Type 2; CKP1n =0, DAP1n =1

SCKi1n
SI1n capture

SO1n

Writing to SOTB1n or
reading from SIO1n
CSIIF1n

D7 X D6 X D5 X D4 X D3 X D2 X D7 X Do X

X
I

_I E
csoTin |

i_
—

(c) Type 3; CKP1in=1,DAP1n=0

SCKi1n
SI1n capture

SO1n
Writing to SOTB1n or
reading from SIO1n

CSIIF1n L
csoTin |

5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

I

—

(d) Type 4; CKPin=1, DAPin=1

SCK1n
SI1n capture

SO1n
Writing to SOTB1n or
reading from SIO1n

CSIIF1n L
csoTin |

Remark n=0:

X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do X

I

4PD78F0393

—

n=0,1: 4PD78F0395, 78F0397, 78F0397D
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CHAPTER 15 SERIAL INTERFACES CSI10 AND CSIi1

(3) Timing of output to SO1n pin (first bit)

When communication is started, the value of transmit buffer register 1n (SOTB1n) is output from the SO1n pin.

The output operation of the first bit at this time is described below.

(1) When CKP1n = 0, DAP1n = 0 (or CKP1n = 1, DAP1n = 0)

SCKi1n

Writing to SOTB1n or
reading from SIO1n

SOTB1n
SIO1n
Output latch

SO1n

Figure 15-11.

Output Operation of First Bit

-t

X

X ¥

-

E X First bit

A

2nd bit

The first bit is directly latched by the SOTB1n register to the output latch at the falling (or rising) edge of SCK1n,
and output from the SO1n pin via an output selector. Then, the value of the SOTB1n register is transferred to the

SIO1n register at the next rising (or falling) edge of SCK1n, and shifted one bit. At the same time, the first bit of
the receive data is stored in the SIO1n register via the Sl1n pin.
The second and subsequent bits are latched by the SIO1n register to the output latch at the next falling (or rising)

edge of SCK1n, and the data is output from the SO1n pin.

(2) When CKP1n =0, DAP1n = 1 (or CKP1n = 1, DAP1n = 1)

SCKi1n

Writing to SOTB1n or
reading from SIO1n

SOTB1n
SI01n
Output latch

SO1n

X — X 2ndbit

X 3rd bit

The first bit is directly latched by the SOTB1n register at the falling edge of the write signal of the SOTB1n
register or the read signal of the SIO1n register, and output from the SO1n pin via an output selector. Then, the

value of the SOTB1n register is transferred to the SIO1n register at the next falling (or rising) edge of SCK1n, and

shifted one bit. At the same time, the first bit of the receive data is stored in the SIO1n register via the Sl1n pin.

The second and subsequent bits are latched by the SIO1n register to the output latch at the next rising (or falling)

edge of SCK1n, and the data is output from the SO1n pin.

Remark n=0:

(PD78F0393

n=0,1: uPD78F0395, 78F0397, 78F0397D
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(4) Output value of SO1n pin (last bit)
After communication has been completed, the SO1n pin holds the output value of the last bit.

Figure 15-12. Output Value of SO1n Pin (Last Bit)

(1) Type 1; when CKP1n =0 and DAP1n =0 (or CKP1n =1, DAP1n = 0)

SCK1n

Writing to SOTB1n or , , , , | | («— Next request is issued.)
reading from SIO1n H H H H

><

SOTB1n

SIO1n 5 X X 5

Qutput latch X

SO1n X ' X ' Last bit '

(2) Type 2; when CKP1n =0 and DAP1in =1 (or CKP1in =1, DAP1n=1)

SCKin 5

Writing to SOTB1n or : : : i | | (— Next request is issued.)
reading from SIO1n H H H ;

R ¥

SIo1n X X

Output latch X

SO1n X Last bit X

Remark n=0: uPD78F0393
n=0,1: 4PD78F0395, 78F0397, 78F0397D
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(5) SO1n output
The status of the SO1n output is as follows if bit 7 (CSIE1n) of serial operation mode register 1n (CSIM1n) is
cleared to 0.

Table 15-3. SO1n Output Status

TRMD1n DAP1n DIR1n SO1n Output™™*’

Note 2

TRMD1n = Q“*? - - Outputs low level

TRMD1n =1 DAP1n =0 - Value of SO1n latch
(low-level output)
DAP1n =1 DIR1n=0 Value of bit 7 of SOTB1n
DIR1n=1 Value of bit 0 of SOTB1n

Notes 1. The actual output of the SO10/P12 or SO11/P02 pin is determined according to PM12 and P12
or PM02 and P02, as well as the SO1n output.
2. Status after reset

Caution If a value is written to TRMD1n, DAP1n, and DIR1n, the output value of SO1n changes.

Remark n=0: xPD78F0393
n=0,1: xPD78F0395, 78F0397, 78F0397D

346 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 16 SERIAL INTERFACE IICO

16.1 Functions of Serial Interface 11IC0
Serial interface 1ICO has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. It can therefore be used to reduce power
consumption.

(2) I’C bus mode (multimaster supported)
This mode is used for 8-bit data transfers with several devices via two lines: a serial clock (SCLO) line and a
serial data bus (SDADO) line.
This mode complies with the I°C bus format and the master device can output “start condition”, “data”, and
“stop condition” data to the slave device, via the serial data bus. The slave device automatically detects these
received data by hardware. This function can simplify the part of application program that controls the I°C bus.
Since the SCLO and SDAO pins are used for open drain outputs, IICO requires pull-up resistors for the serial
clock line and the serial data bus line.

Figure 16-1 shows a block diagram of serial interface 11CO.
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Figure 16-1. Block Diagram of Serial Interface 11ICO

\ Internal bus R

1IC status register 0 (11CS0)

|MSTSO‘ALDO‘EXCO‘ COIlo ‘TRCO‘ACKDO‘ STDO‘SPDO|

IIC control register 0 (IICCO0)
|IICEO ‘LRELO‘WRELO‘SPIEO‘WTIMO‘ACKEO‘ STTO ‘SPTO|
Set
Slave address Clear Start
SDAO @,,—% register 0 (SVA0) condition
generator
Match signal
Noise U 9
eliminator
il Ly
IIC shift _|_D [0 e
register 0 (/IC0) CLO1,
LI T
Data hold ACK output
time correction circuit
N-ch open- circuit
drain output
U Wake-up
controller
ACK detector
Start condition
detector
Stop condition
detector L |
SCLO® ﬁ
f ) Interrupt request
Noise Serial clock h F=INTIICO
Py signal generator
eliminator [ ¢ counter gnal g
Serial clock “ Serial clock
controller wait controller Bus status
N-ch open- ™| detector
drain output
ferrs —~| Prescaler |w— ‘
|CLDO‘DADO‘SMCO DFCO‘ CLo1 ‘CLOO |CLXO| | STCF ‘ IICBSY | STCEN ‘ IICRSV
IIC clock selection 1IC function expansion 1IC flag register 0
register 0 (IICCLO) register 0 (IICX0) (IICF0)

S Internal bus R
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CHAPTER 16 SERIAL INTERFACE IICO

Figure 16-2 shows a serial bus configuration example.

Figure 16-2. Serial Bus Configuration Example Using I’C Bus

+ Vop + Vob

Serial data b
Master CPU1 SDAO erial aata bus SDAO Master CPU2
Slave CPU1 Serial clock Slave CPU2
erial clocl
Address 0 SCLO SCLo Address 1
SDAO Slave CPU3
SCLO Address 2
SDAO Slave IC
SCLO Address 3
SDAO Slave IC
SCLO Address N
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16.2 Configuration of Serial Interface 1ICO
Serial interface 11CO includes the following hardware.

Table 16-1. Configuration of Serial Interface 11C0

Item Configuration

Registers IIC shift register 0 (11CO)
Slave address register 0 (SVAQ)

Control registers IIC control register 0 (IICCO)

IIC status register 0 (IICS0)

IIC flag register 0 (IICF0)

IIC clock selection register 0 (IICCLO)
IIC function expansion register 0 (IICX0)
Port mode register 6 (PM6)

(1) lIC shift register 0 (1IC0)
IICO is used to convert 8-bit serial data to 8-bit parallel data and vice versa in synchronization with the serial
clock. 1ICO can be used for both transmission and reception.
Write and read operations to [ICO are used to control the actual transmit and receive operations.
IICO is set by an 8-bit memory manipulation instruction.
RESET input clears 11CO to 00H.

Figure 16-3. Format of IIC Shift Register 0 (1IC0)

Address: FFA5H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
co | | | | | | | | |

Caution Do not write data to IICO during data transfer.

(2) Slave address register 0 (SVAO0)
This register sets local addresses when in slave mode.
SVAQO is set by an 8-bit memory manipulation instruction.
RESET input clears SVAO to 00H.

Figure 16-4. Format of Slave Address Register 0 (SVAO0)

Address: FFA7H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
svao | | | | | | | | o |

Note Bit 0 is fixed to 0.
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@)

(4)

®)

(6)

@

@®)

©)

SO latch
The SO latch is used to retain the SDAO pin’s output level.

Wake-up controller

This circuit generates an interrupt request (INTIICO) when the address received by this register matches the

address value set to slave address register 0 (SVAO) or when an extension code is received.

Prescaler
This selects the sampling clock to be used.

Serial clock counter

This counter counts the serial clocks that are output or input during transmit/receive operations and is used to

verify that 8-bit data was transmitted or received.

Interrupt request signal generator

This circuit controls the generation of interrupt request signals (INTIICO).

An I’C interrupt request is generated by the following two triggers.

* Falling edge of eighth or ninth clock of the serial clock (set by WTIMO bit)

* Interrupt request generated when a stop condition is detected (set by SPIEQ bit)

Remark WTIMO bit: Bit 3 of IIC control register 0 (IICCO)
SPIEOQ bit:  Bit 4 of IIC control register 0 (1ICCO0)

Serial clock controller
In master mode, this circuit generates the clock output via the SCLO pin from a sampling clock.

Serial clock wait controller
This circuit controls the wait timing.

(10) ACK output circuit, stop condition detector, start condition detector, and ACK detector

These circuits are used to output and detect various control signals.

(11) Data hold time correction circuit

This circuit generates the hold time for data corresponding to the falling edge of the serial clock.

(12) Start condition generator

This circuit generates a start condition when the STTO bit is set to 1.

However, in the communication reservation disabled status (IICRSV bit = 1), when the bus is not released

(ICBSY bit = 1), start condition requests are ignored and the STCF bit is set to 1.
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(13) Bus status detector
This circuit detects whether or not the bus is released by detecting start conditions and stop conditions.
However, as the bus status cannot be detected immediately following operation, the initial status is set by the
STCEN bit.

Remark STTO bit: Bit 1 of IIC control register 0 (11CCO0)
IICRSV bit: Bit 0 of IIC flag register 0
IICBSY bit: Bit 6 of IIC flag register 0
STCF bit:  Bit 7 of lIC flag register 0
STCEN bit: Bit 1 of lIC flag register 0
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16.3 Registers to Control Serial Interface 11ICO
Serial interface 11CO is controlled by the following six registers.

* 1IC control register 0 (IICCO)

* |IC flag register 0 (IICFO0)

* |IC status register 0 (1ICS0)

* 1IC clock selection register 0 (1ICCLO)

* |IC function expansion register 0 (11CX0)
¢ Port mode register 6 (PM6)

(1) IIC control register 0 (1ICC0)
This register is used to enable/stop I°C operations, set wait timing, and set other I’C operations.
IICCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears 1ICCO to O0H.
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Figure 16-5. Format of IIC Control Register 0 (11ICC0) (1/4)

Address: FFA6H After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
liIcCo IICEO LRELO WRELO SPIEO WTIMO ACKEO STTO SPTO
IICEO I’C operation enable
0 Stop operation. Reset IIC status register 0 (IICS0)"*°". Stop internal operation.
1 Enable operation.
Condition for clearing (IICEO = 0) Condition for setting (IICEO = 1)
o Cleared by instruction e Set by instruction
¢ Reset
LRELO Exit from communications
0 Normal operation
1 This exits from the current communications and sets standby mode. This setting is automatically cleared after

being executed.

Its uses include cases in which a locally irrelevant extension code has been received.

The SCLO and SDAO lines are set to high impedance.

The following flags of IIC status register 0 (IICS0) and IIC control register 0 (IICCO) are cleared.
«STDO ¢ ACKDO ¢TRCO «COI0 *«EXCO MSTSO ¢STTO «SPTO

The standby mode following exit from communications remains in effect until the following communications entry conditions
are met.

o After a stop condition is detected, restart is in master mode.

¢ An address match or extension code reception occurs after the start condition.

Condition for clearing (LRELO = 0)"*°? Condition for setting (LRELO = 1)
o Automatically cleared after execution e Set by instruction
¢ Reset
WRELO Wait cancellation
0 Do not cancel wait
1 Cancel wait. This setting is automatically cleared after wait is canceled.

When WRELO is set (wait canceled) during the wait period at the ninth clock pulse in the transmission status (TRCO = 1), the
SDAQO line goes into the high impedance state (TRCO = 0).

Condition for clearing (WRELO = 0)"** Condition for setting (WRELO = 1)
» Automatically cleared after execution e Set by instruction
¢ Reset

Notes 1. The IICSO register, the STCFO and IICBSY bits of the IICFO register, and the CLDO and DADO bits of the
IICCLO register are reset.
2. This flag’s signal is invalid when IICEO = 0.
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Figure 16-5. Format of IIC Control Register 0 (1ICCO0) (2/4)

SPIEO Enable/disable generation of interrupt request when stop condition is detected

0 Disable
1 Enable

Condition for clearing (SPIEQ = 0)"* Condition for setting (SPIEO = 1)

o Cleared by instruction e Set by instruction

¢ Reset

WTIMO Control of wait and interrupt request generation
0 Interrupt request is generated at the eighth clock’s falling edge.

Master mode: After output of eight clocks, clock output is set to low level and wait is set.
Slave mode: After input of eight clocks, the clock is set to low level and wait is set for master device.

Interrupt request is generated at the ninth clock’s falling edge.
Master mode: After output of nine clocks, clock output is set to low level and wait is set.
Slave mode: After input of nine clocks, the clock is set to low level and wait is set for master device.

An interrupt is generated at the falling edge of the ninth clock during address transfer independently of the setting of this bit.
The setting of this bit is valid when the address transfer is completed. When in master mode, a wait is inserted at the falling
edge of the ninth clock during address transfers. For a slave device that has received a local address, a wait is inserted at
the falling edge of the ninth clock after an acknowledge signal (AC_K) is issued. However, when the slave device has

received an extension code, a wait is inserted at the falling edge of the eighth clock.

Condition for clearing (WTIMO = 0)"** Condition for setting (WTIMO = 1)
¢ Cleared by instruction e Set by instruction
¢ Reset
ACKEO Acknowledgment control
0 Disable acknowledgment.
1 Enable acknowledgment. During the ninth clock period, the SDAO line is set to low level. However, ACK is
invalid during address transfers and other than in expansion mode.
Condition for clearing (ACKEO = 0)"*° Condition for setting (ACKEO = 1)
e Cleared by instruction o Set by instruction
* Reset

Note This flag’s signal is invalid when IICEO = 0.
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Figure 16-5. Format of IIC Control Register 0 (11ICC0) (3/4)

STTO

Start condition trigger

Do not generate a start condition.

When bus is released (in STOP mode):
Generate a start condition (for starting as master). The SDAO line is changed from high level to low level and
then the start condition is generated. Next, after the rated amount of time has elapsed, SCLO is changed to
low level.
When a third party is communicating:
o When communication reservation function is enabled (ICRSV = 0)
Functions as the start condition reservation flag. When set to 1, automatically generates a start condition
after the bus is released.
o When communication reservation function is disabled (IICRSV = 1)
STCF is setto 1. No start condition is generated.
In the wait state (when master device):
Generates a restart condition after releasing the wait.

Cautions concerning set timing
o For master reception: Cannot be set to 1 during transfer. Can be set to 1 only in the waiting period when ACKEO has

been cleared to 0 and slave has been notified of final reception.

¢ For master transmission: A start condition cannot be generated normally during the ACKO period. Set to 1 during the wait

* Reset

» Cleared after start condition is generated by master device
o Cleared by LRELO = 1 (exit from communications)
e When [ICEO = 0 (operation stop)

period.
e Cannot be set to 1 at the same time as SPTO.
Condition for clearing (STTO = 0)"* Condition for setting (STTO = 1)
o Cleared by loss in arbitration e Set by instruction

Note This flag’s signal is invalid when IICEOQ = 0.

Remarks 1. Bit 1 (STTO) becomes 0 when it is read after data setting.

356

2. IICRSV: Bit 0 of IIC flag register (IICFO)
STCF: Bit 7 of lIC flag register (IICFO)
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Figure 16-5. Format of IIC Control Register 0 (1ICCO0) (4/4)

SPTO Stop condition trigger
0 Stop condition is not generated.
1 Stop condition is generated (termination of master device’s transfer).

condition is generated.

After the SDAO line goes to low level, either set the SCLO line to high level or wait until it goes to high level. Next,
after the rated amount of time has elapsed, the SDAO line changes from low level to high level and a stop

Cautions concerning set timing
o For master reception: Cannot be set to 1 during transfer.

Can be set to 1 only in the waiting period when ACKEO has been cleared to 0 and slave has

been notified of final reception.

« For master transmission: A stop condition cannot be generated normally during the ACK signal period. Therefore, set it

during the waiting period.
e Cannot be set to 1 at the same time as STTO.
e SPTO can be set to 1 only when in master mode

Note 1

* When WTIMO has been cleared to 0, if SPTO is set to 1 during the wait period that follows output of eight clocks, note that a

stop condition will be generated during the high-level period of the ninth clock.

When a ninth clock must be output, WTIMO should be changed from 0 to 1 during the wait period following output of eight
clocks, and SPTO should be set to 1 during the wait period that follows output of the ninth clock.

Condition for clearing (SPTO = 0)"*°?

Condition for setting (SPTO = 1)

o Cleared by loss in arbitration

» Automatically cleared after stop condition is detected
o Cleared by LRELO = 1 (exit from communications)

o When IICEO = 0 (operation stop)

¢ Reset

o Set by instruction

Notes 1. Set SPTO to 1 only in master mode. However, SPTO must be set and a stop condition generated before
the first stop condition is detected following the switch to the operation enabled status. For details, see

16.5.14 Other cautions.
2. This flag’s signal is invalid when IICEQ = 0.

Caution When bit 3 (TRCO) of IIC status register 0 (IICS0) is set to 1, WRELDO is set to 1 during the ninth
clock and wait is canceled, after which TRCO is cleared and the SDAO line is set to high

impedance.

Remark Bit 0 (SPT0) becomes 0 when it is read after data setting.
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(2) IIC status register 0 (1ICS0)
This register indicates the status of I°C.
IICSO is read by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears 1ICS0 to 00H.

Caution If data is read from IICS0, a wait cycle is generated. Do not read data from IICS0 when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For

details, see CHAPTER 31 CAUTIONS FOR WAIT.

Figure 16-6. Format of IIC Status Register 0 (I1ICS0) (1/3)

Address: FFAAH After reset: 00H R
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
1ICS0 MSTSO0 ALDO EXCO colo TRCO ACKDO STDO SPDO
MSTSO0 Master device status
0 Slave device status or communication standby status
1 Master device communication status
Condition for clearing (MSTSO0 = 0) Condition for setting (MSTSO0 = 1)
* When a stop condition is detected * When a start condition is generated

e When ALDO = 1 (arbitration loss)
o Cleared by LRELO = 1 (exit from communications)
¢ When IICEO changes from 1 to 0 (operation stop)

* Reset
ALDO Detection of arbitration loss

0 This status means either that there was no arbitration or that the arbitration result was a “win”.
1 This status indicates the arbitration result was a “loss”. MSTSO0 is cleared.

Condition for clearing (ALDO = 0) Condition for setting (ALDO = 1)

o Automatically cleared after 1ICSO0 is read * When the arbitration result is a “loss”.

* When I[ICEO changes from 1 to 0 (operation stop)

* Reset

Note This register is also cleared when a bit manipulation instruction is executed for bits other than 11CS0.
Therefore, when using the ALDO bit, read the data of this bit before the data of the other bits.

Remark LRELO: Bit 6 of IIC control register 0 (11ICCO0)
IICEO: Bit 7 of IIC control register 0 (IICCO0)
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Figure 16-6. Format of IIC Status Register 0 (IICS0) (2/3)

EXCO Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.

Condition for clearing (EXCO = 0)

Condition for setting (EXCO = 1)

* When a start condition is detected

e When a stop condition is detected

e Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to O (operation stop)
* Reset

* When the higher four bits of the received address data
is either “0000” or “1111” (set at the rising edge of the
eighth clock).

CcOlo Detection of matching addresses
0 Addresses do not match.
1 Addresses match.

Condition for clearing (COIO = 0)

Condition for setting (COIO0 = 1)

* When a start condition is detected

* When a stop condition is detected

e Cleared by LRELO = 1 (exit from communications)
¢ When IICEO changes from 1 to O (operation stop)
* Reset

* When the received address matches the local address
(slave address register 0 (SVAO0))
(set at the rising edge of the eighth clock).

TRCO Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAO line is set for high impedance.
1 Transmit status. The value in the SOO latch is enabled for output to the SDAO line (valid starting at the
falling edge of the first byte’s ninth clock).

Condition for clearing (TRCO = 0)

Condition for setting (TRCO = 1)

<Both master and slave>

* When a stop condition is detected

o Cleared by LRELO = 1 (exit from communications)

e When IICEO changes from 1 to O (operation stop)

e Cleared by WRELO = 1" (wait cancel)

e When ALDO changes from 0 to 1 (arbitration loss)

* Reset

<Master>

* When “1” is output to the first byte’s LSB (transfer
direction specification bit)

<Slave>

* When a start condition is detected

e When “0” is input to the first byte’s LSB (transfer direction
specification bit)

<When not used for communication>

<Master>

* When a start condition is generated

* When “0” is output to the first byte’s LSB (transfer
direction specification bit)

<Slave>

e When “1” is input to the first byte’s LSB (transfer
direction specification bit)

Note If the wait status is canceled by setting bit 5 (WRELO) of IIC control register 0 (IICCO0) to 1 at the ninth
clock when bit 3 (TRCO) of IIC status register 0 (IICS0) is 1, TRCO is cleared, and the SDAQ line goes

into a high-impedance state.

Remark LRELO: Bit 6 of IIC control register 0 (11CCO0)
IICEO: Bit 7 of lIC control register 0 (IICCO)
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Figure 16-6. Format of IIC Status Register 0 (I1ICS0) (3/3)

ACKDO Detection of acknowledge signal (ACK)
0 ACK signal was not detected.
1 ACK signal was detected.

Condition for clearing (ACKDO = 0)

Condition for setting (ACKDO = 1)

e When a stop condition is detected

» At the rising edge of the next byte’s first clock

o Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to 0 (operation stop)
* Reset

o After the SDAO line is set to low level at the rising edge
of SCLO’s ninth clock

STDO Detection of start condition
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect.

Condition for clearing (STDO = 0)

Condition for setting (STDO = 1)

* When a stop condition is detected

At the rising edge of the next byte’s first clock following
address transfer

o Cleared by LRELO = 1 (exit from communications)

* When IICEO changes from 1 to O (operation stop)

* Reset

¢ When a start condition is detected

SPDO Detection of stop condition
0 Stop condition was not detected.
1 Stop condition was detected. The master device’s communication is terminated and the bus is released.

Condition for clearing (SPDO = 0)

Condition for setting (SPDO = 1)

o At the rising edge of the address transfer byte’s first
clock following setting of this bit and detection of a start
condition

e When IICEO changes from 1 to O (operation stop)

* Reset

* When a stop condition is detected

360

Remark LRELO: Bit 6 of IIC control register 0 (11ICCO0)

IICEO:

Bit 7 of IIC control register 0 (1ICCO0)
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lico

(3) IIC flag register 0 (IICF0)
This register sets the operation mode of I°C and indicates the status of the I’C bus.
IICFO is read by a 1-bit or 8-bit memory manipulation instruction. However, the STCF and [ICBSY bits are

read-only.

The IICRSV bit can be used to enable/disable the communication reservation function (see 16.5.13
Communication reservation).
STCEN can be used to set the initial value of the IICBSY bit (see 16.5.14 Other cautions).

IICRSV and STCEN can be written only when the operation of I°C is disabled (bit 7 (IICEQ) of IIC control
register O (IICCO) = 0). When operation is enabled, the [ICFO0 register can be read.

RESET input clears IICFO to O0H.

Address: FFABH

Figure 16-7. Format of lIC Flag Register 0 (IICF0)

After reset: O0H R/WNete

Symbol <7> <6> 5 4 3 2 <1> <0>
icFo | stcF lneesy | o | o | o | o |sTtcen|icrsv |
STCF STTO clear flag
0 Generate start condition

1

Start condition generation unsuccessful: clear STTO flag

Condition for clearing (STCF = 0)

Condition for setting (STCF = 1)

¢ Reset

e Cleared by STTO =1

* Generating start condition unsuccessful and STTO
cleared to 0 when communication reservation is
disabled (IICRSV = 1).

IICBSY

I°C bus status flag

0

Bus release status

1

Bus communication status

Condition for clearing (IICBSY = 0)

Condition for setting (IICBSY = 1)

¢ Reset

* Detection of stop condition ¢ Detection

* Setting of

of start condition
IICEO when STCEN =0

STCEN

Initial start enable trigger

0

After operation is enabled (IICEO = 1), enable generation of a start condition upon detection of

a stop condition.

After operation is enabled (IICEO = 1), enable generation of a start condition without detecting

a stop condition.

Condition for clearing (STCEN = 0)

Condition for setting (STCEN = 1)

¢ Reset

» Detection of stop condition

 Set by instruction

IICRSV

Communication reservation function disable bit

0

Enable communication reservation

1

Disable communication reservation

Condition for clearing (IICRSV = 0)

Condition for setting (ICRSV = 1)

* Reset

¢ Cleared by instruction

* Set by instruction

Note Bits 6 and 7 are read-only.
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Cautions 1. Write to STCEN only when the operation is stopped (IICEO = 0).

2. As the bus release status (IICBSY = 0) is recognized regardless of the actual bus
status when STCEN = 1, when generating the first start condition (STT0 = 1), it is
necessary to verify that no third party communications are in progress in order to
prevent such communications from being destroyed.

3. Write to IICRSV only when the operation is stopped (IICEO = 0).

Remark STTO: Bit 1 of IIC control register 0 (IICCO)
IICEQ: Bit 7 of 1IC control register 0 (IICCO0)

(4) 1IC clock selection register 0 (IICCLO)
This register is used to set the transfer clock for the I°C bus.
IICCLO is set by a 1-bit or 8-bit memory manipulation instruction. However, the CLDO and DADO bits are read-
only. The SMCO, CLO1, and CLOO bits are set in combination with bit 0 (CLXQ) of IIC function expansion
register 0 (IICX0) (see 16.3 (6) I°C transfer clock setting method).
RESET input clears IICCLO to O0H.

Figure 16-8. Format of IIC Clock Selection Register 0 (IICCLO0) (1/2)

Address: FFA8H After reset: 0OH  R/W"*
Symbol 7 6 <5> <4> <3> <2> 1 0
lICCLO 0 0 CLDO DADO SMCO DFCO CLot CLO0O
CLDO Detection of SCLO pin level (valid only when IICEO = 1)
0 The SCLO line was detected at low level.
1 The SCLO line was detected at high level.
Condition for clearing (CLDO = 0) Condition for setting (CLDO = 1)
¢ When the SCLO line is at low level e When the SCLO line is at high level
e When |ICEO = 0 (operation stop)
* Reset
DADO Detection of SDAO pin level (valid only when IICEO = 1)
0 The SDAO line was detected at low level.
1 The SDAQO line was detected at high level.
Condition for clearing (DADO = 0) Condition for setting (DADO = 1)
e When the SDAO line is at low level ¢ When the SDAO line is at high level
e When |ICEO = 0 (operation stop)
¢ Reset

Note Bits 4 and 5 are read-only.

Remark IICEO: Bit 7 of IIC control register 0 (11ICCO)
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Figure 16-8. Format of lIC Clock Selection Register 0 (IICCLO0) (2/2)

SMCO Operation mode switching
0 Operates in standard mode.
1 Operates in high-speed mode.
DFCO Digital filter operation control
0 Digital filter off.
1 Digital filter on.
Digital filter can be used only in high-speed mode.
In high-speed mode, the transfer clock does not vary regardless of DFCO bit set (1)/clear (0).
The digital filter is used for noise elimination in high-speed mode.

Caution Stop serial transfer once before rewriting CL0O1 and CLO00 to other than the same value.

(5) lIC function expansion register 0 (IICX0)
This register sets the function expansion of I’C.
IICXO0 is set by a 1-bit or 8-bit memory manipulation instruction. However, the CLXO bit is set in combination

with bits 3, 1, and 0 (SMCO, CLO1, and CL00) of IIC clock selection register 0 (ICCLO) (see 16.3 (6) I’C

transfer clock setting method).
RESET input clears 1ICX0 to O0H.

Figure 16-9. Format of IIC Clock Selection Register 0 (IICCLO0)

Address: FFA9H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
1ICX0 0 0 0 0 0 0 0 CLX0

(6) FC transfer clock setting method
The I°C transfer clock frequency (fscL) is calculated using the following expression.

fscL=1/(M X T + tr + tF)

m = 24, 48, 66, 88, 96, 172, 344 (see Table 16-2 Selection Clock Setting)
T: 1/frrs

tr:  SCLO rise time

tr:  SCLO fall time
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For example, the I°C transfer clock frequency (fscL) when frrs = 8.38 MHz, m = 88, tr = 200 ns, and tr = 50 ns
is calculated using following expression.

fscL = 1/(88 x 119.3 ns + 200 ns + 50 ns) = 93.0 kHz

mxT+tr+tr

tr_| m2xT F m2xT

SCLO \

SCLO inversion

SCLO inversion SCLO inversion

The selection clock is set using a combination of bits 3, 1, and 0 (SMCO, CL01, and CL00) of 1IC clock selection

register O (IICCLO) and bit 0 (CLXO) of IIC function expansion register 0 (1ICX0).

Table 16-2. Selection Clock Setting

1ICX0 IICCLO Selection Clock Transfer Clock Settable Selection Clock Operation Mode
Bito | Bit3 | Bit1 | Bito (fw) (fprs/m) (fw) Range
CLX0 | SMCO0 | CLO1 | CLOO
0 0 0 0 frrs/2 frrs/88 2.00 to 4.19 MHz Normal mode
0 0 0 1| fers/2 fers/172 4.19 0 8.38 MHz (SMCO bit = 0)
0 0 1 0 frrs/4 fers/344
0 0 1 1 Setting prohibited
0 1 0 X frrs/2 frrs/48 4.19 t0 8.38 MHz High-speed mode
0 1 1 0 |fers/a fors/96 (SMCO bit =1)
0 1 1 1 Setting prohibited
1 0 X X
1 1 0 X frrs/2 frrs/24 4.00 to 4.19 MHz High-speed mode
1 1 1 0 |fers/a fers/48 (SMCO bit = 1)
1 1 1 1 Setting prohibited
Remarks 1. x: don’t care
2. frrs: Peripheral hardware clock oscillation frequency
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(7) Port mode register 6 (PM6)
This register sets the input/output of the SCLO and SDAO pins in 1-bit units.

When using the SCLO pin as clock I/0 and the SDAO pin as serial data I/O, clear PM60 and PM61 to 0.

Set IICEO (bit 7 of IIC control register 0 (IICCQ0)) to 1 before setting the output mode because the SCLO and
SDAO pins output a low level (fixed) when IICEQ is 0.

PM6 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM6 to FFH.

Figure 16-10. Format of Port Mode Register 6 (PM6)

Address: FF26H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM6 1 1 1 1 1 1 PM61 PM60
PM61 SDAO pin /0O mode selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)
PM60 SCLO pin 1/0 mode selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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16.4 I’C Bus Mode Functions

16.4.1 Pin configuration
The serial clock pin (SCLO) and serial data bus pin (SDAOQ) are configured as follows.

(1) ScCLo....... This pin is used for serial clock input and output.

This pin is an N-ch open-drain output for both master and slave devices. Input is Schmitt input.
(2) SDAO...... This pin is used for serial data input and output.

This pin is an N-ch open-drain output for both master and slave devices. Input is Schmitt input.

Since outputs from the serial clock line and the serial data bus line are N-ch open-drain outputs, an external pull-up
resistor is required.

Figure 16-11. Pin Configuration Diagram

Slave device
Vob
Master device
SCLO SCLO
Clock output ——l |—7 (Clock output)
Vop
(Clock |nput Clock input
SDAO SDAO
Data output ——l% |—7 Data output
Vss
Data |nput —% Data input
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16.5 I°C Bus Definitions and Control Methods
The following section describes the I°C bus’s serial data communication format and the signals used by the I°C bus.
Figure 16-12 shows the transfer timing for the “start condition”, “data”, and “stop condition” output via the I’C bus’s

serial data bus.

Figure 16-12. I°C Bus Serial Data Transfer Timing

Start Address R/W ACK Data ACK Data ACK Stop
condition condition

The master device outputs the start condition, slave address, and stop condition.
The acknowledge signal (m) can be output by either the master or slave device (normally, it is output by the device
that receives 8-bit data).

The serial clock (SCLO) is continuously output by the master device. However, in the slave device, the SCLO’s low
level period can be extended and a wait can be inserted.

16.5.1 Start conditions

A start condition is met when the SCLO pin is at high level and the SDAO pin changes from high level to low level.
The start conditions for the SCLO pin and SDAO pin are signals that the master device outputs to the slave device
when starting a serial transfer. When the device is used as a slave, start conditions can be detected.

Figure 16-13. Start Conditions

SCLO

SDAO

A start condition is output when bit 1 (STTO) of IIC control register 0 (IICCO) is set (to 1) after a stop condition has
been detected (SPDO: Bit 0 = 1 in IIC status register 0 (1ICS0)). When a start condition is detected, bit 1 (STDO) of
IICSO0 is set (to 1).
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16.5.2 Addresses

The address is defined by the 7 bits of data that follow the start condition.

An address is a 7-bit data segment that is output in order to select one of the slave devices that are connected to
the master device via the bus lines. Therefore, each slave device connected via the bus lines must have a unique
address.

The slave devices include hardware that detects the start condition and checks whether or not the 7-bit address
data matches the data values stored in slave address register 0 (SVAQ). If the address data matches the SVAOQ
values, the slave device is selected and communicates with the master device until the master device transmits a start
condition or stop condition.

Figure 16-14. Address

SCLO 1 2 3 4 5 6 7 8 9
SDAO \ /A6XA5XA4XA3XA2XA1XAOXR/WX
Address

Note
INTHCO | |

Note INTIICO is not issued if data other than a local address or extension code is received during slave device
operation.

The slave address and the eighth bit, which specifies the transfer direction as described in 16.5.3 Transfer
direction specification below, are together written to 1IC shift register 0 (IICO) and are then output. Received
addresses are written to 11CO.

The slave address is assigned to the higher 7 bits of 11CO.

16.5.3 Transfer direction specification

In addition to the 7-bit address data, the master device sends 1 bit that specifies the transfer direction.

When this transfer direction specification bit has a value of “0”, it indicates that the master device is transmitting
data to a slave device. When the transfer direction specification bit has a value of “1”; it indicates that the master

device is receiving data from a slave device.

Figure 16-15. Transfer Direction Specification
SCLO 1 2 3 4 5 6 7 8 9

SDAO_\ /AeXAsXA4XA3XA2XA1XAoXE/vv1X

Transfer direction specification

INTIICO | | Note

Note INTIICO is not issued if data other than a local address or extension code is received during slave device
operation.
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16.5.4 Acknowledge (ACK) signal

The acknowledge (ACK) signal is used by the transmitting and receiving devices to confirm serial data reception.

The receiving device returns one ACK signal for each 8 bits of data it receives. The transmitting device normally
receives an ACK signal after transmitting 8 bits of data. However, when the master device is the receiving device, it
does not output an ACK signal after receiving the final data to be transmitted. The transmitting device detects
whether or not an ACK signal is returned after it transmits 8 bits of data. When an ACK signal is returned, the
reception is judged as normal and processing continues. If the slave device does not return an ACK signal, the
master device outputs either a stop condition or a restart condition and then stops the current transmission. Failure to
return an ACK signal may be caused by the following two factors.

<1> Reception was not performed normally.
<2> The final data was received.

When the receiving device sets the SDAO line to low level during the ninth clock, the ACK signal becomes active
(normal receive response).

When bit 2 (ACKEO) of IIC control register 0 (IICCO) is set to 1, automatic ACK signal generation is enabled.

Transmission of the eighth bit following the 7 address data bits causes bit 3 (TRCO) of IIC status register 0 (IICS0)
to be set. When this TRCO bit’s value is “0”, it indicates receive mode. Therefore, ACKEO should be set to 1.

When the slave device is receiving (when TRCO = 0), if the slave devices does not need to receive any more data
after receiving several bytes, setting ACKEO to O will prevent the master device from starting transmission of the
subsequent data.

Similarly, when the master device is receiving (when TRCO = 0) and the subsequent data is not needed and when
either a restart condition or a stop condition should therefore be output, setting ACKEO to 0 will prevent the ACK
signal from being returned. This prevents the MSB data from being output via the SDAO line (i.e., stops transmission)
during transmission from the slave device.

Figure 16-16. ACK Signal

SCLO 1 2 3 4 5 6 7 8 9

SDAO_\ /A6XA5XA4XA3XA2XA1XAoXR/W\W/—

When the local address is received, an ACK signal is automatically output in sync with the falling edge of the
SCLO’s eighth clock regardless of the ACKEO value. No ACK signal is output if the received address is not a local
address.

The Aﬁsignal output method during data reception is based on the wait timing setting, as described below.

* When 8-clock wait is selected: ACK signal is output at the falling edge of the SCLO pin’s eighth clock if ACKEO

(WTIMO = 0) is set to 1 before wait cancellation.
* When 9-clock wait is selected: ACK signal is automatically output at the falling edge of the SCLO pin’s eighth
(WTIMO = 1) clock if ACKEO has already been set to 1.
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16.5.5 Stop condition
When the SCLO pin is at high level, changing the SDAO pin from low level to high level generates a stop condition.
A stop condition is a signal that the master device outputs to the slave device when serial transfer has been
completed. When the device is used as a slave, stop conditions can be detected.

Figure 16-17. Stop Condition

_________

SCLO

SDAO

A stop condition is generated when bit 0 (SPTO) of IIC control register 0 (IICCO) is set to 1. When the stop
condition is detected, bit 0 (SPDO) of IIC status register 0 (IICSO0) is set to 1 and INTICO is generated when bit 4
(SPIEQ) of ICCO is set to 1.
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16.5.6 Wait signal (WAIT)

The wait signal (WAIT) is used to notify the communication partner that a device (master or slave) is preparing to
transmit or receive data (i.e., is in a wait state).

Setting the SCLO pin to low level notifies the communication partner of the wait status. When wait status has been

canceled for both the master and slave devices, the next data transfer can begin.
Figure 16-18. Wait Signal (1/2)

(1) When master device has a nine-clock wait and slave device has an eight-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master
Master returns to high
impedance but slave Wait after output
is in wait state (low level). of ninth clock

lico ‘ | 1ICO data write (cancel wait)
! l |
SCLO | |6| |7| |8| |9 1 2 3
Slave

Wait after output
of eighth clock
\ | FFH is written to [ICO or WRELDO is set to 1

l I

IICO

SCLO

ACKEO

Transfer lines

Wait signal Wait signal
from slave from master

s LFLFLRL L B/ PR
SDAO XD2XD1XDOX ACK / X D7 X D6 X D5
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Figure 16-18. Wait Signal (2/2)

(2) When master and slave devices both have a nine-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master Master and slave both wait
after output of ninth clock

1ICO data write (cancel wait)

lICO l |
SCLO 6 7 8 9 1 ° 3
Slave :
11co | - | FFH is written to IICO or WRELO is set to 1
¢ , |
SCLO
Ackeo H 5
Wait signal : o
from master : Wait signal
Transfer lines and slave : from slave
SCLO 6 7 8 9 l j 1 2 3

SDAO XmeXmXﬁv X D7 X%X%X
|

Output according to previously set ACKEOQ value

Remark ACKEO: Bit 2 of IIC control register 0 (11ICCO)
WRELO: Bit 5 of IIC control register 0 (IICCO)

A wait may be automatically generated depending on the setting of bit 3 (WTIMO) of IIC control register 0 (IICCO).

Normally, the receiving side cancels the wait status when bit 5 (WRELO) of [ICCO is set to 1 or when FFH is written
to 1IC shift register 0 (11C0), and the transmitting side cancels the wait status when data is written to 11CO.

The master device can also cancel the wait status via either of the following methods.

* By setting bit 1 (STTO) of ICCO to 1

* By setting bit 0 (SPTO) of 1ICCO to 1
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16.5.7 Interrupt request (INTIICO) generation timing and wait control
The setting of bit 3 (WTIMO) of 1IC control register 0 (IICCO0) determines the timing by which INTIICO is generated
and the corresponding wait control, as shown in Table 16-3.

Table 16-3. INTIICO Generation Timing and Wait Control

WTIMO During Slave Device Operation During Master Device Operation
Address Data Reception |Data Transmission Address Data Reception |Data Transmission
O 9Notes 1,2 8Note 2 8Note 2 g 8 8
1 9No!es 1,2 9No!e 2 9No!e 2 9 9 9

Notes 1. The slave device’s INTIICO signal and wait period occurs at the falling edge of the ninth clock only when
there is a match with the address set to slave address register 0 (SVAO).
At this point, the Wsignal is output regardless of the value set to 1ICCO’s bit 2 (ACKEOQ). For a slave
device that has received an extension code, INTIICO occurs at the falling edge of the eighth clock.
However, if the address does not match after restart, INTIICO is generated at the falling edge of the 9th
clock, but wait does not occur.

2. If the received address does not match the contents of slave address register 0 (SVAQ) and extension

code is not received, neither INTIICO nor a wait occurs.

Remark The numbers in the table indicate the number of the serial clock’s clock signals. Interrupt requests and
wait control are both synchronized with the falling edge of these clock signals.

(1) During address transmission/reception

» Slave device operation: Interrupt and wait timing are determined depending on the conditions described in
Notes 1 and 2 above, regardless of the WTIMO bit.

» Master device operation: Interrupt and wait timing occur at the falling edge of the ninth clock regardless of
the WTIMO bit.

(2) During data reception

* Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.
(3) During data transmission

* Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(4) Wait cancellation method
The four wait cancellation methods are as follows.

* By setting bit 5 (WRELO) of 1IC control register 0 (IICCO) to 1

* By writing to IIC shift register 0 (IIC0)

* By setting a start condition (setting bit 1 (STT0) of ICCO to 1)**
* By setting a stop condition (setting bit 0 (SPT0) of IICCO to 1)"*

Note Master only.

When an 8-clock wait has been selected (WTIMO = 0), the output level of the ACK signal must be determined
prior to wait cancellation.
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(5) Stop condition detection
INTHCO is generated when a stop condition is detected (only when SPIEO = 1).

16.5.8 Address match detection method

In I°C bus mode, the master device can select a particular slave device by transmitting the corresponding slave
address.

Address match can be detected automatically by hardware. An interrupt request (INTIICO) occurs when a local
address has been set to slave address register 0 (SVAO) and when the address set to SVAO matches the slave
address sent by the master device, or when an extension code has been received.

16.5.9 Error detection

In I°C bus mode, the status of the serial data bus (SDAO) during data transmission is captured by IIC shift register 0
(11C0) of the transmitting device, so the 1ICO data prior to transmission can be compared with the transmitted [ICO data
to enable detection of transmission errors. A transmission error is judged as having occurred when the compared
data values do not match.

16.5.10 Extension code

(1) When the higher 4 bits of the receive address are either “0000” or “1111”, the extension code reception flag
(EXCO) is set to 1 for extension code reception and an interrupt request (INTIICO) is issued at the falling edge
of the eighth clock. The local address stored in slave address register 0 (SVAOQ) is not affected.

(2) If “111110xx” is set to SVAO by a 10-bit address transfer and “111110xx” is transferred from the master device,
the results are as follows. Note that INTIICO occurs at the falling edge of the eighth clock.

* Higher four bits of data match: EXCO = 1
¢ Seven bits of data match: Colo=1

Remark EXCO: Bit 5 of IIC status register 0 (IICSO0)
COIO: Bit 4 of IIC status register 0 (11CS0)

(3) Since the processing after the interrupt request occurs differs according to the data that follows the extension
code, such processing is performed by software.
For example, after the extension code is received, if you do not wish to operate the target device as a slave
device, you can set bit 6 (LRELO) of IIC control register 0 (IICCO) to 1 to set the standby mode for the next
communication operation.

Table 16-4. Extension Code Bit Definitions

Slave Address R/W Bit Description
0000000 0 General call address

0000000 1 Start byte

0000001 X CBUS address

0000010 X Address that is reserved for different bus format
1111 0XX X 10-bit slave address specification
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16.5.11 Arbitration

When several master devices simultaneously output a start condition (when STTO is set to 1 before STDO is set to
1), communication among the master devices is performed as the number of clocks are adjusted until the data differs.
This kind of operation is called arbitration.

When one of the master devices loses in arbitration, an arbitration loss flag (ALDO) in 1IC status register 0 (I1ICSO0)
is set (1) via the timing by which the arbitration loss occurred, and the SCLO and SDAO lines are both set to high
impedance, which releases the bus.

The arbitration loss is detected based on the timing of the next interrupt request (the eighth or ninth clock, when a
stop condition is detected, etc.) and the ALDO = 1 setting that has been made by software.

For details of interrupt request timing, see 16.5.16 Timing of I°C interrupt request (INTIICO) occurrence.

Remark STDO: Bit 1 of IIC status register 0 (11CS0)
STTO: Bit 1 of IC control register 0 (11CCO0)

Figure 16-19. Arbitration Timing Example

Master 1

Transfer lines

=\

sbp0o /X 4\ g7 ===
Master 2 Master 1 loses arbitration

SCLO \/ / \

e Ve U e W
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Table 16-5. Status During Arbitration and Interrupt Request Generation Timing

Status During Arbitration Interrupt Request Generation Timing

Note 1

During address transmission At falling edge of eighth or ninth clock following byte transfer

Read/write data after address transmission

During extension code transmission

Read/write data after extension code transmission

During data transmission

During ACK signal transfer period after data transmission

When restart condition is detected during data transfer

When stop condition is detected during data transfer When stop condition is output (when SPIEQ = 1)"*°?

When data is at low level while attempting to output a restart At falling edge of eighth or ninth clock following byte transfer*®’
condition

When stop condition is detected while attempting to output a When stop condition is output (when SPIEQ = 1)""*?

restart condition

Note 1

When data is at low level while attempting to output a stop At falling edge of eighth or ninth clock following byte transfer
condition

When SCLO is at low level while attempting to output a restart
condition

Notes 1. When WTIMO (bit 3 of 1IC control register 0 (IICCO0)) = 1, an interrupt request occurs at the falling edge
of the ninth clock. When WTIMO = 0 and the extension code’s slave address is received, an interrupt
request occurs at the falling edge of the eighth clock.

2. When there is a chance that arbitration will occur, set SPIEO = 1 for master device operation.

Remark SPIEO: Bit 4 of IIC control register 0 (IICCO)

16.5.12 Wake-up function

The I°C bus slave function is a function that generates an interrupt request signal (INTIICO) when a local address
and extension code have been received.

This function makes processing more efficient by preventing unnecessary INTIICO signal from occurring when
addresses do not match.

When a start condition is detected, wake-up standby mode is set. This wake-up standby mode is in effect while
addresses are transmitted due to the possibility that an arbitration loss may change the master device (which has
output a start condition) to a slave device.

However, when a stop condition is detected, bit 4 (SPIEO) of 1IC control register 0 (IICCO) is set regardless of the
wake-up function, and this determines whether interrupt requests are enabled or disabled.
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16.5.13 Communication reservation

(1) When communication reservation function is enabled (bit 0 (ICRSV) of IIC flag register 0 (IICF0) = 0)
To start master device communications when not currently using a bus, a communication reservation can be
made to enable transmission of a start condition when the bus is released. There are two modes under which
the bus is not used.

e When arbitration results in neither master nor slave operation
* When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released when bit 6 (LRELO) of 1IC control register 0 (1ICCO0) was set to 1).

If bit 1 (STTO) of 1ICCO is set to 1 while the bus is not used (after a stop condition is detected), a start condition
is automatically generated and wait status is set.

When the bus release is detected (when a stop condition is detected), writing to IIC shift register 0 (11C0)
causes the master address transfer to start. At this point, bit 4 (SPIEQ) of ICCO should be set to 1.

When STTO has been set to 1, the operation mode (as start condition or as communication reservation) is
determined according to the bus status.

¢ If the bus has been released............ccoceviiieeiiiiiennns a start condition is generated
e |f the bus has not been released (standby mode) ......... communication reservation

Check whether the communication reservation operates or not by using MSTSO (bit 7 of IIC status register 0
(ICS0)) after STTO is set to 1 and the wait time elapses.

The wait periods, which should be set via software, are listed in Table 16-6.

Table 16-6. Wait Periods

CLX0 SMCO CLO1 CLO0O Wait Period
0 0 0 0 46 clocks
0 0 0 1 86 clocks
0 0 1 0 172 clocks
0 0 1 1 34 clocks
0 1 0 0 30 clocks
0 1 0 1
0 1 1 0 60 clocks
0 1 1 1 12 clocks
1 1 0 0 18 clocks
1 1 0 1
1 1 1 0 36 clocks

Figure 16-20 shows the communication reservation timing.
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Figure 16-20. Communication Reservation Timing

STT0=1 Write to

Program processing 11Co

Communi-
Hardware processing |cation
reservation

Set SPDO Set
and INTIICO [ STDO

f

SCLO 4 2 3 4 5 6 7 8 9 1 2 3 4 5 6

o | A f

Output by master with bus mastership

Remark 1ICO: IIC shift register 0
STTO: Bit 1 of IIC control register 0 (11ICCO0)
STDO: Bit 1 of IIC status register 0 (IICS0)
SPDO0: Bit 0 of IIC status register 0 (IICS0)

Communication reservations are accepted via the following timing. After bit 1 (STDO) of IIC status register 0
(IICS0) is set to 1, a communication reservation can be made by setting bit 1 (STTO) of IIC control register 0
(IICCO0) to 1 before a stop condition is detected.

Figure 16-21. Timing for Accepting Communication Reservations

SCLO

SDAO

STDO

SPDO

Standby mode

Figure 16-22 shows the communication reservation protocol.
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Figure 16-22. Communication Reservation Protocol

DI

SET1 STTO Sets STTO flag (communication reservation)

Define communication
reservation

Wait Secures wait period set by software (see Table 16-6).

Defines that communication reservation is in effect
(defines and sets user flag to any part of RAM)

(Communication reservation)Note

Yes Confirmation of communication reservation

No
(Generate start condition)

Cancel (_:ommunlcatlon Clear user flag
reservation
MOV ICO, #xxH 1ICO write operation
|
El

Note The communication reservation operation executes a write to lIC shift register 0 (1ICO) when a stop
condition interrupt request occurs.

Remark STTO: Bit 1 of [IC control register 0 (IICCO)
MSTSO0: Bit 7 of IIC status register 0 (11ICS0)
lCo: IIC shift register 0

(2) When communication reservation function is disabled (bit 0 (ICRSV) of IIC flag register 0 (IICF0) = 1)
When bit 1 (STTO) of IIC control register 0 (IICCO0) is set to 1 when the bus is not used in a communication
during bus communication, this request is rejected and a start condition is not generated. The following two
statuses are included in the status where bus is not used.

o When arbitration results in neither master nor slave operation
e When an extension code is received and slave operation is disabled (ACK signal is not returned and the bus
was released when bit 6 (LRELO) of ICCO was set to 1)

To confirm whether the start condition was generated or request was rejected, check STCF (bit 7 of [ICFO).

The time shown in Table 16-7 is required until STCF is set to 1 after setting STTO = 1. Therefore, secure the
time by software.

Preliminary User’'s Manual U17473EJ1VOUD 379



CHAPTER 16 SERIAL INTERFACE IICO

Table 16-7. Wait Periods

CLO1 CL0O Wait Period
0 0 6 clocks
0 1 6 clocks
1 0 12 clocks
1 1 3 clocks

16.5.14 Other cautions

(1M

)

3)

380

When STCEN (bit 1 of IIC flag register 0 (IICF0)) =0

Immediately after I°C operation is enabled, the bus communication status (ICBSY (bit 6 of IICF0) = 1) is
recognized regardless of the actual bus status. When changing from a mode in which no stop condition has
been detected to a master device communication mode, first generate a stop condition to release the bus, then
perform master device communication.

When using multiple masters, it is not possible to perform master device communication when the bus has not
been released (when a stop condition has not been detected).

Use the following sequence for generating a stop condition.

<1> Set IIC clock selection register 0 (IICCLO).
<2> Set bit 7 (IICEO) of IIC control register 0 (1ICCO0) to 1.
<3> Set bit 0 (SPTO) of 1ICCO to 1.

When STCEN =1

Immediately after I°C operation is enabled, the bus released status (IICBSY = 0) is recognized regardless of
the actual bus status. To issue the first start condition (STTO (bit 1 of IIC control register 0 (IICCO0)) = 1), it is
necessary to confirm that the bus has been released, so as to not disturb other communications.

If other FC communications are already in progress

If I°C operation is enabled and the device participates in communication already in progress when the SDAQ
pin is low and the SCLO pin is high, the macro of I°C recognizes that the SDAO pin has gone low (detects a
start condition). If the value on the bus at this time can be recognized as an extension code, an acknowledge
signal is returned, but this interferes with other 1°C communications. To avoid this, start I°C in the following
sequence.

<1> Clear bit 4 (SPIEO) of [ICCO to 0 to disable generation of an interrupt request signal (INTIICO) when the
stop condition is detected.

<2> Set bit 7 (IICEO) of IICCO to 1 to enable the operation of I°C.

<3> Wait for detection of the start condition.

<4> Set bit 6 (LRELO) of IICCO to 1 before the acknowledge signal is returned (4 to 80 clocks after setting
IICEO to 1), to forcibly disable detection.
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16.5.15 Communication operations

(1) Master operation 1

The following shows the flowchart for master communication when the communication reservation function is
enabled (bit 0 (ICRSV) of IIC flag register 0 (IICFO) = 0) and the master operation is started after a stop
condition is detected (bit 1 (STCEN) of IICFO = 0).

Figure 16-23. Master Operation Flowchart (1)
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I

IICCLO « xxH
Select transfer clock

ICCO « xxH
IICEO = SPIEO = WTIMO = 1
SPTO=1

Address transfer
completion
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Wait
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software (see Table 16-6)

Communication reservation

Yes (start condition generation)

Start 1ICO write transfer

Yes

Stop condition detection,
start condition generation by
communication reservation

Yes (transmit) f«———————————

Start 11CO write transfer

(restart)

Generate stop condition
SPTO=1

End

Preliminary Use

Generate stop condition
(no slave with matching address)

o (receive)

End

WTIMO =0
ACKEO =1

P

WRELO =1
Start reception

ACKEO =0
WRELO = WTIMO =1
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(2) Master operation 2
The following shows the flowchart for master communication when the communication reservation function is
disabled (IICRSVO bit = 1) and the master operation is started without detecting a stop condition (STCENO bit
=1).

Figure 16-24. Master Operation Flowchart (2)

IICCLO « xxH Transfer clock selection

lICFO « xxH IICFO register setting

1ICCO « xxH . . )
1ICEO = SPIEO = WTIMO = 1 IICCO register initial setting
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Insert wait Wait time is secured by software
(see Table 16-7)

STCFO =07 No
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Start I1ICO write transfer Stop master communication

Master communication is
stopped because bus is occupied
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No (receive,
( ) (no slave with matching address)

Yes (transmit) WTIMO =0
ACKEO = 1

Start 1ICO write transfer

WRELO =1
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Data processing
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Data processing

ACKEO =0
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Transfer completed?
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End
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(3) Slave operation
The processing procedure of the slave operation is as follows.

Basically, the slave operation is event-driven. Therefore, processing by the INTIICO interrupt (processing that
must substantially change the operation status such as detection of a stop condition during communication) is
necessary.

In the following explanation, it is assumed that the extension code is not supported for data communication. It
is also assumed that the INTIICO interrupt servicing only performs status transition processing, and that actual
data communication is performed by the main processing.

INTIICO Flag

Interrupt servicing

Setting
1ICO Main processing

Data

Setting

Therefore, data communication processing is performed by preparing the following three flags and passing

them to the main processing instead of INTIICO.

<1>

<2>

<3>

Communication mode flag

This flag indicates the following two communication statuses.

o Clear mode: Status in which data communication is not performed

o Communication mode: Status in which data communication is performed (from valid address detection
to stop condition detection, no detection of the ACK signal from master,
address mismatch)

Ready flag

This flag indicates that data communication is enabled. Its function is the same as the INTIICO interrupt
for ordinary data communication. This flag is set by interrupt servicing and cleared by the main
processing. Clear this flag by interrupt servicing when communication is started. However, the ready flag
is not set by interrupt servicing when the first data is transmitted. Therefore, the first data is transmitted
without the flag being cleared (an address match is interpreted as a request for the next data).

Communication direction flag
This flag indicates the direction of communication. Its value is the same as TRCO.
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The main processing of the slave operation is explained next.

Start serial interface [ICO and wait until communication is enabled. When communication is enabled, execute
communication by using the communication mode flag and ready flag (processing of the stop condition and
start condition is performed by an interrupt. Here, check the status by using the flags).

The transmission operation is repeated until the master no longer returns the ACK signal. If the ACK signal is
not returned from the master, communication is completed.

For reception, the necessary amount of data is received. When communication is completed, the ACK signal is
not returned as the next data. After that, the master issues a stop condition or restart condition. Exit from the
communication status occurs in this way.

Figure 16-25. Slave Operation Flowchart (1)

=

IICCLO «— XXH Transfer clock selection
IICFO < XXH

IICCO « XXH
IICEO =1

o
Communication mode?
Yes

No

IICFO register setting

Communication ACKEOQO = WTIMO =1

direction flag =12
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WRELO = 1
WTIMO = 1
} No
Communication mode?
Data processing
Yes
\
IICO « data
Yes

Read data

Clear ready flag

\
o
Communication mode?
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Clear ready flag Data processing
N
Yes Yes
e
Clear communication mode flag -
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An example of the processing procedure of the slave with the INTIICO interrupt is explained below (processing
is performed assuming that no extension code is used). The INTIICO interrupt checks the status, and the
following operations are performed.

<1> Communication is stopped if the stop condition is issued.

<2> If the start condition is issued, the address is checked and communication is completed if the address
does not match. If the address matches, the communication mode is set, wait is cancelled, and
processing returns from the interrupt (the ready flag is cleared).

<3> For data transmit/receive, only the ready flag is set. Processing returns from the interrupt with the 11CO
bus remaining in the wait status.

Remark <1>to <3> above correspond to <1> to <3> in Figure 16-26 Slave Operation Flowchart (2).

Figure 16-26. Slave Operation Flowchart (2)

( INTIICO generated )

Yes <1>

SPDO =17

No
Yes <2>
STDO =17
No No
<3>
Yes
Set ready flag
Communication direction flag
« TRCO
Set communication mode flag
( Interrupt servicing completed ) Clear ready flag

( Interrupt servicing completed )

Termination processing

LRELO =1
|

Clear communication mode

( Interrupt servicing completed )
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16.5.16 Timing of I°C interrupt request (INTIICO) occurrence

The INTIICO interrupt request timing and the IIC status register 0 (IICS0) settings corresponding to that timing are
described below.

(1) Master device operation

(a) Start ~ Address ~ Data ~ Data ~ Stop (normal transmission/reception)

(i) When WTIMO =0

SPTO =1
\:
ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP
Al A2 A3 A4 A5
A1:1ICS0 = 1000x110B
A2: 1ICS0 = 1000x000B
A3: 1ICS0 = 1000x000B (Sets WTIMO)
A4: 1ICS0O = 1000xx00B (Sets SPTO)
A5: 1ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(i) When WTIMO = 1
SPTO =1
\’
ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP
A1l A2 A3 A4

A1: 1ICSO = 1000x110B
A2: 1ICS0 = 1000x100B
A3: 1ICS0 = 1000xx00B (Sets SPTO)
A4: 1ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop (restart)

(i) When WTIMO =0

STT0 =1 SPTO =1
{ d
ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD61to ADO | RW | AK D7 to DO AK | SP
A1 A2 A3 A4 A5 A6 A7
A1:]ICSO = 1000x110B
A2: ]ICS0O = 1000x000B (Sets WTIMO)
A3: [ICS0 = 1000xx00B (Clears WTIMO, sets STTO)
A4: 1ICSO = 1000x110B
A5: ]ICSO = 1000x000B (Sets WTIMO)
AB: [ICSO = 1000xx00B (Sets SPTO)
A7: 11ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(i) When WTIMO = 1
STTO =1 SPTO = 1
J s
ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW | AK D7 to DO AK | SP
A1 A2 A3 A4 A5

A1: 1ICSO = 1000x110B
A2: 1ICS0 = 1000xx00B (Sets STTO)
A3: 1ICS0 = 1000x110B
A4: 1ICSO = 1000xx00B (Sets SPTO)
A5: 1ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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(c) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)

(i) When WTIMO =0

SPTO =1
|
ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP
Al A2 A3 A4 A5
A1:1ICS0=1010x110B
A2:1ICS0O = 1010x000B
A3: 1ICS0 = 1010x000B (Sets WTIMO)
A4: 1ICSO = 1010xx00B (Sets SPTO)
A5: 1ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(i) When WTIMO = 1
SPTO =1
|
ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP
A1 A2 A3 A4

A1:1ICSO=1010x110B
A2: [ICSO = 1010x100B
A3: [ICSO = 1010xx00B (Sets SPT0)
A4: ]ICSO = 00001001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(2) Slave device operation (slave address data reception time (matches with SVA0))
(a) Start ~ Address ~ Data ~ Data ~ Stop

(i) When WTIMO = 0

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2 A3 A4

A1:1ICSO = 0001x110B
A2: ]ICSO = 0001x000B
A3: 1ICS0 = 0001x000B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2 A3 A4

A1:1ICSO = 0001x110B
A2: ]ICSO = 0001x100B
A3: 1ICS0 = 0001xx00B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, matches with SVAOQ)

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW | AK D7 to DO AK | SP
A1 A2 A3 A4 A5
A1:1ICS0 =0001x110B
A2: ]ICS0 = 0001x000B
A3: 1ICS0 = 0001x110B
A4: 1ICS0 = 0001x000B
A5: 1ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(i) When WTIMO = 1 (after restart, matches with SVAO0)
ST | AD6 to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW | AK D7 to DO AK | SP
A1 A2 A3 A4 A5

A1:[ICSO=0001x110B
A2: [ICSO = 0001xx00B
A3: [ICSO = 0001x110B
A4: ]ICS0 = 0001xx00B
AB: [ICSO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(c) Start ~ Address ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = O (after restart, extension code reception)

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW | AK D7 to DO AK | SP
Al A2 A3 A4 A5
A1:]ICS0O =0001x110B
A2: ]ICS0 = 0001x000B
A3: ICS0 = 0010x010B
A4: ]ICS0O = 0010x000B
Ab: 1ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(i) When WTIMO = 1 (after restart, extension code reception)
ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD61to ADO | RW | AK D7 to DO AK | SP
Al A2 A3 A4 A5 16

A1
A2
A3
A4
A5
A6

Remark A: Always generated

:11ICS0 = 0001x110B
: ICS0 = 0001xx00B
:11ICS0 = 0010x010B
:11ICS0 = 0010x110B
: ICS0 = 0010xx00B
: ICS0 = 00000001B

A: Generated only when SPIEO = 1

x: Don’t care
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(d) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, does not match with address (= not extension code))

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW

AK

D7 to DO

AK

SP

A1l A2

A1:[ICSO=0001x110B
A2: [ICSO = 0001x000B
A3: [ICSO = 00000x10B
A4: ]ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

A3

N4

(i) When WTIMO = 1 (after restart, does not match with address (= not extension code))

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW

AK

D7 to DO

AK

SP

A1 A2

A1:[ICSO=0001x110B
A2: [ICSO = 0001xx00B
A3: [ICSO = 00000x10B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

A3

A4
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(3) Slave device operation (when receiving extension code)
(a) Start ~ Code ~ Data ~ Data ~ Stop

(i) When WTIMO = 0

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2 A3 A4

A1:1ICS0O = 0010x010B
A2: ]ICS0 = 0010x000B
A3: 1ICS0 = 0010x000B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP
Al A2 A3 A4 A5

A1:1ICS0O = 0010x010B
A2: ]ICS0O =0010x110B
A3: 1ICS0 = 0010x100B
A4: 1ICS0 = 0010xx00B
AB: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(b) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, matches with SVAOQ)

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW

AK

D7 to DO

AK

SP

Al A2

A1:]ICS0O=0010x010B
A2: [ICSO = 0010x000B
A3: [ICSO = 0001x110B
A4: |ICS0 = 0001x000B
AB: [ICSO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

A3

A4

AS

(i) When WTIMO = 1 (after restart, matches with SVAO0)

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD6to ADO | RW

AK

D7 to DO

AK

SP

Al A2 A3

A1:1ICSO = 0010x010B
A2: [ICSO = 0010x110B
A3: [ICS0 = 0010xx00B
A4: |ICSO = 0001x110B
A5: [ICSO = 0001xx00B
Ag: IICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

A4

A5

A6
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(c) Start ~ Code ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = O (after restart, extension code reception)

ST | AD6 to ADO | RW

AK

D7 to DO AK | ST | AD6to ADO | RW | AK

D7 to DO

AK

SP

A1:
A2:
A3:
A4:
AB:

Al

IICS0 = 0010x010B
IICSO = 0010x000B
IICSO = 0010x010B
IICS0 = 0010x000B
IICSO = 00000001B

A2 A3

Remark A: Always generated
A: Generated only when SPIEO = 1

x: Don’t care

A4

AS

(i) When WTIMO = 1 (after restart, extension code reception)

ST

AD6 to ADO | RW

AK

D7 to DO AK | ST | AD61to ADO | RW | AK

D7 to DO

AK

SP

A1
A2:
A3:
A4;
A5:
AG:
A7:

Al

:11ICS0 = 0010x010B

IICSO = 0010x110B
IICS0 = 0010xx00B
IICSO = 0010x010B
IICSO = 0010x110B
IICS0 = 0010xx00B
IICSO = 00000001B

A2

A3 A4

Remark A: Always generated
A: Generated only when SPIEO = 1

x: Don’t care

A5

A6

A7
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(d) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, does not match with address (= not extension code))

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD61to ADO | RW | AK D7 to DO AK | SP
A1 A2 A3 A4

A1:1ICSO = 0010x010B
A2: [ICSO = 0010x000B
A3: [ICSO = 00000x10B
A4: 1ICSO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(ii) When WTIMO = 1 (after restart, does not match with address (= not extension code))

ST | AD6to ADO | RW | AK D7 to DO AK | ST | AD61to ADO | RW | AK D7 to DO AK | SP
Al A2 A3 A4 AS

A1:1ICSO = 0010x010B
A2: [ICSO =0010x110B
A3: [ICS0 = 0010xx00B
A4: ]ICSO = 00000x10B
AB: [ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(4) Operation without communication

(a) Start ~ Code ~ Data ~ Data ~ Stop

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

Al

A1: 1ICS0 = 00000001B

Remark A: Generated only when SPIEO = 1

(5) Arbitration loss operation (operation as slave after arbitration loss)
(a) When arbitration loss occurs during transmission of slave address data

(i) When WTIMO = 0

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP
Al A2 A3 A4

A1:]ICS0O =0101x110B (Example When ALDO is read during interrupt servicing)
A2: ]ICSO = 0001x000B
A3: 1ICS0 = 0001x000B
A4: 11ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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(i) When WTIMO = 1

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2 A3 A4

A1:]ICSO =0101x110B (Example When ALDO is read during interrupt servicing)
A2: ]ICSO = 0001x100B
A3: |ICS0 = 0001xx00B
A4:11CS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(b) When arbitration loss occurs during transmission of extension code

(i) When WTIMO =0

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2 A3 A4

A1:]ICS0O = 0110x010B (Example When ALDO is read during interrupt servicing)
A2:1ICS0 = 0010x000B
A3: 1ICS0 = 0010x000B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(i) When WTIMO = 1

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

Al A2 A3 A4 A5

A1:1ICSO =0110x010B (Example When ALDO is read during interrupt servicing)
A2: ]ICS0 =0010x110B
A3: [ICSO = 0010x100B
A4: |ICS0 = 0010xx00B
A5: [ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(6) Operation when arbitration loss occurs (no communication after arbitration loss)

(a) When arbitration loss occurs during transmission of slave address data (when WTIMO = 1)

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2

A1:]ICS0 = 01000110B (Example When ALDO is read during interrupt servicing)
A2: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
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(b) When arbitration loss occurs during transmission of extension code

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP
A1 A2

A1:]ICS0O = 0110x010B (Example When ALDO is read during interrupt servicing)
Sets LRELO = 1 by software
A2: [ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

(c) When arbitration loss occurs during transmission of data

() When WTIMO = 0

ST | AD6 to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2 A3

A1:[ICSO =10001110B
A2: [ICS0 = 01000000B (Example When ALDO is read during interrupt servicing)
A3: 1ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
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(i) When WTIMO = 1

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK | SP

A1 A2 A3

A1:1ICS0O =10001110B
A2: |ICSO = 01000100B (Example When ALDO is read during interrupt servicing)
A3: [ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1

(d) When loss occurs due to restart condition during data transfer

(i) Not extension code (Example: unmatches with SVAQ, WTIMO = 1)

ST | AD6to ADO | RW | AK D7 to Dn ST | AD6to ADO | RW | AK D7 to DO AK

SP

Al A2

A1:]ICSO = 1000x110B
A2: |ICSO = 01000110B (Example When ALDO is read during interrupt servicing)
A3: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
n=6to0

A3
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(ii) Extension code

ST | AD6to ADO | RW | AK

D7 to Dn ST | AD6to ADO | RW | AK

D7 to DO

AK

SP

A1l

A1:[ICSO = 1000x110B

Sets LRELO = 1 by software
A3: 1ICS0 = 00000001B

x: Don’t care
n=6t0

Remark A: Always generated
A: Generated only when SPIEO = 1

A2

A2:]ICS0O = 0110x010B (Example When ALDO is read during interrupt servicing)

A3

(e) When loss occurs due to stop condition during data transfer

ST | AD6to ADO | RW | AK D7 to Dn SP

A1

A1:ICSO = 1000x110B
A2: 1ICS0 = 01000001B

Remark A: Always generated

x: Don’t care
n=61t0

A2

A: Generated only when SPIEO = 1
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(f) When arbitration loss occurs due to low-level data when attempting to generate a restart condition

(i) When WTIMO = 1

STTO =1
)

ST | AD6to ADO | RW | AK D7 to DO

AK

D7 to DO AK D7 to DO

AK

SP

A1

A1:1ICSO = 1000x110B
A2: ]ICSO = 1000x100B (Sets STTO)

A2

A3

A3: [ICSO = 01000100B (Example When ALDO is read during interrupt servicing)

A4: 1ICS0 = 00000001B

Remark A: Always generated

A: Generated only when SPIEO = 1

x: Don’t care

A4

(g) When arbitration loss occurs due to a stop condition when attempting to generate a restart

condition

() When WTIMO = 1

STTO0 =1
)

ST | AD6to ADO | RW | AK D7 to DO

AK | SP

A1
A1:1ICSO = 1000x110B
A2: |ICSO = 1000xx00B (Sets STTO)
A3: 1ICS0 = 01000001B

Remark A: Always generated

A: Generated only when SPIEO = 1

x: Don’t care

A2

A3
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(h) When arbitration loss occurs due to low-level data when attempting to generate a stop condition

(i) When WTIMO = 1

SPTO =1
{

ST | AD6to ADO | RW | AK D7 to DO AK D7 to DO AK D7 to DO AK | SP
A1 A2 A3 A4

A1:[ICSO = 1000x110B
A2: |ICSO = 1000xx00B (Sets SPT0)

A3: [ICS0 = 01000000B (Example When ALDO is read during interrupt servicing)
A4: 1ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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16.6 Timing Charts

When using the I°C bus mode, the master device outputs an address via the serial bus to select one of several
slave devices as its communication partner.

After outputting the slave address, the master device transmits the TRCO bit (bit 3 of IIC status register 0 (11CS0)),
which specifies the data transfer direction, and then starts serial communication with the slave device.

Figures 16-27 and 16-28 show timing charts of the data communication.

IIC shift register 0 (IIC0)’s shift operation is synchronized with the falling edge of the serial clock (SCLO). The
transmit data is transferred to the SOO latch and is output (MSB first) via the SDAO pin.

Data input via the SDAO pin is captured into 1ICO at the rising edge of SCLO.
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Figure 16-27. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(1) Start condition ~ address

[ Processing by master device |

IICo 1 1ICO « address | ICO « data

ACKDO \ '\\

stoo | :

sp0 ||
WTIMO  H /
ACKEO H / /
mMsTso |

STTO

spTo _|\L / /
WRELO \\L /
/

wrico ) n

TRCO H

Transfer lines

SCLO

Transmit

SDAO
Start condition

[ Processing by slave device |

1ICO

ACKDO I | / |

stoo | |
SPDO

WTIMO  H / /
ACKEO H / /
MSTSO L

STTO L

SPTO L
WRELO |_| Note
INTIICO

(When EXCO = 1)
TRCO L Receive

Note To cancel slave wait, write “FFH” to [ICO or set WRELO.
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Figure 16-27. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(2) Data

[ Processing by master device |

lco | lICO « data | lICO « data
i}

ACKDO

STDO _ L

SPDO  _ L

WTIMO  H
ACKEO  H )
MSTSO  H

STT0 _ L

sPT0 L / /
WRELO _ L / /
INTIICO ____7f{____f__1 [

SCLO

SDA0 DO

[Processing by slave device |

IICo 1/ 1IC0 « FFH Note /11IC0 « FFH Note
T ] T
ACKDO / I
STDO L
SPDO L /

WTIMO  H /

ACKEO H

MSTS0 L

o o/ |
—— |

WRELO / |_| Note \ |_| Note

TRCO L Receive

Note To cancel slave wait, write “FFH” to 1ICO or set WRELO.
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Figure 16-27. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

[ Processing by master device |

lIco I 1ICO « data I IICO < address
ACkDO | [ ]
STDO r
SPDO 1
WTIMO H
ACKEO H

MSTS0

L
STTO
SPTO L] W
WRELO L \\ \ \

INTIICO (/'l—l \\ |_| \

TRCO H Transmit

Transfer lines

SCLO

/ADEY(AD5.
Stop Start
condition condition

SDAO

[ Processing by slave device |

IIco | IICO « FFH Note | 1ICO « FFH Note
ACKDO |
STDO [
SPDO / L
WTIMO  H //
ACKEO  H
MSTSO L
sTT0 L {
SPTO | \
WRELO [ [Note \ [ |Note

INTIICO \!—\ [ ]

(When SPIEO = 1)

TRCO L Receive

Note To cancel slave wait, write “FFH” to [ICO or set WRELO.
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Figure 16-28. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(1) Start condition ~ address

[ Processing by master device |

1ICO | IIC0O < address | ICO « FFH Note
I

ACKDO I—l\

sTDO | | \
spD0 | I)

WTIMO  H /

ACKEO H /

mMsTso |

STTO

SPTO

WRELO \

INTIICO

TRCO

Transfer lines

SCLO

SDAO
Start condition

[ Processing by slave device |

11co
ACKDO
STDO |
spD0 |
WTIMO  H / //
ACKEO ~ H
MSTSO L
STT0 L /
SPTO L
WRELO L \
INTICO \|_|

TRCO \‘I

Note To cancel master wait, write “FFH” to [ICO or set WRELO.
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Figure 16-28. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

(2) Data

[ Processing by master device |

Ico |ICO  FFH Note | IICO « FFH Note
ackbo [ ]
STDO L
sPDO L

WTIMO  H / /
e / /

MSTSO0 H

STTO L

spTo L / /
WRELO / |_|Note / |_|Note
INTIICO

m
m

\

SCLO

SDAO

[Processing by slave device |

IIco IICO « data 1IC0O « data
T T
ACKDO |
STDO L

oo ] |
WTIMO  H / /

ACKEO H

MSTS0 L

oo 1/ |
w0y | |

WRELO L k (

INTIICO \|_| K~|_|

TRCO H Transmit
Note To cancel master wait, write “FFH” to [ICO or set WRELO.
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Figure 16-28. Example of Slave to Master Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

[Processing by master device |

lICO I 1ICO « FFH Note I 1ICO « address
AckDo |
STDO [
SPDO [ ]
WTIMO  H
ACKEO ]
MSTSO0 L]
STTO /1

|
|

WRELO [ ]Note

| )

\ \ // \(WhenSPIEO:1)
TRCO

Transfer lines

SCLO
SDAO / AD6 X AD5
Stop Start
- - condition condition
[ Processing by slave device |
lco | IC0 « data
T
ACKDO /
STDO /
SPDO /
WTIMO  H /
ACKEO H
MSTS0 L
STTO L /
SPTO L /
WRELO [ ]
INTIICO \-J—\ [ ]
(When SPIEO = 1)
TRCO |

Note To cancel master wait, write “FFH” to [ICO or set WRELDO.
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16.7 Communication with LCD Controller/Driver

With the 78K0/LG2, setting to LCD controller/driver is performed via the I°C bus interface. Therefore reading and
writing to the LCD controller/driver registers can be performed.

16.7.1 System configuration
The system configuration of the LCD controller/driver in the 78K0/LG2 is illustrated in Figure 16-29.

Figure 16-29. System configuration

78K0/LG2
CPU LCD controller
/driver
SCLO LSCL
SDAO LSDA

Voo Vob SDAO SCLO
3 % Serial clock

Serial data bus
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16.7.2 Write operation
The processing procedure, format, and operation of writing to the LCD controller/driver via the I°C bus interface are
explained below.
The LCD controller/driver register to be accessed can be specified with the slave ID and address (see Figure 17-3).
(1) Processing procedure

Figure 16-30. Processing procedure of Write Operation

CPU side (master) LCD controller/driver side (slave)

Transfer direction

[ sTgenerton | )
| Slave ID transmission | I:‘> | Slave ID reception |

ID matched?

Yes

1 || AcKtansmission |
Address transmission | I:> | Address reception |

No ) .
CK receptio <:| | ACK transmission |

Yes

| WD transmission | I:> | WD reception |

ACK receptio <:| | ACK transmission |

Yes

ST detected?

Completed?

Yes

No

SP detection

| sPgeneraion | )

| End | | End

Remark ST: Start condition
RST: Restart condition
SP: Stop condition
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(2) Communication format
Write data to each register on the LCD controller/driver starting from the start condition, slave ID, address,
write data, then stop condition in that order.

Figure 16-31. Communication Format for Write Operation (When Writing Twice)

Access <1> <2> <3> <4> <5> <6>
target ST Slave ID R/W | ACK Address ACK
LCDCTL ST |[0/1:i1 . 1:0:0:0 0 ACK | A7 {1 A6 A5 A4 A3 i A2 A1 A0 | ACK
LCDSEG ST [0:1:1:1:0: 01 0 ACK | A7 A6 A5 A4 A3 A2 A1 A0 | ACK
<7> <8> <9> <10> <11>
Write data 1 ACK Write data 2 ACK SP
D7 D6 D5 D4 D3 D2:D1 DO| ACK |D7: D6 D5 D4 D3 D2 D1 DO | ACK SP
D7 D6 D5 D4 D3 D2:D1 DO| ACK |D7 D6 D5 D4 D3 D2 D1 DO | ACK SP
— /) — _/
v Note
Address Address
LCDCTL: A1, AO LCDCTL: (A1, AO) + 1
LCDSEG: A5, A4, A3, A2, A1, AO LCDSEG: (A5, A4, A3, A2, A1, AO) + 1
Note With the 78K0/LG2, the address is incremented by one based on the register read/write start address by

continuously performing read/write access from transmissions of the start condition to stop condition. With
this function, the address does not need to be set each time.

Cautions 1. Generate a stop condition if an access like the one shown below is made.

¢ An access made in a format other than specified
¢ An access made with a slave ID other than specified

2. When SDAO is fixed at the low level output status due to noise, input 0 to P130 (bit 0 of port
register 13) to reset the LCD controller/driver.

Remark ST: Start condition

SP: Stop condition

A7 to AO: Addresses for LCDCTL or LCDSEG

414

Preliminary User's Manual U17473EJ1VOUD



CHAPTER 16 SERIAL INTERFACE IICO

(3) Operation
The operation flow when transmitting write data twice is shown below.
Steps <1> to <11> correspond to <1> to <11> in Figure 16-31.

<1> The start condition is transmitted.

<2> The slave ID is transmitted (from the 1st to 7th clocks).

<3> R/W information (0) is transmitted (at the 8th clock).

<4> An acknowledge signal is received (at the rising edge of the 9th clock).

<5> The write start address is transmitted (from the 1st to 8th clocks following <4>).

<6> An acknowledge signal is received (at the rising edge of the 9th clock).

<7> Write data is transmitted (first time) (from the 1st to 8th clocks following <6>).

<8> An acknowledge signal is received (at the rising edge of the 9th clock).

<9> Write data is transmitted (second time) (from the 1st to 8th clocks following <8>).
(The address is automatically incremented by 1.)

<10> An acknowledge signal is received (at the rising edge of the 9th clock).

<11> The stop condition is transmitted.

Figures 16-32 shows the timing chart of the write operation.

Figure 16-32. Timing Chart of Write Operation

St I =ih LR =i LRy

1IC shift
? m §§
Write to IIC shift register 0 Write to IIC shift register 0 Write to 1IC shift register 0
IIC bus Start condition Stop

Start condition Setup Setup Setup Stop condition

condition

;
LSDA >S ACK >§ ACK >S ACK
IIC shift §§ xoH xxH g:x xxH

N xxH xxH xxH xxH
register
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16.7.3 Read operation
The processing procedure, format, and operation of reading the LCD controller/driver via the I’C bus interface are
explained below.
The LCD controller/driver register to be accessed can be specified with the slave ID and address (see Figure 17-3).
(1) Processing procedure

Figure 16-33. Processing procedure of Read Operation

CPU side (master) LCD controller/driver side (slave)

ST detected?

Yes

Transfer direction

| ST generation |

| Slave ID reception |

ID matched?

Yes

| Slave ID transmission |

| ACK transmission |

| Address reception |

| ACK transmission |

| RST generation |

| Slave ID transmission |

No

CK receptio | ACK transmission |

Yes

RD reception | | RD transmission |

| SP generation |

LU0 GO0 1)

| End | | End |

Remark ST: Start condition
RST: Restart condition
SP: Stop condition
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(2) Communication format

Read data from each register on the LCD controller/driver starting from the start condition, slave ID, address,
restart condition, slave ID, read data, then stop condition in that order.

Figure 16-34. Communication Format for Read Operation (When Reading Twice)

Access <1> <2> <3> <4> <5> <6>
target ST Slave ID R/W | ACK Address ACK

LCDCTL ST |[0/1i1:1:0:0:0 0 ACK | A7 A6 A5 A4 A3 A2 i A1 i A0 | ACK

LCDSEG ST |01 1.1 0i0:1 0 ACK | A7 A6 . A5 A4 A3 A2 A1 A0 | ACK

<7> <8> <9> | <10> <11> <12>
RST Slave ID R/W | ACK Read dara 1 ACK
RST {0 1:1:1.:0:0:0 1 ACK | D7 iD6 i D5 : D4 D3 D2 D1 DO | ACK

RST |0:1 1 1.0 0 1] 1 | ACK |D7 D6 D5:D4 D3 D2 D1 DO | ACK

— 4
Address YT

LCDCTL: A1, AO
LCDSEG: A5, A4, A3, A2, A1, AO

<13> <14> | <15>
Read data2 ACK SP
D7 i D6 i D5 D4 D3 i D2 : D1 | DO | NAK | SP

D7 D6 D5 D4 i D3 D2 @ D1 DO | NAK SP
N g —
Address™**

LCDCTL: (A1, AO) + 1
LCDSEG: (A5, A4, A3, A2, A1, A0) + 1

Note With the 78K0/LG2, the address is incremented by one based on the register read/write start address by
continuously performing read/write access from transmissions of the start condition to stop condition. With
this function, the address does not need to be set each time.

Cautions 1. Generate a stop condition if an access like the one shown below is made.
¢ An access made in a format other than specified
¢ An access made with a slave ID other than specified
2. When SDAO is fixed at the low level output status due to noise, input 0 to P130 (bit 0 of port
register 13) to reset the LCD controller/driver.

Remark ST: Start condition
RST: Restart condition
SP: Stop condition

A7 to AO: Addresses for LCDCTL or LCDSEG
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(3) Operation

418

The operation flow when receiving read data twice is shown below.
Steps <1> to <15> correspond to <1> to <15> in Figure 16-34.

<1> The start condition is transmitted.

<2> The slave ID is transmitted (first time) (from the 1st to 7th clocks).

<3> R/W information (0) is transmitted (at the 8th clock).

<4> An acknowledge signal is received (at the rising edge of the 9th clock).

<5> The read start address is transmitted (from the 1st to 8th clocks following <4>).

<6> An acknowledge signal is received (at the rising edge of the 9th clock).

<7> The restart condition is transmitted.

<8> The slave ID is transmitted (second time) (from the 1st to 7th clocks following <7>).

<9> R/W information (1) is transmitted (at the 8th clock).

<10> An acknowledge signal is received (at the rising edge of the 9th clock).

<11> Read data is received (first time) (from the 1st to 8th clocks following <10>).

<12> An acknowledge signal is transmitted (from the falling edge of the 8th clock to the falling edge of the 9th
clock).

<13> Read data is received (second time) (from the 1st to 8th clocks following <12>).
(The address is automatically incremented by 1.)

<14> Stop the acknowledge signal transmission. "**

<15> The stop condition is transmitted.

Note Do not transmit the acknowledge signal when completing data reception.
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Figures 16-35 shows the timing chart of the read operation.

Figure 16-35. Timing Chart of Read Operation

Sla[l_ coidition Setup Setup

scLo i \ :—, 1 2 S

1IC shift
xxH xxH xxH
register 0 —m @

xxH xxH m xxH xxH § xxH xxH

1IC bus Start condition

SCL

LSCL \ 1 2 ;S 7 8 9 1 2 S§ 8 9 /
LSDA 55 ACK 55 ACK
Llec;giss;?g: xxH xxH - S xxH xxH xxH xxH § xxH xxH

(Continued from above)

Restart condition
Setup

D "

1IC shift
register 0 xxH @ xxH xxH @ xxH xxH xxH
Write to IIC shift register 0 Write FFH or WRELO = 1 Write FFH or WRELO = 1

Restart condition Stop condition

TR FUTLRLAL RS/

LSCL \ 1 ;S 8 9 1 ;§ 8 9 1 ;S 8 9 /

Y G G A T W G

ST €)W € G €T W €D GRETI €D 4 W € G
i } }

Write to 1IC shift register Write to 1IC shift register Write to 1IC shift register
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17.1 Functions of LCD Controller/Driver
The functions of the LCD controller/driver in the 78K0/LG2 are as follows.

(1) The LCD driver reference voltage generator can switch internal voltage boosting, external resistance division,
and internal resistance division.
(2) Automatic output of segment and common signals based on automatic display data memory read
(38) Five different display modes:
* Static
1/2 duty (1/2 bias)
* 1/3 duty (1/2 bias)
1/3 duty (1/3 bias)
1/4 duty (1/3 bias)
(4) Four different frame frequencies, selectable in each display mode
(5) Up to 40 segment signal outputs (SO to S39) and four common signal outputs (COMO to COM3)

Table 17-1 lists the maximum number of pixels that can be displayed in each display mode.

Table 17-1. Maximum Number of Pixels

LCD Driver Reference Bias Number of Common Signals Used Number of Maximum Number of
Voltage Generator Mode Time Slices Segments Pixels
* External resistance division - Static COMO (COM1 to COM3) | 40 40 (40 segment signals,
: Note 1
¢ Internal resistance division 1 common signal)
1/2 2 COMO, COMH1 80 (40 segment signals,
2 common signals)"**?
3 COMO to COM2 120 (40 segment signals,
. Note 3
* Internal voltage boosting 1/3 3 COMO to COM2 3 common signals)
* External resistance division 4 COMO to COM3 160 (40 segment signals,
« Internal resistance division 4 common signals)"***

Notes 1. 5-digit LCD panel, each digit having an 8-segment £. configuration.
2. 10-digit LCD panel, each digit having a 4-segment 5. configuration.
3. 15-digit LCD panel, each digit having a 3-segment . configuration.
4. 20-digit LCD panel, each digit having a 2-segment 5. configuration.
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17.2 Configuration of LCD Controller/Driver
The LCD controller/driver consists of the following hardware.
The LCD controller/driver includes of two blocks: LCDSEG block for controlling segments, and LCDCTL block for

controlling LCD register setting and mode setting.

Table 17-2. Configuration of LCD Controller/Driver

Item Configuration
LCD Display outputs 40 segment signals
controller/ | (LCDSEG) 4 common signals (COMO to COM3)
driver Control registers | LCD mode setting register (LCDMD)
(LCDCTL) LCD display mode register (LCDM)
LCD clock control register (LCDC)
LCD voltage boost control register 0 (VLCGO)
CPU Control registers | Clock output selection register (CKS)

Port register 13 (P13)
Port mode register 14 (PM14)

Figure 17-1. Hardware Configuration of LCD Controller/Driver

LCD Controller

SCLO

LCDCTL

K LCDSEG
CPU SDAO I2C Bus Interface LCD Driver

Reset Input
frcL Clock Input
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Figure 17-2. Block Diagram of LCD Controller/Driver

ANOALPIELYLIN [BNUB S9N Areuiaid

Internal bus
LCD mode setting LCD clock control LCD display mode LCD voltage boost control )
register (LCDMD) ﬁ register (LCDC) ﬁ register (LCDM) register 0 (VLCGO) Display data mermory
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3
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CHAPTER 17 LCD CONTROLLER/DRIVER

Figure 17-3 shows the controll register of LCD controller/driver, and Figure 17-4 shows the LCD display RAM.

Figure 17-3. Controll Register of LCD Controller/Driver

Address Bit Register
7 6 5 4 3 2 1 0
LCDCTL's 03H CTSEL1 | CTSELO 0 0 0 0 0 GAIN | —» VLCGO
02H 0 0 0 0 LCDC3 | LCDC2 | LCDCH LCDCO | —» LCDC
01H LCDON | SCOC | VLCON 0 0 LCDM2 | LCDM1 | LCDMO | — LCDM
LCDCTL's 00H SEGSET2|SEGSET1|SEGSETO0 0 0 0 MDSET1 | MDSET0 | - LCDMD

Figure 17-4. LCD Display RAM

Address Bit Segment
7 6 5 4 3 2 1 0

LCDSEG's 27H 0 0 0 0 — 839
26H 0 0 0 0 — S38
25H 0 0 0 0 — 837
24H 0 0 0 0 — S36
23H 0 0 0 0 — S35
22H 0 0 0 0 — 834
21H 0 0 0 0 — S33
20H 0 0 0 0 — 832
1FH 0 0 0 0 — 831
1EH 0 0 0 0 — S30
1DH 0 0 0 0 — S29
1CH 0 0 0 0 — 528
1BH 0 0 0 0 — 827
1AH 0 0 0 0 — 526
19H 0 0 0 0 — S25
18H 0 0 0 0 — 824
17H 0 0 0 0 — S23
16H 0 0 0 0 — 822
15H 0 0 0 0 — S21
14H 0 0 0 0 — 820
13H 0 0 0 0 — 819
12H 0 0 0 0 — 518
11H 0 0 0 0 — S17
10H 0 0 0 0 — 816
OFH 0 0 0 0 — S15
OEH 0 0 0 0 — 814
ODH 0 0 0 0 — S13
OCH 0 0 0 0 — 812
0BH 0 0 0 0 — S11
0AH 0 0 0 0 — 810
09H 0 0 0 0 — 89
08H 0 0 0 0 — S8
07H 0 0 0 0 - 87
06H 0 0 0 0 — S6
05H 0 0 0 0 — S5
04H 0 0 0 0 — 54
03H 0 0 0 0 — S3
02H 0 0 0 0 — 82
01H 0 0 0 0 — S1

LCDSEG's 00H 0 0 0 0 — S0

T T T T

Common coOM3 COM2 COM1 COMO
Remark Bits 4 to 7 are fixed to 0.
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17.3 Registers Controlling LCD Controller/Driver
The following seven registers are used to control the LCD controller/driver.

¢ LCD mode setting register (LCDMD)

¢ LCD display mode register (LCDM)

¢ LCD clock control register (LCDC)

¢ LCD voltage boost control register 0 (VLCGO)
* Clock output selection register (CKS)

* Port register 13 (P13)

¢ Port mode register 14 (PM14)

(1) LCD mode setting register (LCDMD)
LCDMD sets the number of segments and the LCD reference voltage generator.
LCDMD is set using an 8-bit memory manipulation instruction.

RESET input sets LCDMD to 00H.

Figure 17-5. Format of LCD Mode Setting Register

Address: LCDCTL's 00H After reset: 00H R/W

Symbol 7 6 5 4 1 0
LCDMD| SEGSET2 SEGSET1 SEGSETO 0 MDSET1 MDSETO
SEGSET2 SEGSET1 SEGSETO Segment number setting
0 0 X 40
Other than above Setting prohibited
MDSET1 MDSETO LCD reference voltage generator selection
0 0 External resistance division method
0 1 Internal resistance division method
1 X Internal voltage boosting method

Cautions 1. Bits 2 to 4 must be set to 0.

424

2. LCDMD can be set only once after a reset release.
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(2) LCD display mode register (LCDM)
LCDM specifies whether to enable display operation. It also specifies whether to enable segment
pin/common pin output, booster circuit operation, and the display mode.
LCDM is set using an 8-bit memory manipulation instruction.
RESET input sets LCDM to 00H.

Figure 17-6. Format of LCD Display Mode Register

Address: LCDCTL's 01H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
LCDM LCDON SCOC VLCON 0 0 LCDM2 LCDM1 LCDMO
LCDON LCD display enable/disable
0 Display off (all segment outputs are deselected.)
1 Display on
SCOC Segment pin/common pin output control"'®
0 Output ground level to segment/common pin
1 Output deselect level to segment pin and LCD waveform to common pin
VLCON Booster circuit operation enable/disable™*®
0 No internal voltage boosting
1 Internal voltage boosting enabled
LCDM2 LCDMA1 LCDMO LCD controller/driver display mode selection
Resistance division method Voltage boosting method
Number of Bias mode Number of Bias mode
time slices time slices
0 0 0 4 1/3 4 1/3
0 0 1 3 1/3 3 1/3
0 1 0 2 1/2 4 1/3
0 1 1 3 1/2 3 1/3
1 0 0 Static Setting prohibited
Other than above Setting prohibited

Note When the LCD display panel is not used, SCOC and VLCON must be set to 0 to conserve power.
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Cautions 1. Bits 3 and 4 must be set to 0.
2. When operating VLCON, follow the procedure described below.

A. To stop voltage boosting after switching display status from on to off:
1) Set to display off status by setting LCDON = 0.
2) Disable outputs of all the segment buffers and common buffers by setting

SCOC =0.

3) Stop voltage boosting by setting VLCON = 0.

B. To stop voltage boosting during display on status:

Setting prohibited. Be sure to stop voltage boosting after setting display off.
C. To set display on from voltage boosting stop status:
1) Start voltage boosting by setting VLCON = 1, then wait for voltage boost wait time
(tvawarr) (see CHAPTER 29 ELECTRICAL SPECIFICATIONS (TARGET)).
2) Set all the segment buffers and common buffers to non-display output status
by setting SCOC =1.
3) Set display on by setting LCDON = 1.

(3) LCD clock control register (LCDC)

LCDC specifies the LCD source clock and LCD clock.

The frame frequency is determined according to the LCD clock and the number of time slices.
LCDC is set using an 8-bit memory manipulation instruction.

RESET input sets LCDC to 00H.

Figure 17-7. Format of LCD Clock Control Register

Address: LCDCTL's 02H After reset: 00H R/W

Symbol
LCDC

426

7 6 5 4 3 2 1 0
0 0 0 0 LCDC3 LCDC2 LCDCH LCDCO
LCDC3 | LCDC2 LCD source clock (ficp) selection™*®
0 X frcL (Clock generated by clock output controller)
1 0 fecl/2
1 1 frc/2?
LCDC1 | LCDCO LCD clock (LCDCL) selection
0 0 fLen/2°
0 1 fLen/2”
1 0 fLeo/2°
1 1 fieo/2°

Note Specify an LCD source clock (fLcp) frequency of at least 32 kHz.
Cautions 1. Bits 4 to 7 must be set to 0.

2. Before changing the LCDC setting, be sure to stop voltage boosting (VLCON = 0).
3. Set the frame frequency to 128 Hz or lower.
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@

LCD voltage boost control register 0 (VLCGO0)
VLCGO controls the voltage boost level during the voltage boost operation.
VLCGO is set with an 8-bit memory manipulation instruction.
'RESET input sets VLCGO to 00H.

Figure 17-8. Format of LCD Voltage Boost Control Register 0

Address: LCDCTL's 03H After reset: 00H R/W

Symbol
VLCGO

7 6 5 4 3 2 1 0
CTSELA CTSELO 0 0 0 0 0 GAIN
GAIN Reference voltage (Vicz) level selection™™'
0 1.5 V (specification of the LCD panel used is 4.5 V.)
1 1.0 V (specification of the LCD panel used is 3 V.)
CTSEL1 CTSELO Contrast adjustment (TYP.)
Vico Vici Vice
GAIN =0 GAIN =1 GAIN =0 GAIN = 1 GAIN =0 GAIN = 1
1 0 489V 3.29V 3.27V 227V 1.633V 1.133V
1 1 471V 321V 3.13V 2.13V 1.567 V 1.067 V
0 0 450V 3.00V 3.00V 2.00V 1.500 V 1.000 V
0 1 429V 2.79 V 2.87V 1.87V 1.433V 0.933 V

Notes 1. Select the settings according to the specifications of the LCD panel that is used.

2. Set these bits so that LVop after voltage boosting becomes 2.0 t0 5.5 V.

Cautions 1. Bits 1 to 5 must be set to 0.
2. Before changing the VLCGO setting, be sure to stop voltage boosting (VLCON = 0).
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®)
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Clock output selection register (CKS)

CKS enables/disables the clock output (PCL) to the LCD controller/driver, and sets the output clock.
CKS is set with a 1-bit or 8-bit memory manipulation instruction.

'RESET input sets CKS to 00H.

Figure 17-9. Format of Clock Output Selection Register

Address: FF40H  After reset: 00H R/W

Symbol 7 6 5 (4] 3 2 1 0
CKS 0 0 0 CLOE CCS3 CCSs2 CCSst CCSo
CLOE PM140 Specification of enable/disable for clock output
to LCD controller/driver"™*
1 0 Clock output to LCD controller/driver enabled
Other than above Clock output to LCD controller/driver disabled
CCS3 CCs2 CCst CCS0 PCL output clock selection
fsus = frrs = frrs =
32.768 kHz 10 MHz 20 MHz
0 1 1 0 frrs/2° - 156.25 kHz |312.5 kHz
0 1 1 1 frrs/2’ 78.125 kHz [156.25 kHz
1 0 0 0 fsus 32.768 kHz -
Other than above Setting prohibited

Note Enabling/disabling the PCL clock output is specified by combining the PM140 settings (see (7) Port

mode register 14 (PM14)).

Caution Bits 5 to 7 must be set to 0.

Remarks 1. frrs: Peripheral hardware clock oscillation frequency
2. fsus: Subsystem clock oscillation frequency
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6)

Port register 13 (P13)

P13 controls the reset for the LCD controller/driver.

When using the LCD controller/driver, set P130 to 1.

P13 is set with a 1-bit or 8-bit memory manipulation instruction.
'RESET input sets P13 to 00H.

Figure 17-10. Format of Port Register 13

Address: FFODH  After reset: 00H (Output latch) R/W

Symbol 7 6 5 4 3 2 0
P13 0 0 0 0 0 0 P130
P130 LCD controller/driver reset control
0 Reset status set
1 Reset status released
(7) Port mode register 14 (PM14)
PM14 controls the clock output to the LCD controller/driver.
When using the LCD controller/driver, set PM140 to 0.
PM14 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM14 to FFH.
Figure 17-11. Format of Port Mode Register 14
Address: FF2EH  After reset: FFH (Output latch) R/W
Symbol 7 6 5 4 3 2 0
PM14 1 1 1 1 1 1 PM140
PM140 Clock output control to LCD controller/driver
0 Clock output to LCD controller/driver enabled
1 Clock output to LCD controller/driver disabled
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17.4 Setting LCD Controller/Driver

Set the LCD controller/driver using the following procedure.

430

(1) Voltage boosting method

* Operation flow for transition of reset status to display status in LCD controller/driver

<1> Set P130 = 1 to release the reset status.
<2> Set the output clock using the clock output selection register (CKS).
<3> Set PM140 = 0 to set output mode.
<4> Set CLOE (bit 4 of CKS) to 1 to enable the clock output.
<5> Set MDSET1 (bit 1 of LCDMD) to 1 to set the internal voltage boosting method
(initial setting: external resistance division method)
<6> Set the initial values to the LCD display data area (bits 0 to 3) in the LCD display RAM.
<7> Set the display mode using LCDMO, LCDM1, and LCDM2 (bits 0, 1, and 2 of LCD display mode register
(LCDM)) (1/2 bias mode and static mode cannot be set).
<8> Set the LCD clock using LCD clock control register (LCDC).
<9> Set the voltage boost level and contrasts using LCD voltage boost control register 0 (VLCGO).
GAIN =0:Vico=45V,Vict =3V, Vice=15V
GAIN=1:Vco=3V,Viwci =2V, Vic2=1V
<10> Set VLCON (bit 5 of LCDM) to 1 to enable voltage boosting.
<11> Wait for voltage boost wait time (tvawar) from setting of VLCON (see CHAPTER 29 ELECTRICAL
SPECIFICATIONS (TARGET)).
<12> Set SCOC (bit 6 of LCDM) to 1 to output the deselect voltage.
<13> Set LCDON (bit 7 of LCDM) to 1 and set data to the data memory in accordance with the display
contents, after the output corresponding to each data memory is started.

Subsequent to this procedure, set the data to be displayed in the data memory.

Remark The register can be set in 1-bit units because the I°C bus is used for setting.
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(2) Resistance division method
* Operation flow for transition of reset status to display status in LCD controller/driver

<1> Set P130 = 1 to release the reset status.

<2> Set the output clock using the clock output selection register (CKS).

<3> Set PM140 = 0 to set output mode.

<4> Set CLOE (bit 4 of CKS) to 1 to enable the clock output.

<5> Set to the internal voltage boosting method using MDSETO and MDSET1 (bit 0 and 1 of LCDMD).
(MDSETO, MDSET1 = 0, 0: External resistance division method,
MDSETO0, MDSET1 = 0, 1: Internal resistance division method)

<6> Set the initial values to the LCD display data area (bits 0 to 3) in the LCD display RAM.

<7> Set the display mode using LCDMO, LCDM1, and LCDM2 (bits 0, 1, and 2 of LCD display mode register
(LCDM)).

<8> Set the LCD clock using LCD clock control register (LCDC).

<9> Set SCOC (bit 6 of LCDM) to 1 to output the deselect voltage.

<10> Set LCDON (bit 7 of LCDM) to 1 and set data to the data memory in accordance with the display

contents, after the output corresponding to each data memory is started.

Subsequent to this procedure, set the data to be displayed in the data memory.

Remark The register can be set in 1-bit units because the I’C bus is used for setting.
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17.5 LCD Display Data Memory

The LCD display data memory is mapped at addresses 00H to 27H of LCDSEG. Data in the LCD display data

memory can be displayed on the LCD panel using the LCD controller/driver.

Figure 17-12 shows the relationship between the contents of the LCD display data memory and the

segment/common outputs.

Figure 17-12. Relationship Between LCD Display Data Memory Contents and Segment/Common Outputs

Address __Qz__ _P?_ __??_ __Q{_ b3 b2 b1 b0
' 3 K H
LCDSEG's 00H ! ! ! ! — SO
:— ————— 1= === t----- ===
1 1 1
LCDSEG's 01H | ! ! ! — S1
: ------ Jm = — = — I, [
1 1 1
LCDSEG's 02H ! ! ! —- S2
: ______ I oo o 1o [ER——
1 1 1
LCDSEG's 03H | ! ! ! [~ S3
[ (DR, Lo ____ [ I
! 1 [ 1
! 1 1 1
! 1 1 1
! 1 1 1
1 | — | ]
%\\:::
1 1 1
! 1 1 1
:_ _____ L B [
1 1 1
LCDSEG's 25H ! 1 1 ! — S37
A P S
1 1 1
LCDSEG's 26H | ! ! ! — S38
:— ————— 1= = === t - - F--=-
1 1 1
LCDSEG's 27H | ! ! ! — S39
L [ -

T

comM3 com2 CcOMi1 COMo

Caution No memory is allocated to the higher 4 bits of the LCD display data memory. Be sure to set
there bits to 0.
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17.6 Common and Segment Signals

Each pixel of the LCD panel turns on when the potential difference between the corresponding common and

segment signals becomes higher than a specific voltage (LCD drive voltage, Vi.cp).

The pixels turn off when the

potential difference becomes lower than Vi.co.
Applying DC voltage to the common and segment signals of an LCD panel causes deterioration. To avoid this
problem, this LCD panel is driven by AC voltage.

)

)

Common signals

Each common signal is selected sequentially according to a specified number of time slices at the timing
listed in Table 17-3. In the static display mode, the same signal is output to COMO to COM3.

In the two-time-slice mode, leave the COM2 and COM3 pins open. In the three-time-slice mode, leave the
COMS3 pin open.

Table 17-3. COM Signals

COM Signal CcOomMo COM1 CcOom2 COoM3
Number of Time Slices
Static display mode ! | |4 || & | 1A
Two-time-slice mode ] | | Open Open
Three-time-slice mode A ]| Open
Four-time-slice mode A

Segment signals

The segment signals correspond to 40 bytes of LCD display data memory (00H to 27H of LCDSEG). Bits 0,
1, 2, and 3 of each byte are read in synchronization with COM0, COM1, COM2, and COMS3, respectively. If a
bit is 1, it is converted to the select voltage, and if it is O, it is converted to the deselect voltage. The
conversion results are output to the segment pins (SO to S39).

Check, with the information given above, what combination of front-surface electrodes (corresponding to the
segment signals) and rear-surface electrodes (corresponding to the common signals) forms display patterns
in the LCD display data memory, and write the bit data that corresponds to the desired display pattern on a
one-to-one basis.

LCD display data memory bits 1 to 3, bits 2 and 3, and bit 3 are not used for LCD display in the static display,
two-time slot, and three-time slot modes, respectively. So these bits can be used for purposes other than
display.

LCD display data memory bits 4 to 7 are fixed to 0.
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(3) Output waveforms of common and segment signals
The voltages listed in Table 17-4 are output as common and segment signals.
When both common and segment signals are at the select voltage, a display on-voltage of £Vicp is obtained.
The other combinations of the signals correspond to the display off-voltage.

Table 17-4. LCD Drive Voltage

(a) Static display mode

Segment Signal Select Signal Level Deselect Signal Level
Common Signal LVss/Vico Vico/LVss
Vico/LVss —Vieo/+Vico ov/ov
(b) 1/2 bias method
Segment Signal Select Signal Level Deselect Signal Level
Common Signal LVss/Vico Vico/LVss
Select signal level Vico/LVss —Vieo/+Viep ov/ov
1 1 1 1
Deselect signal level Vict = Vicz —?VLCD/+? Vico +? VLCD/—? Viep
(c) 1/3 bias method
Segment Signal Select Signal Level Deselect Signal Level
Common Signal LVss/Vico Vict/Vicz
1 1
Select signal level Vico/LVss —Vieo/+Vico Y VLCD/+€ Viep
) 1 1 1 1
Deselect signal level Vice/Vict —?VLCD/+? Vico 3 VLCD/+§VLCD

434
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Figure 17-13 shows the common signal waveforms, and Figure 17-14 shows the voltages and phases of the
common and segment signals.

Figure 17-13. Common Signal Waveforms

(a) Static display mode

COMn
Vico
(Static display)
T: One LCD clock period Tr: Frame frequency
(b) 1/2 bias method
COMn
— Vico
(Two-time slot mode)
Tr=2xT
COMn
— Vico
(Three-time slot mode)
Te=3xT
T: One LCD clock period Tr: Frame frequency
(c) 1/3 bias method
fffffffffffffffffffffffffffffffffff Vico
Mn  —]---
coMn —+- xl_m Vieo
(Three-time slot mode) o2
- ---—-—— - LVss
TF=3xT
ffffffffffffffffffffffffffffffffffffff Vico
Mn  —]---
COMn xl_m Vieo
T LCc2
(Four-time slotmode) | ( 7‘ 77777777777777777777777777 LVss
| Te=4xT |
T: One LCD clock period Tr: Frame frequency
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Figure 17-14. Voltages and Phases of Common and Segment Signals

(a) Static display mode

Select Deselect
e Vi
1 L 1
Common signal ! ! ! ! Vico
T T
1 L 1
L Vi
| | | |
| | | |
Segment signal | | | | Vico
| | | |
R S N
| | | |
D
T: One LCD clock period
(b) 1/2 bias method
Select Deselect
e Vi
Common signal - - S--4--F---——-- Vicz |Viop
R
l l l l
| | | |
c 1 1 Vo
| | | |
Segment signal - - ---{--------{-- == Vicz |Vico
| | | |
R S i YN
| | | |
R
T: One LCD clock period
(c) 1/3 bias method
Select Deselect
S i
. e |
ommon signa 777:77 77:7777£77 Vics LCD
e
l l l l
| | | |
it e i~~~ Vico
Segment si naliﬁlﬁ ”:””‘_J:” Vier
d g ST N L Ve Vicp
S - ~ =~ LVss
| | | |
S

T: One LCD clock period
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17.7 Display Modes

17.7.1 Static display example

Figure 17-16 shows how the five-digit LCD panel having the display pattern shown in Figure 17-15 is connected to
the segment signals (SO to S39) and the common signal (COMO) of the 78K0/LG2 chip. This example displays data
"12.345" in the LCD panel. The contents of the display data memory (addresses 00H to 27H of LCDSEG) correspond
to this display.

The following description focuses on numeral "2." ( Z.) displayed in the fourth digit. To display "2." in the LCD
panel, it is necessary to apply the select or deselect voltage to the S24 to S31 pins according to Table 17-5 at the
timing of the common signal COMO; see Figure 17-15 for the relationship between the segment signals and LCD
segments.

Table 17-5. Select and Deselect Voltages (COMO)

Segment S24 S25 S26 S27 S28 S29 S30 S31

Common

CcOMo Select Deselect Select Select Deselect Select Select Select

According to Table 17-5, it is determined that the bit-0 pattern of the display data memory locations (18H to 1FH of
LCDSEG) must be 10110111.

Figure 17-17 shows the LCD drive waveforms of S27 and S28, and COMO0. When the select voltage is applied to
S27 at the timing of COMO, an alternate rectangle waveform, +Vico/-Vicp, is generated to turn on the corresponding
LCD segment.

COM1 to COMS3 are supplied with the same waveform as for COM0. So, COMO to COM3 may be connected
together to increase the driving capacity.

Figure 17-15. Static LCD Display Pattern and Electrode Connections

Sen+3

Sen+4 4U Ssns2

> —— Sans COMO

San+6 *U SSn+1

Oi Sén

Sen+7

Remark n=0to4
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Figure 17-16. Example of Connecting Static LCD Panel
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Figure 17-17. Static LCD Drive Waveform Examples

COomMo

S27

S28

COMo-S27

COMO0-S28

TF
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17.7.2 Two-time-slice display example

Figure 17-19 shows how the 10-digit LCD panel having the display pattern shown in Figure 17-18 is connected to
the segment signals (SO to S39) and the common signals (COMO and COM1) of the 78KO0/LG2 chip. This example
displays data "123456.7890" in the LCD panel. The contents of the display data memory (addresses 00H to 27H of
LCDSEG) correspond to this display.

The following description focuses on numeral "3" ( =) displayed in the eighth digit. To display "3" in the LCD panel,
it is necessary to apply the select or deselect voltage to the S28 to S31 pins according to Table 17-6 at the timing of
the common signals COMO and COM1; see Figure 17-18 for the relationship between the segment signals and LCD
segments.

Table 17-6. Select and Deselect Voltages (COMO and COM1)

Segment S28 S29 S30 S31
Common
COMo Select Select Deselect | Deselect
COM1 Deselect Select Select Select

According to Table 17-6, it is determined that the display data memory location (1FH of LCDSEG) that
corresponds to S31 must contain xx10.

Figure 17-20 shows examples of LCD drive waveforms between the S31 signal and each common signal. When
the select voltage is applied to S31 at the timing of COM1, an alternate rectangle waveform, +ViLco/~Vicp, is generated
to turn on the corresponding LCD segment.

Figure 17-18. Two-Time-Slice LCD Display Pattern and Electrode Connections

Sans2 San+1 COMO

Sanss *M San

Remark n=0to9

COM1
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Figure 17-19. Example of Connecting Two-Time-Slice LCD Panel
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x: Can always be used to store any data because the two-time-slice mode is being used.
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Figure 17-20. Two-Time-Slice LCD Drive Waveform Examples (1/2 Bias Method)

TF

Vico

COMO Vict,2

LVss

Vico

COM1 Vici2

LVss

Vico

S31 Vici2

LVss

+Vicp

+1/2Vieo

COMO0-S31 0

-1/2Vico

-Vico

+Vico

+1/2V1icp

COM1-S31 0

-1/2Vicop

-Vico

442 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 17 LCD CONTROLLER/DRIVER

17.7.3 Three-time-slice display example

Figure 17-22 shows how the 13-digit LCD panel having the display pattern shown in Figure 17-21 is connected to
the segment signals (SO to S38) and the common signals (COMO to COM2) of the 78K0/LG2 chip. This example
displays data "123456.7890123" in the LCD panel. The contents of the display data memory (addresses 00H to 26H
of LCDSEG) correspond to this display.

The following description focuses on numeral "6." (=.) displayed in the eighth digit. To display "6." in the LCD
panel, it is necessary to apply the select or deselect voltage to the S21 to S23 pins according to Table 17-7 at the
timing of the common signals COMO0 to COM2; see Figure 17-21 for the relationship between the segment signals and
LCD segments.

Table 17-7. Select and Deselect Voltages (COMO0 to COM2)

Segment S21 S22 S23
Common
COMO Deselect Select Select
COM1 Select Select Select
COM2 Select Select -

According to Table 17-7, it is determined that the display data memory location (15H of LCDSEG) that
corresponds to S21 must contain x110.

Figures 17-23 and 17-24 show examples of LCD drive waveforms between the S21 signal and each common
signal in the 1/2 and 1/3 bias methods, respectively. When the select voltage is applied to S21 at the timing of COM1
or COM2, an alternate rectangle waveform, +ViLco/—VLcp, is generated to turn on the corresponding LCD segment.

Figure 17-21. Three-Time-Slice LCD Display Pattern and Electrode Connections
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Remark n=0to 12
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Figure 17-22. Example of Connecting Three-Time-Slice LCD Panel
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x’: Can be used to store any data because there is no corresponding segment in the LCD panel.

x: Can always be used to store any data because the three-time-slice mode is being used.
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Figure 17-23. Three-Time-Slice LCD Drive Waveform Examples (1/2 Bias Method)
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446

Figure 17-24. Three-Time-Slice LCD Drive Waveform Examples (1/3 Bias Method)
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17.7.4 Four-time-slice display example

Figure 17-26 shows how the 20-digit LCD panel having the display pattern shown in Figure 17-25 is connected to
the segment signals (SO to S39) and the common signals (COMO to COMS3) of the 78K0/LG2 chip. This example
displays data "123456.78901234567890" in the LCD panel. The contents of the display data memory (addresses 00H
to 27H of LCDSEG) correspond to this display.

The following description focuses on numeral "6." (=.) displayed in the 15th digit. To display "6." in the LCD panel,
it is necessary to apply the select or deselect voltage to the S28 and S29 pins according to Table 17-8 at the timing of
the common signals COMO to COMS; see Figure 17-25 for the relationship between the segment signals and LCD
segments.

Table 17-8. Select and Deselect Voltages (COMO0 to COM3)

Segment S28 S29
Common
COMo Select Select
COM1 Deselect Select
COM2 Select Select
COM3 Select Select

According to Table 17-8, it is determined that the display data memory location (1CH of LCDSEG) that
corresponds to S28 must contain 1101.

Figure 17-27 shows examples of LCD drive waveforms between the S28 signal and each common signal. When
the select voltage is applied to S28 at the timing of COMO, an alternate rectangle waveform, +Vico/~Vicp, is generated
to turn on the corresponding LCD segment.

Figure 17-25. Four-Time-Slice LCD Display Pattern and Electrode Connections
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Remark n=0to 19
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Figure 17-26. Example of Connecting Four-Time-Slice LCD Panel
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Figure 17-27. Four-Time-Slice LCD Drive Waveform Examples (1/3 Bias Method)
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Remark The waveforms for COM2 to S28 and COM3 to S28 are omitted.
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17.8 Supplying LCD Drive Voltages ViLco, VLc1, and Vic2

With the 78K0/LG2, a LCD drive power supply can be generated using either of three types of methods: internal
resistance division method, external resistance division method, or internal voltage boosting method.

17.8.1 Internal resistance division method

The 78KO0/LG2 incorporates voltage divider resistors for generating LCD drive power supplies. Using internal
voltage divider resistors, a LCD drive power supply that meet each bias method listed in Table 17-9 can be generated,
without using external voltage divider resistors.

Table 17-9. LCD Drive Voltages (with On-Chip Voltage Divider Resistors)

Bias Method No Bias (Static) 1/2 Bias Method 1/3 Bias Method
LCD Drive Voltage Pin
Vico Vico Vico Vico
V i Vi 17 V Note i vV
LC1 3 LCD 2 LCD 3 LCD
V s Vi 1 V
LC2 3 LCD 3 LCD

Note For the 1/2 bias method, it is necessary to connect the Vict and Vicz pins externally.

Figure 17-28 shows examples of generating LCD drive voltages internally according to Table 17-9.
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Figure 17-28. Examples of LCD Drive Power Connections (Internal Resistance Division Method)

(a) 1/3 bias method and static display mode
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17.8.2 External resistance division method

The 78K0/LG2 can also use external voltage divider resistors for generating LCD drive power supplies, without
using internal resistors. Figure 17-29 shows examples of LCD drive voltage connection, corresponding to each bias
method.

Figure 17-29. Examples of LCD Drive Power Connections (External Resistance Division Method)

(a) Static display mode (b) 1/2 bias method
Vieco Vico
Vico CCI)\ Vico CCI)\
R
Vict \O\ Vict \O\
Vice (O Vice (O
R R
LVss 0) LVss 0)
7T 7T

(c) 1/3 bias method
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Vici
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17.8.3 Internal voltage boosting method

The 78K0/LG2 contains a booster circuit (x3 only) to generate a supply voltage to drive the LCD. The internal LCD
reference voltage is output from the Vic2 pin. A voltage two times higher than that on Vicz is output from the Vic1 pin
and a voltage three times higher than that on Vicz is output from the Vico pin.

The LCD reference voltage (Vicz) can be specified by setting LCD boost control register 0 (VLCGO).

The 78K0/LG2 requires an external capacitor (recommended value: 0.47 uF) when the internal voltage boosting
method is selected.

Table 17-10. Output Voltages of Vico to Vic2 Pins

VLCGO GAIN =0 GAIN =1
LCD drive power supply pin
Vico 45V 3.0V
Vici 3.0V 20V
Vicz (LCD reference voltage) 1.5V 1.0V

Cautions 1. When using the LCD function, do not leave the Vico, ViLci, and Vic2 pins open. Refer to
Figure 17-30 for connection.
2. Since the LCD drive voltage is separate from the main power supply, a constant voltage
can be supplied regardless of Voo and LVob fluctuation.

Figure 17-30. Example of Connecting Pins for LCD Driver
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Remark Use a capacitor with as little leakage as possible.
In addition, make C1 a nonpolar capacitor.
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CHAPTER 18 MULTIPLIER/DIVIDER
(uPD78F0395, 78F0397, AND 78F0397D ONLY)
Only for the xPD78F0395, 78F0397, and 78F0397D, the multiplier/divider is provided.
18.1 Functions of Multiplier/Divider
The multiplier/divider has the following functions.

e 16 bits x 16 bits = 32 bits (multiplication)
¢ 32 bits + 16 bits = 32 bits, 16-bit remainder (division)

18.2 Configuration of Multiplier/Divider
The multiplier/divider includes the following hardware.

Table 18-1. Configuration of Multiplier/Divider

Item Configuration

Registers Remainder data register 0 (SDRO)
Multiplication/division data registers AO (MDAOH, MDAOL)

Multiplication/division data registers BO (MDBO)

Control register Multiplier/divider control register 0 (DMUCO)

Figure 18-1 shows the block diagram of the multiplier/divider.
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Figure 18-1. Block Diagram of Multiplier/Divider
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CHAPTER 18 MULTIPLIER/DIVIDER (4PD78F0395, 78F0397, AND 78F0397D ONLY)

(1) Remainder data register 0 (SDRO0)
SDRO is a 16-bit register that stores a remainder. This register stores 0 in the multiplication mode and the
remainder of an operation result in the division mode.
SDRO can be read by an 8-bit or 16-bit memory manipulation instruction.
RESET input clears SDRO to 0000H.

Figure 18-2. Format of Remainder Data Register 0 (SDRO0)

Address: FF60H, FF61H  After reset: 0000H R
Symbol FF61H (SDROH) FF60H (SDROL)

N N
4 N 7 A

SDRO SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR
015 | 014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 00O

Cautions 1. The value read from SDRO during operation processing (while bit 7 (DMUE) of
multiplier/divider control register 0 (DMUCO) is 1) is not guaranteed.
2. SDRO is reset when the operation is started (when DMUE is set to 1).

(2) Multiplication/division data register AO (WVDAOH, MDAOL)
MDAO is a 32-bit register that sets a 16-bit multiplier A in the multiplication mode and a 32-bit dividend in the
division mode, and stores the 32-bit result of the operation (higher 16 bits: MDAOH, lower 16 bits: MDAOL).

Figure 18-3. Format of Multiplication/Division Data Register AO (MDAOH, MDAOL)

Address: FF62H, FF63H, FF64H, FF65H  After reset: 0000H, 0000H  R/W
Symbol FF65H (MDAOHH) FF64H (MDAOHL)

N N
4 N A

MDAOH | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA
031 | 030 | 029 | 028 | 027 | 026 | 025 | 024 | 023 | 022 | 021 | 020 | 019 | 018 | 017 | 016

Symbol FF63H (MDAOLH) FF62H (MDAOLL)

N N

MDAOL | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA
015 | 014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 00O

Cautions 1. MDAOH is cleared to 0 when an operation is started in the multiplication mode (when
multiplier/divider control register 0 (DMUCO) is set to 81H).

2. Do not change the value of MDAO during operation processing (while bit 7 (DMUE) of
multiplier/divider control register 0 (DMUCO) is 1). Even in this case, the operation is
executed, but the result is undefined.

3. The value read from MDAO during operation processing (while DMUE is 1) is not guaranteed.
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CHAPTER 18 MULTIPLIER/DIVIDER (4PD78F0395, 78F0397, AND 78F0397D ONLY)

The functions of MDAO when an operation is executed are shown in the table below.

Table 18-2. Functions of MDAO During Operation Execution

DMUSELO Operation Mode Setting Operation Result
0 Division mode Dividend Division result (quotient)
1 Multiplication mode Higher 16 bits: 0, Lower 16 Multiplication result
bits: Multiplier A (product)

The register configuration differs between when multiplication is executed and when division is executed, as
follows.

¢ Register configuration during multiplication
<Multiplier A> <Multiplier B> <Product>
MDAO (bits 15 to 0) x MDBO (bits 15 to 0) = MDAO (bits 31 to 0)

» Reqgister configuration during division
<Dividend> <Divisor> <Quotient> <Remainder>
MDAO (bits 31 to 0) + MDBO (bits 15 to 0) = MDAO (bits 31 to 0) ... SDRO (bits 15 to 0)

MDAO fetches the calculation result as soon as the clock is input, when bit 7 (DMUE) of multiplier/divider
control register 0 (DMUCO) is set to 1.

MDAOH and MDAOL can be set by an 8-bit or 16-bit memory manipulation instruction.

RESET input clears MDAOH and MDAOL to 0000H.

(3) Multiplication/division data register BO (MDBO0)
MDBO is a register that stores a 16-bit multiplier B in the multiplication mode and a 16-bit divisor in the
division mode.
MDBO can be set by an 8-bit or 16-bit memory manipulation instruction.
RESET input clears MDBO to 0000H.

Figure 18-4. Format of Multiplication/Division Data Register BO (MDBO0)

Address: FF66H, FF67H  After reset: 0000H R/W
Symbol FF67H (MDBOH) FF66H (MDBOL)

N N
4 N A

MDBO MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB
015 | 014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 00O

Cautions 1. Do not change the value of MDBO during operation processing (while bit 7 (DMUE) of
multiplier/divider control register 0 (DMUCO) is 1). Even in this case, the operation is
executed, but the result is undefined.

2. Do not clear MDBO to 0000H in the division mode. If set, undefined operation results are
stored in MDAO and SDRO.

Preliminary User's Manual U17473EJ1VOUD 457
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18.3 Register Controlling Multiplier/Divider
The multiplier/divider is controlled by multiplier/divider control register 0 (DMUCO).

(1) Multiplier/divider control register 0 (DMUCO0)
DMUCO is an 8-bit register that controls the operation of the multiplier/divider.
DMUCO can be set by a 1-bit or 8-bit memory manipulation instruction.
'RESET input clears DMUCO to 00H.

Figure 18-5. Format of Multiplier/Divider Control Register 0 (DMUCO0)

Address: FF68H  After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
DMUCO DMUE 0 0 0 0 0 0 DMUSELO
DMUENet Operation start/stop
0 Stops operation
1 Starts operation
DMUSELO Operation mode (multiplication/division) selection
0 Division mode
1 Multiplication mode

Note When DMUE is set to 1, the operation is started. DMUE is automatically cleared to O after the operation is
complete.

Cautions 1. If DMUE is cleared to 0 during operation processing (when DMUE is 1), the operation result
is not guaranteed. If the operation is completed while the clearing instruction is being
executed, the operation result is guaranteed, provided that the interrupt flag is set.

2. Do not change the value of DMUSELO during operation processing (while DMUE is 1). Ifitis
changed, undefined operation results are stored in multiplication/division data register A0
(MDAO0) and remainder data register 0 (SDRO0).

3. If DMUE is cleared to 0 during operation processing (while DMUE is 1), the operation
processing is stopped. To execute the operation again, set multiplication/division data
register A0 (MDAO), multiplication/division data register BO (MDBO0), and multiplier/divider
control register 0 (DMUCO0), and start the operation (by setting DMUE to 1).
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CHAPTER 18 MULTIPLIER/DIVIDER (4PD78F0395, 78F0397, AND 78F0397D ONLY)

18.4 Operations of Multiplier/Divider
18.4.1 Multiplication operation

e Initial setting
1. Set operation data to multiplication/division data register AOL (MDAOL) and multiplication/division data register
BO (MDBO).
2. Set bits 0 (DMUSELO) and 7 (DMUE) of multiplier/divider control register 0 (DMUCO) to 1. Operation will start.
¢ During operation
3. The operation will be completed when 16 internal clocks have been issued after the start of the operation
(intermediate data is stored in the MDAOL and MDAOH registers during operation, and therefore the read
values of these registers are not guaranteed).
¢ End of operation
4. The operation result data is stored in the MDAOL and MDAOH registers.
5. DMUE is cleared to 0 (end of operation).
6. After the operation, an interrupt request signal (INTDMU) is generated.
¢ Next operation
7. To execute multiplication next, start from the initial setting in 18.4.1 Multiplication operation.
8. To execute division next, start from the initial setting in 18.4.2 Division operation.
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Figure 18-6. Timing Chart of Multiplication Operation (00DAH x 0093H)
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CHAPTER 18 MULTIPLIER/DIVIDER (4PD78F0395, 78F0397, AND 78F0397D ONLY)

18.4.2 Division operation

o Initial setting
1. Set operation data to multiplication/division data register AO (MDAOL and MDAOH) and multiplication/division
data register BO (MDBO).
2. Set bits 0 (DMUSELO) and 7 (DMUE) of muiltiplier/divider control register 0 (DMUCO) to 0 and 1, respectively.
Operation will start.
¢ During operation
3. The operation will be completed when 32 internal clocks have been issued after the start of the operation
(intermediate data is stored in the MDAOL and MDAOH registers and remainder data register 0 (SDRO0) during
operation, and therefore the read values of these registers are not guaranteed).
¢ End of operation
4. The result data is stored in the MDAOL, MDAOH, and SDRO registers.
5. DMUE is cleared to 0 (end of operation).
6. After the operation, an interrupt request signal (INTDMU) is generated.
¢ Next operation
7. To execute multiplication next, start from the initial setting in 18.4.1 Multiplication operation.
8. To execute division next, start from the initial setting in 18.4.2 Division operation.
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CHAPTER 19 INTERRUPT FUNCTIONS

.1 Interrupt Function Types
The following two types of interrupt functions are used.

Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specification flag registers (PROL, PROH, PR1L, PR1H).
Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. |If
two or more interrupts with the same priority are generated simultaneously, each interrupt is serviced according to
its predetermined priority (see Table 19-1).
A standby release signal is generated and STOP and HALT modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.
e 4uPD78F0393

External: 7, internal: 16
e 4uPD78F0395, 78F0397, 78F0397D

External: 7, internal: 19

Software interrupt
This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts
are disabled. The software interrupt does not undergo interrupt priority control.

.2 Interrupt Sources and Configuration

The 4PD78F0393 has a total of 24 interrupt sources, and the ¢xPD78F0395, 78F0397, and 78F0397D have a total

of 27 interrupt sources, including maskable interrupts and software interrupts. In addition, they also have up to four

reset sources (see Table 19-1).
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Table 19-1. Interrupt Source List (1/2)

Interrupt Default Interrupt Source Internal/ Vector Basic
: :1. Note 1 . .
Type Priority Name Trigger External Table Conflgu':e?t:on
Address Type™™
Maskable 0 INTLVI Low-voltage detection"™** Internal 0004H (A)
1 INTPO Pin input edge detection External 0006H (B)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTP5 0010H
7 INTSRE6 UARTS6 reception error generation Internal 0012H (A)
8 INTSR6 End of UART6 reception 0014H
9 INTST6 End of UART®6 transmission 0016H
10 INTCSI10/ End of CSI10 communication/end of UARTO 0018H
INTSTO transmission
11 INTTMH1 Match between TMH1 and CMPO1 001AH
(when compare register is specified)
12 INTTMHO Match between TMHO and CMP0O 001CH
(when compare register is specified)
13 INTTM50 Match between TM50 and CR50 001EH
(when compare register is specified)
14 INTTMO00 Match between TM00 and CR0O00 0020H
(when compare register is specified),
TI010 pin valid edge detection
(when capture register is specified)
15 INTTMO10 Match between TM00 and CR010 0022H
(when compare register is specified),
TI000 pin valid edge detection
(when capture register is specified)
16 INTAD End of A/D conversion 0024H
17 INTSRO End of UARTO reception or reception error 0026H
generation
18 INTWTI Watch timer reference time interval signal 0028H
19 INTTM51 Match between TM51 and CR51 002AH
(when compare register is specified)
20 INTKR Key interrupt detection External 002CH (©)
21 INTWT Watch timer overflow Internal 002EH (A)

Notes 1. The default priority is the priority applicable when two or more maskable interrupts are generated
simultaneously. 0 is the highest priority, and 25 is the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) in Figure 19-1.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is cleared to 0.
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Table 19-1. Interrupt Source List (2/2)

Interrupt Default Interrupt Source Internal/ Vector Basic
Type Priority™™" Name Trigger External Table Configuration
Address Type"*?
Maskable 22 INTIICO/ End of IICO communication/end of Internal 0034H (A)
INTDMU™*® | multiply/divide operation
23 INTCSI11""*? | End of CSI11 communication 0036H
24 INTTM001™** | Match between TMO1 and CROO1 0038H
(when compare register is specified),
TI011 pin valid edge detection
(when capture register is specified)
25 INTTMO11"** | Match between TMO1 and CR0O11 003AH
(when compare register is specified),
TI001 pin valid edge detection
(when capture register is specified)
Software - BRK BRK instruction execution - 003EH (D)
Reset - RESET Reset input - 0000H -
POC Power-on clear
LVI Low-voltage detection"***
WDT WDT overflow
Notes 1. The default priority is the priority applicable when two or more maskable interrupts are generated
simultaneously. 0 is the highest priority, and 25 is the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) in Figure 19-1.
3. The interrupt sources INTDMU, INTCSI11, INTTMO01, and INTTMO11 are available only in the
uPD78F0395, 78F0397, and 78F0397D.
4. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.

Preliminary User’'s Manual U17473EJ1VOUD

465
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Figure 19-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal maskable interrupt

Internal bus

Interrupt
request

IE

ISP

%

’4

D

Priority controller

Vector table
address generator

(B) External maskable interrupt (INTPO to INTP5)

Standby release signal

S Internal bus
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
L Vector table
Interrupt 1 Edge IF Priority controller address generator
request detector

IF: Interrupt request flag

IE: Interrupt enable flag

ISP:  In-service priority flag

MK:  Interrupt mask flag

PR:  Priority specification flag
466

Preliminary User's Manual U17473EJ1VOUD

Standby release signal



CHAPTER 19 INTERRUPT FUNCTIONS

Figure 19-1. Basic Configuration of Interrupt Function (2/2)

(C) External maskable interrupt (INTKR)

S Internal bus S

MK IE PR ISP

Interrupt Key :E} Priority controlier - Vector table
request ﬁ:)i interrupt IF y address generator

detector

1whenKRMn=1(n=0t07)

Standby release signal

(D) Software interrupt

S Internal bus S

Interrupt Priority controller Vector table
request address generator
IF: Interrupt request flag
IE: Interrupt enable flag

ISP:  In-service priority flag
MK:  Interrupt mask flag

PR:  Priority specification flag
KRM: Key return mode register

19.3 Registers Controlling Interrupt Functions
The following 6 types of registers are used to control the interrupt functions.

o Interrupt request flag register (IFOL, IFOH, IF1L, IF1H)

e Interrupt mask flag register (MKOL, MKOH, MK1L, MK1H)

o Priority specification flag register (PROL, PROH, PR1L, PR1H)
e External interrupt rising edge enable register (EGP)

o External interrupt falling edge enable register (EGN)

e Program status word (PSW)

Table 19-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding
to interrupt request sources.
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Table 19-2. Flags Corresponding to Interrupt Request Sources

Interrupt Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Source Register Register Register
INTLVI LVIIF IFOL LVIMK MKOL LVIPR PROL
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMKA1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTP4 PIF4 PMK4 PPR4
INTP5 PIF5 PMK5 PPR5
INTSRE6 SREIF6 SREMK®6 SREPR6
INTSR6 SRIF6 IFOH SRMK6 MKOH SRPR6 PROH
INTST6 STIF6 STMK6 STPR6
|INTCSIO____ | CSIIF10__ | DUALIFO CSIMK10_| DUALMKO CSIPRI0_| DUALPRO
INTSTO sTF0 | STMKO | STPRO |
INTTMH1 TMIFH1 TMMKH1 TMPRH1
INTTMHO TMIFHO TMMKHO TMPRHO
INTTM50 TMIF50 TMMK50 TMPR50
INTTMO0O TMIFO00 TMMKO00 TMPRO000
INTTMO10 TMIFO10 TMMKO010 TMPRO10
INTAD ADIF IF1L ADMK MK1L ADPR PR1L
INTSRO SRIFO SRMKO SRPRO
INTWTI WTIIF WTIMK WTIPR
INTTM51 TMIF51 TMMK51 TMPR51
INTKR KRIF KRMK KRPR
INTWT WTIF WTMK WTPR
INTIICO IICIFO IF1H IICMKO MK1H IICPRO PR1H
INTDMUM"® DMUIF™"*? DMUMK"** DMUPR""*®
INTCSI11"*® CSIIF11"*? CSIMK11"*? CSIPR11"*®
INTTMO01""*® TMIF001""? TMMKO001"** TMPR001""**
INTTMO11%"*? TMIFO11%"? TMMKO11"%*? TMPRO11"*®
Notes 1. If either interrupt source INTCSI10 or INTSTO is generated, these flags are set (1).

2. Both interrupt sources INTCSI10 and INTSTO are supported.

3. uPD78F0395, 78F0397, and 78F0397D only.
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CHAPTER 19 INTERRUPT FUNCTIONS

(1) Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)

The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is

executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request or
upon RESET input.
When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt

routine is entered.
IFOL, IFOH, IF1L, and IF1H are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH, and
IF1L and IF1H are combined to form 16-bit registers IFO and IF1, they are set by a 16-bit memory manipulation

instruction.

RESET input clears these registers to 00H.

Figure 19-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H)

Address: FFEOH After reset: 00H R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IFOL SREIF6 PIF5 PIF4 PIF3 PIF2 PIF1 PIFO LVIIF
Address: FFE1H  Afterreset: 0O0OH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IFOH TMIFO10 TMIF000 TMIF50 TMIFHO TMIFH1 DUALIFO STIF6 SRIF6
CSIIF10
STIFO
Address: FFE2H After reset: O0H R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IF1L 0 0 WTIF KRIF TMIF51 WTIIF SRIFO ADIF
Address: FFE3H After reset: 0O0H R/W
Symbol 7 6 5 4 <3> <2> <1> <0>
IF1H 0 0 0 0 TMIFO11"* | TMIFOO1"™™ | CSIIF11™* IICIFO
DMUIF ™"
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Note «PD78F0395, 78F0397, and 78F0397D only.

Cautions 1.
2.

Be sure to clear bits 6 and 7 of IF1L to 0.

Be sure to clear bits 1 to 7 of IF1H to 0 for the #PD78F0393. Be sure to clear bits 4 to 7 of
IF1H to 0 for the xPD78F0395, 78F0397, and 78F0397D.

When operating a timer, serial interface, or A/D converter after standby release, operate it
once after clearing the interrupt request flag. An interrupt request flag may be set by noise.
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Cautions 4. When manipulating a flag of the interrupt request flag register, use a 1-bit memory

470

manipulation instruction (CLR1). When describing in C language, use a bit manipulation
instruction such as “IFOL.0 = 0;” or “_asm(“clr1 IFOL, 0”);” because the compiled assembler
must be a 1-bit memory manipulation instruction (CLR1).

If a program is described in C language using an 8-bit memory manipulation instruction such
as “IFOL &= Oxfe;” and compiled, it becomes the assembler of three instructions.

mov a, IFOL
and a, #OFEH
mov IFOL, a

In this case, even if the request flag of another bit of the same interrupt request flag register
(IFOL) is set to 1 at the timing between “mov a, IFOL” and “mov IFOL, a”, the flag is cleared to
0 at “mov IFOL, a”. Therefore, care must be exercised when using an 8-bit memory
manipulation instruction in C language.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing.
MKOL, MKOH, MK1L, and MK1H are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and
MKOH, and MK1L and MK1H are combined to form 16-bit registers MKO and MK1, they are set by a 16-bit
memory manipulation instruction.
RESET input sets these registers to FFH.

Figure 19-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L, MK1H)

Address: FFE4H  After reset: FFH R/W

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

MKOL SREMK6 PMK5 PMK4 PMK3 PMK2 PMK1 PMKO LVIMK

Address: FFE5H After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOH TMMKO10 | TMMKO0O | TMMK50 | TMMKHO | TMMKH1 | DUALMKO STMK6 SRMK6
CSIMKO
STMKO

Address: FFE6H After reset: FFH R/W

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

MK1L 1 1 WTMK KRMK TMMK51 WTIMK SRMKO ADMK

Address: FFE7H  After reset: FFH R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
MK1H 1 1 1 1 TMMKO011"*°|TMMKO001""*| CSIMK11**| IICMKO
DMUMK"*
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Note #PD78F0395, 78F0397, and 78F0397D only.
Cautions 1. Be sure to set bits 6 and 7 of MK1L to 1.

2. Be sure to set bits 1 to 7 of MK1H to 1 for the 4PD78F0393. Be sure to set bits 4 to 7 of MK1H
to 1 for the 4PD78F0395, 78F0397, and 78F0397D.
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(3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)
The priority specification flag registers are used to set the corresponding maskable interrupt priority order.
PROL, PROH, PR1L, and PR1H are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH,
and PR1L and PR1H are combined to form 16-bit registers PRO and PR1, they are set by a 16-bit memory
manipulation instruction.
RESET input sets these registers to FFH.

Figure 19-4. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H)

Address: FFE8H After reset: FFH R/W

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

PROL SREPR6 PPR5 PPR4 PPR3 PPR2 PPR1 PPRO LVIPR

Address: FFE9QH  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROH TMPRO10 | TMPRO0OO | TMPR50 TMPRHO | TMPRH1 | DUALPRO STPR6 SRPR6
CSIPR10
STPRO

Address: FFEAH  After reset: FFH R/W

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

PR1L 1 1 WTPR KRPR TMPR51 WTIPR SRPRO ADPR

Address: FFEBH  After reset: FFH R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
PR1H 1 1 1 1 TMPR011"*| TMPR001"*| CSIPR11"*| IICPRO
DMUPR"™"
XXPRX Priority level selection
0 High priority level
1 Low priority level

Note #PD78F0395, 78F0397, and 78F0397D only.
Cautions 1. Be sure to set bits 6 and 7 of PR1L to 1.

2. Be sure to set bits 1 to 7 of PR1H to 1 for the 4PD78F0393. Be sure to set bits 4 to 7 of PR1H
to 1 for the 4PD78F0395, 78F0397, and 78F0397D.
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(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable register (EGN)
These registers specify the valid edge for INTPO to INTP5.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 19-5. Format of External Interrupt Rising Edge Enable Register (EGP)
and External Interrupt Falling Edge Enable Register (EGN)

Address: FF48H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGP 0 0 EGP5 EGP4 EGP3 EGP2 | EGP1 | EGPO

Address: FF49H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGN 0 0 EGN5 EGN4 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection (n =0 to 7)
0 0 Edge detection disabled
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Table 19-3 shows the ports corresponding to EGPn and EGNn.

Table 19-3. Ports Corresponding to EGPn and EGNn

Detection Enable Register Edge Detection Port Interrupt Request Signal
EGPO EGNO P120 INTPO
EGP1 EGN1 P30 INTP1
EGP2 EGN2 P31 INTP2
EGP3 EGNS3 P32 INTP3
EGP4 EGN4 P33 INTP4
EGP5 EGN5 P16 INTP5

Caution Select the port mode by clearing EGPn and EGNn to 0 because an edge may be
detected when the external interrupt function is switched to the port function.

Remark n=0to5
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(5) Program status word (PSW)
The program status word is a register used to hold the instruction execution result and the current status for an
interrupt request. The IE flag that sets maskable interrupt enable/disable and the ISP flag that controls multiple
interrupt servicing are mapped to the PSW.
Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed,
the contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt
request is acknowledged, the contents of the priority specification flag of the acknowledged interrupt are
transferred to the ISP flag. The PSW contents are also saved into the stack with the PUSH PSW instruction.
They are restored from the stack with the RETI, RETB, and POP PSW instructions.
RESET input sets PSW to 02H.

Figure 19-6. Format of Program Status Word

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

PSW| IE Z |RBS1| AC |RBSO| 0 ISP | CY 02H

= Used when normal instruction is executed

ISP Priority of interrupt currently being serviced

0 | High-priority interrupt servicing (low-priority
interrupt disabled)

1 Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

IE Interrupt request acknowledgment enable/disable

0 Disabled

1 Enabled
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19.4 Interrupt Servicing Operations

19.4.1 Maskable interrupt acknowledgement

A maskable interrupt becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK) flag
corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are
in the interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is not
acknowledged during servicing of a higher priority interrupt request (when the ISP flag is reset to 0). The times from
generation of a maskable interrupt request until interrupt servicing is performed are listed in Table 19-4 below.

For the interrupt request acknowledgement timing, see Figures 19-8 and 19-9.

Table 19-4. Time from Generation of Maskable Interrupt Until Servicing

Minimum Time Maximum Time"*
When xxPR =0 7 clocks 32 clocks
When xxPR =1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.
Remark 1 clock: 1/fcpu (fcru: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same
priority level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 19-7 shows the interrupt request acknowledgement algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then
PC, the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged
interrupt are transferred to the ISP flag. The vector table data determined for each interrupt request is the loaded into
the PC and branched.

Restoring from an interrupt is possible by using the RETI instruction.
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Figure 19-7. Interrupt Request Acknowledgement Processing Algorithm

Yes (interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
interrupt request among those
simultaneously generated
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interrupt request among Yes
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( Vectored interrupt servicing )

Y

s (Interrupt request held pending)

No

Yes

(Interrupt request held pending)

C Vectored interrupt servicing )

xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgement of maskable interrupt request (1 = Enable, 0 = Disable)

ISP:  Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt

servicing, 1 = No interrupt request acknowledged, or low-priority interrupt servicing)
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Figure 19-8. Interrupt Request Acknowledgement Timing (Minimum Time)
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program
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|
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Remark 1 clock: 1/fcpu (fcru: CPU clock)

Figure 19-9. Interrupt Request Acknowledgement Timing (Maximum Time)
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19.4.2 Software interrupt request acknowledgement

A software interrupt acknowledge is acknowledged by BRK instruction execution. Software interrupts cannot be
disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,
003FH) are loaded into the PC and branched.

Restoring from a software interrupt is possible by using the RETB instruction.

Caution Do not use the RETI instruction for restoring from the software interrupt.
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19.4.3 Multiple interrupt servicing

Multiple interrupt servicing occurs when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgement enabled state is selected
(IE = 1). When an interrupt request is acknowledged, interrupt request acknowledgement becomes disabled (IE = 0).
Therefore, to enable multiple interrupt servicing, it is necessary to set (1) the IE flag with the El instruction during
interrupt servicing to enable interrupt acknowledgement.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to
interrupt priority control. Two types of priority control are available: default priority control and programmable priority
control. Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt
currently being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority
lower than that of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged
for multiple interrupt servicing. Interrupt requests that are not enabled because interrupts are in the interrupt disabled
state or because they have a lower priority are held pending. When servicing of the current interrupt ends, the
pending interrupt request is acknowledged following execution of at least one main processing instruction execution.

Table 19-5 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 19-10
shows multiple interrupt servicing examples.

Table 19-5. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request Software
PR=0 PR = 1 Interrupt
. . Request
Interrupt Being Serviced IE=1 IE=0 IE=1 IE=0
Maskable interrupt ISP=0 @) X X X (©)
ISP =1 (@) X o X o
Software interrupt @) X ©) X (©)

Remarks 1. O: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower

priority is being serviced.

IE=0: Interrupt request acknowledgement is disabled.
IE =1: Interrupt request acknowledgement is enabled.

4. PRis a flag contained in PROL, PROH, PR1L, and PR1H.
PR = 0: Higher priority level
PR = 1: Lower priority level
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Figure 19-10. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

E;:l IE=0 |_E_I_| IE=0 E IE=0

INTXx —= INTyy —— INTzz —
(PR=1) (PR=0) (PR=0)

[Fer]

IE=1
IE=1 | RETI | IE=1 | RETI

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple
interrupt servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be
issued to enable interrupt request acknowledgment.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing
| El | IE=0
| El |
INTXX —= INTyy —
PR=0 PR=1
( ) ( ) RETI
IE=1
|1 instruction executionl IE=0

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower
than that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending,
and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level

PR =1: Lower priority level
IE =0: Interrupt request acknowledgment disabled
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Figure 19-10. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

INTXX —= (PR=0)
(PR =0) RETI

IE=1

1 instruction execution

Interrupts are not enabled during servicing of interrupt INTxx (El instruction is not issued), therefore, interrupt
request INTyy is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request
is held pending, and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE =0: Interrupt request acknowledgement disabled
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19.4.4 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being

executed, request acknowledgement is held pending until the end of execution of the next instruction. These

instructions (interrupt request hold instructions) are listed below.

o MOV PSW, #byte

e MOV A, PSW

e MOV PSW, A

¢ MOV1 PSW. bit, CY
e MOV1 CY, PSW. bit
e AND1 CY, PSW. bit

e OR1CY, PSW. bit

e XOR1 CY, PSW. bit
e SET1 PSW. bit

e CLR1 PSW. bit

e RETB

e RETI

¢ PUSH PSW

e POP PSW

e BT PSW. bit, $addr16
e BF PSW. bit, $addr16

e BTCLR PSW. bit, $addr16

e EI
e DI

e Manipulation instructions for the IFOL, IFOH, IF1L, IF1H, MKOL, MKOH, MK1L, MK1H, PROL, PROH, PR1L, and

PR1H registers.

Caution The BRK instruction is not one of the above-listed interrupt request hold instructions. However,
the software interrupt activated by executing the BRK instruction causes the IE flag to be cleared.
Therefore, even if a maskable interrupt request is generated during execution of the BRK
instruction, the interrupt request is not acknowledged.

Figure 19-11 shows the timing at which interrupt requests are held pending.

Figure 19-11. Interrupt Request Hold

CPU processing

Instruction N

PSW and PC saved, jump

Instruction M to interrupt servicing

Interrupt servicing
program

xxIF J

Remarks 1. Instruction N: Interrupt request hold instruction
2. Instruction M: Instruction other than interrupt request hold instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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20.1 Functions of Key Interrupt

A key interrupt (INTKR) can be generated by setting the key return mode register (KRM) and inputting a falling
edge to the key interrupt input pins (KRO to KR7).

Table 20-1. Assignment of Key Interrupt Detection Pins

Flag Description
KRMO Controls KRO signal in 1-bit units.
KRM1 Controls KR1 signal in 1-bit units.
KRM2 Controls KR2 signal in 1-bit units.
KRM3 Controls KR3 signal in 1-bit units.
KRM4 Controls KR4 signal in 1-bit units.
KRM5 Controls KR5 signal in 1-bit units.
KRM6 Controls KR6 signal in 1-bit units.
KRM7 Controls KR7 signal in 1-bit units.

20.2 Configuration of Key Interrupt
The key interrupt includes the following hardware.

Table 20-2. Configuration of Key Interrupt

ltem Configuration

Control register Key return mode register (KRM)

Figure 20-1. Block Diagram of Key Interrupt

KR7

KR6

KR5

KR4

INTKR

KR3

KR2

KR1

J?L 7Y

KRO

[KRM7|KRM6|KRMS5|KRM4 |KRM3|KRM2|KRM1 |KRMO|
Key return mode register (KRM)
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20.3 Register Controlling Key Interrupt

(1) Key return mode register (KRM)
This register controls the KRMO to KRM7 bits using the KRO to KR7 signals, respectively.
KRM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears KRM to 00H.

Figure 20-2. Format of Key Return Mode Register (KRM)
Address: FF6EH  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
KRM | KRM7 | KRM6 | KRM5 | KRM4 | KRM3 | KRM2 | KRM1 | KRMO |

KRMn Key interrupt mode control
0 Does not detect key interrupt signal
1 Detects key interrupt signal

Cautions 1. If any of the KRMO to KRM7 bits used is set to 1, set bits 0 to 7 (PU70 to PU77) of the
corresponding pull-up resistor register 7 (PU7) to 1.
2. If KRM is changed, the interrupt request flag may be set. Therefore, disable interrupts and
then change the KRM register. Clear the interrupt request flag and enable interrupts.
3. The bits not used in the key interrupt mode can be used as normal ports.
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21.1 Standby Function and Configuration

21.1.1 Standby function
The standby function is designed to reduce the operating current of the system. The following two modes are
available.

(1) HALT mode
HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock is stopped. If the
high-speed system clock oscillator, high-speed Ring-OSC oscillator, low-speed Ring-OSC oscillator, or
subsystem clock oscillator is operating before the HALT mode is set, oscillation of each clock continues. In this
mode, the operating current is not decreased as much as in the STOP mode, but the HALT mode is effective for
restarting operation immediately upon interrupt request generation and carrying out intermittent operations.

(2) STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed system clock oscillator and
high-speed Ring-OSC oscillator stop, stopping the whole system, thereby considerably reducing the CPU
operating current.

Because this mode can be cleared by an interrupt request, it enables intermittent operations to be carried out.
However, because a wait time is required to secure the oscillation stabilization time after the STOP mode is
released, select the HALT mode if it is necessary to start processing immediately upon interrupt request
generation.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode is
set are held. The I/O port output latches and output buffer statuses are also held.

Cautions 1. The STOP mode can be used only when the CPU is operating on the main system clock. The
subsystem clock oscillation cannot be stopped. The HALT mode can be used when the CPU
is operating on either the main system clock or the subsystem clock.

2. When shifting to the STOP mode, be sure to stop the peripheral hardware operation
operating with main system clock before executing STOP instruction.

3. The following sequence is recommended for operating current reduction of the A/D converter
when the standby function is used: First clear bit 7 (ADCS) of the A/D converter mode
register (ADM) to 0 to stop the A/D conversion operation, and then execute the HALT or STOP
instruction.
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21.1.2 Registers controlling standby function
The standby function is controlled by the following two registers.

¢ Oscillation stabilization time counter status register (OSTC)
e Oscillation stabilization time select register (OSTS)

Remark For the registers that start, stop, or select the clock, see CHAPTER 5 CLOCK GENERATOR.

(1) Oscillation stabilization time counter status register (OSTC)
This is the status register of the X1 clock oscillation stabilization time counter. If the high-speed Ring-OSC clock

or subsystem clock is used as the CPU clock, the X1 clock oscillation stabilization time can be checked.

OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset release (reset by RESET input, POC, LVI, and WDT), the STOP instruction, and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to 00H.

Figure 21-1. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 ‘ MOST15 ‘ MOST16 |
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=10MHz | fx=20 MHz
1 0 0 0 0 2"/fx min. | 204.8 us min.| 102.4 s min.
1 1 0 0 0 2%fx min. | 819.2 us min.| 409.6 x5 min.
1 1 1 0 0 2"fx min. | 1.64 ms min.| 819.2 1 min.
1 1 1 1 0 2%/fx min. | 3.27 ms min.| 1.64 ms min.
1 1 1 1 1 2"%fx min. | 6.55 ms min.| 3.27 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and

remain 1.

. If the STOP mode is entered and then released while the high-speed Ring-OSC

clock or subsystem clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

e Desired OSTC oscillation stabilization time < Oscillation stabilization time

set by OSTS

The oscillation stabilization time counter counts only during the oscillation
stabilization time set by OSTS. Therefore, note that only the statuses during the
oscillation stabilization time set by OSTS are set to OSTC after STOP mode has
been released.

. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform "7

Remark fx: X1 clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when STOP mode is released. The
wait time set by OSTS is valid only after STOP mode is released when the X1 clock is selected as the CPU clock.
After STOP mode is released when the high-speed Ring-OSC clock is selected, check the X1 clock oscillation
stabilization time using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 05H.

Figure 21-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTSO0
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz fx =20 MHz
0 0 1 2" /fx 204.8 us 102.4 us
0 1 0 2%/fx 819.2 us 409.6 us
0 1 1 2"fix 1.64 ms 819.2 us
1 0 0 2%/fx 3.27ms 1.64 ms
1 0 1 2'%/fx 6.55 ms 3.27 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS
before executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. If the STOP mode is entered and then released while the high-speed Ring-OSC
clock or subsystem clock is being used as the CPU clock, set the oscillation
stabilization time as follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
The oscillation stabilization time counter counts only during the oscillation
stabilization time set by OSTS. Therefore, note that only the statuses during the
oscillation stabilization time set by OSTS are set to OSTC after STOP mode has
been released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform 7777

Remark fx: X1 clock oscillation frequency
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21.2 Standby Function Operation
21.2.1 HALT mode

(1) HALT mode
The HALT mode is set by executing the HALT instruction. HALT mode can be set regardless of whether the CPU

clock before the setting was the high-speed system clock, high-speed Ring-OSC clock, or subsystem clock.
The operating statuses in the HALT mode are shown below.
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Table 21-1. Operating Statuses in HALT Mode (1/2)

HALT Mode Setting

ltem

When HALT Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
High-Speed Ring-OSC Clock
(frH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | fr

Operation continues (cannot
be stopped)

Status before HALT mode was set is retained

fx

Status before HALT mode
was set is retained

Operation continues (cannot
be stopped)

Status before HALT mode
was set is retained

fexcik

Operates or stops by external clock input

Operation continues (cannot
be stopped)

Subsystem clock | fxr

Status before HALT mode was set is retained

LCD controller/driver

Note

Multiplier/divider

Power-on-clear function

Low-voltage detection function

External interrupt

fexciks | Operates or stops by external clock input
fRL Status before HALT mode was set is retained
CPU Operation stopped
Flash memory Operation stopped
RAM Status before HALT mode was set is retained
Regulator Operates in normal mode
Port (latch) Status before HALT mode was set is retained
16-bit timer/event 00 Operable
counter 01"
8-bit timer/event 50
counter 51
8-bit timer HO
H1
Watch timer
Watchdog timer Operable. Clock supply to watchdog timer stops when “low-speed Ring-OSC oscillation can be
stopped by software” is set by option byte.
A/D converter Operable
Serial interface UARTO
UART6
Csi10
csit™e
lICO

Note PD78F0395, 78F0397, and 78F0397D only.

Remark frH:
fx: X1 clock
fEXcLK:
fxT:
fExcLks:
fRL:

488

High-speed Ring-OSC oscillation clock

External main system clock

XT1 clock

External subsystem clock

Low-speed Ring-OSC oscillation clock
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Table 21-1. Operating Statuses in HALT Mode (2/2)

HALT Mode Setting When HALT Instruction Is Executed While CPU |s Operating on Subsystem Clock
When CPU Is Operating on XT1 Clock (fxr) When CPU Is Operating on External
Item Subsystem Clock (fexciks)
System clock Clock supply to the CPU is stopped
Main system clock | fru Status before HALT mode was set is retained
fx
fexcik | Operates or stops by external clock input
Subsystem clock | fxr Operation continues (cannot be stopped) Status before HALT mode was set is retained
fexciks | Operates or stops by external clock input Operation continues (cannot be stopped)
frL Status before HALT mode was set is retained
CPU Operation stopped
Flash memory Operation stopped
RAM Status before HALT mode was set is retained
Regulator Operates in low-operating current mode when high-speed Ring-OSC clock (fr+) oscillation is

stopped. Operates in normal mode when high-speed Ring-OSC clock (fr+) oscillates.

Port (latch) Status before HALT mode was set is retained
16-bit timer/event 00 Operable
counter 01"
8-bit timer/event 50
counter 51
8-bit timer HO
H1
Watch timer
Watchdog timer Operable. Clock supply to watchdog timer stops when “low-speed Ring-OSC oscillation can be

stopped by software” is set by option byte.

A/D converter Operable. However, operation disabled when peripheral hardware clock (fers) is stopped.
Serial interface UARTO Operable

UART6

Csli10

csit™e

lICo

LCD controller/driver

Multiplier/divider"*

Power-on-clear function

Low-voltage detection function

External interrupt

Note «PD78F0395, 78F0397, and 78F0397D only.

Remark frH: High-speed Ring-OSC oscillation clock

fx: X1 clock

fexcik:  External main system clock

fx: XT1 clock

fexciks: External subsystem clock

fRL: Low-speed Ring-OSC oscillation clock
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(2) HALT mode release
The HALT mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated,
acknowledgement is enabled, vectored interrupt servicing is carried out.

disabled, the next address instruction is executed.

the HALT mode is released. If interrupt
If interrupt acknowledgement is

Figure 21-3. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request
instruction Wait

Standby .
release signal e e e e

Operating mode HALT mode Wait ‘
Status of CPU ~Peraing ! |

Oscillation

High-speed system clock,
high-speed Ring-OSC clock,
or subsystem clock

Remarks 1. The broken lines indicate the case when the interrupt request which has released the standby

mode is acknowledged.

2. The wait time is as follows:
* When vectored interrupt servicing is carried out: 8 or 9 clocks
* When vectored interrupt servicing is not carried out: 2 or 3 clocks
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(b) Release by reset signal input (reset by RESET pin, reset by WDT, POC, LVI)
When the reset signal is input, HALT mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 21-4. HALT Mode Release by Reset Signal Input

(1) When high-speed system clock is used as CPU clock

~ HALT
instruction
Reset signal
))
Operating mode _ "
(high-speed Reset ) Operating mode
Status of CPU system clock) HALT mode period (high-speed Ring-OSC clock)
High-speed Oscillation | Oscillation
system clock Oscillates stopped | stopped | Oscillates
(X1 oscillation) \ J

Oscillation stabilization time
(2""/ix to 2"%/fx)
Starting X1 oscillation is
specified by software.

(2) When high-speed Ring-OSC clock is used as CPU clock

~ HALT
instruction

Reset signal
)L
W

Operating mode
(high-speed Reset Operating mode
Status of CPU Ring-OSC clock) HALT mode period (high-speed Ring-OSC clock)

Oscillation
High-speed Oscillates stopped |Oscillates|  Oscillates
Ring-OSC clock (low- |(high-accuracy)
accuracy)f

Automatic selection

(3) When subsystem clock is used as CPU clock

- HALT
instruction
Reset signal
)L
W
Operating mode Reset Operating mode
Status of CPU  (subsystem clock) HALT mode period (high-speed Ring-OSC clock)
Oscillation| Oscillation
Subsystem clock Oscillates stopped | stopped | Oscillates

(XT1 oscillation)

!

Starting XT1 oscillation is
specified by software.

Remark fx: X1 clock oscillation frequency
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Table 21-2. Operation in Response to Interrupt Request in HALT Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 % 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X X HALT mode held

Reset signal input - - X X Reset processing

x: don’t care
21.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction, and it can be set only when the CPU clock before the
setting was the main system clock.

Caution Because the interrupt request signal is used to clear the standby mode, if there is an interrupt
source with the interrupt request flag set and the interrupt mask flag reset, the standby mode is
immediately cleared if set. Thus, the STOP mode is reset to the HALT mode immediately after
execution of the STOP instruction and the system returns to the operating mode as soon as the
wait time set using the oscillation stabilization time select register (OSTS) has elapsed.

The operating statuses in the STOP mode are shown below.
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Table 21-3. Operating Statuses in STOP Mode

Iltem

STOP Mode Setting

When STOP Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
High-Speed Ring-OSC Clock
(fRH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | fru Stopped
fx
fexcik | Input invalid

Subsystem clock | fxr

Status before STOP mode was set is retained

fexciks | Operates or stops by external clock input
frL Status before STOP mode was set is retained
CPU Operation stopped
Flash memory Operation stopped
RAM Status before STOP mode was set is retained
Regulator Operates in low-operating current mode
Port (latch) Status before STOP mode was set is retained
16-bit timer/event 00 Operation stopped
counter 01"
8-bit timer/event 50 Operable only when TI50 is selected as the count clock
counter 51 Operable only when TI51 is selected as the count clock
8-bit timer HO Operable only when TM50 output is selected as the count clock during 8-bit timer/event counter
50 operation
HA1 Operable only when faL, fri/2, or fa/2° is selected as the count clock
Watch timer Operable only when subsystem clock is selected as the count clock
Watchdog timer Operable. Clock supply to watchdog timer stops when “low-speed Ring-OSC oscillation can be
stopped by software” is set by option byte.
A/D converter Operation stopped
Serial interface UARTO Operable only when TM50 output is selected as the serial clock during 8-bit timer/event counter
UART6 50 operation
CSI10 Operable only when external clock is selected as the serial clock
Ccsit™e
lICo

LCD controller/driver

Operable only when subsystem clock is selected as the count clock

Note

Multiplier/divider

Operation stopped

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Note «PD78F0395, 78F0397, and 78F0397D only.
(Cautions are listed on the next page.)

Remark frH:
fx: X1 clock
fexcLk:

fexcLks:

High-speed Ring-OSC oscillation clock

External main system clock
fx: XT1 clock
External subsystem clock

fRL: Low-speed Ring-OSC oscillation clock
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Cautions 1.

To use the peripheral hardware that stops operation in the STOP mode, and the peripheral
hardware for which the clock that stops oscillating in the STOP mode after the STOP mode is
released, restart the peripheral hardware.

Even if “low-speed Ring-OSC oscillation can be stopped by software” is selected by the option
byte, the low-speed Ring-OSC oscillation continues in the STOP mode in the status before the
STOP mode is set. To stop the low-speed Ring-OSC oscillation in the STOP mode, stop it by
software and then execute the STOP instruction.

To shorten oscillation stabilization time after the STOP mode is released when the CPU operates
with the high-speed system clock (X1 oscillation), temporarily switch the CPU clock to the high-
speed Ring-OSC clock before the next execution of the STOP instruction. Before changing the
CPU clock from the high-speed Ring-OSC to the high-speed system clock (X1 oscillation) after
the STOP mode is released, check the oscillation stabilization time with the oscillation
stabilization time counter status register (OSTC).

If the STOP instruction is executed with AMPH set to 1 when the high-speed Ring-OSC clock or
external main system clock is used as the CPU clock, the clock is supplied to the CPU 5 us
(MIN.) after the STOP mode has been released. If the X1 clock is used as the CPU clock,
oscillation stabilization time is counted after the STOP mode has been released, regardless of
the set value of AMPH.

(2) STOP mode release

High-speed system

Figure 21-5. Operation Timing When STOP Mode Is Released

STOP mode release

STOP mode \

clock (X1 oscillation)

High-speed
Ring-OSC clock
! Lﬂ}”ﬁg‘;‘gggy \ High-accuracy high-speed Ring-OSC clock
High-speed system | F{ingg!OSC clock ~ Automatic selection
clock (X1 oscillation) [
. ) HALT status .
Icslosceklflf/:theec;aSST%iU 4<(oscillation stabilization time set by OSTS) >< High-speed system clock
instruction is executed Automatic selection
High-speed Ring-OSC [ High-speed >< High-speed system clock
clock is selected as CPU \  Ring-OSC clock gn-sp 4

clock when STOP
instruction is executed

\ Clock switched
by software

The STOP mode can be released by the following two sources.
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(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. After the oscillation
stabilization time has elapsed, if interrupt acknowledgment is enabled, vectored interrupt servicing is carried
out. If interrupt acknowledgment is disabled, the next address instruction is executed.

Figure 21-6. STOP Mode Release by Interrupt Request Generation

(1) When high-speed system clock is used as CPU clock

Wait
STOP (set by OSTS)
instruction
))

98 v

1

H 1

Standby release signal Operating mode - o " Operating mode
(high-speed Oscillation stabilization wait (high-speed
Status of CPU  system clock) STOP mode (HALT mode status) system clock)
High-speed Oscillates Oscillation stopped Oscillates
system clock
(X1 oscillation) p _J

Oscillation stabilization time (set by OSTS)

(2) When high-speed Ring-OSC clock is used as CPU clock

STOP
instruction

Standby release signal | :

Operating mode

(high-speed Operating mode

Status of CPU Ring-OSC clock) STOP mode (high-speed Ring-OSC clock)
High-speed Oscillates Oscillation stopped |Oscillates | .Oscillates
Ring-OSC clock (low- (high-accuracy)
accuracy)

Automatic selection

Remark The broken lines indicate the case when the interrupt request that has released the standby mode

is acknowledged.
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(b) Release by reset signal input (reset by RESET pin, reset by WDT, POC, LVI)
When the reset signal is input, STOP mode is released and a reset operation is performed after the
oscillation stabilization time has elapsed.

Figure 21-7. STOP Mode Release by Reset Signal Input

(1) When high-speed system clock is used as CPU clock

. STOP
instruction
Reset signal
))
Operating mode b )
(high-speed Reset _ Operating mode
Status of CPU system clock) STOP mode period (high-speed Ring-OSC clock)
High d Oscillation|Oscillation
Igh-spee Oscillates Oscillation stopped | stopped | stopped | Oscillates
system clock N 5
(X1 oscillation)

Oscillation stabilization time

(2" /fx to 2'%/fx)
Starting X1 oscillation is
specified by software.

(2) When high-speed Ring-OSC clock is used as CPU clock

STOP
instruction
Reset signal
it
Operating mode .
(high-speed Reset ~ Operating mode
Status of CPU Ring-OSC clock) STOP mode period (high-speed Ring-OSC clock)
Oscillation
High-speed Oscillates Oscillation stopped | stopped | Oscillates, Oscillates
Ring-OSC clock (low- | (high-accuracy)
accuracy) )

Automatic selection
Remark fx: X1 clock oscillation frequency

Table 21-4. Operation in Response to Interrupt Request in STOP Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 X Next address
request instruction execution

0 0 1 X Interrupt servicing
execution

0 1 0 1 Next address

0 1 % 0 instruction execution

0 1 1 1 Interrupt servicing
execution

1 X X X STOP mode held

Reset signal input - - X X Reset processing

x: don’t care

496 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 22 RESET FUNCTION

The following four operations are available to generate a reset signal.

(1) External reset input via RESET pin

(2) Internal reset by watchdog timer program loop detection

(3) Internal reset by comparison of supply voltage and detection voltage of power-on-clear (POC) circuit
(4) Internal reset by comparison of supply voltage and detection voltage of low-power-supply detector (LVI)

External and internal resets have no functional differences. In both cases, program execution starts at the address
at 0000H and 0001H when the reset signal is input.

A reset is applied when a low level is input to the RESET pin, the watchdog timer overflows, or by POC and LVI
circuit voltage detection, and each item of hardware is set to the status shown in Tables 22-1 and 22-2. Each pin is
high impedance during reset input or during the oscillation stabilization time just after a reset release.

When a high level is input to the RESET pin, the reset is released and program execution starts using the high-
speed Ring-OSC clock. A reset generated by the watchdog timer is automatically released after the reset, and
program execution starts using the high-speed Ring-OSC clock (see Figures 22-2 to 22-4). Reset by POC and LVI
circuit power supply detection is automatically released when Vbb > Vroc or Vobp > Vivi after the reset, and program
execution starts using the high-speed Ring-OSC clock (see CHAPTER 23 POWER-ON-CLEAR CIRCUIT and
CHAPTER 24 LOW-VOLTAGE DETECTOR).

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.
2. During reset input, the X1 clock, XT1 clock, high-speed Ring-OSC clock, and low-speed Ring-
OSC clock stop oscillating. External main system clock input and external subsystem clock
input become invalid.
3. When the STOP mode is released by a reset, the STOP mode contents are held during reset
input. However, the port pins become high-impedance.

Preliminary User's Manual U17473EJ1VOUD 497



CHAPTER 22 RESET FUNCTION

|leubis 19sey

JaysiBa1 SIAT/NIAT O} [eubls 1osey

Jlo)siBai uonos|es [aAs| uonoslep abeyoA-MoT (SIAT 2

Je1siBal uonoslep abeloA-MOT NIAT “L SHJeway

UN2ID |AT] @Y} 19584 JOU SI0P }8Sal [BUIBIUI }INDAID |A UY  uolne)

A

1es|) 1es|n

[eubis 1esa. 10j08)8p 868} OA-MO

[eubis 189sa1 JIN0JI0 Je80-Uo-Jomod

7 “ © 13s3y

[eubis 1081 Jawi} Bopyorepn

1S 1S

44IAT 441dMm

(493Y) 1e181681
Bejy |04U00 JosaY

snq [eussiy|

uonound 1asay Jo welibeiq yoo|g

*1-gg 9inbi4

Preliminary User's Manual U17473EJ1VOUD

498



CHAPTER 22 RESET FUNCTION

Figure 22-2. Timing of Reset by RESET Input

Low-accuracy

high-speed Ring- _ Automatic selection
osc clock/ High-accuracy high-speed
' ' Ring-OSC clock

High-speed
Ring-OSC clock
High-speed
system clock

(when X1 oscillation is selected)

Starting X1 oscillation is specified by software.

U
Normal operation

SCL | 4*7 (Reset processing, high-speed
(oscillation stop) Ring-OSC clock)

RESET ‘\ ‘ /

CPU clock Normal operation Reset period

Internal
reset signal . '
- - :<—>‘
" Delay Delay
Portpin e mmmmm e e e o mmmmmmm oo

Reset signal to
LCD controller/driver

— N
T
N

Note Set P130 (bit 0 of port mode register 13) to 1 by software.

Figure 22-3. Timing of Reset Due to Watchdog Timer Overflow

Low-accuracy
high-speed Ring-__ Automatic selection
0osC clock/ High-accuracy high-speed
| ' Ring-OSC clock

High-speed

Ring-OSC clock

High-speed

system clock

(when X1 oscillation is selected)

CPU clock Normal operation

Starting X1 oscillation is specified by software.
v

(Oz(eﬁ;tt.‘;irgg )—~<f Normal operation
fatl P (Reset processing, high-speed

Watchdog timer i Ring-OSC clock)
overflow ;

Internal ‘ \ /

reset signal

'
'
'
'
'
'
\

Port pin >— ------------------- R
Reset signal to
LCD controller/driver Note

Note Set P130 (bit 0 of port mode register 13) to 1 by software.

Caution A watchdog timer internal reset resets the watchdog timer.
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Figure 22-4. Timing of Reset in STOP Mode by RESET Input

Low-accuracy
high-speed Ring- Automatic selection
0sC C'°°k/ High-accuracy high-speed
' Ring-OSC clock

STOP instruction execution

High-speed
Ring-OSC clock
: i Starting X1 oscillation is specified by software.
High-speed 1 4
system clock ' 1
(when X1 oscillation is selected) ! :

3 . i Normal operation
'; Reset period 1, (Reset processing, high-speed
 (oscillation stop) + (oscillation stop) ' Ring-OSC clock)

RESET N [
Internal : ' 1 i
reset signal '\ L/

Port pin >— ------------------- B
Reset signal to
LCD controller/driver Note

Note Set P130 (bit 0 of port mode register 13) to 1 by software.

Normal Stop status
CPU clock operation P

Remark For the reset timing of the power-on-clear circuit and low-voltage detector, see CHAPTER 23 POWER-
ON-CLEAR CIRCUIT and CHAPTER 24 LOW-VOLTAGE DETECTOR.
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CHAPTER 22 RESET FUNCTION

Table 22-1. Operation Statuses During Reset Period

ltem

During Reset Period

System clock

Clock supply to the CPU is stopped.

Main system clock | fru

Operation stopped

fx

Operation stopped (pin is I/O port mode)

fexcik

Clock input invalid (pin is 1/O port mode)

Subsystem clock | fxr

Operation stopped (pin is I/O port mode)

Watchdog timer

A/D converter

Serial interface UARTO

UART6

Csli10

CSI1™*

lICo

LCD controller/driver

Note

Multiplier/divider

fexciks | Clock input invalid (pin is 1/0 port mode)

fRL Operation stopped
CPU
Flash memory
RAM
Regulator Operable
Port (latch) Operation stopped
16-bit timer/event 00
counter o1t
8-bit timer/event 50
counter 51
8-bit timer HO

H1

Watch timer

Power-on-clear function

Operable

Low-voltage detection function

External interrupt

Operation stopped

Note «PD78F0395, 78F0397, and 78F0397D only.

Remark frh: High-speed Ring-OSC oscillation clock
fx: X1 oscillation clock

fexck:  External main system clock

fxT: XT1 oscillation clock

fexciks:  External subsystem clock

fRL: Low-speed Ring-OSC oscillation clock
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CHAPTER 22 RESET FUNCTION

Table 22-2. Hardware Statuses After Reset Acknowledgment (1/3)

Hardware After Reset
Acknowledgment"*’
Program counter (PC) The contents of the
reset vector table
(0000H, 0001H) are
set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined""**
General-purpose registers Undefined""*?
Port registers (PO to P3, P7, P12, P13) (output latches) 00H
Port mode registers (PMO0 to PM3, PM6, PM7, PM12, PM14) FFH
Pull-up resistor option registers (PUO, PU1, PU3, PU7, PU12) 00H
Internal memory size switching register (IMS) CFH
Internal expansion RAM size switching register (IXS) OCH
Bank select register (BANK) 00H
Processor clock control register (PCC) 01H
Clock operation mode select register (OSCCTL) 00H
Ring-OSC mode register (RCM) 80H
Main clock mode register (MCM) 00H
Main OSC control register (MOC) 80H
Oscillation stabilization time select register (OSTS) 05H
Oscillation stabilization time counter status register (OSTC) 00H
16-bit timer/event Timer counters 00, 01 (TM00, TMO01) 0000H
counters 00, 01** | 5454 re/compare registers 000, 010, 001, 011 (CR000, CRO10, CR001, CRO11) | 0000H
Mode control registers 00, 01 (TMC00, TMCO1) 00H
Prescaler mode registers 00, 01 (PRM00, PRMO01) 00H
Capture/compare control registers 00, 01 (CRC00, CRCO01) 00H
Timer output control registers 00, 01 (TOC00, TOCO01) 00H
8-bit timer/event Timer counters 50, 51 (TM50, TM51) 00H
counters 50, 51 Compare registers 50, 51 (CR50, CR51) 00H
Timer clock selection registers 50, 51 (TCL50, TCL51) 00H
Mode control registers 50, 51 (TMC50, TMC51) O0H
8-bit timers HO, H1 Compare registers 00, 10, 01, 11 (CMP00, CMP10, CMP01, CMP11) 00H
Mode registers (TMHMDO, TMHMD1) 00H
Carrier control register 1 (TMCYC1)"** 00H
Watch timer Operation mode register (WTM) O00H
Clock output Clock output selection register (CKS) 00H
controller
Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware statuses

become undefined. All other hardware statuses remain unchanged after reset.

2. When a reset is executed in the standby mode, the pre-reset status is held even after reset.
3. 16-bit timer/event counter 01 is available only in the xPD78F0395, 78F0397, and 78F0397D.

4. 8-bit timer H1 only.
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CHAPTER 22 RESET FUNCTION

Table 22-2. Hardware Statuses After Reset Acknowledgment (2/3)

Hardware Status After Reset
Acknowledgment
Watchdog timer Enable register (WDTE) 1AH/QAH"""
A/D converter 10-bit A/D conversion result register (ADCR) 0000H
8-bit A/D conversion result register (ADCRH) O00H
Mode register (ADM) 00H
Analog input channel specification register (ADS) 00H
A/D port configuration register (ADPC) O00H
Serial interface UARTO Receive buffer register 0 (RXBO0) FFH
Transmit shift register 0 (TXSO0) FFH
Asynchronous serial interface operation mode register 0 (ASIMO) 01H
Asynchronous serial interface reception error status register 0 (ASIS0) 00H
Baud rate generator control register 0 (BRGCO) 1FH
Serial interface UART6 Receive buffer register 6 (RXB6) FFH
Transmit buffer register 6 (TXB6) FFH
Asynchronous serial interface operation mode register 6 (ASIM6) 01H
Asynchronous serial interface reception error status register 6 (ASIS6) O00H
Asynchronous serial interface transmission status register 6 (ASIF6) 00H
Clock selection register 6 (CKSR6) 00H
Baud rate generator control register 6 (BRGC6) FFH
Asynchronous serial interface control register 6 (ASICL6) 16H
Input switch control register (ISC) 00H
Serial interfaces CSI10, Transmit buffer registers 10, 11 (SOTB10, SOTB11) 00H
sl Serial I/0 shift registers 10, 11 (SI010, SIO11) 00H
Serial operation mode registers 10, 11 (CSIM10, CSIM11) O00H
Serial clock selection registers 10, 11 (CSIC10, CSIC11) 00H
Serial interface 11CO Shift register 0 (11C0) O00H
Control register 0 (1ICCO0) O00H
Slave address register 0 (SVAO) O00H
Clock selection register 0 (IICCLO) 00H
Function expansion register 0 (IICX0) 00H
Status register 0 (1ICS0) O0H
Flag register 0 (IICFO) 00H
LCD controller/driver LCD mode setting register (LCDMD) 00H
LCD display mode register (LCDM) 00H
LCD clock control register (LCDC) O00H
LCD voltage boost control register 0 (VLCGO) 00H
Notes 1. The reset value of WDTE is determined by the option byte setting.
2. Serial interface CSI11 is available only in the xPD78F0395, 78F0397, and 78F0397D.
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Table 22-2. Hardware Statuses After Reset Acknowledgment (3/3)

Hardware Status After Reset
Acknowledgment
Multiplier/divider"*" Remainder data register 0 (SDRO0) 0000H
Multiplication/division data register AO (MDAOH, MDAOL) 0000H
Multiplication/division data register BO (MDBO) 0000H
Multiplier/divider control register 0 (DMUCO) 00H
Key interrupt Key return mode register (KRM) 00H
Reset function Reset control flag register (RESF) 0oH""*
Low-voltage detector Low-voltage detection register (LVIM) 00H""*
Low-voltage detection level selection register (LVIS) 0oH""?
Interrupt Request flag registers OL, OH, 1L, 1H (IFOL, IFOH, IF1L, IF1H) 00H
Mask flag registers OL, OH, 1L, 1H (MKOL, MKOH, MK1L, MK1H) FFH
Priority specification flag registers OL, OH, 1L, 1H (PROL, PROH, PR1L, FFH
PR1H)
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H
Notes 1. Multiplier/divider is available only in the #PD78F0395, 78F0397, and 78F0397D.
2. These values vary depending on the reset source.
Reset Source | RESET Input | Resetby POC | Resetby WDT | Resetby LVI
Register
RESF See Table 22-3.
LVIM Cleared (00H) Cleared (00H) Cleared (00H) Held
LVIS
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CHAPTER 22 RESET FUNCTION

22.1 Register for Confirming Reset Source

Many internal reset generation sources exist in the 78K0/LG2. The reset control flag register (RESF) is used to

store which source has generated the reset request.
RESF can be read by an 8-bit memory manipulation instruction.
RESET input, reset input by power-on-clear (POC) circuit, and reading RESF clear RESF to 00H.
Figure 22-5. Format of Reset Control Flag Register (RESF)

Address: FFACH  After reset: 0OH"™ R

Symbol 7 6 5 4 3 2 1 0
RESF 0 0 0 WDTRF 0 0 0 LVIRF
WDTRF Internal reset request by watchdog timer (WDT)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
LVIRF Internal reset request by low-voltage detector (LVI)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.

Note The value after reset varies depending on the reset source.

Caution Do not read data by a 1-bit memory manipulation instruction.

The status of RESF when a reset request is generated is shown in Table 22-3.

Table 22-3. RESF Status When Reset Request Is Generated

Reset Source | RESET Input Reset by POC Reset by WDT Reset by LVI
Flag
WDTRF Cleared (0) Cleared (0) Set (1) Held
LVIRF Held Set (1)
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23.1

CHAPTER 23 POWER-ON-CLEAR CIRCUIT

Functions of Power-on-Clear Circuit

The power-on-clear circuit (POC) has the following functions.

506

Generates internal reset signal at power on.
Compares supply voltage (Vop) and detection voltage (Vroc = 1.59 V +0.15 V), generates internal reset signal
when Vop < Vroc, and releases reset when Vop > Vroc.

Caution If an internal reset signal is generated in the POC circuit, the reset control flag register (RESF)
is cleared to O0H.

Remark This product incorporates multiple hardware functions that generate an internal reset signal. A flag
that indicates the reset cause is located in the reset control flag register (RESF) for when an internal
reset signal is generated by the watchdog timer (WDT) or low-voltage-detector (LVI). RESF is not
cleared to O0H and the flag is set to 1 when an internal reset signal is generated by WDT or LVI.

For details of RESF, see CHAPTER 22 RESET FUNCTION.
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CHAPTER 23 POWER-ON-CLEAR CIRCUIT

23.2 Configuration of Power-on-Clear Circuit
The block diagram of the power-on-clear circuit is shown in Figure 23-1.

Figure 23-1. Block Diagram of Power-on-Clear Circuit

Vob

+ .
Do— Internal reset signal

Reference
voltage
source

o

23.3 Operation of Power-on-Clear Circuit

In the power-on-clear circuit, the supply voltage (Vop) and detection voltage (Vroc) are compared, an internal reset
signal is generated when Vob < Vpoc, and reset is released when Vbbp > Vroc.

Figure 23-2. Timing of Internal Reset Signal Generation in Power-on-Clear Circuit

Supply voltage (Vob)

POC detection voltage
(Veoc)

Note Time

Internal reset signal

Note The rise time of the supply voltage is 0.5 V/ms (TYP.).

Remark Internal reset signal is active-low.
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CHAPTER 23 POWER-ON-CLEAR CIRCUIT

23.4 Cautions for Power-on-Clear Circuit

In a system where the supply voltage (Vop) fluctuates for a certain period in the vicinity of the POC detection
voltage (Vroc), the system may be repeatedly reset and released from the reset status. In this case, the time from
release of reset to the start of the operation of the microcontroller can be arbitrarily set by taking the following action.
<Action>

After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a
software counter that uses a timer, and then initialize the ports.

Figure 23-3. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage

Reset ; The high-speed Ring-OSC clock is set as the
CPU clock when the reset signal is generated
Checking cause ; The cause of reset (power-on-clear, WDT,
of resetNote2 or LVI) can be identified by the RESF register.
Power-on-clear

; 8-bit timer H1 can operate with the low-speed Ring-OSC clock.
Source: faL (264 kHz (MAX.))/27 x compare value 104 = 50 ms
(frL: low-speed Ring-OSC clock oscillation frequency)

Start timer
(set to 50 ms)

Note 1 ¢

50 ms has passed?

; TMIFHT =1: 1 i .
(TMIFH = 12) ; nterrupt request is generated

Initialization

processing ; Initialization of ports

Notes 1. If resetis generated again during this period, initialization processing is not started.
2. Aflowchart is shown on the next page.
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CHAPTER 23 POWER-ON-CLEAR CIRCUIT

Figure 23-3. Example of Software Processing After Reset Release (2/2)

¢ Checking reset cause

( Check reset cause )

WDTRF of RESF Yes
register = 1?

Reset processing by
watchdog timer

Yes

LVIRF of RESF
register = 1?

Reset processing by
low-voltage detector
Power-on-clear/external
reset generated
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CHAPTER 24 LOW-VOLTAGE DETECTOR

24.1 Functions of Low-Voltage Detector

The low-voltage detector (LVI) has the following functions.

e Compares supply voltage (Vop) and detection voltage (Vivi), and generates an internal interrupt signal or
internal reset signal when Vob < Vivi. Detection levels (16 levels) of supply voltage can be changed by software.
e Compares a voltage input from an external input pin (EXLVI) with the detection voltage (Vextvi = 1.21 V (TYP.)),
and generates an internal interrupt signal or internal reset signal when EXLVI < VExtvi.
e The supply voltage (Vop) or voltage input from an external input pin (EXLVI) can be selected by software.

e Interrupt or reset function can be selected by software.

e Operable in STOP mode.

When the low-voltage detector is used to reset, bit 0 (LVIRF) of the reset control flag register (RESF) is set to 1 if
reset occurs. For details of RESF, see CHAPTER 22 RESET FUNCTION.

24.2 Configuration of Low-Voltage Detector

The block diagram of the low-voltage detector is shown in Figure 24-1.

Figure 24-1. Block Diagram of Low-Voltage Detector

— Internal reset signal

INTLVI

/

Vob Vob

5 N-ch |7
o
20 =
33 ) kS

2 EXLVIP120/ 5 ! I >j> 3
[OR) @ -] [e] =2
g2 INTPO g 3
o > [0}
z38 ®
g
3 !

Reference
4 voltage
source ‘
[Lviss[Lvis2|Lvist] Lviso| 77 [Lvion]uviser|vivo | Lvir |
Low-voltage detection level Low-voltage detection register
selection register (LVIS) (LVIM)
Internal bus
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CHAPTER 24 LOW-VOLTAGE DETECTOR

24.3 Registers Controlling Low-Voltage Detector
The low-voltage detector is controlled by the following registers.
e Low-voltage detection register (LVIM)

¢ Low-voltage detection level selection register (LVIS)
¢ Port mode register 12 (PM12)
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CHAPTER 24 LOW-VOLTAGE DETECTOR

(1) Low-voltage detection register (LVIM)
This register sets low-voltage detection and the operation mode.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears LVIM to OOH.

Figure 24-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFBEH  After reset: 00H  R/WNete1

Symbol <7> 6 5 4 3 <2> <1> <0>
LVIM LVION 0 0 0 0 LVISEL | LVIMD | LVIF
LVION"®?3 Enables low-voltage detection operation
0 Disables operation
1 Enables operation
LVISEL""? Voltage detection selection
0 Detects level of supply voltage (Vob)
1 Detects level of input voltage from external input pin (EXLVI)
LVIMD"*? Low-voltage detection operation mode selection
0 ¢ LVISEL = 0: Generates interrupt signal when supply voltage (Voo) < detection voltage
(V)

¢ LVISEL = 1: Generates interrupt signal when input voltage from external input pin
(EXLVI) < detection voltage (Vex.vi)

1 ¢ LVISEL = 0: Generates internal reset signal when supply voltage (Vob) < detection
voltage (Vivi)

¢ LVISEL = 1: Generates internal reset signal when input voltage from external input pin
(EXLVI) < detection voltage (Vex.vi)

LVIFYe* Low-voltage detection flag

0 ¢ LVISEL = 0: Supply voltage (Vopb) > detection voltage (V.vi), or when operation is
disabled

¢ LVISEL = 1: Input voltage from external input pin (EXLVI) > detection voltage (Vex.vi),
or when operation is disabled

1 ¢ LVISEL = 0: Supply voltage (Vopb) < detection voltage (Vivi)
¢ LVISEL = 1: Input voltage from external input pin (EXLVI) < detection voltage (Vex.vi)

Notes 1. Bit 0 is read-only.

2. LVION, LVIMD, and LVISEL are cleared to 0 in the case of a reset other than an LVI reset.
These are not cleared to 0 in the case of an LVI reset.

3. When LVION is set to 1, operation of the comparator in the LVI circuit is started. Use
software to wait for an operation stabilization time (10 us (TYP.)) when LVION is set to 1 until
the voltage is confirmed at LVIF.

4. The value of LVIF is output as the interrupt request signal INTLVI when LVION = 1 and
LVIMD = 0.

Cautions 1. To stop LVI, follow either of the procedures below.
o When using 8-bit memory manipulation instruction: Write 00H to LVIM.
e When using 1-bit memory manipulation instruction: Clear LVION to 0.
2. Input voltage from external input pin (EXLVI) must be EXLVI < Vop.
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CHAPTER 24 LOW-VOLTAGE DETECTOR

(2) Low-voltage detection level selection register (LVIS)
This register selects the low-voltage detection level.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears LVIS to 00H.

Figure 24-3. Format of Low-Voltage Detection Level Selection Register (LVIS)

Address: FFBFH  After reset: 0OH R/W

Symbol
LVIS

7 6 5 4 3 2 1 0
0 0 0 0 LVIS3 LVIS2 LVISAT LVISO
LVIS3 LVIS2 LVIS1 LVISO Detection level

0 0 0 0 Vivio (4.24 V £0.1 V)

0 0 0 1 Vivit (4.09 V 0.1 V)

0 0 1 0 Viviz (3.93 V £0.1 V)

0 0 1 1 Vivis (3.78 V +0.1 V)

0 1 0 0 Vivis (3.62 V £0.1 V)

0 1 0 1 Vivis (3.47 V £0.1 V)

0 1 1 0 Vuvie (3.32 V £0.1 V)

0 1 1 1 Vv (3.16 V +0.1 V)

1 0 0 0 Vivis (3.01 V +0.1 V)

1 0 0 1 Vivie (2.85V +£0.1 V)

1 0 1 0 Vivio (2.70 V £0.1 V)

1 0 1 1 Vit (2.55 V £0.1 V)

1 1 0 0 Viviiz (2.39 V £0.1 V)

1 1 0 1 Viviis (2.24 V £0.1 V)

1 1 1 0 Vivia (2.08 V £0.1 V)

1 1 1 1 Viviis (1.93 V £0.1 V)

Cautions 1. Be sure to clear bits 4 to 7 to 0.
2. Do not change the value of LVIS during LVI operation.
3. When an input voltage from the external input pin (EXLVI) is detected, the detection

voltage (VexLvi = 1.21 V (TYP.)) is fixed. Therefore, setting of LVIS is not necessary.
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CHAPTER 24 LOW-VOLTAGE DETECTOR

(3) Port mode register 12 (PM12)
When using the P120/EXLVI/INTPO pin for external low-voltage detection potential input, set PM120 to 1. At this
time, the output latch of P120 may be 0 or 1.
PM12 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM12 to FFH.

Figure 24-4. Format of Port Mode Register 12 (PM12)

Address: FF2CH Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM12 1 1 1 PM124 PM123 PM122 PM121 PM120
PM12n P12n pin /O mode selection (n = 0 to 4)
0 Output mode (output buffer on)

Input mode (output buffer off)

24.4 Operation of Low-Voltage Detector

The low-voltage detector can be used in the following two modes.

(1) Used as reset

e If LVISEL = 0, compares the supply voltage (Vbp) and detection voltage (V.vi), generates an internal reset
signal when Vop < Vwvi, and releases internal reset when Vobp > Vvl

e If LVISEL = 1, compares the input voltage from external input pin (EXLVI) and detection voltage (Vex.vi = 1.21
V (TYP.)), generates an internal reset signal when EXLVI < Vex.vi, and releases internal reset when EXLVI >

VEXLVI.

(2) Used as interrupt

e If LVISEL = 0, compares the supply voltage (Vop) and detection voltage (VLvi), and generates an interrupt
signal (INTLVI) when Vop < Vv

e If LVISEL = 1, compares the input voltage from external input pin (EXLVI) and detection voltage (Vex.vi = 1.21
V (TYP.)), and generates an interrupt signal (INTLVI) when EXLVI < Vexwvi.

Remark LVISEL: Bit 2 of low-voltage detection register (LVIM)

514
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CHAPTER 24 LOW-VOLTAGE DETECTOR

24.4.1 When used as reset

(1) When detecting level of supply voltage (Vop)
e When starting operation

<1> Mask the LVI interrupt (LVIMK = 1).

<2> Clear bit 2 (LVISEL) of the low-voltage detection register (LVIM) to O (detects level of supply voltage
(Vop)) (default value).

<3> Set the detection voltage using bits 3 to 0 (LVIS3 to LVISO0) of the low-voltage detection level selection
register (LVIS).

<4> Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

<5> Use software to wait for an operation stabilization time (10 us (TYP.)).

<6> Wait until it is checked that (supply voltage (Vop) > detection voltage (Viwi)) by bit 0 (LVIF) of LVIM.

<7> Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when supply voltage (Vop) < detection
voltage (VLvi)).

Figure 24-5 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers
in this timing chart correspond to <1> to <7> above.

Cautions 1. <1> must always be executed. When LVIMK = 0, an interrupt may occur immediately
after the processing in <4>.
2. If supply voltage (Vop) > detection voltage (VLvi) when LVIMD is set to 1, an internal reset
signal is not generated.

o When stopping operation
Either of the following procedures must be executed.

. When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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CHAPTER 24 LOW-VOLTAGE DETECTOR

Figure 24-5. Timing of Low-Voltage Detector Internal Reset Signal Generation
(Detects Level of Supply Voltage (Vob))

Supply voltage (Vob)

LVI detection voltage
(V) ] h |

POC detection voltage | - - /- v\l
(VPoc)

Time

LVIMK flag
(set by software)

LVISEL flag et <3>
(set by software) |

LVION fla r
g Not cleared

(set by software)

/ Not cléared

<5> Wait time

P ‘Clear
LVIF flag 5 § |_\
WA s 5 e
LVIMD flag ; : : : Lo
(set by software) ' ' Not cleared Not cleared : \
Clear
LVIRF flaghte : :
LVI reset signal
' ' Cleared by ' Cleared by !
i 1 software 1 software 1

POC reset signal

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by RESET input.
2. The LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 22
RESET FUNCTION.

Remark <1> to <7> in Figure 24-5 above correspond to <1> to <7> in the description of 24.4.1 (1) When
detecting level of supply voltage (Vop) ¢ When starting operation.

516 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 24 LOW-VOLTAGE DETECTOR

(2) When detecting level of input voltage from external input pin (EXLVI)
e When starting operation

<1>

<2>
<3>
<4>

<5>

<6>

Mask the LVI interrupt (LVIMK = 1).

Set bit 2 (LVISEL) of the low-voltage detection register (LVIM) to 1 (detects level of input voltage from
external input pin (EXLVI)).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (TYP.)).

Wait until it is checked that (input voltage from external input pin (EXLVI) > detection voltage (VexLvi =
1.21 V (TYP.))) by bit 0 (LVIF) of LVIM.

Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when input voltage from external input pin
(EXLVI) < detection voltage (Vexvi = 1.21 V (TYP.))).

Figure 24-6 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers

in this timing chart correspond to <1> to <6> above.

Cautions 1. <1> must always be executed. When LVIMK = 0, an interrupt may occur immediately

after the processing in <3>.

2. If input voltage from external input pin (EXLVI) > detection voltage (Vex.vi = 1.21 V (TYP.))
when LVIMD is set to 1, an internal reset signal is not generated.

3. Input voltage from external input pin (EXLVI) must be EXLVI < Vob.

e When stopping operation

Either of the following procedures must be executed.

- When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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Figure 24-6. Timing of Low-Voltage Detector Internal Reset Signal Generation
(Detects Level of Input Voltage from External Input Pin (EXLVI))

Input voltage from
external input pin (EXLVI)

LVI detection voltage
(Vexww)

. Time

LVIMK flag

(set by software) Htete \
<1>

LVISEL flag
(set by software)

Not cleared Not cleared Not cleared

// Not cléared

LVION flag

(set by software) Not cleared

Not cléared

LVIF flag E "::

' Not cleared
<6> |

LVIMD flag Note 2
(set by software)

Not cleared Not cleared

LVIRF flaghete 3

B e B e I Eant

LVI reset signal

1 Cleared by
1 software

1 Cleared by
1 software

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by RESET input.
2. The LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 22 RESET
FUNCTION.

Remark <1> to <6> in Figure 24-6 above correspond to <1> to <6> in the description of 24.4.1 (2) When
detecting level of input voltage from external input pin (EXLVI) ¢ When starting operation.
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24.4.2 When used as interrupt

(1) When detecting level of supply voltage (Vop)
e When starting operation

<1>

<2>

<3>

<4>
<5>
<6>
<7>
<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Clear bit 2 (LVISEL) of the low-voltage detection register (LVIM) to O (detects level of supply voltage
(Vop)) (default value).

Set the detection voltage using bits 3 to 0 (LVIS3 to LVISO) of the low-voltage detection level selection
register (LVIS).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (TYP.)).

Confirm that “supply voltage (Vop) > detection voltage (Vivi)” at bit O (LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Clear bit 1 (LVIMD) of LVIM to O (generates interrupt signal when supply voltage (Vob) < detection
voltage (VLwi)) (default value).

<10> Execute the El instruction (when vector interrupts are used).

Figure 24-7 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in

this timing chart correspond to <1> to <9> above.

e When stopping operation

Either of the following procedures must be executed.

- When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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Figure 24-7. Timing of Low-Voltage Detector Interrupt Signal Generation
(Detects Level of Supply Voltage (Vob))

Supply voltage (Vop)

LVI detection voltage
(Vovr)

POC detection voltage
(Vpoc)

Time
LVIMK flag ———y—]
(set by software)

P<1> I
; Note1 11 <8> Cleared by software
LVISEL flag B P N

(set by software) |

(set by software) L

L\

LVION flag <>, :
(set by software) '
—_ <4
| =l le <55 Wait time :
LVIF flag o H }
b <6 : : : Do
| Note2 ' ! ! ! ! -
INTLVI 5 5 -| 5 -| 5 -| !
LVIIF flag : |—| —| ; —| ; —| :
LA <> :
i Note2  Cleared by software :
LVIMD flag : . :

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by RESET input.
2. The LVIF and LVIIF flags may be set (1).

Remark <1> to <9> in Figure 24-7 above correspond to <1> to <9> in the description of 24.4.2 (1) When
detecting level of supply voltage (Vop) ¢ When starting operation.
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(2) When detecting level of input voltage from external input pin (EXLVI)
e When starting operation

<1>

<2>

<3>
<4>

<5>
<6>
<7>

<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Set bit 2 (LVISEL) of the low-voltage detection register (LVIM) to 1 (detects level of input voltage from
external input pin (EXLVI)).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (TYP.)).

Confirm that “input voltage from external input pin (EXLVI) > detection voltage (Vexwvi = 1.21 V (TYP.))”
at bit 0 (LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when supply voltage (Vob) < detection
voltage (VLwi)) (default value).

Execute the El instruction (when vector interrupts are used).

Figure 24-8 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in

this timing chart correspond to <1> to <8> above.

Caution Input voltage from external input pin (EXLVI) must be EXLVI < Vob.

¢ When stopping operation

Either of the following procedures must be executed.

. When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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Figure 24-8. Timing of Low-Voltage Detector Interrupt Signal Generation
(Detects Level of Input Voltage from External Input Pin (EXLVI))

Input voltage from
external input pin (EXLVI)

LVI detection voltage
(Vexwvr)

Time

LVIMK flag —————
(set by software) \

<1>
Note 1

<7> Cleared by software

LVISEL flag
(set by software)

LVIONflag <%
(set by software)

<3>

|

<4> Wait time

LVIF flag

<5> H
Note 2

INTLVI

LVIIF flag |—| —|

/ <6>
Note2  Cleared by software
LVIMD flag i

(set by software) |

\

<8>

Notes 1. The LVIMK flag is set to “1” by RESET input.
2. The LVIF and LVIIF flags may be set (1).

Remark <1> to <8> in Figure 24-8 above correspond to <1> to <8> in the description of 24.4.2 (1) When
detecting level of supply voltage (Vop) ¢ When starting operation.
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24.5 Cautions for Low-Voltage Detector

In a system where the supply voltage (Vob) fluctuates for a certain period in the vicinity of the LVI detection voltage
(VLvi), the operation is as follows depending on how the low-voltage detector is used.

(1) When used as reset
The system may be repeatedly reset and released from the reset status.
In this case, the time from release of reset to the start of the operation of the microcontroller can be arbitrarily set
by taking action (1) below.

(2) When used as interrupt
Interrupt requests may be frequently generated. Take action (2) below.

In this system, take the following actions.

<Action>

(1) When used as reset
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a
software counter that uses a timer, and then initialize the ports (see Figure 24-9).

(2) When used as interrupt
Check that “supply voltage (Vob) > detection voltage (VLvi)” in the servicing routine of the LVI interrupt by using bit
0 (LVIF) of the low-voltage detection register (LVIM). Clear bit O (LVIIF) of interrupt request flag register OL (IFOL)
to 0 and enable interrupts (EI).
In a system where the supply voltage fluctuation period is long in the vicinity of the LVI detection voltage, wait for
the supply voltage fluctuation period, check that “supply voltage (Vob) > detection voltage (Viwvi)” using the LVIF
flag, and then enable interrupts (El).

Remark If bit 2 (LVISEL) of the low voltage detection register (LVIM) is set to “1”, the meanings of the above
words change as follows.
e Supply voltage (Vop)  — Input voltage from external input pin (EXLVI)
¢ Detection voltage (VLvi) — Detection voltage (Vex.vi = 1.21 V)
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Figure 24-9. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage

Reset ; The high-speed Ring-OSC clock is set as the
CPU clock when the reset signal is generated

Checking cause ; The cause of reset (power-on-clear, WDT, or
of resetNote2 LVI) can be identified by the RESF register.

LVI

; 8-bit timer H1 can operate with the low-speed
Ring-OSC clock.
Source: faL (264 kHz (MAX.))/27 x compare value
104 = 50 ms (fr: low-speed Ring-OSC clock
oscillation frequency)

Start timer
(set to 50 ms)

Note 1 ¢

50 ms has passed?

(TMIFH1 = 12) ; TMIFH1 = 1: Interrupt request is generated.

Initialization

processing ; Initialization of ports

Notes 1. If resetis generated again during this period, initialization processing is not started.
2. Aflowchart is shown on the next page.
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Figure 24-9. Example of Software Processing After Reset Release (2/2)

¢ Checking reset cause

( Check reset cause )

WDTRF of RESF Yes

register = 1?

No

Reset processing by
watchdog timer

No

LVIRF of RESF
register =1?

Yes

Power-on-clear/external
reset generated
Reset processing by
low-voltage detector
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CHAPTER 25 OPTION BYTE

The 78K0/LG2 has an area called an option byte at address 0080H/1080H"" of the flash memory. When using the
product, be sure to set the following functions by using the option byte.

O Low-speed Ring-OSC oscillation
e Can be stopped by software
e Cannot be stopped
O Watchdog timer interval time setting
O Watchdog timer counter operation control
e Enabled counter operation
o Disabled counter operation
O Watchdog timer window open period setting

Figure 25-1. Allocation of Option Byte

Flash memory

1080 HNete
Option byte
O [WINDOW1|WINDOWO| WDTON | WDCS2 | WDCS1 | WDCSO |RINGOSC
0080 HNete
0000H

Figure 25-2. Format of Option Byte (1/2)

Address: 0080H/1080H""

7 6 5 4 3 2 1 0

0 WINDOW1 | WINDOWO WDTON ‘ WDCS2 ‘ WDCSH ‘ WDCS0 RINGOSC
WINDOW1 | WINDOWO Watchdog timer window open period

0 0 25%

0 1 50%

1 0 75%

1 1 100%

Note Set 1080H to the same value as that for 0080H in advance, since 0080H and 1080H are switched during the
boot swap operation.
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Figure 25-2. Format of Option Byte (2/2)

WDTON

Watchdog timer counter control

Counter operation disabled (counting stopped after reset)

Counter operation enabled (counting started after reset)

WDCSH1 WDCSO0 Watchdog timer overflow time

0 0 2"faL (3.88 ms)

0 1 2"/fRL (7.76 ms)

1 0 2%/faL (15.52 ms)

0 2"/fL (62.06 ms)

1 2%/faL (124.12 ms)

1 0 2"%/frL (248.24 ms)

(
(
(
1 1 2"/frL (31.03 ms)
(
(
(
(

1 1 2"/faL (496.48 ms)

RINGOSC

Low-speed Ring-OSC oscillation

0

Can be stopped by software (stopped when 1 is written to LSRSTOP bit)

1

Cannot be stopped (not stopped even if 1 is written to LSRSTOP bit)

Cautions 1.

Remarks 1

2.
3.

prohibited.

The combination of WDCS2, WDCS1, WDCSO0 = 0, 0, 0 and WINDOW1, WINDOWO =0, 0 is

The watchdog timer does not stop during self-programming of the flash memory and

EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

If RINGOSC = 0 (oscillation can be stopped by software), supply of the count clock to the

watchdog timer is stopped in the HALT and STOP modes, regardless of the setting of bit 0

(LSRSTOP) of the Ring-OSC mode register (RCM).

If the low-speed Ring-OSC clock is

selected for the count clock to 8-bit timer H1, however, the count clock is supplied in the

HALT and STOP modes while the low-speed Ring-OSC clock operates (LSRSTOP = 0).
Be sure to clear bit 7 to 0.

. fRL: Low-speed Ring-OSC clock oscillation frequency

(): fRL = 264 kHz (MAX.)
An example of software coding for setting the option bytes is shown below.

OPT OSEG AT 0080H
OPTION: DB O00H ; Set to option byte
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CHAPTER 26 FLASH MEMORY

The 4PD78F0393, 78F0395, 78F0397, and 78F0397D incorporate the flash memory to which a program can be
written, erased, and overwritten while mounted on the board.

26.1 Internal Memory Size Switching Register
The internal memory capacity can be selected using the internal memory size switching register (IMS).

IMS is set by an 8-bit memory manipulation instruction.
RESET input sets IMS to CFH.

Caution Be sure to set each product to the values shown in Table 26-1 after a reset release.

Figure 26-1. Format of Internal Memory Size Switching Register (IMS)

Address: FFFOH  After reset: CFH R/W

Symbol 7 6 5 4 3 2 1 0
IMS RAM2 RAM1 RAMO 0 ROMS3 ROM2 ROM1 ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
1 1 0 1024 bytes
Other than above Setting prohibited
ROM3 ROM2 ROM1 ROMO Internal ROM capacity selection
1 0 0 0 32 KB
1 1 0 0 48 KB
1 1 1 1 60 KB
Other than above Setting prohibited

Table 26-1. Internal Memory Size Switching Register Settings

Flash Memory Versions (78K0/LG2) IMS Setting
uPD78F0393 C8H
uPD78F0395 CFH
1PD78F0397, 78F0397D CCH™™

Note Although the 4PD78F0397 and 78F0397D have an internal ROM capacity of 128 KB, set the internal ROM

capacity to 48 KB, since banks are used. For how to set the banks, see 26.2 Bank Select Register
(uPD78F0397 and 78F0397D Only).

528 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 26 FLASH MEMORY

26.2 Bank Select Register (4PD78F0397 and 78F0397D Only)

The bank area to be used can be set using the bank select register (BANK).
BANK is set by an 8-bit memory manipulation instruction.
RESET input clears BANK to 00H.

Remark For the bank area, see Figure 3-3 Memory Map (uPD78F0397), Figure 3-4 Memory Map
(4PD78F0397D), and 3.1.2 Bank area (#PD78F0397 and 78F0397D only).

Figure 26-2. Format of Bank Select Register (BANK)

Address: FFF3H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
BANK 0 0 0 0 0 ‘ BANK2 ‘ BANK1 BANKO
BANK2 BANK1 BANKO Bank setting
uPD78F0397, 78F0397D

0 0 0 Common area (32 K) + bank area 0 (16 K)

0 0 1 Common area (32 K) + bank area 1 (16 K)

0 1 0 Common area (32 K) + bank area 2 (16 K)

0 1 1 Common area (32 K) + bank area 3 (16 K)

1 0 0 Common area (32 K) + bank area 4 (16 K)

1 0 1 Common area (32 K) + bank area 5 (16 K)

Other than above Setting prohibited
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26.3 Internal Expansion RAM Size Switching Register

The internal expansion RAM capacity can be selected using the internal expansion RAM size switching register
(IXS).

IXS is set by an 8-bit memory manipulation instruction.

RESET input sets IXS to OCH.

Caution Be sure to set each product to the values shown in Table 26-2 after a reset release.

Figure 26-3. Format of Internal Expansion RAM Size Switching Register (IXS)

Address: FFF4H After reset: OCH R/W

Symbol 7 6 5 4 3 2 1 0
IXS 0 0 0 IXRAM4 IXRAM3 IXRAM2 ‘ IXRAM1 ‘ IXRAMO
IXRAM4 IXRAM3 IXRAM2 IXRAM1 IXRAMO [Internal expansion RAM capacity selection|
0 1 1 0 0 0 bytes
0 1 0 0 0 2048 bytes
0 0 0 0 0 6144 bytes
Other than above Setting prohibited

Table 26-2. Internal Expansion RAM Size Switching Register Settings

Flash Memory Versions (78K0/LG2) IXS Setting
uPD78F0393 0CH
uPD78F0395 08H
uPD78F0397, 78F0397D 00H

26.4 Writing with Flash Programmer
Data can be written to the flash memory on-board or off-board, by using a dedicated flash programmer.
(1) On-board programming
The contents of the flash memory can be rewritten after the 78K0/LG2 has been mounted on the target system.
The connectors that connect the dedicated flash programmer must be mounted on the target system.
(2) Off-board programming
Data can be written to the flash memory with a dedicated program adapter (FA series) before the 78K0/LG2 is

mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.
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Table 26-3. Wiring Between 78K0/LG2 and Dedicated Flash Programmer (GC Package)

Pin Configuration of Dedicated Flash Programmer With CSI10 With UART6
Signal Name I/0 Pin Function Pin Name Pin No. Pin Name Pin No.

SI/RxD Input Receive signal SO10/P12 74 TxD6/P13 73
SO/TxD Output Transmit signal SI110/RxDO0/P11 75 RxD6/P14 72
SCK Output Transfer clock SCK10/TxDO/P10 76 - -
CLK Output Clock to 78K0/LG2 Mot - EXCLK/X2/P122""*? 10
/RESET Output Reset signal RESET 6 RESET 6
FLMDO Output Mode signal FLMDO 9 FLMDO 9
Vop I/0 Voo voltage generation/ Vob 14 Vob 14
power monitoring L Voo 65 L Voo 65

AVrer 77 AVrer 77

GND - Ground Vss 13 Vss 13
LVss 64 LVss 64

AVss 78 AVss 78

Notes 1. Only the high-speed Ring-OSC clock (frH) can be used when CSI10 is used.
2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART®6 is used. When
using the clock out of the flash programmer, connect CLK and EXCLK of the programmer.

Table 26-4. Wiring Between 78K0/LG2 and Dedicated Flash Programmer (GF Package)

Pin Configuration of Dedicated Flash Programmer With CSI10 With UART6
Signal Name I/0 Pin Function Pin Name Pin No. Pin Name Pin No.

SI/RxD Input Receive signal SO10/P12 77 TxD6/P13 76
SO/TxD Output Transmit signal SI10/RxDO0/P11 78 RxD6/P14 75
SCK Output Transfer clock SCK10/TxDO/P10 79 - -
CLK Output Clock to 78K0/LG2 Mot - EXCLK/X2/P122""* 13
/RESET Output Reset signal RESET 9 RESET 9
FLMDO Output Mode signal FLMDO 12 FLMDO 12
Vop I/0 Voo voltage generation/ Vob 17 Vob 17
power monitoring Voo 68 Voo 68

AVRer 80 AVRrer 80

GND - Ground Vss 16 Vss 16
LVss 67 LVss 67

AVss 81 AVss 81

Notes 1. Only the high-speed Ring-OSC clock (frH) can be used when CSI10 is used.
2. Only the X1 clock (fx) or external main system clock (fexcik) can be used when UART®6 is used. When
using the clock out of the flash programmer, connect CLK and EXCLK of the programmer.
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Examples of the recommended connection when using the adapter for flash memory writing are shown below.

Figure 26-4. Example of Wiring Adapter for Flash Memory Writing

in 3-Wire Serial I/0 (CSI10) Mode (GC Package)

—©O Voo (2.71055V)

—©O GND
@] O
© Q
10099 98 97 96 9594 9392919089 88 87 86 8584 8382818079787776
1 75
2 74
3 73
4 72
5 <::> 71
6 70
7 69
8 68
9 67
10 66
Q11 65
T 12 64
o 13 63
O 14 62
15 61
16 60
17 59
18 58
19 57
20 56
21 55
22 54
23 53
24 52
25 51
262728293031323334353637 38394041 424344 4546 47 48 4950
GND
VDD
VDD2

© o 0 o0 0

SO SCK CLK  /RESET FLMDO

532

WRITER INTERFACE
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Figure 26-5. Example of Wiring Adapter for Flash Memory Writing

in UART (UARTG6) Mode (GC Package)

—© Voo (2.7105.5V)
—©O anD
O (@]
o Q
10099 98 97 96 9594 9392 91 90 89 88 87 86 8584 8382 818079787776
1 75
2 74
3 73
4 72
5 <::> 71
6 70
7 69
8 68
9 67
10 66
Q111 65
T 12 64
o 13 63
14 62
15 61
16 60
17 59
18 58
19 57
20 56
21 55
22 54
23 53
24 52
25 51
262728293031 323334353637 38394041424344 454647 484950

GND

VDD

VDD2

© © o 0O O 0

SI SO SCK CLK  /RESET FLMDO

WRITER INTERFACE
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534

Figure 26-6. Example of Wiring Adapter for Flash Memory Writing
in 3-Wire Serial I/0 (CSI10) Mode (GF Package)

———©O Voo (2.71055V)

—© anp
O
o Q
100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
1 80 O
2 79
3 78
;| O 7
5 76
6 75
7 74
8 73
9 72
10 71
11 70
12 69
13 68 O
ol Y 67 o
15 66
O 16 65
O 17 64
18 63
19 62
20 61
21 60
22 59
23 58
24 57
25 56
26 55
27 54
28 53
29 52
30 51
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
GND
VDD
VvDD2

© © © 0 O O

SI SO SCK CLK  /RESET FLMDO

WRITER INTERFACE
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Figure 26-7. Example of Wiring Adapter for Flash Memory Writing
in UART (UART6) Mode (GF Package)

———©O Voo (2.71055V)

—© anp
e
O Q
100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81
1 80 O
2 79
3 78
;| O 7
5 76
6 75
7 74
8 73
9 72
10 71
11 70
12 69
13 68 O
Q|14 67 [FO
T] 15 66
O 16 65
O 17 64
18 63
19 62
20 61
21 60
22 59
23 58
24 57
25 56
26 55
27 54
28 53
29 52
30 51
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
GND
VDD
VDD2

© © © 0O O O

SI SO SCK CLK  /RESET FLMDO

WRITER INTERFACE
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26.5 Programming Environment
The environment required for writing a program to the flash memory of the 78K0/LG2 is illustrated below.

Figure 26-8. Environment for Writing Program to Flash Memory

FLMDO
RS-232C Veo
Vss
UsB RESET
Dedicated flash CSI10/UART6 78K0/LG2

programmer

Host machine

A host machine that controls the dedicated flash programmer is necessary.

To interface between the dedicated flash programmer and the 78KO0/LG2, CSI10 or UART6 is used for
manipulation such as writing and erasing. To write the flash memory off-board, a dedicated program adapter (FA
series) is necessary.

26.6 Communication Mode

Communication between the dedicated flash programmer and the 78KO0/LG2 is established by serial
communication via CSI10 or UART6 of the 78K0/LG2.

(1) Csi10
Transfer rate: 200 kHz to 2 MHz

Figure 26-9. Communication with Dedicated Flash Programmer (CSI10)

FLMDO FLMDO
Voo ——————— Voo/LVoo/AVrer
GND — Vss/LVss/AVss
/RESET /
SI/RxD

Dedicated flash SO/TxD
programmer 3SCK

PG-FP4 (Fash Prod) |
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(2) UART6
Transfer rate: 115200 bps

Figure 26-10. Communication with Dedicated Flash Programmer (UARTG6)

FLMDO FLMDO
Voo ———— Voo/LVoo/AVRer

GND — Vss/LVss/AVss
/RESET ——— RESET
SI/IRXD =—  TxD6
Dedicated flash SO/TxD RxD6 78K0/LG2
programmer CLK EXCLK

If FlashPro4 is used as the dedicated flash programmer, FlashPro4 generates the following signal for the
78K0/LG2. For details, refer to the FlashPro4 manual.

Table 26-4. Pin Connection

FlashPro4 78K0/LG2 Connection
Signal Name 1/0 Pin Function Pin Name CSI10 | UART6
FLMDO Output Mode signal FLMDO O O
Vop 110 Vop voltage generation/power monitoring Vop, LVob, AVrer (@) O
GND - Ground Vss, LVss, AVss (@) (@)
CLK Output Clock output to 78K0/LG2 EXCLK et QM2
/RESET Output Reset signal RESET (@) (©)
SI/RxD Input Receive signal SO10/TxD6 O O
SO/TxD Output Transmit signal SI10/RxD6 (@) (@)
SCK Output Transfer clock SCK10 (® X
Notes 1. Only the high-speed Ring-OSC clock (frH) can be used when CSI10 is used.
2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART®6 is used. When
using the clock out of the flash programmer, connect CLK and EXCLK of the programmer.
Remark O: Be sure to connect the pin.
O: The pin does not have to be connected if the signal is generated on the target board.
x: The pin does not have to be connected.
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26.7 Handling of Pins on Board

To write the flash memory on-board, connectors that connect the dedicated flash programmer must be provided on
the target system. First provide a function that selects the normal operation mode or flash memory programming
mode on the board.

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in
the same status as immediately after reset. Therefore, if the external device does not recognize the state immediately
after reset, the pins must be handled as described below.

26.7.1 FLMDO pin
In the normal operation mode, 0 V is input to the FLMDO pin. In the flash memory programming mode, the Vop
write voltage is supplied to the FLMDO pin. An FLMDO pin connection example is shown below.

Figure 26-11. FLMDO Pin Connection Example

78K0/LG2

Dedicated flash programmer connection pin
FLMDO

26.7.2 Serial interface pins
The pins used by each serial interface are listed below.

Table 26-6. Pins Used by Each Serial Interface

Serial Interface Pins Used
CSI10 S010, SI10, SCK10
UART6 TxD6, RxD6

To connect the dedicated flash programmer to the pins of a serial interface that is connected to another device on
the board, care must be exercised so that signals do not collide or that the other device does not malfunction.
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(1) Signal collision
If the dedicated flash programmer (output) is connected to a pin (input) of a serial interface connected to another
device (output), signal collision takes place. To avoid this collision, either isolate the connection with the other
device, or make the other device go into an output high-impedance state.

Figure 26-12. Signal Collision (Input Pin of Serial Interface)

78K0/LG2

Dedicated flash programmer
Signal collision connection pin
O

Input pin
Other device

T Output pin

In the flash memory programming mode, the signal output by the device
collides with the signal sent from the dedicated flash programmer.
Therefore, isolate the signal of the other device.

(2) Malfunction of other device
If the dedicated flash programmer (output or input) is connected to a pin (input or output) of a serial interface
connected to another device (input), a signal may be output to the other device, causing the device to malfunction.
To avoid this malfunction, isolate the connection with the other device.

Figure 26-13. Malfunction of Other Device

78K0/LG2
Dedicated flash programmer
) connection pin
Pin O
Other device
\ T Input pin
If the signal output by the 78KO0/LG2 in the flash memory programming
mode affects the other device, isolate the signal of the other device.
78K0/LG2
Dedicated flash programmer
. connection pin
Pin O

Other device

. T Input pin

If the signal output by the dedicated flash programmer in the flash memory
programming mode affects the other device, isolate the signal of the other
device.
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26.7.3 RESET pin

If the reset signal of the dedicated flash programmer is connected to the RESET pin that is connected to the reset
signal generator on the board, signal collision takes place. To prevent this collision, isolate the connection with the
reset signal generator.

If the reset signal is input from the user system while the flash memory programming mode is set, the flash
memory will not be correctly programmed. Do not input any signal other than the reset signal of the dedicated flash
programmer.

Figure 26-14. Signal Collision (RESET Pin)

78K0/LG2
Dedicated flash programmer
Signal collision connection signal
RESET @)

Reset signal generator

T Qutput pin

In the flash memory programming mode, the signal output by the reset
signal generator collides with the signal output by the dedicated flash
programmer. Therefore, isolate the signal of the reset signal generator.

26.7.4 Port pins

When the flash memory programming mode is set, all the pins not used for flash memory programming enter the
same status as that immediately after reset. If external devices connected to the ports do not recognize the port
status immediately after reset, the port pin must be connected to Vob or Vss via a resistor.

26.7.5 REGC pin
Connect the REGC pin to GND via a capacitor (0.47 uF: target) in the same manner as during normal operation.

26.7.6 Other signal pins
Connect X1 and X2 in the same status as in the normal operation mode when using the on-board clock.
To input the operating clock from the programmer, however, connect the clock out of the programmer to EXCLK.

Cautions 1. Only the high-speed Ring-OSC clock (frH) can be used when CSI10 is used.
2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART6 is used.

26.7.7 Power supply

To use the supply voltage output of the flash programmer, connect the Vob pin to Vop of the flash programmer, and
the Vss pin to GND of the flash programmer.

However, be sure to connect the Vop and Vss pins to Vopo and GND of the flash programmer to use the power
monitor function with the flash programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

Supply the same other power supplies (LVbop, LVss, AVRer, and AVss) as those in the normal operation mode.
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26.8 Programming Method

26.8.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 26-15. Flash Memory Manipulation Procedure

( Start )

Flash memory programming
mode is set

FLMDO pulse supply —

Selecting communication mode

Manipulate flash memory

No

( )

26.8.2 Flash memory programming mode

To rewrite the contents of the flash memory by using the dedicated flash programmer, set the 78K0/LG2 in the
flash memory programming mode. To set the mode, set the FLMDO pin to Vob and clear the reset signal.

Change the mode by using a jumper when writing the flash memory on-board.

Figure 26-16. Flash Memory Programming Mode

55V : 3
Vop '
ov E

Vop ; [)[)
RESET \ /i
ov i

‘ FLMDO pulse

Vob
FLMDO
oV

E Flash memory programming mode

Table 26-7. Relationship Between FLMDO Pin and Operation Mode After Reset Release

FLMDO Operation Mode
0 Normal operation mode
Voo Flash memory programming mode
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26.8.3 Selecting communication mode

In the 78K0/LG2, a communication mode is selected by inputting pulses (up to 11 pulses) to the FLMDO pin after
the dedicated flash memory programming mode is entered. These FLMDO pulses are generated by the flash
programmer.

The following table shows the relationship between the number of pulses and communication modes.

Table 26-8. Communication Modes

Communication Standard Setting"**" Pins Used | Peripheral | Number of
Mode Port Speed On Target | Frequency | Multiply Clock FLMDO
Rate Pulses
UART UART-ch0 | 115200 bps"**® | Optional 2to 16 1.0 TxD6, RxD6 | fx
(UARTS) MHz fexcik
3-wire serial 1/0 SI0-ch0 200 kHz to S010, SI10, | fau
(CSI10) 2 MHZ""*? SCK10

Notes 1. Selection items for Standard settings on FlashPro4.
2. The possible setting range differs depending on the voltage. For details, refer to the chapter of electrical
specifications.
3. Because factors other than the baud rate error, such as the signal waveform slew, also affect UART
communication, thoroughly evaluate the slew as well as the baud rate error.

Caution When UARTS6 is selected, the receive clock is calculated based on the reset command sent from the
dedicated flash programmer after the FLMDO pulse has been received.

Remark fx: X1 clock

fexcik:  External main system clock
fRH: High-speed Ring-OSC clock
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26.8.4 Communication commands

The 78K0/LG2 communicates with the dedicated flash programmer by using commands. The signals sent from the
flash programmer to the 78K0/LG2 are called commands, and the commands sent from the 78KO/LG2 to the
dedicated flash programmer are called response commands.

Figure 26-17. Communication Commands

Command

Response command 4
-

Dedicated flash 78K0/LG2

programmer

The flash memory control commands of the 78K0/LG2 are listed in the table below. All these commands are
issued from the programmer and the 78K0/LG2 perform processing corresponding to the respective commands.

Table 26-9. Flash Memory Control Commands

Classification Command Name Function

Verify Batch verify command Compares the contents of the entire memory
with the input data.

Erase Batch erase command Erases the contents of the entire memory.

Blank check Batch blank check command Checks the erasure status of the entire memory.

Data write High-speed write command Writes data by specifying the write address and
number of bytes to be written, and executes a

verify check.

Successive write command Writes data from the address following that of
the high-speed write command executed
immediately before, and executes a verify

check.

System setting, control Status read command Obtains the operation status

Oscillation frequency setting command Sets the oscillation frequency

Erase time setting command Sets the erase time for batch erase

Write time setting command Sets the write time for writing data

Baud rate setting command

Sets the baud rate when UART is used

Silicon signature command

Reads the silicon signature information

Reset command

Escapes from each status

The 78K0/LG2 return a response command for the command issued by the dedicated flash programmer.

The

response commands sent from the 78K0/LG2 are listed below.

Table 26-10. Response Commands

Command Name Function
ACK Acknowledges command/data.
NAK Acknowledges illegal command/data.
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26.9 Flash Memory Programming by Self-Writing

The 78KO0/LG2 supports a self-programming function that can be used to rewrite the flash memory via a user
program. Because this function allows a user application to rewrite the flash memory by using the 78K0/LG2 self-
programming library, it can be used to upgrade the program in the field.

If an interrupt occurs during self-programming, self-programming can be temporarily stopped and interrupt

servicing can be executed. To execute interrupt servicing, restore the normal operation mode after self-programming

has been stopped, and execute the El instruction. After the self-programming mode is later restored, self-

programming can be resumed.

Remark For details of the self-programming function and the 78K0/LG2 self-programming library, refer to a
separate document to be published (document name: 78K0/Kx2 Application Note, release schedule:
Pending).

Cautions 1.

The self-programming function cannot be used when the CPU operates with the subsystem
clock.

Input a high level to the FLMDO pin during self-programming.

Be sure to execute the DI instruction before starting self-programming.

The self-programming function checks the interrupt request flags (IFOL, IFOH, IF1L, and IF1H).
If an interrupt request is generated, self-programming is stopped.

Self-programming is also stopped by an interrupt request that is not masked even in the DI
status. To prevent this, mask the interrupt by using the interrupt mask flag registers (MKOL,
MKOH, MK1L, and MK1H).

Self-programming is executed with the high-speed Ring-OSC clock. If the CPU operates with
the X1 clock or external main system clock, the oscillation stabilization wait time of the high-
speed Ring-OSC clock elapses during self-programming.

(Cautions 6 is listed on the next page.)

544
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Cautions 6. Locate the entry program for self-programming in the common area of 0000H to 7FFFH.

8000H

TFFFH|

0000H

Figure 26-18. Operation Mode and Memory Map for Self-Programming (¢xPD78F0397)

SFR

Internal high-
speed RAM

Reserved

Internal
expansion RAM

Reserved

Flash memory
(bank 0)

Flash memory
(common area)

Normal mode

Bank 2

Bank 1

Bank 4

Flash memory

control

firmware ROM

Disable
accessing

Bank 5

Instructions can be fetched
from common area and

selected bank area.
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The procedure of self-programming is illustrated below.

546

Figure 26-19. Self-Programming Procedure

C Start self-programming )

Secure entry RAM area

Set parameters
to entry RAM

‘ Entry program
(user program)

FLMDO pin = High level

Execute DI instruction

Al

| i

Execute library and access

flash memory according to Library
parameter contents

Interrupt request
‘ El execution instruction

Interrupt servicing No interrupt request

Entry program
(user program)

Check library return value
Self-programming
stopped

FLMDO pin = Low level

CEnd of self-programming)
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26.10 Boot Swap Function

The 78K0/LG2 has a boot swap function.

Even if a momentary power failure occurs for some reason while the boot area is being rewritten by self-
programming and the program in the boot area is lost, the boot swap function can execute the program correctly after
re-application of power, reset, and start.

The boot program area of the 78K0/LG2 is as follows: 0000H to OFFFH are boot cluster 0, and 1000H to 1FFFH
are boot cluster 1 (fixed in 4 KB units). Boot clusters 0 and 1 are swapped during boot swapping.

26.10.1 Outline of boot swap function
Before erasing the boot program area by self-programming, write a new boot program to the block to be swapped,

Note

and also set the boot flag Even if a momentary power failure occurs, the address is swapped when the system is

reset and started next time. Consequently, the above area to be swapped is used as a boot area, and the program is
executed correctly. Figure 26-20 shows an image of the boot swap function.
Note The boot flag is controlled by the flash memory control firmware of the 78K0/LG2.

Figure 26-20. Image of Boot Swap Function

(1) If boot swap is not supported

XXXXH XXXXH XXXXH
User program User program User program
Self- Momentary
programming power failure
User program User program User program
2000H 2000H 2000H
1FFFH 1FFFH 1FFFH
User program User program User program
1000H 1000H 1000H
OFFFH 0FFFH 0FFFH
Boot program Erasure in progress ™ Undefined data
0000H 0000H 0000H ﬁ
Not restarted
(2) If boot swap is supported
XXXXH XXXXH XXXXH
User program User program User program
Self- Momentary
i power failure
User program programming User program User program
2000H 2000H 2000H
1FFFH 1FFFH 1FFFH
User program New boot program = Undefined data
(boot cluster 1) (boot cluster 1) (boot cluster 1)
1000H 1000H 1000H
OFFFH OFFFH OFFFH
Boot program .
Erasure in progress New boot program
(boot cluster 0) (boot cluster 0) ™ (boot cluster 0)
0000H 0000H 0000H
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CHAPTER 27 ON-CHIP DEBUG FUNCTION (4PD78F0397D ONLY)

The 4PD78F0397D uses the Vob, FLMDO, RESET, X1 (or P31), X2 (or P32), and Vss pins to communicate with the
host machine via an in-circuit emulator (QB-78KOMINI) for on-chip debugging. Whether X1 and P31, or X2 and P32
are used can be selected.

Caution In the on-chip debug mode, clock is input from the X1 pin.

Remarks1. The 4PD78F0397D is the ES (Engineering Sample) version only.
2. For details of the on-chip debug function, refer to the separate document QB-78KOMINI User’s Manual
(U17029E).

27.1 Security ID Control Flag and Security ID

The #PD78F0397D has a security ID control area in 0084H/1084H of the flash memory and a security ID setting
area in 0085H to 008EH/1085H to 108EH.

Set 1084H and 1085H to 108EH to the same values as those for 0084H and 0085H to 008EH, in advance, since
0084H and 0085H to 0O08EH and 1084H and 1085H to 108EH are switched when the boot swap operation is used
during self-programming.

Figure 27-1. Position of Security ID Control Area and Security ID Setting Area

Flash memory

108EH

Security ID setting area
1085H

1084H [

Security ID control area

008EH

Security ID setting area 0 0 0 0 0 0 | OCDENT | OCDEND

0085H
0084H

0000H
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Figure 27-2. Format of Security ID Control Flag

Address: 0084H/1084H""

Notes1.

7 6 5 4 3 1 0
0 0 0 0 0 OCDENT1 OCDENO
OCDEN1 OCDENO On-chip debug operation control

0 0 Operation prohibited

0 1 Setting prohibited

1 0 Operation enabled. Flash memory data is not erased when authentication of the
security ID has failed.

1 1 Operation enabled. Flash memory data is erased when authentication of the
security ID has failed.

Be sure to set 0084H to 00H (disabling on-chip debug operation) when using a product that does not
have the on-chip debug function (#PD78F0393, 78F0395, or 78F0397). In addition, set 1084H to O0H
in advance, since 0084H and 1084H are switched during the boot swap operation.
When using the on-chip debug function in a product that has the on-chip debug function
(uPD78F0397D), set 0084H to 02H or 03H. In addition, set 1084H to the same value as that for 0084H
in advance, since 0084H and 1084H are switched during the boot swap operation.

Table 27-1. Security ID Code

Address

Security ID code

0085H to 008EH

1085H to 108EH

Any ID code of 10 bytes
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This chapter lists each instruction set of the 78K0/LG2 in table form. For details of each operation and operation

CHAPTER 28 INSTRUCTION SET

code, refer to the separate document 78K/0 Series Instructions User’s Manual (U12326E).

28.1 Conventions Used in Operation List

28.1.1 Operand identifiers and specification methods

Operands are written in the “Operand” column of each instruction in accordance with the specification method of
the instruction operand identifier (refer to the assembler specifications for details).
methods, select one of them. Uppercase letters and the symbols #, !, $ and [ ] are keywords and must be written as

they are. Each symbol has the following meaning.

e #: Immediate data specification

e |:  Absolute address specification
e $: Relative address specification
e []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to

write the #, !, $, and [ ] symbols.

For operand register identifiers r and rp, either function names (X, A, C, etc.) or absolute names (names in

parentheses in the table below, RO, R1, R2, etc.) can be used for specification.

Table 28-1. Operand Identifiers and Specification Methods

Identifier Specification Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbol"*
sfrp Special function register symbol (16-bit manipulatable register even addresses only)""*
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even address only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addri1 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special function register symbols, see Table 3-7 Special Function Register List.
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CHAPTER 28 INSTRUCTION SET

28.1.2 Description of operation column
A: A register; 8-bit accumulator

X X register

B B register

C C register

D: D register

E E register

H H register

L L register

AX: AX register pair; 16-bit accumulator

BC: BC register pair

DE: DE register pair

HL: HL register pair

PC: Program counter

SP: Stack pointer

PSW:  Program status word

CY: Carry flag

AC: Auxiliary carry flag

Z: Zero flag

RBS: Register bank select flag

IE: Interrupt request enable flag

(): Memory contents indicated by address or register contents in parentheses
XH, XL:  Higher 8 bits and lower 8 bits of 16-bit register

Al Logical product (AND)

Vi Logical sum (OR)

e Exclusive logical sum (exclusive OR)

: Inverted data
addr16: 16-bit immediate data or label
jdisp8:  Signed 8-bit data (displacement value)

28.1.3 Description of flag operation column
(Blank): Not affected

Clearedto 0

Setto 1

Set/cleared according to the result

Previously saved value is restored

I X >
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28.2 Operation List

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
8-bitdata |MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 6 (saddr) < byte

sfr, #byte 3 - sfr « byte
Ar R 2 - Acr
r, A Noted | 4 2 - reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr— A
A, laddr16 3 8 9 A « (addr16)
laddr16, A 3 9 (addr16) « A
PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A « PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5 A « (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 A « (HL)
[HL], A 1 4 5 (HL) « A
A, [HL + byte] 2 8 9 A « (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 A« (HL+B)
[HL +B], A 1 6 7 (HL+B) « A
A, [HL + C] 1 6 7 A« (HL+C)
[HL+C], A 1 6 7 (HL+C)« A

XCH Ar nees ] o 2 - Aor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A < (sfr)
A, laddr16 3 8 10 A < (addr16)
A, [DE] 1 4 6 A < (DE)
A, [HL] 1 4 6 A & (HL)
A, [HL + byte] 2 8 10 A < (HL + byte)
A, [HL + B] 2 8 10 A+ (HL+B)
A, [HL +C] 2 8 10 Ao (HL+C)

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock
control register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit data | MOVW rp, #word 3 6 - rp « word
transfer saddrp, #word 4 | 8 10 | (saddrp) < word
sfrp, #word 4 - 10 sfrp « word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp N3 | 4 - AX < 1p
rp, AX Newes ] 4 4 - p « AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 10 12 (addr16) « AX
XCHW AX, rp noes | o 4 - AX & 1p
8-bit ADD A, #byte 2 4 - A, CY « A + byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Neted | 2 4 - A, CY<—A+r X X X
r, A 2 4 - LCY«r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9 A, CY « A + (addr16) X X X
A, [HL] 1 4 5 A, CY « A+ (HL) X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY <A+ (HL+B) X X X
A, [HL + C] 2 8 9 A, CY«~ A+ (HL+C) X X X
ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Neted| 2 4 - A, CY«—A+r+CY X X X
r, A 2 4 - nCY«r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9 A, CY « A + (addr16) + C X X X
A, [HL] 1 4 5 A, CY « A+ (HL)+CY X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) + CY X X X
A, [HL + B] 2 8 9 A, CY <« A+ (HL+B)+CY X X X
A, [HL + C] 2 8 9 A,CY«—~A+(HL+C)+CY X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4, Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag

Group Note 1| Note 2 Z ACCY
8-bit SuB A, #byte 2 4 - A, CY « A —byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Netes | 2 4 - A CY<A-r X X X
r, A 2 4 - rLCY«r—-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9 A, CY « A — (addr16) X X X
A, [HL] 1 4 5 |A CY«A—(HL) X X X
A, [HL + byte] 2 8 9 A, CY « A — (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY < A-(HL+B) X X X
A [HL+C] 2 8 9 |ACY«A-(HL+C) X X X
SUBC A, #byte 2 4 - |A,CY<« A-byte-CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Netes | 2 4 - A, CY—A-r-CY X X X
r, A 2 4 - rhCY«r-A-CY X X X
A, saddr 2 4 5 A, CY « A — (saddr) - CY X X X
A, laddr16 3 8 9 A, CY « A - (addr16) - CY X X X
A, [HL] 1 4 5 |A CY«A-(HL)-CY X X X
A, [HL + byte] 2 8 9 |A CY« A—(HL +byte) - CY X X X
A, [HL + B] 2 8 9 A, CY < A-(HL+B)-CY X X X
A, [HL + C] 2 8 9 A,CY«~A-(HL+C)-CY X X X

AND A, #byte 2 4 - |A<Anbyte x

saddr, #byte 3 6 8 (saddr) « (saddr) A byte X

Ar st 2 4 - Ac—Anr x

r, A 2 4 - reraA X

A, saddr 2 4 5 A <« A A (saddr) X

A, laddr16 3 8 9 A <« A A (addr16) x

A, [HL] 1 4 5 A« A A (HL) x

A, [HL + byte] 2 8 9 |A« AA(HL+byte) x

A, [HL + B] 2 8 9 |A<AA(HL+B) x

A, [HL + C] 2 8 9 A< AA(HL+C) x

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except“r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
8-bit OR A, #byte 2 4 - |A<Avbyte x
operation saddr, #byte 3 6 8  |(saddr) < (saddr) v byte x
Ar Nees| 2 4 - A—Avr X
r, A 2 4 - r—rvA X
A, saddr 2 4 5 A« A v (saddr) x
A, laddr16 3 8 9 A« A v (addr16) X
A, [HL] 1 4 5 |AcAv(HL) x
A, [HL + byte] 2 8 9 A« Av (HL + byte) x
A, [HL + B] 2 8 9 |A«Av(HL+B) x
A [HL+C] 2 8 9 |Ac«AvV(HL+C) x
XOR A, #byte 2 4 - A < A~ byte X
saddr, #byte 3 6 8 (saddr) « (saddr) » byte X
Ar Nees| 2 4 - A—Awr X
rA 2 4 - re—r~A X
A, saddr 2 4 5 A <« A (saddr) X
A, laddr16 3 8 9 A « A~ (addr16) X
A, [HL] 1 4 5 |AeAw(HL) x
A, [HL + byte] 2 8 9  |A« Ax(HL + byte) x
A, [HL + B] 2 8 9 |A«Av(HL+B) x
A, [HL + C] 2 8 9 A« A~ (HL+C) X
CMP A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar sl 2 4 - A-r X X X
r, A 2 4 - r-A X X X
A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9 A — (addr16) X X X
A, [HL] 1 4 5 A - (HL) X X X
A, [HL + byte] 2 8 9 |A-(HL + byte) X X X
A, [HL + B] 2 8 9 A—(HL + B) X X X
A, [HL + C] 2 8 9 A—-(HL+C) X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except“r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock

control register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation | suBw AX, #word 3 | 6 - |AX, CY « AX — word X X X
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 - AX— AxX
divide DIVUW o} 2 | 25 — | AX (Quotient), C (Remainder) « AX + C
Increment/ [INC r 1 2 - rer+1 X X
decrement saddr 2 4 6 |(saddr) « (saddr) + 1 X X
DEC r 1 2 - rer—1 X X
saddr 2 4 6 (saddr) « (saddr) — 1 X X
INCW p 1 4 - perp+1
DECW p 1 4 - p«rp-—1
Rotate ROR A1 1 2 —  |(CY, A7 < Ao, Am—1 < Am) x 1 time X
ROL A1 1 2 - (CY, Ao < A7, Am+1 < Am) x 1 time X
RORC A1 1 2 - (CY « Ao, A7 < CY, Am-1 < Am) x 1 time X
ROLC A1 1 2 - (CY « A7, Ao < CY, Am+1 < Am) x 1 time X
ROR4 [HL] 2 10 12 As-o0 ¢ (HL)s- o, (HL)7-4 « As-o,
(HL)s-o0 « (HL)7-4
ROL4 [HL] 2 10 12 As-0 < (HL)7-4, (HL)3s-0 « As-o,
(HL)7-4 « (HL)s-0
BCD ADJBA 2 - Decimal Adjust Accumulator after Addition | x x X
adjustment | ApJBS 2 - Decimal Adjust Accumulator after Subtract | x x x
Bit MOV1 CY, saddr.bit 3 CY « (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 | CY « sfrbit x
CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 7 | CY « (HL).bit x
saddr.bit, CY 3 6 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit < CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 (HL).bit < CY
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Bit AND1 CY, saddr.bit 3 6 7 CY « CY A (saddr.bit) X
manipulate CY, sfr.bit 3 - 7 CY « CY a sfr.bit X
CY, A.bit 2 4 - CY « CY A A.bit X
CY, PSW.bit 3 - 7 CY « CY A PSW.bit X
CY, [HL].bit 2 6 7 |CY « CY A (HL).bit x
OR1 CY, saddr.bit 3 6 7 CY « CY v (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY v sfr.bit X
CY, A.bit 2 4 - CY « CY v A.bit X
CY, PSW.bit 3 - 7 CY « CY v PSW.bit X
CY, [HL].bit 2 6 7  |CY « CY v (HL).bit x
XOR1 CY, saddr.bit 3 7 CY « CY ~ (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY w~ sfr.bit X
CY, A.bit 2 4 - CY « CY v+ A.bit X
CY, PSW. bit 3 - 7 CY « CY ~ PSW.bit X
CY, [HL].bit 2 7 CY « CY  (HL).bit x
SET1 saddr.bit 2 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 8 (HL).bit « 1
CLR1 saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit < 0
A.bit 2 4 - A.bit < 0
PSW.bit 2 - 6 PSW.bit < 0 X X X
[HL].bit 2 6 (HL).bit < 0
SET1 cY 1 2 - CY 1 1
CLR1 CcY 1 2 - CY«O0 0
NOT1 cy 1 2 - |cYeTY x
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Call/return |CALL laddr16 3 7 - (SP—1) « (PC + 3)n, (SP - 2) « (PC + 3)v,
PC « addr16, SP « SP -2
CALLF laddr11 2 5 - (8P —1) « (PC + 2)n, (SP —2) « (PC + 2)1,
PCi5-11 < 00001, PC10-0 < addri11,
SP « SP-2
CALLT [addr5] 1 6 - (SP—=1) « (PC + 1)1, (SP - 2) « (PC + 1),
PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5),
SP«SP-2
BRK 1 6 - (SP = 1) « PSW, (SP —2) « (PC + 1)1,
(SP —3) « (PC + 1), PCH « (003FH),
PCL « (003EH), SP «~ SP-3,IE« 0
RET 1 6 - PCh « (SP + 1), PCL « (SP),
SP « SP +2
RETI 1 6 - PCh < (SP + 1), PCL « (SP), R R R
PSW « (SP +2), SP < SP + 3
RETB 1 6 - PCh « (SP + 1), PCL « (SP), R R R
PSW « (SP +2), SP « SP + 3
Stack PUSH PSW 1 - (SP-1) « PSW, SP « SP -1
manipulate p 1 4 - (SP — 1) « rpH, (SP — 2) < rpy,
SP « SP -2
POP PSW 1 - PSW « (SP), SP « SP + 1 R R R
() 1 4 - rpH < (SP + 1), rpL < (SP),
SP « SP +2
MOVW SP, #word 4 - 10 SP « word
SP, AX 2 - SP « AX
AX, SP 2 - 8 AX « SP
Unconditional| BR laddr16 3 6 - PC « addr16
branch $addri6 2 6 - |PC«PC+2+jdisp8
AX 2 8 - PCH « A, PCL « X
Conditional |BC $addr16 2 6 - PC « PC + 2 +jdisp8if CY = 1
branch BNC $addr16 2 6 - |PC«PC+2+jdisp8ifCY=0
BZ $addr16 2 6 - PC « PC + 2 + jdisp8if Z =1
BNZ $addr16 2 6 - PC « PC +2 +jdisp8if Z=0
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Conditional |BT saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if (saddr.bit) = 1
branch sfr.bit, $addr16 4 - 11 |PC « PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC « PC + 4 + disp8 if sfr.bit=0
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit =0
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit=0
BTCLR saddr.bit, $addr16 4 10 12 PC « PC + 4 + jdisp8 if (saddr.bit) = 1
then reset (saddr.bit)
sfr.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 1
then reset A.bit
PSW.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if PSW.bit = 1 X X X
then reset PSW.bit
[HL].bit, $addr16 3 10 12 PC « PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addr16 2 6 - B« B-1,then
PC « PC +2 +jdisp8ifB#0
C, $addr16 2 6 - C « C -1, then
PC « PC + 2 +jdisp8if C= 0
saddr, $addr16 3 8 10 (saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) # 0
CPU SEL RBn 2 - RBS1,0«<n
control NOP 1 - No Operation
El 2 - 6 |IE < 1 (Enable Interrupt)
DI 2 - 6 |IE « 0 (Disable Interrupt)
HALT 2 - Set HALT Mode
STOP 2 - Set STOP Mode
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
control register (PCC).

2. This clock cycle applies to the internal ROM program.
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28.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ

Second Operand | #byte A e sfr saddr |laddri6| PSW [DE] [HL] |[HL+byte]| $addr16 1 None
[HL + B]
First Operand [HL + C]
A ADD MOV |[MOV |MOV |MOV |MOV |[MOV |MOV |[MOV ROR
ADDC XCH |XCH [XCH |XCH XCH |XCH |XCH ROL
SuB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC |ADDC ADDC |ADDC ROLC
AND SuB SuUB SuUB SuUB SuUB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND |AND AND |AND
CMP OR OR OR OR OR
XOR XOR |XOR XOR |XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B,C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL +C]
X MULU
C DIVUW

Note Except “r=A"
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand #word AX rpMe sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW MOvVwW"e INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand A.bit sfr.bit saddr.bit PSW.bit [HL].bit CcY $addr16 None
First Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOVA1 BT SETH
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA1 BT SETH
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CcY MOVA1 MOVA1 MOVA1 MOVA1 MOVA SETH
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand AX laddr16 laddr11 [addr5] $addr16
First Operand
Basic instruction BR CALL CALLF CALLT BR
BR BC

BNC
Bz
BNz

Compound BT

instruction BF
BTCLR
DBNZ

(5) Other instructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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CHAPTER 29 ELECTRICAL SPECIFICATIONS (TARGET)

Caution These specifications show target values of (T), (S), and (R) products, which may change after
device evaluation.

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vop Vob = LVop -0.5t0 +6.5
LVop Voo = LVop -0.5t0 +6.5 \'
Vss Vss = LVss -0.5t0 +0.3 \Y
LVss Vss = LVss -0.5t0 +0.3 \Y
AVRer -0.5 to Voo + 0.3"* Vv
AVss -0.5t0 +0.3 \Y
Input voltage Vin P00 to P06, P10 to P17, P20 to P27, -0.3 to Voo + 0.3"* v
P30 to P33, P70 to P77, P120 to P124,
X1, X2, XT1, XT2, RESET
Vi2 SCLO, SDAO (N-ch open drain) -0.3t0 +6.5 Vv
Output voltage Vot P00 to P06, P10 to P17, P20 to P27, -0.3 to Voo + 0.3""°
P30 to P33, P70 to P77, P120 to P124,
X1, X2, XT1, XT2, RESET
Voz S0 to S39, COMO to COM3 -0.3 to Vico + 0.3""
Analog input voltage Van ANIO to ANI7 —0.3 to AVrer + 0.3 Vv
and —0.3 to Voo + 0.3""
Output current, high lon Per pin -10 mA
Total of all pins| P00 to P04, P120 -25 mA
—80 mA P05, P06, P10 to P17, 55 mA
P30 to P33, P70 to P77
Output current, low lou Per pin 30 mA
Total of all pins | POO to P04, P120 60 mA
200 mA P05, P06, P10 to P17, 140 mA
P30 to P33, P70 to P77,
SCLO, SDAO
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode
Storage temperature Tstg —40 to +150 °C

Note Must be 6.5V or lower.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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X1 Oscillator Characteristics
(TA=-40to +85°C,1.8 V< Vob=LVop<5.5V, Vss = LVss = AVss =0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic | | X1 clock 40V<Vop<55V 1.0 20.0 | MHz
resonator :VSS X1 X2 oscillation

H Note

[ frequency (fx) 2.7V<Voo<4.0V 1.0 10.0

= CQ::

S———— 1.8V<Vo<27V 1.0 5.0

b
Crystal | | X1 clock 40V<Vop<55V 1.0 20.0 | MHz
resonator V s X1 X2 oscillation

H H Note

I, frequency (fx) 27V<Voo<4.0V 1.0 10.0

Co=|

o 1.8V<Vop<2.7V 1.0 5.0

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the
above figures to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

* Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss.

* Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

2. Since the CPU is started by the high-speed Ring-OSC after a reset release, check the X1 clock
oscillation stabilization time using the oscillation stabilization time counter status register
(OSTC) by the user. Determine the oscillation stabilization time of the OSTC register and
oscillation stabilization time select register (OSTS) after sufficiently evaluating the oscillation
stabilization time with the resonator to be used.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the
oscillation themselves or apply to the resonator manufacturer for evaluation.
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Ring-OSC Oscillator Characteristics
(Ta=-40to +85°C,1.8 V< Vob=LVbp<5.5V, Vss = LVss = AVss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit

8 MHz Ring-OSC oscillator High-speed Ring-OSC clock | 2.7V <Vop<5.5V 7.6"*|8.0""%|8.4""*| MHz
oscillation frequency (fan)*"*" | 4 g\ < vpp <27V 7.6%¢2 | g oMz | 10%e2 | MHz

240 kHz Ring-OSC oscillator Low-speed Ring-OSC clock 27V<Vop<55V 216 240 264 kHz
oscillation frequency (fr) 1.8V<Vop <27V 120 | 240 | 264 | kHz

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. This is the frequency when RSTS (bit 7 of the Ring-OSC mode register (RCM)) = 1. It is 5 MHz (TYP.)
when RSTS = 0.

XT1 Oscillator Characteristics
(TA=-40to +85°C, 1.8 V< Vbp=LVDD < 5.5V, Vss = LVss = AVss = 0 V)

Resonator Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Crystal XT1 clock oscillation 32 |32.768| 35 kHz
Vss XT2 XT1 Note
resonator frequency (fxr)
| ““% %
7

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1. When using the XT1 oscillator, wire as follows in the area enclosed by the broken lines in the
above figure to avoid an adverse effect from wiring capacitance.

Keep the wiring length as short as possible.

Do not cross the wiring with the other signal lines.

Do not route the wiring near a signal line through which a high fluctuating current flows.
Always make the ground point of the oscillator capacitor the same potential as Vss.

¢ Do not ground the capacitor to a ground pattern through which a high current flows.

Do not fetch signals from the oscillator.

2. The XT1 oscillator is designed as a low-amplitude circuit for reducing power consumption, and
is more prone to malfunction due to noise than the X1 oscillator. Particular care is therefore
required with the wiring method when the XT1 clock is used.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the
oscillation themselves or apply to the resonator manufacturer for evaluation.
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DC Characteristics (1/4)
(Ta =-40 to +85°C, 1.8 V < Vop = LVbb < 5.5 V, AVRer < Vbp, Vss = LVss = AVss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, high lo1 Per pin for P00 to P06, 40V<Vop<55V -3.0 mA
P10toP17,P3010 P33, |57y <vom<4.0V 25 | mA
P70to P77, P120 1.8V <Vop <27V -1.0 mA
Total"™" of P00 to P04, 40V<Vop<55V -20.0 mA
P120 27V<Voo <40V ~100 | mA
1.8V<Vop<27V -5.0 mA
Total"™ of P05, P06, 40V<Vop<55V -30.0 mA
P10toP17,P3010 P33, | o7v<vm<40v ~190 | mA
Froto P77 1.8V<Vmm<27V -10.0 mA
Total"™ of all pins 40V<Vop<55V -50.0 mA
27V<Vopb<4.0V -29.0 mA
1.8V<Vmm<27V -15.0 mA
loHz2 Per pin for P20 to P27 AVReF = Vop -0.1 mA
loHs Per pin for P121 to P124 -0.1 mA
Output current, low loL1 Per pin for POO to P06, 40V<Vop<55V 8.5 mA
P10 to P17, P30 to P33, 27V <Vop<4.0V 5.0 mA
P70to P77, P120 1.8V <Vop <27V 2.0 mA
Per pin for SCLO, SDAO 40V<Vop<55V 15.0 mA
27V<Vopb<4.0V 5.0 mA
1.8V<Vmp<27V 2.0 mA
Total"™* of P00 to P04, 40V<Vop<55V 20.0 mA
P120 27V<Vop<4.0V 150 | mA
1.8V<Vop<27V 9.0 mA
Total"™ of P05, P06, 40V<Vop<55V 45.0 mA
P10toP17,P3010 P33, |7y <vm<a0v 35.0 mA
Froto P77 1.8V<Vmm<27V 20.0 mA
Total"* of all pins 40V<Vop<55V 65.0 mA
27V<Vopb<4.0V 50.0 mA
1.8V<Vmm<27V 29.0 mA
loL2 Per pin for P20 to P27 AVReF = Vop 0.4 mA
loLs Per pin for P121 to P124 0.4 mA

Note Specifications under condition that duty = 70%

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (2/4)

(Ta =-40 to +85°C, 1.8 V < Vbp = LVbbp < 5.5 V, AVRer < Vbb, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 P02, P12, P13, P15, P121 to P124, SCLO, SDAO | 0.7Vop Vop \'
(uPD78F0395, 78F0397, | v/, P00, P01, PO3 to P06, P10, P11, P14, P16, P17, | 0.8Voo Voo v
78F0397D) P30 to P33, P70 to P77, P120, RESET
ViHs P20 to P27 AVger = Vop 0.7AVRer AVRer \'
Input voltage, high Vinit P02 to P06, P12, P13, P15, P121 to P124, 0.7Voo Voo \Y
(PD78F0393) SCLO, SDAO
ViH2 P00, PO1, P10, P11, P14, P16, P17, P30 to P33, | 0.8Vop Vop Vv
P70 to P77, P120, RESET
Vi3 P20 to P27 | AVRer = Vop 0.7AVRer AVRer \'%
Input voltage, low Vit P02, P12, P13, P15, P121 to P124, SCLO, SDAO 0 0.3Vop \'
(uPD78F0395, 78F0397, | v, P00, P01, P03 to P06, P10, P11, P14, P16, P17, 0 0.2Vop Vv
78F0397D) P30 to P33, P70 to P77, P120, RESET
Vs P20 to P27 | AVger = Vop 0.3AVRer \'
Input voltage, low ViLt P02 to P06, P12, P13, P15, P121 to P124, 0.3Vop \Y
(«PD78F0393) SCLO, SDAO
Viee P00, PO1, P10, P11, P14, P16, P17, P30 to P33, 0 0.2Vop \'
P70 to P77, P120, RESET
Vis P20 to P27 AVRer = Vop 0 0.3AVRer \'
Output voltage, high Vo1 P00 to P06, 40V<Vop<55V, Voo — 0.7 \
P10 to P17, lon1 = -3.0 mA
P30 to P33, 2.7V<Vop<4.0V, Vop — 0.5 Vv
P70t0 P77,P120 | |oui = 25 mA
1.8V<Vop<27V, Voo — 0.5 \'
lont =-1.0 mA
VoHz P20 to P27 AVRer = Vop, Voo — 0.5 \
lonz = -0.1 mA
P121 to P124 lonz = -0.1 mA Voo — 0.5 \%

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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DC Characteristics (3/4)
(Ta =-40 to +85°C, 1.8 V < Vop = LVbb < 5.5 V, AVRer < Vbp, Vss = LVss = AVss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, low Vo1 P00 to P06, 40V<Vop<55V, 0.7 \'
P10 to P17, loL1 = 8.5 mA
P30 to P33, 2.7V<Von<4.0V, 0.7 Vv
P70 to P77, P120 lous = 5.0 mA
1.8V<Vop<27V, 0.5 \Y
loL1 =2.0 mA
1.8V<Vmp<27V, 0.4 \Y
loL1 = 0.5 mA
VoLz2 P20 to P27 AVRrer = Vop, 0.4 \
loLz2 = 0.4 mA
P121 to P124 lor2 = 0.4 mA 0.4 \
Vois SCLO, SDAO 40V<Vop<5.5Y, 2.0 \"
los =15 mA
40V<Vop<55YV, 0.4 \Y
lots = 5.0 mA
27V<Vopb<4.0V, 0.4 \Y
loL1 = 3.0 mA
1.8V<Vp<27V, 0.4 \Y
loL1 =2.0 mA
Input leakage current, high | lux P00 to P06, Vi = Vop 1 HA
P10 to P17,
P30 to P33,
P70 to P77, P120
ILimz P20 to P27 Vi = AVrer = Vop 1 HA
IuHg P121 to 124 Vi=Vop | I/O port mode 1 HA
(X1, X2, XT1, XT2) 0OSC mode 20 LA
Input leakage current, low | lut P00 to P06, Vi=Vss -1 HA
P10 to P17,
P30 to P33,
P70 to P77, P120
I P20 to P27 Vi = Vss, -1 HA
AVRerF = Vop
ILis P121to 124 Vi=Vss | I/O port mode -1 HA
(X1, X2, XT1, XT2) OSC mode _o0 LA
Pull-up resistor Ru Vi = Voo 10 20 100 kQ
FLMDO supply voltage Vi In normal operation mode 0 0.2Vop
ViH In self-programming mode 0.8Vop Vop

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.

568 Preliminary User's Manual U17473EJ1VOUD



CHAPTER 29 ELECTRICAL SPECIFICATIONS (TARGET)

DC Characteristics (4/4)
(Ta =-40 to +85°C, 1.8 V < Vbp = LVbbp < 5.5 V, AVRer < Vbb, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply current Iooi™®" | Operation mode fxn = 20 MHZ""*? Vopo = 5.0 V 4.7 5.8 mA
fxi = 10 MHZ""**°, Vop = 5.0 V 25 | 35 | mA
fx1 = 10 MHZ""**°, Vop = 3.0 V 2.1 3.1 mA
fxi = 5 MHZ""*** Voo = 3.0 V 15 | 22 | mA
fxu = 5 MHZz""**°, Vop = 2.0 V 1.2 1.8 mA
faH =8 MHz, Voo = 5.0 V 1.9 2.7 mA
fsus = 32.768 kHz""***, Voo = 5.0 V 17 30 A
Iop2""** | HALT mode fx1 = 20 MHZ""**, Voo = 5.0 V 2.2 2.6 mA
fxi = 10 MHZ""**°, Vop = 5.0 V 1.0 12 | mA
fx1 = 5 MHZz""**°, Vop = 3.0 V 0.55 | 0.65 | mA
faH =8 MHz, Voo = 5.0 V 0.6 0.65 mA
fsus = 32.768 kHz""***, Voo = 5.0 V 3.5 20 UA
Iops™**® | STOP mode Voo =5.0V 1 20 UA
A/D converter lanc*e® | When A/D converter is 2.3V < AVREF < VDD, 0.86 1.9 mA
operating current operating During conversion at maximum speed
Watchdog timer | |yor*? | When watchdog timer is During 240 kHz low-speed Ring-OSC 5 10 LA
operating current operating operation
LVI operating lLy™es When LVI is operating 9 35 LA
current
LCD operating l.eor™®® | When LCD (including LVoo =50V 150 330 LA
current booster circuit) is stopped
and IIC is operating LVoo =3.0V 75 160 LA
leo2® | When only LCD booster LVoo=5.0V 2 36 LA
circuit is operating and IIC
is in standby status LVoo =3.0V 1.5 16 | WA
Icog™e® | When LCD display is LVop = 5.0 V 5 45 | uA
operating and IIC is in
standby status LVoo=3.0V 4 22 HA
Icos™*® | When LCD (including LVoo =5.0 V 0.1 30 | uA
booster circuit) is stopped
and IC is in standby status LVoo =3.0V 0.05 10 LA

Notes 1.

arpebd

Total current flowing through the internal power supply (Vob). Peripheral operation current is included
(however, the current that flows through the pull-up resistors of ports, A/D converter, and LCD
controller/driver is not included).

Square-wave input

When AMPH (bit 0 of clock operation mode select register (OSCCTL)) = 0.

When the main system clock is stopped.

Total current flowing through the internal power supply (Vob). Peripheral operation current is included
(however, the current that flows through the pull-up resistors of ports, A/D converter, watchdog timer, LVI
circuit, and LCD controller/driver is not included).

This includes only the current that flows through the A/D converter. When the A/D converter is operating
in operation mode or HALT mode, the current value of the 78K0/LG2 is obtained by adding labc to Iop1 or
Ibp2.

This includes only the current that flows through the watchdog timer. When the watchdog timer is
operating in HALT mode or STOP mode, the current value of the 78K0/LG2 is obtained by adding IwoT to
Ibp2 or Ibpa.

This includes only the current that flows through the LVI circuit. When the LVI circuit is operating in HALT
mode or STOP mode, the current value of the 78K0/LG2 is obtained by adding ILvi to Ibp2 or Ippa.

This includes only the current that flows through the LCD controller/driver. The current value of the
78K0/LG2 is obtained by adding the LCD operating current (lcpi, Icpz, Icps, or lcps) to the supply
current (lop1, lopz, or lbpa).
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Remarks 1. fxu: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. frH: High-speed Ring-OSC clock oscillation frequency
3. fsue: Subsystem clock frequency (XT1 clock oscillation frequency or external subsystem clock
frequency)

AC Characteristics

(1) Basic operation
(TaA=-40to +85°C,1.8 V< Voo =LVop < 5.5V, Vss =LVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main High-speed 40V<Vop<55V 0.1 32 Us
instruction execution time) system system clock (fx+) 27V <Vop<4.0V 0.2 30 us

clock (fxp)
) 1.8V<Vp<27V 0.4 32 us
operation
High-speed Ring- | 2.7V <Vop <55V | 0.25 4 Us
OSCclock (fan) | 1 gv<vop<27V | 05 4 us
Subsystem clock (fsus) operation 114 122 125 us
External main system clock fexcix 40V<Vop<55V 1.0 20.0 | MHz
frequency 27V<Voo<4.0V 1.0 10.0 | MHz
1.8V<Vp<27V 1.0 5.0 MHz
External main system clock tEXCLKH, (1fexex ns
input high-level width, low-level | texcikL x1/2)-1
width
External subsystem clock fexciks 32 32.768| 35 kHz
frequency
External subsystem clock input | texciksH, (1/fexcixs ns
high-level width, low-level width | texcikst x1/2)-5
TI000, TI010, TI001"*"", tTiHo, 40V<Vop<55V 2/fsam + us
TI011™"*" input high-level width, | trio 0.1%"?
low-level width 27V<Vop<4.0V 2/fsam + s
0 2No(e2
TI50, TI51 input frequency fris 40V<Vop<55V 10 MHz
27V<Vop<4.0V 10 MHz
1.8V<Vp<27V 5 MHz
TI50, T151 input high-level width,| triss, 40V<Vop<55V 50 ns
low-level width tris 27V <Vopo<4.0V 50 ns
1.8V<Vp<27V 100 ns
Interrupt input high-level width, | tinth, 1 Us
low-level width tinTL
Key return input low-level width | tkr 250 ns
RESET low-level width tRsL 10 us

Notes 1. 4PD78F0395, 78F0397, and 78F0397D only.
2. Selection of fsam= frrs, fPrs/4, fPRs/256, or frrs, fPrRs/16, fPRs/64 is possible using bits 0 and 1 (PRMO00O,
PRMO001 or PRM010, PRMO011) of prescaler mode registers 00 and 01 (PRM00, PRMO1). Note that when
selecting the TI000 or TI001 valid edge as the count clock, fsam= frRrs.
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Tcy vs. Vob (Main System Clock Operation)
100

32 [

10

5.0

20 Guaranteed
operation range

Cycle time Tcy [us]
5

0.4
i \\
0.2 i N
0.1 3
0.01 1 : ‘

7
’

0 1.0 /20 /30 40 5095560
18 27
Supply voltage Voo [V]

AC Timing Test Points (Excluding External Main System Clock and External Subsystem Clock)

0.8Vop 0.8Vop
Test points
0.2Vop > < 0.2Vop

External Main System Clock Timing, External Subsystem Clock Timing

1/fexcik

texcLkL tExcLKH

0.7Voo (MIN.)
0.3Voo (MAX.)

EXCLK \

f———— 1ffexcoks ————

= tEXCLKSL tEXcLKSH

0.7Voo (MIN.)

EXCLKS 0.3Vop (MAX.)
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Tl Timing

TI000, TI010, TIOO1Nete, T|Q1 1Nete

trio H—

1/fnis

TI50, TI51

tris || triHs
/ N~

Interrupt Request Input Timing

tinTL

tiNTH

INTPO to INTP5

Key Interrupt Input Timing

tkR

KRO to KR7

RESET Input Timing

RESET

trRsL

Note «PD78F0395, 78F0397, and 78F0397D only.
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(2) Serial interface
(TA=-40to +85°C,1.8 V< Vpp=LVbD < 5.5V, Vss =LVss = AVss =0 V)

(a) UART®6 (Dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 312.5 kbps

(b) UARTO (Dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 312.5 kbps
(c) lico
Parameter Symbol Standard Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.

SCLO clock frequency fscL 0 100 0 400 kHz
Setup time of start/restart condition™" tsu:sTA 4.8 - 0.7 - US
Hold time tHD:sTA 4.1 - 0.7 - us
Hold time when SCLO = “L” tow 5.0 - 1.25 - us
Hold time when SCLO = “H” tHiGH 5.0 - 1.25 - s
Data setup time (reception) tsu:pAT 0 - 0 - us
Data hold time (transmission)"*** tHD:DAT 0.47 4.0 0.23 1.00 US

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHp:DAT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

(d) CSIin (Master mode, SCK1n... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1n cycle time tkovt 40V<Vop<55V 100 ns
27V<Vob<4.0V 200 ns
1.8V<Vop<27V 400 ns
SCK1n high-/low-level width tir1, tkev1/2 — ns
tiLt 10"
SI1n setup time (to SCK1nT) tsikt 30 ns
Sl1n hold time (from SCK1nT) tisit 30 ns
Delay time from SCK1n{ to tksor C = 50 pF"*? 40 ns
SO1n output

Notes 1. This value is when high-speed system clock (fx+) is used.
2. Cis the load capacitance of the SCK1n and SO1n output lines.

Remark n=0: xPD78F0393
n=0, 1: xPD78F0395, 78F0397, 78F0397D
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(e) CSIin (Slave mode, SCK1n... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1n cycle time tkeyz 400 ns
SCK1n high-/low-level width tKH2, tkeva/2 ns

tki2

SI1n setup time (to SCK1nT) tsikz 80 ns
Sl1n hold time (from SCK1nT) tksiz 50 ns
Delay time from SCK1n{ to tksoz C =50 pF"™* 120 ns
SO1n output

Note Cis the load capacitance of the SO1n output line.

Remark n=0: «PD78F0393
n=0, 1: uPD78F0395, 78F0397, 78F0397D

Serial Transfer Timing

3-wire serial I/0 mode:

tkeym
titm tkHm
/
SCK1n \
\ n____
tsikm tksim
Slin Input data
tksom

SO1n Output data ><

Remark m=1,2
n=0: #PD78F0393
n=0,1: xPD78F0395, 78F0397, 78F0397D
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A/D Converter Characteristics
(Ta=-40to +85°C,1.8 V< Vb =LVbp<5.5V, 2.3 V< AVRer < Vbp, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 10 bit
Overall error*®="? AN 40V <AVRer<55V +0.4 | %FSR
27V<AVrer<4.0V +0.6 %FSR
23V <AVrer<2.7V 1.2 %FSR
Conversion time tconv 40V <AVrer<55V 6.1 36.7 Us
27V<AVrer<4.0V 12.2 36.7 us
23V <AVrer<2.7V 27 66.6 us
Zero-scale error"®*="? Ezs 40V <AVRer<55V +0.4 | %FSR
27V<AVrer<4.0V +0.6 %FSR
23V <AVrRer<2.7V +0.6 %FSR
Full-scale error'*="? Ers 40V<AVRer<55V +0.4 | %FSR
27V<AVrer<4.0V +0.6 %FSR
23V <AVrer<2.7V +0.6 %FSR
Integral non-linearity error*" ILe 40V<AVRer<55V 2.5 LSB
27V<AVrer<4.0V +4.5 LSB
23V <AVrer<2.7V 6.5 LSB
Differential non-linearity error™*®" | Die 40V <AVRer<55V 1.5 LSB
27V<AVrer<4.0V 2.0 LSB
23V <AVrer<2.7V 2.0 LSB
Analog input voltage Vain AVss AVRer \Y
Notes 1. Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
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LCD Characteristics (Ta = —40 to +85°C, 2.0 V<LVbp < 5.5 V)

(1) Resistance division method

(a) Static display mode (2.0 V< LVbb <5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Vieo 2.0 LVoo \Y
LCD divider resistor**’ Ruep 60 100 150 kQ
LCD output resistor*™** Ronc 40 kQ
(Common)
LCD output resistor*™®? Robs 200 kQ
(Segment)
Pull-up resistor***® Rwu LVob=5.0V, Vico=3.0V 7.3 kQ

between LVop and Vico

(b) 1/3 bias method (2.5 V< LVop <5.5V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Vieo 25 LVoo \
LCD divider resistor"™’ Rieo 60 100 150 kQ
LCD output resistor"™®? Rooc 40 kQ
(Common)
LCD output resistor**®? Robs 200 kQ
(Segment)
Pull-up resistor*™*® RLu LVop=5.0V, Vico=3.0V 7.3 kQ

between LVop and Vico

(c) 1/2 bias method (2.7 V< LVbb < 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Viep 2.7 LVoo \Y
LCD divider resistor**’ Riep 60 100 150 kQ
LCD output resistor*™®? Robc 40 kQ
(Common)
LCD output resistor*™®* Rops 200 kQ
(Segment)
Pull-up resistor"™® RLu LVoo =5.0V, Vico=3.0V 7.3 kQ

between LVop and Vico

Notes 1. When internal resistors are connected only.
2. The output resistor is a resistor connected between one of the Vico, Vic1, Vice and Vss pins, and either of
the SEG and COM pins.
3. Disconnected when LCD mode is entered by setting the LCD mode setting register (LCDMD).

Remark  The figures in the above table indicate the values when a 0.47 ¢ F capacitor is connected between VLico to
Vicz and GND.
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(2) Internal voltage boosting method (1.8 V < LVop < 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range | Vicoz C1toC4"™' |GAIN=0 |CTSEL1=0,| 1.35 1.43 1.51 \Y
=0.47 u F*°? CTSELO =1
CTSEL1 =0, 1.42 1.50 1.58 \Y
CTSELO=0
CTSEL1 =1, 1.48 1.57 1.66 \Y
CTSELO =1
CTSEL1 =1, | 1.54™"% | 1.63""" | 1.72""* | Vv
CTSELO=0
GAIN =1 | CTSEL1 =0, 0.87 0.93 1.00 \Y
CTSELO =1
CTSEL1 =0, 0.94 1.00 1.06 \Y
CTSELO=0
CTSEL1 =1, 1.00 1.07 1.14 \Y
CTSELO =1
CTSEL1 =1, 1.06 1.13 1.20 \'
CTSELO=0
Doubler output voltage Vicor C1 to C4™"*' = 0.47 u F**? 2 Vicoz \Y
Tripler output voltage Vicpo C1to C4™*' = 0.47 u F"*? 3 Vicoe \Y
Voltage boost wait time"**** tvawar | GAIN =0 45V<LVop<5.5V 4 s
1.8V<LVob<4.5V 0.5 s
GAIN =1 0.5 S
LCD output resistor*® (Common) | Rooc 40 kQ
LCD output resistor**® (Segment) | Roos 200 kQ

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL

C2: A capacitor connected between Vico and GND

C3: A capacitor connected between V.ci and GND

C4: A capacitor connected between Vic. and GND
2. When the frame frequency is 128 Hz or lower, the SEG and COM pins are left open, and (LCDON, SCOC,

VLCON) = 111B.

3. When operating voltage range is 2.0 V < LVoo < 5.5 V.
4. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled

(LCDON = 1).

5. The output resistor is a resistor connected between one of the Vico, Vici, Vice and Vss pins, and either of
the SEG and COM pins.
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POC Circuit Characteristics (Ta = —40 to +85°C, Vss = LVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpoc 1.44 1.59 1.74 \
Slope when power supply voltage | tetH Slope of variation when Voo is rising 0.5 V/ms
rises from 0 V to Vroc
Minimum pulse width trw 50 us
POC Circuit Timing
Supply voltage
(Vob)
Detection voltage (MAX.) b--ccoomommmoo e e
Detection voltage (TYP.) [==-=------------/rmimmmmmmmmmmmmmm oo p oo oo oo
Detection voltage (MIN.) [~~~ """ " """~ 7/ - - oot
Time
Power Supply Voltage Rise Time (Ta = —40 to +85°C, Vss = LVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Maximum time for rising up to trup1 When RESET input is not used 3.6 ms
1.8V (Voo (MIN.))
(Voo: 0V — 1.8V)
Maximum time for rising up to trup2 When RESET input is used 1.9 ms
1.8 V (Voo (MIN.))
(RESET input release — Voo: 1.8 V)
Timing of Power Supply Voltage Rise Time
¢ When RESET input is not used ¢ When RESET input is used
Supply voltage Supply voltage
(Voo) (Voo)
18V [rommmmmmmm e ———————————————————————————————————————————————— 1.8V frommmmmmmm e s
‘ VPOC | oo 2
[ Time Time
teun RESET pin o
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LVI Circuit Characteristics (Ta = —40 to +85°C, Vroc < Voo=LVbp < 5.5V, Vss =LVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level | Vivio 4.14 4.24 4.34 \
voltage Vi 399 | 409 | 419 v
Viviz 3.83 3.93 4.03 \

Vivis 3.68 3.78 3.88 \Y

Vivia 3.52 3.62 3.72 \Y

Vivis 3.37 3.47 3.57 \Y

Vivie 3.22 3.32 3.42 \Y

Viviz 3.06 3.16 3.26 \

Vivis 2.91 3.01 3.1 \Y

Vivie 2.75 2.85 2.95 \Y

Vwvito 2.60 2.70 2.80 \Y

Vit 2.45 2.55 2.65 \Y

Vivirz 2.29 2.39 2.49 \Y

Vwivits 2.14 2.24 2.34 \Y

Vivita 1.98 2.08 2.18 \Y

Vwivits 1.83 1.93 2.03 \Y

External input pin**®' | EXLVI | EXLVI < Vop, 1.8V <VDD<5.5V 1.21 Y

Minimum pulse width tw 50 Hs
Operation stabilization wait time"*? | tuwarr 10 1S

Notes 1.
2.

Remark

stabilization.

LVI Circuit Timing

Supply voltage
(Vop)

Vwin-1)>Vivn:n=1to 15

Detection voltage (MAX.) }----
Detection voltage (TYP) [----

Detection voltage (MIN.)

The EXLVI/P120/INTPO pin is used.
Time required from setting bit 7 (LVION) of the low-voltage detection register (LVIM) to 1 to operation
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Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VopoR 1.44"" 5.5 Vv

Note The value depends on the POC detection voltage. When the voltage drops, the data is retained until a POC
reset is effected, but data is not retained when a POC reset is effected.

STOP mode Operation mode

~——— Data retention mode ———

Veo T VooDR

STOP instruction execution

Standby release signal
(interrupt request)
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Flash Memory Programming Characteristics
(Ta=-40to +85°C, 2.7V < Vb =LVop<5.5V, Vss = LVss = AVss =0 V)

(1) Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current Ioo fxr = 10 MHz (TYP.), 20 MHz (MAX.) 4.5 11.0 mA
Erase time"™" | In all-block units | Teraca 20 200 ms
In block units Terasa 20 200 ms
Write time Twiwa T.B.D. | T.B.D. us
Number of rewrites per chip Cerwr Data is retained for up to 10 years. 100 Times
1 erase + 1 write after erase = 1 rewrite"*°*

Notes 1.

The prewrite time before erasure and the erase verify time (writeback time) are not included.

2. When a product is first written after shipment, “erase — write” and “write only” are both taken as one

rewrite.

Remark fxp: Main system clock oscillation frequency

(2) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time from RESETT to FLMDO Trrcr 41 171 ms
count start
Count execution time Tcount 10.8 13.2 ms
FLMDO counter high-/low-level Ten/TeL Tc x 0.45 us
width
FLMDO counter rise/fall time Tr/TF 12.5 Us

Remark These values may change after evaluation.

Serial Write Operation

Tcount

(
)

Teu

Tr E

Tc
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CHAPTER 30 PACKAGE DRAWINGS

100-PIN PLASTIC LQFP (FINE PITCH) (14x14)
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CHAPTER 30 PACKAGE DRAWINGS

100-PIN PLASTIC QFP (14x20)
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NOTE ITEM MILLIMETERS
Each lead centerline is located within 0.13 mm of A 23.2+0.2
its true position (T.P.) at maximum material condition. B 20.040.2
C 14.0+0.2
D 17.2+0.2
F 0.825
G 0.575
H 0.32+3-98
| 0.13
J 0.65 (T.P.)
K 1.6+0.2
L 0.8+0.2
M 0.17+3-98
N 0.10
P 2.7+0.1
Q 0.125+0.075
ot+7°
R 3%
S 3.0 MAX.

S100GF-65-JBT-2
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CHAPTER 31 CAUTIONS FOR WAIT

31.1 Cautions for Wait

This product has two internal system buses.

One is a CPU bus and the other is a peripheral bus that interfaces with the low-speed peripheral hardware.

Because the clock of the CPU bus and the clock of the peripheral bus are asynchronous, unexpected illegal data
may be passed if an access to the CPU conflicts with an access to the peripheral hardware.

When accessing the peripheral hardware that may cause a conflict, therefore, the CPU repeatedly executes
processing, until the correct data is passed.

As a result, the CPU does not start the next instruction processing but waits. If this happens, the number of
execution clocks of an instruction increases by the number of wait clocks (for the number of wait clocks, see Table 31-
1). This must be noted when real-time processing is performed.
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31.2 Peripheral Hardware That Generates Wait

Table 31-1 lists the registers that issue a wait request when accessed by the CPU, and the number of CPU wait

clocks.
Table 31-1. Registers That Generate Wait and Number of CPU Wait Clocks
Peripheral . .
Register Access Number of Wait Clocks
Hardware
Serial interface ASISO Read 1 clock (fixed)
UARTO
Serial interface ASIS6 Read 1 clock (fixed)
UART6
Serial interface 11ICS0 Read 1 clock (fixed)
1ICO
A/D converter ADM Write 1 to 5 clocks (when fap = frrs/2 is selected)
ADS Write 1 to 7 clocks (when fap = frrs/3 is selected)
ADP Wi 1 to 9 clocks (when fap = frrs/4 is selected)
C rite 2 to 13 clocks (when fap = frrs/6 is selected)
ADCR Read 2 1o 17 clocks (when fap = frrs/8 is selected)
2 to 25 clocks (when fap = frrs/12 is selected)

The above number of clocks is when the same source clock is selected for fcru and frrs. The number of wait
clocks can be calculated by the following expression and under the following conditions.
<Calculating number of wait clocks>
o Number of wait clocks = {(1/fab) x 2/(1/fceu)} + 1
* Fraction is truncated if the number of wait clocks < 0.5 and rounded up if the number of wait clocks > 0.5.
fao:  A/D conversion clock frequency (frrs/2 to frrs/12)
fcru:  CPU clock frequency (fcpu to feru/16)
fers:  Peripheral hardware clock frequency
<Conditions for maximum/minimum number of wait clocks>
e Maximum number of times: Maximum speed of CPU (fcru), lowest speed of A/D conversion clock (frrs/12)
e Maximum number of times: Minimum speed of CPU (fcru/16), highest speed of A/D conversion clock (frrs/2)

Caution When the CPU is operating on the subsystem clock and the peripheral hardware clock is stopped,
do not access the registers listed above using an access method in which a wait request is issued.

Remark The clock is the CPU clock (fcru).
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the 78K0/LG2.
Figure A-1 shows the development tool configuration.

e Support for PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ compatibles are compatible with PC98-NX
series computers. When using PC98-NX series computers, refer to the explanation for IBM PC/AT compatibles.

e Windows™
Unless otherwise specified, “Windows” means the following OSs.
e Windows 98
e Windows NT™
e Windows 2000
e Windows XP
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Figure A-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator QB-78KO0LX2

Notes 1.
2.

Language processing software

Software package

» Software package

e Assembler package

¢ Device file

e C compiler package

o C library source fileNote 1

Debugging software

» Integrated debugger

Control software
* Project manager

(Windows only)Nete

Host machine
(PC or EWS)

Flash memory
write environment

Flash programmer

Flash memory
write adapter

Flash memory

Target system

USB interface cable

Power supply unit

In-circuit emulatorNet3

Emulation probe

The C library source file is not included in the software package.
The project manager PM+ is included in the assembler package.

The PM+ is only used for Windows.

In-circuit emulator QB-78K0LX2 is supplied with integrated debugger ID78K0-QB, simple flash memory

programmer PG-FPL3, power supply unit, and USB interface cable.

separately.
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (2/2)

(2) When using the on-chip debug emulator QB-78KOMINI

i il Software package-====-====-=======--=------------

* Software package

Language processing software —————— — Debugging software

e Assembler package o Integrated debugger
e C compiler package
@ e Device file @

o C library source fileN°te?

Control software

¢ Project manager
(Windows only)Nete2

Host machine (PC or EWS)

USB interface cable

Flash memory
writing environment

Flash programmer On-chip debug emulator™ote®

[

Flash memory
writing adapter Connection cable

[

Flash memory

Target connector

Target system

Notes 1. The C library source file is not included in the software package.
2. The project manager PM+ is included in the assembler package.
PM+ is only used for Windows.
3. On-chip debug emulator QB-78KOMINI is supplied with integrated debugger ID78K0-QB, USB
interface cable, and connection cable. Any other products are sold separately.
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A.1 Software Package

SP78K0 Development tools (software) common to the 78K/0 Series are combined in this package.
78K/0 Series software package Part number: 4SxxxxSP78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxSP78K0
XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)

A.2 Language Processing Software

RA78K0 This assembler converts programs written in mnemonics into object codes executable
Assembler package with a microcontroller.

This assembler is also provided with functions capable of automatically creating symbol
tables and branch instruction optimization.

This assembler should be used in combination with a device file (DF780397) (sold
separately).

<Precaution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part number: ©SxxxxRA78K0

CC78K0 This compiler converts programs written in C language into object codes executable with
C compiler package a microcontroller.

This compiler should be used in combination with an assembler package and device file
(both sold separately).

<Precaution when using CC78K0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part number: £SxxxxCC78K0

DF780397"""* This file contains information peculiar to the device.

Device file This device file should be used in combination with a tool (RA78K0, CC78K0, and
ID78K0-QB) (all sold separately).

The corresponding OS and host machine differ depending on the tool to be used.

Part number: ©SxxxxDF780397

CC78K0-L"** This is a source file of the functions that configure the object library included in the C

C library source file compiler package.

This file is required to match the object library included in the C compiler package to the
user’s specifications.

Part number: uSxxxxCC78K0-L

Notes 1. The DF780397 can be used in common with the RA78K0, CC78KO0, and ID78K0-QB.
2. Under development
3. The CC78KO0-L is not included in the software package (SP78K0).
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Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxRA78KO0
USxxxxCC78K0
HSxxxxCC78K0-L

XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
3P17 HP9000 series 700™ HP-UX™ (Rel. 10.10)
3K17 SPARCstation™ SunOS™ (Rel. 4.1.4)

Solaris™ (Rel. 2.5.1)

USxxxxDF780397

XXXX Host Machine oS Supply Medium
AB13 PC-9800 series, Windows (Japanese version) | 3.5-inch 2HD FD
BB13 IBM PC/AT compatibles Windows (English version)

A.3 Control Software

PM+ This is control software designed to enable efficient user program development in the
Project manager Windows environment. All operations used in development of a user program, such as
starting the editor, building, and starting the debugger, can be performed from the project
manager.

<Caution>

The project manager is included in the assembler package (RA78KO0).

It can only be used in Windows.

A.4 Flash Memory Writing Tools

FlashPro4 Flash memory programmer dedicated to microcontrollers with on-chip flash memory.
(part number: FL-PR4, PG-FP4)
Flash memory programmer

FlashPro4 Simple flash memory programmer dedicated to microcontrollers with on-chip flash
(part number: PG-FPL3) memory.

Simple flash memory programmer

FA-100GC-8EU-A Flash memory writing adapter used connected to the FlashPro4.
FA-100GF-3BA-A o FA-100GC-8EU-A: For 100-pin plastic LQFP (GC-8EU type)

Flash memory writing adapter o FA-100GF-3BA-A: For 100-pin plastic QFP (GF-JBT type)

Remark FL-PR4, FA-100GC-8EU-A, and FA-100GF-3BA-A are products of Naito Densei Machida Mfg. Co., Ltd.
TEL: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
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A.5 Debugging Tools (Hardware)

A.5.1 When using in-circuit emulator QB-78K0LX2

QB-78K0LX2""*"?
In-circuit emulator

This in-circuit emulator serves to debug hardware and software when developing application
systems using the 78K0/LX2. It corresponds to the integrated debugger (ID78K0-QB). This
emulator should be used in combination with a power supply unit and emulation probe, and the
USB is used to connect this emulator to the host machine.

QB-144-CA-01
Check pin adapter

This check pin adapter is used in waveform monitoring using the oscilloscope, etc.

QB-144-EP-01S
Emulation probe

system.

This emulation probe is flexible type and used to connect the in-circuit emulator and target

QB-100GC-EA-03T,
QB-100GF-EA-03T
Exchange adapter

connector.

This exchange adapter is used to perform pin conversion from the in-circuit emulator to target

* QB-100GC-EA-03T: 100-pin plastic LQFP (GC-8EU type)
» QB-100GF-EA-03T: 100-pin plastic QFP (GF-JBT type)

QB-100GC-YS-01T,
QB-100GF-YS-01T
Space adapter

This space adapter is used to adjust the height between the target system and in-circuit emulator.
¢ QB-100GC-YS-01T: 100-pin plastic LQFP (GC-8EU type)
¢ QB-100GF-YS-01T: 100-pin plastic QFP (GF-JBT type)

QB-100GC-YQ-01T,
QB-100GF-YQ-01T
YQ connector

This YQ connector is used to connect the target connector and exchange adapter.
* QB-100GC-YQ-01T: 100-pin plastic LQFP (GC-8EU type)
¢ QB-100GF-YQ-01T: 100-pin plastic QFP (GF-JBT type)

QB-100GC-HQ-01T,
QB-100GF-HQ-01T
Mount adapter

This mount adapter is used to mount the target device with socket.
¢ QB-100GC-HQ-01T: 100-pin plastic LQFP (GC-8EU type)
¢ QB-100GF-HQ-01T: 100-pin plastic QFP (GF-JBT type)

QB-100GC-NQ-01T,
QB-100GF-NQ-01T
Target connector

This target connector is used to mount on the target system.
* QB-100GC-NQ-01T: 100-pin plastic LQFP (GC-8EU type)
e QB-100GF-NQ-01T: 100-pin plastic QFP (GF-JBT type)

Notes 1.

PG-FPL3, power supply unit, and USB interface cable.
2. Under development

Remark The packed contents differ depending on the part number, as follows.

The QB-78KO0LX2 is supplied with integrated debugger ID78K0-QB, simple flash memory programmer

QB-78K0LX2-T100GC

QB-78K0LX2-T100GF

acked Contents In-Circuit Emulation Exchange Adapter YQ Connector Target Connector
Part Number Emulator Probe
QB-78K0LX2-ZZZ QB-78K0LX2 None

QB-144-EP-01S

QB-100GC-EA-03T

QB-100GC-YQ-01T

QB-100GC-NQ-01T

QB-100GF-EA-03T

QB-100GF-YQ-01T

QB-100GF-NQ-01T
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A.5.2 When using on-chip debug emulator QB-78 KOMINI

QB-78KOMINI™* The on-chip debug emulator serves to debug hardware and software when developing
On-chip debug emulator application systems using the 78K0/Lx2. It supports the integrated debugger (ID78K0-
QB) supplied with the QB-78KOMINI. This emulator uses a connection cable and a USB
interface cable that is used to connect the host machine.

Target connector specifications 10-pin general-purpose connector (2.54 mm pitch)

Note The QB-78KOMINI is supplied with integrated debugger ID78K0-QB, USB interface cable, and connection
cable.

A.6 Debugging Tools (Software)

ID78K0-QB This debugger supports the in-circuit emulators for the 78K/0 Series. The ID78K0-QB is
Integrated debugger Windows-based software.

It has improved C-compatible debugging functions and can display the results of tracing
with the source program using an integrating window function that associates the source
program, disassemble display, and memory display with the trace result. It should be
used in combination with the device file (sold separately).

Part number: #SxxxxID78K0-QB

Remark xxxx in the part number differs depending on the host machine and OS used.

1Sxxxx|D78K0-QB

XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
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APPENDIX B REGISTER INDEX

B.1 Register Index (In Alphabetical Order with Respect to Register Names)

[A]

A/D converter MOde regiStEr (ADM) ... uiiiiiiiie ittt ettt et e e e st e e e ettt e e sbe e e e aabb e e e e nb e e e sbeeeeenreeeaan 250
A/D port configuration register (ADPC) .........coiuiiiiiaiii ettt ettt ettt ettt e b e st e b st e e e ne e sbe e sneenane s 102, 256
Analog input channel specification regiSter (ADS) .........eoi ittt st e s bee e e e nabe e 255
Asynchronous serial interface control register 6 (ASICLE).........coiiiiiiiiiiii e e e 303
Asynchronous serial interface operation mode register 0 (ASIMO) ......coooiiiiiiiiieiiiiee e e 273
Asynchronous serial interface operation mode register 6 (ASIMB) .........c.coiiiirieiirieiiie e 297
Asynchronous serial interface reception error status register 0 (ASIS0).......coccuieiiiiiii i e 275
Asynchronous serial interface reception error status register 6 (ASISB).........cccviiiiiriiiirii e 299
Asynchronous serial interface transmission status register 6 (ASIFB) ..........coovuiiiiiiiie e 300
[B]

Bank Select regiSter (BANK) .........iii ittt sttt et e e ettt e e s aab et e sab et e e e b b e e e e nt e e e s nne e e e aab e e e eanae e e e eanes 529
Baud rate generator control register 0 (BRGICO).......cccuuiiiueiiiiieieeetie ettt sttt sre e sab e sae e e saee e saeeeneeaa 276
Baud rate generator control register 6 (BRGICB).........cciiuiiiiiiiiiiiiiee ettt s e b s e sanes 302
[C]

Capture/compare control register 00 (CRCO0)........ccuiiiiiiiiiiiiieiee et esne e e s 151
Capture/compare control register 01 (CRCOT)......coiiiiiiiiiiie ettt ettt et b e et ne e s e e sneenane s 151
Clock operation mode select regiSter (OSCCTL) ....cuuiiiiiiie ettt st sa e e e s be e e e enre e e sanees 109
Clock output selection reGiSter (CKS) ... ii ittt ettt sttt e st sab e e saneesbeeesbeeeaneeaa 244,428
Clock selection regiSter B (CKSRB)........cuiiuuiiiiiiiie ittt e st et e e e st e e s be e e e eaabe e e s aane e e e anbeeesanneeesaanees 301
[E]

8-bit A/D conversion result register (ADCRH) ........cooiiiiiiiiie e bbb e et e e ae e nnes 254
8-bit timer compare register 50 (CR50).......coitiiiiieeiee ettt ettt e e ae e et e e e be e et e e sne e st e e eneennne s 189
8-bit timer compare regiSter 51 (CRET) ..o ittt e b b e e e et e e s eab e e e e sabe e e s anbeeeenanes 189
8-bit timer COUNTET 5O (TIMB0).......eeiuieiiiieitie ettt ettt ettt etttk et bt e e b e e e bt e et et e st e aa b e e e neeaabeeeseesabeeeaneesnbeesnneennnean 188
8-Dit iIMEr COUNTET 5T (TIMST)...eeiiiiii ettt e e ettt e e e e e et e e e e e e e e aaataeeeaeeseasntsaeeaaeeeasntsaeeaeesesanssennaaasesanrns 188
8-bit timer H carrier control register 1 (TMOY CT) ...ttt st b e ne e s esneenane s 212
8-bit timer H compare register 00 (CIMPOO) .........oeiiiiiiiiiiiee ittt st e e sab et e e e bb e e sne e e e sabeeeeaneeeeeanees 207
8-bit timer H compare register 01 (CIMPOT) ..ottt sae et e s st e eneenane s 207
8-bit timer H compare register 10 (CIMPT0) .......uiiiiiiiie ettt e s b e sse e e sabe e e e ene e e e sanes 207
8-bit timer H compare register 11 (CIMPT1) ...t e e et ne e st esneenane s 207
8-bit timer H mode register O (TMHMDO) .......cooiuiiiiiiiee ettt e s be e e e st e e s sbe e e e sabe e e e enaeee e sanes 208
8-bit timer H mode register 1 (TMHMDT) .....c.uiiiiiiiiie ettt st s e et e e e ne e st e e saneenane s 208
8-bit timer mode control register 50 (TMC50) ......ceiiiiiiiiiiiie ettt e e e et e s b e e e sabe e e e aneee e sanees 192
8-bit timer mode control register 51 (TIMOCS5T) ......uiiiiii ittt st b e st e e ne e sab e s neenane s 192
External interrupt falling edge enable register (EGIN).........ooouiiiiiiiiiii e 473
External interrupt rising edge enable register (EGP).........oooiii i e e 473
[

IIC clock selection regiSter O (IICCLO)........eie i iiieeeieeeeetiee e ettt e et e e e sttt e e e seteeessaeeeeesnteeeeaseeeeanseeesnseaeansseeesanseaesansenenn 362
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[IC cONtrol regiSter O (IICC0) ....eeiiiieeee ittt ettt e e e e et e e e s e e e ek b e e e e ab et e e sane e e e e be e e s anreeesneeeeanneeenanee 353
1(O i FoTe =T 1153 (T g O (1 (O] 0 ) OO PP PR PPP PSR 361
[IC function expansion register O (IICX0) .......uii it e e e e e s ssb e e e s ane e e e sne e e e enneeeeanee 363
(O] oy C=To Ty (= G O (1170 ) OO O PP PR PPPPRROI 350
[IC Status regiSter O (IICS0).......ei ettt e e et e e e s e e e et et e e sane e e e et e e e e anre e e snneeeanneeeennee 358
INput SWItCh CONLrOl rEGISTEr (ISC) ... .eiiiiie ettt b e bt e b b e e n e s e sareennnas 305
Internal expansion RAM size switching register (IXS) ... 530
Internal memory size switching register (IMS)........cooiii i e e nnnes 528
Interrupt mask flag register OH (IMKOH) .........uiiiieie et e s e s e nre e e snn e e e anneeeennee 471
Interrupt mask flag register OL (IMKOL) .........eiiiie ettt ettt et et e e b et eene e s e saneennnas 471
Interrupt mask flag register TH (IMKTH) ..ot e e e s s e sne e e e s nn e e e enee 471
Interrupt mask flag regisSter TL (IMKTL) ....co et e e st e e et e s sae e e e st e e e esnteeesneeeeenneeeeennee 471
Interrupt request flag register OH (IFOH) .......ooiiieiie e e e e s s e e sne e e e e nnne e e 469
Interrupt request flag re@ister OL (IFOL)........cooiiiiieiiie ettt se et b e b en e s e eaneennnas 469
Interrupt request flag register TH (IFTH) ..o e e e s e 469
Interrupt request flag re@ister TL (IFTL) ... ueo e e n e s e e nnnas 469
[K]

Key return mode register (KRIM) ..... ..ottt e ettt s st e e e st e e sttt e e saseeesseeeeeanteeesanneeeeanneeeean 483
[L]

LCD clock CONrol regiSTEr (LCDEC) ......eiiuiieitieiiiie ettt ettt ettt sttt st sa e sat e e sae e e sab e e emn e st e e ean e e sabeesnneesbneennneenn 426
LCD display Mmode register (LCDM) ...ttt e e sbe e e e e s et e s asne e e s snn e e e e anbe e e s annneesnnneeeeas 425
LCD mode setting re@ister (LCDIMD) ........cioiiiiiiiiee ittt ettt esae e st e e eae e seeeeean e e sabeesnneesnneennneeaee 424
LCD voltage boost control register O (WVLCGI0) ......uveeeiiuieeeeiiiie ettt st e i s e e esn e e et e s enn e e s anneeeeas 427
Low-voltage detection level selection regisSter (LVIS) .........couii ittt 513
Low-voltage detection regiSter (LVIM)...... .o ettt ettt e e s b e e e e e e s ennn e e s anneeeeas 512
[(M]

Main clock Mmode re@ister (MCM) ........oiiiiiei et e e e eab e e e s s e e e s nr e e e e asbe e e sannneesanneeeean 115
Main OSC cONtrol re@iSter (MOC) ........iiiieiiie ettt b et sb e e bt e s bt e et e e eab e e st e e ean e e sabeesnneesbneennneean 114
Multiplication/division data register AO (MDAOH, MDAOLY) ......ooiiiiiieiiiieeeiiee et e e e 456
Multiplication/division data register BO (IMDBO) ..........c.uiiieiiiiiiieeiiee ettt sttt e e e neneesnee e 457
Multiplier/divider control register 0 (DIMUGCD).........uuiiiiiieeeeiieee et s et s e e e asr e e e e anbe e e s snneeesanneeeeas 458
[O]

Oscillation stabilization time counter status register (OSTC)......cocueiiiiiiieiiiee e s 116, 485
Oscillation stabilization time select register (OSTS) ......ciiiiiiiiiiiieeiee e 117, 486
[P]

Port mode register O (PIMO) ........oiueioiieieeee ettt sttt e et e sa e nan e neas 99, 158, 335
Port mode register 1 (PIMT) ..ot 99, 194, 212, 277, 305, 335
POrt MOde reGiStEr 2 (PIM2) .......oi ittt et e et s e et e e st e e n e e st e e nan e e nnreeenne e 99, 257
Port Mode regiSter 3 (PIM3) .......eeiiiiiii ettt e e et e e e s e e s e e e e e b r e e e e n e e e e s nnr e e e e e eean 99, 194
POrt MOdE reGISTEr B (PIMB) .......coiuiiiiiii ittt ettt st ea et s et e e sae e e se e e e enb e e st e e enn e e sareesnn e e nbeeeaneenane 365
POt MOAE FEGISTEN 7 (PIM7) ..ttt ettt et e sttt e e s et e e bt e e e st et e s an e e e e st et e e ente e e snr e e e enreeennes 929
Port Mode re@ister 12 (PIMT2) .......ei oottt e e se e e st e sabe e eb e e st e e eaneesaneennne e e 99, 514
Port Mode regiSter 14 (PMT4) ... ettt st e e it e s an et e e rab e e e e e aabe e e s anneeesanneeeeas 246, 429
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(o el (=To 1] (=T g O ({0 TP UT PP PPRPRTPI 100
oL A C=To 1] (=T I e 1 T O PSPPSR PROPPN 100
(o gl (Yo 1] (=T g2 (o) DRSSP PP PPRPRTPI 100
o] C=To 1] (=T GRS () T PSPPSR PR 100
(o Al (Yo 1] (=T A (4 TP UT PR PP PP 100
(oLl C=To 1] (=T o (e 2 T PO PP TSP PPROPPTN 100
(o el C=To 1] (=T g B (i 1) TR RSP PPUT R PPRPRPI 429
Prescaler mode register 00 (PRIMOO)..........oiuuiiieiiiieeiee ittt sae sttt e e se et e e bt e b e sne e st e e snneeseneennneenes 155
Prescaler mode register 01 (PRIMOT) ...ttt e et e e e e e s b e e e enb e e snneeesnnneeenn 155
Priority specification flag register OH (PROH) ..........oiiiiiiiiiii et 472
Priority specification flag register OL (PROL) .......cooueeiiiiiie ettt e s e e b e e e e s e e e snneeesnnneeean 472
Priority specification flag register TH (PRTH) .....coo et e e et enre e e s snneee s 472
Priority specification flag register TL (PRTL) .....oii ittt e e e s nne e e s nneeeas 472
Processor clock CONtrol rEGISIEr (PCOC) ......iueiiieiiiie ettt ettt e bt et esn e eesan e e nereenneeenes 111
Pull-up resistor option re@ister O (PUD) .......oooieiiiiiee ettt e e e e sbn e e e e s e e e s nne e e s anneee s 101
Pull-up resistor option reGiSter 1 (PUT) .....oiiii ittt ettt et e san e ner e nnneenes 101
Pull-up resistor option re@ister 3 (PUS) ......cooi ettt e e b e e s e nr e s nn e e e s annee s 101
Pull-up resistor option reGiSTEr 7 (PU7) ......ouee ittt ettt ettt esnn e sereennneenes 101
Pull-up resistor option re@ister 12 (PUT2) ........eiiiiiieeieee ettt e e s e s enr e e e snn e e e s anneeeas 101
[R]

Receive buffer register O (RXBO) .......ceiiiiiieiiiii ittt eb e e b e e e ab et e s snn e e e sbe e e s enr e e e nnneeesanreeenn 272
Receive buffer register 6 (RXB6) ........cciuii ittt ettt ettt e e st e e b e st e en e e sab e e san e e sereennneenes 296
Remainder data register 0 (SDRO).....ccciitiiiiiiete it et e e e et e e e e s s e e e et e e e e n e e e e s nr e e e n e e e s nn e e e s anreee s 456
Reset control flag regiSter (RESF) .......coiiiiiiiiee ettt ettt et e et et e ann e nereenne e e 505
RING-OSC MOode regiSter (RCM) .......ueeeiiiiiie ettt ettt e e e s e e e e b r et e snn e e e s bn e e e enbe e e nnneeesnneeenn 113
[S]

Serial clock selection re@ister 10 (CSICT0) .. .uiiiuuieeiiiiie ittt e et e b e e et e s anr e e e anreeesanneeeeannees 333
Serial clock selection register 11 (CSICTT) ...t sn e nnne s 333
Serial /O shift re@ister 10 (SIOT0) ....ciuiiiiiiii e e e e s e e e s b e e e e aab et e s annn e e e anr e e e eanneeeeannnes 330
Serial I/O shift register 11 (SIOT 1) ...ttt e e st e b e e s bt e en e e sab e e saneennne s 330
Serial operation mode register 10 (CSIMT0) ... .uiii i e e e s e sr e e s anr e e e sanes 331
Serial operation mode re@ister 11 (CSIMTT) ... b e s esneenane s 331
16-bit timer capture/compare register 000 (CRO0O0)........ccciiuriiiiieiee ittt e et e s e e e e aab e e s snneeessnneeeas 145
16-bit timer capture/compare register 001 (CROOT) .....coiuuiiiiiiitiieie ettt b e nne e e 145
16-bit timer capture/compare register 010 (CROTO) .......uiiiiiiiiiee et e e e e s 147
16-bit timer capture/compare register 011 (CROTT) ....eiiiiiiiiee e 147
16-bit timer counter 00 (TIMOO0)....... . uueee ettt e e et e e et e e e eae e e e e sb s e e e e sbe e e sasse e e e sabe e e e enbeeesnneeesanneeenn 145
16-Dit tiMer COUNTET 07 (TIMOT)....ueeiiiieitee ittt b e bt b e b e e bt e e bt st e e e bt e et e e eaneesebeeenn e e nnneennneeares 145
16-bit timer mode control register 00 (TMCO0) ........ceiiiiiieiiiiie ettt e s e e e s b e e e e anbe e e senneeesanneeeas 148
16-bit timer mode control register 01 (TMCOT) .......oiiiiiiiiei et e e e e 148
16-bit timer output control register 00 (TOCOD0)........eeuiitieeiiiret ettt e e e b e e e eanb e e e sanneeesanneeean 152
16-bit timer output control register 01 (TOCOT).......uiiiie ittt et sse e ner e naeeenes 152
Slave address regisSter O (SVAD) ... .cooiuiii ittt e e e st e e e aa b et e e aas e e e e s be e e e e b et e s e nn e e e an b e e e s ane e e aanns 350
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[T]

10-bit A/D conversion result register (ADCR) .........eiiiieiieeii ettt 253
Timer clock selection register 50 (TCLS0)......uuiitiieiaiieie ettt e e et st e s s e e e s abr e e s snne e e sneeesabneeeaanee 190
Timer clock selection regisSter 51 (TCOLST) .. .ottt ettt e st sar e e ne e nneennee s 190
Transmit buffer regiSter 10 (SOTBT0) ....uiiiieeiiiiiie ettt e e e e e e e e sn e e e e s b et e e snreeesneeeeabneeeanee 330
Transmit buffer register 11 (SOTBTT) ..ottt eb et e sae e sene e ne e e neeeanee s 330
Transmit DUFfEr regiStr 6 (TXBB) .......ccueiiiieeeeiieee ettt e s e e e b e e e s s e ee e s asne e e e aabeeeeaanneeesaneeeeabneeeaanee 296
Transmit Shift regiSter 0 (TXS0) ...couuiiiieeiii ettt et e ea et st e e ea st e sareenne e e sbeesne e e neesanee s 272
(w1l

Watch timer operation mode register (WTIM) ........oiceoiiiiiiee ettt sen e sne e sneeenee s 231
Watchdog timer enable register (WDTE)........coi ittt e e e s e e s e e e snn e e e enneeennee 238
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B.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]
ADCR:
ADCRH:
ADM:
ADPC:
ADS:
ASICLS:
ASIF6:
ASIMO:
ASIM6:
ASISO:
ASISE6:

[B]
BANK:
BRGCO:
BRGCS:

[C]
CKS:
CKSReé:
CMPO0O0:
CMPO1:
CMP10:
CMP11:
CRO000:
CRO001:
CRoO10:
CRO11:
CR50:
CR51:
CRCOO0:
CRCO1:
CsSic1o:
CSIC11:

CSIM10:
CSIM11:

[D]
DMUCO:

[E]
EGN:
EGP:

10-bit A/D CONVErSION rESUIE FEGISTEN ......viiiiieiiie et 253
8-bit A/D conversion result rEgISTEr ............io i e 254
A/D converter MOTE FEGISTEN ......uiiiiiiiiie ittt ettt e s e st e e nne e e b e e neenare s 250
A/D port configuration register............oociiiiii i 102, 256
Analog input channel specification rEGISTEr ............iiiiiiiiiie s 255
Asynchronous serial interface control register B............ccoocii i 303
Asynchronous serial interface transmission status register 6.............ccoeoeviiiieieeiiecee e 300
Asynchronous serial interface operation mode register 0...........coviiiiiiiiiee i 273
Asynchronous serial interface operation mode register B...........c.oooviiiiiiiie i 297
Asynchronous serial interface reception error status register 0..........ccovoeeeeiiiiie e 275
Asynchronous serial interface reception error status register B............coccevveeriiniieene e 299
BanK SEIECT FEISIEN......eii it 529
Baud rate generator CONtrol regiSter O..........coi i e 276
Baud rate generator CONrol regISIEr B.........oviiiiiiiiiiee e e 302
Clock output SEIECHON FEEISTEN .....c.uei it 244, 428
ClOCK SEIECHON FEQISTEE B ... .. e e s s e 301
8-bit timer H compare regiSter 00 ..........cooiiuiiiiiiiiie e e e 207
8-bit timer H compare register 01 ..........ooii i e 207
8-bit timer H compare regiSter 10 .........uuii i s 207
8-bit timer H compare register 11 ... e 207
16-bit timer capture/compare register 000...........cceiiiiiiiiieirii e e e 145
16-bit timer capture/compare regisSter 00T .........oocuiii i 145
16-bit timer capture/compare regisSter 010.........uiiiiiiiiieiie et 147
16-bit timer capture/compare regisSter 011 ........oo i 147
8-bit timer comMPare regiSter 50 .........ccuuiiiiiiiiiiii e e e 189
8-bit timer compare register 51 ........oo e 189
Capture/compare control register 00 ...........ciuiiieieieeiiit ettt et seee e sne e saeesnee e 151
Capture/compare CoNtrol reGISTEr 07 ......ooiiiieiiiiiie e e e e s 151
Serial clock SEleCtioN reGISTEr 10.......ciiiiiiieie ittt nneenne e 333
Serial clock selection register 11 ... ... e 333
Serial operation MOAE rEGISIEr 10 ......c.eeiciiiiie ittt sar e e san e sn e sne e e nneesneean 331
Serial operation Mode regiSter 11 ... e e 331
Multiplier/divider control re@ister O.............ooiii i e 458
External interrupt falling edge enable regiSter..... ..o 473
External interrupt rising edge enable regiSter........c.uvii i 473
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[
IFOH:
IFOL:
IF1H:
IF1L:
11CO:
lICCo:
IICCLO:
IICFO:
IICS0:
IICXO0:
IMS:
ISC:
IXS:

[KI]
KRM:

[L]
LCDC:
LCDM:
LCDMD:
LVIM:
LVIS:

(M]
MCM:
MDAOH:
MDAOL:
MDBO:
MKOH:
MKOL:
MK1H:
MK1L:
MOC:

[O]
OSCCTL:
OSTC:
OSTS:

[P]
PO:
P1:
P2:
P3:
P7:
P12:

598

Interrupt request flag register OH ...........ooi i 469
Interrupt requEst flag regiSTEr OL .....cooo i e et s b s 469
Interrupt request flag register TH ... 469
Interrupt requEst flag regISTEr TL . ...t 469
(O] a1y =TT (] G TSP PP OTRTOPRPN 350
1 [ oTo] g )i o] Iy=To =] (=T o0 I PP STPPP 353
[IC ClOCk SEIECHION FEGISTEN O.....ueeieeiietie ettt ettt e it e st e e sab e e saeeenne e e sbneeanee s 362
][O = To =T |1 (Y O PR PP TPPP 361
[IC SLAUS FEGISIEN O ...ttt ettt et a e ettt a e e st e e e s e e sa b e e sabeesae e e saeeebeeebeeennee s 358
IIC funCtion eXPanSION FEGISTET O ......ceiiiiiiiiiiiiie ittt e et e e et e e st e e e ssnneeeennbeeesanee 363
Internal memory Size SWItChiNgG rEgISTEr.........eii i e e 528
INPUL SWILCH CONTIOI FEQISTEN ... e e e e e e 305
Internal expansion RAM size SWItChing regiSter ..........vii i s 530
Key return MOAE FEQISTEN ..o et e e s e e e s nre e e e nnne e e nnee 483
LCD ClOCK CONLIOI FEGISTEN ...ttt ettt h e ae e e sb et e be e e sbe e e ne e sabeeenneenanas 426
LCD diSplay MOAE FEGISTET ......eeeieiiiee ettt ettt st e e et et e s sne e e s bneeeenaneeeeanee 425
LCD MOAE SEHING FEQISIEN ...c.uteiieee ittt ettt et b e b e b e s b e e s sbe e e neesabeeenneenanas 424
Low-voltage deteCtioN FEGISTEN.........ciiii ittt e e e e e e e s e e e e e e s ee s 512
Low-voltage detection level SeleCtion regiSter ..........ooi i e 513
Main ClOCK MOAE FEQISTEN ... et en e e s e e e e nnne e e nnee 115
Multiplication/division data regiSter AD............eeiiiiiiiiiie e 456
Multiplication/division data register AD...........oouii i 456
Multiplication/division data register BO.............eoiiiiiiiiiii e e 457
Interrupt mask flag regisSter OH ........ooo e 471
Interrupt Mask flag regiStEr OL...... ..o e e et e e ene e e sneeas 471
Interrupt mask flag regisSter TH ... ..o e s 471
Interrupt Mask flag regIStEr TL ... v e e et s sneeas 471
MaIN OSC CONIIOI FEISTET ...ttt ettt ettt e et e e s h bt e sae e sh e e sae e e sbe e e ae e e nbeeeneesabeeenneenanas 114
Clock operation Mode SEIECt FEGISTEN ........oiiuiiiiii et 109
Oscillation stabilization time counter status register ... 116, 485
Oscillation stabilization time SElECt reQIStEr ........cooi i 117, 486
Lo O (=T o ] (=T O OO PP STRRP 100
o g =To ] (= o PP PP PP PPPPPN 100
o A (=T o ] (=T = PP 100
o g =To ] (=T g PSP PP OPPPPPPPPN 100
o i (=T o ] (=T OO PRSPPI 100
o g =To ] (=T o 2 OO PP OPPPPPPPPN 100
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P13:
PCC:
PMO:
PM1:
PM2:
PM3:
PM6:
PM7:
PM12:
PM14:
PROH:
PROL:
PR1H:
PR1L:
PRMO0O:
PRMO1:
PUO:
PU1:
PUS:
PU7:
PU12:

[R]
RCM:
RESF:
RXBO:
RXB6:

[S]
SDRO:
SI010:
SIO11:
SOTB10:
SOTB11:
SVAO:

[T]
TCL50:
TCL51:
TMOO:
TMO1:
TM50:
TM51:
TMCOO0:
TMCO1:
TMC50:
TMC51:

o g =To ] (=T o T OO PPPPPR PRI 429
Processor Clock CONTIOI FEISTEN .......veeiiie e s e e e 111
POrt MOdE regiSter 0.ttt e e e 99, 158, 335
Port mode register 1. ... e 99, 194, 212, 277, 305, 335
POrt MOAE rEQISTEE 2. ... et e e e e e e e e e e e aan 99, 257
[edo] g Q aaTeTe [oR =T o 1S3 =Y i TSP 99, 194
POt MOGE FEQISTEE B......eeee e e e e e e st e e e e e e s e e e e e e e s s n e e e e e e e e rne s 365
Lo a i aToTo [ =T 1) =T A SRS R 99
Port MOde regiSter 12.... ...t e e e e a e e 99, 514
[ado ] Qg aTeTe (oI =T o 1S3 Y PSR PRT 246, 429
Priority specification flag register OH ... 472
Priority specification flag register OL..........oooiiiiiee e e 472
Priority specification flag regisSter TH .........oo i e 472
Priority specification flag regiSter TL........ooo i e 472
Prescaler mode register 00 ........oeeiiiiiiii e e e e e e e e 155
Prescaler mode regiSter 07 ... ..o e e e e 155
Pull-up resistor Option regISTEr O........ciiiii e e e e e e 101
Pull-up resistor Option reGISTEr 1........eeei e 101
Pull-up resistor OPptioN rEQISIEr ... i e e 101
Pull-up resiStor Option FEGISTEE 7........eeei e 101
Pull-up resistor OptioN rEQISTEr 12..... .o e e e e e e e e s e 101
RING-OSC MOGE FEGISTEN ... .eeiiiitii ettt st et e s ettt e e sbe e e e e bbe e e s anteeesnneeesnreeenans 113
Reset coNtrol flag regiSTEr ... i e 505
RECEIVE DUFFEI TEGISTEI O ...eeiiii e bbbt e e sbe e e s ne e e e nanes 272
Receive DUfEr FEQISTEI 6 ..o e e 296
Remainder data regiStEr O.........vii et 456
Serial 1/O Shift reGISTEr 10.... .. et e e sbb e e e eab e e s ane e e e naae e s 330
Serial [/O Shift FEGISTEr 171 ...ttt b et e b st e e san e san e e be e e naeesneeaas 330
Transmit DUFFEr regISEr 10 ... ...t s e et e e s e e e e nanees 330
Transmit DUFfEr regisSter 11 ... e e e 330
Slave addreSs FEGISTET D........eiiiiiiiie ittt ettt e bt e e e s be e e e ab e e e e sbb e e e e nbe e e naane e e e aaneee s 350
Timer clock Selection regiSter 5O ... ..o i e e a e 190
Timer Clock Selection regiSTEr BT ......ccoi it 190
16-Dit tIMEr COUNTET 00 ......ooiiiiiiieee e e e s 145
16-Dit tIMEr COUNTET 07 ..ot e e e e s e e s e e e s r e e e s e nr e e e nanns 145
8-Dit IMEr COUNTET 50 .....oiiiiiiiii e e s e s s a e e s srne s 188
8-Dit TIMEI COUNTET 57 ... e e e e s e e s r e e e e s e e e snnneeennneeean 188
16-bit timer mode CONtrol reGIStEr 00............uuiiiiiiieiteee e e e s e e e e 148
16-bit timer mode CoNtrol reGISTEr 07 ... ..eiiieiiee e s 148
8-bit timer mode CONtrol rEGISTEr BO........ooi e e e e 192
8-bit timer mode CONrOl rEGISTEr 57 ..o e e e 192

Preliminary User's Manual U17473EJ1VOUD 599



APPENDIX B REGISTER INDEX

TMCYC1:
TMHMDO:
TMHMD1:
TOCO00:
TOCO1:
TXB6:
TXSO0:

vl
VLCGO:

(w]
WDTE:
WTM:

600

8-bit timer H carrier control register 1 ... .o 212
8-bit timer H MOde regiSter O .......ceii e e e e e e e e s e e e e anne e 208
8-bit timer H Mode register 1 ... e e e s e e e e s 208
16-bit timer output control re@ister 00 ..........ueei i 152
16-bit timer output CONtrol re@ISTEr 01 ........e e e e e e 152
Transmit DUFFEr rEQISTEI B .......coi i e e s e e 296
Transmit SNIft FEGISTET O ...t e e e s bt e e e aabe e e s eaneeeesnbeeeeas 272
LCD voltage boost CONLrOl rEGISTEr O ........eiiiiiiiiiiiiee et e e e 427
Watchdog timer enable regiSter. .. ..o i 238
Watch timer operation Mode rEGISTEN..........uiii i 231
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