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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas 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 Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.

“High Quality”: 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; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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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 ViL (MAX) and ViH (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
Vit (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 Voo 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/O 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 1/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/0 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.

User's Manual U16819EJ3VOUD




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.

e The information in this document is current as of December, 2005. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

e 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.

e 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.

e 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.

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

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

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

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

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

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact 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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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/KF1+ and design and develop application systems and programs for these
devices.

The target products are as follows.

78KO/KF1+: 1PD78F0148H, 78F0148H(A), 78F0148H(A1), 78F0148HD

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

The 78K0/KF1+ manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

78KO0/KF1+ 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions ¢ Instruction set
e Interrupts e Explanation of each instruction

Other on-chip peripheral functions

Electrical specifications

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

e When using this manual as the manual for (A) grade products and (A1) grade
products:

— Only the quality grade differs between standard products and (A), (A1) grade
products. Read the part number as follows.

. uPD780148H — ©PD780148H(A), 780148H(A1)
e To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark <R> shows major
revised points. The revised points can be easily searched by copying an "<R>" in
the PDF file and specifying it in the "Find what:" field.

e How to interpret the register format:

— For a bit number enclosed in brackets, the bit name is defined as a reserved word
in the RA78KO0, and is defined as an sfr variable by #pragma sfr directive in the
CC78KO0.

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

— Refer to APPENDIX C 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

Caution Examples in this manual employ the “standard” quality grade for

general electronics. When using examples in this manual for the
“special” quality grade, review the quality grade of each part and/or
circuit actually used.

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 = XXXX OF XxXxXB
Decimal “+s XXXX
Hexadecimal ---xxxxH
Differences Between 78K0/KF1+ and 78K0/KF1
Series Name 78KO/KF1+ 78KO0/KF1
ltem
Mask ROM version None Available
Flash Power supply Single power supply Two power supplies
Memory | Self-programming function | Available None
version Option byte Internal oscillator can be stopped/cannot None
be stopped selectable
Version with on-chip debug function Available (#PD78F0148HD) None
Regulator None Available
Power-on clear function 2.1V £0.1V (fixed) 2.85V £0.15V or 3.5V £0.2 V selectable
Minimum instruction execution time 0.125 us (at 16 MHz operation) 0.166 us (at 12 MHz operation)
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Related Documents
However, preliminary versions are not marked as such.

Documents Related to Devices

The related documents indicated in this publication may include preliminary versions.

Document Name

Document No.

78KO0/KF1+ User’'s Manual This manual
78KO0/KF1 User’'s Manual U15947E
78K/0 Series Instructions User's Manual U12326E
78K0/Kx1+ Flash Memory Self Programming User’s Manual U16701E

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
CC78KO0 Ver. 3.70 C Compiler Operation U17201E
Language U17200E
SM+ System Simulator Operation U17246E
User Open Interface U17247E
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-78KOKX1H In-Circuit Emulator

U17081E

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

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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CHAPTER 1 OUTLINE

1.1 Features

16

O

O
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Minimum instruction execution time can be changed from high speed (0.125 us: @ 16 MHz operation with high-
speed system clock) to ultra low-speed (122 us: @ 32.768 kHz operation with subsystem clock)
General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

ROM, RAM capacities
ltem Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM Internal Expansion RAM
uPD78F0148H, 78F0148HD | Flash memory | 60 KB | 1024 bytes 1024 bytes™™

Note The internal flash memory 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).

On-chip single-power-supply flash memory
Self-programming (with boot swap function)
On-chip debug function (zPD78F0148HD only)
Buffer RAM: 32 bytes (can be used for transfer in the 3-wire serial I/O mode with automatic transmit/receive
function)
External memory expansion space: 64 KB (on-chip external bus interface function"®")
On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
Short startup is possible via the CPU default start using the internal oscillator
On-chip clock monitor function using the internal oscillator
On-chip watchdog timer (operable with internal oscillation clock)
On-chip multiplier/divider
On-chip key interrupt function
On-chip clock output/buzzer output controller
I/O ports: 67 (N-ch open drain: 4)
Timer: 8 channels
Serial interface: 4 channels
(UART (LIN (Local Interconnect Network)-bus supported): 1 channel, CSI: 1 channel, CSI/UART"** 1 channel,
CSI with automatic transmission/reception: 1 channel)
10-bit resolution A/D converter: 8 channels
Supply voltage:
e Standard products and (A) grade products:
Vop = 2.5 to 5.5 V (with internal oscillation clock or subsystem clock: Vop = 2.0 to 5.5 V**?)
¢ (A1) grade products:
Vop = 2.7 to 5.5 V (with internal oscillation clock: Vop = 2.0 to 5.5 V***?)
Operating ambient temperature:
 Standard products and (A) grade products: Ta=—40 to +85°C
¢ (A1) grade products: Ta=-40to +110°C

Notes 1. The external bus interface function cannot be used in (A1) grade products.
2. Select either of the functions of these alternate-function pins.
3. Use the product in a voltage range of 2.2 to 5.5 V because the detection voltage (Vroc) of the
power-on-clear (POC) circuitis 2.1 V £0.1 V.
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1.2 Applications

O Automotive equipment
o System control for body electricals (power windows, keyless entry reception, etc.)
e Sub-microcontrollers for control
O Home audio, car audio
O AV equipment
O PC peripheral equipment (keyboards, etc.)
O Household electrical appliances
e QOutdoor air conditioner units
o Microwave ovens, electric rice cookers
O Industrial equipment
e Pumps
e Vending machines
¢ FA (Factory Automation)

User's Manual U16819EJ3VOUD

17



CHAPTER 1 OUTLINE

<R> 1.3 Ordering Information

e Flash memory version

Part Number

Package

Quality Grade

4PD78F0148HGK-9EU
uPD78F0148HGC-8BT
4PD78F0148HGK-9EU-A
4PD78F0148HGC-8BT-A
4PD78F0148HDGK-9EU™"
4PD78F0148HDGC-8BT""
4PD78F0148HDGK-9EU-A™"
4PD78F0148HDGC-8BT-A""
4PD78F0148HGK(A)-9EU
4PD78F0148HGC(A)-8BT
4PD78F0148HGK(A)-9EU-A
4PD78F0148HGC(A)-8BT-A
4PD78F0148HGK(A1)-9EU
uPD78F0148HGC(A1)-8BT
4PD78F0148HGK(A1)-9EU-A
4PD78F0148HGC(A1)-8BT-A

Note Only the ES (engineering sample) version is available. Use this product for program evaluation.

80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14)

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Special
Special
Special
Special
Special
Special
Special
Special

Remark Products that have the part numbers suffixed by "-A" are lead-free products.

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its

recommended applications.

18
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1.4 Pin Configuration (Top View)

e 80-pin plastic TQFP (fine pitch) (12 x 12)
e 80-pin plastic QFP (14 x 14)

0
1
2
3
4
5
6
7

S f—O P21/AN
& F——0O P22/aN
J—0O P23/AN
o —O P24/AN
of =—O P25/AN
N[O P26/AN
3 —O P27/AN
N f+—0O P70/KRO
N f~—=0O P71/KR1
S =0 P72/KR2
S |—O P73/KR3
D f+—0O P74/KR4
9 |=—O P75/KR5
R f+—0O P76/KR6
@ |=—O P77/KR7
2 f=—=O P40/ADO
R |+—=O P41/AD1
Q |=—O P42/AD2
Q |« P43/AD3

O &S [=—0 P20/AN

AVrer O—— 1 60 O P44/AD4
AVss O———{2 59 O P45/AD5
P120/INTPO O=——=|3 58 O P46/AD6
P33/TI51/TO51/INTP4 O=—=|4 57 O P47/AD7
P32/INTP3 O=~—={5 56 O P50/A8
P31/INTP2 O 6 55 O P51/A9
P30/INTP1 O=—-={7 54 O P52/A10
FLMDO O———{8 53 O P53/A11
Voo O———{9 52 O P54/A12
NC O——] 10 51 O P55/A13
Vss O—— 11 50 O P56/A14
X1 O——~12 49 O P57/A15
X2 O——{13 48 O P64/RD
RESET O——~{ 14 47 O P65/WR
XT1 O——={15 46 O P66/WAIT
XT2 O—— 16 45 O P67/ASTB
P130 O~—{17 44 O P00/TI000
P10/SCK10/TXxDO O=—={ 18 43 O P01/TI010/TO00
P11/SIH0/RXD0 O=—={19 42 O P02/SO11
P12/SO10 O=—-»] 20 41 O P03/SI11
212223 24 25 26 27 2829 30 31 32 33 34 35 36 37 38 39 40
88%258E§§§§§§2228(§§§
EEREZSEZEZ TR TROGREE]D
SoTLS3 DI ==
LagIZ0> ggii§‘:g
cgoLg —Taopg@a
EES®@ o S B
2SI N g8
o a3y o
= o
N =
o X
o

Caution Connect the AVss pin to Vss.
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Pin Identification

A8 to A15:
ADO to AD7:
ANIO to ANI7:
ASTB:

AVREF:

AVss:

BUSYO:

BUZ:

EVob:

EVss:

FLMDO, FLMD1:
INTPO to INTP7:
KRO to KR7:
NC:

P00 to PO6:
P10to P17:
P20 to P27:
P30 to P33:
P40 to P47:
P50 to P57:
P60 to P67:
P70 to P77:
P120:

P130:

P140 to P145:

20

Address bus
Address/data bus
Analog input

Address strobe
Analog reference voltage
Analog ground

Serial busy input
Buzzer output

Power supply for port
Ground for port

Flash programming mode
External interrupt input
Key return
Non-connection

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 12

Port 13

Port 14

PCL:
RESET:
RxDO0, RxD6:
RD:

SCK10, SCK11,

SCKAO:

SI10, SI11, SIAO:

S0O10, SO11,
SOAT:
SSI11:
STBO:

TI000, TIO10,
TI001, TIO11,
TI50, TI51:
TOO00, TOO1,
TO50, TO51,
TOHO, TOH1:
TxDO, TxD6:
Vbb:

Vss:

WAIT:

WR:

X1, X2:

XT1, XT2:

User's Manual U16819EJ3VOUD

Programmable clock output
Reset

Receive data

Read strobe

Serial clock input/output
Serial data input

Serial data output
Serial interface chip select input
Serial strobe

Timer input

Timer output

Transmit data

Power supply

Ground

Wait

Write strobe

Crystal oscillator

(High-speed system clock)

Crystal oscillator (Subsystem clock)



CHAPTER 1 OUTLINE

1.5 Kx1 Series Lineup

1.5.1 78K0/Kx1, 78K0/Kx1+ product lineup

* 30-pin SSOP (7.62 mm 0.65 mm pitch)

78K0/KB1 78K0/KB1+
uPD78F0103 uPD780103  |———  uPD78Fo103H |
Two-power-supply Mask ROM: 24 KB, Single-power-supply flash memory:
flash memory: 24 KB, RAM: 768 B RAM: 768 B
RAM: 768 B 4PD780102 | ——— uPD78FO102H |
Mask ROM: 16 KB, Single-power-supply flash memory:
RAM: 768 B RAM: 768 B
uPD780101 || 4PD78FO101H |
Mask ROM: 8 KB, Single-power-supply flash memory:
RAM: 512 B RAM: 512 B
o 44-pin LQFP (10 x 10 mm 0.8 mm pitch)
78K0/KC1 78K0/KC1+
4PD78F0114 uPD780114 | ———]uPD78FO114H/HD™"]
Two-power-supply Mask ROM: 32 KB, Single-power-supply flash memory:
flash memory: 32 KB, RAM: 1 KB RAM: 1 KB
RAM: 1 KB uPD780113  |———| uPD78FO113H |
Mask ROM: 24 KB, Single-power-supply flash memory:
RAM: 1 KB M: 1 KB
upp780112  |———| uPD7BFO112H |
Mask ROM: 16 KB, Single-power-supply flash memory:
RAM: 512 B RAM: 512 B
4PD780111
Mask ROM: 8 KB,
RAM: 512 B
* 52-pin LQFP (10 x 10 mm 0.65 mm pitch)
78K0/KD1 78K0/KD1+
uPD78F0124 4PD780124 | ——]uPD78F0124HHD""
Two-power-supply Mask ROM: 32 KB, Single-power-supply flash memory:
flash memory: 32'KB, RAM: 1 KB M: 1 KB
RAM: 1 KB ©PD780123 | ————  uPD78FO128H |
Mask ROM: 24 KB, Single-power-supply flash memory:
RAM: 1 KB M: 1 KB
uPD780122 | ———  uPD78Fo122H |
Mask ROM: 16 KB, Single-power-supply flash memory:
RAM: 512 B RAM: 512 B

1PD780121

Mask ROM: 8 KB,
RAM: 512 B

 64-pin LQFP, TQFP (10 x 10 mm 0.5 mm pitch, 12 x 12 mm 0.65 mm pitch, 14 x 14 mm 0.8 mm pitch)

78KO/KE1

78KO/KE1+

1PD78F0138

|| uPp780138

| ———[uPp78Fota8HHD™"

Two-power-supply
flash memory: 60 KB,
RAM: 2 KB

Mask ROM: 60 KB,
RAM: 2 KB

Single-power-supply flash memory:

RAM: 2 KB

| uPD780136

|——_upo78Fot36H |

Mask ROM: 48 KB,
RAM: 2 KB

RA

uPD78F0134

]  upp7s0134

F——— urorsrotaan |

Two-power-supply
flash memory: 32 KB,
RAM: 1 KB

Mask ROM: 32 KB,
RAM: 1 KB

Single-power-supply flash memory:
AM: 1 KB

—  uPD780133

——— upp7erotssn |

Mask ROM: 24 KB,
RAM: 1 KB

Single-power-supply flash memory:
AM: 1 KB

| uPD780132

|- uporeFotzen |

Mask ROM: 16 KB,
RAM: 512 B

Mask ROM: 8 KB,
RAM: 512 B

Single-power-supply flash memory:

RAM: 512 B

4PD780131

« 80-pin TQFP, QFP (12 x 12 mm 0.5 mm pitch, 14 x 14 mm 0.65 mm pitch)

78KO/KF1 78K0/KF1+

1PD78F0148 uPD780148 | ———uPD78F0148H/HD"
Two-power-supply Mask ROM: 60 KB, Single-power-supply flash memory:
flash memory: 60 KB, RAM: 2 KB RAM: 2 KB

RAM: 2 KB

Mask ROM: 48 KB,
RAM: 2 KB

Mask ROM: 32 KB,
RAM: 1 KB

Mask ROM: 24 KB,
RAM: 1 KB

Note Product with on-chip debug function

1PD780146
1PD780144
4PD780143
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Single-power-supply flash memory:
M: 2 KB

24 KB,

16 KB,

32 KB,

24 KB,

16 KB,

32 KB,

24 KB,

16 KB,

60 KB,

48 KB,

32 KB,

24 KB,

16 KB,

60 KB,
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The list of functions in the 78K0/Kx1 is shown below.

Part Number | 78K0/KB1 78K0/KCA 78K0/KD1 78K0/KE1 78KO0/KF1
Iltem
Number of pins 30 pins 44 pins 52 pins 64 pins 80 pins
Internal | Mask ROM 8 |(16/| — | 8 |24/ | — | 8/ |24/ | — | 8 |24/ | — |48/ | — |24/ |48/ | -
memory 24 16 | 32 16 | 32 16 | 32 60 32 | 60
(KB) Flash memory - 24 - 32 - 32 - 32| - | 60 - 60
RAM 05| 075 |05 1 05| 1 05| 1 2 1] 2
Power supply voltage Voo = 2.5 t0 5.5 V"= "2
Minimum instruction execution time | 0.166 us (when 12 MHz, Voo = | <Connect REGC pin to Voo>
40t05.5V) 0.166 us (when 12 MHz, Voo =4.0t0 5.5 V)
0.2 us (when 10 MHz, Voo = 0.2 us (when 10 MHz, Voo = 3.5t0 5.5 V)
3.5t05.5V) 0.238 us (when 8.38 MHz, Voo = 3.0 t0 5.5 V)
0.238 us (when 8.38 MHz, Voo | 0.4 us (when 5 MHz, Voo =2.5t0 5.5 V)
=3.0t05.5V)
0.4 us (when 5 MHz, Voo = 2.5
to 5.5V)
Clock X1 input 21012 MHz
Sub - | 32.768 kHz
Internal oscillation 240 kHz (TYP.)
Pot  |CMOS I/O 17 19 26 | 38 54
CMOS input 4 8
CMOS output 1
N-ch open-drain /O - | 4
Timer | 16 bits (TM0) 1 ¢ch 2ch [1ch| 2ch
8 bits (TM5) 1 ch | 2c¢ch
8 bits (TMH) 2ch
For watch - | 1ch
WDT 1ch
Serial 3-wire CSI"** 1ch 2c¢ch 1ch| 2ch
interface | Automatic transmit/ - 1¢ch
receive 3-wire CSI
UART"*? - 1ch
UART supporting LIN-bus 1ch
10-bit A/D converter 4 ch 8 ch
Interrupt | External 6 7 | 8 9 9
Internal 1] 12 15 16 | 19 17| 20
Key return input - 4 ch | 8ch
Reset | RESET pin Provided
POC 2.85V +0.15 V/3.5 V £0.20 V (selectable by mask option)
LVI 2.85V/3.1V/3.3 V £0.15 V/3.5 V/3.7 V/3.9 V/4.1 V/4.3 V +0.2 V (selectable by software)
Clock monitor Provided
WDT Provided
Clock output/buzzer output - Clock output Provided
only
Multiplier/divider - 16 bits x 16 bits, 32 bits + 16 bits
ROM correction - | Provided -
Standby function HALT/STOP mode

Operating ambient temperature

Standard and special (A) grade products: —40 to +85°C

Special (A1) grade products: —40 to +110°C (mask ROM version),
—40 to +105°C (flash memory version),

Special (A2) grade products: —40 to +125°C (mask ROM version)

Notes 1.

If the POC circuit detection voltage (Vroc) is used with 2.85 V £0.15 V, then use the products in the voltage
range of 3.0t0 5.5 V.

2. If the POC circuit detection voltage (Vroc) is used with 3.5 V 0.2 V, then use the products in the voltage

range of 3.7t0 5.5 V.

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

22
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The list of functions in the 78K0/Kx1+ is shown below.

Part Number | 78K0/KB1+ 78K0/KC1+ 78K0/KD1+ 78KO/KE1+ 78KO/KF1+
ltem
Number of pins 30 pins 44 pins 52 pins 64 pins 80 pins
Internal | Flash memory 8 16/24 16 | 24/32 16 | 24/32 16 | 24/32 48/60 60
memory
(KB) RAM 0.5 0.75 0.5 1 0.5 1 0.5 1 2 2

Power supply voltage

Voo = 2.5 to 5.5 V (with internal oscillation clock or subclock: Voo = 2.0 to 5.5 V")

Minimum instruction execution time

0.125 us (when 16 MHz, Voo = 4.0 to 5.5 V), 0.2 us (when 10 MHz, Voo = 3.5t0 5.5 V),
0.238 us (when 8.38 MHz, Voo = 3.0 to 5.5 V), 0.4 us (when 5 MHz, Voo =2.5t0 5.5 V)

Clock Crystal/ceramic 2to 16 MHz
RC 3104 MHz | -
Sub - | 32.768 kHz
Internal oscillation 240 kHz (TYP.)
Ports | CMOS I/O 17 19 | 26 | 38 54
CMOS input 4 8
CMOS output 1
N-ch open-drain I/O - | 4
Timer 16 bits (TMO) 1ch 2ch
8 bits (TM5) 1ch | 2ch
8 bits (TMH) 2ch
For watch - | 1ch
WDT 1ch
Serial 3-wire CSI"*? 1ch 2ch
interface | Automatic transmit/ - 1 ¢ch
receive 3-wire CSlI
UART""*? - 1ch
UART supporting LIN-bus 1ch
10-bit A/D converter 4ch 8ch
Interrupts | External 6 7 | 8 9 9
Internal 1] 12 15 16 | 19 20
Key return input - 4 ch | 8ch
Reset | RESET pin Provided
POC 2.1V £0.1 V (detection voltage is fixed)
LVI 2.35V/2.6 V/2.85 V/3.1 V/3.3 V £0.15 V/3.5 V/3.7 V/3.9 V/4.1 V/4.3 V £0.2 V
(selectable by software)
Clock monitor Provided
WDT Provided
Clock output/buzzer output - Clock output Provided
only
External bus interface - | Provided
Multiplier/divider - 16 bits x 16 bits, 32 bits + 16 bits
ROM correction - Provided | -
Self-programming function Provided

Product with on-chip debug
function

uPD78F0114HD, 78F0124HD, 78F0138HD, 78F0148HD

Standby function

HALT/STOP mode

Operating ambient temperature

Standard and special (A) grade products: —40 to +85°C
Special (A1) grade products: —40 to +110°C

Notes 1.
22t055V.

Because the POC circuit detection voltage (Vroc) is 2.1 V £0.1 V, use the products in the voltage range of

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

User's Manual U16819EJ3VOUD 23




CHAPTER 1 OUTLINE

1.5.2 V850ES/Kx1, VB50ES/Kx1+ product lineup

* 64-pin plastic LQFP (10 x 10 mm, 0.5 mm pitch)
* 64-pin plastic TQFP (12 x 12 mm, 0.65 mm pitch)

V850ES/KE1

1uPD70F3207HY

1PD703207Y
1PD703207

Mask ROM: 128 KB,
RAM: 4 KB

uPD70F3207H

Single-power flash: 128 KB,
RAM: 4 KB

* 80-pin plastic TQFP (12 x 12 mm, 0.5 mm pitch)
* 80-pin plastic QFP (14 x 14 mm, 0.65 mm pitch)

V850ES/KF1

uPD703211

Mask ROM: 256 KB,
RAM: 12 KB

1PD703210Y
uPD703210

Mask ROM: 128 KB,
RAM: 6 KB

1PD703209Y
1PD703209

Mask ROM: 96 KB,
RAM: 4 KB

1PD703208Y

©PD70F3211H

Single-power flash: 256 KB,
RAM: 12 KB

1PD70F3210HY

uPD70F3210H

Single-power flash: 128 KB,
RAM: 6 KB

uPD70F3210Y

uPD70F3210

Two-power flash: 128 KB,
RAM: 6 KB

uPD703208

Mask ROM: 64 KB,
RAM: 4 KB

* 100-pin plastic LQFP (14 x 14 mm, 0.5 mm pitch)
* 100-pin plastic QFP (14 x 20 mm, 0.65 mm pitch)

V850ES/KG1

1PD703215

Mask ROM: 256 KB,
RAM: 16 KB

1PD703214Y

1PD703214

Mask ROM: 128 KB,
RAM: 6 KB

1PD703213

Mask ROM: 96 KB,
RAM: 4 KB

©PD703212

Mask ROM: 64 KB,
RAM: 4 KB

UPD70F3215H

Single-power flash: 256 KB,
RAM: 16 KB

1PD70F3214HY
uPD70F3214H

Single-power flash: 128 KB,
RAM: 6 KB

1PD70F3214Y
1PD70F3214

Two-power flash: 128 KB,
RAM: 6 KB

* 144-pin plastic LQFP (20 x 20 mm, 0.5 mm pitch)

V850ES/KJ1

#PD70F3218HY

uPD70F3218H

Single-power flash: 256 KB,
RAM: 16 KB

uPD70F3217H

Single-power flash: 128 KB,
RAM: 6 KB

uPD70F3217

Two-power flash: 128 KB,
RAM: 6 KB

uPD703217

Mask ROM: 128 KB,
RAM: 6 KB

1PD703216Y
uPD703216

Mask ROM: 96 KB,
RAM: 6 KB

V850ES/KE1+

uPD70F3302Y

uPD70F3302

Single-power flash: 128 KB,
RAM: 4 KB

uPD703302Y

1PD703302

Mask ROM: 128 KB,
RAM: 4 KB

V850ES/KF1+

1PD70F3308Y

1PD70F3308

Single-power flash: 256 KB,
RAM: 12 KB

uPD70F3306Y

1PD703308Y

©PD703308

Mask ROM: 256 KB,
RAM: 12 KB

1PD70F3306

Single-power flash: 128 KB,
RAM: 6 KB

V850ES/KG1+

1PD70F3313

Single-power flash: 256 KB,
RAM: 16 KB

uPD70F3311

Single-power flash: 128 KB,
RAM: 6 KB

1PD703313

Mask ROM: 256 KB,
RAM: 16 KB

V850ES/KJ1+

1uPD70F3318Y

1PD70F3318

Single-power flash: 256 KB,
RAM: 16 KB

PD70F3316Y

uPD70F3316

Single-power flash: 128 KB,
RAM: 6 KB
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The list of functions in the VB50ES/Kx1 is shown below.

Product Name V850ES/KE1 V850ES/KF1 V850ES/KG1 V850ES/KJ1
Number of pins 64 pins 80 pins 100 pins 144 pins
Internal | Mask ROM 128 - 64/ |128| - |256| — |64/ |128| — |256| — 96/ - -
memory 96 96 128
(KB) Flash memory - 128 - | - |128] - |256| — | - |128]| - |256| - 128 256
RAM 4 4 6 12 4 6 16 6 16
Supply voltage 27t055V
Minimum instruction execution time 50 ns @20 MHz
Clock X1 input 21010 MHz
Subclock 32.768 kHz
Internal oscillator -
Port CMOS input 8 8 8 16
CMOS I/0 41 (4" 57 (6)""" 72 (8)"*! 106 (12)""
N-ch open-drain I/O 2 2 4 6
Timer 16-bit (TMP) 1ch - 1ch - 1ch - 1ch
16-bit (TMO) 1ch 2ch 4ch 6 ch
8-bit (TM5) 2ch 2ch 2ch 2c¢ch
8-bit (TMH) 2ch 2ch 2ch 2ch
Interval timer 1ch 1ch 1ch 1ch
Watch 1ch 1ch 1ch 1ch
WDT1 1ch 1ch 1ch 1ch
WDT2 1ch 1ch 1ch 1ch
RTO 6 bits x 1 ch 6 bits x 1 ch 6 bits x 1 ch 6 bits x 2 ch
Serial Csl 2ch 2ch 2ch 3ch
interface | Automatic transmit/receive - 1ch 2ch 2ch
3-wire CSI
UART 2ch 2ch 2ch 3ch
UART supporting LIN-bus - - - -
[’CMee? 1ch 1ch 1ch 2c¢ch
External | Address space - 128 KB 3 MB 15 MB
bus Address bus - 16 bits 22 bits 24 bits
Mode - Multiplex only Multiplex/separate
DMA controller - - - -
10-bit A/D converter 8 ch 8 ch 8 ch 16 ch
8-bit D/A converter - - 2ch 2ch
Interrupt | External 8 8 8 8
Internal 25/26""** 25/26""*  |28/29""**|  30/31""°* 33/34""2 38/40""* 41/43"*
Key return input 8 ch 8 ch 8 ch 8 ch
Reset RESET pin Provided
POC None
LVI None
Clock monitor None
WDT1 Provided
WDT2 Provided
ROM correction 4
Regulator None Provided
Standby function HALT/IDLE/STOP/sub-IDLE mode
Operating ambient temperature Ta =-40 to +85°C

Notes

1. The number of channels in parentheses indicates the number of pins for which the N-ch open drain

output can be selected by software.
2. Only in products with an I°C bus (Y products). For the product name, refer to each user’s manual.

User's Manual U16819EJ3VOUD

25



CHAPTER 1 OUTLINE

The list of functions in the VB50ES/Kx1+ is shown below.

Product Name V850ES/KE1+ V850ES/KF1+ VB50ES/KG1+ V850ES/KJ1+
Number of pins 64 pins 80 pins 100 pins 144 pins
Internal Mask ROM 128 - - 256 - - 256 - - -
Memory | Flash memory - 128 128 - 256 128 - 256 128 256
KB) RAM 4 6 12 6 16 6 16
Supply voltage 27t055V
Minimum instruction execution time 50 ns @20 MHz
Clock X1 input 21010 MHz
Subclock 32.768 kHz
Internal oscillator 240 kHz (TYP.)
Port CMOS input 8 8 8 16
CMOS I/10 41 (4)"! 57 ()"’ 72 (8)"*! 106 (12)""
N-ch open-drain I/O 2 2 4 6
Timer 16-bit (TMP) 1ch 1ch 1ch 1ch
16-bit (TMO) 1ch 2ch 4ch 6 ch
8-bit (TM5) 2ch 2ch 2ch 2ch
8-bit (TMH) 2ch 2ch 2ch 2c¢ch
Interval timer 1ch 1ch 1ch 1ch
Watch 1ch 1ch 1ch 1ch
WDT1 1ch 1ch 1ch 1ch
WDT2 1ch 1ch 1ch 1ch
RTO 6 bits x 1 ch 6 bits x 1 ch 6 bits x 1 ch 6 bits x 2 ch
Serial Csl 2ch 2ch 2ch 3ch
interface | Automatic transmit/receive - 1ch 2c¢ch 2ch
3-wire CSI
UART 1ch 1ch 2ch 2ch
UART supporting LIN-bus 1ch 1ch 1ch 1ch
[ohad 1ch 1ch 1ch 2c¢ch
External | Address space - 128 KB 3 MB 15 MB
bus Address bus - 16 bits 22 bits 24 bits
Mode - Multiplex only Multiplex/separate
DMA controller - - 4 ch 4 ch
10-bit A/D converter 8ch 8ch 8ch 16 ch
8-bit D/A converter - - 2ch 2ch
Interrupt | External 9 9 9 9
Internal 26/27""* 29/30"* 41/42""* 46/48""°*
Key return input 8ch 8ch 8ch 8 ch
Reset RESET pin Provided
POC 2.7 V or less fixed
LVI 3.1 V/3.3V £0.15V or 3.5 V/3.7 V/3.9 V/4.1 V/4.3 V +0.2 V (selectable by software)
Clock monitor Provided (monitor by internal oscillator)
WDT1 Provided
WDT2 Provided
ROM correction 4 None
Regulator None Provided
Standby function HALT/IDLE/STOP/sub-IDLE mode
Operating ambient temperature Ta =-40 to +85°C

Notes 1. The number of channels in parentheses indicates the number of pins for which the N-ch open drain
output can be selected by software.

2. Only in products with an I°C bus (Y products). For the product name, refer to each user’s manual.
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1.6 Block Diagram

TOO00/TI0O10/PO1 =—=
TI0O00/PO0 ——

16-bit timer/
event counter 00

TOO01/TI011/P06 ~—
TIO0O1/PO5 —=

16-bit timer/
event counter 01

TOHO/P15 <—

8-bit timer HO

TOH1/P16 -—

8-bit timer H1

TI50/TO50/P17 ~—

8-bit timer/
event counter 50

TI51/TO51/P33 =~—

8-bit timer/
event counter 51

Watch timer

Watchdog timer

RxDO/P11 ——=
TxDO/P10 -—

Serial
interface UARTO

78K/0
CPU
core

Flash
memory

g U

RxD6/P14 ——=
TxD6/P13 ~—f

Serial
interface UART6

SI10/P11 —
SO10/P12 =—
SCK10/P10 =~—~]

Serial
interface CSI10

SI11/P03 —
SO11/P02 =—
SCK11/P04 =—|
'SSI11/P05 ——~

Serial
interface CSI11

g ¢ 0 8804848 ¢ ¢ 488

SIA0/P143 —=
SOA0/P144 -—
SCKAO0/P142 =—
STBO/P145 =—]

Serial
interface CSIAO

§;

BUSY0/P141 ——
ANIO/P20 to
ANI7/P27 “

AVReF ——»|
AVss

A/D converter

INTPO/P120 —]

INTP1/P30 to
INTP4/P33

INTP5/P16 ——

INTP6/P140,
INTP7/P141

Interrupt control

-

Multiplier & divider

()

<R> Note
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Internal Internal
high-speed| | expansion
RAM RAM

Voo, Vss, FLMDO,

EVoo EVss FLMD1

Port 0 K 7" >P00 to P06
Port 1 K 8 >P10to P17
Port 2 "8 1P20 to P27
Port 3 K4 >P30to P33
Port 4 <8 >Paoto P47
Port 5 K8 P50 to P57
Port 6 K8 >P60 to P67
Port 7 K8 >P701t0 P77
Port 12 -~ P120

Port 13 ———P130

Port 14 K 6 >P14010 P145

Buzzer output

— BUZ/P141

g8 0 00808 UTL T YT

{

Clock output control PCL/P140
Clock monitor
Pc:wer or|1t clear/ POC/LVI
ow vollage control
indicator
KRO/P70 to
K t
ey reum “ KR7/P77
Reset control
m ADO/P40 to
AD7/P47
5 A8/P50 to
Note ﬂS/PEﬁ
External access RD/P64
— WR/P65
WAIT/P66
— ASTB/P67
Internal oscillator
RESET
~—X1
System control X2
XT1
XT2

The external bus interface function cannot be used in (A1) grade products.
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1.7 Outline of Functions

(1/2)
ltem uPD78F0148H uPD78F0148HD
Internal Flash memory 60 KB" "'
memory (self-programming
supported)
High-speed RAM 1 KB
Expansion RAM 1 KB"*'
Buffer RAM 32 bytes
Memory space 64 KB
High-speed system clock Crystal/ceramic/external clock oscillation
(oscillation frequency)
Standard products and | 2 to 16 MHz: Voo =4.0t0 5.5V, 2to 10 MHz: Voo =3.5t0 5.5 V,
(A) grade products 21t08.38 MHz: Voo =3.0t0 5.5V, 2to 5 MHz: Voo =2.5t10 5.5 V
(A1) grade products 2t0 16 MHz: Voo =4.0t0 5.5V, 2t0 10 MHz: Voo =3.5t0 5.5V,
2108.38 MHz: Voo =3.0t0 5.5V, 2to 5 MHz: Voo =2.7t0 5.5 V
Internal oscillation clock Internal oscillation (240 kHz (TYP.): Voo = 2.0 to 5.5 V"%
(oscillation frequency)
Subsystem clock Crystal/external clock oscillation
(oscillation frequency)
Standard products and | 32.768 kHz: Vob = 2.0 to 5.5 V"**?
(A) grade products
(A1) grade products 32.768 kHz: Voo =2.7t0 5.5V
General-purpose registers 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Minimum instruction execution 0.125 us/0.25 us/0.5 us/1.0 us/2.0 us (high-speed system clock: @ fxr = 16 MHz operation)
time 8.3 us/16.6 us/33.3 us/66.6 1s/133.3 us (TYP.) (internal oscillation clock: @ fr = 240 kHz
(TYP.) operation)
122 us (subsystem clock: when operating at fxr = 32.768 kHz)
Instruction set * 16-bit operation
* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)
* Bit manipulate (set, reset, test, and Boolean operation)
e BCD adjust, etc.
1/0 ports Total: 67
CMOS I/0 54
CMOS input 8
CMOS output 1
N-ch open-drain /O 4
Timers * 16-bit timer/event counter: 2 channels
* 8-bit timer/event counter: 2 channels
* 8-bit timer: 2 channels
* Watch timer 1 channel
* Watchdog timer: 1 channel
| Timer outputs 6 (PWM output: 4)
Notes 1. The internal flash memory 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. Use the product in a voltage range of 2.2 to 5.5 V because the detection voltage (Vroc) of the power-on-
clear (POC) circuitis 2.1 V £0.1 V.
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@/2)

ltem

uPD78F0148H uPD78F0148HD

Clock output

e 78.125 kHz, 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz, 2.5 MHz, 56 MHz, 10 MHz
(high-speed system clock: @10 MHz operation)
* 32.768 kHz (subsystem clock: @32.768 kHz operation)

Buzzer output

1.22 kHz, 2.44 kHz, 4.88 kHz, 9.77 kHz (high-speed system clock: @10 MHz operation)

A/D converter

10-bit resolution x 8 channels

Serial interface

* UART mode supporting LIN-bus: 1 channel
 3-wire serial I/O mode: 1 channel
 3-wire serial I/O mode with automatic transmission/reception: 1 channel
* 3-wire serial I/O mode/UART mode"*": 1 channel

Multiplier/divider

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

Vectored interrupt | Internal

20

sources External

9

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 clock monitor

* Internal reset by power-on-clear

* Internal reset by low-voltage detector

On-chip debug function

- Provided

Supply voltage

» Standard products and (A) grade products:

Vop = 2.5 to 5.5 V (with internal oscillation clock or subsystem clock: Voo = 2.0 to 5.5 V"*°?)
* (A1) grade products:

Vop = 2.7 to 5.5 V (with internal oscillation clock: Voo = 2.0 to 5.5 V"°°?)

Operating ambient temperature

 Standard products and (A) grade products : Ta = —40 to +85°C
* (A1) grade products : Ta=-40to +110°C

Package

* 80-pin plastic QFP (14 x 14)
* 80-pin plastic TQFP (fine pitch) (12 x 12)

Notes 1.

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

2. Use the product in a voltage range of 2.2 to 5.5 V because the detection voltage (Vroc) of the power-on-
clear (POC) circuitis 2.1 V +0.1 V.

User's Manual U16819EJ3VOUD 29



CHAPTER 1 OUTLINE

An outline of the timer is shown below.

16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and | Watch |Watchdog
Event Counters 00 Event Counters HA1 Timer Timer
and 01 50 and 51
TMO0O TMO1 TM50 TM51 TMHO TMH1
Operation | Interval timer 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel 1chann";'f -
mode External event counter 1 channel | 1 channel | 1 channel | 1 channel - - - -
Watchdog timer - - - - - - - 1 channel
Function | Timer output 1 output | 1output | 1output | 1output | 1output | 1 output - -
PPG output 1 output | 1 output - - - - - -
PWM output - - 1 output | 1 output | 1 output | 1 output - -
Pulse width measurement | 2 inputs | 2 inputs - - - - - -
Square-wave output 1 output | 1 output | 1 output | 1 output | 1 output | 1 output - -
Interrupt source 2 2 1 1 1 1 1 -

Note In the watch timer, the watch timer function and interval timer function can be used simultaneously.

Remark TM51 and TMH1 can be used in combination as a carrier generator mode.

30

User's Manual U16819EJ3VOUD
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2.1 Pin Function List

There are three types of pin 1/O buffer power supplies: AVRer, EVop, and Vobo. 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
EVoo Port pins other than P20 to P27
Vop Pins other than port pins
(1) Port pins (1/2)
Pin Name 110 Function After Reset Alternate Function
P00 /0 Port 0. Input TI000
PO1 7-bit 1/O 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 I/0 Port 1. Input SCK10/TxDO
P11 8-bit I/0 port. SI110/RxDO
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/FLMD1
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
P30 to P32 I/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.
P40 to P47 1/0 Port 4. Input ADO to AD7
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.
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(1) Port pins (2/2)

Pin Name 110 Function After Reset Alternate Function
P50 to P57 1/0 Port 5. Input A8 to A15
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.
P60 to P63 /0 Port 6. N-ch open-drain I/O port. Input -
P64 8-bit I/O port. 3 Use of an on-chip pull-up RD
P65 .Input/.outp.ut can be specified | 1egistor can be specified by WR
in 1-bit units. a software setting. —
P66 WAIT
P67 ASTB
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 I/0 Port 12. Input INTPO
1-bit I/O port.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P130 Output Port 13. Output -
1-bit output-only port.
P140 /0 Port 14. Input PCL/INTP6
P141 6-bit 1/O port. BUZ/BUSYO/
Input/output can be specified in 1-bit units. INTP7
Use of an on-chip pull-up resistor can be specified by a p—
P142 . SCKAO0
software setting.
P143 SIAO
P144 SOA0
P145 STBO

32
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(2) Non-port pins (1/2)

Pin Name l{e] Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising Input P120
INTP1 1o INTP3 edge., .falling edge, or both rising and falling edges) can be P30 to P32
specified
INTP4 P33/T151/TO51
INTP5 P16/TOH1
INTP6 P140/PCL
INTP7 P141/BUZ/BUSY0
SO Input Serial data input to serial interface Input P11/RxD0
Si1 P03
SIAO P143
SO10 Output Serial data output from serial interface Input P12
SO11 P02
SOA0 P144
SCK10 /0 Clock input/output for serial interface Input P10/TxD0O
SCK11 P04
SCKAO0 P142
SSIHA1 Input Serial interface chip select input Input P05/T1001
BUSYO Input Serial interface busy input Input P141/BUZ/INTP7
STBO Output Serial interface strobe output Input P145
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
TI001 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/TOO01
timer/event counter 01
TOO00 Output 16-bit timer/event counter 00 output Input PO1/TI010
TOO1 16-bit timer/event counter 01 output PO6/TI011
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P17/TO50/FLMD1
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/T150/FLMDA1
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
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(2) Non-port pins (2/2)

Pin Name 110 Function After Reset | Alternate Function
PCL Output Clock output (for timming of high-speed system clock, Input P140/INTP6
subsystem clock)
BUZ Output Buzzer output Input P141/INTP7/BUSY0
ADO to AD7 1/0 Lower address/data bus for external memory expansion Input P40 to P47
A8 to A15 Output Higher address bus for external memory expansion Input P50 to P57
RD Output Strobe signal output for external memory read operation Input P64
WR Output Strobe signal output for external memory write operation Input P65
WAIT Input Wait insertion on external memory access Input P66
ASTB Output Strobe output that externally latches address information Input P67
output to ports 4 and 5 for access to external memory
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 - -
EVss or Vss.
KRO to KR7 Input Key interrupt input Input P70 to P77
RESET Input System reset input - -
X1 Input Connecting resonator for high-speed system clock - -
X2 - - -
XT1 Input Connecting resonator for subsystem clock - -
XT2 - - -
Voo - Positive power supply (except for ports) - -
EVop - Positive power supply for ports - -
Vss - Ground potential (except for ports) - -
EVss - Ground potential for ports - -
FLMDO - Flash memory programming mode setting. - -
FLMD1 Input P17/T150/TO50
NC - Not internally connected. - -
Leave open (connecting to Vop or Vss is also possible).
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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 /O port. P00 to P06 can be set to input or output 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) TIOOO, TI0OO1
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, TIO11
These are the pins for inputting a capture trigger signal to the capture register (CRO00 or CR001) of 16-bit
timer/event counters 00 and 01.

(c) TOO00, TOO1
These are timer output pins.

(d) Sii1
This is a serial interface serial data input pin.

(e) SO11
This is a serial interface serial data output pin.

(f) SCK11
This is the serial interface serial clock 1/0O pin.

(g) SsIi1
This is the serial interface chip select input pin.
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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/O, timer 1/0, and flash memory programming mode setting.

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 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 1/O, timer 1/O, and flash
memory programming mode setting.

(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.

(i) FLMD1
This is the pin for setting the flash memory programming mode.
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2.2.3 P20 to P27 (port 2)
P20 to P27 function as an 8-bit input-only port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P27 function as an 8-bit input-only port.

(2) 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 13.6 Cautions for A/D Converter.

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.

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

(1) Port mode
P30 to P33 function as a 4-bit /0 port. P30 to P33 can be set to input or output 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).

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

(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 zPD78F0148HD, be sure to pull the P31 pin down after reset to prevent malfunction.
Remark P31/INTP2 and P32/INTP3 of the 4uPD78F0148HD can be used as on-chip debug mode setting pins

when the on-chip debug function is used. For details, refer to CHAPTER 28 ON-CHIP DEBUG
FUNCTION (uPD78F0148HD ONLY).
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2.2.5 P40 to P47 (port 4)
P40 to P47 function as an 8-bit I/O port. These pins also function as address/data bus pins.
The following operation modes can be specified.

(1) Port mode
P40 to P47 function as an 8-bit I/O port. P40 to P47 can be set to input or output in 1-bit units using port mode
register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).

(2) Control mode
P40 to P47 function as the pins for the lower address/data bus (ADO to AD7) in external memory expansion mode.

Caution The external bus interface function cannot be used in (A1) grade products.

2.2.6 P50 to P57 (port 5)
P50 to P57 function as an 8-bit I/O port. These pins also function as address bus pins.
The following operation modes can be specified.

(1) Port mode
P50 to P57 function as an 8-bit I/O port. P50 to P57 can be set to input or output in 1-bit units using port mode
register 5 (PM5). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5 (PU5).

(2) Control mode
P50 to P57 function as the pins for the higher address bus (A8 to A15) in external memory expansion mode.

Caution The external bus interface function cannot be used in (A1) grade products.

2.2.7 P60 to P67 (port 6)

P60 to P67 function as an 8-bit /O port. These pins also function as control pins in external memory expansion
mode.

The following operation modes can be specified.

(1) Port mode
P60 to P67 function as an 8-bit I/0 port. P60 to P67 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).
P60 to P63 are N-ch open-drain pins. Use of an on-chip pull-up resistor can be specified for P64 to P67 by pull-
up resistor option register 6 (PU6).

(2) Control mode
P64 to P67 function as control signal output pins (RD, WR, WAIT, ASTB) in external memory expansion mode.

Cautions 1. P66 can be used as an I/O port if the external wait is not used in external memory expansion

mode.
2. The external bus interface function cannot be used in (A1) grade products.
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2.2.8 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 /O port. P70 to P77 can be set to input or output 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.

2.2.9 P120 (port 12)
P120 functions as a 1-bit I/O port. This pin also functions as a pin for external interrupt request input.
The following operation modes can be specified.

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

(2) Control mode
P120 functions as an external interrupt request input pin (INTPO) for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

2.2.10 P130 (port 13)
P130 functions as a 1-bit output-only port.

2.2.11 P140 to P145 (port 14)

P140 to P145 function as a 6-bit /O port. These pins also function as external interrupt request input, clock output,
buzzer output, serial interface data /O, clock I/O, busy input, and strobe output pins.

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

(1) Port mode
P140 to P145 function as a 6-bit /O port. P140 to P145 can be set to input or output in 1-bit units using port
mode register 14 (PM14). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 14
(PU14).

(2) Control mode

P140 to P145 function as external interrupt request input, clock output, buzzer output, serial interface data I/O,
clock I/0, busy input, and strobe output pins.
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(a) INTP6, INTP7
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) PCL
This is a clock output pin.

(c) BUZ
This is a buzzer output pin.

(d) SIAO
This is a serial interface serial data input pin.

(e) SOA0
This is a serial interface serial data output pin.

(f) SCKAO
This is a serial interface serial clock I/O pin.

(g) BUSYO
This is a serial interface busy input pin.

(h) STBO
This is a serial interface strobe output pin.

2.2.12 AVRer

This is the A/D converter reference voltage input pin and the positive power supply pin of P20 to P27 and A/D
converter.

When the A/D converter is not used, connect this pin directly to EVop or Vo',

Note Connect port 2 directly to EVop when it is used as a digital port.
2.2.13 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 EVss pin or Vss pin.

2.2.14 RESET
This is the active-low system reset input pin.
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2.2.15 X1 and X2
These are the pins for connecting a resonator for high-speed system clock.
When supplying an external clock, input a signal to the X1 pin and input the inverse signal to the X2 pin.

Remark The X1 and X2 pins of the 4PD78F0148HD can be used as on-chip debug mode setting pins when the
on-chip debug function is used. For details, refer to CHAPTER 28 ON-CHIP DEBUG FUNCTION
(uPD78F0148HD ONLY).

2.2.16 XT1 and XT2
These are the pins for connecting a resonator for subsystem clock.
When supplying an external clock, input a signal to the XT1 pin and input the inverse signal to the XT2 pin.

2.2.17 Voo and EVop
Vo is the positive power supply pin for other than ports.
EVop is the positive power supply pin for ports.

2.2.18 Vss and EVss
Vss is the ground potential pin for other than ports.
EVss is the ground potential pin for ports.

2.2.19 FLMDO and FLMD1
This is a pin for setting flash memory programming mode.
Connect FLMDO to EVss or Vss in the normal operation mode (FLMD1 is used as P17/TI50/TO50 pin).
In flash memory programming mode, be sure to connect these pins to the flash programmer.
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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.
Refer to 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 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
POO/TI000 8-A 110 Input:  Independently connect to EVoo or EVss via a resistor.
P0O1/TI010/TO00 Output: Leave open.
P02/SO11
P03/SI11
P04/SCK11
P05/SSI11/TI001
P06/T1011/TO01
P10/SCK10/TxDO
P11/S110/RxD0
P12/SO10 5-A
P13/TxD6
P14/RxD6 8-A
P15/TOHO 5-A
P16/TOH1/INTP5 8-A
P17/T150/TO50/FLMD1
P20/ANIO to P27/ANI7 9-C Input Connect to AVrer or AVss.
P30/INTP1 8-A 110 Input:  Independently connect to EVop or EVss via a resistor.
P31/INTP2 Output: Leave open.
(except 4PD78F0148HD)
P31/INTP2 («PD78F0148HD) Connect to EVss via a resistor.
P32/INTP3 Input:  Independently connect to EVoo or EVss via a resistor.
P33/TI51/TO51/INTP4 Output: Leave open.
P40/ADO to P47/AD7 5-A
P50/A8 to P57/A15
P60, P61 13-R Input:  Connect to EVss.
P62, P63 13-W Output: Leave this pin open at low-level output after clearing
the output latch of the port to 0.
P64/WD 5-A Input:  Independently connect to EVob or EVss via a resistor.
P65/ WR Output: Leave open.
P66/WAIT
P67/ASTB
P70/KRO0 to P77/KR7 8-A
P120/INTPO
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Table 2-2. Pin I/O Circuit Types (2/2)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
P130 3-C Output Leave open.
P140/PCL/INTP6 8-A 1/0 Input:  Independently connect to EVobp or EVss via a resistor.
P141/BUZ/BUSY0/INTP7 Output: Leave open.
P142/SCKAO
P143/SIA0
P144/SOA0 5-A
P145/STB
RESET 2 Input Connect to EVoo or Vob.
XT1 16 Connect directly to EVss or Vss"*".
XT2 - Leave open.
AVRer - Connect directly to EVop or Vop"*Z,
AVss Connect directly to EVss or Vss.
FLMDO Connect to EVss or Vss.
NC Leave open (connecting to Vob or Vss is also possible).

Notes 1. Bit 6 (FRC) of the processor clock control register (PCC) must be set to 1 after reset mode is released.
2. Connect port 2 directly to EVob when it is used as a digital port.
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Figure 2-1. Pin I/O Circuit List (1/2)

Type 2

Type 8-A

Data ———

P-ch

disable

Input

enable

IN/OUT
Output N-ch

Vop
Pullup
enable {>O—| P-ch
IN
Voo
Data ¢ [ Yo |[mpucn

Schmitt-triggered input with hysteresis characteristics INOUT

Output N-ch

disable

o{}
Type 3-C Type 9-C
EVoo 1
P-ch [§ Comparator
IN O e
= P-ch N-ch | §
AVss ;
Data > &—OO0uUT
VRer
(threshold voltage)
-+—N-ch
Input
enable
Type 5-A EVoo Type 13-R
Pullup
enable Do—l P-ch
——0O IN/JOUT

Data
Output disable :Z>O—| N-ch
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 13-W

Data
Output disable

) >—{|-Nen

Input G:\

enable

Middle-voltage input buffer

—O IN/OUT

Type 16

Feedback
cut-off

P-chJ_
VN

D>

XT1

XT2
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3.1 Memory Space
Products in the 78K0/KF1+ can each access a 64 KB memory space. Figures 3-1 and 3-2 show the memory maps.

Caution Because the initial value of the internal expansion RAM size switching register (IXS) is OCH, set
IXS = 0AH as the initial setting. When using the 78K0/KF1+ to evaluate the program of a mask
ROM version of the 78K0/KF1, set the following values to the internal memory size switching
register (IMS) and IXS.

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

Flash Memory Version Target Mask ROM Version IMS IXS
(78KO0/KF1+) (78KO/KF1)
- uPD780143 C6H OCH
- 1PD780144 C8H
- uPD780146 CCH 0AH
1PD78F0148H, 78F0148HD | 4PD780148 CFH

46 Users Manual U16819EJ3VOUD



<R>

CHAPTER 3 CPU ARCHITECTURE

Figure 3-1. Memory Map (zPD78F0148H)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits EFFFH
FEDFH
L Internal high-speed RAM | p
T 1024 x 8 bits T
FBOOH 1085H
FAFFH R g 1084H
FA20H eserve 1080H
FA1FH 107FH
Buffer RAM
FAOOH 32 x 8 bits
Data memory FO9FFH 1000H
space FS00H Reserved OFFEH
F7FFH
L Internal expansion RAM _LL
T 1024 x 8 bits T 0800H
07FFH
F400H
F3FFH 0085H
ROM/RAM space | External memor ] 0084H
in which instructions 1024 x 8 bits y T 0080H
can be fetched 007FH
FOOOH
EFFFH
0040H
A Flash memory L 003FH
T 61440 x 8 bits T
0000H 0000H

Program area

Option byte areaN°te
5 x 8 bits

T 1FFFHT

Program area

Boot cluster 1

CALLF entry area
2048 x 8 bits

Program area
1915 x 8 bits

Option byte areaN°te
5 x 8 bits

Boot cluster 0

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Note

When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used:
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Set the option bytes to 0080H to 0084H and 1080H to 1084H.
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<R>

Figure 3-2. Memory Map (#PD78F0148HD)

Data memory
space

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
[ Notet
~L Internal high-speed RAM L
1024 x 8 bits
FBOOH
FAFFH
FA20H Reserved
FA1FH
Buffer RAM
FAOOH 32 x 8 bits
FOFFH
FS8OOH Reserved
F7FFH
L Internal expansion RAM _|
T 1024 x 8 bits B
F400H
F3FFH
ROM/RAM space E |
in which instructions )?ggf ”;eb’m A
can be fetched x 8 bits
FOOOH
EFFFH
Flash memory
-+ 61440 x 8 bits ~
[ Note2
0000H

| 1FFFH

Boot cluster 1

EFFFH
T Program area b=
108FH
108EH
On-chip debug security
ID setting areaNete 3
1085H 10 x 8 bits
1084H Option byte areaNote 3
1080H 5 x 8 bits
107FH
Program area
1000H
OFFFH
L CALLF entry area —
2048 x 8 bits
0800H
07FFH
A Program area |
T 1905 x 8 bits
0190H
018FH[ """ " T o T
008FH Note 2
008EH On-chip debug security
ID setting areaNote 3
0085H 10 x 8 bits
0084H Option byte areaNote 3
0080H 5 x 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
0000H

Boot cluster 0
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Notes 1.

During on-chip debugging, about 7 to 16 bytes of this area are used as the user data backup area for

communication.

During on-chip debugging, use of this area is disabled because it is used as the communication

command area (008FH to 018FH: debugger’s default setting).

When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security

When boot swap is used:

IDs to 0085H to O08EH.

Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the
on-chip debug security IDs to 0085H to 008EH and 1085H to 108EH.
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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/KF1+ products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

uPD78F0148H, 78F0148HD

Flash memory

61440 x 8 bits (0000H to EFFFH)

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, 0020H INTTMO00

clock monitor, WDT 0022H INTTMO10
0004H INTLVI 0024H INTAD
0006H INTPO 0026H INTSRO
0008H INTP1 0028H INTWTI
000AH INTP2 002AH INTTM51
000CH INTP3 002CH INTKR
000EH INTP4 002EH INTWT
0010H INTP5 0030H INTP6
0012H INTSRE6 0032H INTP7
0014H INTSR6 0034H INTDMU
0016H INTST6 0036H INTCSI11
0018H INTCSIH0/INTSTO 0038H INTTMOO1
001AH INTTMH1 003AH INTTMO11
001CH INTTMHO 003CH INTACSI
001EH INTTM50 003EH BRK
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()

©)

4)

3.1

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. Refer to CHAPTER 26 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).

.2 Internal data memory space

78K0/KF1+ products incorporate the following RAMs.

(1)

()

3.1

Internal high-speed RAM

The internal high-speed RAM consists of 1024 x 8 bits (FBOOH to FEFFH).

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

Internal expansion RAM

The internal expansion RAM consists of 1024 x 8 bits (F400H 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 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (refer to

Table 3-4 Special Function Register List in 3.2.3 Special function registers (SFRs)).

50

Caution Do not access addresses to which SFRs are not assigned.
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3.1.4 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/KF1+, 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 3-3 and 3-4 show correspondence between data memory and addressing. For details of
each addressing mode, refer to 3.4 Operand Address Addressing.

Figure 3-3. Correspondence Between Data Memory and Addressing (uPD78F0148H)

FFFFH
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OH|
FF1FH
FFOOH
FEFFH .
General-purposg registers Register addressing
FEEOH 32 x 8 bits Short direct
FEDFH IE— addressing
_ Internal high-speed RAM A
T 1024 x 8 bits T
FE20H | ___ ]
FE1FH
FBOOH
FAFFH
FA20H Reserved
FA1FH
Buffer RAM
32 x 8 bits
FAOOH Direct addressing
FOFFH R d
F800H eserve Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
A Internal expansion RAM A
T 1024 x 8 bits T
F400H
F3FFH
A External memory £
T 1024 x 8 bits T
FOOOH
EFFFH
A Flash memory A
T 61440 x 8 bits T
0000H
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Figure 3-4. Correspondence Between Data Memory and Addressing (#PD78F0148HD)

FFFFH
Special function registers (SFR)
256 x 8 bits SFR addressing
FF20H o
FF1FH
FFOOH
FEFFH _
General-purpose registers Register addressing
32 x 8 bits ¢
FEEOH _t Short direct
FEDFH addressing
A Internal high-speed RAM 1
T 1024 x 8 bits T
"""""" Note1 |
FBOOH
FAFFH
FA20H Reserved
FA1FH Buffer RAM Direct addressing
FAOOH 32 x 8 bits Register indirect addressing
FOFFH R g
F800H eserve Based addressing
F7FFH
Based indexed addressing
- Internal expansion RAM -
1024 x 8 bits
F400H
F3FFH
L External memory A
T 1024 x 8 bits T
FOOOH
EFFFH
L Flash memory L
B 61440 x 8 bits B
""""""" Note2
0000H
<R> Notes 1. During on-chip debugging, about 7 to 16 bytes of this area are used as the user data backup area for
communication.
<R> 2. During on-chip debugging, use of this area is disabled because it is used as the communication

command area (008FH to 018FH: debugger’s default setting).
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3.2 Processor Registers
The 78K0/KF1+ 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 3-5. 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 3-6. 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.
Other interrupt requests are all disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgment 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 acknowledgment and is set (1) upon El
instruction execution.
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©)

54

(b)

(c)

(d)

(e)

®

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

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.

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.

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)
(refer to 19.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be
acknowledged. Actual request acknowledgment is controlled by the interrupt enable flag (IE).

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 3-7. 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 3-8 and 3-9.

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

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

SP

SP

SP

SP

Figure 3-8. Data to Be Saved to Stack Memory

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

— FEEOH

FEDFH

l«—— FEDEH

— FEEOH

FEDFH

l«—— FEDEH

FEEOH — FEEOH
i FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

Register pair higher

Register pair lower

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-9. Data to Be Restored from Stack Memory

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

<—— FEEOH

FEDFH

Register pair higher

——» FEDEH

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 3-10. 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
FEE8H c
A
BANKS3 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 area.
Special function registers 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.

e 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.

e 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.

e 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.

Table 3-4 gives a list of the special function registers. The meanings of items in the table are as follows.

e 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-NS,
ID78K0, or SM78K0, symbols can be written as an instruction operand.
e 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
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon RESET input.
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Table 3-4. 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 v \/ - Undefined
FFO3H | Port register 3 P3 R/W 3 3 - 00H
FFO4H | Port register 4 P4 R/W \ y - 00H
FFO5H | Port register 5 P5 R/W 3 3 - 00H
FFO6H | Port register 6 P6 R/W \ y - 00H
FFO7H | Port register 7 P7 R/W y y - 00H
FFO8H A/D conversion result register ADCR R - - v Undefined
FFO9H
FFOAH Receive buffer register 6 RXB6 R - v - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - v - FFH
FFOCH | Port register 12 P12 R/W \ y - 00H
FFODH | Port register 13 P13 R/W y y - 00H
FFOEH | Port register 14 P14 R/W \ y - 00H
FFOFH Serial I/0 shift register 10 SIO010 - y - 00H
FF10H 16-bit timer counter 00 TMOO0 R - - \ 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 - y - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - v - O00H
FF1FH 8-bit timer counter 51 TM51 R - y - 00H
FF20H Port mode register 0 PMO R/W v v - FFH
FF21H | Port mode register 1 PM1 R/W \ y - FFH
FF23H Port mode register 3 PM3 R/W v v - FFH
FF24H | Port mode register 4 PM4 R/W \ y - FFH
FF25H Port mode register 5 PM5 R/W v v - FFH
FF26H | Port mode register 6 PM6 R/W \ y - FFH
FF27H Port mode register 7 PM7 R/W v v - FFH
FF28H | A/D converter mode register ADM RW v v - 00H
FF29H | Analog input channel specification register ADS RW v v - 00H
FF2AH | Power-fail comparison mode register PFM R/W v v - 00H
FF2BH Power-fail comparison threshold register PFT R/W - v - 00H
FF2CH | Port mode register 12 PM12 R/W \ y - FFH
FF2EH | Port mode register 14 PM14 R/W v v - FFH
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Table 3-4. Special Function Register List (2/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FF30H Pull-up resistor option register 0 PUO R/W \ v - O0H
FF31H Pull-up resistor option register 1 PU1 RW v v - 00H
FF33H Pull-up resistor option register 3 PU3 R/W v v - O0H
FF34H Pull-up resistor option register 4 PU4 RW v v - 00H
FF35H Pull-up resistor option register 5 PU5 RW v v - 00H
FF36H Pull-up resistor option register 6 PU6 R/W v v - 00H
FF37H Pull-up resistor option register 7 PU7 R/W v v - OO0H
FF3CH | Pull-up resistor option register 12 PU12 R/W v v - 00H
FF3EH | Pull-up resistor option register 14 PU14 R/W y \ - 00H
FF40H | Clock output selection register CKS RW \ v - O0H
FF41H 8-bit timer compare register 51 CR51 R/W - v - 00H
FF43H | 8-bit timer mode control register 51 TMC51 RW v v - 00H
FF47H Memory expansion mode register MEM RW 3 y - 00H
FF48H External interrupt rising edge enable register EGP R/W v v - 00H
FF49H External interrupt falling edge enable register EGN RW \ v - O0H
FF4AH Serial 1/O shift register 11 SIO11 R - \ - 00H
FF4CH Transmit buffer register 11 SOTB11 R/W - v - Undefined
FF4FH Input switch control register ISC R/W 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 - O0H
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 [sbrRoL | R - v v 00H
FF61H SDROH - v 00H
FF62H Multiplication/division data register AO MDAOL [MDAOLL | R/W - v v O0H
FF63H MDAOLH - v 00H
FF64H MDAOH| MDAOHL| R/W - 3 3 00H
FF65H MDAOHH - v 00H
FF66H Multiplication/division data register BO MDBO |MDBOL | R/W - v v 00H
FF67H MDBOH - v 00H
FF68H | Multiplier/divider control register 0 DMUCO R/W v v - 00H
FF69H | 8-bit timer H mode register 0 TMHMDO R/W y y - 00H
FF6AH Timer clock selection register 50 TCL50 R/W - v - O00H
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Table 3-4. Special Function Register List (3/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FF6BH | 8-bit timer mode control register 50 TMC50 R/W v v - O0H
FF6CH | 8-bit timer H mode register 1 TMHMD1 R/W v v - 00H
FF6DH | 8-bit timer H carrier control register 1 TMCYC1 R/W v v - 00H
FF6EH | Key return mode register KRM RW v v - 00H
FF6FH | Watch timer operation mode register WTM RW 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 - - FFH
FF73H Asynchronous serial interface reception error ASISO - v - 00H
status register 0
FF74H Transmit shift register 0 TXS0 w - v - FFH
FF80H Serial operation mode register 10 CSIM10 R/W v v - 00H
FF81H Serial clock selection register 10 csic1o RW v v - 00H
FF84H Transmit buffer register 10 SOTB10 R/W - v - Undefined
FF88H | Serial operation mode register 11 CSIM11 R/W v v - 00H
FF89H Serial clock selection register 11 csic11 R/W v v - O0H
FF8CH Timer clock selection register 51 TCL51 R/W - v - 00H
FF90H Serial operation mode specification register 0 CSIMAO R/W v v - 00H
FF91H Serial status register 0 CsSISo R/W v v - 00H
FF92H | Serial trigger register 0 CsITo RW v v - 00H
FF93H Divisor selection register 0 BRGCAO R/W - v - 03H
FF94H Automatic data transfer address point ADTPO R/W - v - 00H
specification register 0
FF95H Automatic data transfer interval specification ADTIO R/W - v - O00H
register 0
FF96H Serial 1/O shift register 0 SIOAO0 R/W - v - O00H
FF97H Automatic data transfer address count register 0 | ADTCO R - v - 00H
FF98H Watchdog timer mode register WDTM R/W - v - 67H
FF99H Watchdog timer enable register WDTE R/W - v - 9AH
FFAOH | Internal oscillation mode register RCM R/W v v - 00H
FFATH | Main clock mode register MCM RW v v - 00H
FFA2H | Main OSC control register MOC R/W y y - O0H
FFA3H Oscillation stabilization time counter status register| OSTC R v v - O00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - 05H
FFA9H | Clock monitor mode register CLM R/W v v - 00H
FFACH | Reset control flag register RESF - v - 00H""
FFBOH 16-bit timer counter 01 TMO1 - - v 0000H
FFB1H
Note This value varies depending on the reset source.
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Table 3-4. Special Function Register List (4/4)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FFB2H 16-bit timer capture/compare register 001 CRO001 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 CRCO1 R/W v v - O0H
FFB9H 16-bit timer output control register 01 TOCO1 R/W v v - 00H
FFBAH | 16-bit timer mode control register 00 TMCO00 RW 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 TOCO00 R/W v v - 00H
FFBEH | Low-voltage detection register LVIM RW v v - 0oH"""
FFBFH Low-voltage detection level selection register LVIS R/W - v - 00H"*"
FFCOH Flash protect command register PFCMD W - v - Undefined
FFC2H | Flash status register PFS R/W v v - 00H
FFC4H Flash programming mode control register FLPMC R/W v v - OXH"*?
FFEOH Interrupt request flag register OL IFO |IFOL | RW v v v 00H
FFE1H | Interrupt request flag register OH IFOH | RW v v 00H
FFE2H Interrupt request flag register 1L IF1 |IFIL | RW v v v 00H
FFE3H | Interrupt request flag register 1H IF1H | RW v 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 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 y y DFH
FFESH | Priority specification flag register OL PRO |PROL | RW v v v FFH
FFE9H | Priority specification flag register OH PROH| R/W v v FFH
FFEAH | Priority specification flag register 1L PR1 | PR1L| RW v v v FFH
FFEBH | Priority specification flag register 1H PR1H| R/W y y FFH
FFFOH Internal memory size switching register"™®* IMS R/W - v - CFH
FFF4H Internal expansion RAM size switching register"™*® | IXS R/W - y - OCH
FFF8H Memory expansion wait setting register MM R/W v v - 10H
FFFBH | Processor clock control register PCC RW v v - 00H
Notes1. This value varies depending on the reset source.
2. This value varies depending on the operation mode.
e User mode: 08H
¢ On-board mode: OCH
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Note 3. Because the initial value of the internal expansion RAM size switching register (IXS) is 0CH, set IXS = 0AH
as the initial setting. When using the 78K0/KF1+ to evaluate the program of a mask ROM version of the
78K0/KF1, set the following values to the internal memory size switching register (IMS) and IXS.

Flash Memory Version Target Mask ROM Version IMS IXS
(78KO/KF1+) (78KO/KF1)
- uPD780143 C6H OCH
- uPD780144 C8H
- uPD780146 CCH 0AH
1PD78F0148H, 78F0148HD | 4xPD780148 CFH
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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 !addri16 instructions

7 0
CALL or BR
Low Addr.
High Addr. T
15 { 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|]0O 0 O 0 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.

[Mustration]

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/KF1+ 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
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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

SFR

15 8 7 0

Effective address i1 1 1 1 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.
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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]

MOV A, [HL + B]; when 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]

PUSH DE; when saving DE register

[Mustration]

SP

SP
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Operation code 101 10 0 1
7 Memory 0
FEEOH — FEEOH
i FEDFH D
y
FEDEH l«—— FEDEH E
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CHAPTER 4 PORT FUNCTIONS

There are two types of pin I/O buffer power supplies: AVRer and EVop. 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
EVop Port pins other than P20 to P27

78K0/KF1+ 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 /0O ports, these ports have several
alternate functions, refer to CHAPTER 2 PIN FUNCTIONS.

Port 5

Port 6

Port 7

Port 12

Port 13

Port 14

76

Figure 4-1. Port Types

alternate functions. For details of the

~—= P50

~— | P57

-— 1 P60

-~ P67

~—= P70

- P120

-~ P130

-] P140

- P145

P00

P06

P10

P17

P20

P27

P30

P33

P40

P47

[«— [ Port0

Port 1

Port 2

Port 3

Port 4
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Table 4-2. Port Functions (1/2)

Pin Name 1/0 Function After Reset | Alternate Function
P00 110 Port 0. Input TI000
PO 7-bit O 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. Si1
P04 SCK11
P05 SSI11/T1001
P06 TI011/TO0A
P10 110 Port 1. Input SCK10/TxD0
P11 8-bit I/ port. SI110/RxDO
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/
FLMD1
P17 TI50/TO50
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
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.
P40 to P47 110 Port 4. Input ADO to AD7
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.
P50 to P57 110 Port 5. Input A8 to A15
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.
P60 to P63 110 Port 6. N-ch open-drain 1/0O port. Input -
P64 8-bit I/O port. 3 Use of an on-chip pull-up RD
P65 !nput/.outp.ut can be specified | 1ogistor can be specified by a WR
in 1-bit units. software setting. —
P66 WAIT
P67 ASTB
User's Manual U16819EJ3VOUD 77



CHAPTER 4 PORT FUNCTIONS

Table 4-2. Port Functions (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 /0 Port 12. Input INTPO
1-bit I/O port.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P130 Output Port 13. Output -
1-bit output-only port.
P140 110 Port 14. Input PCL/INTP6
P141 6-bit /O port. BUZ/BUSYO/
Input/output can be specified in 1-bit units. INTP7
Use of an on-chip pull-up resistor can be specified by a p—
P142 ) SCKAO0
software setting.
P143 SIAO
P144 SOAO0
P145 STBO
4.2 Port Configuration
Ports consist of the following hardware.
Table 4-3. Port Configuration
Item Configuration
Control registers Port mode register (PMO, PM1, PM3 to PM7, PM12, PM14)
Port register (PO to P7, P12 to P14)
Pull-up resistor option register (PUO, PU1, PU3 to PU7, PU12, PU14)
Port Total: 67 (CMOS 1/O: 54, CMOS input: 8, CMOS output: 1, N-ch open drain 1/O: 4)
Pull-up resistor Total: 54
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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 I/O, serial interface data I/O, and clock I/O.

RESET input sets port 0 to input mode.

Figures 4-2 to 4-5 show block diagrams of port 0.

<R> Caution To use P02/SO11, P03/SI11, and P04/SCK11 as general-purpose ports, set serial operation mode
register 11 (CSIM11) and serial clock selection register 11 (CSIC11) to the default status (00H).

Figure 4-2. Block Diagram of P00, P03, and P05

EVop
™1 WReu
PUO
S PU00, PUO03, PU05
P-ch
Alternate function
RD
. e
[$]
(] C’ | %
3 %)
[ WRPpoRT
g
£
N Output latch
~ (P00, P03, PO5) ©) P00/TI000,
P03/SI11,
WRpm P05/SSI11/T1001
L PMO
S PMO00, PM03, PM05
~_

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

RD: Read signal

WRxx: Write signal
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Figure 4-3. Block Diagram of P01 and P06

EVoo

e

Selector

——© P01/T1010/TO0O,
P06/T1011/TOO01

M WReu
l PUO
S PUO1, PUO6
Alternate
function
RD
o |
N
2 |
=}
Qo
g WRProRrT
]
£
A Qutput latch
~ (P01, P06)
WRpm
PMO
S PMO1, PM06
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

EVoo

o

Selector

o

P-ch

WRru
PUO
S PUO2
RD
(J I
3 WRpoRrT
o
©
£
ko) 4 Output latch
£ ~ (P02)
WRpm
PMO
O PMO02
Alternate
function
N
PUO: Pull-up resistor option register 0
PMO:  Port mode register O
RD: Read signal
WRxx: Write signal
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Figure 4-5. Block Diagram of P04
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EVoo
M- WReru
l PUO
N> PU0O4
P-ch
Alternate
function
RD
5 o<]—o@]‘
= | ks
2 ! 3
e}
T WRPpoRT
£
2
c
- A Output latch
- (P04) ] -——(© P04/SCKT1
WRem
PMO
S PMO04
Alternate
function
N
PUO: Pull-up resistor option register 0
PMO:  Port mode register O
RD: Read signal
WRxx: Write signal



<R>

CHAPTER 4 PORT FUNCTIONS

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, timer 1/O, and
flash memory programming mode setting.

RESET input sets port 1 to input mode.

Figures 4-6 to 4-10 show block diagrams of port 1.

Caution To use P10/SCK10/TxD0, P11/SI10/RxD0, and P12/SO10 as general-purpose ports, set serial
operation mode register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the default

status (00H).

Figure 4-6. Block Diagram of P10

EVoo
M-  WRru
l PU1
© PU10
P-ch
Alternate
function
RD
l | g O<] O@] |
[$]
© | %
a [}
Ke)
] WRPpoRT
c
e
[
= A Output latch
- (P10) ] O P10/SCK10/TxDO
WRem
PM1
S PM10
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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Figure 4-7. Block Diagram of P11 and P14
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EVop
™1 WRe
l PU1
& PU11, PU14
P-ch
Alternate
function
RD
. i o fro<t—
31 I g
T N 2
c | @
2
£ WReroRrT
A Output latch
S (P11, P14) © P11/SI110/RxDO,
P14/RxD6
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 4-8. Block Diagram of P12 and P15

EVoo

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 4-9. Block Diagram of P13

EVoo

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 4-10. Block Diagram of P16 and P17

EVoo

o

Selector

<Feg—

P-ch

WReru
l PU1
O PU16, PU17
Alternate
function
RD
oD |
N
2 |
>3
o
T WRepoRT
S
2
c
- A Output latch
~ (P16, P17)
WRem
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 input-only port.
This port can also be used for A/D converter analog input.

Figure 4-11 shows a block diagram of port 2.

88

Figure 4-11. Block Diagram of P20 to P27

-

© P20/ANIO to P27/ANI7

RD

~_

)]

>

e

©

£

Q

£ A/D converter
—~

RD:

Read signal
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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 4-12 and 4-13 show block diagrams of port 3.

Caution In the uPD78F0148HD, be sure to pull the P31 pin down after reset to prevent malfunction.

Remark P31/INTP2 and P32/INTP3 of the #PD78F0148HD can be used for on-chip debug mode setting when
the on-chip debug function is used. For details, refer to CHAPTER 28 ON-CHIP DEBUG FUNCTION

(uPD78F0148HD ONLY).

Figure 4-12. Block Diagram of P30 to P32

EVop
™1 WReu
l PU3
© PU30 to PU32
P-ch
Alternate
function
RD
)
> . .
2 | e} < | < |
g = | s
Q
E n
WRProRT
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

89

User's Manual U16819EJ3VOUD



CHAPTER 4 PORT FUNCTIONS

Figure 4-13. Block Diagram of P33

90

WRxx: Write signal
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EVoo
M|  WReru
l PU3
© PU33
P-ch
Alternate
function
RD
I 2 <] <] |
[&]
g [ © | 2
2 [}
© WRroRT
IS}
IS
Vany Output latch
~ (P33) ——O P33/INTP4/TI51/TO51
WRpM
PM3
S PM33
Alternate
function
%
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
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4.2.5 Port 4
Port 4 is an 8-bit I/0 port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units

using port mode register 4 (PM4). Use of an on-chip pull-up resistor can be specified in 1-bit units with pull-up resistor
option register 4 (PU4).

This port can also be used as an address/data bus in external memory expansion mode.

RESET input sets port 4 to input mode.

Figure 4-14 shows a block diagram of port 4.

Figure 4-14. Block Diagram of P40 to P47

EVop
WRpu PU4
N\
PU40 to PU47
Alternate _— P-ch
RD function

Selector K

WRPORT T—

Output latch |
© P40/ADO to P47/AD7

(P40 to P47) Selector

Internal bus

Alternate
function

WRpm PM4

PM40 to PM47

Memory expansion
mode register
(MEM)

PU4: Pull-up resistor option register 4
PM4: Port mode register 4

RD: Read signal

WRxx: Write signal
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4.2.6 Port5
Port 5 is an 8-bit I1/0 port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units

using port mode register 5 (PM5). Use of an on-chip pull-up resistor can be specified in 1-bit units using pull-up

resistor option register 5 (PU5).
This port can also be used as an address bus in external memory expansion mode.

RESET input sets port 5 to input mode.
Figure 4-15 shows a block diagram of port 5.

Figure 4-15. Block Diagram of P50 to P57

EVop
WRpu PU5
(M
PU50 to PU57
P-ch
RD
Selector K
WRPpoRT T—
Output latch |
© P50/A8 to P57/A15

(P50 to P57) Selector

Internal bus

Alternate
function

WRpem PM5

PM50 to PM57

Memory expansion
mode register
(MEM)

PU5:  Pull-up resistor option register 5
PM5: Port mode register 5

RD:  Read signal

WRxx: Write signal
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4.2.7 Port6
Port 6 is an 8-bit I/0 port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units

using port mode register 6 (PM6).
This port has the following functions for pull-up resistors. These functions differ depending on the higher 4

bits/lower 4 bits of the port.

Table 4-4. Pull-up Resistor of Port 6

Higher 4 Bits (Pins P64 to P67) Lower 4 Bits (Pins P60 to P63)

An on-chip pull-up resistor can be On-chip pull-up resistors are not provided
connected in 1-bit units by PU6

PUG6: Pull-up resistor option register 6

The P60 to P63 pins are N-ch open-drain pins.

The P64 to P67 pins can also be used for the control signal output function in external memory expansion mode.
RESET input sets port 6 to input mode.

Figures 4-16 to 4-18 show block diagrams of port 6.

Caution P66 can be used as an I/0O port when an external wait is not used in external memory expansion

mode.
Figure 4-16. Block Diagram of P60 to P63
(N
RD
QQ—OC Selector
(2]
3 | WReort
8
= Qutput latch
§ (P60 to P63) © P60 to P63
WRem PMS
PM60 to PM63
/‘\_/

PM6: Port mode register 6
RD: Read signal
WRxx: Write signal
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Figure 4-17. Block Diagram of P64, P65, and P67

EVoo
WRru PU6
(N
PU64, PU65, PU67
P-ch
RD
Selector g
WReProRT ;
» Output latch I P64/RD,
§ (P64, P65, P67) Selector © P65/WR,
Py P67/ASTB
8
£
Alternate
function
WRpem PM6
PM64, PM65, PM67
Memory expansion
mode register
(MEM)
/\_/

PU6: Pull-up resistor option register 6
PM6: Port mode register 6

RD: Read signal
WRxx: Write signal
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Figure 4-18. Block Diagram of P66

EVop
WRepu PU6
N\
PU66 boch
Alternate — -
RD function
Selector K
2 b
=}
Kol >
g WRpPpoRT
2 |
£ Qutput latch NVAIT
(P66) Selector © P66/WAIT
Memory expansion
WRpPM mode register
‘ PM6 (MEM)
PM66
N

PUG6: Pull-up resistor option register 6
PM6: Port mode register 6

RD: Read signal

WRxx: Write signal
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4.2.8 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 4-19 shows a block diagram of port 7.

Figure 4-19. Block Diagram of P70 to P77

EVop
™1 WReu
l PU7
o PU70 to PU77
P-ch
Alternate function

RD

l | g O<] O@] |

o 3
2 ! 3
E WRPpoRT
g
£

Vany Output latch

~ (P70 to P77) ©) P70/KRO to

P77/KR7
WRem
PM7
& 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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4.2.9 Port12
Port 12 is a 1-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, 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.

RESET input sets port 12 to input mode.

Figure 4-20 shows a block diagram of port 12.

Figure 4-20. Block Diagram of P120

EVop
™1 WReu
l PU12
© PU120 bch
b—l -C
Alternate
function
RD
2 5 o< I—O<|7
o
2 | g
20 | 3
i) »n
[
- WRPpoRT
Output latch
© (P120) © P120/INTPO
WRem
PM12
& PM120
—~_

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

RD: Read signal

WRxx: Write signal
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4.2.10 Port 13
Port 13 is a 1-bit output-only port.
Figure 4-21 shows a block diagram of port 13.

Figure 4-21. Block Diagram of P130

N
RD

(2]

>3

o

©

S

2 | WRportT

£

Output latch | ®
(P130) I © P130

I~

RD: Read signal
WRxx: Write signal

Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is
effected, the output signal of P130 can be dummy-output as the CPU reset signal.
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4.2.11 Port 14
Port 14 is a 6-bit I/0 port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units

using port mode register 14 (PM14). When the P140 to P145 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 14 (PU14).

This port can also be used for external interrupt request input, serial interface data 1/O, clock 1/O, busy input,
buzzer output, and clock output.

RESET input sets port 14 to input mode.

Figures 4-22 to 4-25 show block diagrams of port 14.

Figure 4-22. Block Diagram of P140 and P141

EVoo
M~  WRpu
J PU14
& PU140, PU141 Pch
b—l -C
Alternate
function
RD
I Z :] :] |
N | :
Ei &
g WRPpoRT
2
(=
- Output latch
= (P140, P141) ——© P140/PCL/INTPS,
P141/BUZ/BUSYO0
WRPM /INTP7
PM14
S PM140, PM141
Alternate
function
N\

PU14: Pull-up resistor option register 14
PM14: Port mode register 14

RD: Read signal

WRxx: Write signal
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Figure 4-23. Block Diagram of P142

EVoo
M-  WRru
l PU14
T PU142 )O | P-ch
-C
Alternate
function
RD
| 2 CQ CQ |
o [° | :
E &
g WRPpoRT
Q
=
& Output latch
(P142) | ——O P142/SCKAO
WRem
PM14
5 PM142
Alternate
function
AN

PU14: Pull-up resistor option register 14
PM14: Port mode register 14

RD: Read signal

WRxx: Write signal
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Internal bus

Figure 4-24. Block Diagram of P143

EVop
WReu
l PU14
> PU143
P-ch
Alternate function
RD
| [t
[&]
N | <@
(0]
n
WRPpoRT
Vany Output latch
i (P143) © P143/SIA0
WRem
PM14
o PM143

PU14: Pull-up resistor option register 14
PM14: Port mode register 14
RD: Read signal
WRxx: Write signal
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Figure 4-25. Block Diagram of P144 and P145

EVoo
M  WReu
PU14
S PU144, PU145
P-ch
RD
S
Pan | g L
| T
%]
3 WRPpoRT
Ke)
©
c
o A Output latch
£ ~ (P144, P145) ——O P144/SOAO0,
WRem P145/STBO
PM14
& PM144, PM145
Alternate
function
N\

PU14: Pull-up resistor option register 14
PM14: Port mode register 14

RD: Read signal

WRxx: Write signal
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4.3 Registers Controlling Port Function

Port functions are controlled by the following three types of registers.

e Port mode registers (PMO, PM1, PM3 to PM7, PM12, PM14)
o Port registers (PO to P7, P12 to P14)
* Pull-up resistor option registers (PUO, PU1, PU3 to PU7, PU12, PU14)

(1) Port mode registers (PM0, PM1, PM3 to PM7, PM12, and PM14
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

4-5.

Figure 4-26. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

PMO | 1 | Pmos | Pmos | Pmo4 | Pmos | Pmo2 | Pmot | Pmoo | FraoH FFH R/W
7 6 5 4 3 2 1 0

PM1 | PM17 | Pm16 | PM15 | Pm14 | Pm13 | Pmi2 | P11 | Pmro | FRetH FFH RIW
7 6 5 4 3 2 1 0

M3 | 1 | 1 | 1 | 1 | pPwmss | Pvs2 | Pmat | Pmso | FresH FFH R/W
7 6 5 4 3 2 1 0

PM4 | PM47 | Pmas | PM4s | PM4a | PMa3 | PMa2 | PMat | Pm4o | FF2aH FFH RW
7 6 5 4 3 2 1 0

PMs | PM57 | PMs6 | PMss | PMs4 | PMs3 | PMs2 | Pmst | PMso | FFasH FFH RIW
7 6 5 4 3 2 1 0

PM6 | PM67 | PMes | PMes | PMe4 | PMe3 | Pme2 | Pmet1 | PMeo | FF2eH FFH RIW
7 6 5 4 3 2 1 0

PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | Pm72 | P71 | Pm7o | FRe7H FRH RIW
7 6 5 4 3 2 1 0

iz | 1 [ 1+ [ 1+ [ 1 [ 1 | 1 | 1 |pPwo| FrcH  FFH RIW
7 6 5 4 3 2 1 0

PM4 [ 1 | 1 | Pm14s | PM144 | PM143 | PM142 | PM141 | PM140 | FF2EH FFH RIW

PMmn Pmn pin I/0O mode selection
(m=0,1,3t07,12,14;n=0107)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name I/0
P00 TI000 Input 1 X
PO1 TI010 Input 1 X
TOO00 Output 0 0
P02 SO11 Output 0 0
P03 Si1 Input 1 X
P04 SCK11 Input 1 X
Output 0 1
P05 SSih1 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 Si1o Input 1 X
RxDO Input 1 X
P12 SO10 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
P30 to P32 INTP1 to INTP3 Input 1 X
P33 INTP4 Input 1 X
TI51 Input 1 X
TO51 Output 0 0
P40 to P47 ADO to AD7 1/0 XN
P50 to P57 A8 to A15 Output XN
P64 RD Output X"
P65 WR Output X
P66 WAIT Input At Xt
P67 ASTB Output XN

Note When using the alternate functions of the P40 to P47, P50 to P57, and P64 to P67 pins, select the function by
using the memory expansion mode register (MEM).

Remark x: Don’t care

PMxx: Port mode register

Pxx:  Port output latch
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Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (2/2)

Pin Name Alternate Function PM>xx Pxx
Function Name I/0

P70 to P77 KRO to KR7 Input 1 X
P120 INTPO Input 1 X
P140 PCL Output 0 0
INTP6 Input 1 X

P141 BUZ Output 0 0
BUSYO Input 1 X

INTP7 Input 1 X

P142 SCKAO Input 1 X
Output 0 1

P143 SIAO Input 1 X
P144 SOA0 Output 0 0
P145 STBO Output 0 0

Remark x: Don’t care

PMxx: Port mode register

Pxx:

Port output latch
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(2) Port registers (P0 to P7, P12 to P14)
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 (but P2 is undefined).

Figure 4-27. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
Po| o | Pos | Pos | Poa | Pos | Po2 | Po1 | Poo | FFOOH  0OH (outputlatch) RMW
7 6 5 4 3 2 1 0
Pt | P17 | Pt6 | Pts | P14 | P13 | P12 | P11 | P10 | FFOIH  0OH (outputlatch) RMW
7 6 5 4 3 2 1 0
P2 | P27 | P26 | P2s | P24 | P23 | P22 | P21 | P20 | FFozH Undefined R
7 6 5 4 3 2 1 0
P o | o | o | o | pss | pa2 | Pa1t | Ps0 | FFOBH  0OH (outputlaich) RMW
7 6 5 4 3 2 1 0
Pa | P47 | Pa6 | Pas | Pas | Pa3 | P42 | P41 | P40 | FFO4H  OOH (outputlaich) RW
7 6 5 4 3 2 1 0
Ps | Ps7 | Pse | Pss | Psa | Pss | Ps2 | P51 | P50 | FFOSH  OOH (outputlaich) R/
7 6 5 4 3 2 1 0
P6 | P67 | Pes | Pes | Pes | P63 | Pe2 | P61 | P60 | FFOBH  OOH (outputlatch) R/W
7 6 5 4 3 2 1 0
P7 | P77 | Pre | pP7s | P7a | Pra | Pr2 | P71 | P70 | FFO7H  0OH (outputlatch) RMW
7 6 5 4 3 2 1 0
P2 o | o | o | o | o | o | o | Pi2o | FFOCH 00H (outputlatch) RMW
7 6 5 4 3 2 1 0
P3| o | o | o | o | o | o | o | P13 | FFODH  00H (outputlatch) RMW
7 6 5 4 3 2 1 0
Pla | o | o | Ptas | P1as | Pras | Pra2 | P141 | P140 | FFOEH  O0OH (outputlatch) RMW
Pmn m=0to7,12t014;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
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(3) Pull-up resistor option registers (PUO, PU1, PU3 to PU7, PU12, and PU14)

These registers specify whether the on-chip pull-up resistors of P00 to P06, P10 to P17, P30 to P33, P40 to P47,
P50 to P57, P64 to P67, P70 to P77, P120, or P140 to P145 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 to PU7, PU12, and PU14. 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,

PUS3 to PU7, PU12, and PU14.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 4-28. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
Puo | o | Puos | Puos | Puos | Puos | Puoz | Puot | Puoo | FFaoH oo RIW
7 6 5 4 3 2 1 0
Put | Pu17 | Pute | Puts | Put4 | PU1 | PUt2 | PUT1 | Put0 | FFatH oo RIW
7 6 5 4 3 2 1 0
P [ o | o | o | o | Puss | Puse | Pust | Puso | FFasH  ooH RIW
7 6 5 4 3 2 1 0
PU4 | Pus7 | Puss | Puss | Pu44 | PU43 | PUs2 | PU41 | PU40 | FFaaH 00H RW
7 6 5 4 3 2 1 0
PUS | Pus7 | Puss | Puss | Pus4 | PUss | Pus2 | PUs1 | Puso | FFasH  OOH RIW
7 6 5 4 3 2 1 0
PU6 | Pue7 | Puss | Pues | Pusa | o | o | o | o | FFaeH  ooH RIW
7 6 5 4 3 2 1 0
Pu7 | Pu77 | Pu7e | PU7s | PuTa | PU73 | PU72 | PU71 | PU70 | FRa7TH oo RIW
7 6 5 4 3 2 1 0
o2 [ o | o | o | o | o | o | o [puto| FrecH  oon RW
7 6 5 4 3 2 1 0
PUt4 [ o | o | Put4s | Put44 | PUt43 | PUT42 | PUI41 | PU140 | FFBEH  ooH RIW
PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3t07,12,14;,n=01t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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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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5.1 External Bus Interface

The external bus interface connects external devices to areas other than the internal ROM, RAM, and SFR areas.
Connection of external devices uses ports 4 to 6. Ports 4 to 6 control address/data, read/write strobe, wait, address

strobe, etc.

The external bus interface is usable only when the high-speed system clock is selected as the CPU clock.

Caution The external bus interface function cannot be used in (A1) grade products.

Table 5-1. Pin Functions in External Memory Expansion Mode

Pin Function When External Device Is Connected

Alternate Function

Name Function

ADO to AD7 Multiplexed address/data bus P40 to P47

A8to A15 Address bus P50 to P57

RD Read strobe signal P64

‘WR Write strobe signal P65

WAIT Wait signal P66

ASTB Address strobe signal P67

Table 5-2. State of Ports 4 to 6 Pins in External Memory Expansion Mode
External Port |_____ '?9_”_?’_____,,,,,,,,,,,,,,,,Eqr,t,s, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, '?9,”,? ,,,,,,,,,,,,,,,,
Expansion Mode Oto7 o 1 2 3 4 5 o 1t 2 3 4 5 6 7
Single-chip mode Port Port Port
256-byte expansion mode Address/data | Port Port RD, WR, WAIT, ASTB
4 KB expansion mode Address/data | Address | Port Port RD, WR, WAIT, ASTB
16 KB expansion mode Address/data | Address Port RD, WR, WAIT, ASTB
Full-address mode Address/data | Address Port RD, WR, WAIT, ASTB

Caution When the external wait function is not used, the WAIT pin can be used as a port in all modes.
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The memory maps when the external bus interface is used are as follows.

Figure 5-1. Memory Map When Using External Bus Interface (1/2)

(a) Memory map of 78K0/KF1+ when flash memory is (b) Memory map of 78K0/KF1+ when flash memory is

24 KB, internal expansion RAM is 0 bytes 32 KB, internal expansion RAM is 0 bytes
FFFFH FFFFH
SFR SFR
FFOOH FFOOH
FEFFH FEFFH
Internal high-speed RAM Internal high-speed RAM

FBOOH FBOOH
FAFFH FAFFH

Reserved Reserved
FA20H FA20H
FA1FH FA1FH

Buffer RAM Buffer RAM
FAOOH FAOOH
FOFFH FOFFH

Reserved Reserved
F800H F800H
F7FFH F7FFH

Full-address mode

(when MM2 to MMO = 111)
Full-address mode

(when MM2 to MMO = 111)

CoooOH |-
BFFFH
AOOOH|
9FFFH 16 KB expansion mode
(when MM2 to MMO = 101)
16 KB expansion mode
(when MM2 to MMO = 101) 9000H |-
8FFFH
4 KB expansion mode
Zﬂo:glg: ””””””””””””””””””” (when MM2 to MMO = 100)
4 KB expansion mode ?3(1)22: ”””””””””””””””””””
(when MM2 to MMO = 100) 256-byte expansion mode
hen MM2 to MMO = 011
6100H| 8000H (w )
6OFFH 256-byte expansion mode 7FFFH
6000H (when MM2 to MMO = 011)
5FFFH Single-chip mode
Single-chip mode
0000H 0000H
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Figure 5-1. Memory Map When Using External Bus Interface (2/2)

(c) Memory map of 4PD78F0148H and xPD78F0148HD (d) Memory map of xPD78F0148H and xPD78F0148HD

when flash memory is 48 KB, internal explanation when flash memory is 60 KB, internal explanation

RAM is 1 KB RAMis 1 KB
FFFFH FFFFH
SFR SFR
FFOOH FFOOH
FEFFH FEFFH
Internal high-speed RAM Internal high-speed RAM
FBOOH FBOOH
FAFFH FAFFH
Reserved Reserved
FA20H FA20H
FA1FH FA1FH
Buffer RAM Buffer RAM
FAOOH FAOOH
FOFFH FOFFH
Reserved Reserved
F800H F800H
F7FFH F7FFH
Internal expansion RAM Internal expansion RAM
F400H F400H
F3FFH F3FFH

DOOOH |
CFFFH
4 KB expansion mode Eggg: ********************************
(when MM2 to MMO = 100) 256-byte expansion mode

ctooH| FOOOH (when MM2 to MMO = 011)

FFH
c0 256-byte expansion mode EFFFH
COOO0H (when MM2 to MMO = 011)
BFFFH

Single-chip mode
Single-chip mode

0000H 0000H

Full-address mode
(when MM2 to MMO = 111)
or
16 KB expansion mode
(when MM2 to MMO = 101)
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CHAPTER 5 EXTERNAL BUS INTERFACE

5.2 Registers Controlling External Bus Interface
The external bus interface is controlled by the following two registers.

e Memory expansion mode register (MEM)
e Memory expansion wait setting register (MM)

(1) Memory expansion mode register (MEEM)
MEM sets the external expansion area.
MEM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears MEM to 00H.

Figure 5-2. Format of Memory Expansion Mode Register (MEM)

Address: FF47H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ven [ o T o T o T o T o [ e [ o | |
MM2 MM1 MMO Single-chip/memory P40 to P47, P50 to P57, P64 to P67 pin state
expansion mode selection p4q to p47|P50 to P53| P54, P55 | P56, P57 |P64 to P67
0 0 0 Single-chip mode Port mode
0 1 1 Memory |256-byte |ADOto  |Port mode P64=RD
expansion | mode AD7 P65=WR
Note
1 0 0 |mode™ l4km A8 to A11 | Port mode PB6=WAIT
mode P67 =ASTB
1 0 1 16 KB A12, A13 | Port mode
mode
1 1 1 Full-address A14, A15
mode
Other than above Setting prohibited

Note When the CPU accesses the external memory expansion area, the lower bits of the address to be
accessed are output to the specified pins (except in the full-address mode).
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Figure 5-3. Pins Specified for Address (When Flash Memory Is 24 KB, Internal Expansion RAM Is 0 Bytes)

External Address Pins Specified for Address
Expansion | - Accessed  I'xq5Ta14 [ a13 [ A12 [ A11]A10| A9 | A8 | AD7 [ AD6 [ AD5 [ AD4 [ AD3 [ AD2 [ AD1 [ ADO
Mode by CPU
256-byte 6000H Olo|lmlolo]|o]o]|wo] o 0 0 0o
2‘5;:90” 6001H ololmlo|lo|lo|lo]o|lolololo|o]|o]| o]
6055H Ola|lmlolo|lo|o|lo]lo| 1o 1]o0o|1]|o0]1
60FEH ollolololololol 1|1t 11 ]1]1]1]o0
60FFH O lmlmlolo|lolo|lol |1t 111 ][1]1]1
4KB 6000H Olm|m|o|olo|lo]olo|lo|lo|lo|lo|o]|o]o
?gjgsm 6001H o|lMmlm|lololo|lo|lolo|lo|lo]o|lo]|]o|o]1
6100H Ol |m|o|lo]lolo|l1]o]o|lo|o]o|o0o]|o0]o
6FFFH Ol Mm|mlo| 1|11 11111 1]1]1]1
16 KB 6000H o|lm|1]oflo|lolo|lo|lo]o|lo|o|]o|o]|o0o]o
2‘5;:90” 7000H olm| 1] 1]olo]oloflololo|lo|o|o]|]o]o
8000H mlo|lolo|lo|lo|]o|]o|lo|o|lo|lo|lo|o|o]o
9000H Mmlo|o|1|lo]lolo|lo|lo]o|o|o|]o|o0o]|o0]o
9FFFH mlolo |1t {11111 |11 1[1]1]1]1
Full-address | 6000H o|l1|1lo|loflof|o|lo]Jo]o|lo|o|]o|o]|o]o
mode 6001H ol1|1|o]lo]o|o]|o]o|o|]o|]o|o|o|o]H
F7FFH R

Remark The value in () is not actually output. This pin can be used as a port pin.

(2) Memory expansion wait setting register (MM)
MM sets the number of waits.

MM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MM to 10H.

Figure 5-4. Format of Memory Expansion Wait Setting Register (MM)

Address: FFF8H Afterreset: 10H R/W

Symbol
MM

7 6 5 4 3 2 1 0
0 0 PW1 PWO 0 0 0 0
PW1 PWO Wait control
0 0 No wait
0 1 Wait (one wait state inserted)
1 0 Setting prohibited
1 1 Wait control by external wait pin
Cautions 1. To control wait with external wait pin, be sure to set WAIT/P66 pin to input mode

(set bit 6 (PM66) of port mode register 6 (PM6) to 1).
If the external wait pin is not used for wait control, the WAIT/P66 pin can be used
as an I/O port pin.
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5.3 External Bus Interface Function Timing

Timing control signal output pins in the external memory expansion mode are as follows.

(1)

)

©))

(4)

(5)

RD pin (Alternate function: P64)

Read strobe signal output pin. The read strobe signal is output in data read and instruction fetch from external
memory.

During internal memory read, the read strobe signal is not output (maintains high level).

WR pin (Alternate function: P65)

Write strobe signal output pin. The write strobe signal is output in data write to external memory.
During internal memory write, the write strobe signal is not output (maintains high level).

WAIT pin (Alternate function: P66)

External wait signal input pin.
When the external wait is not used, the WAIT pin can be used as an 1/O port.
During internal memory access, the external wait signal is ignored.

ASTB pin (Alternate function: P67)

Address strobe signal output pin. The address strobe signal is output regardless of data access and
instruction fetch from external memory.

During internal memory access, the address strobe signal is output.

ADO to AD7, A8 to A15 pins (Alternate function: P40 to P47, P50 to P57)

Address/data signal output pins. Valid signal is output or input during data accesses and instruction fetches
from external memory.

These signals change even during internal memory access (output values are undefined).

The timing charts are shown in Figures 5-5 to 5-8.
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Figure 5-5. Instruction Fetch from External Memory

(a) No wait (PW1, PWO = 0, 0) setting

ASTB / \
RD \ /

ADO to AD7 XLower addreslenstruction codeX

A8 to A15 X Higher address X

(b) Wait (PW1, PWO0 = 0, 1) setting

asTB [\
AD \ /

ADO to AD7 XLower addressX Instruction code X
A8 to A15 X Higher address X
Internal wait signal ~~~""""""TTTTTTTTTTm T ' pTTTTTTTTTmmm T mnmmnm T onn AT
(1-clock wait) [ '

(c) External wait (PW1, PWO0 =1, 1) setting

ASTB I\ )
RD \ /

ADO to AD7 XLower addressX . Instruction code X

),

[

A8 to A15 X Higher address X

o .
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Figure 5-6. External Memory Read Timing

(a) No wait (PW1, PWO = 0, 0) setting

ASTB j\
D \ [

ADO to AD7 XLower addressX Read data X

A8to A15 X Higher address

(b) Wait (PW1, PWO0 =0, 1) setting

ASTB / \
RD \ /
ADO to AD7 XLower address X Read data ><:

A8 to A15 X Higher address
Internal wait signal ~~ """ "TTTTTTTTTTT T T AR \ FoTTTTTTEEEEEEEEE
(1-clock wait) L. J

(c) External wait (PW1, PWO0 =1, 1) setting

ASTB / \ .
RD \,,

ADO to AD7 XLower addressX Read data

al

A8 to A15 X ) Higher address
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Figure 5-7. External Memory Write Timing

(a) No wait (PW1, PWO = 0, 0) setting

ASTB j\
s \ '

ADO to AD7 XLower address)— ----- Mz .. -< Write data X

A8 to A15 X Higher address X

(b) Wait (PW1, PWO0 =0, 1) setting

ASTB /_\
s \ —

ADO to AD7 Lower “Nmmean 2 s { Write data X
A8 to A15 X Higher address X
Internal wait signal ~"""TTTTTTTTTTTT T e o mmmmsmmsmmm A B F
(1-clock wait) Yemem- '

ASTB / \ .

WA \

ADO to AD7 X Lower  h--a--- xRN {( | Witedata X

A8 to A15 X Higher address

WAIT ./

M
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Figure 5-8. External Memory Read Modify Write Timing

(a) No wait (PW1, PWO = 0, 0) setting

ASTB / \

WA \ [

Hi-Z

ADO to AD7 X ';g‘g’gss X Read data >- --- -< Write data X
A8 to A15 X Higher address X

(b) Wait (PW1, PWO = 0, 1) setting

ASTB / \

W \ [

ADO to AD7 X Lower X Read data »-< Write data X
A8 to A15 X Higher address X

Internal wait signal ' ! ' :
(1-clock wait) Vemme- ' Qe '

(c) External wait (PW1, PWO0 =1, 1) setting

ASTB / \ . .

), ),

[

),

[

WR ” (A /

Iy H Iy
Hi-Z if

ADO to AD7 X Lower X Readdata >  Witedata X

A8 to A15

M

Higher address

VAT ./ | —

Remark The read-modify-write timing is that of an operation when a bit manipulation instruction is executed.
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5.4 Example of Connection with Memory

An example of connecting the 78K0/KF1+ with external memory when the flash memory is 32 KB and the internal
expansion RAM is 0 bytes (in this example, SRAM) is shown in Figure 5-9. In addition, the external bus interface

function is used in the full-address mode, and the addresses from 0000H to 7FFFH (32 KB) are allocated to internal
ROM, and the addresses after 8000H to SRAM.

Figure 5-9. Connection Example of 78K0/KF1+ and Memory When Flash Memory Is 32 KB and Internal
Expansion RAM Is 0 Bytes

Vop
78KO0/KF1+ g _ uPD43256B .
£ CcS
RD : OE
WR WE Data bus
I/01 to 1/08
Address bus
A8 to A14 A0 to A14
74HC573
ASTB LE
7% Q0 to Q7
ADO to AD7 DO to D7
OE
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CHAPTER 6 CLOCK GENERATOR

6.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following three system clock oscillators are available.

e High-speed system clock oscillator
The high-speed system clock oscillator oscillates a clock of fxr = 2.0 to 16.0 MHz. Oscillation can be stopped
by executing the STOP instruction or setting the main OSC control register (MOC) and processor clock control
register (PCC).

e Internal oscillator
The internal oscillator oscillates a clock of frR = 240 kHz (TYP.). Oscillation can be stopped by setting the
internal oscillation mode register (RCM) when “Can be stopped by software” is set by the option byte and the
high-speed system clock is used as the CPU clock.

e Subsystem clock oscillator
The subsystem clock oscillator oscillates a clock of fxr = 32.768 kHz. Oscillation cannot be stopped. When
subsystem clock oscillator is not used, setting not to use the on-chip feedback resistor is possible using the
processor clock control register (PCC), and the operating current can be reduced in the STOP mode.

Remarks 1. fxpr: High-speed system clock oscillation frequency
2. fr: Internal oscillation clock frequency
3. fxm: Subsystem clock oscillation frequency

6.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 6-1. Configuration of Clock Generator

ltem Configuration

Control registers Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main clock mode register (MCM)

Main OSC control register (MOC)

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

Oscillators High-speed system clock oscillator
Internal oscillator
Subsystem clock oscillator
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Figure 6-1. Block Diagram of Clock Generator

g Internal bus g

?ggisrt%r mode register select register control register
(MOC) (MCM) (OSTS) (PCC)
MCC | CLS MSTOP MCS |MCMO 0STS2|0STS1|0STSO CLS | CSS |PCC2|PCC1|PCCO
;f ]
— — 4
sTOP || Oscillation stabilization Control signal
time counter Controller
; ; t ; Oscillation
stabilization
MOST|MOST [MOST | MOST|MOST ftime counter c
13| | 15|16 |status : CPU clock
[ N register U (feru)
(OSTC)
X1©—= High-speed
system clock P ) fx P |
X260——  oscillator Operation rescaler
clock switch
[T Y i
2| 22| 20 2 fcpu
Internal %
oscillator [ ¢ 2
n
Watch clock,
clock output
function
Prescaler
12 Subsystem |+——Q XT1
Clock to peripheral for clock oscillator——Q XT2
hardware
Option byte (LSROSC) |
1: Cannot be stopped L—w| Prescaler FRC

0: Can be stopped

8-bit timer H1,
RSTOP watchdog timer

Internal oscillation mode
register (RCM)

S Internal bus S
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6.3 Registers Controlling Clock Generator
The following six registers are used to control the clock generator.

e Processor clock control register (PCC)

¢ Internal oscillation mode register (RCM)

e Main clock mode register (MCM)

e Main OSC control register (MOC)

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

(1) Processor clock control register (PCC)
The PCC register is used to select the CPU clock, the division ratio, main system clock oscillator operation/stop
and whether to use the on-chip feedback resistor" of the subsystem clock oscillator.
The PCC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears PCC to 00H.

Note The feedback resistor is required to control the bias point of the oscillation waveform so that the bias point
is in the middle of the power supply voltage (see Figure 6-11 Subsystem Clock Feedback Resistor).
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Figure 6-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 00H  R/W"™'

Symbol <7> <6> <5> <4> 3 2 1 0
PCC MCC FRC cLs Css 0 PCC2 PCC1 PCCO
MCC Control of high-speed system clock oscillator operation"®?
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor selection"**
0 On-chip feedback resistor used
1 On-chip feedback resistor not used
CLS CPU clock status
0 High-speed system clock or internal oscillation clock
1 Subsystem clock
csstet PCC2 PCCH PCCO CPU clock (fcru) selection
MCMO0 =0 MCMO =1
0 0 0 0 fx fr fxp
0 0 1 fx/2 fr/2Ne® fxe/2
0 1 0 fx/2? Setting prohibited| fxp/2®
0 1 1 fx/2° Setting prohibited| fxr/2°
1 0 0 fx/2* Setting prohibited| fxe/2*
1 0 0 0 fxt/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited
Notes 1. Bit5 is read-only.

2. When the CPU is operating on the subsystem clock, MCC should be used to stop the high-speed
system clock oscillator operation. When the CPU is operating on the internal oscillation clock, use bit 7
(MSTOP) of the main OSC control register (MOC) to stop the high-speed system clock oscillator
operation (this cannot be set by MCC). A STOP instruction should not be used.

3. Clear this bit to 0 when the subsystem clock is used, and set it to 1 when the subsystem clock is not
used.

4. Be sure to switch CSS from 1 to 0 when bits 1 (MCS) and 0 (MCMO) of the main clock mode register
(MCM) are 1.

5. Setting is prohibited for the (A1) grade products.

Caution Be sure to clear bit 3 to 0.
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Remarks 1. MCMO: Bit 0 of the main clock mode register (MCM)
2. fx: Main system clock oscillation frequency (high-speed system clock oscillation frequency or
internal oscillation clock frequency)
3. fr: Internal oscillation clock frequency
4. fxp: High-speed system clock oscillation frequency
5. fxt: Subsystem clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/KF1+. Therefore, the
relationship between the CPU clock (fcru) and minimum instruction execution time is as shown in the Table 6-2.

Table 6-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcru) Minimum Instruction Execution Time: 2/fcru
High-Speed System Clock™" Internal Oscillation Subsystem Clock
Clock™*"
At 10 MHz Operation | At 16 MHz Operation At 240 kHz (TYP.) At 32.768 kHz

Operation Operation

fx 0.2 us 0.125 us 8.3 us (TYP.) -

fx/2 0.4 us 0.25 us 16.6 us (TYP.)"*? -

fx/2° 0.8 us 0.5 us Setting prohibited -

fx/2° 1.6 us 1.0 us Setting prohibited -

fx/2* 3.2 us 2.0 us Setting prohibited -

fxr/2 - - 1221 us

Notes 1. The main clock mode register (MCM) is used to set the CPU clock (high-speed system clock/internal
oscillation clock) (see Figure 6-4).
<R> 2. Setting is prohibited for the (A1) grade products.

(2) Internal oscillation mode register (RCM)
This register sets the operation mode of the internal oscillator.
This register is valid when “Can be stopped by software” is set for the internal oscillator by the option byte, and
the high-speed system clock or subsystem clock is selected as the CPU clock. If “Cannot be stopped” is selected
for the internal oscillator by the option byte, settings for this register are invalid.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 6-3. Format of Internal Oscillation Mode Register (RCM)

Address: FFAOH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
RCM 0 0 0 0 0 0 0 RSTOP
RSTOP Internal oscillator oscillating/stopped
0 Internal oscillator oscillating
1 Internal oscillator stopped

Caution Make sure that the bit 1 (MCS) of the main clock mode register (MCM) is 1 before
setting RSTOP.
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(3) Main clock mode register (MCM)
This register sets the CPU clock (high-speed system clock/internal oscillation clock).
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 6-4. 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 ‘ 0 ‘ MCS MCMO
MCS CPU clock status
0 Operates with internal oscillation clock
1 Operates with high-speed system clock
MCMO Selection of clock supplied to CPU
0 Internal oscillation clock
1 High-speed system clock

Note Bit 1 is read-only.

Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the

CPU, the divided clock of the internal oscillator output (fx) is supplied to the
peripheral hardware (fx = 240 kHz (TYP.)).
Operation of the peripheral hardware with the internal oscillation clock cannot
be guaranteed. Therefore, when the internal oscillation clock is selected as the
clock supplied to the CPU, do not use peripheral hardware. In addition, stop the
peripheral hardware before switching the clock supplied to the CPU from the
high-speed system clock to the internal oscillation clock. Note, however, that
the following peripheral hardware can be used when the CPU operates on the
internal oscillation clock.

Watchdog timer

Clock monitor

8-bit timer H1 when fr/2" is selected as count clock

Peripheral hardware selecting external clock as the clock source

(Except when external count clock of TMOn (n = 0, 1) is selected (TIOOn valid
edge))

2. Set MCS = 1 and MCMO = 1 before switching subsystem clock operation to high-
speed system clock operation (bit 4 (CSS) of the processor clock control
register (PCC) is changed from 1 to 0).
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(4) Main OSC control register (MOC)
This register selects the operation mode of the high-speed system clock.
This register is used to stop the high-speed system clock oscillator operation when the CPU is operating with the
internal oscillation clock. Therefore, this register is valid only when the CPU is operating with the internal
oscillation clock.
MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 6-5. Format of Main OSC Control Register (MOC)

Address: FFA2H  After reset: 00H 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 oscillator operation
0 High-speed system clock oscillator operating
1 High-speed system clock oscillator stopped

Cautions 1. Make sure that bit 1 (MCS) of the main clock mode register (MCM) is 0 before
setting MSTOP.
2. To stop high-speed system clock oscillation when the CPU is operating on the
subsystem clock, set bit 7 (MCC) of the processor clock control register (PCC) to
1 (setting by MSTOP is not possible).
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(5) Oscillation stabilization time counter status register (OSTC)
This is the status register of the high-speed system clock oscillation stabilization time counter. If the internal
oscillation clock is used as the CPU clock, the high-speed system 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, clock monitor, and WDT), the STOP instruction,
MSTOP =1, and MCC = 1 clear OSTC to 00H.

Figure 6-6. 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
fxr =10 MHz | fxr = 16 MHz
1 0 0 0 0 2"/fxe min. | 204.8 x5 min.| 128 us min.
1 1 0 0 0 2°fxe min. | 819.2 usmin.| 512 us min.
1 1 1 0 0 2"%/fxe min. | 1.64 ms min.| 1.02 ms min.
1 1 1 1 0 2%/fxp min. | 3.27 ms min.| 2.04 ms min.
1 1 1 1 1 2"/fxe min. | 6.55 ms min.| 4.09 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 internal oscillation
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 up to the 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.
The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pin voltage l
waveform

Remark fxr: High-speed system clock oscillation frequency
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(6) Oscillation stabilization time select register (OSTS)
This register is used to select the high-speed system clock oscillation stabilization wait time when STOP mode is
released.
The wait time set by OSTS is valid only after STOP mode is released with the high-speed system clock selected
as CPU clock. After STOP mode is released with the internal oscillation clock selected as the CPU clock, the
oscillation stabilization time must be confirmed by OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 05H.

Figure 6-7. 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
fxr = 10 MHz fxp = 16 MHz

0 0 1 2" ffxp 204.8 us 128 us

0 1 0 2"%/fxp 819.2 us 512 us

0 1 1 2"/fxp 1.64 ms 1.02 ms

1 0 0 2%/fxp 3.27 ms 2.04 ms

1 0 1 2"%/fxp 6.55 ms 4.09 ms

Other than above Setting prohibited

Cautions 1. To set the STOP mode when the high-speed system clock is used as the CPU
clock, set OSTS before executing a STOP instruction.

2. Before setting OSTS, confirm with OSTC that the desired oscillation stabilization
time has elapsed.

3. If the STOP mode is entered and then released while the internal oscillation
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 up to the 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 wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pin voltage l
waveform

Remark fxp: High-speed system clock oscillation frequency
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6.4 System Clock Oscillator

6.4.1 High-speed system clock oscillator

The high-speed system clock oscillator oscillates with a crystal resonator or ceramic resonator connected to the X1

and X2 pins.

An external clock can be input to the high-speed system clock oscillator. In this case, input the clock signal to the

X1 pin and input the inverse signal to the X2 pin.

Figure 6-8 shows examples of the external circuit of the high-speed system clock oscillator.

Figure 6-8. Examples of External Circuit of High-Speed System Clock Oscillator

(a) Crystal, ceramic oscillation

| Vss
E-—| IT X1

X2

Crystal resonator or
ceramic resonator

Cautions are listed on the next page.

6.4.2 Subsystem clock oscillator

(b) External clock

External

clock

X1

X2

The subsystem clock oscillator oscillates with a crystal resonator (Standard: 32.768 kHz) connected to the XT1

and XT2 pins.

External clocks can be input to the subsystem clock oscillator. In this case, input the clock signal to the XT1 pin

and the inverse signal to the XT2 pin.

Figure 6-9 shows examples of an external circuit of the subsystem clock oscillator.

Figure 6-9. Examples of External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation

Vss

+—] I—F XT1
32.768
o= kHz

— M XT2

Cautions are listed on the next page.

(b) External clock

External
clock
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Caution When using the high-speed system clock oscillator and subsystem clock oscillator, wire as
follows in the area enclosed by the broken lines in the Figures 6-8 and 6-9 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 subsystem clock oscillator is designed as a low-amplitude circuit for reducing
power consumption.

Figure 6-10 shows examples of incorrect resonator connection.

Figure 6-10. 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 6-10. 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

Vs X2

R AN
T 9 l
T

S
A . B TC
High current
77 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.
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6.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations and watch operations,
connect the XT1 and XT2 pins as follows.

Note

XT1: Connect directly to EVss or Vss
XT2: Leave open

Note When the subsystem clock is not used, the on-chip feedback resistor must be set after a reset is released
so that it is not used (bit 6 (FRC) of processor clock control register (PCC) = 1).

Figure 6-11. Subsystem Clock Feedback Resistor

FRC

P-ch
Feedback resistor m {>Q

O O
XT1 XT2

Remark The feedback resistor is required to control the bias point of the oscillation waveform so that the bias
point is in the middle of the power supply voltage.

6.4.4 Internal oscillator

An internal oscillator is incorporated in the 78K0/KF1+.

“Can be stopped by software” or “Cannot be stopped” can be selected using the option byte. The internal oscillator
always oscillates the internal oscillation clock after RESET release (240 kHz (TYP.)).

6.4.5 Prescaler
The prescaler generates various clocks by dividing the high-speed system clock oscillator output when the high-
speed system clock is selected as the clock to be supplied to the CPU.

Caution When the internal oscillation clock is selected as the clock supplied to the CPU, the prescaler
generates various clocks by dividing the internal oscillator output (fx = 240 kHz (TYP.)).
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6.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby

mode.

e High-speed system clock fxp
o |Internal oscillation clock fr

e Subsystem clock fxt

e CPU clock fcpu

o Clock to peripheral hardware

The CPU starts operation when the internal oscillator starts outputting after reset release in the 78K0/KF1+, thus

enabling the following.

(1

()

Enhancement of security function

When the high-speed system clock is set as the CPU clock by the default setting, the device cannot operate if the
high-speed system clock is damaged or badly connected and therefore does not operate after reset is released.
However, the start clock of the CPU is the internal oscillation clock, so the device can be started by the internal
oscillation clock after reset release by the clock monitor (detection of high-speed system clock stop).
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.

Improvement of performance

Because the CPU can be started without waiting for the high-speed system clock oscillation stabilization time, the
total performance can be improved.

A timing diagram of the CPU default start using the internal oscillator is shown in Figure 6-12.
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(fxp)

Internal oscillation clock

(fa)

Subsystem clock

(fxT)

134

High-speed system clock : |_||'|||||||||||||||

Figure 6-12. Timing Diagram of CPU Default Start Using Internal Oscillator

A
U

i

I

Switched by software

CPU clock —'—< Internal oscillation clock >< High-speed system clock >

'
.-

RESET J 5

: Operation
' stopped: 17/fr |

High-speed system clock oscillation stabilization time:
2"/ixp to 2'¢/fxpNte

Note Check using the oscillation stabilization time counter status register (OSTC).

(a)

(b)

()

(d)

(e)

When the RESET signal is generated, bit 0 (MCMO) of the main clock mode register (MCM) is set to 0 and
the internal oscillation clock is set as the CPU clock. However, a clock is supplied to the CPU after 17 clocks
of the internal oscillation clock have elapsed after RESET release (or clock supply to the CPU stops for 17
clocks). During the RESET period, oscillation of the high-speed system clock and the internal oscillation
clock is stopped.

After RESET release, the CPU clock can be switched from the internal oscillation clock to the high-speed
system clock using bit 0 (MCMO) of the main clock mode register (MCM) after the high-speed system clock
oscillation stabilization time has elapsed. At this time, check the oscillation stabilization time using the
oscillation stabilization time counter status register (OSTC) before switching the CPU clock. The CPU clock
status can be checked using bit 1 (MCS) of MCM.

The internal oscillator can be set to stopped/oscillating using the internal oscillation mode register (RCM)
when “Can be stopped by software” is selected for the internal oscillator by the option byte, if the high-speed
system or subsystem clock is used as the CPU clock. Make sure that MCS is 1 at this time.

When the internal oscillation clock is used as the CPU clock, the high-speed system clock can be set to
stopped/oscillating using the main OSC control register (MOC). Make sure that MCS is 0 at this time.

When the subsystem clock is used as the CPU clock, whether the high-speed system clock stops or
oscillates can be set by the processor clock control register (PCC). In addition, HALT mode can be used
during operation with the subsystem clock, but STOP mode cannot be used (subsystem clock oscillation
cannot be stopped by the STOP instruction).

Select the high-speed system clock oscillation stabilization time (2"'/fxe, 2"/fxe, 2"/fxp, 2"/fxp, 2'%/fxp) using
the oscillation stabilization time select register (OSTS) when releasing STOP mode while high-speed system
clock is being used as the CPU clock. In addition, when releasing STOP mode while 'RESET is released and
the internal oscillation clock is being used as the CPU clock, check the high-speed system clock oscillation
stabilization time using the oscillation stabilization time counter status register (OSTC).
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A status transition diagram of this product is shown in Figure 6-13, and the relationship between the operation
clocks in each operation status and between the oscillation control flag and oscillation status of each clock are shown
in Tables 6-3 and 6-4, respectively.

Figure 6-13. Status Transition Diagram (1/4)

(1) When “Internal oscillator can be stopped by software” is selected by option byte
(when subsystem clock is not used)

HALTNoteA
HALT instruction

Interrupt
Interrupt InterruptN/S-\,[l;ICti on
HALT HALT Interrupt

instruction instruction

Status 4
CPU clock: fxe
fxp: Oscillating
fr: Oscillation stopped RSTOP = 1Nete'

Status 3
CPU clock: fxp
fxp: Oscillating
fr: Oscillating

Status 1

CPU clock: fr
fxe: Oscillation stopped
fr: Oscillating

RSTOP =0 MCMO0 =0 Status 2 MSTOP = {Nete3
CPU clock: fr
fxp: Oscillating

fr: Oscillating

Interrupt STOP
nterrupt STOP instruction
instruction Interrupt
STOP

instruction
STOPNole4

-

MCMQ = 1Nete2 MSTOP =0

STOP
instruction

Interrupt

Reset release

Resethotes

Notes 1. When shifting from status 3 to status 4, make sure that bit 1 (MCS) of the main clock mode register
(MCM) is 1.

2. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed
system clock oscillation stabilization time status using the oscillation stabilization time counter status
register (OSTC).

3. When shifting from status 2 to status 1, make sure that MCS is 0.

4. When “Internal oscillator can be stopped by software” is selected by the option byte, the watchdog
timer stops operating in the HALT and STOP modes, regardless of the source clock of the watchdog
timer. However, oscillation of the internal oscillator does not stop even in the HALT and STOP
modes if RSTOP = 0.

5. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 6-13. Status Transition Diagram (2/4)

(2) When “Internal oscillator can be stopped by software” is selected by option byte
(when subsystem clock is used)

Status 6

CPU clock: fxt

fxe: Oscillation
stopped

fr: Oscilllating/

oscillation

M =
MCC =1 \\ ce=0 HALT

instruction

Interrupt

Status 5
Interrupt

fxp: Oscillating

fr: Oscillating/ HALTNote4 HALT

oscillation HALT | -
stopped instruction InterruV instruction
\C QNote§ _.-mmmmmmemmeen HALT \ v
CSS = {Note5 rrupt

: ~..\1nstruct|on Inte instruction

.~

Interrupt

.
.
.

Status 4

Status 3 ' _ Status 2 _Note3 /. Status 1
CPU clock: fxo CPU dlock: o) & 20/ GRU clock: fr \ =L { CPU clock: fa
fxp: Oscillating fxe: Oscillating : fxe: Oscillating fx: Oscillation

fr: Oscillating 7 MOMO = 1Nt 2\ ¢ Oscillating

. STOP

.t . : instruction
......... - instruction
--------------- Interrupt Interrupt
STOP Interrupt

instruction
STOPNuteA

Reset release

ResetNote 6

Notes 1. When shifting from status 3 to status 4, make sure that bit 1 (MCS) of the main clock mode register
(MCM) is 1.

2. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed
system clock oscillation stabilization time status using the oscillation stabilization time counter status
register (OSTC).

3. When shifting from status 2 to status 1, make sure that MCS is 0.

4. When “Internal oscillator can be stopped by software” is selected by the option byte, the clock supply
to the watchdog timer is stopped after the HALT or STOP instruction has been executed, regardless
of the setting of bit 0 (RSTOP) of the internal oscillation mode register (RCM) and bit 0 (MCMO) of the
main clock mode register (MCM).

5. The operation cannot be shifted between subsystem clock operation and internal oscillation clock
operation.

6. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 6-13. Status Transition Diagram (3/4)

(3) When “Internal oscillator cannot be stopped” is selected by option byte
(when subsystem clock is not used)

HALT ; ;
Interrupt Interrupt Instruction HALT instruction

HALT Interrupt
instruction

Status 3 Status 1

MCMO = 0 Status 2 MSTOP = 1Note2
CPU clock: fxp CPU clock: fr CPU clock: fr
fxe: Oscillating fxe: Oscillating fxe: Oscillation stopped
fr: Oscillating MCMO = {Note1 fr: Oscillating MSTOP =0 fr: Oscillating
Interrupt
STOP STOP| |Interrupt Interrupt
instruction instruction

STOPNete3 Reset release

Notes 1. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed

system clock oscillation stabilization time status using the oscillation stabilization time counter status

register (OSTC).
2.  When shifting from status 2 to status 1, make sure that MCS is 0.

3. The watchdog timer operates using the internal oscillation clock even in STOP mode if “Internal

oscillator cannot be stopped” is selected by the option byte. Internal oscillation clock division can be

selected as the count source of 8-bit timer H1 (TMH1), so clear the watchdog timer using the TMH1
interrupt request before watchdog timer overflow. If this processing is not performed, an internal

reset signal is generated at watchdog timer overflow after STOP instruction execution.
4. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Figure 6-13. Status Transition Diagram (4/4)

(4) When “Internal oscillator cannot be stopped” is selected by option byte
(when subsystem clock is used)

Status 5
CPU clock: fxr
fxe: Oscillation stopped
fr: Oscillating

MCC =0
MCC=1\\

Interrupt

HALT instruction

Status 4

CPU clock: fxr  \-___Interupt

fxe: Oscillating

fr: Oscillating HALT instruction

Interrupt HALT . HALT instruction
\\CSS = oNote 5 Interrupt instruction
HALT Interrupt
— {Note 4
CcsS = 17" instruction

Status 1
CPU clock: fr
fxe: Oscillation stopped
fr: Oscillating

MSTOP = {Nete2

Status 3
CPU clock: fxp
fxe: Oscillating
fr: Oscillating

MCMO =0 Status 2
CPU clock: fr
fxp: Oscillating

fr: Oscillating

MCMOQ = 1Note 1 MSTOP =0

STOP

instruction
Interrupt

STOP STOP Interrupt
instruction instruction

STOPNetes Reset release

Interrupt

Notes 1. Before shifting from status 2 to status 3 after reset and STOP are released, check the high-speed
system clock oscillation stabilization time status using the oscillation stabilization time counter status
register (OSTC).

2. When shifting from status 2 to status 1, make sure that MCS is 0.

3. The watchdog timer operates using the internal oscillation clock even in STOP mode if “Internal
oscillator cannot be stopped” is selected by the option byte. Internal oscillation clock division can be
selected as the count source of 8-bit timer H1 (TMH1), so clear the watchdog timer using the TMH1
interrupt request before watchdog timer overflow. If this processing is not performed, an internal
reset signal is generated at watchdog timer overflow after STOP instruction execution.

4. The operation cannot be shifted between subsystem clock operation and the internal oscillation clock
operation.

5. All reset sources (RESET input, POC, LVI, clock monitor, and WDT)
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Table 6-3. Relationship Between Operation Clocks in Each Operation Status

Status High-Speed System Internal Oscillator Subsystem | CPU Clock Prescaler Clock
Clock Oscillator Clock After Supplied to Peripherals
Operation MSTOP = 0|MSTOP = 1| Note 1 Note 2 Oscillator | - Release
Mode MCC=0 | MCC=1 RSTOP = 0|RSTOP = 1 MCMO = 0 | MCMO = 1
Reset Stopped Stopped Oscillating | Internal Stopped
oscillation
STOP Oscillating | Oscillating | Stopped Note 3 Stopped
HALT Oscillating | Stopped Note 4 Internal High-
oscillation | speed
system
clock
Notes 1. When “Cannot be stopped” is selected for the internal oscillator by the option byte.
2. When “Can be stopped by software” is selected for the internal oscillator by the option byte.
3. Operates using the CPU clock at STOP instruction execution.
4. Operates using the CPU clock at HALT instruction execution.
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for the internal oscillator
by the option byte.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)
MCC: Bit 7 of the processor clock control register (PCC)
RSTOP: Bit 0 of the internal oscillation mode register (RCM)
MCMO: Bit 0 of the main clock mode register (MCM)
Table 6-4. Oscillation Control Flags and Clock Oscillation Status
High-Speed System Clock Oscillator Internal Oscillator
MSTOP = 1"* | RSTOP =0 | Stopped Oscillating
RSTOP =1 Setting prohibited
MSTOP = 0" | RSTOP =0 | Oscillating Oscillating
RSTOP =1 Stopped
MCC = 1"* RSTOP =0 | Stopped Oscillating
RSTOP =1 Stopped
MCC = o™* RSTOP =0 | Oscillating Oscillating
RSTOP =1 Stopped

Note Setting high-speed system clock oscillator oscillating/stopped differs depending on the CPU clock

Caution

Remark

used.

* When the internal oscillation clock is used as the CPU clock: Set using the MSTOP bit

¢ When the subsystem clock is used as the CPU clock: Set using the MCC bit

oscillator by the option byte.

MCC:

MSTOP: Bit 7 of the main OSC control register (MOC)
Bit 7 of the processor clock control register (PCC)

RSTOP: Bit 0 of the internal oscillation mode register (RCM)
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6.6 Time Required to Switch Between Internal Oscillation Clock and High-Speed System Clock

Bit 0 (MCMO) of the main clock mode register (MCM) is used to switch between the internal oscillation clock and

high-speed system clock.

In the actual switching operation, switching does not occur immediately after MCMO rewrite; several instructions

are executed using the pre-switch clock after switching MCMO (see Table 6-5).

Bit 1 (MCS) of MCM is used to judge that operation is performed using either the internal oscillation clock or high-
speed system clock.
To stop the original clock after switching the clock, wait for the number of clocks shown in Table 6-5 before

stopping.

Table 6-5. Time Required to Switch Between Internal Oscillation Clock and High-Speed System Clock

PCC Time Required for Switching
PCC2 PCC1 PCCO High-Speed System Clock — Internal Oscillation —
Internal Oscillation High-Speed System Clock
0 0 0 fxp/fr + 1 clock 2 clocks
0 0 1 fxe/2fr + 1 clock™™ 2 clocks™"

Note Setting is prohibited for the (A1) grade products.

Caution To calculate the maximum time, set fr = 120 kHz.

Remarks 1. PCC: Processor clock control register

140

2. fxr: High-speed system clock oscillation frequency
3. fr: Internal oscillation clock frequency
4. The maximum time is the number of clocks of the CPU clock before switching.
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6.7 Time Required for CPU Clock Switchover

The CPU clock can be switched using bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS) of the processor clock control

register (PCC).

The actual switchover operation is not performed immediately after rewriting to the PCC; operation continues on
the pre-switchover clock for several instructions (see Table 6-6).
Whether the system is operating on the high-speed system clock (or internal oscillation clock) or the subsystem
clock can be ascertained using bit 5 (CLS) of the PCC register.

Table 6-6. Maximum Time Required for CPU Clock Switchover

Set Value Before Set Value After Switchover
Switchover
Css |Pccz|Pcci|Pccol Css [Pecz|Peci|PCco| €SS [PCC2|PCc|PCCo| €SS [PCC2|PCC|{PCCO| CSS [PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO
ojo|jo0o|jO0O|O|JO|O|1T]O|JO|1T]|]O|]O|O|1T|1T]|]O|1T]|O|O]|1]|x]|x]|x
o(0|0{|O 16 clocks 16 clocks 16 clocks 16 clocks 2fxe/fxt clocks
(977 clocks)
0|0 |1 8 clocks 8 clocks 8 clocks 8 clocks fxe/fxt clocks
(489 clocks)
o|1]0 4 clocks 4 clocks 4 clocks 4 clocks fxe/2fxT clocks
(245 clocks)
o1 |1 2 clocks 2 clocks 2 clocks 2 clocks fxe/4fxt clocks
(123 clocks)
1|00 1 clock 1 clock 1 clock 1 clock fxe/8fxt clocks
(62 clocks)
1] x| x| X 2 clocks 2 clocks 2 clocks 2 clocks 2 clocks

Cautions 1. Selection of the CPU clock cycle division factor (PCCO to PCC2) and switchover from the
high-speed 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 CPU clock cycle division
factor (PCCO to PCC2) and switchover from the subsystem clock to the high-speed system
clock (changing CSS from 1 to 0).

2. While the CPU is operating on internal oscillator, setting the following values is prohibited.
e CSS, PCC2,PCC1,PCC0=0,0,1,0
e CSS, PCC2, PCC1,PCC0=0,0,1,1
e CSS, PCC2,PCC1,PCC0=0,1,0,0

Remarks 1. The maximum time is the number of clocks of the pre-switchover CPU clock.
2. Figures in parentheses apply to operation with fxr = 16 MHz and fxt = 32.768 kHz.
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6.8 Clock Switching Flowchart and Register Setting
6.8.1 Switching from internal oscillation clock to high-speed system clock

Figure 6-14. Switching from Internal Oscillation Clock to High-Speed System Clock (Flowchart)

After reset

PCC = 00H ; feru = fR
Register value RCM = 00H ; Internal oscillation
MCM = 00H I .
after reset MOC = 00H ; Internal oscillation clock operation
OSTC = 00H ; High-speed system clock oscillation
OSTS = 05HNte ; Oscillation stabilization time status register

; Oscillation stabilization time fxr/2'®

Each processing

OSTC checkNe® ; High-speed system clock oscillation

. stabilization time status check
High-speed system clock

Internal oscillation oscillation stabilization
clock operation time has not elapsed High-speed system clock oscillation stabilization time has elapsed

PCC setting
Internal oscillation
clock operation
(dividing set PCC)
MCM.0 « 1

< ———— MCM.1 (MCS) is changed from 0 to 1

High-speed system clock operation
High-speed system
clock operation

Note Check the oscillation stabilization wait time of the high-speed system clock oscillator after reset release
using the OSTC register and then switch to the high-speed system clock operation after the oscillation
stabilization wait time has elapsed. The OSTS register setting is valid only after STOP mode is released by
interrupt during high-speed system clock operation.
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6.8.2 Switching from high-speed system clock to internal oscillation clock

Figure 6-15. Switching from High-Speed System Clock to Internal Oscillation Clock (Flowchart)

Register setting
in high-speed system
clock operation

PooTos) -0 | oo o
PCC.4 (CSS)=0 ; Mign-sp y
MCM = 03H osplllatlon clock .
; High-speed system clock operation

. Yes: RSTOP =1
High-speed RCM.oNot
syg:;TafiIg:k (RSTOE.D) - 12 ; Internal oscillator oscillating?

No: RSTOP =0

Internal oscillation
clock operation

Note Required only when “can be stopped by software” is selected for the internal oscillator by the option byte.

MCM.0 <~ 0 ; Internal oscillator oscillating

< ———— MCM.1 (MCS) is changed from 1 to 0

Internal oscillation clock operation
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6.8.3 Switching from high-speed system clock to subsystem clock

Figure 6-16. Switching from High-Speed System Clock to Subsystem Clock (Flowchart)

. ) ; High-speed system clock oscillation
. Beglster setting PCC.7 (MCC) =0 ; High-speed system clock or internal
in high-speed system PCC.4 (CSS) =0 oscillation clock
clock operation MCM = 03H ; High-speed system clock operation
High-speed system
clock operation
CSS « hote ; Subsystem clock operation

< ———— MCS =1 not changed.

CLS is changed from 0 to 1.

Subsystem

clock Subsystem clock operation

Note Set CSS to 1 after confirming that oscillation of the subsystem clock is stabilized.
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6.8.4 Switching from subsystem clock to high-speed system clock

Figure 6-17. Switching from Subsystem Clock to High-Speed System Clock (Flowchart)

PCC.4 (CSS) =1
MCM = 03H ; Subsystem clock operation

No: High-speed system
clock oscillating

; High-speed system clock oscillating?

Yes: High-speed system clock oscillation stopped

MCC « 0 ; High-speed system clock oscillation enabled

Subsystem
clock operation

check ; Wait for high-speed system clock oscillation

High-speed system stabilization time

clock oscillation
stabilization time High-speed system clock oscillation stabilization time elapsed

not elapsed

CSS«0 ; High-speed system clock operation

— 1 CLSis changed from 1 to 0.
MCS = 1 not changed.

High-speed system
cock operation

High-speed system clock operation
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6.8.5 Register settings
The table below shows the statuses of the setting flags and status flags when each mode is set.

Table 6-7. Clock and Register Setting

fepu Mode Setting Flag Status Flag
PCC Register MCM MOC RCM PCC MCM
Register | Register | Register | Register | Register
MCC CSS MCMO | MSTOP |RSTOP™'| CLS MCS
High-speed system | Internal oscillation clock oscillating 0 0 1 0 0 0 1
clock™** Internal oscillation clock stopped 0 0 1 0 1 0 1
Internal oscillation High-speed system clock 0 0 0 0 0 0 0
clock oscillating
High-speed system clock stopped oMoes 0 0 1 0 0 0
Subsystem clock™** | High-speed system clock 0 1 qheres o'’ 0 1 1
oscillating, internal oscillation clock
oscillating
High-speed system clock stopped, 1 1 qheres oMoee 0 1 1
internal oscillation clock oscillating
High-speed system clock 0 1 o’ oMee 1 1 1
oscillating, internal oscillation clock
stopped
High-speed system clock stopped, 1 1 hotes o'’ 1 1 1
internal oscillation clock stopped
Notes 1. Valid only when “can be stopped by software” is selected for the internal oscillator by the option byte.

2. Do not set MCC = 1 or MSTOP = 1 during high-speed system clock operation (even if MCC = 1 or
MSTOP = 1 is set, the high-speed system clock oscillation does not stop).

3. Do not set MCC = 1 during internal oscillation clock operation (even if MCC = 1 is set, the high-speed
system clock oscillation does not stop). To stop high-speed system clock oscillation during internal
oscillation clock operation, use MSTOP.

4. Shifting to subsystem clock operation mode must be performed from the high-speed system clock
operation mode. From subsystem clock operation mode, only high-speed system clock operation mode
can be shifted to.

5. Do not set MCMO = 0 (shifting to internal oscillation clock) during subsystem clock operation.

6. Do not set MSTOP = 1 during subsystem clock operation (even if MSTOP = 1 is set, high-speed system
clock oscillation does not stop). To stop high-speed system clock oscillation during subsystem clock
operation, use MCC.
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7.1 Functions of 16-Bit Timer/Event Counters 00 and 01

Q)

)

@)

(4)

(5)

(6)

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

o |Interval timer

o 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.
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7.2 Configuration of 16-Bit Timer/Event Counters 00 and 01

16-bit timer/event counters 00 and 01 include the following hardware.

Table 7-1. Configuration of 16-Bit Timer/Event Counters 00 and 01

ltem

Configuration

Timer counter

16 bits (TMOn)

Register

16-bit timer capture/compare register: 16 bits (CROOn, 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=0,1

Figures 7-1 and 7-2 show the block diagrams.

Figure 7-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S
Capture/compare control
register 00 (CRCO00)
S
To CRO10 \ 3 INTTMO000
— [
Noise r% 16-bit timer capture/compare L
TI010/TO00/P01 ©——=elimi- 3 register 000 (CRO00)
nator 2}
M Match
fx — ﬁ
fx/22 —={ 8
fx/28 2 16-bit timer counter 00 CIeE'
| (TMO0) Output TOO00/TI010/
[ L controller ’ ’. © PO1
Noise Match
fx—1 elimi- | 12 Output latch
nator (P01) PMo1
I Noise 16-bit timer capture/compare
TI000/P00 © ﬁg?gl: I register 010 (CR010)
g INTTMO10
2]
CRC002 —
PRMO01 PRM000 [mcoosiTmeoo2 TmcaofovFoo] [ospToolospEoolTocoodLvsoo LVRoolrocaoiToE0]
16-bit timer mode 16-bit timer output
Pre.scaler mode control register 00 control register 00
register 00 (PRMO00) (TMC00) (TOCO0)
Internal bus

§
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Figure 7-2. Block Diagram of 16-Bit Timer/Event Counter 01

S Internal bus

Capture/compare control

register 01 (C

RCO1)

s
To CRO11 % INTTMOO1
Noise [_:8: 16-bit timer capture/compare 2
TI011/TO01/P06 ©——~{ eIirtni- § register 001 (CR001)
nator
U Match
fx — ﬁ
fu/2t—= 8 —
fx/26 § 16-bit timer counter 01 Clear
| (TMO) Output TOO01/TI011/
[ [ controller ’ ’. © P06
Noise Match
fx— elimi- | 12 Output latch
nator (P06) PMo6
I Noise 16-bit timer capture/compare
Tl001/P0s © ﬁgf[g'r' ] register 011 (CRO11)
»E‘ INTTMO11
5]
CRCO012 —
PRMO11[PRMO10) [mcota[mcot2itmcot1jovFo1] [ospTot]ospeot[Tocot4LvSot [LvRo1[Toco11TOE01]
16-bit timer mode 16-bit timer output
Prelscaler mode control register 01 control register 01
register 01 (PRMO01) (TMCO1) (TOCO1)
q Internal bus
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(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 7-3. Format of 16-Bit Timer Counter On (TMOn)

Address: FF10H, FF11H (TM00), FFBOH, FFB1H (TMO01) After reset: 0000H R

Symbol FF11H (TMO0O) FF10H (TMO0O)
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> |f 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 CROOn

<5> If OSPTOn is set to 1 in one-shot pulse output mode

(2) 16-bit timer capture/compare register 00n (CR0OOnN)
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 7-4. Format of 16-Bit Timer Capture/Compare Register 00n (CRO0On)

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[]

e 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.

e When CROOn is used as a capture register

It is possible to select the valid edge of the TI0On pin or the TI01n pin as the capture trigger. The TIOOn or
TI01n pin valid edge is set using prescaler mode register On (PRMOn) (see Table 7-2).
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Table 7-2. CROOn 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 TI01n 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, 0 is prohibited.
2. ESOn1, ESONO: Bits 5 and 4 of prescaler mode register On (PRMOn)
ES1n1, ES1n0: 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=0,1

Cautions 1.

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 (INTTMOONn) 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, or the timer is cleared by a one-shot trigger.

When the valid edge of the TI01n pin is used, P01 or P06 cannot be used as the timer output
pin (TOOn). When P01 or P06 is used as the TOOn pin, the valid edge of the TI0O1n pin
cannot be used.

When CROON 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 a timer
count stop and a capture trigger input conflict, the captured data is undefined.

Do not rewrite CR00n during TMOn operation.
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(3) 16-bit timer capture/compare register 01n (CR01n)
CRO1n 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 7-5. Format of 16-Bit Timer Capture/Compare Register 01n (CR01n)

Address: FF14H, FF15H (CR010), FFB4H, FFB5H (CR011) After reset: 0000H R/W

Symbol FF15H (CRO10) FF14H (CR010)
FFB5H (CRO11) FFB4H (CRO11)

ooy L [ T [T T T T [T T T T [T ]

e When CRO1n is used as a compare register
The value set in CRO1n 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 CRO1n is used as a capture register
It is possible to select the valid edge of the TIOOn pin as the capture trigger. The TI0O0n pin valid edge is set by

prescaler mode register On (PRMOn) (see Table 7-3).

Table 7-3. 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, ESONn0 = 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=0,1

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 CRO1n, after detecting the
valid edge of the TIOOn pin, or the timer is cleared by a one-shot trigger.

2. When CRO1n 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 7-20.
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7.3 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.

e 16-bit timer mode control register On (TMCOn)
o Capture/compare control register On (CRCOn)
¢ 16-bit timer output control register On (TOCOn)
e Prescaler mode register On (PRMOnN)

e Port mode register 0 (PMO0)

e Port register 0 (P0)

(1) 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.
RESET input clears TMCOn to O0H.

Caution 16-bit timer counter On (TMOn) starts operation at the moment TMCOn2 and TMCOn3 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, 1
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Figure 7-6. 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>
TMCO00| O 0 0 0 [TMCO003[TMC002[TMC001{OVF00
TMCO003 | TMCO002 | TMCO001 Operating mode and clear TOO0O0 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 TM0O and <When used as compare
CRO000 or match between register>
TMO0O0 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 TMO00 and
between TM00O and CR000 CRO000 or match between
TMO0O0 and CR010
1 1 1 Match between TM0O and
CRO000, match between TMOO
and CR0O10 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 TI000/P00 pin using prescaler mode register 00 (PRM0O).

3. If any the following modes: the mode in which clear & start occurs on match between TM00
and CR000, the mode in which clear & start occurs at the TI0O00 pin valid edge, or free-running
mode is selected, when the set value of CR000 is FFFFH and the TM0O value changes from
FFFFH to 0000H, the OVFQO flag is set to 1.

Remark TOO00:
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TI00O:
TMOO:
CRO000:
CRO010:

16-bit timer/event counter 00 output pin

16-bit timer/event counter 00 input pin

16-bit timer counter 00

16-bit timer capture/compare register 000
16-bit timer capture/compare register 010
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Figure 7-7. 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 TMO01 and CROO1, or match
CRO01, match between TMo1 | Petween TMOT and CRO11
and CRO11 or TI001 pin valid | <When used as capture
edge register>
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 TMO1 and
between TM01 and CR001 CRO001 or match between
TMO1 and CRO11
1 1 1 Match between TM01 and
CRO001, match between TMO1
and CRO11 or TI001 pin valid
edge
OVFO1 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,
3.

Set the valid edge of the TI001/P05 pin using prescaler mode register 01 (PRMO01).
If any 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 TM01 value changes from
FFFFH to 0000H, the OVFO01 flag is set to 1.

Remark TOO1:
TI001:
TMO1:
CROO01:
CRO11:

16-bit timer counter 01

User's Manual

16-bit timer/event counter 01 output pin
16-bit timer/event counter 01 input pin

16-bit timer capture/compare register 001
16-bit timer capture/compare register 011

U16819EJ3VOUD
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)

Note The capture operation is not performed if both the rising and falling edges are specified as the valid edge of

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 O0H.

Remark n=0,1
Figure 7-8. Format of Capture/Compare Control Register 00 (CRCO00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRCO002 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 TIO00 pin by reverse phase"™®
CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

the TI1000 pin.

Cautions 1. Timer operation must be stopped before setting CRCO00.
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2. When the mode in which clear & start occurs on a match between TM00 and CROOO 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 longer than two cycles of the count clock selected by prescaler mode register 00

(PRMOO).
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Figure 7-9. 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 CROO01 capture trigger selection
0 Captures on valid edge of TI011 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 T1001 pin.

Cautions 1. Timer operation must be stopped before setting CRCO1.

2. When the mode in which clear & start occurs on a match between TM01 and CRO0O01 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 longer than two cycles of the count clock selected by prescaler mode register 01
(PRMO1).

(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 00H.

Remark n=0, 1
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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 TI0O00 pin valid edge. In the mode in which clear & start occurs on a match
between the TMOO register and CR00O register, one-shot pulse output is not possible because an overflow

Figure 7-10. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPT00 OSPE00 TOCO004 LVS00 LVROO ‘ TOCO001 ‘ TOEO00

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 LVR00 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 CR000 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

does not occur.

Cautions 1. Timer operation must be stopped before setting other than TOC004.
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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 kR wbd

00 (PRMOO) is required to write to OSPT00 successively.

6. Do not set LVS00 to 1 before TOEQ0, and do not set LVS00 and TOEOQO to 1 simultaneously.

7. Perform <1> and <2> below in the following order, not at the same time.
<1> Set TOC001, TOC004, TOE00, OSPE00: Timer output operation setting
<2> Set LVSO00, LVRO0O: Timer output F/F setting
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Figure 7-11. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FFB9H  After reset: 00H R/W

Symbol
TOCO1

7 <6> <5> 4 <3> <2> 1 <0>
0 OSPTO1 OSPEO1 TOCO014 LVSo1 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
LVSO01 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

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 CRO01 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 TOC014.

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 write interval of two cycles or more of the count clock selected by prescaler mode register
01 (PRMO01) is required to write to OSPT01 successively.

6. Do not set LVSO01 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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(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, 1

Figure 7-12. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: O0OH R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00O 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 TI0O00 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMOO1 PRMO000 Count clock selection™*’
0 0 fx (10 MHz)
0 1 fx/2* (2.5 MHz)
1 0 fx/2° (39.06 kHz)
1 1 TI000 valid edge™**

Notes 1. Be sure to set the count clock so that the following condition is satisfied.
e Vbp=4.01t0 5.5 V: Count clock <10 MHz
¢ Vbp=3.3104.0 V: Count clock < 8.38 MHz
e Vpp=2.7to 3.3 V: Count clock < 5 MHz
<R> e Vop=2.510 2.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)
2. The external clock requires a pulse longer than two cycles of the internal count clock (fx).
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Cautions 1.

When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 16-bit timer/event counter 00 is not
guaranteed. When an external clock is used and when the internal oscillation clock is
selected and supplied to the CPU, the operation of 16-bit timer/event counter 00 is not
guaranteed, either, because the internal oscillation clock is supplied as the sampling clock to
eliminate noise.

Always set data to PRMO00 after stopping the timer operation.

If the valid edge of the TI000 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
(TM0O0). Care is therefore required when pulling up the TI000 or TI0O10 pin. However, if the
TIO00 or TIO10 pin is high level when re-enabling operation after the operation has been
stopped, the rising edge is not detected.

When the valid edge of the TI010 pin is used, P01 cannot be used as the timer output pin
(TO00). When P01 is used as the TO00 pin, the valid edge of the TI010 pin cannot be used.

Remarks 1. fx: High-speed system clock oscillation frequency

2. Figures in parentheses are for operation with fx = 10 MHz.
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Figure 7-13. Format of Prescaler Mode Register 01 (PRM01)

Address: FFB7H  After reset: 00H R/W

Symbol
PRMO1

Notes 1.

162

7 6 5 4 3 2 1 0
ES111 ES110 ES011 ES010 0 ‘ 0 ‘ PRMO11 ‘ PRMO010
ES111 ES110 TI011 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
ESO011 ES010 TIOO01 pin valid edge selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
PRMO011 PRMO010 Count clock selection™™"

0 0 fx (10 MHz)

0 1 fx/2" (625 kHz)

1 0 fx/2° (156.25 kHz)
1 1 TI001 valid edge™**

Be sure to set the count clock so that the following condition is satisfied.

e Vbb =4.0to 5.5 V: Count clock < 10 MHz

e Vop =3.310 4.0 V: Count clock < 8.38 MHz

e Vbp =2.7 t0 3.3 V: Count clock <5 MHz

e Vbp =2.5102.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)
The external clock requires a pulse longer than two cycles of the internal count clock (fx).
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Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 16-bit timer/event counter 01 is not
guaranteed. When an external clock is used and when the internal oscillation clock is
selected and supplied to the CPU, the operation of 16-bit timer/event counter 01 is not
guaranteed, either, because the internal oscillation clock is supplied as the sampling clock to
eliminate noise.

2. Always set data to PRMO01 after stopping the timer operation.

3. 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.

4. If the TI0O01 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 TI011 pin to enable the operation of 16-bit timer counter 01
(TMO1). Care is therefore required when pulling up the TI001 or TIO11 pin. However, if the
TIOO1 or TIO11 pin is high level when re-enabling operation after the operation has been
stopped, the rising edge is not detected.

5. When the valid edge of the TI011 pin is used, P06 cannot be used as the timer output pin
(TOO01). When P06 is used as the TO01 pin, the valid edge of the TI011 pin cannot be used.

Remarks 1. fx: High-speed system clock oscillation frequency
2. Figures in parentheses are for operation with fx = 10 MHz.

(5) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.
When using the P0O1/TO00/T1010 and P06/TO01/TI011 pins for timer output, set PM01 and PM06 and the output
latch of PO1 and P06 to 0.
When using the PO1/TO00/TI010 and P06/TO01/T1011 pins for timer input, set PMO1 and PMO06 to 1. At this time,
the output latch of PO1 and P06 may be 0 or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PMO to FFH.

Figure 7-14. 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 |PMO06|PMO05|PM04|PMO3|PMO2|PMO1|PMO0

PMONn POn pin I/O mode selection (n = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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7.4 Operation of 16-Bit Timer/Event Counters 00 and 01

7.4.1 Interval timer operation
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 7-15 allows operation as an interval timer.

The basic operation setting procedure is as follows.

<1>
<2>
<3>

<4>

Set the CRCOnN register (see Figure 7-15 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 7-15 for the set value).

Caution Do not rewrite CROOn during TMOn operation.

Remark For how to enable the INTTMOOnN 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 CROOn, 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=0,1

164

User's Manual U16819EJ3VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

TMCOn

CRCOn

PRMOnN

Figure 7-15. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOR)

Clears and starts on match between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFON

0 0 0 0 1 1 (4 0

7 6 5 4 3 CRCOn2 CRCOn1 CRCONO

0 0 0 0 0 01 0/1 0
L

ES1n1 ES1n0 ESOn1 ESONO

CROON used as compare register

(c) Prescaler mode register On (PRMON)

3

2

PRMOnt PRMOnO

0/1

0/1

0/1

0/1

0

0

01 | oN

T

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=0,1
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Figure 7-16. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00n (CROON)

INTTMOON
fX (fX)NDte1 ‘ ‘
/22 (fr/24yNote 1 3
ot % 16-bit timer counter On OVNI?(;Z
fx/28 (fx/26)Note 3 (TMOn) "
Noise
TIO00/PO0 ©— i ]
T1001/P0S et 1 eliminator
( 5) Clear
? circuit

fx

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 7-17. Timing of Interval Timer Operation

1 t 1

-

TMOn count value A0000H Yoo\ X N XOOOOHXOOMHX L XN XOOOOHXoomHX \\ Y n X

Timer operation enabled Cllear Cllear
CROON N \\ N I\ N \\ N
1 1 1
INTTMOON ( |_| (| |_| (( I_
)T A )) A )T
Interrupt acknowledged Interrupt acknowledged

Remark Intervaltime = (N + 1) xt
N = 0001H to FFFFH (settable range)
n=0,1
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7.4.2 PPG output operations
Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 7-18 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 7-18 for the set value).

Set any value to the CROON register as the cycle.

Set any value to the CRO1n register as the duty factor.

Set the TOCOn register (see Figure 7-18 for the set value).

Set the count clock by using the PRMOn register.

Set the TMCOn register to start the operation (see Figure 7-18 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 7-20 PPG Output Operation Timing.

Remarks 1. For the setting of the TOOn pin, see 7.3 (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 (CR0OO0nN), respectively.

Remark n=0, 1
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Figure 7-18. 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 on on 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 (PRMOnN)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOn0

PRMOn| 0/1 | 0/1 | 0N 0/1 0 0 0/1 0/1

L L \_i

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 CRO1n:
0000H < CRO1n < CROON < FFFFH
2. The pulse generated through PPG output has a cycle of [CR00ONn setting value + 1], and a duty
of [(CRO1n setting value + 1)/((CROON setting value + 1)].

Remark x: Don’t care
n=0,1

168 Users Manual U16819EJ3VOUD



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 7-19. Configuration Diagram of PPG Output

16-bit timer capture/compare
register 00n (CROON)

|l

fx (fx)Note ———————————

fx/22 (fx/24)Nete :g
2 16-bit timer counter On Clear
fx/28 (fx/28)Note K (TMOn) circuit
TI000/P0O0 Noise | | 5
(T1001/P0Q5)Nete eliminator §
} S TOO00/TI010/PO1
fx ﬁ = (TOO01/TI011/P06 )
o
5
o

16-bit timer capture/compare
register 01n (CRO1n)

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 7-20. PPG Output Operation Timing

1 t 1

-
1 1
1 1

TMOn count value NAXOOOOHXOOO1HX NECOEEE 2(0000HX0001|—|X

Cloar Clear
CROON capture value ' \\ N | \\ |
CRO1n capture value I \\ M | \\ I
TOON J L |—S |

Pulse width: (M + 1) x t

1cycle: (N+1)xt

Cautions 1. Do not rewrite CROOn 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 CR01n
<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 INTTMO1n (TMIFO1n = 0)
<7> Enable the INTTMO1n interrupt (TMMKO1n = 0)

Remarks 1. 0000H <M < N < FFFFH
2.n=0,1
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7.4.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TI0On 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 TI0OOn 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 TIO1n pin is detected twice, thus eliminating
noise with a short pulse width.

Figure 7-21. CR01n Capture Operation with Rising Edge Specified

Count clock _| | | | | | l | | | |
|

l
™on _ Y N-3 T N-2 [ N-1 lil L ~+1 X

TI0ON [ A

Rising edge detection | | l

CRO1n X

|
|
N
|
INTTMO1n | |

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figures 7-22, 7-25, 7-27, and 7-29 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 7-22, 7-25, 7-27, and 7-29 for the set value).

Caution To use two capture registers, set the TIOOn and TI0O1n pins.
Remarks 1. For the setting of the TIOOn (or TI0O1n) pin, see 7.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOONn (or INTTMO1n) interrupt, sce CHAPTER 19 INTERRUPT

FUNCTIONS.
3.n=0,1
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(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 7-22. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register (When TIOOn and CRO1n 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 0/1 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 0/1 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

PRMOn | 0/1 01 1 1 0 0 01 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=0,1
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Figure 7-23. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fx (fx)Note ——=
x/22 (fx/24)Note —»| ‘§ 16-bit timer counter On OVFOn
o (TMOn)
fx/28 (fx/28)Note —wf D ‘ ‘
16-bit timer capture/compare
Tioon © register 01n (CRO1n)
@ INTTMO1n
{ 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 7-24. Timing of Pulse Width Measurement Operation with Free-Running Counter
and One Capture Register (with Both Edges Specified)

| t |

-

TMon count value  JooooroootHY || X Do Yoo+ |\ X ?1 Xor+ X ) Xeerrroooory || X F)zx X ?SX

TI0ON pin input } S-| ‘
—S |

1
F

CRO1n capture value \\ X DO \\ X D1 \\ \\ X D2 \\ X D3
INTTMO1n o i |_| 0 i 0 (" i H\ 0 i | |

) I D )T ) 7 D

OVFOn " 1 " 1 " | R 3 (\l Note }

| |

| (D1 - DO) x t | (10000H — D1 + D2) x t | (D3 -D2) x t |

Note Clear OVFOn by software.

Remark n=0,1
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)

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 TI0O1n pin.

When the edge specified by bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode register On (PRMOn) is input to
the TI100n 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 TI00On and TI0O1n 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 7-25. 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

—r

(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 CROON used as capture register

Captures valid edge of TI01n pin to CR0ON.

CRO1n used as capture register

(c) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOnO

PRMOn| 1 1 1 1 0 0 01 0/1

\ ! \ ! \_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=0,1
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Figure 7-26. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

| t |

e TR UL
TMon count value  J0ooor)oootHY | XDO Xoo+ 1Y | XD1 Xot+ 1)\ XerrrrfooooH) \\on Xo2+ifo2+2f || X D3

TI0ON pin input [
—s

\ =

<]
w)
S

CRO1n capture value

INTTMO1n | |_|

1
1

( ‘ (
| ) | | | )
. . | | | |
TI01n pin input ()() ! ()J : : | ! (/(
| ! | !
CROON capture value \\ \\ X D1 \\ \\ X D2 +1 \\
INTTMOON L L |_| " G l L
D ) ) ) ‘ D
| | ) [« |Note |
OVFOn [)[) ! ()(J ! (J() | : ‘

(10000H — D1 + (D2 + 1)) x t

Note Clear OVFOn by software.

Remark n=0,1
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(3) 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
(CRO0O1n) 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 TI0OOn pin is detected twice, thus eliminating noise
with a short pulse width.

Figure 7-27. 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 0/ 0

S

(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 TIOOn.

CRO1n 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 0/1 | on

\ ! \ ! \_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.

See the description of the respective control registers for details.
n=0,1
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Figure 7-28. 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 Xoo X |\ X ?1 Xor+ 1) ) Xerrrrooookk | X D2 Yoz} 11 X ?3X

TI0ON pin input J——%l } l | l
\
\

. i =
| |

CRO1n capture value \

\
CROON capture value \\

I
INTTMO1n ( | |_| (
L )

I

I

OVFOn

((
)

' (D1-DO)xt (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—rising or falling—can be selected using bits 4 and 5 (ESOn0 and ESOn1) of prescaler mode
register On (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 pin is detected twice, thus eliminating noise
with a short pulse width.

Remark n=0,1
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Figure 7-29. 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 TMCOn2 TMCOn1 OVFOn

TMCOn| O 0 0 0 1 0 0/1 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

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOn0

PRMOn| 0/ 01 0 1 0 0 0/1 0/1

\ ! \ ! \_i

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Captures to CROOn at inverse edge to valid edge of TIOOn.

Figure 7-30. Timing of Pulse Width Measurement Operation by Means of Restart (with Rising Edge Specified)

Count clock | | | | | | | I | | | | | I | | | I | | | | | |
T™on count value  ooooHfoootHK || X Do Yoooor)oootH 1 X |1 X D2 YooooroootkX
: ; :

TI0ON pin input | } | } | } |

(
)

CRO1n capture value \\ XDO \\ X D2
\

CROON capture value

INTTMO1n B | |_| | B | |_|
)] )]

Remark n=0, 1
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7.4.4 External event counter operation

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 7-31 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 7-31 for the set value).

Remarks 1. For the setting of the TI0OOn pin, see 7.3 (5) Port mode register 0 (PMO0).
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 (fx) 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.
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Figure 7-31. 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 (4 0

—r—

(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 0/1 0

L CROON used as compare register

(c) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESON0 3 2 PRMOn1 PRMOnO

PRMOn | 0/1 01 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=0,1
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Figure 7-32. Configuration Diagram of External Event Counter

2 Internal bus 8

{

16-bit timer capture/compare
register 00n (CROON)

u Match

INTTMOON
ﬁ Clear

fx———={ Noise eliminator 16-bit timer counter On (TMOn) OVFOnNote

Valid edge of TIOOn pin &———
Note OVFOn is set to 1 only when CROOn is set to FFFFH.

Figure 7-33. External Event Counter Operation Timing (with Rising Edge Specified)

TIOOnpmmputIlIlIlIl||||||%(Illlllllllllll

TMOn count value  §0000H) 0001H {0002+ { 0003H { 0004H { 0005H X Vo IN—1) N f0000H) 0001H)0002H { 0003H )

CROON N K\
1T

=

INTTMOON

[ (
))
Caution When reading the external event counter count value, TMOn should be read.

Remark n=0,1
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7.4.5 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 7-34 for the set value).

Set the TOCOn register (see Figure 7-34 for the set value).

Set any value to the CR0OON register (0000H cannot be set).

Set the TMCOnN register to start the operation (see Figure 7-34 for the set value).

Caution Do not rewrite CROOn during TMOn operation.

Remarks 1. For the setting of the TOON pin, see 7.3 (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 7-34. 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
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Figure 7-34. 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| 0 | O | O | O |04 |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 PRMONnO

PRMOn| 0/1 01 01 0/1 0 0 01 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=0,1

Figure 7-35. Square-Wave Output Operation Timing

Countclocklllll'll |||||||||||| |||||||

| |
TMOn count value  {0000H{0001H{ooo2HY  \|  XN—1X N oooor)0001HX0002H ) \\  YN-1X N ) ooooH
| | |
CROON N \\ \\
| | |
INTTMOON | [ B [
)] !
|

TOON pin output J

Remark n=0,1
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7.4.6 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 (TI0OON 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 7-36 and 7-38 for the set value).

<3> Set the TOCON register (see Figures 7-36 and 7-38 for the set value).

<4> Set any value to the CROOn and CRO1n registers (0000H cannot be set).

<5> Set the TMCOn register to start the operation (see Figures 7-36 and 7-38 for the set value).

Remarks 1. For the setting of the TOOnN pin, see 7.3 (5) Port mode register 0 (PMO).
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 (TOCOn) as shown in
Figure 7-36, and by setting bit 6 (OSPTOn) of the TOCOn 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 CROOnN 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, 1
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Figure 7-36. Control Register Settings for One-Shot Pulse Output with Software Trigger

(a) 16-bit timer mode control register On (TMCOnR)

7 6 5 4 TMCOn3 TMCOn2 TMCOn1 OVFOn
™con | 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 CROON 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 ‘ 0N ‘ on ‘ on ‘ 0 ‘ 0 ‘ on ‘ on |

L L Li

Selects count clock.

Setting invalid
(setting “10” is prohibited.)
Setting invalid
(setting “10” is prohibited.)

Caution Do not set the CR0O0n and CRO1n registers to 0000H.

Remark n=0,1
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Figure 7-37. Timing of One-Shot Pulse Output Operation with Software Trigger

Set TMCOn to 04H
(TMOnN count starts)

CountclocklllllIl!llllllll!l

T™On count  0000H 0001HX . X N AN+ 1XJMooooHk © XN—1f N X 0 Im—1f M fm+ 1M+ 2)

( ‘ ( ( ‘
)

CRO1n set value N N N
) | | ) L

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 TMCOn3 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 7-38, 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 CROOnN 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 output.
To output the one-shot pulse again, wait until the current one-shot pulse output is completed.

Remark n=0, 1

Users Manual U16819EJ3VOUD 185



CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 7-38. 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
mcoon| o | o | o | o | 1 | o | o | o |
Clears and starts at
valid edge of TI0On pin.
(b) Capture/compare control register On (CRCOn)
7 6 5 4 3 CRCOn2 CRCOn1 CRCONnO
creon| o | o | o [ o | o [ o | o1 | o |
L CROON used as compare register
CRO1n used as compare register
(c) 16-bit timer output control register On (TOCOn)
7 OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEONn
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.
(d) Prescaler mode register On (PRMOnN)
ES1n1 ES1n0 ESOn1  ESONnO 3 2 PRMOn1 PRMONO
PRMOnl 01 ‘ on ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |

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, 1
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Figure 7-39. 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

TMOn count value  0000H {0001H) XfOOOOHX X N XN+1XN+2f IM—2fM—1X M M+ 1fm + 2]

( ‘ ( ‘
T

(

CRO1n set value N " N " N " N

CROON set value M ‘ M ‘ M I\‘/I
TIOON pin input . _L‘ "
INTTMO1n : : :
INTTMOON " " "
TOON pin output ) ) K

Caution 16-bit timer counter On starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCOn3 and TMCON2 bits.

Remark N <M
n=0,1
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7.5

M

()

(©)

(4)

(5)

188

Cautions for 16-Bit Timer/Event Counters 00 and 01
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 7-40. Start Timing of 16-Bit Timer Counter On (TMOn)

Count clock j \ / \ / \_/_\_/_\_

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 (CR0OON) 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 TI00n 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
When a one-shot pulse is output, do not set the OSPTOn bit to 1 again. 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 a one-shot pulse is 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 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=0,1
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(6) Operation of OVFOn flag
<1> The OFVOn flag is also set to 1 in the following case.

When any of the following modes is selected: the mode in which clear & start occurs on a match between
TMOn and CR0OON, the mode in which clear & start occurs at the TI00n valid edge, or the free-running mode
2
CROOn is set to FFFFH
{
TMOn is counted up from FFFFH to 0000H.

Figure 7-41. Operation Timing of OVFOn Flag

Count clock _l | | | | | | | | I_

CRO0OONn FFFFH

|
T™Mon  FFFEH X FFFFH X 0000H X 0001H X

OVFOn |
1
|

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 so this clear is not valid.

(7) Conflicting operations
When a read period of the 16-bit timer capture/compare register (CROOn/CRO01n) and a capture trigger input
(CROON/CRO1n used as capture register) conflict, the priority is given to the capture trigger input. The data read
from CROON/CRO1n is undefined.

Figure 7-42. Capture Register Data Retention Timing

countcock || [ || [ |_“J L L L
TMoncountvalue X N X N+1 X N+2 X \\ X M X M+1 X M2

Edge input | (SJ
)
INTTMO1n | | X | |

Capture read signal

|
CRO1n capture value X | X !
- T 1 - T 1
Capture Capture, but
read value is

not guaranteed

Remark n=0, 1
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(8) Timer operation

(9)

<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 TI0OOn/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.

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 TI00On pin is not possible.

To ensure the reliability of the capture operation, the capture trigger requires a pulse longer than two cycles
of 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

190

<1>

<2>

If the TIOONn 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 TI0OOn or TI01n 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 TIO1n pin. However, if the TIOOn or TI01n pin is high level when re-
enabling operation after the operation has been stopped, the rising edge is not detected.

The sampling clock used to remove noise differs when the TI00n 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 fx, 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, 1
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8.1 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 8-1 and 8-2 show the block diagrams of 8-bit timer/event counters 50 and 51.

Figure 8-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2
8-bit timer compare
register 50 (CR50 5 Selector INTTM50
TIS0TO50/ g 0O || 3 :E
FLMD1/P17 ©— Match | S Note 1 To TMHO
ho —= o 2 [ ! To UARTO
f%a; — % = S Q 5 To UART6
uos o] o | |8bittimer OVF jpmn= 1D [V 3
f/8 —=f @ counter 50 (TM50) R o) © TO50/TI50/
fx/213 —— 2 FLMD1/P17
Clear 4
Note 2 Output latch
PM17
S (P17)
3 || Invert
R level
Selemi
[ d— | ‘ |
[reLsoelteLsotfreLsod] [TCE50[TMC506 |LVS50|LVR50|TMC501 [TOE5S0)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)
Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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Figure 8-2. Block Diagram of 8-Bit Timer/Event Counter 51

2 Internal bus 2

U

8-bit timer compare
register 51 (CR51) E INTTM51
TI51/T051/P33/INTPf4@—— Match _c;: Note 1
x —= _ % [ 4
2 —= 8 # % g 3 -
i O Q o
izt —| g [ Jesiime v O D >0 T051/TI51/
Cp— ter 51 (TM51 T
B — counter 51 (TWS1) R ? A,  P33/NTP4
Clear -
Note 2 Output latch
(P39) PM33
3 S |, | Invert
R level
Ty — 7
Iy
TCL512 TOL510 |TCE51 [TMC516 |LVS51] LVR51 [TMC511 [TOE51|
Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)
2 Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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8.2 Configuration of 8-Bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 include the following hardware.

Table 8-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

ltem 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 8-3. 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

me [T T T T T T

In the following situations, the count value is cleared to 00H.

<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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(2) 8-bit timer compare register 5n (CR5n)
CRb5n 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 8-4. 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 interval 3 count clocks of the count clock (clock
selected by TCL5n) or more.

Remark n=0,1
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8.3 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)
e 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 an 8-bit memory manipulation instruction.
RESET input clears TCL5n to O0H.
Remark n=0, 1

Figure 8-5. 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™*

0 0 0 TI50 pin falling edge

0 0 1 TI50 pin rising edge

0 1 0 fx (10 MHz)

0 1 1 fx/2 (5 MHz)

1 0 0 x/2* (2.5 MHz)

1 0 1 fx/2° (156.25 kHz)

1 1 0 fx/2° (39.06 kHz)

1 1 1 fx/2"° (1.22 kHz)

Note Be sure to set the count clock so that the following condition is satisfied.
e Vop=4.010 5.5 V: Count clock < 10 MHz
e Vop=3.31t04.0 V: Count clock < 8.38 MHz
e Vpop=2.7 to 3.3 V: Count clock <5 MHz
<R> e Vop=2.5102.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)

Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 8-bit timer/event counter 50 is not
guaranteed.

2. When rewriting TCL50 to other data, stop the timer operation beforehand.
3. Be sure to clear bits 3to 7 to 0.

Remarks 1. fx: High-speed system clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 10 MHz.
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Figure 8-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF8CH  After reset: OOH 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™*

0 0 0 TI51 falling edge

0 0 1 TI51 rising edge

0 1 0 fx (10 MHz)

0 1 1 fx/2 (5 MHz)

1 0 0 fx/2* (625 kHz)

1 0 1 fx/2° (156.25 kHz)

1 1 0 fx/2° (39.06 kHz)

1 1 1 fx/2'® (2.44 kHz)

Note Be sure to set the count clock so that the following condition is satisfied.
e Vop=4.0t0 5.5 V: Count clock < 10 MHz
e Vop=3.3104.0 V: Count clock < 8.38 MHz
e Vpp=2.7 to 3.3 V: Count clock <5 MHz
<R> e Vop=2.510 2.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)

Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock is
the internal oscillation clock, the operation of 8-bit timer/event counter 51 is not guaranteed.

2. When rewriting TCL51 to other data, stop the timer operation beforehand.
3. Be sure to clear bits 3 to 7 to 0.

Remarks 1. fx: High-speed system clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 10 MHz.
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(2) 8-bit timer mode control register 5n (TMC5n)
TMC5n is a register that performs the following five types of settings.

<1>
<2>
<3>
<4>

<5>

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.

Timer output control

TMCb5n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Remark n=0, 1

Address: FF6BH

Figure 8-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H  R/W"™*®

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCES50 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

TOES50 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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Figure 8-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FF43H  Afterreset: OOH R/W"™

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC51 TCE51 TMC516 0 0 LVS51 ‘ LVR51 ‘ TMC511 ‘ TOES51

TCE51 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
TOES51 Timer output control

0 Output disabled (TM51 output is low level)
1 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.
2. Perform <1> to <4> below in the following order, not at the same time.
<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
3. Stop operation before rewriting TMC5n6.

Remarks 1. In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
2. If LVS5n and LVR5n are read, the value is 0.
3. The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOES5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.
4. n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)
These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/TI50/FLMD1 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/FLMD1 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 8-9. 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 8-10. 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/O mode selection (n = 0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

User's Manual U16819EJ3VOUD

199



CHAPTER 8 8-BIT TIMER/EVENT COUNTERS 50 AND 51

8.4 Operations of 8-Bit Timer/Event Counters 50 and 51

8.4.1 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
(TCL5n).

<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 8-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

[N |

TMsn countvalue __ 00H X01HX X N XooHYotHX 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 FEH
n=0,1
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Figure 8-11. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

gl
1 1
1 1
Count clock M
1 1 1 1 1 1
TM5n 00H ' 00OH ' OOH ! . . .
CRS5n 00H ' 00H

TCE5n|
INTTM5n ||||||||||||

1 1
-
1 1

Interval time

(¢) When CR5n = FFH

[
1 1
Count clock | | | | . I | I | I | | | I | . I | I | I | | | I |
1 1
TM5n [0t [ [FEJFFJoo ] [ FE ] FF [ 00 |
1 1
CR5n FF - FF - FF

TCESn |
INTTM5n [] [ ]

A A
Interrupt acknowledged Interrupt

1
1
! acknowledged
1

Interval time

Remark n=0, 1
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8.4.2 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, INTTMb5n 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, INTTM5n 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 8-12. External Event Counter Operation Timing (with Rising Edge Specified)

e [T L T L L L

A l
Count start !
— |
TM5n count value X 00H X 01H X 02H  03H X041 XosHX  XN-1X N_XooH Xo1H X 02H X 03H X
|
CR5n o N

l
INTTM5n []

Remark N =00H to FFH
n=0,1
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8.4.3 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

(TOESN) 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>

<2>

<3>

<4>

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 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)

After TCE5n = 1 is set, the count operation starts.
The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to O0H.
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 8-13. Square-Wave Output Operation Timing

ot

L
countcos [T 11 LMLl TLrLrLr
| |
T™sn countvalue _ 00HJ o1HJo2HY N -1{ N Yoon YotHYo2HY ~~  YN-1 N YooH
Cour%start E E

1
1
|

TOSNNet 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).

8.4.4 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
(TMC5n) 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 interval 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.
e 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 8-14 and 8-15.

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 8-14. PWM Output Operation Timing

(a) Basic operation (active level = H)

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n __00H|01H] |FFH|00H|01H|02H| | N |N+1| |FFH|00H|01H|02H| |M| 00H
1
1

CR5n N . . . .
| | | | | |
TCE5n _I i i i i i |
fi 1 1 1 1 1 1
1 1 1 1 1 1 1
INTTM5n ! . [ ! . L I_I ! !
1 1 1
1 ! -
TOSN __| L | |_ - -_I— —|_
<1> *
<2> Active level <3> Inactive level Actlve level

(b) CR5n = 00H

|t|

Countock ___T LT Sy Iy Sy Iy A Iy Iy Iy Ny _I_L,.I_I_I_L

TM5n __00H | 01H] |FFH|00H|O1H|02H| . "IN |N+1|N+2|__ |FFH|00H|01H|02H| :_ |M|00H
1
1 1 '
CR5n 00H . . . . . .
! 1 1
TCE5n o ! o o "_|_
_! | : !
INTTM5n ___ - [ - - |_I !
TOs5n L | .. ! .. .. ! !
4 4
Inactive level Inactive level

(c) CR5n = FFH

TM5n __00H |01H |FFH|00H|01H|02H| | N |N+1|N+2| |FFH|00H|01H|02H| |M|00H
1
1

CR5n FFH . . . .
1 1 1 1 1 :
TCE5n o | o o | | | o _|_
- o 4 :
INTTM5n ! N : . R o
; : ! L !
TO5n ! | |
1
} f 4 _
Inactive level Active level Active level Inactive level
Inactive level

Remarks 1. <1> to <3> and <5> in Figure 8-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
8.4.4 (1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 8-15. 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.

o

-]
1 1
Countclock||||||||||||||||||||||||||||||||||||||||||||||||||||

I 1 I 1 I I I I
T™M5n _T N IN: N2 ~”~ “TFFHTooHToir 0T - T MW {]We2] -~ TFFA]ooHTofH[0oHT - ~~ T M W+ i[W:2]
! 1 1 1 1 1

1

1
CRSn N__ A M : : : :
1 1 1 1 1 1 1 1
TCE5n™ H | | | | | | | |
INTTM5n ! ! | ! | M . .
1 1 1 1 1 1 1
Tosn T 1 I I f i f |'

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 |||||||||||.|||||||||||||||||||||||||||||||||||||||||||
I : 1 1 1 1 1
TM5n TN _IN+1IN+2] .. _TFEAJooRToiH[02A] 1. [N IN+1|N+2] .. _JFFAJOOHTOTH]0oA] ... T M [M+1[M+2]
! | | | | | :
CRn X XN . S .
1 1 1 1 1 1 1
TCE5n ™ H | | | | | | |
INTTMS5n : 11 : : M ' '
1 1 1 1 1 1 1
Tosn T | | f | I f 1
<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 8-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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8.5 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 8-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

X 0iH X 02H X 03H X 04H

TM5n count value O0H

Timer start

Remark n=0, 1
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9.1 Functions of 8-Bit Timers HO and H1
8-bit timers HO and H1 have the following functions.
e Interval timer
e PWM output mode
e Square-wave output
e Carrier generator mode (8-bit timer H1 only)
9.2 Configuration of 8-Bit Timers HO and H1

8-bit timers HO and H1 include the following hardware.

Table 9-1. Configuration of 8-Bit Timers HO and H1

ltem 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 9-1 and 9-2 show the block diagrams.
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Figure 9-1. Block Diagram of 8-Bit Timer HO
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Figure 9-2. Block Diagram of 8-Bit Timer H1
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CHAPTER 9 8-BIT TIMERS HO AND H1

(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 9-3. Format of 8-Bit Timer H Compare Register On (CMPOn)

Address: FF18H (CMPO00), FF1AH (CMPO01)  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0

own [ 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 O0H.

Figure 9-4. Format of 8-Bit Timer H Compare Register 1n (CMP1n)

Address: FF19H (CMP10), FF1BH (CMP11)  After reset: OO0H R/W

Symbol 7 6 5 4 3 2 1 0

own [ [T [ [ 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 (TMHEnN = 0) (be

sure to set again even if setting the same value to CMP1n).

Remark n=0,1
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CHAPTER 9 8-BIT TIMERS HO AND H1

9.3 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)

8-bit timer H carrier control register 1 (TMCYC1)"*
Port mode register 1 (PM1)

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 00H.

Remark n=0,1
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CHAPTER 9 8-BIT TIMERS HO AND H1

Figure 9-5. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

Address: FF69H  After reset: OOH R/W

<7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKso2 | CKso1 | CKS00 | TMMDO1|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 | CKS01 | CKS00 Count clock (fent) selection™*®?
0 0 0 fx (10 MHz)
0 0 1 fx/2 (5 MHz)
0 1 0 fx/22 (2.5 MHz)
0 1 1 fx/28  (156.25 kHz)
1 0 0 fx/21°  (9.77 kHz)
1 0 1 TM50 output™ete 2
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

Notes 1. Be sure to set the count clock so that the following condition is satisfied.
e Vop=4.010 5.5 V: Count clock < 10 MHz
e Vop=3.3104.0 V: Count clock < 9.38 MHz
e Vpp=2.7to 3.3 V: Count clock <5 MHz
<R> e Vop=2.510 2.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)
2. 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.
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CHAPTER 9 8-BIT TIMERS HO AND H1

Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock
is the internal oscillation clock, the operation of 8-bit timer HO is not guaranteed.

2. When TMHEO = 1, setting the other bits of TMHMDO is prohibited.

3. 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. fx: High-speed system clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 10 MHz
3. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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Figure 9-6. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)
Address: FF6CH  After reset: 00H 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 (font) selection™°t
0 0 0 fx (10 MHz)
0 0 1 /22 (2.5 MHz)
0 1 0 fx/2* (625 kHz)
0 1 1 /28 (156.25 kHz)
1 0 0 x/2'2  (2.44 kHz)
1 0 1 fr/2”  (1.88 kHz (TYP.))
Other than above Setting prohibited
TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
Other than above | 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

Note Be sure to set the count clock so that the following condition is satisfied.
e Vob=4.01t05.5V: Count clock <10 MHz
e Vop=3.3104.0 V: Count clock < 9.38 MHz
e Vpp=2.7 to 3.3 V: Count clock <5 MHz
<R> e Vpop=2.5102.7 V: Count clock < 2.5 MHz (standard products, (A) grade products only)
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Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the count clock

is the internal oscillation clock, the operation of 8-bit timer H1 is not guaranteed (except
when CKS12, CKS11, CKS10 =1, 0, 1 (fr/27)).
2. When TMHE1 = 1, setting the other bits of TMHMD1 is prohibited.
3. 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).

4. 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.

Remarks 1. fx: High-speed system clock oscillation frequency

2. fr: Internal oscillation clock frequency

3. Figures in parentheses apply to operation at fx = 10 MHz, fr = 240 kHz (TYP.).

(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 9-7. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: 00H  R/WNe'®

7 5 4 3 2 1
T™CYCT | 0 0 0 0 o | RMC1 | NRZB1 | NRZ1 |

RMCH1 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

(RMC1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit 0 is read-only.
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(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 9-8. 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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9.4 Operation of 8-Bit Timers HO and H1

9.4.1 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 9-9. 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 9-10. 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 . | |
1 ] 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 9-10. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPOn = FFH

Count clock ||||S<||||||||4g_||_||_||_

4 Count start

00H X 01H X X Fer X FFHAX 00H X X FeH X FFHAX OOHX:

, . Clear
|

8-bit timer counter Hn

» Clear

CMPON FFH

TMHEN |
INTTMHnN I |

TOHN

Interval time

(c) Operation when CMPOn = 00H

comeoss [ L[ L L L

Count start !

x
8-bit timer counter Hn E 00H
CMPON 00H

TMHEn J |_

INTTMHn

TOHN | | | | | | | | |_| |_

' '
L
' '

Interval time

Remark n=0, 1
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9.4.2 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 9-11. 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
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<2>

<3>

<4>

<5>

<6>

The count operation starts when TMHER = 1.

The CMPON register is the compare register that is to be compared first after the count 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>

224

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 9-12. 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 9-12. Operation Timing in PWM Output Mode (2/4)
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(c) Operation when CMPOn
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Remark n=0,1

225

User's Manual U16819EJ3VOUD



CHAPTER 9 8-BIT TIMERS HO AND H1

Figure 9-12. Operation Timing in PWM Output Mode (3/4)

= 00H

01H, CMP1n

(d) Operation when CMPOn

Count clock

01H

CMPON

00H

CMP1n

TMHERN

INTTMHRn
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Remark n=0,1
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Figure 9-12. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP1n (CMP1n = 01H — 03H, CMPOn = A5H)

Count clock |||| “||||||I||||||||||||||I||I||I
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E <2> <25 E

TMHER J L

"

TOHN | | !
(TOLEVn = 0) T &

<1> <3> <4> <5> <6>

ll

INTTMHn 5

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
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9.4.3 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

)

228

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 9-13. 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>

230

Set each register.
Figure 9-14. 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 8.3 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>

232

Figure 9-15. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N

8-bit timer Hn

count clock — [ 3_|_|_
8-bit timer counter
L mer Cour e ooRXC X Y00RX X XGaRC X X00R X X0 X XGoB X
CMPNO ‘ N . § ‘
CMPn1 N . i
TMHEn — |
INTTMHnN 3 .
<o> <4>
<1> <2> ' . |
Carrier clock ~ — I\ .

8-bit timer 5n m

count clock

TM5n count value 00HX01H) L X00HX01H) L O1H

CR5n : “ L
TCESN ’ ;/
\ <5> !
INTTMS5n , : :
INTTMS5Hn , S
NRzBn 0 X1 T X0 X XG0
) ‘\‘ : <6> ‘ ‘ ‘
NRZn q i 9 1 g
e g BnligNaNalalisialeigligigigiglighy
TOHN , M i

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 9-15. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

8-bit timer Hn
count clock '
8-bit timer counter oAy YT XGORKGTEN, XM XeoR}(, X XeoRXein) 00H
Hn count value
N

CMPNO

CMPn1 M

TMHEn ——I

INTTMHN

<3> <4>

Carrier clock

8-bit timer 5n
count clock

TM5n count value

CR5n

TCE5n

INTTM5n

INTTM5HnN

NRZBn

NRZn

X

.
Carrier clock _U_U_LTU_U_L UL
TOHn UL Ut

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 9-15. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock

P countvaive Yoot YoororH) (M KoorK, AN RoorXotH, K L Koo

<1>

<2>

<3>

<4>

<5>
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CMPO1 ( ( N
<3> <3>’
(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 10 WATCH TIMER

10.1 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 10-1 shows the watch timer block diagram.

Figure 10-1. Block Diagram of Watch Timer

L fwx/24 | =
Clear S | fwx , 2
o 5-bit counter fwx/2® [ § |—~INTWT
T— | Q@ 2
b2 S 11-bit prescaler ) 2
. fw Clear
fxr— = B fw/2% | fw/25 | fue/28 fw/27 |fw/28|fuf210 /2 [fw/29 }
S
© INTWTI
R
]
n
[ wrvz | wrme | wrms | wrma | wims | wrmz | wimt | wTmo |
Watch timer operation
mode register (WTM)
8 Internal bus 2

Remark fx: High-speed system clock oscillation frequency

fxt: Subsystem clock oscillation frequency
fw:  Watch timer clock frequency
fwx: fw or fw/2°
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(1) Watch timer
When the high-speed system clock or subsystem clock is used, interrupt requests (INTWT) are generated at
preset intervals.

Table 10-1. Watch Timer Interrupt Time

Interrupt Time When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
2'ffw 488 us 205 us
2°/fw 977 us 410 us
2%/w 0.25s 0.105 s
2" ffw 05s 0.210s

Remark fx: High-speed system clock oscillation frequency
fx1: Subsystem clock oscillation frequency
fw: Watch timer clock frequency

(2) Interval timer
Interrupt requests (INTWTI) are generated at preset time intervals.

Table 10-2. Interval Timer Interval Time

Interval Time When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
2'/fw 488 us 205 us
2°ffw 977 us 410 us
2%/fw 1.95 ms 820 us
2'/fw 3.91 ms 1.64 ms
2*ffw 7.81 ms 3.28 ms
2%fw 15.6 ms 6.55 ms
2w 31.3ms 13.1 ms
2" ffw 62.5 ms 26.2 ms

Remark fx: High-speed system clock oscillation frequency
fxt: Subsystem clock oscillation frequency
fw: Watch timer clock frequency
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10.2 Configuration of Watch Timer
The watch timer includes the following hardware.

Table 10-3. Watch Timer Configuration

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1

Control register Watch timer operation mode register (WTM)

10.3 Register Controlling Watch Timer

The watch timer is controlled by the watch timer operation mode register (WTM).

o 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.
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Figure 10-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF6FH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 <1> <0>
WTM WTM7 WTM6 WTM5 WTM4 WTM3 WTM2 WTM1 WTMO
WTM7 Watch timer count clock selection
0 fx/2” (78.125 kHz)
1 fxr (32.768 kHz)
WTM6 WTM5 WTM4 Prescaler interval time selection
0 0 0 2'ffw
0 0 1 2°/fw
0 1 0 2°ffw
0 1 1 2'/fw
1 0 0 2°ffw
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)
1 Operation enable

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 (fx/2” or fxT)
2. fx: High-speed system clock oscillation frequency
3. fxm: Subsystem clock oscillation frequency
4. Figures in parentheses apply to operation with fx = 10 MHz, fxt = 32.768 kHz.
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10.4 Watch Timer Operations

10.4.1 Watch timer operation
The watch timer generates an interrupt request (INTWT) at a specific time interval by using the high-speed system
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 set 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
setting 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 10-4. Watch Timer Interrupt Time

WTM3 WTM2 Interrupt Time Selection | When Operated at fxr = 32.768 kHz When Operated at fx = 10 MHz
(WTM7 = 1) (WTM7 = 0)
0 0 2"/fw 05s 0.210s
0 1 2%/fw 0.25s 0.105 s
1 0 2w 977 us 410 us
1 1 2*ffw 488 us 205 us
Remark fx: High-speed system clock oscillation frequency

fxt: Subsystem clock oscillation frequency

fw: Watch timer clock frequency
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10.4.2 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 10-5. Interval Timer Interval Time

WTM6 | WTM5 | WTM4 Interval Time When Operated at When Operated at
fxr = 32.768 kHz (WTM7 = 1) fx = 10 MHz (WTM7 = 0)

0 0 0 2'fiw 488 us 205 us

0 0 1 2°ffw 977 us 410 us

0 1 0 2°fiw 1.95 ms 820 us

0 1 1 2'ffw 3.91 ms 1.64 ms
1 0 0 2%fiw 7.81 ms 3.28 ms
1 0 1 2°ffw 15.6 ms 6.55 ms
1 1 0 2w 31.3ms 13.1 ms
1 1 1 2" ffw 62.5 ms 26.2 ms

Remark fx: High-speed system clock oscillation frequency
fxt: Subsystem clock oscillation frequency
fw: Watch timer clock frequency

Figure 10-3. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH
Overflow Overflow
Start | :
| |
Count clock ‘ | | | | | | | | | | | ‘ | | | | | | | | | | | ' | |
Watch timer | i_| i_|

interrupt INTWT -—- - ‘

Interrupt time of watch timer (0.5 s)l Interrupt time of watch timer (0.5 s) :
|

|
:
|
Interval timer |
interrupt INTWTI ! [._. [ M. 1
I
|
|
|
)
|

Interval time

M

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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10.5 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 and WTM3) of WTM.
Subsequently, however, the INTWT signal is generated at the specified intervals.

Figure 10-4. Example of Generation of Watch Timer Interrupt Request (INTWT) (When Interrupt Period = 0.5 s)

It takes 0.515625 seconds (max.) 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

w1

05s !
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11.1 Functions of Watchdog Timer

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset

signal is generated.

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, refer to CHAPTER 22 RESET FUNCTION.

Table 11-1. Loop Detection Time of Watchdog Timer

Loop Detection Time

During Internal Oscillation Clock Operation

During High-Speed System Clock Operation

2"/fr (4.27 ms)

2%/fxp (819.2 us)

2"/fr (8.53 ms)

2"/ixp (1.64 ms)

2°/fr (17.07 ms)

2"/fxp (3.28 ms)

2"%/fxp (6.55 ms)

2"/fr (68.27 ms)

2"°/fr (136.53 ms)

2"%/fxp (26.21 ms)

2"/fr (273.07 ms)

2"/ixp (52.43 ms)

(
( (
( (
2"/fr (34.13 ms) (
( 2"ffxe (13.11 ms)
( (
( (
( (

2"%/fr (546.13 ms) 2%/fxp (104.86 ms)

Remarks 1. fr: Internal oscillation clock frequency
2. fxp: High-speed system clock oscillation frequency
3. Figures in parentheses apply to operation at fr = 480 kHz (MAX.), fxp = 10 MHz

The operation mode of the watchdog timer (WDT) is switched according to the option byte setting of the internal
oscillator as shown in Table 11-2.
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Table 11-2. Option Byte Setting and Watchdog Timer Operation Mode

Option Byte

Internal Oscillator Cannot Be Stopped

Internal Oscillator Can Be Stopped by
Software

Watchdog timer clock
source

Fixed to fr""".

* Selectable by software (fxp, fr or stopped)
o When reset is released: fr

Operation after reset

Operation starts with the maximum interval
(2"/fr).

Operation starts with maximum interval
(2"%/fr).

Operation mode selection

The interval can be changed only once.

The clock selection/interval can be changed
only once.

Features The watchdog timer cannot be stopped. The watchdog timer can be stopped in
standby mode™™°?.
Notes 1. As long as power is being supplied, the internal oscillator cannot be stopped (except in the reset

period).

2. The conditions under which clock supply to the watchdog timer is stopped differ depending on the
clock source of the watchdog timer.
<1> If the clock source is fxp, clock supply to the watchdog timer is stopped under the following

conditions.

o When fxp is stopped

e In HALT/STOP mode

¢ During oscillation stabilization time
<2> If the clock source is fr, clock supply to the watchdog timer is stopped under the following

conditions.

o If the CPU clock is fxr and if fris stopped by software before execution of the STOP instruction
e In HALT/STOP mode

Remarks 1. fr: Internal oscillation clock frequency

2. fxr: High-speed system clock oscillation frequency
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11.2 Configuration of Watchdog Timer
The watchdog timer includes following hardware.

Table 11-3. Configuration of Watchdog Timer

Item Configuration

Control registers Watchdog timer mode register (WDTM)
Watchdog timer enable register (WDTE)

Figure 11-1. Block Diagram of Watchdog Timer

2:;/fﬂ to
fr/22 — | Clock 2"/r
input

controller

Output
controller

16-bit
counter

L Internal reset signal

Selector
fxp/24 ———=
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2'%/fxp to
220/fxp

2
f Clear {3

j Option byte
(to set “Internal oscillator

H 0
Watchdog timerenable | [0 [ 1 | 1 |WDCS4{WDCS3WDCS2WDCSIWDCSO=—° cannot be stopped” or
register (WDTE) Watchdog timer mode eeees 1 “Internal oscillator can be
register (WDTM) stopped by software”)

2 Internal bus 2
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11.3 Registers Controlling Watchdog Timer

The watchdog timer is controlled by the following two registers.

e Watchdog timer mode register (WDTM)
e Watchdog timer enable register (WDTE)

(1) Watchdog timer mode register (WDTM)
This register sets the overflow time and operation clock of the watchdog timer.
This register can be set by an 8-bit memory manipulation instruction and can be read many times, but can be

written only once after reset is released.
RESET input sets this register to 67H.

Figure 11-2. Format of Watchdog Timer Mode Register (WDTM)

Address: FF98H After reset: 67H R/W

Symbol 7 6 5 4 3 2 1 0
WDTM 0 1 1 WDCS4 WDCS3 WDCS2 ‘ WDCSH1 ‘ WDCS0
WDCS4""' |\ WDCS3""" Operation clock selection
0 0 Internal oscillation clock (fr)
0 1 High-speed system clock (fxp)
1 X Watchdog timer operation stopped
WDCS2""**| WDCS1""**| WDCS0""** Overflow time setting
During internal oscillation clock [During high-speed system clock
operation operation
0 0 0 2"/fr (4.27 ms) 2%fxp (819.2 us)
0 0 1 2"%/fr (8.53 ms) 2"/ixp (1.64 ms)
0 1 0 2°/fr (17.07 ms) 2"/fxp (3.28 ms)
0 1 1 2"/fr (34.13 ms) 2"/fxp (6.55 ms)
1 0 0 2"/fr (68.27 ms) 2"fxe (13.11 ms)
1 0 1 2"%/fr (136.53 ms) 2"%/fxp (26.21 ms)
1 1 0 2"/fr (273.07 ms) 2"/fxp (52.43 ms)
1 1 1 2"%/fr (546.13 ms) 2%/fxp (104.86 ms)
Notes 1. If “Internal oscillator cannot be stopped” is specified by the option byte, this cannot be set.

2.

The internal oscillation clock will be selected no matter what value is written.
Reset is released at the maximum cycle (WDCS2,1,0=1,1, 1).
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Cautions 1.

Remarks 1.
2.
3.
4.

If data is written to WDTM, a wait cycle is generated. Do not write data to WDTM
when the CPU is operating on the subsystem clock and the high-speed system clock
is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.

Set bits 7, 6, and 5 to 0, 1, and 1, respectively (when “Internal oscillator cannot be
stopped” is selected by the option byte, other values are ignored).

After reset is released, WDTM can be written only once by an 8-bit memory
manipulation instruction. If writing attempted a second time, 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.

WDTM cannot be set by a 1-bit memory manipulation instruction.

If “Internal oscillator can be stopped by software” is selected by the option byte and
the watchdog timer is stopped by setting WDCS4 to 1, the watchdog timer does not
resume operation even if WDCS4 is cleared to 0. In addition, the internal reset signal
is not generated.

fr: Internal oscillation clock frequency

fxp: High-speed system clock oscillation frequency

x: Don’t care

Figures in parentheses apply to operation at fr = 480 kHz (MAX.), fxr = 10 MHz

(2) 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.

Figure 11-3. Format of Watchdog Timer Enable Register (WDTE)

Address: FF99H  After reset: 9AH R/W

Symbol

246

WDTE

7 6 5 4 3 2 1 0
| |
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 (this differs from the written value (ACH)).
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The relationship between the watchdog timer operation and the internal reset signal generated by the watchdog
timer is shown below.

Table 11-4. Relationship Between Watchdog Timer Operation and
Internal Reset Signal Generated by Watchdog Timer

Watchdog Timer
Operation

Internal
Reset Signal
Generation Cause

“Internal Oscillator
Cannot Be Stopped by
Software” Is Selected
by Option Byte
(Watchdog Timer Is
Always Operating)

“Internal Oscillator Can Be Stopped by Software” Is Selected by Option Byte

Watchdog Timer Is
Operating

Watchdog Timer Stopped

WDCS4 Is Set to 1

Source Clock to
Watchdog Timer Is
Stopped

Watchdog timer

Internal reset signal is

Internal reset signal is

overflows generated. generated.
Write to WDTM for the | Internal reset signal is Internal reset signal is Internal reset signal is Internal reset signal is
second time generated. generated. not generated and the generated when the

watchdog timer does
not resume operation.

source clock to the
watchdog timer
resumes operation.

Write other than “ACH”
to WDTE

Access WDTE by 1-bit
memory manipulation
instruction

Internal reset signal is
generated.

Internal reset signal is
generated.

Internal reset signal is
not generated.

Internal reset signal is
generated when the
source clock to the
watchdog timer
resumes operation.

User's Manual U16819EJ3VOUD

247




CHAPTER 11 WATCHDOG TIMER

11.4 Operation of Watchdog Timer

11.4.1 Watchdog timer operation when “Internal oscillator cannot be stopped” is selected by option byte

The operation clock of watchdog timer is fixed to the internal oscillation clock.

After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of
the watchdog timer mode register (WDTM) = 1, 1, 1). The watchdog timer operation cannot be stopped.

The following shows the watchdog timer operation after reset release.

1. The status after reset release is as follows.
e Operation clock: Internal oscillation clock
e Cycle: 2"/fr (546.13 ms: At operation with fr = 480 kHz (MAX.))
¢ Counting starts
2. The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instruction™**"2,
e Cycle: Set using bits 2 to 0 (WDCS2 to WDCS0)

3. After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. The operation clock (internal oscillation clock) cannot be changed. If any value is written to bits 3 and
4 (WDCSS3, WDCS4) of WDTM, it is ignored.
2. Assoon as WDTM is written, the counter of the watchdog timer is cleared.

Caution In this mode, operation of the watchdog timer absolutely cannot be stopped even during STOP
instruction execution. For 8-bit timer H1 (TMH1), a division of the internal oscillation clock can
be selected as the count source, so clear the watchdog timer using the interrupt request of TMH1
before the watchdog timer overflows after STOP instruction execution. If this processing is not
performed, an internal reset signal is generated when the watchdog timer overflows after STOP
instruction execution.
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11.4.2 Watchdog timer operation when “Internal oscillator can be stopped by software” is selected
by option byte
The operation clock of the watchdog timer can be selected as either the internal oscillation clock or the high-speed
system clock.
After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of
the watchdog timer mode register (WDTM) =1, 1, 1).

The following shows the watchdog timer operation after reset release.
1. The status after reset release is as follows.
e Operation clock: Internal oscillation clock
e Cycle: 2"/fr (546.13 ms: At operation with fr = 480 kHz (MAX.))
¢ Counting starts
2. The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instruction™**" %2,
¢ Operation clock: Any of the following can be selected using bits 3 and 4 (WDCS3 and WDCS4).
Internal oscillation clock (fr)
High-speed system clock (fxp)
Watchdog timer operation stopped
e Cycle: Set using bits 2 to 0 (WDCS2 to WDCS0)
3. After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. As soon as WDTM is written, the counter of the watchdog timer is cleared.
2. Setbits7,6,and 5t0 0, 1, 1, respectively. Do not set the other values.
3. If the watchdog timer is stopped by setting WDCS4 and WDCSS3 to 1 and X, respectively, an internal
reset signal is not generated even if the following processing is performed.
e WDTM is written a second time.
¢ A 1-bit memory manipulation instruction is executed to WDTE.
¢ A value other than ACH is written to WDTE.

Caution In this mode, watchdog timer operation is stopped during HALT/STOP instruction execution.
After HALT/STOP mode is released, counting is started again using the operation clock of the
watchdog timer set before HALT/STOP instruction execution by WDTM. At this time, the counter
is not cleared to 0 but holds its value.

For the watchdog timer operation during STOP mode and HALT mode in each status, refer to 11.4.3 Watchdog
timer operation in STOP mode and 11.4.4 Watchdog timer operation in HALT mode.
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11.4.3 Watchdog timer operation in STOP mode (when “Internal oscillator can be stopped by software” is
selected by option byte)
The watchdog timer stops counting during STOP instruction execution regardless of whether the high-speed
system clock or internal oscillation clock is being used.

(1) When the CPU clock and the watchdog timer operation clock are the high-speed system clock (fxr) when
the STOP instruction is executed

When STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is released,
counting stops for the oscillation stabilization time set by the oscillation stabilization time select register (OSTS)
and then counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 11-4. Operation in STOP Mode (CPU Clock and WDT Operation Clock: High-Speed System Clock)

Normal
CPU operation _operation STOP Oscillation stabilization time Normal operation
Oscillation Oscillation stabilization time
stopped (set by OSTS register)
w (UL UOUEARTUOUNAAIL - __ JUUKARUUEAARUDUTARIUGL
Watchdog timer
Operating Operation stopped Operating

(2) When the CPU clock is the high-speed system clock (fxr) and the watchdog timer operation clock is the
internal oscillation clock (fr) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 11-5. Operation in STOP Mode
(CPU Clock: High-Speed System Clock, WDT Operation Clock: Internal Oscillation Clock)

Normal
CPU operation operation STOP Oscillation stabilization time \ Normal operation
Oscillation Oscillation stabilization time \
stopped (set by OSTS register)

0100000000000l AR

Watchdog timer

Operating |Operation stopped Operating
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(3) When the CPU clock is the internal oscillation clock (fr) and the watchdog timer operation clock is the

high-speed system clock (fxp) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is stopped until the timing of <1> or <2>, whichever is earlier, and then counting is started
using the operation clock before the operation was stopped. At this time, the counter is not cleared to 0 but holds
its value.

<1> The oscillation stabilization time set by the oscillation stabilization time select register (OSTS) elapses.
<2> The CPU clock is switched to the high-speed system clock (fxp).

Figure 11-6. Operation in STOP Mode
(CPU Clock: Internal Oscillation Clock, WDT Operation Clock: High-Speed System Clock)

<1> Timing when counting is started after the oscillation stabilization time set by the oscillation stabilization time
select register (OSTS) has elapsed

Normal operation
(internal oscillation

CPU operation clock) STOP Clock supply stopped Normal operation (internal oscillation clock)
Oscillation Oscillation stabilization time
stopped (set by OSTS register)
e (ULIATUUEARULTARIOL __ AR LA A
17 clocks
Watchdog timer
Operating Operation stopped Operating

<2> Timing when counting is started after the CPU clock is switched to the high-speed system clock (fxp)

Normal operation (internal oscillation clock) CPU clock
Normal operation fa — fxpNote
(internal oscillation Clock supply . .
CPU operation clock) STOP stopped Normal operation (high-speed system clock)

ol 111111 [

Oscillation Oscillation stabilization time |

stopped (set by OSTS regjster)
o [UULUARUULUIRL _ _ Ul
17 clocks
Watchdog timer
Operating Operation stopped ‘ Operating

Note Confirm the oscillation stabilization time of fxp using the oscillation stabilization time counter status register
(OSTC).
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(4) When CPU clock and watchdog timer operation clock are the internal oscillation clocks (fr) during STOP
instruction execution

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 11-7. Operation in STOP Mode (CPU Clock and WDT Operation Clock: Internal Oscillation Clock)

Normal operation
(internal oscillation

CPU operation clock) STOP Clock supply stopped Normal operation (internal oscillation clock)
Oscillation Oscillation stabilization time ‘
stopped (set by OSTS register)
o (U EAUTUIAL __ JUUTuutruu i
17 clocks
Watchdog timer - -
Operating |Operation stopped Operating

11.4.4 Watchdog timer operation in HALT mode (when “Internal oscillator can be stopped by software” is
selected by option byte)

The watchdog timer stops counting during HALT instruction execution regardless of whether the CPU clock is the
high-speed system clock (fxp), internal oscillation clock (fr), or subsystem clock (fxt), or whether the operation clock of
the watchdog timer is the high-speed system clock (fxp) or internal oscillation clock (fr). After HALT mode is released,
counting is started again using the operation clock before the operation was stopped. At this time, the counter is not
cleared to 0 but holds its value.

Figure 11-8. Operation in HALT Mode

CPU operation Normal operation HALT Normal operation

e U AR U UU UL ARRARRAG

Watchdog timer

Operating |Operation stopped Operating
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CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

12.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and clock output for
supply to peripheral LSIs. The clock selected with the clock output selection register (CKS) is output.

In addition, the buzzer output is intended for square-wave output of buzzer frequency selected with CKS.

Figure 12-1 shows the block diagram of clock output/buzzer output controller.

Figure 12-1. Block Diagram of Clock Output/Buzzer Output Controller

fX ———=

Prescaler

8

A4

x/210 to fx/213

Selector

) > >—© BuzBUSYOD/
Q INTP7/P141

T

(P141)

EL Output latch PM141

BCSO, BCS1

PCL/INTP6/P140

Output latch
(P140) PM140

BZO
fxtofx/27 | _
[e]
‘g Clock
© controller
fxT n ?
T I T I CLOE
BZOE | BCS1 | BCSO | CLOE | CCS3 | CCS2 | CCS1 | CCSo
Clock output selection register (CKS)
Internal bus g
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12.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller includes the following hardware.

Table 12-1. Clock Output/Buzzer Output Controller Configuration

Item Configuration

Control registers Clock output selection register (CKS)
Port mode register 14 (PM14)
Port register 14 (P14)

12.3 Register Controlling Clock Output/Buzzer Output Controller

The following two registers are used to control the clock output/buzzer output controller.
¢ 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 for the buzzer frequency output (BUZ), 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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R OUTPUT CONTROLLER

Figure 12-2. Format of Clock Output

Address: FF40H After reset: OOH R/W

Symbol
CKS

Selection Register (CKS)

<7> 6 5 <4> 3 2 1 0
BZOE BCS1 BCSO CLOE CCS3 ‘ CCSs2 ‘ CCst ‘ CCSso
BZOE BUZ output enable/disable specification

0 Clock division circuit operation stopped. BUZ fixed to low level.

1 Clock division circuit operation enabled. BUZ output enabled.
BCSH1 BCSO BUZ output clock selection

0 0 x/2"° (9.77 kHz)

0 1 x/2" (4.88 kHz)

1 0 /2" (2.44 kHz)

1 1 x/2" (1.22 kHz)
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*

0 0 0 0 fx (10 MHz)

0 0 0 1 fx/2 (5 MHz)

0 0 1 0 /2% (2.5 MHz)

0 0 1 1 x/2° (1.25 MHz)

0 1 0 0 x/2* (625 kHz)

0 1 0 1 x/2° (312.5 kHz)

0 1 1 0 x/2° (156.25 kHz)

0 1 1 1 fx/2” (78.125 kHz)

1 0 0 0 fxr (32.768 kHz)

Other than above

Setting prohibited

Note Setthe PCL output clock so that the following condition is satisfied.
e PCL output clock < 10 MHz

Remarks 1. fx: High-speed system clock oscillation frequency

2.

fxt: Subsystem clock oscillation frequency

3. Figures in parentheses are for operation with fx = 10 MHz or fxT = 32.768 kHz.

User’'s Manual U16819EJ3VOUD

255



CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

(2) Port mode register 14 (PM14)
This register sets port 14 input/output in 1-bit units.
When using the P140/INTP6/PCL pin for clock output and the P141/BUSYO/INTP7/BUZ pin for buzzer output,
set PM140, PM141 and the output latch of P140, P141 to 0.
PM14 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM14 to FFH.

Figure 12-3. Format of Port Mode Register 14 (PM14)

Address: FF2EH Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 | 1 ‘ 1 ‘ PM145 ‘ PM144 ‘ PM143 ‘ PM142 ‘ PM141 ‘ PM140 |
PM14n P14n pin 1/0O mode selection (n =0 to 5)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

12.4 Clock Output/Buzzer Output Controller Operations

12.4.1 Clock output operation
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 12-4, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after securing high
level of the clock.

Figure 12-4. Remote Control Output Application Example

12.4.2 Operation as buzzer output
The buzzer frequency is output as the following procedure.

<1> Select the buzzer output frequency with bits 5 and 6 (BCS0, BCS1) of the clock output selection register

(CKS) (buzzer output in disabled status).
<2> Setbit 7 (BZOE) of CKS to 1 to enable buzzer output.
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13.1 Functions 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 two functions.

(1) 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.

(2) Power-fail detection function
This function is used to detect a voltage drop in a battery. The A/D conversion result (ADCR register value) and
power-fail comparison threshold register (PFT) value are compared. INTAD is generated only when a
comparative condition has been matched.

Figure 13-1. Block Diagram of A/D Converter

AVRer
ADCS bit —
Tt
ANIO/P20 ©—= - i , ,
ANI1/P21 @ Sample & hold circuit o
ANI2/P22@—] » : ; Volt moarator Pt |
ANIZP230—~| £ LN | oftage comparato 18l
ANI4/P240—] @ : L ; -
ANI5/P25©—| § ' ' AR
ANI6/P26 ©— ' ; ' =S B
ANI7/P27 ©— | AVss 77 Peg
ERRREEEEEEEEEEEEEE : Successive D
approximation P R AVss
register (SAR) . ﬁ i
— INTAD
Controller [
_
A/D conversion result Power-fail comparison
3 register (ADCR) threshold register (PFT)
|ADS2 ‘ ADS1 ‘ ADSO| |ADCS ‘ FR2 ‘ FR1 ‘ FRO ‘ADCEl PFEN
Analog input channel A/D converter mode Power-fail comparison
specification register register (ADM) mode register (PFM)
(ADS)
S Internal bus S
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13.2 Configuration of A/D Converter
The A/D converter includes the following hardware.

Table 13-1. Registers of A/D Converter Used on Software

Item Configuration

Registers A/D conversion result register (ADCR)

A/D converter mode register (ADM)

Analog input channel specification register (ADS)
Power-fail comparison mode register (PFM)
Power-fail comparison threshold register (PFT)

(1) 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 by the analog input channel specification
register (ADS) can be used as input port pins.

(2) 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.

(3) 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 13-2. Circuit Configuration of Series Resistor String

AVRer

P-ch I o<} ADCS

Series resistor string

AVss

(4) Voltage comparator
The voltage comparator compares the sampled analog input voltage and the output voltage of the series resistor
string.

(5) 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)

@)

®)

©)

A/D conversion result register (ADCR)

The result of A/D conversion is loaded from the successive approximation register (SAR) to this register each
time A/D conversion is completed, and the ADCR register holds the result of A/D conversion in its higher 10 bits
(the lower 6 bits are fixed to 0).

Controller

When A/D conversion has been completed or when the power-fail detection function is used, this controller
compares the result of A/D conversion (value of the ADCR register) and the value of the power-fail comparison
threshold register (PFT). It generates the interrupt INTAD only if a specified comparison condition is satisfied as
a result.

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.

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.

(10) 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.

(11) 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.

(12) Power-fail comparison mode register (PFM)

This register is used to set the power-fail monitor mode.

(13) Power-fail comparison threshold register (PFT)

This register is used to set the threshold value that is to be compared with the value of the A/D conversion result
register (ADCR).
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13.3 Registers Used in A/D Converter

The A/D converter uses the following five registers.

(1)

260

A/D converter mode register (ADM)

Analog input channel specification register (ADS)
A/D conversion result register (ADCR)

Power-fail comparison mode register (PFM)
Power-fail comparison threshold register (PFT)

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 13-3. 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 FR2 FR1 FRO 0 0 ADCE

ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation

FR2 FR1 FRO Conversion time selectionNote!
fx = 2 MHz |fx = 8.38 MHz |fx = 10 MHz|fx = 16 MHz
0 0 0 288/fx 144 us 34.3 us 28.8us 18 us
0 0 1 240/fx | 120 us 28.6 us 24.0 us 15 us
0 1 0 192/fx 96 us 22.9 us 19.2 us 12 us
1 0 0 144/fx 72 us 17.2 us 14.4 us 9 us
1 0 1 120/fx 60 us 14.3 us 12.0 us 7.5 us
1 1 0 96/fx 48 us 11.5us 9.6 us 6 us
Other than above Setting prohibited

ADCE Boost reference voltage generator operation controlNot2
0 Stops operation of reference voltage generator
1 Enables operation of reference voltage generator

Notes 1. Set so that the A/D conversion time is as follows.
e Standard products, (A) grade products: 14 us or longer but less than 100 us
e (A1) grade products: 14 us or longer but less than 60 us

2. A booster circuit is incorporated to realize low-voltage operation. The operation of the circuit that
generates the reference voltage for boosting is controlled by ADCE, and it takes 14 us from operation
start to operation stabilization. Therefore, when ADCS is set to 1 after 14 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.
Remark fx: High-speed system clock oscillation frequency
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Table 13-2. 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 (only reference voltage generator consumes power)
1 0 Conversion mode (reference voltage generator operation stopped™*™)

1

Conversion mode (reference voltage generator operates)

Note Data of first conversion cannot be used.

Figure 13-4. Timing Chart When Boost Reference Voltage Generator Is Used

~— Boost reference voltage generator: operating —

Conversion , Conversion . Conversion
operation waiting '+ operation

—=-— Conversion stopped

Note The time from the rising of the ADCE bit to the falling of the ADCS bit must be 14 us or longer to stabilize
the reference voltage.

Cautions 1. A/D conversion must be stopped before rewriting bits FR0 to FR2 to values other than the

identical data.

2. For the sampling time of the A/D converter and the A/D conversion start delay time, see (11)
in 13.6 Cautions for A/D Converter.
3. 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 high-speed system clock is stopped. For details,
see CHAPTER 34 CAUTIONS FOR WAIT.
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(2) 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 O0H.

Figure 13-5. Format of Analog Input Channel Specification Register (ADS)

Address: FF29H After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
aps| o | o | o | o | o |aAps2| Apst| ADso |
ADS2 | ADS1 | ADSO Analog input channel specification
0 0 o | Ano
0 0 1| ann
0 1 o | Anie
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 of ADS to 0.
2. 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 high-speed system clock is stopped. For details,
see CHAPTER 34 CAUTIONS FOR WAIT.
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(3) A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The lower six 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 the most significant bit (MSB). 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 makes ADCR undefined.

Figure 13-6. Format of A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: Undefined R

FFO9H FFO8H
Symbol A N

ADCR 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register (ADM) and analog input channel
specification register (ADS), the contents of ADCR may become undefined. Read the
conversion result following conversion completion before writing to ADM and ADS. 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 high-speed system clock is stopped. For
details, see CHAPTER 34 CAUTIONS FOR WAIT.
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(4) Power-fail comparison mode register (PFM)
The power-fail comparison mode register (PFM) is used to compare the A/D conversion result (value of the
ADCR register) and the value of the power-fail comparison threshold register (PFT).
PFM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 13-7. Format of Power-Fail Comparison Mode Register (PFM)

Address: FF2AH After reset: 0OH R/W

Symbol <7> <6> 5 4 3 2 1 0
PFM[PFEN [PFoM | o | o | o | o [ o | o |
PFEN Power-fail comparison enable

0 Stops power-fail comparison (used as a normal A/D converter)

1 Enables power-fail comparison (used for power-fail detection)
PFCM Power-fail comparison mode selection
Higher 8 bits of | Interrupt request signal (INTAD) generation
0 ADCR = PFT
Higher 8 bits of [ No INTAD generation
ADCR < PFT
Higher 8 bits of | No INTAD generation
1 ADCR > PFT
Higher 8 bits of | INTAD generation
ADCR < PFT

Caution If data is written to PFM, a wait cycle is generated. Do not write data to PFM when the CPU is
operating on the subsystem clock and the high-speed system clock is stopped. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.

(5) Power-fail comparison threshold register (PFT)
The power-fail comparison threshold register (PFT) is a register that sets the threshold value when comparing the
values with the A/D conversion result.
8-bit data in PFT is compared to the higher 8 bits (FFO9H) of the 10-bit A/D conversion result.
PFT can be set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 13-8. Format of Power-Fail Comparison Threshold Register (PFT)

Address: FF2BH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
PFT | PFT7 | PFT6 | PFT5 | PFT4 | PFT3 | PFT2 | PFT1 | PFTO |

Caution If data is written to PFT, a wait cycle is generated. Do not write data to PFT when the CPU is
operating on the subsystem clock and the high-speed system clock is stopped. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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13.4 A/D Converter Operations

13.4.1 Basic operations of A/D converter

<1>
<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>
<10>

<11>

Select one channel for A/D conversion using the analog input channel specification register (ADS).

Set ADCE to 1 and wait for 14 us or longer.

Set ADCS to 1 and start the conversion operation.

(<4> to <10> 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) AVrer 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) AVrer, 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

¢ 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) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <4> to <10>, 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 <3>. To restart A/D conversion from the
status of ADCE = 0, however, start from <2>.
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Figure 13-9. Basic Operation of A/D Converter

Conversion time

Sampling time

A/D converter
operation

»=0000000000CE"

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), power-fail
comparison mode register (PFM), or power-fail comparison threshold register (PFT) 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 makes the A/D conversion result register (ADCR) undefined.

Sampling A/D conversion

ADCR
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13.4.2 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 A/D conversion result register (ADCRY)) is shown by the following expression.
VAN
AV
ADCR = SAR x 64

SAR = INT (

x 1024 + 0.5)
REF

or

AVREF _ \/an < (ADCR + 0.5) x AVREF
1024 1024

(ADCR - 0.5) x

where, INT(): Function which returns integer part of value in parentheses
VaN: Analog input voltage
AVRer:  AVREer pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 13-10 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 13-10. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

1023 — 1" FFCOH

022 ———1— 11 [ [ FF80H

1021 | FF40H
A/D conversion result
(ADCR) : :

3 00COH

T 0080H

T 0040H

oO— 0000H

11 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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13.4.3 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.

In addition, the following two functions can be selected by setting of bit 7 (PFEN) of the power-fail comparison
mode register (PFM).

e Normal 10-bit A/D converter (PFEN = 0)
o Power-fail detection function (PFEN = 1)

(1) A/D conversion operation (when PFEN = 0)
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1 and bit 7 (PFEN) of the power-fail
comparison mode register (PFM) to 0, 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, the power-fail comparison mode register (PFM), and the power-fail comparison threshold register
(PFT) 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 is undefined.

Figure 13-11. A/D Conversion Operation

Rewriting ADM

ADCS =1 Rewriting ADS ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
—
Conversion is stopped

Conversion result is not retained Stopped

.
) \ \

ADCR ANIn ANIn ANIm

INTAD
(PFEN = 0)

Remarks 1. n=0to7
2. m=0to7
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(2) Power-fail detection function (when PFEN = 1)
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1 and bit 7 (PFEN) of the power-fail
comparison mode register (PFM) to 1, the A/D conversion operation of the voltage applied to the analog input pin
specified by the analog input channel specification register (ADS) is started.
When the A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion
result register (ADCR), the values are compared with power-fail comparison threshold register (PFT), and an
interrupt request signal (INTAD) is generated under the condition specified by bit 6 (PFCM) of PFM.

<1> When PFEN=1and PFCM =0
The higher 8 bits of ADCR and PFT values are compared when A/D conversion ends and INTAD is only
generated when the higher 8 bits of ADCR > PFT.

<2> When PFEN =1 and PFCM =1
The higher 8 bits of ADCR and PFT values are compared when A/D conversion ends and INTAD is only
generated when the higher 8 bits of ADCR < PFT.

Figure 13-12. Power-Fail Detection (When PFEN = 1 and PFCM = 0)

A/D conversion ANIn ANIn ANIn ANIn

Higher 8 bits ! 80H 7FH 80H
of ADCR |
PFT : 80H 5

INTAD |
(PFEN=1) ! I_l : |_|

] e

Note

First conversion Condition match

Note If the conversion result is not read before the end of the next conversion after INTAD is output, the result is
replaced by the next conversion result.

Remark n=0to7
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270

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 and conversion time using bits 2 to 0 (ADS2 to ADSO0) of the analog input channel
specification register (ADS) and bits 5 to 3 (FR2 to FRO) 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).

<Change the channel>

<6>
<7>

<8>

Change the channel using bits 2 to 0 (ADS2 to ADS0) 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).

<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 14 us or more.

2. ltis no problem if the order of <1> and <2> is reversed.

3. <1> can be omitted. However, do not use the first conversion result after <3> in this

4. Thseperiod from <4> to <7> differs from the conversion time set using bits 5 to 3 (FR2 to
FRO) of ADM. The period from <6> to <7> is the conversion time set using FR2 to FRO.

¢ When used as power-fail detection function

<1>
<2>
<3>

<4>

<5>
<6>
<7>

<8>

Set bit 7 (PFEN) of the power-fail comparison mode register (PFM).

Set power-fail comparison condition using bit 6 (PFCM) of PFM.

Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1.

Select the channel and conversion time using bits 2 to 0 (ADS2 to ADSO0) of the analog input channel
specification register (ADS) and bits 5 to 3 (FR2 to FRO) of ADM.

Set a threshold value to the power-fail comparison threshold register (PFT).

Set bit 7 (ADCS) of ADM to 1.

Transfer the A/D conversion data to the A/D conversion result register (ADCR).

The higher 8 bits of ADCR and PFT are compared and an interrupt request signal (INTAD) is generated
if the conditions match.

<Change the channel>

<9>

Change the channel using bits 2 to 0 (ADS2 to ADSO0) of ADS.

<10> Transfer the A/D conversion data to the A/D conversion result register (ADCR).
<11> The higher 8 bits of ADCR and the power-fail comparison threshold register (PFT) are compared and an

interrupt request signal (INTAD) is generated if the conditions match.

<Complete A/D conversion>
<12> Clear ADCS to 0.
<13> Clear ADCE to 0.

Cautions 1. Make sure the period of <3> to <6> is 14 us or more.

2. Itis no problem if the order of <3>, <4>, and <5> is changed.

3. <3> must not be omitted if the power-fail function is used.

4. The period from <7> to <11> differs from the conversion time set using bits 5 to 3 (FR2 to
FRO) of ADM. The period from <9> to <11> is the conversion time set using FR2 to FRO.
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13.5 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 13-13. Overall Error Figure 13-14. 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...... 001toO...... 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 13-15. Zero-Scale Error

111L

Figure 13-16. Full-Scale Error

Full-scale error
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Digital output (Lower 3 bits)

Ideal line )
o 111 e ,
011 : 5 . /N
: 3 ; /< !
H = 440 0 oo -a [ 40NN [ !
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1
1
1
1
1
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I
i
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P Zero-scale error i o
000 . L ) N 000 ( | | |
0 1 2 3 AVRer 0 AVrer-3  AVeer—2  AVeer-1  AVRer

Analog input (LSB) Analog input (LSB)

Figure 13-17. Integral Linearity Error Figure 13-18. Differential Linearity Error

P 1
1...... 1 o \ :
{ / T Ideal 1LSB width
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L / g e
2 3 —
O ’ /, o
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error
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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

272

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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13.6 Cautions for A/D Converter

(1) Operating current in standby mode
The A/D converter stops operating in the standby 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 13-2).

)

@)

(4)

Input range of ANIO to ANI7
Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVrer 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>

<2>

Conflict between A/D conversion result register (ADCR) write and ADCR read by instruction upon the end
of conversion

ADCR read has priority. After the read operation, the new conversion result is written to ADCR.

Conflict between ADCR write and A/D converter mode register (ADM) write or analog input channel
specification register (ADS) write upon the end of conversion

ADM or ADS write has priority. ADCR 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 13-19, to reduce noise.

Reference

voltage O ' AVrer
input /

C =100 to 1,000 pF

Figure 13-19. 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 VF value (0.3 V or lower).

ANIO to ANI7

I
|

AVss

J; Vss

User's Manual U16819EJ3VOUD 273



CHAPTER 13 A/D CONVERTER

(5)

(6)

(7)

274

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.

<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 connect a capacitor of around 100 pF to the ANIO to ANI7 pins (see Figure 13-19).

AVREF pin input impedance

A series resistor string of several tens of kQ2 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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(®)

©)

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 13-20. 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

Conversion results just after A/D conversion start

The 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 14 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) read operation

When a write operation is performed to the A/D converter mode register (ADM) and analog input channel
specification register (ADS), the contents of ADCR may become undefined. Read the conversion result following
conversion completion before writing to ADM and ADS. Using a timing other than the above may cause an
incorrect conversion result to be read.
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(11) A/D converter sampling time and A/D conversion start delay time
The A/D converter sampling time differs depending on the set value of the A/D converter mode register (ADM).
The delay time exists until actual sampling is started after A/D converter operation is enabled.
When using a set in which the A/D conversion time must be strictly observed, care is required for the contents
shown in Figure 13-21 and Table 13-3.

Figure 13-21. Timing of A/D Converter Sampling and A/D Conversion Start Delay

ADCS « 1 or ADS rewrite

ADCS

Sampling timing

INTAD

Wait A/D Sampling Sampling
period  conversion time time
start delay ()()
time Conversion time Conversion time

Table 13-3. A/D Converter Sampling Time and A/D Conversion Start Delay Time (ADM Set Value)

FR2 FR1 FRO Conversion Time Sampling Time A/D Conversion Start Delay Time"™*
MIN. MAX.
0 0 0 288/fx 40/fx 32/fx 36/fx
0 0 1 240/fx 32/fx 28/fx 32/fx
0 1 0 192/fx 24/fx 24/fx 28/fx
1 0 0 144/fx 20/fx 16/fx 18/fx
1 0 1 120/fx 16/fx 14/fx 16/fx
1 1 0 96/fx 12/fx 12/fx 14/fx
Other than above Setting prohibited - - -

Note The A/D conversion start delay time is the time after wait period. For the wait function, see CHAPTER 34
CAUTIONS FOR WAIT.

Remark fx: High-speed system clock oscillation frequency
(12) Register generating wait cycle

Do not read data from the ADCR register and do not write data to the ADM, ADS, PFM, and PFT registers while
the CPU is operating on the subsystem clock and while high-speed system clock oscillation is stopped.
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(13) Internal equivalent circuit

The equivalent circuit of the analog input block is shown below.

Figure 13-22. Internal Equivalent Circuit of ANIn Pin

Table 13-4. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

R1 R2
I LTl
ci c2 c3

I

AVRer R1 R2 C1 c2 C3
27V 12 kQ 8 kQ 8 pF 3 pF 0.6 pF
45V 4kQ 2.7 kQ 8 pF 1.4pF | 0.6pF

Remarks 1. The resistance and capacitance values shown in Table 13-4 are not guaranteed values.

2. n=0to7
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14.1 Functions of Serial Interface UARTO

Serial interface UARTO has the following two modes.

(1)

)

278

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.

Asynchronous serial interface (UART) mode

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 TxDO0: Transmit data output pin
RxDO: Receive data input pin
e Length of communication data can be selected from 7 or 8 bits.
¢ 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
¢ 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 TXEO = 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.

User's Manual U16819EJ3VOUD



CHAPTER 14 SERIAL INTERFACE UARTO

14.2 Configuration of Serial Interface UARTO

Serial interface UARTO includes the following hardware.

Table 14-1. Configuration of Serial Interface UARTO0

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)

User's Manual U16819EJ3VOUD

279



08¢

Figure 14-1. Block Diagram of Serial Interface UARTO
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M

()

@)

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 RXB0 and the MSB of RXBO is
always 0.

If an overrun error (OVEO) 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 (TXS0)

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.

User's Manual U16819EJ3VOUD 281



CHAPTER 14 SERIAL INTERFACE UARTO

14.3 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)
¢ 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 (ASIMO)
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 14-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO0) (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
ove! 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 (RXBO0) are reset.
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Figure 14-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (2/2)

PSO1 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 Outputs 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

Note If “reception as 0 parity” is selected, the parity is not judged. Therefore, bit 2 (PEQ) of asynchronous serial
interface reception error status register 0 (ASIS0) is not set and the error interrupt does not occur.

Cautions 1. At startup, set POWERO to 1 and then set TXEO to 1. To stop the operation, clear TXEO to 0,
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. If
POWERO is set to 1 and RXEQO 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 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.

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”7, and therefore, is not affected by the set value of the SLO bit.

7. Be sure to set bit 0to 1.
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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 or clearing bit 7 (POWERO) or bit 5 (RXEO) of ASIMO to 0 clears this register to 00H. 00H is read
when this register is read.

Figure 14-3. 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 number of
stop bits.

3. If an overrun error occurs, the next receive data is not written to receive buffer register 0
(RXBO0) 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 high-speed system clock is stopped. For
details, see CHAPTER 34 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 14-4. 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 MDLO04 MDLO3 MDL02 MDLO1 MDLOO

TPSO1 TPS00 Base clock (fxciko) selection™®’
0 0 TM50 output™*®?
0 1 fx/2 (5 MHz)
1 0 fx/2° (1.25 MHz)
1 1 fx/2° (312.5 kHz)

MDLO04 MDLO03 MDLO02 MDLO1 MDLO0 k Selection of 5-bit counter

output clock

0 0 X X X x | Setting prohibited
0 1 0 0 0 8 | fxcLko/8
0 1 0 0 1 9 | fxciko/9
0 1 0 1 0 10 | fxcko/10
. o o o . . .
. o o o . . .
. o o o . . .
1 1 0 1 0 26 | fxcLko/26
1 1 0 1 1 27 | fxciko/27
1 1 1 0 0 28 | fxcLko/28
1 1 1 0 1 29 | fxciko/29
1 1 1 1 0 30 | fxcLko/30
1 1 1 1 1 31 | fxciko/31

Notes 1. Be sure to set the base clock so that the following condition is satisfied.

e Vob=4.0t05.5V: Base clock <10 MHz

e Vbob=3.3104.0 V: Base clock < 8.38 MHz

e Vbb=2.7 t0 3.3 V: Base clock < 5 MHz

<R> e Vop=2.5102.7 V: Base clock < 2.5 MHz (standard products, (A) grade products only)
2. 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%.

e 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. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the base clock is
the internal oscillation clock, the operation of serial interface UARTO is not guaranteed.

2. Make sure that bit 6 (TXEO) and bit 5 (RXEO) of the ASIMO register = 0 when rewriting the
MDLO04 to MDLOO bits.
3. The baud rate value is the output clock of the 5-bit counter divided by 2.

Figures in parentheses apply to operation at fx = 10 MHz
TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50

Remarks 1. fxciko: Frequency of base clock selected by the TPS01 and TPSO00 bits
2. fx: High-speed system clock oscillation frequency
3. k Value set by the MDL04 to MDLOO bits (k = 8, 9, 10, ..., 31)
4. x: Don’t care
5.
6.

(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
P10to 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 14-5. 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)
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14.4 Operation of Serial Interface UARTO
Serial interface UARTO has the following two modes.

e Operation stop mode
¢ Asynchronous serial interface (UART) mode

14.4.1 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 (POWERQO,
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
oM 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 (TXS0),
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 POWERO to 1, and then set TXEQ and RXEO to 1.

Remark To use the RxD0/SI10/P11 and TxD0/SCK10/P10 pins as general-purpose port pins, sce CHAPTER 4
PORT FUNCTIONS.
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14.4.2 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

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)
e Baud rate generator control register 0 (BRGCO)

e 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 BRGCO register (see Figure 14-4).

Set bits 1 to 4 (SLO, CLO, PS00, and PS01) of the ASIMO register (see Figure 14-2).
Set bit 7 (POWERQO) of the ASIMO register to 1.

Set bit 6 (TXEQ) of the ASIMO register to 1. — Transmission is enabled.

Set bit 5 (RXEOQ) of the ASIMO register to 1. — Reception is enabled.
Write data to the TXSO register. — Data transmission is started.

<2>
<3>
<4>

<5>

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 14-2. Relationship Between Register Settings and Pins

POWERO| TXEO RXEO PM10 P10 PM11 P11 UARTO Pin Function
Operation | 14po/SCK10/P10 | RxDO/SIO/P11
0 0 0 X X XM X Stop SCK10/P10 SI10/P11
1 0 1 x" x" 1 X Reception SCK10/P10 RxDO
1 0 0 1 X" X" Transmission TxDO SIHo/P11
1 1 0 1 1 X Transmission/ TxDO RxDO
reception

Note Can be set as port function.

Remark x:

288

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

User's Manual U16819EJ3VOUD




CHAPTER 14 SERIAL INTERFACE UARTO

(2) Communication operation

(a) Format and waveform example of normal transmit/receive data
Figures 14-6 and 14-7 show the format and waveform example of the normal transmit/receive data.

Figure 14-6. Format of Normal UART Transmit/Receive Data

1 data frame

Sart| 0y | py | b2 | D3 | D4 | D5 | D6 | D7 [P

bit bit | Stopbit

Character bits

One data frame consists of the following bits.

o 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 14-7. 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) 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

¢ 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.

(ii)) 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.

(iii) 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”.

(iv) 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 (TXEOQ) 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 14-8 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 14-8. 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

\
TxDO (output) \Start/ DO X D1 X D2 gx D6 X D7 XParity/ Stop

INTSTO
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292

(d) Reception

Reception is enabled and the RxDO pin input is sampled when bit 7 (POWEROQ) 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 14-9). 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 (RXSO0) 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 (RXBO0). 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 14-9. Reception Completion Interrupt Request Timing

V '
RxDO (input) Start | DO | D1} D2 | D3 | D4 | D5 | D6 i 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 (ASIS0)
before reading RXBO.
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(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 ASISO in the reception

error interrupt servicing (INTSRO) (see Figure 14-3).
The contents of ASISO are reset to 0 when ASISO 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.

Qverrun error

Reception of the next data is completed before data is read from receive buffer
register 0 (RXBO).

(f) 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 14-10, the internal processing of the reception operation

is delayed by two clocks from the external signal status.

Figure 14-10. Noise Filter Circuit

Base clock

RxD0/SI10/P11 ©

Internal signal A

In Q [|—= Internal signal B

Match detector LD_EN
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14.4.3 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

294

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 (TXS0).

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 5 (RXEO) 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 14-11. Configuration of Baud Rate Generator

POWERO
Baud rate generator
fx/2 —— :-"-"-"-"-""""""""""""":
+ POWERO, TXEO (or RXEO) :
fx/28 —— : l :
Selector . 5-bit counter '
/25 fxcLko E :
8-bit timer/ —— ' .
event counter : H
50 output : Match detector 1/2 [+— Baudrate
BRGCO: TPS01, TPS00 BRGCO0: MDL04 to MDLOO

Remark POWERQO0: 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 O
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(2) 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 (MDLO4 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 MDLO04 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 14-4. Set Data of Baud Rate Generator

Baud Rate fx =10.0 MHz fx = 8.38 MHz fx =4.19 MHz
[bps] TPSO01, k |Calculated| ERR[%] | TPSO01, k |Calculated| ERR[%] | TPSO01, k |Calculated| ERR[%]
TPS00 Value TPS00 Value TPS00 Value
2400 - - - - - - - - 3 27 2425 1.03
4800 - - - - 3 27 4850 1.03 3 14 4676 -2.58
9600 3 16 9766 1.73 3 14 9353 -2.58 2 27 9699 1.03
10400 3 15 10417 0.16 3 13 10072 -3.15 2 25 10475 0.72
19200 3 8 19531 1.73 2 27 19398 1.03 2 14 18705 -2.58
31250 2 20 31250 0 2 17 30809 -1.41 - - - -
38400 2 16 39063 1.73 2 14 37411 -2.58 1 27 38796 1.03
76800 2 8 78125 1.73 1 27 77593 1.03 1 14 74821 -2.58
115200 1 22 113636 -1.36 1 18 116389 1.03 1 9 116389 1.03
153600 1 16 156250 1.73 1 14 149643 -2.58 - - - -
230400 1 11 227273 -1.36 1 9 232778 1.03 - - - -

Remark TPS01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGCO) (setting of base clock

(fxcLko))
k: Value set by the MDL04 to MDLOO bits of BRGCO (k =8, 9, 10, ..., 31)
fx: High-speed system 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 14-12. Permissible Baud Rate Range During Reception

Latch timing
\Y4 Y4 \Y4 Y4 Y% %7
\ \
Data frame length . . . . - .
of UARTO 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 14-12, 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[ x 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™" = 2120k

Brate

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 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%
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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15.1 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 15.4.1 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 15.4.2 Asynchronous serial interface (UART) mode and 15.4.3 Dedicated baud rate
generator.

e Two-pin configuration TxD6: Transmit data output pin
RxD6: Receive data input pin
e 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.
e Twelve operating clock inputs selectable
e MSB- or LSB-first communication selectable
e Inverted transmission operation
e Synchronous break field transmission from 13 to 20 bits
¢ More than 11 bits can be identified for synchronous 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 UART6 is used in
the LIN communication operation.
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Remark 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.

Figures 15-1 and 15-2 outline the transmission and reception operations of LIN.

Figure 15-1. LIN Transmission Operation

Wakeup Synchronous Synchronous  Identifier  Data field Data field Checksum
signal frame break field field field field
I e A et I
Sleep |
bus
13-bitN°te2 SBF 55H Data Data Data Data
8 bitgNote 1 transmission transmission transmissiontransmissiontransmissiontransmission
| | | | | | |
TX6
Note 3

INTST6 I I I I I 1N

Notes 1. The wakeup signal frame is substituted by 80H transmission in the 8-bit mode.
2. The synchronous 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 15.4.2 (2) (h) SBF
transmission).

3. INTST6 is output on completion of each transmission. It is also output when SBF is transmitted.

Remark The interval between each field is controlled by software.
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Figure 15-2. LIN Reception Operation

Wakeup Synchronous Synchronous Identifier Data field Data field Checksum
signal frame break field field field field
| | | | | | |
oo 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 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 FE6 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 synchronous field, disable UART6 after SF
reception, and then re-set baud rate generator control register 6 (BRGCB).

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 15-3.

The wakeup signal transmitted from the LIN master is received by detecting the edge of the external interrupt
(INTPO). The length of the synchronous 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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Figure 15-3. Port Configuration for LIN Reception Operation

Selector
P14/RxD6 O———
RXD6 input
Port mode
(PM14)
Output latch
(P14)
Selector
Selector
P120/INTPO O———
— INTPO input
Port mode -
(PM120) Port input
switch control
(ISC0)
Ou(tgt;t2 Igl)tch <ISCO0>
0: Select INTPO (P120)
1: Select RxD6 (P14)
Selector
Selector
P00/TI000 O——
— TI000 input
Port mode
(PM0O) Port input
switch control
1ISC1
Output latch : )
00 <ISC1>

0: Select TI0O00 (P00)
1: Select RxD6 (P14)

Remark [SCO, ISC1: Bits 0 and 1 of the input switch control register (ISC) (see Figure 15-11)

The peripheral functions used in the LIN communication operation are shown below.
<Peripheral functions used>
e External interrupt (INTPO); wakeup signal detection
Use: Detects the wakeup signal edges and detects start of communication.
¢ 16-bit timer/event counter 00 (T1000); baud rate error detection
Use: Detects the baud rate error (measures the TI000 input edge interval in the capture mode) by detecting the
sync field (SF) length and divides it by the number of bits.
e Serial interface UART6
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15.2 Configuration of Serial Interface UART6

Serial interface UARTS6 includes the following hardware.

Table 15-1. 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 15-4. Block Diagram of Serial Interface UART6

TI000, INTPONO'® -———

fx —»
fx/2 —»]
x/22 —»
x/28 -l
x/2* —»f
x/25 —pf
x/28 ]
x/27 ]
fx/28 —»
x/29 —pf
fx/210
8-bit timer/ —»
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event counter
50 output

Reception unit

1
|
. 1
1 Filter !
————————————————————————————————————————II 1
0 INTSR6 ] ) X
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(1) 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.
* 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.

(2) 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.

(3) 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).

(4) 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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15.3 Registers Controlling Serial Interface UART6
Serial interface UARTS is controlled by the following nine registers.

e Asynchronous serial interface operation mode register 6 (ASIM6)

¢ Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

e Clock selection register 6 (CKSR®6)

¢ Baud rate generator control register 6 (BRGCB6)

e Asynchronous serial interface control register 6 (ASICL6)

e Input switch control register (ISC)

e Port mode register 1 (PM1)

e 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 (POWERSG6) and bit 5 (RXE6) of ASIM6
=1).

Figure 15-5. 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
POWER®6 Enables/disables operation of internal operation clock
oM’ 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
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.

3. Operation of the 8-bit counter output is enabled at the second base clock after 1 is written to the
POWERES bit.
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Figure 15-5. 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 Outputs 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 TXE6 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 POWERSG6 to 1 and then set RXE6 to 1 while a high level is input to the RxD6 pin. If
POWERSG 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 UART®6 is used in the LIN communication operation.

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 or clearing bit 7 (POWERS) or bit 5 (RXE6) of ASIM6 to 0 clears this register to 00H. 00H is read
when this register is read.

Figure 15-6. 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 number 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 high-speed system clock is stopped. For
details, see CHAPTER 34 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 TXSF6).
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 or clearing bit 7 (POWERS) or bit 6 (TXE6) of ASIM6 to 0 clears this register to 00H.

Figure 15-7. 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.
After that, 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 UART6.

CKSRE6 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 (POWERS) and bit 6 (TXES) of ASIM6 = 1 or bit 7 (POWERS) and bit 5 (RXE6) of ASIM6

=1).

Figure 15-8. 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 (fxcLke) selection™’
0 0 0 0 fx (10 MHz)
0 0 0 1 fx/2 (5 MHz)
0 0 1 0 fx/2* (2.5 MHz)
0 0 1 1 fx/2° (1.25 MHz)
0 1 0 0 fx/2* (625 kHz)
0 1 0 1 fx/2° (312.5 kHz)
0 1 1 0 x/2° (156.25 kHz)
0 1 1 1 fx/2” (78.13 kHz)
1 0 0 0 fx/2° (39.06 kHz)
1 0 0 1 fx/2° (19.53 kHz)
1 0 1 0 fx/2° (9.77 kHz)
1 0 1 1 TM50 output™©?
Other than above Setting prohibited
Notes 1. Be sure to set the base clock so that the following condition is satisfied.
e Vop=4.01t0 5.5 V: Base clock < 10 MHz
e Vop=3.3104.0 V: Base clock < 8.38 MHz
e Vop=2.7 to 3.3 V: Base clock <5 MHz
<R> e Vbb=2.5102.7 V: Base clock < 2.5 MHz (standard products, (A) grade products only)
2. 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.

Cautions 1. When the internal oscillation clock is selected as the clock to be supplied to the CPU, the
clock of the internal oscillator is divided and supplied as the count clock. If the base clock is
the internal oscillation clock, the operation of serial interface UART6 is not guaranteed.

2. Make sure POWERS6 = 0 when rewriting TPS63 to TPS60.
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Remarks 1. Figures in parentheses are for operation with fx = 10 MHz
2. fx: High-speed system clock oscillation frequency
3. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50

(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 (POWERS6) and bit 5 (RXE6) of ASIM6
=1).

Figure 15-9. 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 | fxcike/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 | fxcike/252
1 1 1 1 1 1 0 1 253 | fxcLke/253
1 1 1 1 1 1 1 0 254 | fxcLke/254
1 1 1 1 1 1 1 1 255 | fxcLke/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. fxcike: 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’tcare
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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 (POWERS6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5
(RXE6) of ASIM6 = 1). Note, however, that communication is started by the refresh operation
because bit 6 (SBRT6) of ASICL6 is cleared to 0 when communication is completed (when an
interrupt signal is generated).

Figure 15-10. 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 RXE®6 = 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 15-10. 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. In the case of an SBF reception error, return the mode to the SBF reception mode. The status

of the SBRF®6 flag is held (1).

2. Before setting the SBRT6 bit, make sure that bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 1.

3. The read value of the SBRT6 bit is always 0. SBRT6 is automatically cleared to 0 after SBF
reception has been correctly completed.

4. Before setting the SBTT6 bit to 1, make sure that bit 7 (POWERG6) and bit 6 (TXE6) of ASIM6 =
1.

5. The read value of the SBTT6 bit is always 0. SBTT6 is automatically cleared to 0 at the end of
SBF transmission.

6. Before rewriting the DIR6 and TXDLV6 bits, clear the TXE6 and RXE6 bits to 0.

7. When using the 78K0/KF1+ to evaluate the program of a mask ROM version of the 78K0/KF1,
set the SBTT6, SBL62, SBL61, and SBL60 bits to 0, 1, 0, 1, respectively.
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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 15-11. 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 TIO0O0 input source selection
0 TI000 (P00)
1 RxD6 (P14)
ISCO 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 15-12. 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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15.4 Operation of Serial Interface UART6
Serial interface UART6 has the following two modes.

e Operation stop mode
¢ Asynchronous serial interface (UART) mode

15.4.1 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 (POWER®6, TXES6, and RXE6) of ASIMS6 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
POWERG6 Enables/disables operation of internal operation clock
oM 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
POWERS6 = 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 POWERS6 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, sese CHAPTER 4 PORT
FUNCTIONS.
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15.4.2 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 CKSR6 register (see Figure 15-8).
<2> Set the BRGCS register (see Figure 15-9).
<3> Set bits 0 to 4 (ISRM6, SL6, CL6, PS60, PS61) of the ASIM6 register (see Figure 15-5).
<4> Set bits 0 and 1 (TXDLV6, DIR6) of the ASICLS6 register (see Figure 15-10).
<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 15-2. 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"e x"te X" x"te Stop P13 P14
1 0 1 XN XM 1 x Reception P13 RxD6
1 0 0 1 X" X" 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

POWERSG: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)

TXE®6: Bit 6 of ASIM6
RXE®6: 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 15-13 and 15-14 show the format and waveform example of the normal transmit/receive data.

Figure 15-13. Format of Normal UART Transmit/Receive Data

1. LSB-first transmission/reception

1 data frame

Sttf}t” po | D1 | D2 | D3| D4| D5 | D6 | D7 P‘?Driit‘y Stop bit

Character bits

2. MSB-first transmission/reception

1 data frame

Sttf}t” D7 | e | D5 | D4 | D3 | D2 | D1 | DO P‘?Driit‘y Stop bit

Character bits

One data frame consists of the following bits.

e Start bit ... 1 bit

¢ Character bits ... 7 or 8 bits

o Parity bit ... Even parity, odd parity, O 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 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 (ASICL6).

Whether the TxD6 pin outputs normal or inverted data is specified by bit 0 (TXDLV6) of ASICLS.
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Figure 15-14. 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
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3. Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H, TxD6 pin
inverted output

1 data frame

4. Data length: 7 bits, LSB first, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame
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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.

(i) 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

¢ 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.

(ii)) 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

¢ 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.

(iii) 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”.

(iv) 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 (POWERS6) 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 15-15 shows the timing of the transmission completion interrupt request (INTST6). This interrupt
occurs as soon as the last stop bit has been output.

Figure 15-15. 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

\
TxD6 (output) \Start/ DO X D1 X D2 gx 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.
After that, 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 15-16 shows an example of the continuous transmission processing flow.

Figure 15-16. 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

Remark TXB6:
ASIF6:
TXBF®6:
TXSF®6:

Read ASIF6
TXSF6 = 0?

Completion of
transmission processing

Transmit buffer register 6
Asynchronous serial interface transmission status register 6
Bit 1 of ASIF6 (transmit buffer data flag)

Bit 0 of ASIF6 (transmit shift register data flag)
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Figure 15-17 shows the timing of starting continuous transmission, and Figure 15-18 shows the timing of
ending continuous transmission.

Figure 15-17. Timing of Starting Continuous Transmission

TxD6 Data(2) ¥ Parity / Stop \Start
INTST6 /\

TXB6 Data (3)

TXS6 Data (2) X Dita (3)
TXBF6 \/ /
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 15-18. Timing of Ending Continuous Transmission
T06 [ stop \Start’ Data(n-1) iParity/ swop \Start Data(n) ¥ Parity)/ Stop
INTST6 N\ /\

TXB6 Data (n - 1) Data (n)

TXS6

| P

M-/

Data (n — 1) Data (n) X FF

o =\ >

TXSF6 ' \jL
POWER®G 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
POWERSG6: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXE®6: Bit 6 of asynchronous serial interface operation mode register 6 (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 15-19). 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/INTSRES) is generated on completion of reception.

Figure 15-19. 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/INTSREB6) 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 15-6).
The contents of ASIS6 are reset to 0 when ASIS6 is read.

Table 15-3. 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 15-20. 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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RxD6/P14 © In Q

(g9) 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 15-21, the internal processing of the reception operation
is delayed by two clocks from the external signal status.

Figure 15-21. Noise Filter Circuit

Base clock

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 15-1 LIN Transmission
Operation.

The TxD6 pin outputs a high level when bit 7 (POWERS) of asynchronous serial interface mode register 6
(ASIM®B) is set to 1. Transmission is enabled when bit 6 (TXE6) of ASIM6 is set to 1 next time, and SBF
transmission operation is started when bit 5 (SBTT6) of asynchronous serial interface control register 6
(ASICLS6) is set to 1.

After transmission has been started, the low levels of bits 13 to 20 (set by bits 4 to 2 (SBL62 to SBL60) of
ASICL6) are output. When SBF transmission is complete, a transmission completion interrupt request
(INTST®6) is issued, and SBTT6 is automatically cleared. After SBF transmission is completed, the normal
transmission mode is restored.

SBF transmission is stopped until the data to be transmitted next is written to transmit buffer register 6
(TXB6) or SBTT6 is set to 1.

Figure 15-22. SBF Transmission

TxD6 1

4 .5

[

N
w

]

-
—_
-y
N

INTST6 |_|
SBTT6 |

Remark TxD6: TxD6 pin (output)
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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 15-2 LIN Reception Operation.
Reception is enabled when bit 7 (POWERS6) of asynchronous serial interface operation mode register 6
(ASIMB) is set to 1 and then bit 5 (RXEB6) of ASIM6 is set to 1. SBF reception is enabled when bit 6 (SBRT6)
of asynchronous serial interface control register 6 (ASICL6) 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 15-23. SBF Reception

1. Normal SBF reception (stop bit is detected with a width of more than 10.5 bits)

RXDG5|15253545556575859510511

SBRT6 f
/SBRF6 | I

INTSR6 ”

2. SBF reception error (stop bit is detected with a width of 10.5 bits or less)

RO6 | | 11 2 1 8 ! 4 65 1 6 17 8 .9 10

SBRT6 ' -
/SBRF6

INTSR6 ..., :

Remark RxD6: RxD6 pin (input)
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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15.4.3 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

330

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 fxcLke. The base clock is fixed to low level
when POWERSG6 = 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 POWERG = 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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Figure 15-24. Configuration of Baud Rate Generator

POWER6
X —
Baud rate generator
X2 — | o ______
2 | ) 1
X2 X POWERS, TXE6 (or RXES) I
fx/23 ——= , |
fx/24 — ! l :
1
fx/25 —= 1
. Selector - 8-bit counter |
fx/2 fxcLke |
/27— \ |
fx/28 ——~ ! :
1
/29— , |
fx/210 —»= I !
8-bit timer/ 1 Match detector 1/2 —:» Baud rate
event counter : |
50 output . 1
CKSR6: TPS63 to TPS60 BRGC6: MDL67 to MDL60

Remark POWERS®6: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXE6: Bit 6 of ASIM6
RXES6: Bit 5 of ASIM6
CKSR6:  Clock selection register 6
BRGC6: Baud rate generator control register 6
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)
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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]

fxcike: 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.

[ ] o, - - j ate baud a '

- 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 BRGC6 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 15-4. Set Data of Baud Rate Generator

Baud Rate fx =10.0 MHz fx = 8.38 MHz fx=4.19 MHz
[bps] TPS63to| k |Calculated| ERR[%] |TPS63to| k |Calculated| ERR[%] |TPS63to| k |Calculated| ERR[%)]
TPS60 Value TPS60 Value TPS60 Value
600 6H 130 601 0.16 5H 218 601 0.11 4H 218 601 0.11
1200 5H 130 1202 0.16 4H 218 1201 0.11 3H 218 1201 0.11
2400 4H 130 2404 0.16 3H 218 2403 0.11 2H 218 2403 0.11
4800 3H 130 4808 0.16 2H 218 4805 0.11 1H 218 4805 0.11
9600 2H 130 9615 0.16 1H 218 9610 0.11 OH 218 9610 0.11
10400 1H 240 10417 0.16 1H 201 10423 0.22 OH 201 10423 0.22
19200 1H 130 19231 0.16 OH 218 19220 0.11 OH 109 19220 0.11
31250 OH 160 31250 0.00 OH 134 31269 0.06 OH 67 31269 0.06
38400 OH 130 38462 0.16 OH 109 38440 0.11 OH 55 38091 -0.80
76800 OH 65 76923 0.16 OH 55 76182 -0.80 OH 27 77593 1.03
115200 OH 43 116279 0.94 OH 36 116389 1.03 OH 18 116389 1.03
153600 OH 33 151515 -1.36 OH 27 155185 1.03 OH 14 149643 -2.58
230400 OH 22 227273 -1.36 OH 18 232778 1.03 OH 9 232778 1.03
Remark TPS63 to TPS60: Bits 3 to 0 of clock selection register 6 (CKSR6) (setting of base clock (fxcLs))
k: Value set by MDL67 to MDL60 bits of baud rate generator control register 6
(BRGCS®) (k=8, 9, 10, ..., 255)
fx: High-speed system 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 15-25. Permissible Baud Rate Range During Reception

Latch timing
Y Y4 Y Y% Y% %7
\ \
Data frame length . . . . s .
of UART6 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 15-25, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 6 (BRGCG6) 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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k-2 21k +2

Minimum permissible data frame length: FLmin = 11 x FL - x FL ” FL

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

BRmax = (FLmin/11)™ Brate

k
21k + 2

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 UART6 and the transmission destination can be calculated from the
above minimum and maximum baud rate expressions, as follows.

Table 15-5. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.52% -3.61%
20 +4.26% -4.30%
50 +4.56% —4.58%
100 +4.66% —4.67%
255 +4.72% —4.72%

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 15-26. Data Frame Length During Continuous Transmission

Start bit of

1 data frame f second byte
\ Start bit /< Bit 0 X Bit 1 x x Bit7 XParity bity Stop bit \Start bit ‘ 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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16.1 Functions of Serial Interfaces CSI10 and CSI11

Serial interfaces CSI10 and CSI11 have the following two modes.

Operation stop mode
3-wire serial /0 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 16.4.1 Operation stop mode.

3-wire serial /0 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 I/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 16.4.2 3-wire serial /0 mode.
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16.2 Configuration of Serial Interfaces CSI10 and CSI11
Serial interfaces CSI10 and CSI11 include the following hardware.

Table 16-1. Configuration of Serial Interfaces CSI10 and CSI11

Item 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, 1

Figure 16-1. Block Diagram of Serial Interface CSI10

2 Internal bus 8

1 : : -
’ 1| Serial I/O shift || Transmit buffer | .| Output
SHO/P11/RD0 © b register 10 (SI010) register 10 (SOTB10) selector

Output latch

PM12
| Transmit data Output latch (P12)
I controller
- R — _T ______________________ -
Transmit controller
fx/2 —»]
x/22 o
fx/2i—> 5
;%54' 3 Clock start/stop controller & INTCSI10
fx/264’ & clock phase controller
N —
fx/27 ———=]
SCK10/P10/TxDO©—
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S111/P03 Serial I/0 shift || Transmit buffer Output
: register 11 (SIO11) register 11 (SOTB11) selector

Figure 16-2. Block Diagram of Serial Interface CSI11

2 Internal bus 2

© S011/P02

Output latch

Transmit data Output latch (P02)
controller
? SSI11
Transmit controller PMO02
fx/2 ——=]
fx/22 — l
fx/2i—» 5
fx/254> § Clock start/stop controller & INTCSI1
x2°— 5 clock phase controller
/28— O
fx/27 ——=
SCK11/P04 ©@—

1)

)

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 makes this register undefined.

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 16.4.2 (2) Communication operation.

Serial I/0 shift register 1n (SIO1n)

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 00H.

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

16.4.2 (2) Communication operation.

Remark n=0, 1
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16.3 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)

¢ Serial clock selection register 1n (CSIC1n)

e Port mode register 0 (PMO) 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 O0H.

Remark n=0,1
Figure 16-3. 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
oMee® Receive mode (transmission disabled).
1 Transmit/receive mode
DIR1Q™"**® 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.
<R> 2. To use P10/SCK10/TxDO0, P11/SI10/RxDO, and P12/SO10 as general-purpose ports, set CSIM10 in

the default status (O0H).

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 SIO10.

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 16-4. 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
SSE1 17 SSI11 pin use selection
0 SSI11 pin is not used
1 SSI11 pin is used
DIR1{"*® 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.
<R> 2. To use P02/SO11, P03/SI11, P04/SCK11, and PO05/SSI11/TI001 as general-purpose ports, set

CSIM11 in the default status (00H).

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).

7. 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).

User's Manual U16819EJ3VOUD 341



<R>

CHAPTER 16 SERIAL INTERFACES CSI10 AND CSI11

(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=0,1

Figure 16-5. Format of Serial Clock Selection Register 10 (CSIC10)

Address: FF81H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
CSIC10 0 0 0 ’ CKP10 ’ DAP10 ’ CKS102 ’ CKS101 ’ CKS100
CKP10 DAP10 Specification of data transmission/reception timing Type
0 0 sckio ~ L L L L Ly 1
S010 __XD7XD6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
0 1 sckio ~ L L L Lo 2
SO10 XD7X D6 XD5XD4XD3XD2XD1XD0O
SI10 input timing | | | | | | | |
1 0 sckio _ [ L LI LI 8
SO10 __XD7XD6XD5XD4XD3XD2XD1XDO
SI10 input timing I I A N I
1 1 sekto _ [T LT LTI 4
SO10 XD7XD6XD5XD4XD3XD2XD1XD0O
SHoinputtiming _ | | | | 1 | | ]
CKS102 CKS101 CKS100 CSI10 serial clock selection"™® Mode
0 0 0 fx/2 (5 MHz) Master mode
0 0 1 fx/2° (2.5 MHz) Master mode
0 1 0 x/2° (1.25 MHz) Master mode
0 1 1 fx/2* (625 kHz) Master mode
1 0 0 fx/2° (312.5 kHz) Master mode
1 0 1 fx/2° (156.25 kHz) Master mode
1 1 0 fx/2” (78.13 kHz) Master mode
1 1 1 External clock input to SCK10 Slave mode
Note Set the serial clock so that the following conditions are satisfied.
e Vop =4.0to 5.5 V: Serial clock <5 MHz
e Vop = 3.310 4.0 V: Serial clock <4.19 MHz
e Vbb =2.7 t0 3.3 V: Serial clock < 2.5 MHz
e Vbp =2.5102.7 V: Serial clock < 1.25 MHz (standard products, (A) grade products only)
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Cautions 1. When the internal oscillation clock is selected as the clock supplied to the CPU, the clock of
the internal oscillator is divided and supplied as the serial clock. At this time, the operation
of serial interface CSI10 is not guaranteed.

2. Do not write to CSIC10 while CSIE10 = 1 (operation enabled).
<R> 3. To use P10/SCK10/TxD0, P11/SI110/RxD0, and P12/SO10 as general-purpose ports, set CSIC10
in the default status (00H).
4. The phase type of the data clock is type 1 after reset.

Remarks 1. Figures in parentheses are for operation with fx = 10 MHz
2. fx: High-speed system clock oscillation frequency

Figure 16-6. Format of Serial Clock Selection Register 11 (CSIC11)

Address: FF89H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CsICc11 0 0 0 | CKP11 | DAP11 | CKS112 | CKS111 | CKS110
CKP11 DAP11 Specification of data transmission/reception timing Type

° ° sct LML LML !

SO11 __XD7XD6XD5XD4XD3XD2XD1X DO
SI11 input timing | | | | | | | |

0 1 scki — L L L Lo 2
SO11 X D7) D6XD5XD4XD3XD2XD1XDO
SI11 input timing | | | | | | | |

! ° skt 1L L 3
SO11 __XD7XD6XD5XD4XD3XD2XD1XDO
SI11 input timing | | | | | | | |

1 1 sckii _ [ LI L LI LI 4
SO11 X D7) D6XD5XD4XD3XD2XD1XDO
SI11 input timing | | | | | | | |

CKS112 CKS111 CKS110 CSlI11 serial clock selection™* Mode

0 0 0 fx/2 (5 MHz) Master mode
0 0 1 fx/2* (2.5 MHz) Master mode
0 1 0 x/2° (1.25 MHz) Master mode
0 1 1 fx/2* (625 kHz) Master mode
1 0 0 fx/2° (312.5 kHz) Master mode
1 0 1 fx/2° (156.25 kHz) Master mode
1 1 0 fx/2” (78.13 kHz) Master mode
1 1 1 External clock input to SCK11 Slave mode
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Note Set the serial clock so that the following conditions are satisfied.
e Vbbb =4.0t05.5V: Serial clock <5 MHz
e Vop = 3.310 4.0 V: Serial clock <4.19 MHz
e Vpp =2.7 to 3.3 V: Serial clock < 2.5 MHz
<R> e Vpp =2.510 2.7 V: Serial clock < 1.25 MHz (standard products, (A) grade products only)

Cautions 1. When the internal oscillation clock is selected as the clock supplied to the CPU, the clock of
the internal oscillator is divided and supplied as the serial clock. At this time, the operation
of serial interface CSI11 is not guaranteed.

2. Do not write to CSIC11 while CSIE11 = 1 (operation enabled).
<R> 3. To use P02/SO11, P03/SI11, and PO04/SCK11 as general-purpose ports, set CSIC11 in the
default status (00H).
4. The phase type of the data clock is type 1 after reset.

Remarks 1. Figures in parentheses are for operation with fx = 10 MHz
2. fx: High-speed system clock oscillation frequency
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(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 and 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 PO5 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.

Figure 16-7. 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 |PMO6|PMO5|PMO04|PMO3|PMO2|PMO1|PMOO

PMON POn pin I/O mode selection (n = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Figure 16-8. 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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16.4 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

16.4.1 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/SI10/RxD0, P12/SO10, P02/SO11, P03/SI11, and P04/SCK11 pins can be used
as ordinary 1/O port pins in this mode.

(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 00H.

Remark n=0, 1
o 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"°?.

<R> Notes 1. To use P10/SCK10/TxDO, P11/SI10/RxDO, and P12/SO10 as general-purpose ports, set
CSIM10 in the default status (O0H).
2. Bit0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.

¢ Serial operation mode register 11 (CSIM11)

Address: FF88H After reset: 00OH R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM11 CSIE11 TRMD11 ’ SSE11 ’ DIR11 ’ 0 0 0 CSOT11
CSIE11 Operation control in 3-wire serial I/O mode
0 Disables operation™™" and asynchronously resets the internal circuit"*°>.

<R> Notes 1. To use P02/SO11, P03/SI11, P04/SCK11, and P05/SSI11/TI001 as general-purpose ports, set
CSIM11 in the default status (O0H).
2. Bit0 (CSOT11) of CSIM11 and serial I/O shift register 11 (SIO11) are reset.
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16.4.2 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 16-5 and 16-6).

Set bits 4 to 6 (DIR1n, SSE11 (serial interface CSI11 only), and TRMD1n) of the CSIM1n register (see
Figures 16-3 and 16-4).

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, 1
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CHAPTER 16 SERIAL INTERFACES CSI10 AND CSIi1

The relationship between the register settings and pins is shown below.

Table 16-2. 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 chle 1 Note 1 XNole 1 Note 1 Note 1 Note 1 S'[Op RXDO/P1 1 P1 2 TXDO/
P1 ONMEZ
1 0 1 X XMt et 1 x Slave SI10 P12 SCK10
reception"”®® (input)**®
1 1 xre! xre! 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 xheet |t 0 1 Master reception S0 P12 SCK10
(output)
1 1 xe! X! 0 0 0 1 Master RxDO0/P11 SO10 SCK10
transmission (output)
1 1 1 X 0 0 0 1 Master S0 SO10 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
TRMD1
CKP10:

CKS102, CKS101, CKS100:

PM1x:
P1x:

348

0:

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 16-2. Relationship Between Register Settings and Pins (2/2)

(b) Serial interface CSI11

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 % % mee1 Note 1 mee1 ><Nme1 Note 1 XaneI mee1 xNolel Stop P03 P02 P04Nole2 TIOO1/
P05
1 0 0 1 x| M x| o x| XMt [ Slave SH1 | P02 | SCKi1 | TIoot/
reception™™** (input) P05
Note —_—
1 1| x ** | ssid
1 1 0 |x*™"|x*' 0 | O 1 x| x| et Slave PO3 | SO11 | SCK11 | TI0O1/
transmission"**® (input) P05
1 1] x ] ssii
1 1 0 1 X 0 0 1 x| x| ! Slave SI1 SO11 | SCK11 | TI001/
transmission/ (input) P05
1 1 % receptionNoteS Note 3 m
1 0 0 1 x| x™et X"t 0 1 xRt X! Master Sl P02 | SCK11 | TIoo1/
reception (output) P05
1 1 0 xet [t 0 0 1| XMt Nt Master P03 SO11 | SCK11 | TI001/
transmission (output) P05
1 1 0 1 x 0 0 0 1 [ xRt X! 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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)
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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=0,1
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Figure 16-9. 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, 1

L
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User's Manual U16819EJ3VOUD

interface

CSI11, and are

used in the slave

351



CHAPTER 16 SERIAL INTERFACES CSI10 AND CSIi1

Figure 16-9. 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"™)

@ Note

SCKi1n

Read/write trigger

SOTB1n

SIO1n

CSOT1n

INTCSI1n

CSIIF1n

Sl1n (input AAH)

SO1n

55H is written to SOTB1n.

R EpEpEpEpE RNy
T —
S T A
e e
i
T

Note The SSE11 flag and SSI11 pin are available only for serial

mode.

Remark n=0,1
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CHAPTER 16 SERIAL INTERFACES CSI10 AND CSIi1

Figure 16-10. Timing of Clock/Data Phase

(a) Type 1; CKP1n =0, DAP1n =0

SCK1n
SI1n capture

SO1n
Writing to SOTB1n or
reading from SIO1n

CsiFin | I:
CSOT1n | '.

X D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0

) Y O

(b) Type 2; CKP1n =0, DAP1n =1

SCKi1in

D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

SI1n capture :

SO1n X

Writing to SOTB1n or I-l
reading from SIO1n

CsiFtn L I:
CSOTin | '.

(c) Type 3; CKP1in=1,DAP1n=0

SCKi1n
SI1n capture

SO1n
Writing to SOTB1n or
reading from SIO1n

CSIIF1n |
CSOT1n l l

| | | | | | | |
X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

) 1Y N

(d) Type 4; CKPin=1, DAPin=1

SCK1n
SI1n capture

SO1n
Writing to SOTB1n or
reading from SIO1n

CSIIF1n |
CSOT1n l l

D7 X D6 X D5 X D2 X D3 X D2 X D1 X DO |

— L0 ..

Remark n=0, 1
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(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 16-11.

Output Operation of First Bit

X

E X First bit X

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

i

S B

X First?;it X 2ndl bit

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=0,1
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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 16-12. 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

A

SOTB1n

SIO1n

Qutput latch

X

b A<

SO1n Last bit

x
A

(2) Type 2; when CKP1n =0 and DAP1in =1 (or CKP1in =1, DAP1n=1)

SCKi1in

| ‘ (< Next request is issued.)

Writing to SOTB1n or
reading from SIO1n

SOTB1n

SIO1n

Output latch

1---1-t--F><-t--4-F----
1---1-t--F><-t--4-F----

;x
!

SO1n Last bit

Remark n=0, 1
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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 16-3. SO1n Output Status
TRMD1n DAP1n DIR1n SO1n Output™™*’
TRMD1n = 0"* - - 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=0,1
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17.1 Functions of Serial Interface CSIAQ

Serial interface CSIAOQ has the following three modes.

¢ Operation stop mode

e 3-wire serial /0 mode

e 3-wire serial /0 mode with automatic transmit/receive function

(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 17.4.1 Operation stop mode.

3-wire serial /0O mode (MSB/LSB-first selectable)

This mode is used to communicate 8-bit data using three lines: a serial clock line (M) and two serial
data lines (SIAO and SOAO).

The processing time of data communication can be shortened in the 3-wire serial I/O mode because
transmission and reception can be simultaneously executed.

In addition, whether 8-bit data is communicated MSB or LSB first can be specified, so this interface can be
connected to any device.

For details, see 17.4.2 3-wire serial /O mode.

3-wire serial /0 mode with automatic transmit/receive function (MSB/LSB-first selectable)

This mode is used to communicate 8-bit data using three lines: a serial clock line (m) and two serial
data lines (SIA0 and SOADO).

The processing time of data communication can be shortened in the 3-wire serial /O mode with automatic
transmit/receive function because transmission and reception can be simultaneously executed.

In addition, whether 8-bit data is communicated MSB or LSB first can be specified, so this interface can be
connected to any device.

Data can be communicated to/from a display driver etc. without using software since a 32-byte transfer buffer
RAM is incorporated. Also, the incorporation of handshake pins (STBO, BUSY0) has made connection to
peripheral LSls easy.

For details, see 17.4.3 3-wire serial /O mode with automatic transmit/receive function.

Master mode/slave mode selectable

e Communication data length: 8 bits

MSB/LSB-first selectable for communication data

¢ Automatic transmit/receive function:

Number of transfer bytes can be specified between 1 and 32
Transfer interval can be specified (0 to 63 clocks)

Single communication/repeat communication selectable

On-chip dedicated baud rate generator (6/8/16/32 divisions)
e 3-wire SOAQ: Serial data output

SIAO:  Serial data input

SCKAOQ: Serial clock I/0
Handshake function incorporated STBO:  Strobe output

BUSYO: Busy input

e Transmission/reception completion interrupt: INTACSI
Internal 32-byte buffer RAM
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17.2 Configuration of Serial Interface CSIAO

Serial interface CSIAO includes the following hardware.

358

Table 17-1. Configuration of Serial Interface CSIAQ

ltem

Configuration

Registers

Serial I/O shift register 0 (SIOA0)
Automatic data transfer address count register 0 (ADTCO)

Control registers

Serial operation mode specification register 0 (CSIMAO)

Serial status register 0 (CSIS0)

Serial trigger register 0 (CSITO)

Divisor selection register 0 (BRGCAO)

Automatic data transfer address point specification register 0 (ADTPO)
Automatic data transfer interval specification register 0 (ADTIO)

Port mode register 14 (PM14)

Port register 14 (P14)
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Figure 17-1. Block Diagram of Serial Interface CSIAQ
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O

&)

Serial I/O shift register 0 (SIOA0)

This is an 8-bit register used to store transmit/receive data in 1-byte transfer mode (bit 6 (ATEO) of serial
operation mode specification register 0 (CSIMAO) = 0). Writing transmit data to SIOAO starts the
communication. In addition, after a communication completion interrupt request (INTACSI) is output (bit O
(TSFO) of serial status register 0 (CSIS0) = 0), data can be received by reading data from SIOAO.

This register can be written or read by an 8-bit memory manipulation instruction. However, writing to SIOAO
is prohibited when bit 0 (TSFO) of serial status register 0 (CSIS0) = 1.

RESET input clears this register to 00H.

Cautions 1. A communication operation is started by writing to SIOA0. Consequently, when
transmission is disabled (bit 3 (TXEAOQ) of CSIMAO = 0), write dummy data to the SIOAQ
register to start the communication operation, and then perform a receive operation.

2. Do not write data to SIOAO0 while the automatic transmit/receive function is operating.

Automatic data transfer address count register 0 (ADTCO)

This is a register used to indicate buffer RAM addresses during automatic transfer. When automatic transfer
is stopped, the data position when transfer stopped can be ascertained by reading ADTCO register value.
This register can be read by an 8-bit memory manipulation instruction.

RESET input clears this register to 00H. However, reading from ADTCO is prohibited when bit 0 (TSFO) of
serial status register 0 (CSISO) = 1.

Figure 17-2. Format of Automatic Data Transfer Address Count Register 0 (ADTCO)

Address: FF97H  After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

ADTCO 0 0 0 ADTCO04 ADTCO3 ADTCO02 ADTCO1 ADTPOO

17.3 Registers Controlling Serial Interface CSIA0

Serial interface CSIAO is controlled by the following eight registers.

e Serial operation mode specification register 0 (CSIMAO)

e Serial status register 0 (CSIS0)

o Serial trigger register 0 (CSITO)

« Divisor selection register 0 (BRGCAO)

¢ Automatic data transfer address point specification register 0 (ADTPO)

¢ Automatic data transfer interval specification register 0 (ADTIO)
e Port mode register 14 (PM14)
e Port register 14 (P14)

360
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(1) Serial operation mode specification register 0 (CSIMAOQ)
This is an 8-bit register used to control the serial communication operation.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 17-3. Format of Serial Operation Mode Specification Register 0 (CSIMAO)

Address: FFOOH  After reset: 00H R/W

Symbol <7> 6 5 4 <3> <2> 1 0
CSIMAO | CSIAEO‘ ATEO ‘ ATMO ‘MASTERO‘ TXEAO ‘ RXEAO ‘ DIRO ‘ 0 |
CSIAEOQ Control of CSIAQ operation enable/disable

0 CSIAQ operation disabled (SOAO: Low level, SCKAO: High level) and
asynchronously resets the internal circuitNote,

1 CSIAO operation enabled

ATEO Control of automatic communication operation enable/disable
0 1-byte communication mode
1 Automatic communication mode

ATMO Automatic communication mode specification

0 Single transfer mode (stops at the address specified by the ADTPO register)

1 Repeat transfer mode (after transfer is complete, clear the ADTCO register to 00H to resume transfer)

MASTERO CSIAO master/slave mode specification

0 Slave mode (synchronous with SCKAO input clock)

1 Master mode (synchronous with internal clock)

TXEAO Control of transmit operation enable/disable

0 Transmit operation disabled (SOAOQ: Low level)

1 Transmit operation enabled
RXEAO Control of receive operation enable/disable
0 Receive operation disabled
1 Receive operation enabled
DIRO First bit specification
0 MSB
1 LSB

Note Automatic data transfer address count register 0 (ADTCO), serial trigger register 0 (CSITO), serial /0

shift register 0 (SIOAQ), and bit 0 (TSFO) of serial status register 0 (CSISO0) are reset.

Cautions 1. When CSIAEO = 0, the buffer RAM cannot be accessed.

2. When CSIAEO is changed from 1 to 0, the registers and bits mentioned in Note above
are asynchronously initialized. To set CSIAEO = 1 again, be sure to re-set the initialized

registers.

3. When CSIAEO is re-set to 1 after CSIAEO is changed from 1 to 0, it is not guaranteed that

the value of the buffer RAM will be retained.
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(2) Serial status register 0 (CSIS0)
This is an 8-bit register used to select the base clock, control the communication operation, and indicate the

status of serial interface CSIAO.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H. However, rewriting CSISO0 is prohibited when bit 0 (TSFO0) is 1.

Figure 17-4. Format of Serial Status Register 0 (CSISO0) (1/2)

Address: FF91H  After reset: 00H  R/WN°te!

Symbol 7 6 5 4 3 2 1 0
CsIso 0 CKS00 STBEO BUSYEO | BUSYLVO ERREQ ERRFO TSFO
CKS00 Base clock (fw) selection™ot2
0 fx (10 MHz)
1 ix/2 (5 MHz)
STBEQNetes 3.4 Strobe output enable/disable
0 Strobe output disabled
1 Strobe output enabled
BUSYEO Busy signal detection enable/disable
0 Busy signal detection disabled (input via BUSYO pin is ignored)
1 Busy signal detection enabled and communication wait by busy signal is executed
BUSYLVQNetes Busy signal active level setting
0 Low level
1 High level
Notes 1. Bits 0 and 1 are read-only.
2. Set the base clock to satisfy the following conditions.
e Vob =4.0t0 5.5 V: Base clock < 10 MHz
¢ VVob = 3.3 t0 4.0 V: Base clock < 8.38 MHz
¢ VVob = 2.7 t0 3.3 V: Base clock < 5 MHz
<R> e Vop = 2.5 t0 2.7 V: Base clock < 2.5 MHz (standard products, (A) grade products only)

3. STBEO is valid only in master mode.

4. When STBEQ is set to 1, two transfer clocks are consumed between byte transfers regardless of the
setting of automatic data transfer interval specification register 0 (ADTIO). That is, 10 transfer clocks
are used for 1-byte transfer if ADTIO = O0H is set.

5. In bit error detection by busy input, the active level specified by BUSYLVO is detected.

Caution Be sure to clear bit 7 to 0.
Remarks 1. Figures in parentheses apply to operation with fx = 10 MHz.

362

2. fx: X1 input clock oscillation frequency
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Figure 17-4. Format of Serial Status Register 0 (CSISO0) (2/2)

ERREQ"°*® Bit error detection enable/disable
0 Error detection disabled
1 Error detection enabled
ERRFO Bit error detection flag
0 * Bit 7 (CSIAEOQ) of serial operation mode specification register 0 (CSIMAO) = 0
* At reset input
* When communication is started by setting bit 0 (ATSTAO) of serial trigger register 0 (CSITO) to 1
or writing to SIOAO.
1 Bit error detected (when ERREO = 1, the level specified by BUSYLVO0 during the data bit transfer
period is detected via BUSYO pin input).
TSFO Transfer status detection flag
0 * Bit 7 (CSIAEOQ) of serial operation mode specification register 0 (CSIMAQO) = 0
* At reset input
» At the end of the specified transfer
* When transfer is stopped by setting bit 1 (ATSTPO) of serial trigger register 0 (CSITO) to 1
1 From the transfer start to the end of the specified transfer

Note The ERREO setting is valid even when BUSYEO = 0.

Caution When TSFO is 1, rewriting serial operation mode specification register 0 (CSIMAO), serial status
register 0 (CSIS0), divisor selection register 0 (BRGCAOQ), automatic data transfer address point
specification register 0 (ADTPO0), automatic data transfer interval specification register 0
(ADTIO), and serial I/O shift register 0 (SIOA0) are prohibited. However, these registers can be

read and re-written to the same value.

transfer.
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(3) Serial trigger register 0 (CSIT0)
This is an 8-bit register used to control execution/stop of automatic data transfer between buffer RAM and
serial 1/O shift register 0 (SIOAQ).
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H. However, manipulate only when bit 6 (ATEO) of serial operation
mode specification register 0 (CSIMAO) is 1 (manipulation prohibited when ATEO = 0).

Figure 17-5. Format of Serial Trigger Register 0 (CSITO)

Address: FF92H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 <1> <0>
CSITO 0 0 0 0 0 0 ATSTPO ATSTAO
ATSTPO Automatic data transfer stop
0 —
1 Automatic data transfer stopped
ATSTAO Automatic data transfer start
0 —
1 Automatic data transfer started

Cautions 1. Even if ATSTPO or ATSTAO is set to 1, automatic transfer cannot be started/stopped until 1-
byte transfer is complete.

2. ATSTPO and ATSTAO change to 0 automatically after the interrupt signal INTACSI is
generated.

3. After automatic data transfer is stopped, the data address when the transfer stopped is
stored in automatic data transfer address count register 0 (ADTCO0). However, since no
function to restart automatic data transfer is incorporated, when transfer is stopped by
setting ATSTPO = 1, start automatic data transfer by ATSTAO after re-setting the registers.
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(4) Divisor selection register 0 (BRGCAO)
This is an 8-bit register used to select the base clock divisor of CSIAO.
This register can be set by an 8-bit memory manipulation instruction. However, when bit 0 (TSFO0) of serial
status register 0 (CSIS0) is 1, rewriting BRGCAO is prohibited.

Figure 17-6. Format of Divisor Selection Register 0 (BRGCAO)

Address: FF93H  After reset: 03H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCAO 0 0 0 0 0 0 BRGCAO1 | BRGCA00
BRGCAO01 | BRGCAO00 CSIAO base clock (fw) divisor selection
0 0 fw/6 (1.67 MHz)
0 1 fw/23 (1.25 MHz)
1 0 fw/2* (625 kHz)
1 1 fw/25 (312.5 kHz)

Remarks 1. Figures in parentheses apply to operation with fw = 10 MHz.
2. fw: Base clock frequency selected by CKSO00 bit of CSISO register

(5) Automatic data transfer address point specification register 0 (ADTPO0)
This is an 8-bit register used to specify the buffer RAM address that ends transfer during automatic data
transfer (bit 6 (ATEO) of serial operation mode specification register 0 (CSIMAO) = 1).
This register can be set by an 8-bit memory manipulation instruction. However, when bit 0 (TSFO0) of serial
status register 0 (CSISO0) is 1, rewriting ADTPO is prohibited.
In the 78K0/KF1+, 00H to 1FH can be specified because 32 bytes of buffer RAM are incorporated.

Example When ADTPO is set to 07H
8 bytes of FAOOH to FAO7H are transferred.

In repeat transfer mode (bit 5 (ATMO) of CSIMAO = 1), transfer is performed repeatedly up to the address
specified with ADTPO.

Example When ADTPO is set to 07H (repeat transfer mode)
Transfer is repeated as FAOOH to FAO7H, FAOOH to FAO7H, ... .

Figure 17-7. Format of Automatic Data Transfer Address Point Specification Register 0 (ADTPO)

Address: FF94H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADTPO 0 0 0 ADTP04 ADTPO3 ADTP02 ADTPO1 ADTPOO

Caution Be sure to clear bits 7 to 5to 0.
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The relationship between buffer RAM address values and ADTPO setting values is shown below.

Table 17-2. Relationship Between Buffer RAM Address Values and ADTPO Setting Values

Buffer RAM Address Value

ADTPO Setting Value

Buffer RAM Address Value

ADTPO Setting Value

FAOOH 00H FA10H 10H
FAO1H 01H FA11H 11H
FAO2H 02H FA12H 12H
FAO3H 03H FA13H 13H
FA04H 04H FA14H 14H
FAO5H 05H FA15H 15H
FAO6H 06H FA16H 16H
FAO7H 07H FA17H 17H
FAO8H 08H FA18H 18H
FAO9H 09H FA19H 19H
FAOAH 0AH FA1AH 1AH
FAOBH 0BH FA1BH 1BH
FAOCH O0CH FA1CH 1CH
FAODH ODH FA1DH 1DH
FAOEH OEH FA1EH 1EH
FAOFH OFH FA1FH 1FH

User's Manual U16819EJ3VOUD




CHAPTER 17 SERIAL INTERFACE CSIAQ

(6) Automatic data transfer interval specification register 0 (ADTIO)
This is an 8-bit register used to specify the interval time between 1-byte communications during automatic
data transfer (bit 6 (ATEO) of serial operation mode specification register 0 (CSIMAO) = 1).
Set this register when in master mode (bit 4 (MASTERO) of CSIMAO = 1) (setting is unnecessary in slave
mode). Setting in 1-byte communication mode (bit 6 (ATEQ) of CSIMAO = 0) is also valid. When the interval
time specified by ADTIO after the end of 1-byte communication has elapsed, an interrupt request signal
(INTACSI) is output. The number of clocks for the interval can be set to between 0 and 63 clocks.
This register can be set by an 8-bit memory manipulation instruction. However, when bit 0 (TSFO0) of serial
status register 0 (CSISO0) is 1, rewriting ADTIO is prohibited.

Figure 17-8. Format of Automatic Data Transfer Interval Specification Register 0 (ADTIO)

Address: FF95H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

ADTIO 0 0 ‘ ADTIO5 ‘ ADTI04 ‘ ADTIO3 ‘ ADTIO2 ADTIO1 ‘ ADTIOO0 |

Caution Because the setting of bit 5 (STBEO) and bit 4 (BUSYEO) of serial status register 0 (CSISO0) takes
priority over the ADTIO setting, the interval time based on the setting of STBEO and BUSYEO is
generated even when ADTIO is cleared to O0H.

Example Interval time when busy signal is not generated
<1> When STBEO = 1, BUSYEO = 0: Interval time of two serial clocks is generated
<2> When STBEO = 0, BUSYEO = 1: Interval time of one serial clock is generated
<3> When STBEO = 1, BUSYEO = 1: Interval time of two serial clocks is generated

Therefore, clearing STBEO and BUSYEDO to 0 is required to perform no-wait transfer.

The specified interval time is the serial clock (specified by divisor selection register 0 (BRGCAQ)) multiplied by
an integer value.

Example When ADTIO = 03H

SCKAO

Interval time of 3 clocks
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(7) Port mode register 14 (PM14)
This register sets port 14 input/output in 1-bit units.
When using P142/SCKAOQ, P144/SOAO0, and P145/STBO pins as the clock output, data output, or strobe

output of the serial interface, clear PM142, PM144, PM145, and the output latches of P142, P144, and P145
to 0.

When using P141/BUSY0, P142/SCKAOQ, and P143/SIAOQ pins as the busy input, clock input, or data input of
the serial interface, set PM141, PM142, and PM143 to 1. At this time, the output latches of P141, P142, and
P143 may be O or 1.

PM14 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 17-9. 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 ‘ PM145 ‘ PM144 ‘ PM143 ‘ PM142 ‘ PM141 ‘ PM140 |
PM14n P14n pin I/0 mode selection (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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17.4 Operation of Serial Interface CSIA0

Serial interface CSIAO has the following three modes.

¢ Operation stop mode

e 3-wire serial I/O mode

e 3-wire serial /O mode with automatic transmit/receive function

17.4.1 Operation stop mode
Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In addition,
the P142/SCKAOQ, P143/SIA0, and P144/SOAO pins can be used as ordinary I/O port pins in this mode.

(1) Register used
The operation stop mode is set by serial operation mode specification register 0 (CSIMAO). To set the
operation stop mode, clear bit 7 (CSIAEQ) of CSIMAO to 0.

(a) Serial operation mode specification register 0 (CSIMAO)
This is an 8-bit register used to control the serial communication operation.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Address: FFOOH  After reset: 00H R/W

<7> 6 5 4 <3> <2> 1 0
csiMao | CsiAE0 | ATEO | ATMo |MASTERo| TxEA0 | RXEAO | DIRO | o |
CSIAEO Control of CSIAO operation enable/disable

0 CSIAOQ operation disabled (SOAQ: Low level, SCKAO: High level) and
asynchronously resets the internal circuit
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17.4.2 3-wire serial I/O mode

The one-byte data transmission/reception is executed in the mode in which bit 6 (ATEOQ) of serial operation mode
specification register 0 (CSIMADO) is cleared to 0.

The 3-wire serial /0 mode is useful for connecting peripheral ICs and display controllers with a clocked serial
interface.

In this mode, communication is executed by using three lines: serial clock (M), serial output (SOAQ0), and
serial input (SIAO) lines.

(1) Registers used
* Serial operation mode specification register 0 (CSIMAQ)"*"
e Serial status register 0 (CSIS0)"**
¢ Divisor selection register 0 (BRGCAO)
e Port mode register 14 (PM14)
o Port register 14 (P14)

Notes 1. Bits 7, 6, and 4 to 1 (CSIAEQ, ATEO, MASTERO, TXEAOQ, RXEAO, and DIRO) are used. Setting of
bit 5 (ATMO) is invalid.
2. Only bit 6 (CKS00) and bit 0 (TSFO0) are used.

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1> Set bit 6 (CKSO00) of the CSISO0 register (see Figure 17-4).

<2> Set the BRGCAO register (see Figure 17-6)""".

<3> Set bits 4 to 1 (MASTERO, TXEAO, RXEAO, and DIRO0) of the CSIMAO register (see Figure 17-3).
<4> Set bit 7 (CSIAEQ) of the CSIMAO register to 1 and clear bit 6 (ATEO) to 0.

<5> Write data to serial I/O shift register 0 (SIOA0). — Data transmission/reception is started"™°?.

Notes 1. This register does not have to be set when the slave mode is specified (MASTERO = 0).
2. Write dummy data to SIOAO only for reception.

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 17-3. Relationship Between Register Settings and Pins

CSIAEOQ | ATEO | MASTERO | PM143 | P143 | PM144 | P144 | PM142 | P142 Serial I/0O | Serial Clock Pin Function
Shift Counter SIA0/ SOAO0/ | SCKAG/
Register 0 | Operation P143 P144 P142
Operation Control
0 X x )Nttt ptet ] petet ] ottt | Operation | Clear P143 P144 P142
stopped
1 0 0 At | etz | giees | ghees 1 x | Operation | Count SIAQ"*? SOAQ™** | SCKAD
enabled operation (input)
1 0 1 SCKAO
(output)

Notes 1. Can be set as port function.
2. Can be used as P143 when only transmission is performed. Clear bit 2 (RXEAO) of CSIMAO
to 0.
3. Can be used as P144 when only reception is performed. Clear bit 3 (TXEAQ) of CSIMAO to 0.

Remark x: don’t care
CSIAEOQ: Bit 7 of serial operation mode specification register 0 (CSIMAOQ)
ATEO: Bit 6 of CSIMAOQ
MASTERO: Bit 4 of CSIMAO
PM14x: Port mode register
P14x: Port output latch
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(2) 1-byte transmission/reception communication operation

(a) 1-byte transmission/reception
When bit 7 (CSIAEO) and bit 6 (ATEO) of serial operation mode specification register 0 (CSIMAQ) = 1, 0,
respectively, if communication data is written to serial I/O shift register 0 (SIOAQ), the data is output via
the SOAQ pin in synchronization with the SCKAO falling edge, and then input via the SIAO pin in
synchronization with SCKAO falling edge, and stored in the SIOAO register in synchronization with the
rising edge 1 clock later.
Data transmission and data reception can be performed simultaneously.
If only reception is to be performed, communication can only be started by writing a dummy value to the
SIOAQ register.
When communication of 1 byte is complete, an interrupt request signal (INTACSI) is generated.
In 1-byte transmission/reception, the setting of bit 5 (ATMO0) of CSIMAO is invalid.
Be sure to read data after confirming that bit 0 (TSFO) of serial status register 0 (CSISO0) = 0.

Figure 17-10. 3-Wire Serial I/O Mode Timing

SCKAO0 1 2 3 4 5 6 7 8

SIAO ( ;X&DW X DI6 X DI5 X Dl4 X DI3 X DI2 X DI XDIO/

SOA0

DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X/ DOO

TSFO

ACSIIF

End of transfer
T— Transfer starts at falling edge of SCKAO

SIOAOQ write

3\__/’—\/|

Caution The SOAO pin becomes low level by an SIOAO0 write.
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(b) Data format
In the data format, data is changed in synchronization with the SCKAGO falling edge as shown below.
The data length is fixed to 8 bits and the data communication direction can be switched by the
specification of bit 1 (DIRO) of serial operation mode specification register 0 (CSIMAO).

Figure 17-11. Format of Transmit/Receive Data

(a) MSB-first (DIRO bit = 0)

SCKAO0

SIA0 X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO
SOAO0 X DI7 X DI6 X DI5 X Dl4 X DI3 X DI2 X DIt X DIO

(b) LSB-first (DIRO bit = 1)

SCKAO0

SIA0 X DOO0 X DO1 X DO2 X DO3 X DO4 X DO5 X DO6 X DO7
SOA0 X ][0} X DI X DI2 X DI3 X DI4 X DI5 X DI6 X DI7
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(c)

(d)

Switching MSB/LSB as start bit

Figure 17-12 shows the configuration of serial I/O shift register 0 (SIOA0) and the internal bus. As shown
in the figure, MSB/LSB can be read/written in reverse form.

Switching MSB/LSB as the start bit can be specified using bit 1 (DIR0) of serial operation mode
specification register 0 (CSIMAO).

Figure 17-12. Transfer Bit Order Switching Circuit

Internalbus  --——-----------—1 - T

LSB-first L
MSB-first ——— Read/write gate | | Read/write gate

SOAO latch

SIA0 ————{  Shift register 0 (SI0A0)  |—{D QW

DU U O D

SOA0

SCKAO

Start bit switching is realized by switching the bit order for data written to SIOA0. The SIOAO shift order
remains unchanged.

Thus, switching between MSB-first and LSB-first must be performed before writing data to the shift
register.

Communication start
Serial communication is started by setting communication data to serial I/O shift register 0 (SIOAQ) when

the following two conditions are satisfied.

o Serial interface CSIAQ operation control bit (CSIAEQ) = 1
¢ Serial communication is not in progress

Caution If CSIAEO is set to 1 after data is written to SIOA0, communication does not start.

Upon termination of 8-bit communication, serial communication automatically stops and the interrupt
request flag (ACSIIF) is set.
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17.4.3 3-wire serial I/0 mode with automatic transmit/receive function

Up to 32 bytes of data can be transmitted/received without using software in the mode in which bit 6 (ATEO) of
serial operation mode specification register 0 (CSIMAO) is set to 1. After communication is started, only data of the
set number of bytes stored in RAM in advance can be transmitted, and only data of the set number of bytes can be
received and stored in RAM.

In addition, to transmit/receive data continuously, handshake signals (STBO and BUSYO0) generated by hardware
are supported. Therefore, connection to peripheral LSIs such as OSD (On Screen Display) LSIs and LCD
controller/drivers can be easily realized.

(1) Registers used

o Serial operation mode specification register 0 (CSIMAQ)

o Serial status register 0 (CSIS0)

o Serial trigger register 0 (CSITO)

¢ Divisor selection register 0 (BRGCAO)

* Automatic data transfer address point specification register 0 (ADTPO)
o Automatic data transfer interval specification register 0 (ADTIO)

e Port mode register 14 (PM14)

e Port register 14 (P14)

The relationship between the register settings and pins is shown below.

Caution A wait state may be generated when data is written to the buffer RAM. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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Table 17-4. Relationship Between Register Settings and Pins

CSIAEQ | ATEO | MASTER0 |STBEO|BUSYEO|ERREO|PM 143 P143 [PM144| P144 |PM142| P142 |[PM145| P145 |PM141| P141 Serial /0 Serial Clock Pin Function

Shift Register Counter slA0/ [ soato/[Scrao [ sTBO/ [BUSYO/

0 Operation Operation Control P143 | P144 | P142 | P145 | P141

0 X X X ><Nme1 ><Note1 ><No!e1 ><No!e1 ><Nole1 ><Nme1 ><Nme1 ><Note1 ><No!e1 ><No!e1 ><Nole1 ><Nole1 Operation stopped Clear P143 P144 | P142 P145 P141

1 1 0 | xNotel | Notel | (/9 1 X 0 0 1 x| xNoted | Notet | yNotet | yNote | Oharation enabled| Count operation |SIA0**2|SOA10|SCKAO| P145 | P141

(input)

1 0 0 0/ 0 1 wNote 1 | Note1 | yNote1 | o Note1 SCKAO| P145 | P141

1 1| on o | o | 1 X (outpu) 580 [BUSYO

dNOAEr361891N [enuei sJasn

Notes 1. Can be set as port function.
2. Can be used as P143 when only transmission is performed. Clear bit 2 (RXEAO0) of CSIMAO to 0.

Remark x: don’t care
CSIAEOQ: Bit 7 of serial operation mode specification register 0 (CSIMAOQ)
ATEO: Bit 6 of CSIMAQO

MASTERQO: Bit 4 of CSIMAO

STBEO: Bit 5 of serial status register 0 (CSIS0)
BUSYEO: Bit 4 of CSISO

ERREO: Bit 2 of CSISO

PM14x: Port mode register

P14x: Port output latch
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(2) Automatic transmit/receive data setting
(a) Transmit data setting

<1> Write transmit data from the least significant address FAOOH of buffer RAM (up to FA1FH at
maximum). The transmit data should be in the order from lower address to higher address.

<2> Set the automatic data transfer address point specification register 0 (ADTPO) to the value obtained
by subtracting 1 from the number of transmit data bytes.

(b) Setting example of automatic transmission/reception mode

<1> Set bit 7 (CSIAEO) and bit 6 (ATEO) of serial operation mode specification register 0 (CSIMAOQ) to 1.
<2> Set bit 2 (RXEAO) and bit 3 (TXEAOQ) of CSIMAO to 1.

<3> Set a data transfer interval in automatic data transfer interval specification register 0 (ADTIO).

<4> Set bit 0 (ATSTAO) of serial trigger register 0 (CSITO) to 1.

Caution Take relationship with the other party of communication when setting the port mode
register and port register.

The following operations are automatically carried out when (a) and (b) are carried out.

o After the buffer RAM data indicated by automatic data transfer address count register 0 (ADTCO) is
transferred to SIOAOQ, transmission is carried out (start of automatic transmission/reception).

o The received data is written to the buffer RAM address indicated by ADTCO.

e ADTCO is incremented and the next data transmission/reception is carried out. Data
transmission/reception continues until the ADTCO incremental output matches the set value of
automatic data transfer address point specification register 0 (ADTPO) (end of automatic
transmission/reception). However, if bit 5 (ATMO) of CSIMAO is set to 1 (repeat mode), ADTCO is
cleared after a match between ADTPO and ADTCO, and then repeated transmission/reception is
started.

¢ When automatic transmission/reception is terminated, TSFO is cleared to 0.

(3) Automatic transmission/reception communication operation

(a) Automatic transmission/reception mode
Automatic transmission/reception can be performed using buffer RAM.
The data stored in the buffer RAM is output from the SOAO pin via the SIOAO register in synchronization
with the SCKAO falling edge by performing (a) and (b) in (2) Automatic transmit/receive data setting.
The data is then input from the SIAO pin via the SIOAO register in synchronization with the SCKAO falling
edge and the receive data is stored in the buffer RAM in synchronization with the rising edge 1 clock
later.
Data transfer ends if bit 0 (TSFO) of serial status register 0 (CSISO0) is set to 1 when any of the following
conditions is met.

* Reset by clearing bit 7 (CSIAEOQ) of the CSIMAO register to 0

¢ Transfer of 1 byte is complete by setting bit 1 (ATSTPO) of the CSITO register to 1

o Transfer of 1 byte is complete when bit 1 (ERRFO0) of the CSISO register becomes 1 while bit 2
(ERREO) = 1

¢ Transfer of the range specified by the ADTPO register is complete
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SCKAO

SOAO0

SIA0

ACSIIF

TSFO

At this time, an interrupt request signal (INTACSI) is generated except when the CSIAEO bit = 0.

If a transfer is terminated in the middle, transfer starting from the remaining data is not possible. Read
automatic data transfer address count register 0 (ADTCO) to confirm how much of the data has already
been transferred and re-execute transfer by performing (a) and (b) in (2) Automatic transmit/receive
data setting.

In addition, when busy control and strobe control are not performed, the BUSY0/BUZ/INTP7/P141 and
STBO0/P145 pins can be used as ordinary I/O port pins.

Figure 17-13 shows the operation timing in automatic transmission/reception mode and Figure 17-14
shows the operation flowchart. Figure 17-15 shows the operation of internal buffer RAM when 6 bytes of
data are transmitted/received.

Figure 17-13. Automatic Transmission/Reception Mode Operation Timings

‘ Interval ‘

Yo7} D6 D5 p4YDs)D2) D1 Y D0 Yo7} D6 ) D5 p4fDs)D2) D1 ) D0 /}

Yo7} D6 D5 p4YDs)p2) D1 )0 Jo7) D6 D5 p4f D3y D2 b1 ) Do |

L

Cautions 1. Because, in the automatic transmission/reception mode, the automatic
transmit/receive function writes/reads data to/from the internal buffer RAM after 1-
byte transmission/reception, an interval is inserted until the next
transmission/reception. As the buffer RAM write/read is performed at the same time
as CPU processing, the interval is dependent upon the value of automatic data
transfer interval specification register 0 (ADTI0) and the set values of bits 5 and 4
(STBEO, BUSYEO) of serial status register 0 (CSIS0) (see (5) Automatic
transmit/receive interval time).

2. If an access to the buffer RAM by the CPU conflicts with an access to the buffer
RAM by serial interface CSIAO during the interval period, the interval time specified
by automatic data transfer interval specification register 0 (ADTIO) may be extended.

Remark ACSIIF: Interrupt request flag
TSFO:  Bit O of serial status register 0 (CSIS0)
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Figure 17-14. Automatic Transmission/Reception Mode Flowchart

C Start

)

Write transmit data
in internal buffer RAMNe®

Set ADTPO to the value (pointer
value) obtained by subtracting 1
from the number of transmit
data bytes

Set the automatic
transmission/reception mode

Set ATSTAO to 1

Write transmit data from
internal buffer RAM to SIOAQ

Transmission/reception
operation

Increment pointer value

Write receive data from
SIOAO to internal buffer RAMNet

ADTPO = ADTCO

No

( End

)

No

Software

Hardware

Software

ADTPO: Automatic data transfer address point specification register 0

ADTIO: Automatic data transfer interval specification register 0

ATSTAO: Bit O of serial trigger register 0 (CSITO)

SIOAO: Serial 1/O shift register 0

ADTCO: Automatic data transfer address count register 0
TSFO: Bit O of serial status register 0 (CSIS0)

Note A wait state may be generated when data is written to the buffer RAM.

CHAPTER 34 CAUTIONS FOR WAIT.
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In 6-byte transmission/reception (ATMO = 0, RXEAO = 1, TXEAO = 1) in automatic transmission/reception

mode, internal buffer RAM operates as follows.

U

(i)

Starting transmission/reception (see Figure 17-15 (a).)

When bit 0 (ATSTAO) of serial trigger register 0 (CSITO) is set to 1, transmit data 1 (T1) is transferred
from the internal buffer RAM to SIOA0. When transmission of the first byte is completed, receive
data 1 (R1) is transferred from SIOAO to the buffer RAM, and automatic data transfer address count
register 0 (ADTCO) is incremented. Then transmit data 2 (T2) is transferred from the internal buffer
RAM to SIOAO.

4th byte transmission/reception point (see Figure 17-15 (b).)

Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred from the
internal buffer RAM to SIOA0. When transmission of the fourth byte is completed, the receive data 4
(R4) is transferred from SIOAO to the internal buffer RAM, and ADTCO is incremented.

(iii) Completion of transmission/reception (see Figure 17-15 (c).)

When transmission of the sixth byte is completed, receive data 6 (R6) is transferred from SIOAQ to
the internal buffer RAM, and the interrupt request flag (ACSIIF) is set (INTACSI generation). Bit O
(TSFO) of serial status register 0 (CSIS0) is cleared.

Figure 17-15. Internal Buffer RAM Operation in 6-Byte Transmission/Reception
(in Automatic Transmission/Reception Mode) (1/2)

(a) Starting transmission/reception

FA1FH

FAO5H Transmit data 6 (T6) Receive data 1 (R1) | SIOAOQ
Transmit data 5 (T5)
Transmit data 4 (T4) 5 ADTPO
Transmit data 3 (T3) 0 ADTCO
Transmit data 2 (T2)

FAOOH Transmit data 1 (T1) 0 ACSIIF
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Figure 17-15. Internal Buffer RAM Operation in 6-Byte Transmission/Reception
(in Automatic Transmission/Reception Mode) (2/2)

FA1FH

FAO5H

FAOOH

FA1FH

FAO5H

FAOOH

(b) 4th byte transmission/reception

Transmit data 6 (T6)

Transmit data 5 (T5)

Transmit data 4 (T4)

Receive data 3 (R3)

Receive data 2 (R2)

Receive data 1 (R1)

Receive data 4 (R4)

(c) Completion of transmission/reception

Receive data 6 (R6)

Receive data 5 (R5)

Receive data 4 (R4)

Receive data 3 (R3)

Receive data 2 (R2)

Receive data 1 (R1)
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(b)

SCKAO

SOA0

ACSIIF

TSFO

Automatic transmission mode

In this mode, the specified number of 8-bit unit data is transmitted.

Serial communication is started when bit 0 (ATSTAO) of serial trigger register 0 (CSITO) is set to 1 while
bit 7 (CSIAEQ), bit 6 (ATE0), and bit 3 (TXEAO) of serial operation mode specification register 0
(CSIMADO) are setto 1.

When the final byte has been transmitted, an interrupt request flag (ACSIIF) is set. The termination of
automatic transmission and reception can also be judged by bit 0 (TSF0) of serial status register 0
(CSIS0).

If a receive operation, busy control and strobe control are not executed, the SIA0/P143,
BUSY0/BUZ/INTP7/P141, and STB0/P145 pins can be used as normal I/O port pins.

Figure 17-16 shows the automatic transmission mode operation timing, and Figure 17-17 shows the
operation flowchart. Figure 17-18 shows the operation of the internal buffer RAM when 6 bytes of data
are transmitted.

Figure 17-16. Automatic Transmission Mode Operation Timing

‘ Interval ‘

Yo7)ps)psfp4)Ds) D2 D1 ) Do Jo7)ps)ps)p4f D3y p2)p1) Do |

L

Cautions 1. Because, in the automatic transmission mode, the automatic transmit/receive
function reads data from the internal buffer RAM after 1-byte transmission, an
interval is inserted until the next transmission. As the buffer RAM read is performed
at the same time as CPU processing, the interval is dependent upon the value of
automatic data transfer interval specification register 0 (ADTIO0) and the set values of
bits 5 and 4 (STBEO, BUSYEO) of serial status register 0 (CSIS0) (see (5) Automatic
transmit/receive interval time).

2. If an access to the buffer RAM by the CPU conflicts with an access to the buffer
RAM by serial interface CSIAO during the interval period, the interval time specified
by automatic data transfer interval specification register 0 (ADTIO) may be extended.

Remark ACSIIF: Interrupt request flag
TSFO:  Bit O of serial status register 0 (CSISO0)
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Figure 17-17. Automatic Transmission Mode Flowchart

( Start )

Write transmit data
in internal buffer RAMNe®®

Set ADTPO to the value (pointer
value) obtained by subtracting 1
from the number of transmit

data bytes Software execution

Set the automatic
transmission mode

Set ATSTAO to 1

Increment pointer value

Write transmit data from
internal buffer RAM to SIOAQ

Transmission operation

Hardware execution

No

ADTPO = ADTCO

No

Software execution

( )

ADTPO: Automatic data transfer address point specification register 0

ADTIO: Automatic data transfer interval specification register 0
ATSTAO: Bit O of serial trigger register 0 (CSITO)

SIOAO: Serial I/O shift register 0

ADTCO: Automatic data transfer address count register 0
TSFO: Bit O of serial status register 0 (CSIS0)

Note A wait state may be generated when data is written to the buffer RAM. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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In 6-byte transmission (ATMO = 0, RXEAO = 0, TXEAO = 1, ATEO = 1) in automatic transmission mode,
internal buffer RAM operates as follows.

(i) Starting transmission (see Figure 17-18 (a).)
When bit 0 (ATSTAO) of serial trigger register 0 (CSITO) is set to 1, transmit data 1 (T1) is transferred
from the internal buffer RAM to SIOA0. When transmission of the first byte is completed, automatic
data transfer address count register 0 (ADTCO) is incremented. Then transmit data 2 (T2) is
transferred from the internal buffer RAM to SIOAOQ.

(ii) 4th byte transmission point (see Figure 17-18 (b).)
Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the internal
buffer RAM to SIOA0. When transmission of the fourth byte is completed, ADTCO is incremented.

(iii) Completion of transmission (see Figure 17-18 (c).)
When transmission of the sixth byte is completed, the interrupt request flag (ACSIIF) is set (INTACSI

generation). Bit 0 (TSFO) of serial status register 0 (CSIS0) is cleared.

Figure 17-18. Internal Buffer RAM Operation in 6-Byte Transmission
(in Automatic Transmission Mode) (1/2)

(a) Starting transmission

FA1FH
FAO5H Transmit data 6 (T6) SIOA0
Transmit data 5 (T5)
) 5 ADTPO
Transmit data 4 (T4)
Transmit data 3 (T3) 0 ADTCO
Transmit data 2 (T2)
FAOOH Transmit data 1 (T1) 0 ACSIIF
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FA1FH

FAO5H

FAOOH

FA1FH

FAO5H

FAOOH

Figure 17-18. Internal Buffer RAM Operation in 6-Byte Transmission
(in Automatic Transmission Mode) (2/2)

(b) 4th byte transmission point

Transmit data 6 (T6)

Transmit data 5 (T5)

Transmit data 4 (T4)

Transmit data 3 (T3)

Transmit data 2 (T2)

Transmit data 1 (T1)

(c) Completion of transmission

Transmit data 6 (T6)

Transmit data 5 (T5)

Transmit data 4 (T4)

Transmit data 3 (T3)

Transmit data 2 (T2)

Transmit data 1 (T1)
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(c) Repeat transmission mode

In this mode, data stored in the internal buffer RAM is transmitted repeatedly.

Serial communication is started when bit 0 (ATSTAO) of serial trigger register 0 (CSITO) is set to 1 while
bit 7 (CSIAEQ), bit 6 (ATEOQ), bit 5 (ATMO0), and bit 3 (TXEAQ) of serial operation mode specification
register 0 (CSIMAO) are set to 1.

Unlike the basic transmission mode, after the number of setting bytes has been transmitted, the interrupt
request flag (ACSIIF) is not set, automatic data transfer address count register 0 (ADTCO) is reset to 0,
and the internal buffer RAM contents are transmitted again.

When a reception operation, busy control and strobe control are not performed, the SIA0/P143,
BUSYO0/BUZ/INTP7/P141, and STBO/P145 pins can be used as ordinary I/O port pins.

The repeat transmission mode operation timing is shown in Figure 17-19, and the operation flowchart in
Figure 17-20. Figure 17-21 shows the operation of the internal buffer RAM when 6 bytes of data are
transmitted in the repeat transmission mode.

Figure 17-19. Repeat Transmission Mode Operation Timing

‘ Interval ‘ ‘ Interval ‘

XD7XD6 XD5XD4XD3XD2)D1) Do XD7 X D6 XD5XD4XD3XD2)D1) Do XD7)XD6XD5

Cautions 1. Because, in the repeat transmission mode, a read is performed on the buffer RAM
after the transmission of one byte, the interval is included in the period up to the
next transmission. As the buffer RAM read is performed at the same time as CPU
processing, the interval is dependent upon automatic data transfer interval
specification register 0 (ADTIO0) and the set values of bits 5 and 4 (STBEO, BUSYEOQ)
of serial status register 0 (CSIS0) (see (5) Automatic transmit/receive interval time).

2. If an access to the buffer RAM by the CPU conflicts with an access to the buffer
RAM by serial interface CSIAO during the interval period, the interval time specified
by automatic data transfer interval specification register 0 (ADTIO) may be extended.
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Figure 17-20. Repeat Transmission Mode Flowchart

C Start )

Write transmit data
in internal buffer RAMNote

Set ADTPO to the value
(point value) obtained
by subtracting 1 from

the number of transmit data bytes Software execution

Set the repeat
transmission mode

Set ATSTAO to 1

Write transmit data from Increment pointer value
internal buffer RAM to SIOAQ P

Transmission operation

Hardware execution

No

ADTPO = ADTCO

Reset ADTCO to 0

ADTPO: Automatic data transfer address point specification register 0
ADTIO: Automatic data transfer interval specification register 0
ATSTAO: Bit O of serial trigger register 0 (CSITO)

SIOAO: Serial I/O shift register 0

ADTCO: Automatic data transfer address count register 0

Note A wait state may be generated when data is written to the buffer RAM. For details, see
CHAPTER 34 CAUTIONS FOR WAIT.
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In 6-byte transmission (ATMO = 1, RXEAO = 0, TXEAO = 1, ATEO = 1) in repeat transmission mode,
internal buffer RAM operates as follows.

U

(i)

Starting transmission (see Figure 17-21 (a).)

When bit 0 (ATSTAO) of serial trigger register 0 (CSITO) is set to 1, transmit data 1 (T1) is transferred
from the internal buffer RAM to SIOA0. When transmission of the first byte is completed, automatic
data transfer address count register 0 (ADTCO) is incremented. Then transmit data 2 (T2) is
transferred from the internal buffer RAM to SIOAOQ.

Upon completion of transmission of 6 bytes (see Figure 17-21 (b).)
When transmission of the sixth byte is completed, the interrupt request flag (ACSIIF) is not set.
ADTCO is reset to 0.

(iii) 7th byte transmission point (see Figure 17-21 (c).)

Transmit data 1 (T1) is transferred from the internal buffer RAM to SIOAOQ again. When transmission
of the first byte is completed, ADTCO is incremented. Then transmit data 2 (T2) is transferred from
the internal buffer RAM to SIOAO.

Figure 17-21. Internal Buffer RAM Operation in 6-Byte Transmission
(in Repeat Transmission Mode) (1/2)

(a) Starting transmission

FA1FH

FAO5H Transmitdata6(T6) -~~~ -~ To2z2 SIOA0
Transmitdata 5 (T5) [~~~ -~~~

5 ADTPO

Transmit data 4 (T4) Pl C
Transmit data 3 (T3) - e T 0 ADTCO
Transmit data 2 (T2) .

FAOOH Transmit data 1 (T1) 0 ACSIIF
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FA1FH

FAO5H

FAOOH

FA1FH

FAO5H

FAOOH

Figure 17-21. Internal Buffer RAM Operation in 6-Byte Transmission
(in Repeat Transmission Mode) (2/2)

(b) Upon completion of transmission of 6 bytes

Transmit data 6 (T6)

Transmit data 5 (T5)

Transmit data 4 (T4)

Transmit data 3 (T3)

Transmit data 2 (T2)

Transmit data 1 (T1)

(c)

7th byte transmission point

Transmit data 6 (T6)

Transmit data 5 (T5)

Transmit data 4 (T4)

Transmit data 3 (T3)

Transmit data 2 (T2)

Transmit data 1 (T1)
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(d) Data format
In the data format, data is changed in synchronization with the SCKAGO falling edge as shown below.
The data length is fixed to 8 bits and the data transfer direction can be switched by the specification of bit
1 (DIRO) of serial operation mode specification register 0 (CSIMAO).

Figure 17-22. Format of CSIAO0 Transmit/Receive Data

(a) MSB-first (DIRO bit = 0)

SCKAO0

SIA0 X DO7 X DO6 X DO5 X DO4 X DO3 X DO2 X DO1 X DOO
SOAO0 X DI7 X Dl6 X DI5 X DI4 X DI3 X DI2 X DI X DIO

(b) LSB-first (DIRO bit = 1)

SCKAOQ

SIAO X DOO0 X DO1 X DO2 X DO3 X DO4 X DO5 X DO6 X DO7
SOAO0 X DIO X DI X DI2 X DI3 X Dl4 X DI5 X DI6 X DI7
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(e)

SCKAOQ
SOAO0

SIA0

Automatic transmission/reception suspension and restart

Automatic transmission/reception can be temporarily suspended by setting bit 1 (ATSTPO) of serial
trigger register 0 (CSITO) to 1.

During 8-bit data communication, the transmission/reception is not suspended. It is suspended upon
completion of 8-bit data communication.

When suspended, bit 0 (TSFO) of serial status register 0 (CSISO0) is cleared to 0 after transfer of the 8th
bit.

Cautions 1. If the HALT instruction is executed during automatic transmission/reception,
communication is suspended and the HALT mode is set if during 8-bit data
communication. When the HALT mode is cleared, automatic transmission/reception
is restarted from the suspended point.

2. When suspending automatic transmission/reception, do not change the operating
mode to 3-wire serial /O mode while TSFO = 1.

Figure 17-23. Automatic Transmission/Reception Suspension and Restart

ATSTPO = 1 (Suspend command) Suspend

— Restart command
l ATSTAO =1

CUUUUUUUye
Yo7} D6 D5 p4YDs)D2) D1 Y Do
Jo7)ps ) ps)p4)Ds)D2)D1) D0 \\ Jo7)ps)Ds)D4)Ds) D2 D1) DO

ATSTPO: Bit 1 of serial trigger register 0 (CSITO)
ATSTAQ: Bit 0 of CSITO
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(4) Synchronization control
Busy control and strobe control are functions used to synchronize transmission/reception between the master
device and a slave device.
By using these functions, a shift in bits being transmitted or received can be detected.

(a) Busy control option
Busy control is a function to keep the serial transmission/reception by the master device waiting while the
busy signal output by a slave device to the master is active.
When using this busy control option, the following conditions must be satisfied.

e Bit 6 (ATEO) of serial operation mode specification register 0 (CSIMAO) is set to 1.
¢ Bit 4 (BUSYEO) of serial status register 0 (CSISO) is set to 1.

Figure 17-24 shows the system configuration of the master device and slave device when the busy
control option is used.

Figure 17-24. System Configuration When Busy Control Option Is Used

Master device

(78KO0/KF1+) Slave device
SCKAO SCKA
SOA0 SIA
SIA0 SOA
BUSYO Busy output

The master device inputs the busy signal output by the slave device to the BUSYO/BUZ/INTP7/P141 pin.
The master device samples the input busy signal in synchronization with the falling of the serial clock.
Even if the busy signal becomes active while 8-bit data is being transmitted or received,
transmission/reception by the master is not kept waiting. If the busy signal is active at the rising edge of
the serial clock one clock after completion of transmission/reception of the 8-bit data, the busy input
becomes valid. After that, the master transmission/reception is kept waiting while the busy signal is
active.

The active level of the busy signal is set by bit 3 (BUSYLVO0) of CSISO0.

BUSYLVO = 1: Active-high
BUSYLVO = 0: Active-low

When using the busy control option, select the internal clock as the serial clock. Control with the busy
signal cannot be implemented with the external clock.

Figure 17-25 shows the operation timing when the busy control option is used.

Caution Busy control cannot be used simultaneously with the interval time control function of
automatic data transfer interval specification register 0 (ADTIO).
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Figure 17-25. Operation Timing When Busy Control Option Is Used (When BUSYLVO0 = 1)

))
(

seceo | [T U U UL e 5
soA0  Xp7XpeXDsYD4XD3YD2)YD1XDo

siao  Xp7Xps)XsYD4XD3YD2YD1YD0 /)
BUSYO [ E_| |

ACSIIF }

fffff Busy input released

e R b Busy input valid
TSFO |

Remark ACSIIF: Interrupt request flag
TSFO:  Bit O of serial status register 0 (CSISO0)

When the busy signal becomes inactive, waiting is released. If the sampled busy signal is inactive,
transmission/reception of the next 8-bit data is started at the falling edge of the next serial clock.

Because the busy signal is asynchronous with the serial clock, it takes up to 1 clock until the busy signal
is sampled, even if made inactive by the slave. It takes 0.5 clock until data transfer is started after the
busy signal was sampled.

To accurately release waiting, the slave must keep the busy signal inactive at least for the duration of 1.5
clock.

Figure 17-26 shows the timing of the busy signal and releasing the waiting. This figure shows an
example in which the busy signal is active as soon as transmission/reception has been started.

Figure 17-26. Busy Signal and Wait Release (When BUSYLVO = 1)
soao  Xp7)XpeXDsXD4XD3XD2XD1XDo
sia0  XD7XD6)XD5XD4XD3XD2XD1XD0
BUSYO |

(active-high) If made inactive —
immediately after
sampled !

fffff Busy input released

ffffffffffffffffff Busy input valid
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(b) Busy & strobe control option

Strobe control is a function used to synchronize data transmission/reception between the master and
slave devices. The master device outputs the strobe signal from the STB0/P145 pin when 8-bit
transmission/reception has been completed. By this signal, the slave device can determine the timing of
the end of data transmission. Therefore, synchronization is established even if a bit shift occurs because
noise is superimposed on the serial clock, and transmission of the next byte is not affected by the bit
shift.

To use the strobe control option, the following conditions must be satisfied:

¢ Bit 6 (ATEO) of the serial operation mode specification register 0 (CSIMAO) is set to 1.
e Bit 5 (STBEO) of serial status register 0 (CSISO0) is set to 1.

Usually, the busy control and strobe control options are simultaneously used as handshake signals. In
this case, the strobe signal is output from the STB0O/P145 pin, the BUSY0/BUZ/INTP7/P141 pin can be
sampled to keep transmission/reception waiting while the busy signal is input.

A high level lasting for one transfer clock is output from the STBO/P145 pin in synchronization with the
falling edge of the ninth serial clock as the strobe signal. The busy signal is detected at the rising edge of
the serial clock two clocks after 8-bit data transmission/reception completion.

When the strobe control option is not used, the P145/STBO pin can be used as a normal I/O port pin.
Figure 17-27 shows the operation timing when the busy & strobe control options are used.

When the strobe control option is used, the interrupt request flag (ACSIIF) that is set on completion of
transmission/reception is set after the strobe signal is output.

Figure 17-27. Operation Timing When Busy & Strobe Control Options Are Used (When BUSYLVO = 1)
soao  Xp7)XpeXDsXD4XD3XD2XD1XDo
siao  Xp7)peXDsXp4XD3XD2XD1)XD0

STBO [ ]

BUSYO ]

ACSIIF

))
(

. XD7XDs)XDsXD4XD3Xp2XD1XD0 |
Xp7XDeXDsXp4XD3XD2XD1)XD0 |

H
- -t
|
‘
‘
‘
|
‘
‘
‘
‘
‘

R Busy input released

ffffffffffffff Busy input valid
TSFO |

Caution When TSFO is cleared, the SOAO pin goes low.

Remark ACSIIF: Interrupt request flag
TSFO:  Bit O of serial status register 0 (CSISO0)
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(c)

Bit shift detection by busy signal

During automatic transmission/reception, a bit shift of the serial clock of the slave device may occur
because noise is superimposed on the serial clock signal output by the master device. Unless the strobe
control option is used at this time, the bit shift affects transmission of the next byte. In this case, the
master can detect the bit shift by checking the busy signal during transmission by using the busy control
option.

A bit shift is detected by using the busy signal as follows:

The slave outputs the busy signal after the rising of the eighth serial clock during data
transmission/reception (to not keep transmission/reception waiting by the busy signal at this time, make
the busy signal inactive within 2 clocks).

The master samples the busy signal in synchronization with the falling edge of the serial clock if bit 2
(ERREOQ) of serial status register 0 (CSISO) is set to 1. If a bit shift does not occur, all the eight serial
clocks that have been sampled are inactive. If the sampled serial clocks are active, it is assumed that a
bit shift has occurred, error processing is executed (by setting bit 1 (ERRFO0) of serial status register 0
(CSIS0) to 1, and communication is suspended and an interrupt request signal (INTACSI) is output).
Although communication is suspended after completion of 1-byte data communication, slave signal
output, wait due to the busy signal, and wait due to the interval time specified by ADTIO are not executed.
If ERREO = 0, ERRFO cannot become 1 even if a bit shift occurs.

Figure 17-28 shows the operation timing of the bit shift detection function by the busy signal.

Remark The bit error function is valid both in the master mode and slave mode. The setting of ERREO
is valid even when BUSYEO = 0.

Figure 17-28. Operation Timing of Bit Shift Detection Function by Busy Signal (When BUSYLVO0 = 0)

SCKAO
(Master)

SCKAO0
(Slave)

SOAO0

SIA0

BUSYO

ACSIIF

CSIAEO

ERRFO

Bit shift due to noise

XD7X\/\\/\ D7XD6XD5XD4XD3XD2XD13 ?DO |

XD7XD6)XD5XD4)XD3XD2)XD1XD0 ‘ XD7X\/\\/\D7XD6XD5XD4XD3XD2XD13 ?DO /

))
(

))
T(

***** Busy not detected --- Error interrupt request

generated
fffff Error detected

ACSIIF: Interrupt request flag
CSIAEQ: Bit 7 of serial operation mode specification register 0 (CSIMAOQ)
ERRFO: Bit 1 of serial status register 0 (CSISO0)
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(5) Automatic transmit/receive interval time

When using the automatic transmit/receive function, the read/write operations from/to the internal buffer RAM
are performed after transmitting/receiving one byte. Therefore, an interval is inserted before the next
transmit/receive operation.

Since the read/write operations from/to the buffer RAM are performed in parallel with the CPU processing
when using the automatic transmit/receive function by the internal clock, the interval depends on the value
which is set in automatic data transfer interval specification register 0 (ADTIO) and bits 5 and 4 (STBEQO,
BUSYEQO) of serial status register 0 (CSIS0). When ADTIO is cleared to 00H, an interval time based on the
STBEO and BUSYEO settings is generated.

For example, when ADTIO = 00H and STBEO = BUSYEO = 1, an interval time of two clocks is generated. If
an interval time of two clocks or more is set by ADTIO, the interval time set by ADTIO is generated regardless
of the STBEO and BUSYEO settings.

Example Interval time when busy signal is not generated
<1> When STBEO = 1, BUSYEO = 0: Interval time of two serial clocks is generated
<2> When STBEO = 0, BUSYEO = 1: Interval time of one serial clock is generated
<3> When STBEO = 1, BUSYEO = 1: Interval time of two serial clocks is generated

Figure 17-29. Automatic Transmit/Receive Interval Time

‘ Interval ‘

SCKAO0

SOAO Jo7)ps)Ds)D4)D3) D2} D1} DO Yo7} ps)Ds)D4fD3fD2fD1}DO |

|

SIAO Jo7)ps)D5) D4 D3 D2f D1} DO Jo7)ps)Ds)D4)D3fp2f D1} Do |

ACSIIF

ACSIIF: Interrupt request flag
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18.1 Functions of Multiplier/Divider
The multiplier/divider has the following functions.

¢ 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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(1) Remainder data register 0 (SDRO)
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.
This register can be read by an 8-bit or 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 18-2. Format of Remainder Data Register 0 (SDRO)

Address: FF60H, FF61H  After reset: 0000H R
Symbol FF61H (SDROH) FF60H (SDROL)

N N
4 N O 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 (MDAOH, 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 A0 (WVDAOH, 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 | 000

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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©)]

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)

¢ Register 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 (DMUCQO) is setto 1.

MDAOH and MDAOL can be set by an 8-bit or 16-bit memory manipulation instruction.

RESET input clears this register to 0000H.

Multiplication/division data register BO (MDBO)

MDBO is a register that stores a 16-bit multiplier B in the multiplication mode and a 16-bit divisor in the
division mode.

This register can be set by an 8-bit or 16-bit memory manipulation instruction.

RESET input clears this register 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)

MDBO mMDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB

N N
4 N 7 A

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

400

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.
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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 (DMUCO)
DMUCO is an 8-bit register that controls the operation of the multiplier/divider.
This register can be read by a 1-bit or 8-bit memory manipulation instruction.
'RESET input clears this register to 00H.

Figure 18-5. Format of Multiplier/Divider Control Register 0 (DMUCO)

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
DMUENote 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 (SDRO).

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 clearing DMUE to 1).
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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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CHAPTER 18 MULTIPLIER/DIVIDER

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 multiplier/divider control register 0 (DMUCO) to 0 and 1, respectively.
Operation will start.

e 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

Interrupt Function Types
he 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.

Nine external interrupt requests and 20 interrupt requests are provided as maskable interrupts.

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.

19.2 Interrupt Sources and Configuration

A total of 30 sources exist for maskable and software interrupts (see Table 19-1).

406
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CHAPTER 19 INTERRUPT FUNCTIONS

Table 19-1. Interrupt Source List (1/2)

Interrupt Default Interrupt Source Internal/ Vector Basic
; 4. Note 1 N .
Type Priority Name Trigger External Table ConflguNr{ilt;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 UART® 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 CMP0OO 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)
22 INTP6 Pin input edge detection External 0030H (B)
23 INTP7 0032H
Notes 1. The default priority is the priority applicable when two or more maskable interrupt are generated
simultaneously. 0 is the highest priority, and 28 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 set 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 24 INTDMU End of multiply/divide operation Internal 0034H (A)
25 INTCSI11 End of CSI11 communication 0036H
26 INTTMOO1 Match between TMO1 and CR0O01 (when 0038H
compare register is specified), TI011 pin valid
edge detection (when capture register is
specified)
27 INTTMO11 Match between TM01 and CR011 (when 003AH
compare register is specified), TI001 pin valid
edge detection (when capture register is
specified)
28 INTACSI End of CSIAO communication 003CH
Software - BRK BRK instruction execution - 003EH (D)
Reset - RESET Reset input - 0000H -
POC Power-on clear
LVI Low-voltage detection"™**
Clock monitor | High-speed system clock oscillation stop
detection
WDT WDT overflow
Notes 1. The default priority is the priority applicable when two or more maskable interrupt are generated
simultaneously. 0 is the highest priority, and 28 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 set to 1.
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Figure 19-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal maskable interrupt

Internal bus

Interrupt
request

IE

ISP

%

’J

D

(B) External maskable interrupt (INTPO to INTP7)

Priority controller

Vector table
address generator

Standby release signal

S Internal bus
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
Interrupt ___} Edge IF Priority controller == Zggtg;;ab;erator
request detector 9
IF: Interrupt request flag
IE: Interrupt enable flag
ISP:  In-service priority flag
MK:  Interrupt mask flag
PR:  Priority specification flag
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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 ;CE) Priority controller - Vector table
request ﬁ:)i interrupt IF Y address generator

detector

1 whenKRMn=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.

e Interrupt request flag register (IFOL, IFOH, IF1L, IF1H)

¢ 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)

e 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
Request 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
INTCSI10 DUALIFQ""" DUALMKOQ""? DUALPROQ""?
INTSTO
INTTMH1 TMIFH1 TMMKH1 TMPRH1
INTTMHO TMIFHO TMMKHO TMPRHO
INTTM50 TMIF50 TMMK50 TMPR50
INTTMOOO TMIF000 TMMKO00 TMPRO000
INTTMO10 TMIFO10 TMMKO10 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
INTP6 PIF6 PMK6 PPR6
INTP7 PIF7 PMK7 PPR7
INTDMU DMUIF IF1H DMUMK MK1H DMUPR PR1H
INTCSI11 CSIIF11 CSIMK11 CSIPR11
INTTMOO1 TMIFO01 TMMKO01 TMPROO1
INTTMO11 TMIFO11 TMMKO11 TMPRO11
INTACSI ACSIIF ACSIMK ACSIPR
Notes 1. If either of the two types of interrupt sources is generated, these flags are set (1).
2. Both types of interrupt sources are supported.
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Q)

412

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
IF1IL and IF1H are combined to form 16-bit registers IFO and IF1, they are read with 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  After reset: 00H R/W

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

IFOH TMIFO10 TMIF000 TMIF50 TMIFHO TMIFH1 DUALIFO STIF6 SRIF6

Address: FFE2H  After reset: 00H R/W

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

IF1L PIF7 PIF6 WTIF KRIF TMIF51 WTIIF SRIFO ADIF

Address: FFE3H  After reset: 00H R/W

Symbol 7 6 5 <4> <3> <2> <1> <0>
IF1H 0 0 0 ACSIIF TMIFO11 TMIF001 CSIIF11 DMUIF
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Cautions 1. Be sure to clear bits 5 to 7 of IF1H to 0.
2. 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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Caution 3.

Use the 1-bit memory manipulation instruction (CLR1) for manipulating the flag of the
interrupt request flag register. A 1-bit manipulation instruction such as “IFOL.0 = 0;” and
“_asm(“clr1 IFOL, 0”);” should be used when describing in C language, because assembly
instructions after compilation must be 1-bit memory manipulation instructions (CLR1).
If an 8-bit memory manipulation instruction “IFOL & = Oxfe;” is described in C language, for
example, it is converted to the following three assembly instructions after compilation:

mov a, IFOL
and a, #OFEH
mov IFOL, a

In this case, at the timing between “mov a, IFOL” and “mov IFOL, a”, if the request flag of
another bit of the identical interrupt request flag register (IFOL) is set to 1, it is cleared to 0
by “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 with a 16-bit
memory manipulation instruction.

RESET input sets MKOL, MKOH, and MK1L to FFH and sets MK1H to DFH.

414

Address:

Symbol
MKOL

Address:

Symbol
MKOH

Address:

Symbol
MK1L

Address:

Symbol
MK1H

Figure 19-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L, MK1H)

FFE4H After reset: FFH R/W

<7> <6> <5> <4> <3> <2> <1> <0>
SREMK®6 PMK5 PMK4 PMK3 PMK2 PMK1 PMKO LVIMK
FFE5H Afterreset: FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>
TMMKO10 | TMMKO00O | TMMK50 TMMKHO | TMMKH1 | DUALMKO STMK6 SRMK6
FFE6H After reset: FFH R/W
<7> <6> <5> <4> <3> <2> <1> <0>
PMK7 PMK6 WTMK KRMK TMMK51 WTIMK SRMKO ADMK
FFE7H After reset: DFH R/W
7 6 5 <4> <3> <2> <1> <0>
1 1 0 ACSIMK | TMMKO11 | TMMKO01 | CSIMK11 DMUMK
XXMKX Interrupt servicing control
0 Interrupt servicing enabled

Interrupt servicing disabled

Caution Be sure to set bits 6 and 7 of MK1H to 1. Be sure to clear bit 5 of MK1H to 0.
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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 with 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 TMPR0O10 | TMPRO0O | TMPRS50 TMPRHO | TMPRH1 | DUALPRO STPR6 SRPR6

Address: FFEAH  After reset: FFH R/W

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

PR1L PPR7 PPR6 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 ACSIPR | TMPRO11 | TMPR00O1 | CSIPR11 DMUPR
XXPRX Priority level selection
0 High priority level
1 Low priority level

Caution Be sure to set bits 5 to 7 of PR1H to 1.
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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 INTP7.
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 EGP7 EPG6 EGP5 EGP4 EGP3 EGP2 ‘ EGP1 ‘ EGPO

Address: FF49H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGN EGN7 EGN6 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 External Request Signal
EGPO EGNO P120 INTPO
EGP1 EGN1 P30 INTP1
EGP2 EGN2 P31 INTP2
EGP3 EGN3 P32 INTP3
EGP4 EGN4 P33 INTP4
EGP5 EGNS5 P16 INTP5
EGP6 EGN6 P140 INTP6
EGP7 EGN7 P141 INTP7

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=0to7
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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 acknowledgment

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 acknowledgment 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 (fcpu: 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 acknowledgment 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 Acknowledgment 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
with xxPR = 0?

Yes Any high-priority
interrupt request among Yes
those simultaneously generated

with xxPR = 0?2

(lnterrupt request held pending)

No

(Interrupt request held pending)

No
Any high-priority
interrupt request among Yes
- Yes hose simultaneously
(Interrupt request held pendmg) generated?

No (Interrupt request held pending)

. . No
( Vectored interrupt servicing )

Y

s (Interrupt request held pending)

No

Yes

(Interrupt request held pending)

( Vectored interrupt servicing )

xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgment 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 Acknowledgment Timing (Minimum Time)

6 clocks

. PSW and PC saved, | |nterrupt servicin
CPU processing Instruction Instruction jump to interrupt p 9

wprh [TTTTTTTIT .,
|
! 8 clocks !
(wpRCD [TIYITITITT
|
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Remark 1 clock: 1/fcpu (fcru: CPU clock)

Figure 19-9. Interrupt Request Acknowledgment Timing (Maximum Time)

25 clocks 6 clocks
CPU processing Instruction Divide instruction Ejfpt,\):c%nfgﬁusﬁved‘ o ap Servcing
b =) [TTTTTTIITT L, \
| 33 clocks |
P = [TTYITTTITT \,
} 32 clocks }

Remark 1 clock: 1/fcpu (fcpu: CPU clock)

19.4.2 Software interrupt request acknowledgment

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 acknowledgment enabled state is selected
(IE = 1). When an interrupt request is acknowledged, interrupt request acknowledgment 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 acknowledgment.

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 v
ISP =1 S x \ x
Software interrupt \ x \ x

Remarks 1. V: 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 acknowledgment is disabled.
IE=1: Interrupt request acknowledgment is enabled.

4. PR is 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 INTZzz servicing

E;:l IE=0 |_E_|_| IE=0 I_E_'_l IE=0

INTXX —= INTyy —= INTzz —
(PR=1) (PR=0) (PR=0)

=

IE=1
IE=1 | RETI | IE=1 EETI

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 acknowledgment 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 acknowledgment is held pending until the end of execution of the next instruction.

instructions (interrupt request hold instructions) are listed below.

¢ MOV PSW, #byte

¢ MOV A, PSW

e MOV PSW, A

e MOV1 PSW. bit, CY
¢ MOV1 CY, PSW. bit
e AND1 CY, PSW. bit

¢ OR1CY, PSW. bit

e XOR1 CY, PSW. bit
e SET1 PSW. bit

e CLR1 PSW. bit

e RETB

e RETI

e PUSH PSW

e POP PSW

e BT PSW. bit, $addr16
e BF PSW. bit, $addr16

e BTCLR PSW. bit, $addr16

e EI
e DI

These

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

Instruction M

PSW and PC saved, jump
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 (instruction 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 rising
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’ Yy

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 KRM?7 bits using the KRO to KR7 signals, respectively.
This register is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 20-2. Format of Key Return Mode Register (KRM)
Address: FF6EH  After reset: OOH 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 KRMO0 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. After that, clear the interrupt request flag and then 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

Table 21-1. Relationship Between Operation Clocks in Each Operation Status

Status | High-Speed System Internal Oscillator Subsystem | CPU Clock Prescaler Clock
Clock Oscillator Clock After Supplied to Peripherals
MSTOP = 0|MSTOP = 1| Note 1 Note 2 Oscillator |~ Release | \iomo = 0 | MOMO = 1
Operation MCC=0 | MCC=1
Mode B - RSTOP = 0|RSTOP =1
Reset Stopped Stopped Oscillating | Internal Stopped
oscillation
STOP Oscillating | Oscillating | Stopped Note 3 Stopped
HALT Oscillating | Stopped Note 4 Internal High-
oscillation | speed
system
clock
Notes 1. When “Cannot be stopped” is selected for the internal oscillator by the option byte.
2. When “Can be stopped by software” is selected for the internal oscillator by the option byte.
3. Operates using the CPU clock at STOP instruction execution.
4. Operates using the CPU clock at HALT instruction execution.
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for the internal oscillator
by the option byte.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)

MCC: Bit 7 of the processor clock control register (PCC)
RSTOP: Bit 0 of the internal oscillation mode register (RCM)
MCMO: Bit 0 of the main clock mode register (MCM)

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, internal 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.
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)

STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed system clock oscillator
stops, 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. STOP mode can be used only when the CPU is operating on the high-speed system clock or

428

internal oscillation clock. HALT mode can be used when the CPU is operating on the high-
speed system clock, internal oscillation clock, or subsystem clock. However, when the STOP
instruction is executed during internal oscillation clock operation, the high-speed system
clock oscillator stops, but the internal oscillator does not stop.

2. When shifting to the STOP mode, be sure to stop the peripheral hardware operation 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.

4. If the internal oscillator is operating before the STOP mode is set, oscillation of the internal
oscillation clock cannot be stopped in the STOP mode. However, when the internal
oscillation clock is used as the CPU clock, the CPU operation is stopped for 17/fr (s) after
STOP mode is released.
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21.1.2 Registers controlling standby function
The standby function is controlled by the following two registers.

e Oscillation stabilization time counter status register (OSTC)

¢ Oscillation stabilization time select register (OSTS)

Remark For the registers that start, stop, or select the clock, see CHAPTER 6 CLOCK GENERATOR.

(1) Oscillation stabilization time counter status register (OSTC)
This is the status register of the high-speed system clock oscillation stabilization time counter. If the internal
oscillation clock is used as the CPU clock, the high-speed system 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, clock monitor, and WDT), the STOP instruction, MSTOP (bit 7 of
MOC register) = 1, or MCC (bit 7 of PCC 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
0sTC 0 0 0 MosTi1 | mMosT13 | mosT14 | mosTis | mosTie |
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fxp =10 MHz| fxr = 16 MHz
1 0 0 0 0 2"/fxe min. | 204.8 x5 min.| 128 us min.
1 1 0 0 0 2%/fxp min. | 819.2 48 min.| 512 us min.
1 1 1 0 0 2"/ixe min. | 1.64 ms min.| 1.02 ms min.
1 1 1 1 0 2"%fxe min. | 3.27 ms min.| 2.04 ms min.
1 1 1 1 1 2"%fxe min. | 6.55 ms min.| 4.09 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 internal oscillation
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.
The wait time when STOP mode is released does not include the time after
STOP mode release until clock oscillation starts (“a” below) regardless of
whether STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pin voltage l
waveform 7777

Remark fxr: High-speed system clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)

This register is used to select the high-speed system 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 high-speed system

clock is selected as the CPU clock. After STOP mode is released when the internal oscillation clock is selected,

check the oscillation stabilization time using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 0O5H.

Figure 21-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

430

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
fxr = 10 MHz fxr = 16 MHz

0 0 1 2" fixp 204.8 us 128 us

0 1 0 2%/fxp 819.2 us 512 us

0 1 1 2"%ffxp 1.64 ms 1.02 ms

1 0 0 2%/fxp 3.27ms 2.04 ms

1 0 1 2/fxp 6.55 ms 4.09 ms

Other than above Setting prohibited

Cautions 1. To set the STOP mode when the high-speed system clock is used as the CPU
clock, set OSTS before executing a STOP instruction.

2. Before setting OSTS, confirm with OSTC that the desired oscillation
stabilization time has elapsed.

3. If the STOP mode is entered and then released while the internal oscillation
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 wait time when STOP mode is released does not include the time after
STOP mode release until clock oscillation starts (“a” below) regardless of
whether STOP mode is released by RESET input or interrupt generation.

STOP mode release
X1 pin voltage l
waveform "7
Remark fxr: High-speed system 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, Internal oscillation clock, or subsystem clock.

The operating statuses in the HALT mode are shown below.

Table 21-2. Operating Statuses in HALT Mode (1/2)

HALT Mode Setting

ltem

When HALT Instruction Is Executed While CPU Is
Operating on High-Speed System Clock

When HALT Instruction Is Executed While CPU Is
Operating on Internal Oscillation Clock

When Internal Oscillation | When Internal Oscillation

When High-Speed System
Clock Oscillation Stopped

When High-Speed System
Clock Oscillation Continues

Clock Continues Clock Stopped™™’
When When When When
Subsystem | Subsystem | Subsystem | Subsystem
Clock Used | Clock Not | Clock Used | Clock Not

Used Used

When When When When
Subsystem | Subsystem | Subsystem | Subsystem
Clock Used | Clock Not | Clock Used | Clock Not

Used Used

System clock

Clock supply to the CPU is stopped

CPU

Operation stopped

Port (output latch)

Status before HALT mode was set is retained

16-bit timer/event counter 00 Operable Operation not guaranteed

16-bit timer/event counter 01 Operable Operation not guaranteed

8-bit timer/event counter 50 Operable Operation not guaranteed when count clock other than
TI50 is selected

8-bit timer/event counter 51 Operable Operation not guaranteed when count clock other than
TI51 is selected

8-bit timer HO Operable Operation not guaranteed when count clock other than
TM50 output is selected during 8-bit timer/event counter
50 operation

8-bit timer H1 Operable Operation not guaranteed when count clock other than
fr/2" is selected

Watch timer Operable  |Operable** | Operable Operable"™** |[Operable™*® | Operation not|Operable™*® | Operation not

guaranteed guaranteed
Watchdog | Internal oscillator | Operable - Operable
timer cannot be
stopped"™**

Internal oscillator
can be stopped"™**

Operation stopped

A/D converter Operable Operation not guaranteed
Serial UARTO Operable Operation not guaranteed when serial clock other than
interface UART6 Operable TM50 output is selected during 8-bit timer/event count
50 operation
CSI10 Operable Operation not guaranteed when serial clock other than
external SCK10 is selected
CSIt1 Operable Operation not guaranteed when serial clock other than
external SCK11 is selected
CSIA0 Operable Operation not guaranteed
Clock monitor Operable Operation stopped Operable Operation stopped
Multiplier/divider Operable Operation not guaranteed
Power-on-clear function Operable
Low-voltage detection function Operable
External interrupt Operable
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Notes 1. When “Stopped by software” is selected for the internal oscillator by the option byte and the internal
oscillator is stopped by software (for option bytes, see CHAPTER 26 OPTION BYTE).
2. Operable when the high-speed system clock is selected.
3. Operation not guaranteed when other than subsystem clock is selected.
4. ‘“Internal oscillator cannot be stopped” or “Internal oscillator can be stopped by software” can be selected
by the option byte.
Table 21-2. Operating Statuses in HALT Mode (2/2)

HALT Mode Setting When HALT Instruction Is Executed While CPU Is Operating on Subsystem Clock

When High-Speed System Clock Oscillation Continues | When High-Speed System Clock Oscillation Stopped

When Internal Oscillation | When Internal Oscillation | When Internal Oscillation | When Internal Oscillation

ltem Clock Continues Clock Stopped"™’ Clock Continues Clock Stopped™™’
System clock Clock supply to the CPU is stopped
CPU Operation stopped
Port (output latch) Status before HALT mode was set is retained
16-bit timer/event counter 00 Operable Operation stopped
16-bit timer/event counter 01 Operable Operation stopped
8-bit timer/event counter 50 Operable Operable only when TI50 is selected as the count clock
8-bit timer/event counter 51 Operable Operable only when TI51 is selected as the count clock
8-bit timer HO Operable Operable only when TM50 output is selected as the
count clock during 8-bit timer/event counter 50
operation
8-bit timer H1 Operable Operable only when the Operable only when fa/2” | Operation stopped
high-speed system clock is selected as the count
is selected as the count clock
clock
Watch timer Operable Operable only when subsystem clock is selected
Watchdog | Internal oscillator Operable - Operable -
timer cannot be
Stoppedumez
Internal oscillator Operation stopped
can be stopped"™*
A/D converter Operable Not operable
Serial UARTO Operable Operable only when TM50 output is selected as the
interface UART6 Operable serial clock during 8-bit timer/event counter 50
operation
CSI10 Operable Operable only when external SCK10 is selected as the
serial clock
CSIt1 Operable Operable only when external SCK11 is selected as the
serial clock
CSIA0 Operable Operation stopped
Clock monitor Operable Operation stopped
Multiplier/divider Operable Operation stopped

Power-on-clear function Operable

Low-voltage detection function Operable

External interrupt Operable

Notes 1. When “Stopped by software” is selected for the internal oscillator by the option byte and the internal
oscillator is stopped by software (for option bytes, see CHAPTER 26 OPTION BYTE).
2. “Internal oscillator cannot be stopped” or “Internal oscillator can be stopped by software” can be selected
by the option byte.
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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, the HALT mode is released. If interrupt acknowledgment

is enabled, vectored interrupt servicing is carried out. If interrupt acknowledgment is disabled, the next

address instruction is executed.

Figure 21-3. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request
instruction Wait

Standby .
release signal e e e e e

Operating mode HALT mode Wait ‘ Operating mode

Status of CPU i

Oscillation

High-speed system clock,
internal oscillation 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 input
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 Input (1/2)

(1) When high-speed system clock is used as CPU clock

HALT
instruction
1 N
[ W
RESET signal

Reset |Operation

Status of CPU  Operating mode HALT mode period | stopped Operating mode
(High-speed - 17/fr Internal oscillation clock
. system clock) . Oscillation| (17/f) | . ( )
High-speed Oscillates stopped Oscillates
system clock N y

Oscillation stabilization time
(2"/ixe to 2'%/ixp)

(2) When internal oscillation clock is used as CPU clock

HALT
instruction

| .

N s
RESET signal

Reset |Operation

Status of CPU  Operating mode HALT mode period | stopped Operating mode
(Internal oscillation Oscillation| (17/f”) | (Internal oscillation clock)
o clock) Oscillates stopped Oscillates
Internal oscillation

clock

Remarks 1. fxr: High-speed system clock oscillation frequency
2. fr: Internal oscillation clock frequency
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Figure 21-4. HALT Mode Release by RESET Input (2/2)

(3) When subsystem clock is used as CPU clock

HALT instruction

1

))

_ s
RESET signal
Operating Reset |Operation
Status of CPU mode HALT mode period | stopped Operating mode
Subsystem | (17/fR) | (Internal oscillation clock)
clock
Subsystem clock Oscillates

Remark fr: Internal oscillation clock frequency

Table 21-3. 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 input - - X X Reset processing

x: don’t care
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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 when the CPU clock before the
setting was the high-speed system clock or internal oscillation clock.

Caution Because the interrupt request signal is used to release 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 released 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.

Table 21-4. Operating Statuses in STOP Mode

STOP Mode Setting | When STOP Instruction Is Executed While CPU Is Operating on High-Speed | When STOP Instruction Is Executed

System Clock While CPU Is Operating on Internal
When Internal Oscillation Clock When Internal Oscillation Clock Oscillation Clock
Continues Stopped"™’

When Subsystem | When Subsystem | When Subsystem | When Subsystem | When Subsystem | When Subsystem
Item Clock Used Clock Not Used Clock Used Clock Not Used Clock Used Clock Not Used
System clock Only high-speed system clock oscillator oscillation is stopped. Clock supply to the CPU is stopped.
CPU Operation stopped
Port (output latch) Status before STOP mode was set is retained
16-bit timer/event counter 00 Operation stopped
16-bit timer/event counter 01 Operation stopped
8-bit timer/event counter 50 Operable only when TI50 is selected as the count clock
8-bit timer/event 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
8-bit timer H1 Operable"®? Operation stopped Operable"*®?
Watch timer Operable"** Operation stopped | Operable™** Operation stopped | Operable"** Operation stopped
Watchdog | Internal oscillator Operable - Operable
timer cannot be

stopped™**

Internal oscillator Operation stopped
can be stopped"™**

A/D converter Operation stopped
Serial interface | UARTO Operable only when TM50 output is selected as the serial clock during TM50 operation
UART6
CSI10 Operable only when external SCK10 is selected as the serial clock
CSlIt1 Operable only when external SCK11 is selected as the serial clock
CSIA0 Operation stopped
Clock monitor Operation stopped
Multiplier/divider Operation stopped
Power-on-clear function Operable

Low-voltage detection function Operable

External interrupt Operable
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Notes 1. When “Stopped by software” is selected for the internal oscillator by the option byte and the internal

oscillator is stopped by software (for option bytes, see CHAPTER 26 OPTION BYTE).

2. Operable only when fr/2 is selected as the count clock.

3. Operable when the subsystem clock is selected.

4. “Internal oscillator cannot be stopped” or “Internal oscillator can be stopped by software” can be selected

by the option byte.

(2) STOP mode release

Figure 21-5. Operation Timing When STOP Mode Is Released

STOP mode release

STOP mode

High-speed system
clock

Internal oscillation | | | |
clock

High-speed system
clock is selected as CPU
clock when STOP
instruction is executed

Internal oscillation

S TS

UL Jiuttuiurtuutuut

(oscillation stabilization time set by OSTS)

HALT status

High-speed system clock

clock is selected as
CPU clock when
STOP instruction

is executed

clock

Internal oscillation >< High-speed system clock

Operation stopped }

(17/fr)

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

))
(

Standby release signal !

Status of CPU  Operating mode STOP mode Oscillation stabilization wait | Operating mode
(High-speed High-speed
system clock) - (HALTqulcliet status) s(ys?em glock)
High-speed system clock Oscillates Oscillation stopped scraee
N _

Oscillation stabilization time (set by OSTS)
(2) When internal oscillation clock is used as CPU clock
STOP
instruction

Standby release signal | E

Operati d Operation ]
Status of CPU perating mode STOP mode stopped Operating mode
(Internal oscillation | (17/fr) | (Internal oscillation clock)
clock) Oscillates

Internal oscillation
clock

Remarks 1. The broken lines indicate the case when the interrupt request that has released the standby
mode is acknowledged.
2. fr: Internal oscillation clock frequency
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CHAPTER 21 STANDBY FUNCTION

(b) Release by RESET input

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 Input

(1) When high-speed system clock is used as CPU clock

STOP
instruction
1 I
- W
RESET signal
Reset |Operation
Status of CPU  QOperating mode STOP mode period | stopped Operating mode
s(;/-'sitger;ﬁsc’;jlg?:g) Oscillation| (17/f”) | (Internal oscillation clock)
High-speed Oscillates, Oscillation stopped stopped Oscillates
system clock N )
Oscillation stabilization time (2'"/fxe to 2'%/fxp)
(2) When internal oscillation clock is used as CPU clock
STOP
instruction
)L
. s
RESET signal

Reset |Operation
Status of CPU  Operating mode STOP mode period | stopped Operating mode

(Internal oscillation | . Oscillation (17/fR) | .(Internal oscillation clock)
clock) Oscillates stopped Oscillates

Internal oscillation
clock

Remarks 1. fxp: High-speed system clock oscillation frequency
2. fr: Internal oscillation clock frequency

Table 21-5. 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 input - - X X Reset processing
x: don’t care
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CHAPTER 22 RESET FUNCTION

The following five 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 clock monitor high-speed system clock oscillation stop detection

(4) Internal reset by comparison of supply voltage and detection voltage of power-on-clear (POC) circuit
(5) 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, high-speed system
clock oscillation stop is detected by the clock monitor, or by POC and LVI circuit voltage detection, and each item of
hardware is set to the status shown in Table 22-1. Each pin is high impedance during reset input or during the
oscillation stabilization time just after reset release, except for P130, which is low-level output.

When a high level is input to the Fmpin, the reset is released and program execution starts using the internal
oscillation clock after the CPU clock operation has stopped for 17/fr (s). A reset generated by the watchdog timer and
clock monitor sources is automatically released after the reset, and program execution starts using the internal
oscillation clock after the CPU clock operation has stopped for 17/fr (s) (see Figures 22-2 to 22-4). Reset by POC
and LVI circuit power supply detection is automatically released when Vop > Vroc or Vob > Vivi after the reset, and
program execution starts using the internal oscillation clock after the CPU clock operation has stopped for 17/fr (s)
(see CHAPTER 24 POWER-ON-CLEAR CIRCUIT and CHAPTER 25 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 high-speed system clock and the internal oscillation clock stop
oscillating.
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, except for P130, which is set to low-
level output.
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Figure 22-1. Block Diagram of Reset Function

Internal bus

Reset control flag
register (RESF)

WDTRF CLMRF LVIRF
. . Set Set Set
Watchdog timer reset signal
Clear Clear Clear

Clock monitor reset signal

RESET O Iﬂ

Power-on-clear circuit reset signal

y

Low-voltage detector reset signal

Caution An LVI circuit internal reset does not reset the LVI circuit.

Remarks 1. LVIM: Low-voltage detection register
2. LVIS: Low-voltage detection level selection register

Reset signal to LVIM/LVIS register

Reset signal
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CHAPTER 22 RESET FUNCTION

Figure 22-2. Timing of Reset by RESET Input

Internal oscillation
clock

High-speed
system clock

Operation stop Normal operation (reset processing,
(17/fr) internal oscillation clock)

. Reset period
[ —
CPU clock Normal operation (Oscillation stop)

RESET ;\ I
Internal ; :\ ; /
reset signal ! ' .
~—e _—
‘Delay . Delay
Port pin ' Hi-Z
(exceptP130) TTTTETEEEEEmEEmEEmmEmTEEmEmTmTTETETETETEEETT

Port pin (P130) \ / Note

Note Set P130 to high-level output by software.

Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is
effected, the output signal of P130 can be dummy-output as the CPU reset signal.

Figure 22-3. Timing of Reset Due to Watchdog Timer Overflow

Internal oscillation ||||||||||||| |||||||||||||||||||||
clock
High-speed
system clock

) Operation stop Normal operation (reset processing,
CPU clock Normal operation (17/fr) internal oscillation clock)

Reset period
i (Oscillation stop)

Watchdog timer
overflow

Internal I\ /
reset signal : .
portpin N Hi-z
(except P130)

Port pin (P130) \ |/ Note

Note Set P130 to high-level output by software.

Caution A watchdog timer internal reset resets the watchdog timer.

Remark When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is
effected, the output signal of P130 can be dummy-output as the CPU reset signal.
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CHAPTER 22 RESET FUNCTION

Internal oscillation

Figure 22-4. Timing of Reset in STOP Mode by RESET Input

clock

High-speed
system clock

JUUIBETI

WU UUBUUTIUTL

STOP instruction execution

Normal | Stop status Reset period __!Operaionsiop,  Normal operation (reset processing,
CPU clock operation (Oscillation stop) : (Oscillation stop) | (177197 intemal oscillation clock)

RESET N [
Internal : ' Do
reset signal ! /s
e -
Delay: Delay

Portpin N\ ] HiZz ...

(except P130)
Port pin (P130) \

Note Set P130 to high-level output by software.

Remarks 1. When reset is effected, P130 outputs a low level. If P130 is set to output a high level before reset is

effected, the output signal of P130 can be dummy-output as the CPU reset signal.

2. For the reset timing of the power-on-clear circuit and low-voltage detector, see CHAPTER 24
POWER-ON-CLEAR CIRCUIT and CHAPTER 25 LOW-VOLTAGE DETECTOR.
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CHAPTER 22 RESET FUNCTION

Table 22-1. Hardware Statuses After Reset Acknowledgment (1/3)

Hardware

Status After Reset
Acknowledgment"*’

Program counter (PC)

The contents of the
reset vector table
(0O000H, 0001H) are
set.

Stack pointer (SP) Undefined

Program status word (PSW) 02H

RAM Data memory Undefined""**
General-purpose registers Undefined""*?

Port registers (PO to P7, P12 to P14) (output latches)

O00H (undefined only
for P2)

Port mode registers (PM0, PM1, PM3 to PM7, PM12, PM14) FFH
Pull-up resistor option registers (PUO, PU1, PU3 to PU7, PU12, PU14) 00H
Input switch control register (ISC) 00H
Internal memory size switching register (IMS) CFH
Internal expansion RAM size switching register (IXS) 0CH
Memory expansion mode register (MEM) 00H
Memory expansion wait setting register (MM) 10H
Processor clock control register (PCC) 00H
Internal oscillation mode register (RCM) 00H
Main clock mode register (MCM) 00H
Main OSC control register (MOC) 00H
Oscillation stabilization time select register (OSTS) 05H
Oscillation stabilization time counter status register (OSTC) 00H
16-bit timer/event Timer counters 00, 01 (TM0O, TMO1) 0000H
counters 00, 01 Capture/compare registers 000, 010, 001, 011 (CR0O00, CRO10, CR001, CRO11) | 0000H
Mode control registers 00, 01 (TMC00, TMCO1) O00H
Prescaler mode registers 00, 01 (PRM00, PRM01) 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) O0OH
8-bit timers HO, H1 Compare registers 00, 10, 01, 11 (CMP00, CMP10, CMP01, CMP11) O00H
Mode registers (TMHMDO, TMHMD1) 00H
Carrier control register 1 (TMCYC1)"® 00H
Watch timer Operation mode register (WTM) 00H
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. 8-bit timer H1 only.
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CHAPTER 22 RESET FUNCTION

Table 22-1. Hardware Statuses After Reset Acknowledgment (2/3)

Hardware Status After Reset
Acknowledgment
Clock output/buzzer Clock output selection register (CKS) O0H
output controller
Watchdog timer Mode register (WDTM) 67H
Enable register (WDTE) 9AH
A/D converter Conversion result register (ADCR) Undefined
Mode register (ADM) 00H
Analog input channel specification register (ADS) 00H
Power-fail comparison mode register (PFM) 00H
Power-fail comparison threshold register (PFT) 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
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) 00H
Asynchronous serial interface transmission status register 6 (ASIF6) O00H
Clock selection register 6 (CKSR6) O00H
Baud rate generator control register 6 (BRGC6) FFH
Asynchronous serial interface control register 6 (ASICL6) 16H
Serial interfaces CSI10, Transmit buffer registers 10, 11 (SOTB10, SOTB11) Undefined
csi Serial I/O shift registers 10, 11 (SI010, SIO11) 00H
Serial operation mode registers 10, 11 (CSIM10, CSIM11) 00H
Serial clock selection registers 10, 11 (CSIC10, CSIC11) O00H
Serial interface CSIAQ Shift register 0 (SIOAQ) 00H
Operation mode specification register 0 (CSIMAO) O00H
Status register 0 (CSIS0) 00H
Trigger register 0 (CSITO) 00H
Divisor selection register 0 (BRGCAO) 03H
Automatic data transfer address point specification register 0 (ADTPO) 00H
Automatic data transfer interval specification register 0 (ADTI0) 00H
Automatic data transfer address count register 0 (ADTCO) 00H
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) O00OH
Clock monitor Mode register (CLM) 00H
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CHAPTER 22 RESET FUNCTION

Table 22-1. Hardware Statuses After Reset Acknowledgment (3/3)

Hardware Status After Reset
Acknowledgment
Reset function Reset control flag register (RESF) 0oH"""
Low-voltage detector Low-voltage detection register (LVIM) O0H"™ "'
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 (MKOL, MKOH, MK1L) FFH
Mask flag register 1H (MK1H) DFH
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
Flash memory Flash protect command register (PFCMD) Undefined
Flash status register (PFS) 00H
Flash programming mode control register (FLPMC) OXH" "2

Notes 1. These values vary depending on the reset source.

Reset Source | RESET Input Reset by POC Reset by WDT | Reset by CLM Reset by LVI
Register
RESF See Table 22-2.
LVIM Cleared (00H) Cleared (00H) Cleared (00H) Cleared (00H) Held
LVIS

2. Varies depending on the operation mode.
e User mode: 08H
e On-board mode: 0CH
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CHAPTER 22 RESET FUNCTION

22.1 Register for Confirming Reset Source

Many internal reset generation sources exist in the 78K0/KF1+. 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 CLMRF 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.
CLMRF Internal reset request by clock monitor (CLM)
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 22-2.
Table 22-2. RESF Status When Reset Request Is Generated
Reset Source | RESET Input Reset by POC Reset by WDT Reset by CLM Reset by LVI
Flag
WDTRF Cleared (0) Cleared (0) Set (1) Held Held
CLMRF Held Set (1) Held
LVIRF Held Held Set (1)
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CHAPTER 23 CLOCK MONITOR

23.1 Functions of Clock Monitor

The clock monitor samples the high-speed system clock using the internal oscillator, and generates an internal
reset signal when the high-speed system clock is stopped.

When a reset signal is generated by the clock monitor, bit 1 (CLMRF) of the reset control flag register (RESF) is set
to 1. For details of RESF, see CHAPTER 22 RESET FUNCTION.

The clock monitor automatically stops under the following conditions.

¢ Reset is released and during the oscillation stabilization time

¢ In STOP mode and during the oscillation stabilization time

e When the high-speed system clock is stopped by software (MSTOP = 1 or MCC = 1) and during the oscillation
stabilization time

¢ When the internal oscillation clock is stopped

Remark MSTOP: Bit 7 of the main OSC control register (MOC)
MCC:  Bit 7 of the processor clock control register (PCC)

23.2 Configuration of Clock Monitor
The clock monitor includes the following hardware.

Table 23-1. Configuration of Clock Monitor

ltem Configuration

Control register Clock monitor mode register (CLM)

Figure 23-1. Block Diagram of Clock Monitor

2 Internal bus 2

Clock monitor
mode register (CLM)

CLME

High-speed system clock oscillation
control signal (MCC, MSTOP) Operation mode Figh-speed system

High-speed system clock oscillation —|  controller clock oscillation

stabilization status (OSTC overflow) I monitor circuit signal
High-speed system clock

Internal oscillation clock

Internal reset

Remark MCC: Bit 7 of the processor clock control register (PCC)
MSTOP: Bit 7 of the main OSC control register (MOC)
OSTC: Oscillation stabilization time counter status register (OSTC)

448 User's Manual U16819EJ3VOUD



CHAPTER 23 CLOCK MONITOR

23.3 Registers Controlling Clock Monitor
The clock monitor is controlled by the clock monitor mode register (CLM).

(1) Clock monitor mode register (CLM)
This register sets the operation mode of the clock monitor.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 23-2. Format of Clock Monitor Mode Register (CLM)

Address: FFA9H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
CLM 0 0 0 0 0 0 0 CLME
CLME Enables/disables clock monitor operation
0 Disables clock monitor operation
1 Enables clock monitor operation

Cautions 1. Once bit 0 (CLME) is set to 1, it cannot be cleared to 0 except by RESET input or the internal
reset signal.

2. If the reset signal is generated by the clock monitor, CLME is cleared to 0 and bit 1 (CLMRF)
of the reset control flag register (RESF) is set to 1.
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CHAPTER 23 CLOCK MONITOR

23.4 Operation of Clock Monitor

This section explains the functions of the clock monitor. The monitor start and stop conditions are as follows.

<Monitor start condition>
When bit 0 (CLME) of the clock monitor mode register (CLM) is set to operation enabled (1).

<Monitor stop condition>

¢ Reset is released and during the oscillation stabilization time

¢ In STOP mode and during the oscillation stabilization time
e When the high-speed system clock is stopped by software (MSTOP = 1 or MCC = 1) and during the
oscillation stabilization time

¢ When the internal oscillation clock is stopped

Remark MSTOP: Bit 7 of the main OSC control register (MOC)

MCC:

Bit 7 of the processor clock control register (PCC)

Table 23-2. Operation Status of Clock Monitor (When CLME = 1)

CPU Operation Clock Operation Mode High-Speed System Internal Oscillation Clock Monitor Status
Clock Status Clock Status

High-speed system STOP mode Stopped Oscillating Stopped
clock Stopped™*

'RESET input Oscillating

Stopped"™*

Normal operation mode | Oscillating Oscillating Operating

HALT mode Stopped"™ Stopped
Internal oscillation STOP mode Stopped Oscillating Stopped
clock RESET input

Normal operation mode | Oscillating Operating

HALT mode Stopped Stopped

Note The internal oscillation clock is stopped only when the “Internal oscillator can be

selected by the option byte.

clock cannot be stopped.

The clock monitor timing is as shown in Figure 23-3.
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CHAPTER 23 CLOCK MONITOR

Figure 23-3. Timing of Clock Monitor (1/4)

(1) When internal reset is executed by oscillation stop of high-speed system clock

4 clocks of internal oscillation clock

High-speed
system clock

Internal oscillation clock |_

Internal reset signal \§J

CLME

CLMRF

(2) Clock monitor status after RESET input
(CLME = 1 is set after RESET input and during high-speed system clock oscillation stabilization time)

Normal Clock supply
CPU operation  operation ‘ Reset stopped ‘ Normal operation (internal oscillation clock)
High-speed
system clock L
Oscillation Oscillation stabilization time
stopped
Internaloscillationclock”ﬂﬂﬂm ||||| ﬂ|||||||||||||||||||||||||||||| ”””””””””
Oscillation 17 clocks
stopped
RESET Set to 1 by software
CLME :
Clock monitor status . . o
Monitoring Monitoring stopped Monitoring

Waiting for end
of oscillation
stabilization time

RESET input clears bit 0 (CLME) of the clock monitor mode register (CLM) to 0 and stops the clock monitor
operation. Even if CLME is set to 1 by software during the oscillation stabilization time (reset value of OSTS register
is 05H (2'°/fxp)) of the high-speed system clock, monitoring is not performed until the oscillation stabilization time of
the high-speed system clock ends. Monitoring is automatically started at the end of the oscillation stabilization time.
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CHAPTER 23 CLOCK MONITOR

Figure 23-3. Timing of Clock Monitor (2/4)

(3) Clock monitor status after RESET input
(CLME = 1 is set after RESET input and at the end of high-speed system clock oscillation stabilization time)

Normal Clock supply
CPU operation ~ operation ‘ Reset stopped \ Normal operation (internal oscillation clock)

High-speed
system clock _
Oscillation stabilization time
Internal oscillation clock ”_”ﬂ_”ﬂ_l ||||| J-I_|||||||||||||||||||||||||||||| ”””””””””

17 clocks
RESET
S Set to 1 by software
CLME :
Clock monitor status . . o
Monitoring Monitoring stopped Monitoring

RESET input clears bit 0 (CLME) of the clock monitor mode register (CLM) to 0 and stops the clock monitor
operation. When CLME is set to 1 by software at the end of the oscillation stabilization time (reset value of OSTS
register is 05H (2'%/fxp)) of the high-speed system clock, monitoring is started.

(4) Clock monitor status after STOP mode is released
(CLME =1 is set when CPU clock operates on high-speed system clock and before entering STOP mode)

Normal
CPU operation _operation STOP Oscillation stabilization time Normal operation
High-speed system clock
(CPU clock) e
Oscillation Oscillation stabilization time
stopped (time set by OSTS register)
Internal oscillation clock m |||||||| ||||||||||||||||||||||||||||||| ””” |||||||||||||||||||||||||||||||||||||
CLME
Clock monitor status
Monitoring Monitoring stopped Monitoring

When bit 0 (CLME) of the clock monitor mode register (CLM) is set to 1 before entering STOP mode, monitoring
automatically starts at the end of the high-speed system clock oscillation stabilization time. Monitoring is stopped in
STOP mode and during the oscillation stabilization time.
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Figure 23-3. Timing of Clock Monitor (3/4)

(5) Clock monitor status after STOP mode is released
(CLME =1 is set when CPU clock operates on internal oscillation clock and before entering STOP mode)

Normal Clock supply )
CPU operation _operation STOP stopped Normal operation

High-speed system clock [\’\f\ﬂﬂmm_

Oscillation Oscillation stabilization time
stopped (time set by OSTS register)

Internal oscillation clock
(CPU clock) —
17 clocks
CLME
Clock monitor status
Monitoring Monitoring Monitoring stopped Monitoring

stopped
When bit 0 (CLME) of the clock monitor mode register (CLM) is set to 1 before entering STOP mode, monitoring
automatically starts at the end of the high-speed system clock oscillation stabilization time. Monitoring is stopped in

STOP mode and during the oscillation stabilization time.

(6) Clock monitor status after high-speed system clock oscillation is stopped by software

CPU operation Normal operation (internal oscillation clock or subsystem clockN°)
High-speed system clock IWWW\“_
Oscillation Oscillation stabilization time
stopped (time set by OSTS register)
Internal oscillation clock ||||||||||| ””””””””” ||||||||||||||||I”””” ||||||||||||||||||||||||||||||||||||||||||
MSTOP or
Mchote
CLME
Clock monitor status
Monitoring Monitoring Monitoring stopped Monitoring
stopped

When bit 0 (CLME) of the clock monitor mode register (CLM) is set to 1 before or while oscillation of the high-
speed system clock is stopped, monitoring automatically starts at the end of the high-speed system clock oscillation
stabilization time. Monitoring is stopped when oscillation of the high-speed system clock is stopped and during the
oscillation stabilization time.

Note The register that controls oscillation of the high-speed system clock differs depending on the type of the
clock supplied to the CPU.
¢ When CPU operates on internal oscillation clock:
Controlled by bit 7 (MSTOP) of the main OSC control register (MOC)
e When CPU operates on subsystem clock:
Controlled by bit 7 (MCC) of the processor clock control register (PCC)
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Figure 23-3. Timing of Clock Monitor (4/4)

(7) Clock monitor status after internal oscillation clock is stopped by software

CPU operation Normal operation (high-speed system clock or subsystem clock)

High-speed system clock

Internaloscillationclock||||||||||||||||||||||||||||||||||| ”””|||||||||||||||||||||||||||||||||||||||||||||

Oscillation stopped

RSTOPNete
CLME
Clock monitor status
Monitoring Monitoring Monitoring
stopped

When bit 0 (CLME) of the clock monitor mode register (CLM) is set to 1 before or while oscillation of the internal
oscillation clock is stopped, monitoring automatically starts after the internal oscillation clock is stopped. Monitoring is
stopped when oscillation of the Internal oscillation clock is stopped.

Note If it is specified by the option byte that the internal oscillator cannot be stopped, the setting of bit 0 (RSTOP)

of the internal oscillation mode register (RCM) is invalid. To set RSTOP, be sure to confirm that bit 1 (MCS)
of the main clock mode register (MCM) is 1.
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CHAPTER 24 POWER-ON-CLEAR CIRCUIT

24.1 Functions of Power-on-Clear Circuit
The power-on-clear circuit (POC) has the following functions.

o Generates internal reset signal at power on.

o Compares supply voltage (Vop) and detection voltage (Vpoc = 2.1 V £0.1 V), and generates internal reset signal
when Vop < Vroc.

Cautions 1. If an internal reset signal is generated in the POC circuit, the reset control flag register
(RESF) is cleared to 00H.
2. The supply voltage is Voo = 2.0 to 5.5 V when the internal oscillation clock or subsystem clock
is used, but be sure to use the product in a voltage range of 2.2 to 5.5 V because the
detection voltage (Vroc) of the POC circuit is 2.1 V £0.1 V.

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), low-voltage-detection (LVI) circuit, or clock monitor.
RESF is not cleared to 00H and the flag is set to 1 when an internal reset signal is generated by WDT,
LVI, or the clock monitor.

For details of the RESF, refer to CHAPTER 22 RESET FUNCTION.
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CHAPTER 24 POWER-ON-CLEAR CIRCUIT

24.2 Configuration of Power-on-Clear Circuit
The block diagram of the power-on-clear circuit is shown in Figure 24-1.

Figure 24-1. Block Diagram of Power-on-Clear Circuit

Vop

+ .
Do— Internal reset signal

Reference
voltage
source

o

24.3 Operation of Power-on-Clear Circuit

In the power-on-clear circuit, the supply voltage (Vop) and detection voltage (Vroc) are compared, and when Vop <
Vroc, an internal reset signal is generated.

Figure 24-2. Timing of Internal Reset Signal Generation in Power-on-Clear Circuit

Supply voltage (Vop)

POC detection voltage
(Vroc)

Time

Internal reset signal
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CHAPTER 24 POWER-ON-CLEAR CIRCUIT

24.4 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 24-3. Example of Software Processing After Release of Reset (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage

=

Checking cause
of resetNote 2

Power-on-clear

Start timer
(set to 50 ms)

Check stabilization
of oscillation

Note 1

Change CPU clock

50 ms has passed?
(TMIFH1 =17?)

Initialization
processing

Notes 1.

2. Aflowchart is shown on the next page.
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The internal oscillation clock is set as the CPU clock
when the reset signal is generated

The cause of reset (power-on-clear, WDT, LVI, or clock monitor)
can be identified by the RESF register.

8-bit timer H1 can operate with the internal oscillation clock.
Source: fr (480 kHz (MAX.))/27 x compare value 200 = 53 ms
(fr: internal oscillation clock frequency)

Check the stabilization of oscillation of the high-speed system
clock by using the OSTC register.

Change the CPU clock from the internal oscillation clock
to the high-speed system clock.

TMIFH1 = 1: Interrupt request is generated.

Initialization of ports

If reset is generated again during this period, initialization processing is not started.

457



CHAPTER 24 POWER-ON-CLEAR CIRCUIT

Figure 24-3. Example of Software Processing After Release of Reset (2/2)

e Checking reset cause

( Check reset cause )

WDTRF of RESF Yes

register = 1?

Reset processing by
watchdog timer

Yes

CLMRF of RESF
register = 1?

Reset processing by
clock monitor

Yes

LVIRF of RESF
register = 1?

Reset processing by
low-voltage detector
Power-on-clear/external
reset generated

458 Users Manual U16819EJ3VOUD



CHAPTER 25 LOW-VOLTAGE DETECTOR

25.1 Functions of Low-Voltage Detector
The low-voltage detector (LVI) has following functions.
e Compares supply voltage (Vob) and detection voltage (Vivi), and generates an internal interrupt signal or
internal reset signal when Vop < VLvi.
o Detection levels (nine levels) of supply voltage can be changed by software.
o Interrupt or reset function can be selected by software.

¢ 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, refer to CHAPTER 22 RESET FUNCTION.
25.2 Configuration of Low-Voltage Detector

The block diagram of the low-voltage detector is shown below.

Figure 25-1. Block Diagram of Low-Voltage Detector

Vob
S
(o]
o
3
- Vob
[
>
o
5
P N-ch |—
8 ¢ — Internal reset signal
3 N
o > ) 2
8 9
S ®
2 ]
S INTLVI

Reference
voltage W
source
D
[ 1 |
[Lviss|Lvisz [Lvist [ Lviso] [ Lvion | Lvivp | LviF |
Low-voltage detection level Low-voltage detection register
selection register (LVIS) (LVIM)
2 Internal bus 2
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25.3 Registers Controlling Low-Voltage Detector
The low-voltage detector is controlled by the following registers.

o Low-voltage detection register (LVIM)
¢ Low-voltage detection level selection register (LVIS)

(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.
A reset other than LVI clears LVIM to 00H.

Figure 25-2. 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 Nete2 0 0 LVIMD LVIF
LVION™*=** Enables low-voltage detection operation
0 Disables operation
1 Enables operation
LVIMD"*? Low-voltage detection operation mode selection
0 Generates interrupt signal when supply voltage (Vop) < detection voltage (Vivi)
1 Generates internal reset signal when supply voltage (Vob) < detection voltage (Vivi)
LVIFYe® Low-voltage detection flag
0 Supply voltage (Voo) > detection voltage (V.vi), or when operation is disabled
1 Supply voltage (Vob) < detection voltage (Viwi)

Notes 1. Bit 0 is read-only.

2. Bit4 may be 0 or 1. This bit corresponds to the LVIE bit in the 78KO0/KF1.

3. LVION and LVIMD 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.

4. When LVION is set to 1, operation of the comparator in the LVI circuit is started. Use
software to instigate a wait of at least 0.2 ms from when LVION is set to 1 until the voltage is
confirmed at LVIF.

5. The value of LVIF is output as the interrupt request signal INTLVI when LVION = 1 and
LVIMD = 0.

Caution To stop LVI, follow either of the procedures below.

e When using 8-bit manipulation instruction: Write 00H to LVIM.
¢ When using 1-bit memory manipulation instruction: Clear LVION to 0.
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(2) Low-voltage detection level selection register (LVIS)
This register selects the low-voltage detection level.
This register can be set by an 8-bit memory manipulation instruction.
A reset other than LVI clears LVIS to 00H.

Figure 25-3. Format of Low-Voltage Detection Level Selection Register (LVIS)

Address: FFBFH  Afterreset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
LVIS 0 0 0 0 LVIS3 LVIS2 LVIS1 LVISO
LVIS3 LVIS2 LVIS1 LVISO Detection level
0 0 0 0 Vivio (4.3V £0.2 V)
0 0 0 1 Vivit (4.1 V 0.2 V)
0 0 1 0 Viviz (3.9 V 0.2 V)
0 0 1 1 Vivis (3.7 V 0.2 V)
0 1 0 0 Vivis (3.5 V 0.2 V)
0 1 0 1 Vivis (3.3 V $0.15 V)
0 1 1 0 Vivis (3.1 V #0.15 V)
0 1 1 1 Vivr (2.85 V +£0.15 V)
1 0 0 0 Vivis (2.6 V 0.1 V)"
1 0 0 1 Vivie (2.35 V 0.1 V)™
Other than above Setting prohibited
<R> Note Do not set Vivis or Vivis when using the standard products and (A) grade products to evaluate the

program of a mask ROM version of the 78K0/KF1 or when using the (A1) grade products.
Cautions 1. Be sure to clear bits 4 to 7 to 0.

<R> 2. Clear all port pins after the supply voltage (Vop) exceeds the preset detection
voltage (VLvi) after POC release in the (A1) grade products.
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25.4 Operation of Low-Voltage Detector
The low-voltage detector can be used in the following two modes.

e Used as reset
Compares the supply voltage (Vob) and detection voltage (Vivi), and generates an internal reset signal when
VoD < Vvl

e Used as interrupt
Compares the supply voltage (Vop) and detection voltage (Vivi), and generates an interrupt signal (INTLVI)
when Vob < Vwvi.

The operation is set as follows.

(1) When used as reset

o When starting operation

<1> Mask the LVI interrupt (LVIMK = 1).

<2> Set the detection voltage using bits 3 to 0 (LVIS3 to LVISO0) of the low-voltage detection level selection
register (LVIS).

<3> Setbit 7 (LVION) of LVIM to 1 (enables LVI operation).

<4> Use software to instigate a wait of at least 0.2 ms.

<5> Confirm that “supply voltage (Vob) > detection voltage (VLvi)” with bit 0 (LVIF) of LVIM.

<6> Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when supply voltage (Vop) < detection
voltage (VLvi)).

Figure 25-4 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 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 O0H to LVIM.
- When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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Figure 25-4. Timing of Low-Voltage Detector Internal Reset Signal Generation

Supply voltage (Vob)

LVl detectionvoltage | ... ____ /Z N\ o\ o N

(Vivi) ] |
POC detection voltage | _._.__/ . ___ T SV SO S0 WS
(Veoc) i : ‘ i :
<2>4'r'—v<*: — E E E E Time
LVIMK flag \ 5 i i i
(set by software) Noto 1 H H H
< ' ' '

LVION flag T T T
(set by software) ENot cle;ared ot cle-;ared
—_ <3 : : !
oo : : : ‘Clear
| ——t=—<4> 0.2 ms or longer ' :
LVIF flag " |_\
VAt : iClear
LVIMD flag E Note 2 E ' : '
(set by software) ! ! ot cleared :
! Clear

LVIRF flaghetes -

—

LVI reset signal

'Cleared by
1software

'Cleared by
1software !

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 <6> in Figure 25-4 above correspond to <1> to <6> in the description of “when starting operation”
in 25.4 (1) When used as reset.
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(2) When used as interrupt
e When starting operation
<1> Mask the LVI interrupt (LVIMK = 1).
<2> Set the detection voltage using bits 3 to 0 (LVIS3 to LVISO0) of the low-voltage detection level selection
register (LVIS).
<3> Setbit 7 (LVION) of LVIM to 1 (enables LVI operation).
<4> Use software to instigate a wait of at least 0.2 ms.
<5> Confirm that “supply voltage (Vop) > detection voltage (VLvi)” with bit 0 (LVIF) of LVIM.
<6> Clear the interrupt request flag of LVI (LVIIF) to 0.
<7> Release the interrupt mask flag of LVI (LVIMK).
<8> Execute the El instruction (when vector interrupts are used).

Figure 25-5 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.

e When stopping operation
Either of the following procedures must be executed.
« When using 8-bit memory manipulation instruction:
Write O0H to LVIM.
« When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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Figure 25-5. Timing of Low-Voltage Detector Interrupt Signal Generation
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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 <7> in Figure 25-5 above correspond to <1> to <7> in the description of “when starting operation”
in 25.4 (2) When used as interrupt.
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25.5 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
(Vivi), 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 (a) below.

(2) When used as interrupt
Interrupt requests may be frequently generated. Take action (b) below.

In this system, take the following actions.
<Action>

(@) 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.
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Figure 25-6. Example of Software Processing After Release of Reset (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage

( Reset

The internal oscillation clock is set as the CPU clock
when the reset signal is generated

Checking cause
of resetNote 2

The cause of reset (power-on-clear, WDT, LVI, or clock monitor)
can be identified by the RESF register.

LVI

Start timer
(set to 50 ms)

8-bit timer H1 can operate with the internal oscillation clock.
Source: fr (480 kHz (MAX.))/27 x compare value 200 = 53 ms
(fr: internal oscillation clock frequency)

Check stabilization
of oscillation

Note 1

Check the stabilization of oscillation of the high-speed system clock

by using the OSTC register.

Change CPU clock

Change the CPU clock from the internal oscillation clock
to the high-speed system clock.

50 ms has passed?
(TMIFH1 =1?)

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 25-6. Example of Software Processing After Release of Reset (2/2)

e Checking reset cause

( Check reset cause )

WDTRF of RESF Yes

register = 1?

Reset processing by
watchdog timer

Yes

CLMRF of RESF
register =17

Reset processing by
clock monitor

No

LVIRF of RESF
register = 1?

Power-on-clear/external
reset generated
Reset processing by
low-voltage detector

(b) When used as interrupt

Check that “supply voltage (Vop) > 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 0 (LVIIF) of interrupt request flag
register OL (IFOL) to 0 and enable interrupts (El).

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 (Vop) > detection voltage (VLvi)” using the
LVIF flag, and then enable interrupts (El).
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<R> CHAPTER 26 OPTION BYTE

26.1 Functions of Option Bytes

The flash memory at 0080H to 0084H of the 78K0/KF1+ is an option byte area. When power is turned on or when
the device is restarted from the reset status, the device automatically references the option bytes and sets specified
functions. When using the product, be sure to set the following functions by using the option bytes.

When the boot swap operation is used during self-programming, 0080H to 0084H are switched to 1080H to 1084H.
Therefore, set values that are the same as those of 0080H to 0084H to 1080H to 1084H in advance.

(1) 0080H/1080H
O Internal oscillator operation
o Can be stopped by software
e Cannot be stopped

(2) 0084H/1084H
O On-chip debug operation control
» Disabling on-chip debug operation
¢ Enabling on-chip debug operation and erasing data of the flash memory in case authentication of the on-
chip debug security ID fails
e Enabling on-chip debug operation and not erasing data of the flash memory even in case authentication of
the on-chip debug security ID fails

Cautions 1. Be sure to set 00H (disabling on-chip debug operation) to 0084H for products not equipped
with the on-chip debug function (uPD78F0148H). Also set 00H to 1084H because 0084H and
1084H are switched at boot swapping.

2. To use the on-chip debug function with a product equipped with the on-chip debug function
(uPD78F0148HD), set 02H or 03H to 0084H. Set a value that is the same as that of 0084H to
1084H because 0084H and 1084H are switched at boot swapping.

Caution Be sure to set 00H to 0081H, 0082H, and 0083H (0081H/1081H, 0082H/1082H, and 0083H/1083H
when the boot swap function is used).
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26.2 Format of Option Byte
The format of the option byte is shown below.

Figure 26-1. Format of Option Byte (1/2)

Address: 0080H/1080H""

7 6 5 4 3 2 1 0

0 0 0 0 o | o 0 LSROSC
LSROSC Internal oscillator operation

0 Can be stopped by software (stopped when 1 is written to bit 0 (RSTOP) of RCM register)

1 Cannot be stopped (not stopped even if 1 is written to RSTOP bit)

Note Set a value that is the same as that of 0080H to 1080H because 0080H and 1080H are switched during the
boot swap operation.

Cautions 1. If LSROSC = 0 (oscillation can be stopped by software), the count clock is not supplied to the
watchdog timer in the HALT and STOP modes, regardless of the setting of bit 0 (RSTOP) of
the internal oscillation mode register (RCM).

When 8-bit timer H1 operates with the internal oscillation clock, the count clock is supplied to
8-bit timer H1 even in the HALT/STOP mode.
2. Be sure to clear bit 1 to 7 to 0.

Address: 0081H/1081H, 0082H/1082H, 0083H/1083H""
7 6 5 4 3 2 1
0 0 0 0 0 0 0

Note Be sure to set 00H to 0081H, 0082H, and 0083H, as these addresses are reserved areas. Also set 00H to
1081H, 1082H, and 1083H because 0081H, 0082H, and 0083H are switched with 1081H, 1082H, and
1083H when the boot swap operation is used.

Address: 0084H/1084H""*"?

7 6 5 4 3 2 1 0

0 0 0 0 0 0 OCDENT1 OCDENO
OCDEN1 OCDENO On-chip debug operation control

0 0 Operation disabled

0 1 Setting prohibited

1 0 Operation enabled. Does not erase data of the flash memory in case authentication

of the on-chip debug security ID fails.

1 1 Operation enabled. Erases data of the flash memory in case authentication of the
on-chip debug security ID fails.

Notes 1. Be sure to set 00H (on-chip debug operation disabled) to 0084H for products not equipped with the on-
chip debug function («PD78F0148H). Also set 00H to 1084H because 0084H and 1084H are switched
at boot swapping.

2. To use the on-chip debug function with a product equipped with the on-chip debug function
(uPD78F0148HD), set 02H or 03H to 0084H. Set a value that is the same as that of 0084H to 1084H
because 0084H and 1084H are switched at boot swapping.

Remark For the on-chip debug security ID, see CHAPTER 28 ON-CHIP DEBUG FUNCTION («PD78F0148HD

ONLY).
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Here is an example of description of the software for setting the option bytes.

OPT CSEG AT 0080H

OPTION: DB O00H ; Internal oscillator can be stopped by software.
DB OOH ; Reserved area
DB OO0H ; Reserved area
DB OOH ; Reserved area
DB O0H ; On-chip debug operation disabled

Remark Referencing of the option byte is performed during reset processing. For the reset processing timing,
see CHAPTER 22 RESET FUNCTION.
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CHAPTER 27 FLASH MEMORY

The uPD78F0148H/HD replace the internal mask ROM of the 4PD780148 of the 78K0/KF1 respectively with flash
memory to which a program can be written, erased, and overwritten while mounted on the board. Table 27-1 lists the
differences between the 78K0/KF1+ and the 78K0/KF1.

Table 27-1. Differences Between 78K0/KF1+ and 78K0/KF1

ltem 78KO/KF1+ 78KO0/KF1
#PD78F0148H, 78F0148HD #PD78F0148 Mask ROM Versions
Internal ROM Flash memory Flash memory Mask ROM
configuration (single power supply) (two power supplies)
Internal ROM capacity 60 KB"*' 4PD780143: 24 KB

uPD780144: 32 KB
uPD780146: 48 KB
uPD780148: 60 KB

Internal expansion RAM 1024 bytes™*’ 4PD780143: None
capacity 1PD780144: None
1PD780146: 1024 bytes
1PD780148: 1024 bytes

Pin 8 FLMDO pin Vee pin IC pin

Pin 25 P17/T150/TO50/FLMD1 pin P17/T150/TO50 pin

Power-on clear (POC) Detection voltage is fixed (Vroc | Enabling use of POC and Enabling use of POC and

function =21V 0.1V) detection voltage selectable by | detection voltage selectable by
product mask option

Regulator None Available"*?

Self-programming function | Available None -

On-chip debug function Available only in zPD78F0148HD | None -

Electrical specifications Refer to the electrical specifications chapter in the user's manual of each product.

Notes 1. The same capacity as the mask ROM versions can be specified by means of the internal memory size
switching register (IMS) and the internal expansion RAM size switching register (IXS).
2. The regulator cannot be used in (A1) grade products and (A2) grade products.

Caution There are differences in noise immunity and noise radiation between the flash memory and mask
ROM versions. When pre-producing an application set with the flash memory version and then
mass-producing it with the mask ROM version, be sure to conduct sufficient evaluations for the
commercial samples (not engineering samples) of the mask ROM versions.
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27.1 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 The initial value of IMS is CFH. When using the 78K0/KF1+ to evaluate the program of a mask

ROM version of the 78K0/KF1, be sure to set the values shown in Table 27-2.

Figure 27-1. Format of Internal Memory Size Switching Register (IMS)

Address: FFFOH After reset: CFH R/W

Symbol
IMS

7 6 5 4 3 2 1 0
RAM2 RAM1 RAMO 0 ROM3 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
0 1 1 0 24 KB
1 0 0 0 32 KB
1 1 0 0 48 KB
1 1 1 1 60 KB

Other than above

Setting prohibited

The IMS settings required to obtain the same memory map as mask ROM versions of the 78K0/KF1 are shown in

Table 27-2.

Table 27-2. Internal Memory Size Switching Register Settings

Flash Memory Versions Target Mask ROM Versions IMS Setting
(78KO0/KF1+) (78KO/KF1)
- uPD780143 C6H
- 1PD780144 C8H
- uPD780146 CCH
#PD78F0148H, 78F0148HD 1PD780148 CFH
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27.2 Internal Expansion RAM Size Switching Register

The internal expansion RAM capacity can be selected using the internal expansion RAM size switching register
(IXS).

This register is set by an 8-bit memory manipulation instruction.

RESET input sets IXS to OCH.

Caution Since the initial value of IXS is OCH, be sure to set IXS to 0AH. When using the 78K0/KF1+ to
evaluate the program of a mask ROM version of the 78K0/KF1, be sure to set the values shown in
Table 27-3.

Figure 27-2. 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 1 0 1024 bytes
Other than above Setting prohibited

The IXS settings required to obtain the same memory map as mask ROM versions of the 78K0/KF1 are shown in

Table 27-3.
Table 27-3. Internal Expansion RAM Size Switching Register Settings
Flash Memory Versions Target Mask ROM Versions IXS Setting
(78KO/KF1+) (78KO/KF1)
- ©PD780143 OCH
- 1PD780144 OCH
- ©PD780146 OAH
1PD78F0148H, 78F0148HD 1PD780148 0AH
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27.3 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/KF1+ 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/KF1+ is
mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

Table 27-4. Wiring Between 78K0/KF1+ and Dedicated Flash Programmer

Pin Configuration of Dedicated Flash With CSI10 With CSI10 + HS With UART6
Programmer
Signal Name| 1/O Pin Function Pin Name Pin No. Pin Name Pin No. Pin Name Pin No.
SI/RxD Input Receive signal SO10/P12 20 SO10/P12 20 TxD6/P13 21
SO/TxD Output | Transmit signal SI110/RxDO0O/P11 19 SI110/RxDO0/P11 19 RxD6/P14 22
SCK Output | Transfer clock SCK10/TxD0/P10 18 SCK10/TxD0/P10 18 Not needed Not
needed
CLK Output | Clock to 78K0/KF1+ | X1 12 X1 12 X1 12
X2Note .1 3 X2Note .1 3 X2Note 1 3
/RESET Output | Reset signal RESET 14 RESET 14 RESET 14
FLMDO Output | Mode signal FLMDO 8 FLMDO 8 FLMDO 8
FLMD1 Output | Mode signal FLMD1/TI50/ 25 FLMD1/TI50/ 25 FLMD1/TI50/ 25
TO50/P17 TO50/P17 TO50/P17
H/S Input Handshake signal Not needed Not HS/P15/TOHO 23 Not needed Not
needed needed
Vop 110 Voo voltage Vop 9 Vop 9 Vop 9
generation/voltage | gy, 31 |EVoo 31 |EVoo 31
monitoring
AVRer 1 AVRer 1 AVRer 1
GND - Ground Vss 11 Vss 11 Vss 11
EVss 30 EVss 30 EVss 30
AVss 2 AVss 2 AVss 2

Note When using the clock out of the flash programmer, connect CLK of the programmer to X1, and connect its
inverse signal to X2.
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Examples of the recommended connection when using the adapter for flash memory writing are shown below.

Figure 27-3. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial I/0 (CSI10) Mode

————© Voo (271055V)
—O anp
LVDD
VDD O
GND e}
80797877 7675747372717069 68 67 66 65 64 63 62 61
o+— 1 60
o 2 59
3 58
e 7
5 56
6 55
7 54
8 53
O+— o9 52
10 51
O 11 50
12 49
>—Dc 13 48
14 47
15 46
16 45
17 44
18 43
19 42
20 41
2122 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
o

© OO0 o o0 o 0 0

SISO SCK CLK /RESET FLMDO FLMD1 HS

WRITER INTERFACE
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Figure 27-4. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial I/O (CSI10 + HS) Mode

————© Voo (27t055V)

WRITER INTERFACE
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Figure 27-5. Example of Wiring Adapter for Flash Memory Writing in UART (UART6) Mode
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27.4 Programming Environment
The environment required for writing a program to the flash memory of the 78K0/KF 1+ is illustrated below.

Figure 27-6. Environment for Writing Program to Flash Memory

FLMDO
RS-232C — FLMD1
PG-FP4 (Fash Prog) \ Vop
USB Vss
Dedicated flash RESET 78K0/KF1+

programmer CSI10/UART6

Host machine

A host machine that controls the dedicated flash programmer is necessary.

To interface between the dedicated flash programmer and the 78KO/KF1+, 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.

27.5 Communication Mode

Communication between the dedicated flash programmer and the 78KO/KF1+ is established by serial
communication via CSI10 or UARTS6 of the 78K0/KF1+.

(1) Ccsi1o0
Transfer rate: 200 kHz to 2 MHz

Figure 27-7. Communication with Dedicated Flash Programmer (CSI10)

FLMDO FLMDO
FLMD1 ——— FLMD1
Voo ———— Voo/EVoo/AVRer
GND — Vss/EVss/AVss

/RESET ————— RESET
SI/RXD =—— SO010

Dedicated flash SO/TxD ———— S0 78KO0/KF1+
programmer SCK —— = SCK10

CLK X1
ke
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(2) CSI communication mode supporting handshake

Transfer rate: 200 kHz to 2 MHz

Figure 27-8. Communication with Dedicated Flash Programmer (CSI10 + HS)

Dedicated flash
programmer

(3) UART6
Transfer rate: 4800 to 76800 bps

FLMDO FLMDO
FLMD1 FLMD1

Voo ——— Voo/EVoo/AVRer

GND — Vss/EVss/AVss
/RESET ——————— RESET
SI/RxD SO10
SO/TxD S0

SCK SCK10

CLK X1

e
H/S HS

78K0/KF1+

Figure 27-9. Communication with Dedicated Flash Programmer (UART6)

Dedicated flash
programmer
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FLMDO FLMDO
FLMD1 ———— FLMD1
Voo ———————— Voo
GND — Vss

/RESET —————— RESET
SI/RXD =————— TxD6
SO/TxD ——— RxD6

CLK X1
q ; X2

User's Manual U16819EJ3VOUD

78KO0/KF1+



CHAPTER 27 FLASH MEMORY

If Flashpro IV is used as the dedicated flash programmer, Flashpro IV generates the following signal for the
78K0/KF1+. For details, refer to the Flashpro IV manual.

Table 27-5. Pin Connection

Flashpro IV 78KO0/KF1+ Connection
Signal Name I/0 Pin Function Pin Name CSI10 | UART6

FLMDO Output Mode signal FLMDO O O
FLMD1 Output Mode signal FLMD1 O ©)
Vop 1/0 Voo voltage generation/voltage monitoring Voo, EVop, AVRrer (@) (@)
GND - Ground Vss, EVss, AVss O (@)
CLK Output Clock output to 78KO0/KF1+ X1, X2"* O O
/RESET Output Reset signal RESET (®) (@)
SI/RxD Input Receive signal SO10/TxD6 O (@)
SO/TxD Output Transmit signal SI10/RxD6 (@) (@)
SCK Output Transfer clock SCK10 (© X
H/S Input Handshake signal HS A X

Note When using the clock out of the flash programmer, connect CLK of the programmer to X1, and connect its
inverse signal to X2.

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.
A In handshake mode
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27.6 Connection 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 connected as described below.

27.6.1 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 27-10. FLMDO Pin Connection Example

78KO0/KF1+

Dedicated flash programmer connection pin

FLMDO

27.6.2 FLMD1 pin

When 0 V is input to the FLMDO pin, the FLMD1 pin does not function. When Vob is supplied to the FLMDO pin,
the flash memory programming mode is entered, so the same voltage as Vss must be supplied to the FLMD1 pin. An
FLMD1 pin connection example is shown below.

Figure 27-11. FLMD1 Pin Connection Example

78K0/KF1+
Dedicated flash programmer
Signal collision connection pin
FLMD1 O

Other device

| T Output pin

If the Voo signal is input to the FLMD1 pin from another device during
on-board programming and immediately after reset, isolate this signal.
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27.6.3 Serial interface pins
The pins used by each serial interface are listed below.

Table 27-6. Pins Used by Each Serial Interface

Serial Interface Pins Used
csliio S010, SI10, SCK10
CSI10 + HS S010, SI10, SCK10, HS/P15
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.

(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 27-12. Signal Collision (Input Pin of Serial Interface)

78KO0/KF1+
Dedicated flash programmer
Signal collision connection pin
Input pin O

Other device

| T Qutput 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.
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(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 27-13. Malfunction of Other Device

78KO/KF1+
Dedicated flash programmer
. connection pin
Pin -~

Other device

. i Input pin

If the signal output by the 78K0/KF1+ in the flash memory programming
mode affects the other device, isolate the signal of the other device.

78KO/KF1+
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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27.6.4 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 27-14. Signal Collision (RESET Pin)

78KO0/KF1+
Dedicated flash programmer
Signal collision connection signal
RESET O

Reset signal generator

T Output 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.

27.6.5 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.

27.6.6 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 X1, and its
inverse signal to X2.

27.6.7 Power supply

To use the supply voltage output of the flash programmer, connect the Vop pin to Voo of the flash programmer, and
the Vss pin to Vss of the flash programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

However, be sure to connect the Vop and Vss pins to Vop and GND of the flash programmer, respectively, because
the voltage is monitored by the flash programmer.

Supply the same other power supplies (EVobp, EVss, AVRer, and AVss) as those in the normal operation mode.
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27.7 Programming Method

27.7.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 27-15. Flash Memory Manipulation Procedure

( -~ )

Flash memory programming
mode is set

FLMDO pulse supply —»

Selecting communication mode

Manipulate flash memory

No

C o
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27.7.2 Flash memory programming mode
To rewrite the contents of the flash memory by using the dedicated flash programmer, set the 78K0/KF1+ in the

flash memory programming mode. To set the mode, set the FLMDO pin to Vop and clear the reset signal.

Change the mode by using a jumper when writing the flash memory on-board.

RESET

FLMDO

FLMD1

Table 27-7. Relationship Between FLMDO, FLMD1 Pins and Operation Mode After Reset Release

55V

ov

Vop

ov

Vob

ov

Vob

ov

Figure 27-16. Flash Memory Programming Mode

((
)T

FLMDO pulse

FLMDO FLMD1 Operation Mode
0 Any Normal operation mode
Vob 0 Flash memory programming mode
Voo Vop Setting prohibited
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27.7.3 Selecting communication mode

In the 78K0/KF1+, 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.

<R> Table 27-8. Communication Modes
Communication Mode Standard Setting"™*" Pins Used |Number of
Port Speed On Target Frequency Multiply Rate FLMDO
Pulses
UART UART-chO 9600, 19200, 31250, | Optional 2 MHz to 1.0 TxD6, RxD6 | 0
(UARTS) 38400, 76800, 16 MHZ"*?
153600""*° bps"***
3-wire serial /0 SIO-ch0 2.4 kHz to 2.5 MHz SO10, Si10, |8
(CSI10) SCK10
3-wire serial I/O with | SIO-H/S 2.4 kHz to 2.5 MHz S010, SI10, | 11
handshake supported SCK10,
(CSI10 + HS) HS/P15
Notes 1. Selection items for Standard settings on Flashpro IV.
2. The possible setting range differs depending on the voltage. For details, refer to the chapters of electrical
specifications.
3. When peripheral hardware clock frequency is 2.5 MHz or less, this cannot be selected.
4. 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

488

dedicated flash programmer after the FLMDO pulse has been received.
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27.7.4 Communication commands

The 78K0/KF1+ communicates with the dedicated flash programmer by using commands. The signals sent from
the flash programmer to the 78K0/KF1+ are called commands, and the commands sent from the 78K0/KF1+ to the
dedicated flash programmer are called response commands.

Figure 27-17. Communication Commands

Command

PG-FPA4 (Fiash Prod)

Dedicated flash Response command 78K0/KF1+
programmer

The flash memory control commands of the 78K0/KF1+ are listed in the table below. All these commands are
issued from the programmer and the 78K0/KF1+ perform processing corresponding to the respective commands.

Table 27-9. 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/KF1+ return a response command for the command issued by the dedicated flash programmer. The
response commands sent from the 78K0/KF1+ are listed below.

Table 27-10. Response Commands

Command Name Function
ACK Acknowledges command/data.
NAK Acknowledges illegal command/data.
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27.8 Flash Memory Programming by Self-Writing

The 78KO0/KF1+ supports a self-programming function that can be used to rewrite the flash memory via a user
program, so that the program can be upgraded in the field.

The programming mode is selected by bits 0 and 1 (FLSPMO and FLSPM1) of the flash programming mode control
register (FLPMC).

The procedure of self-programming is illustrated below.

Remark For details of the self programming function, refer to the 78K0/Kx1+ Flash Memory Self Programming
User’s Manual (U16701E).

Figure 27-18. Self-Programming Procedure

CStart self-programming )

Secure entry RAM area

FLSPM1, FLSPMO =0, 1

‘ Entry program
(user program)

FLMDO pin = High level

Mask all interrupts

Set parameters
to entry RAM

CALL #8100H
Read parameters on RAM
and access flash memory
according to parameter contents

‘ A2
A
Mask interrupts again

FLMDO pin = Low level

Firmware

Entry program
‘ (user program)

FLSPM1, FLSPM0O =0, 0

CEnd of self-programming)
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27.8.1 Registers used for self-programming function
The following three registers are used for the self-programming function.

¢ Flash programming mode control register (FLPMC)
¢ Flash protect command register (PFCMD)
¢ Flash status register (PFS)

(1) Flash programming mode control register (FLPMC)
This register is used to enable or disable writing or erasing of the flash memory and to set the operation mode
during self-programming.
FLPMC can be written only in a specific sequence (see 27.8.1 (2) Flash protect command register (PFCMD))
so that the application system does not stop inadvertently due to malfunction caused by noise or program hang-
up.
FLPMC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 0xH"".

Note Differs depending on the operation mode.

e User mode: 08H
e On-board mode: OCH
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Figure 27-19. Format of Flash Programming Mode Control Register (FLPMC)

Address: FFC4H After reset: OxHNete! R/WNote 2

Symbol 7 6 5 4 3 2 1 0
Fremc | o | o | o | o |Fwenis| FwePr |FLSPM1 | FLSPMO |
FWEDIS Control of flash memory writing/erasing
0 Writing/erasing enabledNete3
1 Writing/erasing disabled
FWEPR Status of FLMDO pin
0 Low level
1 High levelNote3
FLSPM1Nete4 [F| SPMQNote Selection of operation mode during self-programming
0 0 Normal mode
Instructions of flash memory can be fetched from all
addresses.
0 1 Self-programming mode A1
Firmware can be called (CALL #8100H).
1 1 Self-programming mode A2
Instructions are fetched from firmware ROM.
This mode is set in firmware and cannot be set by the user.
1 0 Setting prohibited

Notes 1. Differs depending on the operation mode.
e User mode: 08H
¢ On-board mode: 0CH
2. Bit2 (FWEPR) is read-only.
3. For actual writing/erasing, the FLMDO pin must be high (FWEPR = 1), as well as

FWEDIS = 0.
FWEDIS | FWEPR Enable or disable of flash memory writing/erasing
0 1 Writing/erasing enabled
Other than above | Writing/erasing disabled

4. The user ROM (flash memory) or firmware ROM can be selected by FLSPMH1
and FLSPMO, and the operation mode set on the application system by the
mode pin or the self-programming mode can be selected.

Cautions 1. Be sure to keep FWEDIS at 0 until writing or erasing of the flash memory
is completed.

2. Make sure that FWEDIS = 1 in the normal mode.

3. Manipulate FLSPM1 and FLSPMO after execution branches to the
internal RAM. The address of the flash memory is specified by an
address signal from the CPU when FLSPM1 = 0 or the set value of the
firmware written when FLSPM1 = 1. In the on-board mode, the
specifications of FLSPM1 and FLSPMO are ignored.
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)

)

Flash protect command register (PFCMD)

If the application system stops inadvertently due to malfunction caused by noise or program hang-up, an
operation to write the flash programming mode control register (FLPMC) may have a serious effect on the system.
PFCMD is used to protect FLPMC from being written, so that the application system does not stop inadvertently.
Writing FLPMC is enabled only when a write operation is performed in the following specific sequence.

<1> Write a specific value to PFCMD (PFCMD = A5H)

<2> Write the value to be set to FLPMC (writing in this step is invalid)

<3> Write the inverted value of the value to be set to FLPMC (writing in this step is invalid)

<4> Write the value to be set to FLPMC (writing in this step is valid)

This rewrites the value of the register, so that the register cannot be written illegally.

Occurrence of an illegal store operation can be checked by bit 0 (FPRERR) of the flash status register (PFS).
A5H must be written to PFCMD each time the value of FLPMC is changed.

PFCMD can be set by an 8-bit memory manipulation instruction.

RESET input makes this register undefined.

Figure 27-20. Format of Flash Protect Command Register (PFCMD)

Address: FFCOH After reset: Undefined W

Symbol 7 6 5 4 3 2 1 0
PFCMD | REG7 | REG6 | REG5 | REG4 | REGS | REG2 | REG1 | REGO |

Flash status register (PFS)

If data is not written to the flash programming mode control register (FLPMC), which is protected, in the correct
sequence (writing the flash protect command register (PFCMD)), FLPMC is not written and a protection error
occurs. If this happens, bit 0 of PFS (FPRERR) is set to 1.

This bit is a cumulative flag. After checking FPRERR, clear it by writing 0 to it.

PFS can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Figure 27-21. Format of Flash Status Register (PFS)

Address: FFC2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
Prs [ o | o | o | o | o | o | o |[FPrRERR|
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494

The operating conditions of the FPRERR flag are as follows.

<Setting conditions>

If PFCMD is written when the store instruction operation recently performed on a peripheral register is not to
write a specific value (A5H) to PFCMD

If the first store instruction operation after <1> is on a peripheral register other than FLPMC

If the first store instruction operation after <2> is on a peripheral register other than FLPMC

If a value other than the inverted value of the value to be set to FLPMC is written by the first store instruction
after <2>

If the first store instruction operation after <3> is on a peripheral register other than FLPMC

If a value other than the value to be set to FLPMC (value written in <2>) is written by the first store instruction
after <3>

Remark The numbers in angle brackets above correspond to the those in (2) Flash protect command
register (PFCMD).

<Reset conditions>

If 0 is written to the FPRERR flag
If RESET is input

<Example of description in specific sequence>
To write 05H to FLPMC

MOV  PFCMD, #0A5H ; Writes A5H to PFCMD.
MOV  FLPMC, #05H ; Writes 05H to FLPMC.
MOV  FLPMC, #0FAH ; Writes OFAH (inverted value of 05H) to FLPMC.
MOV  FLPMC, #05H ; Writes 05H to FLPMC.
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27.9 Boot Swap Function

The 78K0/KF1+ 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.

27.9.1 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,

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 27-22 shows an image of the boot swap function.

Note The boot flag is controlled by the flash memory control firmware of the 78K0/KF1+.

XXXXH

0000H

XXXXH

0000H

User program

User program

User program

Boot program

User program

User program

User program

Boot program

Figure 27-22. Image of Boot Swap Function

(1) If boot swap is not supported

XXXXH

Self-
programming

-

0000H

User program

XXXXH

User program

Momentary
power failure

User program

-

Erasure in progress

User program

User program

User program

0000H

(2) If boot swap is supported

XXXXH

User program

™ Undefined data

XXXXH

Self-
programming

User program

User program

Momentary
power failure

-

New boot program

User program

-

0000H

Erasure in progress

Undefined data

0000H

1

New boot program
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27.9.2 Memory map and boot area
Figure 27-23 shows the memory map and boot area. The boot program area of the 78K0/KF1+ is in 4 KB units.
When boot swap is executed, boot cluster 0 and boot cluster 1 in the figure are exchanged.

Figure 27-23. Memory Map and Boot Area (1/2)

(1) uPD78F0148H

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 T
FBOOH
FAFFH R d
FA20H eserve
FA1FH EFFFH
Buffer RAM
FAOOH 32 x 8 bits
Data memory FO9FFH
space F8OOH Reserved
4 F7FFH
~ 53248 x 8 bits ~
L Internal expansion RAM _LL
T 1024 x 8 bits T
F400H
F3FFH
ROM/RAM space External memory 2000H
in which instructions = . o~ 1FFFH
can be fetched 1024 x 8 bits
Boot cluster 1
FOOOH i
EFFFH 4096 x 8 bits
1000H
A4 Flash memory £ OFFFH
61440 x 8 bits Boot cluster 0
4096 x 8 bits
¥ 0000H 0000H
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(2) ©PD78F0148HD

Figure 27-23. Memory Map and Boot Area (2/2)

Data memory
space

t(

Y

ROM/RAM space
in which instructions 5
can be fetched

FOOOH

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
[ Notei
—L Internal high-speed RAM
FBOOH 1024 x 8 bits
FAFFH R q
FA20H eserve
FA1FH
Buffer RAM
FAOOH 32 x 8 bits
FOFFH
F800H Reserved
[ F7FFH
L Internal expansion RAM _|
T 1024 x 8 bits ]
F400H
F3FFH

- External memory ~
1024 x 8 bits

EFFFH

0000H

Flash memory
- 61440 x 8 bits 3

EFFFH

2000H

53248 x 8 bits

1FFFH

1000H

Boot cluster 1
4096 x 8 bits

OFFFH

0000H

Boot cluster 0
4096 x 8 bits

Notes 1. During on-chip debugging, about 7 to 16 bytes of this area are used as the user data backup area for
communication.

2. During on-chip debugging, use of this area is disabled because it is used as the communication
command area (008FH to 018FH: debugger’s default setting).
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<R> CHAPTER 28 ON-CHIP DEBUG FUNCTION (xPD78F0148HD ONLY)

The 4PD78F0148HD uses the Voo, FLMDO, RESET, X1 (or P31), X2 (or P32), and Vss pins to communicate with
the host machine via an on-chip debug emulator (QB-78KOMINI). Whether X1 and P31, or X2 and P32 are used can
be selected.

Caution The 4PD78F0148HD has an on-chip debug function. Do not use this product for mass production
because its reliability cannot be guaranteed after the on-chip debug function has been used,
given the issue of the number of times the flash memory can be rewritten. NEC Electronics does
not accept complaints concerning this product.

Figure 28-1. Connection Example of QB-78KOMINI and 4PD78F0148HD (When X1 and X2 Are Used)

QB-78KOMINI target connector uPD78F0148HD
FLMDO FLMDO
Note
RESET_IN Target reset

RESET_OUT RESET

X1 X1

X2 X2

GND GND
Vob Vob

P31
Note %

Cautions 1. Input the clock from the X1 pin during on-chip debugging.
2. Control the X1 and X2 pins by externally pulling down the P31 pin.

Note Make pull-down resistor 470 Q or more.
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Figure 28-2. Connection Example of QB-78KOMINI and 4PD78F0148HD (When P31 and P32 Are Used)

QB-78KOMINI target connector uPD78F0148HD
FLMDO FLMDO
Note
RESET_IN Target reset
RESET_OUT RESET
X1 ¢ P31
7§7Note
X2 P32
GND GND
Vob Vob
s “
F
—
|| I X2

Note Make pull-down resistor 470 Q or more.
28.1 On-Chip Debug Security ID

The xPD78F0148HD has an on-chip debug operation control flag in the flash memory at 0084H (see CHAPTER
26 OPTION BYTE) and an on-chip debug security ID setting area at 0085H to 008EH.

When the boot swap function is used, also set a value that is the same as that of 1084H and 1085H to 108EH in
advance, because 0084H, 0085H to 008EH and 1084H, and 1085H to 108EH are switched.

For details on the on-chip debug security ID, refer to the QB-78KOMINI User’s Manual (U17029E).

Table 28-1. On-Chip Debug Security ID

Address On-Chip Debug Security ID

0085H to 008EH Any ID code of 10 bytes

1085H to 108EH
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This chapter lists each instruction set of the 78K0/KF1+ in table form. For details of each operation and operation

CHAPTER 29 INSTRUCTION SET

code, refer to the separate document 78K/0 Series Instructions User’s Manual (U12326E).

29.1 Conventions Used in Operation List

29.1.1 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. Upper case 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 29-1. Operand ldentifiers and Specification Methods

Identifier Specification Method
r X (R0O), 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, refer to Table 3-4 Special Function Register List.
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CHAPTER 29 INSTRUCTION SET

29.1.2 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)

29.1.3 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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29.2 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+n |A« (addri16)
laddr16, A 3 9+m |(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+n |A« (DE)
[DE], A 1 4 | 5+m [(DE)« A
A, [HL] 1 4 5+n |A« (HL)
[HL], A 1 4 | 5+m [(HL)«A
A, [HL + byte] 2 8 9+n |[A« (HL + byte)
[HL + byte], A 2 8 9+m |(HL + byte) « A
A, [HL + B] 1 6 7+n |A« (HL+B)
[HL +B], A 1 6 7+m |[(HL+B)« A
A, [HL + C] 1 6 7+n |A« (HL+C)
[HL+C], A 1 6 7+m [(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+n+m| A < (addr16)
A, [DE] 1 4 |6+n+m|A« (DE)
A, [HL] 1 4 |6+n+m|Ae (HL)
A, [HL + byte] 2 8 [10+n+m|A < (HL + byte)
A, [HL + B] 2 8 [10+n+m{A« (HL+B)
A, [HL + C] 2 8 [10+n+mlA < (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.

3. nis the number of waits when the external memory expansion area is read.

4. m is the number of waits when the external memory expansion area is written.
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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+ 2n | AX « (addr16)
laddr16, AX 3 10 |12 + 2m | (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+n |A CY« A+ (addri6) X X X
A, [HL] 1 4 5+n |A CY« A+ (HL) X X X
A, [HL + byte] 2 8 9+n |A CY« A+ (HL + byte) X X X
A, [HL + B] 2 8 9+n |A,CY«— A+ (HL+B) X X X
A, [HL + C] 2 8 9+n |ACY«<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+n |A CY« A+ (addr16) + CY X X X
A, [HL] 1 4 5+n |A CY«A+(HL)+CY X X X
A, [HL + byte] 2 8 9+n |A CY« A+ (HL +byte) + CY X X X
A, [HL + B] 2 8 9+n |A,CY« A+ (HL+B)+CY X X X
A, [HL + C] 2 8 9+n [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.

3. nis the number of waits when the external memory expansion area is read.

4. m is the number of waits when the external memory expansion area is written.
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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 - nLCY«r-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9+n |A CY« A-(addr16) X X X
A, [HL] 1 4 5+n |A CY«A-(HL) X X X
A, [HL + byte] 2 8 9+n |A CY« A—(HL + byte) X X X
A, [HL + B] 2 8 9+n |A,CY«A-(HL+B) X X X
A, [HL + C] 2 8 9+n |A/CY«<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+n |A CY« A-(addri6)-CY X X X
A, [HL] 1 4 | 54n |A CY<A-(HL)-CY X X X
A, [HL + byte] 2 8 9+n |A CY« A-(HL + byte) - CY X X X
A, [HL + B] 2 8 9+n |A,CY«A-(HL+B)-CY X X X
A, [HL + C] 2 8 9+n [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 s 2 4 - A—Anr x
r, A 2 4 - reraA X
A, saddr 2 4 5 A <« A A (saddr) X
A, laddr16 3 8 9+n |A« An(addri6) x
A, [HL] 1 4 5+n |A«An(HL) x
A, [HL + byte] 2 8 9+n |A« An(HL+ byte) x
A, [HL + B] 2 8 | 9+4n |A—AA(HL+B) x
A, [HL + C] 2 8 9+n |[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
control register (PCC).
2. This clock cycle applies to the internal ROM program.
3. nis the number of waits when the external memory expansion area is read.
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Instruction . Clocks ) Flag
Mnemonic Operands Bytes Operation
Group Note 1| Note 2 Z ACCY

8-bit OR A, #byte 2 4 - A« A v byte 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+n |A« Av(addri6) X
A, [HL] 1 4 5+n |A«Av(HL) X
A, [HL + byte] 2 8 9+n |[A« Av (HL + byte) X
A, [HL + B] 2 8 9+n |A«Av(HL+B) X
A, [HL + C] 2 8 9+n |A«Av(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+n |A« Av(addri6) X
A, [HL] 1 4 5+n |A« A (HL) X
A, [HL + byte] 2 8 9+n [A« Ax(HL + byte) X
A, [HL + B] 2 8 9+n |A«— A~ (HL+B) X
A, [HL + C] 2 8 9+n [A«Ax(HL+C) X

CMP A, #byte 2 4 - A — byte X X X

saddr, #byte 3 6 8 (saddr) — byte X X X

Ar s 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+n |A-(addr16) X X X

A, [HL] 1 4 5+n |A-(HL) X X X

A, [HL + byte] 2 8 9+n |[A—(HL + byte) X X X

A, [HL + B] 2 8 9+n |A-(HL+B) X X X

A, [HL + C] 2 8 9+n |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.
3. nis the number of waits when the external memory expansion area is read.
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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+n+m| As-o0« (HL)3- o, (HL)7-4 < As-o,
(HL)s-0 < (HL)7-4
ROL4 [HL] 2 | 10 H2+n+m As-o« (HL)7-4, (HL)s-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 | - CY « sfr.bit X
CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 6 7+n |CY « (HL).bit x
saddr.bit, CY 3 (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 |8 +n+m|(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
control register (PCC).
2. This clock cycle applies to the internal ROM program.
3. nis the number of waits when the external memory expansion area is read.
4. m is the number of waits when the external memory expansion area is written.
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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+n |CY« CY A (HL).bit x
OR1 CY, saddr.bit 3 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+n |CY« CYv (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+n |CY « CY v (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+ n + m| (HL).bit « 1
CLR1 saddr.bit 2 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 |8+n+m|(HL).bit 0
SET1 cY 1 2 - CY 1 1
CLR1 CcY 1 2 - CY«O0 0
NOT1 cYy 1 2 - |cYeTY x
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access

Remarks 1.

2. When an area except the internal high-speed RAM area is accessed

control register (PCC).

2. This clock cycle applies to the internal ROM program.

3. nis the number of waits when the external memory expansion area is read.
4. m is the number of waits when the external memory expansion area is written.
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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+n |PC« PC + 3 + disp8 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+n |PC« PC + 3 + disp8 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+n+m|PC « PC + 3 + disp8 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 « O(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.

3. nis the number of waits when the external memory expansion area is read.

4. mis the number of waits when the external memory expansion area is written.
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29.3 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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CHAPTER 29 INSTRUCTION SET

(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 SET1
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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CHAPTER 29 INSTRUCTION SET

(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 30 ELECTRICAL SPECIFICATIONS

Target products: xPD78F0148H, 78F0148H(A), 78F0148HD

Caution The pPD78F0148HD has an on-chip debug function.
production because its reliability cannot be guaranteed after the on-chip debug function has

(STANDARD PRODUCTS, (A) GRADE PRODUCTS)

Do not use this product for mass

been used, given the issue of the number of times the flash memory can be rewritten. NEC
Electronics does not accept complaints concerning this product.
Absolute Maximum Ratings (Ta = 25°C) (1/2)
Parameter Symbol Conditions Ratings Unit
Supply voltage Voo -0.3t0 +6.5
EVoo -0.3t0 +6.5 \Y
Vss -0.3t0 +0.3 \Y
EVss -0.3t0 +0.3 \Y
AVRer -0.3 to Voo + 0.3 \Y
AVss -0.3t0 +0.3 \Y
Input voltage Vi P00 to P06, P10 to P17, P20 to P27, P30 —-0.3 to Voo + 0.3 \'
to P33, P40 to P47, P50 to P57, P60, P61,
P64 to p67, P70 to P77, P120, P140 to
P145, X1, X2, XT1, XT2, RESET
Vi2 P62, P63 N-ch open drain -0.3t0 +13
Output voltage Vo -0.3 to Voo + 0.3""
Analog input voltage Van AVss — 0.3 to AVrer + 0.3""
and -0.3 to Voo + 0.3""
Output current, high lon Per pin -10 mA
Total of all pins | POO to P06, P40 to P47, -30 mA
—-60 mA P50 to P57, P64 to P67,
P70 to P77, P142 to P145
P10 to P17, P30 to P33, -30 mA
P120, P130, P140, P141

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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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit

Output current, low loL Per pin P00 to P06, P10 to P17, 20 mA
P30 to P33, P40 to P47,
P50 to P57, P64 to P67,
P70 to P77, P120, P130,
P140 to P145

P60 to P63 30 mA
Total of all pins | POO to P06, P40 to P47, 35 mA
70 mA P50 to P57, P60, P61,

P64 to P67, P70 to P77,
P142 to P145

P10 to P17, P30 to P33, 35 mA
P62, P63, P120, P130,
P140, P141
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode -10 to +65
Storage temperature Tstg In flash memory blank state —65 to +150 °C
In flash memory programmed state —40to +125

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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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

High-Speed System Clock (Crystal/Ceramic) Oscillator Characteristics
(Ta=-40 to +85°C, 2.5V < Vob =EVop<5.5V, 2.5 V < AVRer < Vbp, Vss = EVss = AVss =0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic | | Oscillation 40V<Vp<55V 2.0 16 MHz
resonator YSS X1 le frequency (fxp)"™®"
i 35V<Vop<40V 2.0 10
TS 1
{|C1e C2gi 80V<Vop<35V 2.0 8.38
” 25V<Vopb<3.0V 2.0 5.0
Crystal | Oscillation 40V<Vop<55V 2.0 16 MHz
resonator Vss X1 X2 frequency (fxe)"*"
35V<Vop<4.0V 2.0 10
1 el
{|C1y Cogi 30V<Vop<35V 2.0 8.38
o 25V<Vopb<3.0V 2.0 5.0
External X1 input 40V<Vop<55V 2.0 16 MHz
clock™** frequency ()" | 35y < vop < 4.0V 2.0 10
X1 X2 30V<Vop<35V 2.0 8.38
25V<Vopb<3.0V 2.0 5.0
X1 input high- 40V<Vop<55V 30 250 ns
Nlow-level width | 35 < vpp < 4.0V 46 250
(txpH, txpL)
3.0V<Vop<35V 56 250
25V<Vopb<3.0V 96 250

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Input a clock signal to the X1 pin and input the inverse clock signal to the X2 pin.

Cautions 1. When using the high-speed system clock 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 internal oscillation clock after reset, check the oscillation
stabilization time of the high-speed system clock using the oscillation stabilization time counter
status register (OSTC). 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.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

Recommended Oscillator Constants

Ceramic Resonator (Ta = —40 to +85°C)

Manufacturer Part Number SMD/Lead | Frequency Recommended Circuit Oscillation Voltage Range
(MHz) Constants
C1 c2 MIN. MAX.
(pF) (pF) (V) (V)
Murata Mfg. CSTCC2M00G56-R0 SMD 2.00 Internal Internal 25 5.5
(47) (47)
CSTCR4M00G55-R0 4.00 Internal Internal
(39) (39)
CSTCR4M19G55-R0 4.194 Internal Internal
(39) (39)
CSTCR4M91G55-R0 4915 Internal Internal
(39) (39)
CSTCR5M00G55-R0 5.00 Internal Internal
(39) (39)
CSTCR6M00G55-R0 6.00 Internal Internal
(39) (39)
CSTCE8MO00G55-R0 8.00 Internal Internal
(33) (33)
CSTCE10M0G55-R0 10.0 Internal Internal
(33) (33)
CSTCE12M0G55-R0 12.0 Internal Internal
(33) (33)
CSTCE13M0V53-R0 13.0 Internal Internal
(15) (15)
CSTCE14MO0V53-R0 14.0 Internal Internal
(15) (15)
CSTCE16MO0V53-R0 16.0 Internal Internal
(15) (15)

Caution The oscillator constants shown above are reference values based on evaluation in a specific
environment by the resonator manufacturer. If it is necessary to optimize the oscillator
characteristics in the actual application, apply to the resonator manufacturer for evaluation on the
implementation circuit. The oscillation voltage and oscillation frequency only indicate the oscillator
characteristic. Use the 78K0/KF1+ so that the internal operation conditions are within the
specifications of the DC and AC characteristics.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

Internal Oscillator Characteristics
(Ta=-40 to +85°C, 2.0 V< Vob =EVbop<5.5V, 2.0 V < AVRer < Vbp, Vss = EVss = AVss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit
Internal oscillator Oscillation frequency (fr) 120 240 480 kHz
Subsystem Clock Oscillator Characteristics
(Ta =-40 to +85°C,2.0 V< Vpp = EVop < 5.5 V, 2.0 V < AVRer < Vop, Vss = EVss = AVss = 0 V)

Resonator Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Crystal |¥SS XT2 XT1 Oscillation frequency 32 |32.768| 35 kHz
resonator ! |Rd 0 (fxr)e

C4E C3 T
-
External clock XT2 XT1 XT1 input frequency 32 38.5 kHz
(fXT)No!e
XT1 input high-/low-level 12 15.6 us
width (txtH, txL)

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1.

When using the subsystem clock 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.

o 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.

The subsystem clock oscillator is designed as a low-amplitude circuit for reducing power
consumption, and is more prone to malfunction due to noise than the high-speed system clock

oscillator.
clock is used.

Particular care is therefore required with the wiring method when the subsystem

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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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

DC Characteristics (1/3)
(Ta =—-40to +85°C, 2.0 V < Vop = EVbp < 5.5 V™", 2.0 V < AVRer < Vpp"™", Vss = EVss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, high | lon Per pin 40V<Vop<55V -5 mA
Total of P10 to P17, P30 to P33, 40V<Vop<55V -25 mA
P120, P130, P140, P141
Total of P00 to P06, P40 to P47, 40V<Vop<55V -25 mA
P50 to P57, P64 to P67, P70 to
P77, P142 to P145
All pins 20V<Vopb<4.0V -10 mA
Output current, low lou Per pin for POO to P06, P10 to P17,/ 40V <Vop <55V 10 mA
P30 to P33, P40 to P47, P50 to
P57, P64 to P67, P70 to P77,
P120, P130, P140 to P145
Per pin for P60 to P63 40V<Vop<55V 15 mA
Total of P10 to P17, P30 to P33, 40V<Vop<55V 30 mA
P62, P63, P120, P130, P140, P141
Total of POO to P06, P40 to P47, 40V<Vop<55V 30 mA
P50 to P57, P60, P61, P64 to P67,
P70 to P77, P142 to P145
All pins 20V<Vopb<4.0V 10 mA
Input voltage, high Vi1 P12, P13, P15, P40 to P47, P50to | 2.7 V<Vop <5.5V| 0.7Vop Vop \'
P57, P64 to P67, P144, P145 2.0V <Voo<27V| 0.8Voo Voo v
ViH2 P00 to P06, P10, P11, P14, P16, |2.7V<Vop<5.5V| 0.8Vop Voo \Y
P17, P30 to P33, P70 to P77, 2.0V < Voo <2.7 V| 0.85Vop Voo v
P120, P140 to P143, RESET
ViHa P20 to P27""* 2.7V <Vop<55V|0.7AVRer AVRer Vv
2.0V <Vop < 2.7 V| 0.8AVRer AVRer \
ViHa P60, P61 27V<Voo<55V| 0.7Voo Vop \'
20V<Vopb<27V| 0.8Vop Vop \'
Vins P62, P63 27V<Vop<55V| 0.7Vop 12 \Y
20V<Vop<27V| 0.8Vop 12 \
ViHe X1, X2, XT1, XT2 2.7V <Vop<5.5V|Vop-0.5 Vop \'
2.0V <Vop<27V|Vop-0.2 Vop \'
Input voltage, low Vit P12, P13, P15, P40 to P47,P50t0| 2.7V <Vopb <55V 0 0.3Vop \Y
P57, P64 to P67, P144, P145 20V<Von<27V| 0 02Vop | V
Vie P00 to P06, P10, P11, P14, P16, |2.7V<Vop<55V 0 0.2Vop Y
P17, P30 to P33, P70 to P77,
P120. P140 to P143, RESET 20V<Vop<27V 0 0.15Vop \
Viis P20 to P27""? 27V<Vop<55V 0 0.3AVrer | V
20V<Vop<27V 0 0.2AVRer \
ViLa P60, P61 27V<Vopb<55V 0 0.3Vop \Y
20V<Vop<27V 0 0.2Vop \Y
Vis P62, P63 27V<Vop<55V 0 0.3Vop \
20V<Vop<27V 0 0.2Vop \
Vie X1, X2, XT1, XT2 27V<Vop<55V 0 0.4 \Y
20V<Vop<27V 0 0.2 \Y

Notes 1.

2. When used as digital input ports, set AVRer = V.

When high-speed system clock is used: 2.5V <Vbop <5.5V, 2.5V < AVrer < Vob

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

DC Characteristics (2/3)
(Ta =—-40to +85°C, 2.0 V < Vop = EVbp < 5.5 V™", 2.0 V < AVRer < Vpp"™', Vss = EVss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Output voltage, high Vo P10 to P17, P30 to P33, 40V<Vop<55YV, [Voo-1.0 \Y
P120, P130, P140, P141 lon =-5 mA
Total lon =-25 mA

P00 to P06, P40 to P47, 40V<Vopb<5.5YV, [Voo-1.0 \Y
P50 to P57, P64 to P67, lon =-5mA
P70 to P77, P142 to P145
Total lon =-25 mA

low =-100 pA 20V<Vop<4.0V |[Voo-0.5

Output voltage, low VoLt P10 to P17, P30 to P33, 40V<Vopb<55V, 1.3 \Y
P62, P63, P120, P130, lo. =10 mA
P140, P141
Total lo. =30 mA
P00 to P06, P40 to P47, 40V<Vop<55V, 1.3 \
P50 to P57, P60, P61, lo. =10 mA

P64 to P67, P70 to P77,
P142 to P145
Total loL =30 mA

loL = 400 LA 27V<Vob<4.0V 0.4
20V<Vm<27V 0.5
Vo2 P60 to P63 40V<Vop<55V, 2.0
lo. =15 mA
Input leakage current, high | lun1 Vi=Vop P00 to P06, P10 to P17, P30 to 3 HA
P33, P40 to P47, P50 to P57,
P60, P61, P64 to P67, P70 to
P77, P120, P140 to P145,
RESET
Vi = AVRrer P20 to P27 3 LA
ILiH2 Vi = Vop X1, X2"¥*°2 XT1, XT2""? 20 HA
Iuimg Vi=12V P62, P63 (N-ch open drain) 3 HA
Input leakage current, low liet Vi=0V P00 to P06, P10 to P17, P20 to -3 LA
P27, P30 to P33, P40 to P47,
P50 to P57, P60, P61, P64 to
P67, P70 to P77, P120, P140 to
P145, RESET
I X1, X2"*2 XT1, XT2""*? -20 LA
lits P62, P63 (N-ch open drain) —ghoes LA
Output leakage current, high | lon Vo = Vop 3 LA
Output leakage current, low | lou Vo=0V -3 LA
Pull-up resistor RL Vi=0V 10 30 100 kQ
FLMDO supply voltage Flmd In normal operation mode 0 0.2Vop \Y

Notes 1. When high-speed system clock is used: 2.5V <Vpp<5.5V, 2.5V < AVrer < Vbp
2. When the inverse level of X1 is input to X2 and the inverse level of XT1 is input to XT2.
3. If port 6 has been set to input mode when a read instruction is executed to read from port 6, a low-level
input leakage current of up to —45 uA flows during only one cycle. At all other times, the maximum
leakage current is -3 LA.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.

Users Manual U16819EJ3VOUD 519



CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

DC Characteristics (3/3)
(Ta =—-40to +85°C, 2.0 V < Vop = EVbp < 5.5 V™", 2.0 V < AVRer < Vpp"™", Vss = EVss = AVss = 0 V)

Parameter | Symbol Conditions MIN. | TYP. |MAX.| Unit
Supply Iop1 Crystal/ceramic | fxr = 16 MHz When A/D converter is stopped 14.5(29.0 | mA
Note 2 ot o/ Note 4
current oscillation Voo = 5.0V £10% When A/D converter is operating™*’ 15.5|31.0 | mA
operating -
Note 3 fxr = 10 MHz When A/D converter is stopped 9.5 [20.0| mA
mode o, Note 4
Voo = 5.0V £10% When A/D converter is operating"®” 10.5|22.0 | mA
fxp = 5 MHz When A/D converter is stopped 30 | 70 | mA
o, Note 4
Voo =3.0 V£10% When A/D converter is operating™*’ 36 | 8.0 | mA
Iop2 Crystal/ceramic | fxp = 16 MHz When peripheral functions are stopped 31 | 7.0 | mA
oscillation HALT | Voo = 5.0 V £10% When peripheral functions are operating 14.0 | mA
mode
fxr = 10 MHz When peripheral functions are stopped 25 | 55 | mA
Voo =5.0 V £10% When peripheral functions are operating 11.5| mA
fxr = 5 MHz When peripheral functions are stopped 08 | 1.7 | mA
Voo = 3.0V £10% When peripheral functions are operating 4.5 | mA
lopa Internal oscillation | Voo = 5.0 V £10% 1.0 | 40 | mA
operating Voo = 3.0 V £10% 045| 1.8 | mA
modeNoleS
Iop4 Internal oscillation| Voo = 5.0 V £10% 04 | 1.6 | mA
Note 5
HALT mode Voo = 3.0 V +10% 025| 1.0 | mA
Iops 32.768 kHz Voo =5.0 V £10% 50 | 100 | @A
crystal oscillation | ;o0 _ 3.0 v +10% 30 | 60 | uA
operating
modeNotes 5,6
Ioos 32.768 kHz Vob=5.0V £10% 20 | 40 | uA
orystal oscillation | o, _ 3.0 v +10% 10 | 20 | uA
HALT mode™™>
Iop7 STOP mode Voo =5.0V £10% Internal oscillator: OFF 3.5 [355 | uA
Internal oscillator: ON 17.5|63.5 | uA
Voo =3.0 V £10% Internal oscillator: OFF 3.5 | 155 | A
Internal oscillator: ON 11 [ 305 | wA

Notes 1. When high-speed system clock is used: 2.5V <Vop <5.5V, 2.5V < AVrerF < Vob
2. 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 is not included).
Iop1 includes peripheral operation current.
When PCC = 00H.
When the high-speed system clock (crystal/ceramic) oscillator is stopped.
When the internal oscillator is stopped.
Including the current that flows through the AVRreF pin.

N oo
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

AC Characteristics

(1) Basic operation

(Ta =-40to +85°C, 2.0 V < Vop = EVpbp < 5.5 V"', 2.0 V < AVRer < Vbp"™*', Vss = EVss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main High-speed system | 4.0V <Vop <5.5V| 0.125 16 us
instruction execution time) system clock 35V<Vop<4.0V| 02 16 s

clock Crystal/ceramic
. _— 3.0V<Vop<35V| 0.238 16 s
operation oscillation clock
25V<Vop<3.0V| 04 16 HUs
Internal oscillation clock 417 8.33 33.3 us
Subsystem clock operation 114 122 125 us
TI0O00, TI010, TI001, TIO11 input| triHo, 40V<Vop<55V 2/fsam + s
high-level width, low-level width | triLo 0.1%*?
27V<Vob<4.0V 2/fsam + us
0.2Nole2
25V<Vop<27V 2/fsam + us
0.5Ncle2
TI50, TI51 input frequency fris 40V<Vop<55V 10 MHz
27V<Vob<4.0V 5 MHz
25V<Vmm<27V 25 MHz
TI50, TI51 input high-level width,| tris, 40V<Vop<55V 50 ns
low-level width tris 27V <Vop<4.0V 100 ns
25V<Vmm<27V 200 ns
Interrupt input high-level width, | tinth, 27V<Vop<55V 1 us
low-level width tiNTL 20V<Vop<27V > s
Key return input low-level width | tkr 40V<Vop<55V 50 ns
27V<Vob<4.0V 100 ns
20V<Vp<27V 200 ns
RESET low-level width tRsL 27V<Vop<55V 10 us
20V<sVom<27V 20 us

Notes 1.

When high-speed system clock is used: 2.5V <Vbop <5.5V, 2.5V < AVrerF < Vob

2. Selection of fsam= fxp, fxr/4, fxr/256, or fxp, fxr/16, fxP/64 is possible using bits 0 and 1 (PRM000, PRMO0O1
or PRM010, PRMO011) of prescaler mode registers 00 and 01 (PRM00, PRMO01). Note that when selecting
the TI000 or TIOO01 valid edge as the count clock, fsam= fxp.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

Tcy vs. Vob (Main System Clock Operation)

333 qfnoo-
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10.0
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LR e

2.0 Guaranteed
operation range

Cycle time Tcv [us]
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0.2

0125 oo foo ]l R
0.1

0 1.0 2025303540 505560

.

Supply voltage Voo [V]

Remark The values indicated by the shaded section are only when the internal oscillation clock is selected.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

(2) Read/write operation

(Ta=-40 to +85°C, 3.0 V< Voo =EVop<5.5V, 3.0 V < AVRer < Vop, Vss = EVss = AVss =0 V)

(1/2)
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH (0.3 + 2m)tey ns
Address setup time taps 20 ns
Address hold time tabH 6 ns
Data input time from address tabp1 (2 +2n + 2m)tcy — 54 ns
tabp2 (3 + 2n + 2m)tcy — 60 ns
Address output time from RD{ troAD 0 100 ns
Data input time from RD! troD1 (2 + 2n)tey — 87 ns
trRDD2 (3 + 2n)tey — 93 ns
Read data hold time tRDH 0 ns
RD low-level width tRoL1 (1.5 + 2n)tey — 33 ns
troL2 (2.5 + 2n)tey — 33 ns
Input time from RD{ to WAITL trRowT1 toy — 43 ns
trRowT2 tcy — 43 ns
Input time from WR{ to WAIT! twawr tcy — 25 ns
‘WAIT low-level width twre (0.5 + 2n)tcy + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 6 ns
WR low-level width twaL1 (1.5 + 2n)tey — 15 ns
Delay time from ASTB. to RD{ tASTRD 6 ns
Delay time from ASTB! to WR{ tasTwr (2 + 2n)tey — 15 ns
Delay time from RDT to ASTBT at trDAST 0.8tcy — 15 1.2ty ns
external fetch
Address hold time from RDT at tRDADH 0.8tcy — 15 1.2tcy + 30 ns
external fetch
Write data output time from RDT trowp 40 ns
Write data output time from WRI twrRwD 60 ns
Address hold time from WRT twraDH 0.8tcy — 15 1.2tcv + 30 ns
Delay time from WAITT to RDT twrRp 0.8tcy 3tev + 25 ns
Delay time from WAITT to WRT twrwa 0.8ty 3ty + 25 ns

Caution Tcy can only be used at 0.238 us (MIN).

Remarks 1. tcy = Tcev/4

2. m indicates the number of address waits. n indicates the number of data waits.
3. CL = 100 pF (Ct indicates the load capacitance of the ADO to AD7, A8 to A15, RD, WR, WAIT, and

ASTB pins.)
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

(2) Read/write operation

<R> (Ta=-40 to +85°C, 2.5 V< Vopo =EVbop<5.5V, 2.5V < AVRer < Vop, Vss = EVss = AVss =0 V)
(2/2
Parameter Symbol Conditions MIN. MAX. Unit
ASTB high-level width tasTH (0.3 + 2m)tey ns
Address setup time taps 30 ns
Address hold time tabH 9 ns
Input time from address to data tabp1 (2 +2n + 2m)tcy — 108 ns
tabp2 (3 +2n + 2m)tcy — 120 ns
Output time from RDJ to address trRDAD 0 200 ns
Input time from RD/! to data troD1 (2 + 2n)tcy — 148 ns
tRoD2 (3 + 2n)tey — 162 ns
Read data hold time tRDH 0 ns
RD low-level width tRoL1 (1.5 + 2n)tey — 40 ns
troL2 (2.5 + 2n)tey — 40 ns
Input time from RD. to WAIT. trRowT1 toy — 75 ns
trRowT2 tcy — 60 ns
Input time from WR{ to WAIT. twawr tcy — 50 ns
‘WAIT low-level width twre (0.5 + 2n)tcy + 10 (2 + 2n)tey ns
Write data setup time twos 60 ns
Write data hold time twoH 10 ns
WR low-level width twhL1 (1.5 + 2n)tey — 30 ns
Delay time from ASTB. to RD{ tASTRD 9 ns
Delay time from ASTB. to WR{ tasTwR (2 + 2n)tcy — 30 ns
Delay time from RDT to ASTBT at tRoAST 0.8ty — 30 1.2tcy ns
external fetch
Hold time from RDT to address at tRDADH 0.8tcy — 30 1.2tcy + 60 ns
external fetch
Write data output time from RDT trowp 40 ns
Write data output time from WR{ twRwp 120 ns
Hold time from WRT to address twRADH 0.8tcy — 30 1.2tcy + 60 ns
Delay time from WAITT to RDT twrrp 0.5tcy 3ty + 50 ns
Delay time from WAITT to WRT twrwe 0.5tcy 3tev + 50 ns

Caution Tcv can only be used at 0.4 us (MIN).

Remarks 1. tcy = Tev/4
2. m indicates the number of address waits. n indicates the number of data waits.
3. CL = 100 pF (CL indicates the load capacitance of the ADO to AD7, A8 to A15, RD, WR, WAIT, and
ASTB pins.)
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

(3) Serial interface

(Ta=-40 to +85°C, 2.5V <Vob =EVop<5.5V, 2.5 V < AVRer < Vbp, Vss = EVss = AVss =0 V)

(a) UART mode (UART6, dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 312.5 kbps
(b) UART mode (UARTO, dedicated baud rate generator output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 3125 kbps
(c) 3-wire serial /0 mode (master mode, SCK1n... internal clock output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1n cycle time tkey1 40V<Vop<55V 200 ns
3.3V<Vop<4.0V 240 ns
27V<Vopb<33V 400 ns
25V<Vopb<27V 800 ns
SCK1n high-/low-level width tKH1, 27V<Vop<55V tkey1/2-10 ns
s 25V<Vop<27V tkov1/2-50 ns
SI1n setup time (to SCK1nT) tsik1 27V<Vop<55V 30 ns
25V<Vopb<27V 70 ns
SI1n hold time (from SCK1nT) | tksit 27V<Vop<55V 30 ns
25V<Vop<27V 70 ns
Delay time from SCK1nl to tkso1 C=100pF**|2.7V<Vop<55V 30 ns
SO1n output 25V<Vop<27V 120 ns
Note C is the load capacitance of the SCK1n and SO1n output lines.
(d) 3-wire serial I/0 mode (slave mode, SCK1n... external clock input)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1n cycle time tkey2 27V<Vop<55V 400 ns
25V<Vop<27V 800 ns
SCK1n high-/low-level width tKH2, tkey2/2 ns
kL2
SI1n setup time (to SCK1nT) tsike 80 ns
Sl1n hold time (from SCK1nT) | tksi2 50 ns
Delay time from SCK1nl to tkso2 C =100 pF"™* 120 ns
SO1n output
Note C is the load capacitance of the SO1n output line.
Remark n=0, 1
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

(e) 3-wire serial /0 mode with automatic transmit/receive function (SCKAO

... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKAO cycle time tkovs 40V<Vop<55V 600 ns
27V<Vopb<4.0V 1200 ns
SCKAO high-/low-level width trhs, tnis | 4.0V <Vop<55V tkeva/2 — 50 ns
27V<Vob<4.0V tkeva/2 — 100 ns
SIAO setup time (to SCKAOT) tsiks 100 ns
SIAO hold time (from SCKAOT) tisia 300 ns
Delay time from SCKAO.L to SOAQ | t«sos C=100pF™ | 40V<Vop<55V 200 ns
output 27V<Von<40V 300
Time from SCKAOT to STBOT tsep tkeva/2 — 100 ns
Strobe signal high-level width tsew 40V<Vop<55V tkeys — 30 ns
27V<Vob<4.0V tkeys — 60 ns
Busy signal setup time (to busy teys 100 ns
signal detection timing)
Busy signal hold time (from busy teyH 40V<Vop<55V 100 ns
signal detection timing) 27V <Voo<4.0V 150 ns
Time from busy inactive to SCKAO! | tses 2tkevs ns
Note C is the load capacitance of the SCKAO and SOAO output lines.
(f) 3-wire serial /0O mode with automatic transmit/receive function (m ... external clock input)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKAO cycle time tkova 40V<Vop<55V 600 ns
27V<Vob<4.0V 1200 ns
SCKAO high-/low-level width tiria, thia 40V<Vop<55V 300 ns
27V<Vopb<4.0V 600 ns
SIAO setup time (to SCKAOT) tsika 100 ns
SIAO hold time (from SCKAOT) tisia 300 ns
Delay time from SCKAO. to SOAO | tksos C=100pF™| 4.0V <Vop<55V 200 ns
output 27V<Von<40V 300 ns
SCKAO rise/fall time tR4, tra When external device expansion 120 ns
function is used
When external device expansion 1000 ns

function is not used

Note C is the load capacitance of the SOAO output line.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

AC Timing Test Points (Excluding X1, XT1)

0.8Vop . 0.8Vop
Test points
>< 0.2Vop > < 0.2Vop

Clock Timing
1/fxp
txpL: I txpH
X1 \ Vine (MIN.)
N \_Vie (MAX.)
1/fxr
txrL I txTH
Vine (MIN.)
XT1
N\ Viee (MAX.)
Tl Timing
triLo | triHo
TI000, TI010, TIOO1, TIO11
1/fnis
tris [ triHs
TI50, TI51 \
\ N~

Interrupt Request Input Timing

tiNTL tINTH

INTPO to INTP7
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

RESET Input Timing

tRsL
RESET

Read/Write Operation
External fetch (no wait):

"4

A8 to A15 >§‘ Higher 8-bit address
tAbD1

/ N Hi-Z / ] N\

ADO to AD7 >< Lower 8-bit address ?1; ----------- < Instruction code ><
N / N A
tAos | trRDAD
tADH —=| troD1

tRDADH i

tasTH [
tRDAST
ASTB H 7? \
\

- \ -
tasTRD

tRDOL1 |

tRDH

External fetch (wait insertion):

4
A8 to A15 >< Higher 8-bit address
RN
taDD1
/ \ i- / \
ADO to AD7 >§ Lower 8-bit address §] -------------- AL { Instruction code }<

X A N 7

thos — - trRDAD
\
/\

tADH tRDD1 tRDADH
das tRDAST
ASTB 7‘ k
\N
— 4
RD X
\
= tASTRD tRDL1 ‘ [ tROH
WAIT
y
trROwT1 ‘ twrL tWTRD ——=
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

External data access (no wait):

/ N
A8to A15 >< Higher 8-bit address ]
L X

tabp2 |
v/ N\ Y \ i
ADO to AD7 >§‘L0wer it address | 2 Read data Write data }----H-'--Z-----<

taps

—
tapH tRDD2-»|

tasTH tRDH
ASTB / k
\

RD X 7{
trRowp
-—tasTRD tRoL2 | twos twoH
o -—— twRADH —»|
WR \ 4
\
tasTwR twRL1 ‘
External data access (wait insertion):
A8 10 A15 X i i X
(o} \ Higher 8-bit address p
tabD2
/ e Hi-Z / / - . Hi-Z
ADO to AD7 >§¢°avé§rr§st§“ %: """" e '§\ Read data | Write data 1}' <
— trDAD
taps tabH
tRoH
tasTH trRDD2 -
ASTB
\
tasTRD
f—— /
RD \ 7
\ / ltrowo
troL2 twobs twpH»
twrwD \
WR \( 7E
tasTwr twhRL1 | twRADH —
WAIT |
trRowT2 twrL ‘ twrrD = twri—| |

twrwt twtwr
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

Serial Transfer Timing

3-wire serial I/0O mode:

tkeym

tkim tkHm

/
SCK1n \
W

tsikm tKsim

Siin Input data

tksom

SO1n Output data ><

Remark m=1,2
n=0,1
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

3-wire serial /0 mode with automatic transmit/receive function:

L ’7
oo X o X w X Y o
SIAO D2 D1 DO >< >< D7

tsika, 4| {tksis, 4

tF4

SCKAO0

—

tsep tsBw

-

STBO

sckao 7/ \ 8 / Lol s tohee " 104nMete, 1
| T . | T . \--S$----'
tevs i
BUSYO
(active-high)

Note The signal is not actually driven low here; it is shown as such to indicate the timing.
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

A/D Converter Characteristics
(Ta=-40 to +85°C, 2.5 V< Vopo =EVbop<5.5V, 2.5V < AVRer < Vop, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error*="* 40V<AVRer<55V 10.2 104 | %FSR
27V<AVrer<4.0V 0.3 +0.6 %FSR
25V <AVrer<2.7V +0.6 +1.2 %FSR
Conversion time tconv 40V <AVrer<55V 14 100 Us
27V<AVrer<4.0V 17 100 us
25V <AVrer<2.7V 48 100 us
Zero-scale error"®*"? 40V <AVRer<55V +0.4 | %FSR
2.7V<AVrer<4.0V +0.6 %FSR
25V <AVrRer<2.7V 1.2 %FSR
Full-scale error'*="? 40V <AVRer<55V +0.4 | %FSR
27V<AVrer<4.0V +0.6 %FSR
25V <AVrRer<2.7V 1.2 %FSR
Integral non-linearity error**’ 40V <AVRer <55V 2.5 LSB
27V<AVrer<4.0V 4.5 LSB
25V <AVrer<2.7V 18.5 LSB
Differential non-linearity error"*°’ 40V <AVRer<55V 1.5 LSB
27V<AVrer<4.0V 2.0 LSB
25V <AVRer <27V +3.5 LSB
Analog input voltage Vain AVss AVRrer \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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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

POC Circuit Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vroc 2.0 21 2.2 \Y
Power supply rise time tpTH Voo: 0V —>2.0V 0.0015 ms
Response delay time 1"’ tPTHD When power supply rises, after reaching 3.0 ms
detection voltage (MAX.)
Response delay time 2"*°* trp When Voo falls 1.0 ms
Minimum pulse width tew 0.2 ms
Notes 1. Time required from voltage detection to reset release.
2. Time required from voltage detection to internal reset output.
POC Circuit Timing
Supply voltage
(Vob)
Detection voltage (MAX.)
Detection voltage (TYP.) :
Detection voltage (MIN.) f |
L ! teTHD E? E
Time
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

LVI Circuit Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vivio 41 4.3 4.5
Vivit 3.9 41 4.3 \Y
Viviz 3.7 3.9 41 \Y
Vivis 3.5 3.7 3.9 \Y
Vivia 3.3 3.5 3.7 \Y
Vwvis 3.15 3.3 3.45 \Y
Vivie 2.95 3.1 3.25 \Y
Vv 2.7 2.85 3.0 \Y
Vivis 25 2.6 2.7 \Y
Vivie 2.25 2.35 2.45 \Y
Response time"™" two 0.2 2.0 ms
Minimum pulse width tw 0.2 ms
Operation stabilization wait time "*?| twarr 0.1 0.2 ms

Notes 1. Time required from voltage detection to interrupt output or internal reset output.
2. Time required from setting LVION to 1 to operation stabilization.

Remarks 1. Vivio > Vivit > Viviz > Vivis > Vivia > Vivis > Vivie > Viviz > Vivis > Vivig
2. Vroc < Vivim (m =010 9)

LVI Circuit Timing

Supply voltage
(Vob)
Detection voltage (MAX.) }---ccmmmmaaaa A : .......................................
Detection voltage (TYP.) [==============mm= /g oo oo oo
Detection voltage (MIN.) [~~""""""""""""f=""""""""" ‘. """"""""""""""""""""
E : tiw i
E towarr E o E
LVION 1 Time

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 Voopr 2.0 5.5 \Y
Release signal set time tsREL 0 us
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CHAPTER 30 ELECTRICAL SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

Flash Memory Programming Characteristics
(Ta=-10to +65°C, 2.7V <Vbop<5.5V, 2.7V < AVRer < Vbp, Vss =0 V)

Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current loo fxr = 16 MHz, Voo = 5.5 V 35 mA
Unit erase time"*®" Terass 10 ms
Erase time"*** All blocks Teraca 0.01 2.55 s
Block unit Terasa 0.01 2.55 S
Write time Twiwa 50 500 Us
Number of rewrites per chip"*®* Cerwr 1 erase + 1 write after erase = 1 rewrite"** 100 Times

Notes 1. Time required for one erasure execution
2. The total time for repetition of the unit erase time (255 times max.) until the data is erased completely.
Note that the prewrite time and the erase verify time (writeback time) before data erasure are not included.
3. Number of rewrites per block
4. If a block erasure is executed after word units of data are written 512 times to a block (2 KB), it is
considered as one rewrite. Overwriting the same address without erasing the data in it is prohibited.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

Target product:

LUPD78F0148H(A1)

Caution The external bus interface function cannot be used in (A1) grade products.

Absolute Maximum Ratings (Ta = 25°C) (1/2)

P120, P130, P140, P141

Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.3t0 +6.5
EVop -0.3t0 +6.5 \
Vss -0.3t0 +0.3 \Y
EVss -0.3t0 +0.3 \Y
AVRer -0.3to Voo + 0.3"" \Y
AVss -0.3t0+0.3 \
Input voltage Vit P00 to P06, P10 to P17, P20 to P27, P30 -0.3 to Voo + 0.3" \Y
to P33, P40 to P47, P50 to P57, P60, P61,
P64 to p67, P70 to P77, P120, P140 to
P145, X1, X2, XT1, XT2, RESET
Vi P62, P63 N-ch open drain -0.3t0 +13
Output voltage Vo —0.3to Voo + 0.3%"°
Analog input voltage Van AVss — 0.3 to AVRer + 0.3"°
and -0.3 to Voo + 0.3"*
Output current, high lon Per pin -8 mA
Total of all pins | POO to P06, P40 to P47, 24 mA
-48 mA P50 to P57, P64 to P67,
P70 to P77, P142 to P145
P10 to P17, P30 to P33, —24 mA

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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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit
Output current, low loL Per pin P00 to P06, P10 to P17, 16 mA
P30 to P33, P40 to P47,
P50 to P57, P64 to P67,
P70 to P77, P120, P130,
P140 to P145
P60 to P63 24 mA
Total of all pins | POO to P06, P40 to P47, 28 mA
56 mA P50 to P57, P60, P61,
P64 to P67, P70 to P77,
P142 to P145
P10 to P17, P30 to P33, 28 mA
P62, P63, P120, P130,
P140, P141
Operating ambient Ta In normal operation mode —-40to +110 °C
temperature In flash memory programming mode -10 to +65
Storage temperature Tstg In flash memory blank state —65 to +150 °C
In flash memory programmed state —40to +125

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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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

High-Speed System Clock (Crystal/Ceramic) Oscillator Characteristics
(TA=-40to +110°C,2.7 V< Vpp =EVpop < 5.5V, 2.7 V < AVREF < VpD, Vss = EVss = AVss =0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic Oscillation 40V<Vop<55V 2.0 16 MHz
resonator frequency (fxp)"™®"
3.5V<Vop<4.0V 2.0 10
3.0V<Vopb<35V 2.0 8.38
27V<Vob<3.0V 2.0 5.0
Crystal Oscillation 40V<Vop<55V 2.0 16 MHz
resonator ; frequency (fxe)"*"
3.5V<Vop<4.0V 2.0 10
3.0V <Voo<35V 2.0 8.38
= 27V<Vop<3.0V 2.0 5.0
External X1 input 40V<Vop<55V 2.0 16 MHz
Note Note
clock™** frequency (5#)*" | 35\ < Voo < 4.0V 2.0 10
X1 X2 30V<Vop<35V 2.0 8.38
27V<Vopb<3.0V 2.0 5.0
X1 input high- 40V<Vop<55V 30 250 ns
Nlow-level width | 3 5y < viop < 4.0 V 46 250
(txpH, txpL)
3.0V<Vopb<35V 56 250
27V<Vob<3.0V 96 250

Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. Input a clock signal to the X1 pin and input the inverse clock signal to the X2 pin.

Cautions 1. When using the high-speed system clock 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 internal oscillation clock after reset, check the oscillation
stabilization time of the high-speed system clock using the oscillation stabilization time counter
status register (OSTC). 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, users are required to either evaluate the oscillation
themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

Internal Oscillator Characteristics
(TA=-40to +110°C,2.0 V< Vpp =EVpop<5.5V, 2.0 V < AVREF < VpD, Vss = EVss = AVss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit
Internal oscillator Oscillation frequency (fr) 120 240 490 kHz
Subsystem Clock Oscillator Characteristics
(Ta=-40to +110°C, 2.7 V < Vob = EVbp < 5.5 V, 2.7 V < AVRreF < Vb, Vss = EVss = AVss = 0 V)

Resonator Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Crystal |¥SS XT2 XT1 Oscillation frequency 32 |32.768| 35 kHz
resonator ! |Rd 0 (fxr)e

C4E C3 T
-
External clock XT2 XT1 XT1 input frequency 32 38.5 kHz
(fXT)No!e
XT1 input high-/low-level 12 15.6 us
width (txtH, txL)

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1. When using the subsystem clock 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.
o 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 subsystem clock oscillator is designed as a low-amplitude circuit for reducing power

consumption, and is more prone to malfunction due to noise than the high-speed system clock
Particular care is therefore required with the wiring method when the subsystem
clock is used.

oscillator.

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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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

DC Characteristics (1/3)
(TA=-40to +110°C,2.7 V< Vpp =EVpop < 5.5V, 2.7 V < AVREF < VpD, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, high | lon Per pin 40V<Vop<55V -4 mA
Total of P10 to P17, P30 to P33, 40V<Vop<55V -20 mA
P120, P130, P140, P141
Total of P00 to P06, P40 to P47, 40V<Vop<55V -20 mA
P50 to P57, P64 to P67, P70 to
P77, P142 to P145
All pins 40V<Vop<55V -25 mA
27V<Vob<4.0V -8 mA
Output current, low lou Per pin for POO to P06, P10 to P17,/ 4.0V <Vop<5.5V 8 mA
P30 to P33, P40 to P47, P50 to
P57, P64 to P67, P70 to P77,
P120, P130, P140 to P145
Per pin for P60 to P63 40V<Vop<55V 12 mA
Total of P10 to P17, P30 to P33, 40V<Vop<55V 24 mA
P62, P63, P120, P130, P140, P141
Total of POO to P06, P40 to P47, 40V<Vop<55V 24 mA
P50 to P57, P60, P61, P64 to P67,
P70 to P77, P142 to P145
All pins 40V<Vop<55V 30 mA
27V<Vob<4.0V 8 mA
Input voltage, high ViH1 P12, P13, P15, P40 to P47, P50 to P57, P64 to P67, 0.7Vop Voo \Y
P144, P145
ViH2 P00 to P06, P10, P11, P14, P16, P17, P30 to P33, P70 | 0.8Vop Voo \Y
to P77, P120, P140 to P143, RESET
ViH3 P20 to P27 0.7AVRer AVRer Y,
ViHa P60, P61 0.7Vop Vop \'
Vins P62, P63 0.7Vop 12 \Y
Vine X1, X2, XT1, XT2 Voo — 0.5 Vbb \Y
Input voltage, low ViLt P12, P13, P15, P40 to P47, P50 to P57, P64 to P67, 0 0.3Vop Vv
P144, P145
Viee P00 to P06, P10, P11, P14, P16, P17, P30 to P33, P70 0 0.2Vop \Y
to P77, P120, P140 to P143, RESET
ViLs P20 to P27"" 0 0.3AVRer | V
Via P60, P61 0 0.3Vop \
Vis P62, P63 0 0.3Vop \Y
Vie X1, X2, XT1, XT2 0 0.4 \Y

Note When used as digital input ports, set AVRer = V.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

DC Characteristics (2/3)
(TA=-40to +110°C,2.7 V< Vpp =EVpbp < 5.5V, 2.7 V < AVREF < VpD, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Output voltage, high Vo P10 to P17, P30 to P33, 40V<Vop<55YV, [Voo-1.0 \Y
P120, P130, P140, P141 lon =—4 mA
Total lon =-20 mA

P00 to P06, P40 to P47, 40V<Vop<55V, |Voo-1.0 \"
P50 to P57, P64 to P67, lon = -4 mA
P70 to P77, P142 to P145
Total lon =-20 mA

low =-100 pA 27V<Vop<4.0V [Voo-0.5

Output voltage, low VoLt P10 to P17, P30 to P33, 40V<Vopb<55V, 1.3 \Y
P62, P63, P120, P130, lo. =8 mA
P140, P141
Total loL =24 mA
P00 to P06, P40 to P47, 40V<Vop<55V, 1.3 \
P50 to P57, P60, P61, lo =8 mA

P64 to P67, P70 to P77,
P142 to P145
Total loL =24 mA

loL = 400 LA 27V<Vob<40V 0.4 \
Vo2 P60 to P63 40V<Vop<55V, 2.0 \
loo=12 mA
Input leakage current, high | lun1 Vi = Vop P00 to P06, P10 to P17, P30 to 10 HA
P33, P40 to P47, P50 to P57,
P60, P61, P64 to P67, P70 to
P77, P120, P140 to P145,
RESET
Vi = AVRer P20 to P27 10 UA
ILiH2 Vi = Vop X1, X2 XT1, XT2""" 20 HA
ILiHg Vi=12V P62, P63 (N-ch open drain) 10 HA
Input leakage current, low luit Vi=0V P00 to P06, P10 to P17, P20 to -10 LA
P27, P30 to P33, P40 to P47,
P50 to P57, P60, P61, P64 to
P67, P70 to P77, P120, P140 to
P145, RESET
lLite X1, X2 XT1, XT2""! -20 LA
lits P62, P63 (N-ch open drain) —10™*? LA
Output leakage current, high | ILon Vo = Voo 10 HA
Output leakage current, low | oL Vo=0V -10 HA
Pull-up resistor RL Vi=0V 10 30 120 kQ
FLMDO supply voltage Flmd In normal operation mode 0 0.2Vop \Y

Notes 1. When the inverse level of X1 is input to X2 and the inverse level of XT1 is input to XT2.
2. If port 6 has been set to input mode when a read instruction is executed to read from port 6, a low-level
input leakage current of up to —-55 wA flows during only one cycle. At all other times, the maximum
leakage current is —10 yA.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

DC Characteristics (3/3)
(TA=-40to +110°C,2.7 V< Vpp =EVpop < 5.5V, 2.7 V < AVREF < VpD, Vss = EVss = AVss =0 V)

Parameter | Symbol Conditions MIN. | TYP. |MAX.| Unit
Supply Iop1 Crystal/ceramic | fxr = 16 MHz When A/D converter is stopped 145 30.4 | mA
Note 1 . : o, Note 3
current oscillation Voo =5.0 V£10% When A/D converter is operating"® 15.5|32.4 | mA
operating -
Note 2 fxr = 10 MHz When A/D converter is stopped 95 (214 | mA
mode o, Note 3
Voo = 5.0V £10% When A/D converter is operating"**® 10.5|23.4 | mA
fxp = 5 MHz When A/D converter is stopped 3.0 | 80 | mA
o, Note 3
Voo =3.0 V£10% When A/D converter is operating™*® 36 | 9.0 | mA
Iop2 Crystal/ceramic | fxp = 16 MHz When peripheral functions are stopped 3.1 | 84 | mA
oscillation HALT | Voo = 5.0 V £10% When peripheral functions are operating 15.4 | mA
mode
fxr = 10 MHz When peripheral functions are stopped 25 | 6.9 | mA
Voo =5.0 V £10% When peripheral functions are operating 129 | mA
fxr = 5 MHz When peripheral functions are stopped 08 | 2.7 | mA
Voo = 3.0V £10% When peripheral functions are operating 5.5 | mA
Iops Internal oscillation | Voo = 5.0 V £10% 10 | 54 | mA
operating Voo = 3.0 V £10% 045 2.8 | mA
modeNole4
Iop4 Internal oscillation| Voo = 5.0 V £10% 0.4 | 3.0 | mA
Note 4
HALT mode Voo = 3.0 V +10% 025| 2.0 | mA
loos 32.768 kHz Vob=5.0V £10% 50 |1500| wA
crystal oscillation | v/, _ 3.0 v +10% 30 [1100| xA
operating
modeNotes 4,5
Iobs 32.768 kHz Vob=5.0V £10% 20 [1400| wA
crystal oscillation | v/, _ 3.0 v +10% 10 |1000| uA
HALT mode"**=**
Iop7 STOP mode Voo =5.0V £10% Internal oscillator: OFF 3.5 [1400| A
Internal oscillator: ON 17.5 1500 | «A
Voo =3.0 V £10% Internal oscillator: OFF 3.5 {1000 | rA
Internal oscillator: ON 11 (1000 | wA
Notes 1. Total current flowing through the internal power supply (Vop). Peripheral operation current is included

@ 0 wbN
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(however, the current that flows through the pull-up resistors of ports is not included).
Iop1 includes peripheral operation current.
When PCC = 00H.
When the high-speed system clock (crystal/ceramic) oscillator is stopped.

When the internal oscillator is stopped.
Including the current that flows through the AVRer pin.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

AC Characteristics

(1) Basic operation

A=-40to + y 2. < Vbbp = pb < 5. y 2. < REF< Vpbp ~ , Vss = ss = ss =
T 40 110°C, 2.7V <V EV 55V 27 V<AV Voo™, V EV AV oV

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main High-speed system | 4.0V <Vop<5.5V| 0.125 16 us
instruction execution time) system clock 35V<Vop<40V| 02 16 s

clock Crystal/ceramic
. _— 3.0V<Vop<3.5V| 0.238 16 s
operation oscillation clock
27V<Vop<3.0V| 04 16 HUs
Internal oscillation clock™"" 409 | 833 | 16.67 | us
Subsystem clock operation 114 122 125 us
TI0O00, TI010, TI001, TIO11 input| triHo, 40V<Vopb<55V 2/fsam + s
high-level width, low-level width | triLo 0.1%*?
33V<Vop<4.0V 2/fsam + us
0.2Nole2
27V<Vop<33V 2/fsam + us
0.5Ncle2
TI50, TI51 input frequency fris 40V<Vop<55V 10 MHz
33V<Vop<4.0V 5 MHz
27V<Vopb<33V 25 MHz
TI50, TI51 input high-level width,| tris, 40V<Vopb<55V 50 ns
low-level width tris 33V <Vop<40V 100 ns
27V<Vopb<33V 200 ns
Interrupt input high-level width, | tinth, 3.3V<Vop<55V 1 us
low-level width tinTL 27V <Vop<3.3V > s
Key return input low-level width | tkr 40V<Vop<55V 50 ns
33V<Vop<4.0V 100 ns
27V<Vob<33V 200 ns
RESET low-level width tRsL 33V<Vop<55V 10 us
27V<Vop<33V 20 us

Notes 1.

perform 1/O operations at 2.7 V < Vop < 5.5 V and 2.7 V < AVrer < Vbb.
2. Selection of fsam= fxp, fxr/4, fxp/256, or fxp, fxr/16, fxr/64 is possible using bits 0 and 1 (PRM000, PRMO001
or PRM010, PRMO011) of prescaler mode registers 00 and 01 (PRM00, PRMO01). Note that when selecting
the TI000 or T1001 valid edge as the count clock, fsam = fxp.
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When the internal oscillation clock is used, the CPU can operate at 2.0 V < Vop < 5.5 V. However,
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

Tcy vs. Vob (Main System Clock Operation)

20.0

16,67 |--cmccfmnaaaa-
16.0["===="7==mEE

10.0

5.0

Guaranteed
2.0 .
operation range

Cycle time Tov [us]

1.0

0.4

\
0.238}------1---=--H4---- .
0.2 ™~

(-1 (S BRI S B S
0.1 . : .
0 1.0 2.0 27303540 505560

Supply voltage Voo [V]

Remark The values indicated by the shaded section are only when the internal oscillation clock is selected.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

(2) Serial interface

(TA=-40to +110°C,2.7 V< Vpb =EVpp < 5.5V, 2.7 V < AVREF < Vpp, Vss = EVss = AVss =0 V)

(a) UART mode (UART6, dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 312.5 kbps
(b) UART mode (UARTO, dedicated baud rate generator output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 3125 kbps
(c) 3-wire serial /O mode (master mode, SCK1n... internal clock output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1n cycle time tkey1 45V<Vp<55V 200 ns
40V<Vop<45V 240 ns
3.3V<Vop<4.0V 400 ns
27V<Vopb<33V 800 ns
SCK1n high-/low-level width tKH1, 3.3V<Vop<55V tkey1/2-10 ns
s 27V<Von<33V teevi/2-50 ns
SI1n setup time (to SCK1nT) tsik1 3.3V<Vop<55V 30 ns
27V<Vopb<33V 70 ns
SI1n hold time (from SCK1nT) | tksit 3.3V<Vop<55V 30 ns
27V<Vopb<33V 70 ns
Delay time from SCK1nl to tkso1 C=100pF**|3.3V<Vop<55V 30 ns
SO1n output 27V<Von <33V 120 ns
Note C is the load capacitance of the SCK1n and SO1n output lines.
(d) 3-wire serial I/0 mode (slave mode, SCK1n... external clock input)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK1n cycle time tkey2 3.3V<Vop<55V 400 ns
27V<Vopb<33V 800 ns
SCK1n high-/low-level width tKH2, tkey2/2 ns
kL2
SI1n setup time (to SCK1nT) tsike 80 ns
Sl1n hold time (from SCK1nT) | tksi2 50 ns
Delay time from SCK1nl to tkso2 C =100 pF"™* 120 ns
SO1n output
Note C is the load capacitance of the SO1n output line.
Remark n=0, 1
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

(e) 3-wire serial /O mode with automatic transmit/receive function (SCKAO... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKAO cycle time tkovs 40V<Vop<55V 600 ns
27V<Vopb<4.0V 1200 ns
SCKAO high-/low-level width trhs, tnis | 4.0V <Vop<55V tkeva/2 — 50 ns
27V<Vob<4.0V tkeva/2 — 100 ns
SIAO setup time (to SCKAOT) tsiks 100 ns
SIAO hold time (from SCKAOT) tisia 300 ns
Delay time from SCKAO.L to SOAQ | t«sos C=100pF™ | 40V<Vop<55V 200 ns
output 27V<Von<40V 300
Time from SCKAOT to STBOT tsep tkeva/2 — 100 ns
Strobe signal high-level width tsew 40V<Vop<55V tkeys — 30 ns
27V<Vob<4.0V tkeys — 60 ns
Busy signal setup time (to busy teys 100 ns
signal detection timing)
Busy signal hold time (from busy teyH 40V<Vop<55V 100 ns
signal detection timing) 27V <Voo<4.0V 150 ns
Time from busy inactive to SCKAO! | tses 2tkevs ns
Note C is the load capacitance of the SCKAO and SOAO output lines.
(f) 3-wire serial /0O mode with automatic transmit/receive function (m ... external clock input)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKAO cycle time tkova 40V<Vop<55V 600 ns
27V<Vob<4.0V 1200 ns
SCKAO high-/low-level width tiria, thia 40V<Vop<55V 300 ns
27V<Vopb<4.0V 600 ns
SIAO setup time (to SCKAOT) tsika 100 ns
SIAO hold time (from SCKAOT) tisia 300 ns
Delay time from SCKAO. to SOAO | tksos C=100pF™| 4.0V <Vop<55V 200 ns
output 27V<Von<40V 300 ns
SCKAO rise/fall time tR4, tra When external device expansion 120 ns
function is used
When external device expansion 1000 ns

function is not used

Note C is the load capacitance of the SOAO output line.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

AC Timing Test Points (Excluding X1, XT1)

0.8Vop . 0.8Vop
Test points
>< 0.2Vop > < 0.2Vop

Clock Timing
1/fxp
txpL: I txpH
X1 \ Vine (MIN.)
N \_Vie (MAX.)
1/fxr
txrL I txTH
Vine (MIN.)
XT1
N\ Viee (MAX.)
Tl Timing
triLo | triHo
TI000, TI010, TIOO1, TIO11
1/fnis
tris [ triHs
TI50, TI51 \
\ N~

Interrupt Request Input Timing

tiNTL tINTH

INTPO to INTP7
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

RESET Input Timing

tRsL

RESET
Serial Transfer Timing
3-wire serial I/O mode:
tkcym
tm tKHm
/
SCKin \
\ ~__
tsikm tKsim
Slin Input data
tksom

8O01n Output data ><

Remark m=1,2
n=0,1
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1)

GRADE PRODUCTS)

3-wire serial /0 mode with automatic transmit/receive function:

/
oo X o X w X

SIAO D2 D1

"X

tsika, 4| {tksis, 4

SCKAO0

STBO

tF4

tsep tsBw

-

SCKAO 7/ \ 8 /

BUSYO
(active-high)

Note The signal is not actually driven low here; it is shown as such to indicate the timing.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

A/D Converter Characteristics

(TA=-40to +110°C,2.7 V< Vpp =EVpop < 5.5V, 2.7 V < AVREF < VpD, Vss = EVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error*="* 40V<AVRer<55V 10.2 10.6 | %FSR
2.7V <AVrer<4.0V 0.3 +0.8 %FSR
Conversion time tconv 40V <AVrer <55V 14 60 Us
27V<AVrer<4.0V 19 60 us
Zero-scale error"®*="? 40V <AVRer<55V +0.6 | %FSR
27V<AVrer<4.0V +0.8 %FSR
Full-scale error'="? 40V <AVRer<55V +0.6 | %FSR
2.7V<AVrer<4.0V +0.8 %FSR
Integral non-linearity error*" 40V<AVRer<55V +4.5 LSB
2.7V <AVrer<4.0V 6.5 LSB
Differential non-linearity error"*°’ 40V <AVRer<55V 2.0 LSB
2.7V <AVrer<4.0V 2.5 LSB
Analog input voltage VaiN AVss AVRer Vv

Notes 1.

550

Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

POC Circuit Characteristics (Ta = —40 to +110°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vroc 2.0 21 2.25 \Y
Power supply rise time tpTH Voo: 0V —>2.0V 0.0015 ms
Response delay time 1"’ tPTHD When power supply rises, after reaching 3.0 ms
detection voltage (MAX.)
Response delay time 2"*°* trp When Voo falls 1.0 ms
Minimum pulse width tew 0.2 ms
Notes 1. Time required from voltage detection to reset release.
2. Time required from voltage detection to internal reset output.
POC Circuit Timing
Supply voltage
(Vob)
Detection voltage (MAX.)
Detection voltage (TYP.) :
Detection voltage (MIN.) f |
L ! teTHD E? E
Time
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRO

DUCTS)

LVI Circuit Characteristics (Ta = —40 to +110°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vivio 41 4.3 4.52
Vivin 3.9 41 4.32 \'
Viviz 3.7 3.9 412 \'
Viviz 3.5 3.7 3.92 \Y
Vivia 3.3 3.5 3.72 \'
Vwvis 3.15 3.3 3.50 Vv
Vwivie 2.95 3.1 3.30 \'
Viviz 2.7 2.85 3.05 \Y
Vivis 2.5 2.6 2.75 \'
Vivig 2.25 2.35 2.50 \'
Response time"™" two 0.2 2.0 ms
Minimum pulse width tw 0.2 ms
Operation stabilization wait time "*?| twarr 0.1 0.2 ms
Notes 1. Time required from voltage detection to interrupt output or internal reset output.
2. Time required from setting LVION to 1 to operation stabilization.
Remarks 1. Vivio > Vivit > Viviz > Vivis > Vivia > Vivis > Vivie > Viviz > Vivig > Vivie
2. Vroc < Vivim (m =010 9)
LVI Circuit Timing
Supply voltage
(Vob)
Detection voltage (MAX.) }----cccmmmmmmaa o f o J ---------------------------------------
Detection voltage (TYP.) [==============mm= /g oo oo oo
Detection voltage (MIN.) [~=""""""""="""f======="=~ F e e
E ] tw ]
E tiwar E o E
LVION « 1 Time
Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +110°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage Voopr 2.0 5.5 \Y
Release signal set time tsREL 0 us
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CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

Flash Memory Programming Characteristics
(Ta=-10to +65°C, 2.7V <Vbop<5.5V, 2.7V < AVRer < Vbp, Vss =0 V)

Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current loo fxr = 16 MHz, Voo = 5.5 V 35 mA
Unit erase time"*®" Terass 10 ms
Erase time"*** All blocks Teraca 0.01 2.55 s
Block unit Terasa 0.01 2.55 S
Write time Twiwa 50 500 Us
Number of rewrites per chip"*®* Cerwr 1 erase + 1 write after erase = 1 rewrite"** 100 Times

Notes 1. Time required for one erasure execution
2. The total time for repetition of the unit erase time (255 times max.) until the data is erased completely.
Note that the prewrite time and the erase verify time (writeback time) before data erasure are not included.
3. Number of rewrites per block
4. If a block erasure is executed after word units of data are written 512 times to a block (2 KB), it is
considered as one rewrite. Overwriting the same address without erasing the data in it is prohibited.
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CHAPTER 32 PACKAGE DRAWINGS

80-PIN PLASTIC TQFP (FINE PITCH) (12x12)

HHHAAAAAA ]

61

60

40

7" ﬁHHHHHHHHHHHHHHHHHHH

80O

1

ﬁ ~-HE T @

—S

detail of lead end

NOTE

Each lead centerline is located within 0.08 mm of
its true position (T.P.) at maximum material condition.
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A 14.0£0.2

12.0£0.2
12.0+0.2
14.0£0.2
1.25

1.25
0.22+0.05
0.08

0.5 (T.P.)

1.0£0.2

0.5

0.145+0.05

0.08

1.0

0.1£0.05
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3730
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CHAPTER 32 PACKAGE DRAWINGS

80-PIN PLASTIC QFP (14x14)

A
B
60 41
detail of lead end
-S
c o N
1 n
'R
-Q
K
NOTE M-
ITEM MILLIMETERS
Each lead centerline is located within 0.13 mm of A 17.20+0.20
its true position (T.P.) at maximum material condition. B 14.0040.20
c 14.00+0.20
D 17.2040.20
F 0.825
G 0.825
H 0.32+0.06
| 0.13
J 0.65 (T.P.)
K 1.60+0.20
L 0.80+0.20
+0.03
M 0.1729.07
N 0.10
P 1.40+0.10
Q 0.125+0.075
o+7°
R 3L
S 1.70 MAX.

P80GC-65-8BT-1
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<R> CHAPTER 33 RECOMMENDED SOLDERING CONDITIONS

These products should be soldered and mounted under the following recommended conditions.

For soldering methods and conditions other than those recommended below, please contact an NEC Electronics
sales representative.

For technical information, see the following website.

Semiconductor Device Mount Manual (http://www.necel.com/pkg/en/mount/index.html)

Table 33-1. Surface Mounting Type Soldering Conditions (1/2)

(1) uPD78F0148HGK-9EU, 78F0148HGK(A)-9EU, 78F0148HGK(A1)-9EU

Soldering Method Soldering Conditions Recommended
Condition Symbol

Infrared reflow Package peak temperature: 235°C, Time: 30 seconds max. (at 210°C or higher), | IR35-207-3
Count: 3 times or less, Exposure limit: 7 days"* (after that, prebake at 125°C for
20 to 72 hours)

VPS Package peak temperature: 215°C, Time: 40 seconds max. (at 200°C or higher), | VP15-207-3
Count: 3 times or less, Exposure limit: 7 days™™ (after that, prebake at 125°C for
20 to 72 hours)

Partial heating Pin temperature: 350°C max., Time: 3 seconds max. (per pin row) -

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

Caution Do not use different soldering methods together (except for partial heating).
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CHAPTER 33 RECOMMENDED SOLDERING CONDITIONS

Table 33-1. Surface Mounting Type Soldering Conditions (2/2)

(2) uPD78F0148HGC-8BT, 78F0148HGC(A)-8BT, 78F0148HGC(A1)-8BT

Soldering Method

Soldering Conditions

Recommended
Condition Symbol

Infrared reflow

Package peak temperature: 235°C, Time: 30 seconds max. (at 210°C or higher),
Count: 3 times or less, Exposure limit: 7 days"™* (after that, prebake at 125°C for
20 to 72 hours)

IR35-207-3

VPS

Package peak temperature: 215°C, Time: 40 seconds max. (at 200°C or higher),
Count: 3 times or less, Exposure limit: 7 days™™ (after that, prebake at 125°C for
20 to 72 hours)

VP15-207-3

Wave soldering

Solder bath temperature: 260°C max., Time: 10 seconds max., Count: Once,
Preheating temperature: 120°C max. (package surface temperature), Exposure
limit: 7 days™* (after that, prebake at 125°C for 20 to 72 hours)

WS60-207-1

Partial heating

Pin temperature: 350°C max., Time: 3 seconds max. (per pin row)

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

(3) PD78F0148HGK-9EU-A, 78F0148HGC-8BT-A,
1PD78F0148HGK(A)-9EU-A, 78F0148HGC(A)-8BT-A,
uPD78F0148HGK(A1)-9EU-A, 78F0148HGC(A1)-8BT-A

Soldering Method

Soldering Conditions

Recommended
Condition Symbol

Infrared reflow

Package peak temperature: 260°C, Time: 60 seconds max. (at 220°C or higher),
Count: Three times or less, Exposure limit: 7 daysN°"e (after that, prebake at 125°C
for 20 to 72 hours)

IR60-207-3

Partial heating

Pin temperature: 350°C max., Time: 3 seconds max. (per pin row)

Note After opening the dry pack, store it at 25°C or less and 65% RH or less for the allowable storage period.

Caution Do not use different soldering methods together (except for partial heating).

Remarks Products that have the part numbers suffixed by "-A" are lead-free products.
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CHAPTER 34 CAUTIONS FOR WAIT

34.1 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, refer to Table
34-1). This must be noted when real-time processing is performed.
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34.2 Peripheral Hardware That Generates Wait

Table 34-1 lists the registers that issue a wait request when accessed by the CPU, and the number of CPU wait

clocks.
Table 34-1. Registers That Generate Wait and Number of CPU Wait Clocks
Peripheral Hardware Register Access Number of Wait Clocks
Watchdog timer WDTM Write 3 clocks (fixed)
Serial interface UARTO ASISO Read 1 clock (fixed)
Serial interface UART6 ASIS6 Read 1 clock (fixed)
A/D converter ADM Write 2to 5 clocks™™
ADS Write (when ADM.5 flag = “1”)
- 2 to 9 clocks"™
PFM Write (when ADM.5 flag = “0")
PFT Write
ADCR Read 1 to 5 clocks
(when ADM.5 flag = “17)
1 to 9 clocks

(when ADM.5 flag = “0”)

<Calculating maximum number of wait clocks>
{(1/fmacro) x 2/(1/fceu)} + 1

*The result after the decimal point is truncated if it is less than tcruL after it has been multiplied by
(1/fcpu), and is rounded up if it exceeds tcpuL.
fuacro:  Macro operating frequency
(When bit 5 (FR2) of ADM = “1”: fx/2, when bit 5 (FR2) of ADM = “0”: fx/2°)
fepu: CPU clock frequency
tepuL: Low-level width of CPU clock

Note No wait cycle is generated for the CPU if the number of wait clocks calculated by the above expression is 1.

Caution When the CPU is operating on the subsystem clock and the high-speed system clock is stopped
(MCC = 1), 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).

Table 34-2. RAM Accesses That Generate Wait and Number of CPU Wait Clocks

Target Area Target Access Number of Wait Clocks

Buffer RAM Write 0 to 41 clocks"™*

<Calculating maximum number of wait clocks>
{(1/fmacro) x 5/(1/fcpu)} + 1

* The result after the decimal point is truncated if it is less than tceu after it has been multiplied by (1/fcpu), and is rounded up if it
exceeds tcpuL.

fwacro:  Macro operating frequency

fepu: CPU clock frequency

tepuL: Low-level width of CPU clock

Note No wait clock is generated if five macro operating clocks or more are inserted between writing from the macro
to the buffer RAM and writing from the CPU to the buffer RAM.
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34.3 Example of Wait Occurrence

<1> Watchdog timer
<On execution of MOV WDTM, A>
Number of execution clocks: 8
(5 clocks when data is written to a register that does not issue a wait (MOV sfr, A).)
<On execution of MOV WDTM, #byte>
Number of execution clocks: 10
(7 clocks when data is written to a register that does not issue a wait (MOV sfr, #byte).)

<2> Serial interface UART6
<On execution of MOV A, ASIS6>
Number of execution clocks: 6
(5 clocks when data is read from a register that does not issue a wait (MOV A, sfr).)
<3> A/D converter

Table 34-3. Number of Wait Clocks and Number of Execution Clocks on Occurrence of Wait (A/D Converter)

<On execution of MOV ADM, A; MOV ADS, A; or MOV A, ADCR>
e When fx = 10 MHz, tcpuL = 50 ns

Value of Bit 5 (FR2) . .
of ADM Register fepu Number of Wait Clocks Number of Execution Clocks
0 fx 9 clocks 14 clocks
fx/2 5 clocks 10 clocks
fx/2° 3 clocks 8 clocks
fx/2° 2 clocks 7 clocks
fx/2* 0 clocks (1 clock™) 5 clocks (6 clocks"*)
1 fx 5 clocks 10 clocks
fx/2 3 clocks 8 clocks
fx/2° 2 clocks 7 clocks
fx/2° 0 clocks (1 clock™™) 5 clocks (6 clocks"™*)
fx/2* 0 clocks (1 clock™™) 5 clocks (6 clocks"*)

Note On execution of MOV A, ADCR
Remark The clock is the CPU clock (fcru).

fx:  High-speed system clock oscillation frequency
tcruL: Low-level width of CPU clock
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the 78 KO/KF1+.
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.

Windows™

Unless otherwise specified, “Windows” means the following OSs.

Windows 3.1
Windows 95

Windows 98

Windows NT™ Ver 4.0
Windows 2000
Windows XP

Caution For the development tools of the 78K0/KF1+, contact an NEC Electronics sales representative.
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Figure A-1. Development Tool Configuration (1/2)

e When using the in-circuit emulator QB-78KOKX1H

Notes 1.
2.
3.
562

Language processing software

e Assembler package

¢ C compiler package

o Device file

o C library source fileNote?

Software package

* Software package

©

Debugging software

« Integrated debugger
e System simulator

Flash memory
writing environment

Control software

e Project manager
(Windows only)Nete 2

Host machine (PC or EWS)

USB interface cable

Flash programmer

Flash memory
writing adapter

Flash memory

The C library source file is not included in the software package.
The project manager PM plus is included in the assembler package.

Power supply unit

In-circuit emulatorhete 3

Emulation probe

Conversion socket or
conversion adapter

PM plus is only used for Windows.

separately.

Target system
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programmer PG-FPL, power supply unit, and USB interface cable.

Any other products are sold
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Figure A-1. Development Tool Configuration (2/2)

e When using the on-chip debug emulator QB-78KOMINI

Notes 1.
2.

Language processing software

e Assembler package

¢ C compiler package

¢ Device file

e C library source fileNte?

————————————————————————————————— Software package - = === =========-==--=-----------

« Software package

©

Debugging software

* Integrated debugger
e System simulator

e Project manager
(Windows only)Nete 2

Control software

Flash memory
writing environment

Flash programmer

[

Flash memory
writing adapter

[

Flash memory

Host machine (PC or EWS)

USB interface cable

On-chip debug emulatorete3

Connection cable

Target connector

Target system

The C library source file is not included in the software package.

The project manager PM plus is included in the assembler package.
PM plus is only used for Windows.
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 (DF780148) (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

DF780148""" This file contains information peculiar to the device.

Device file This device file should be used in combination with a tool (RA78K0, CC78K0, SM+ for
78K0, and ID78K0-QB) (all sold separately).

The corresponding OS and host machine differ depending on the tool to be used (all sold
separately).

Part number: uSxxxxDF780148

CC78K/0-L""* This is a source file of the functions that configure the object library included in the C

C library source file compiler package (CC78KO0).

This file is required to match the object library included in the C compiler package to the
user’s specifications.

Part number: £SxxxxCC78K0-L

Notes 1. The DF780148 can be used in common with the RA78K0, CC78K0, SM+ for 78K0, and ID78K0-QB.
2. 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.

USxxxxRA78K0
H1SxxxxCC78K0
USxxxxCC78K0-L

XXXX Host Machine [OF) 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)

HSxxxxDF780148
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 plus 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 PM plus.
<Caution>

PM plus is included in the assembler package (RA78K0).
It can only be used in Windows.

A.4 Flash Memory Writing Tools

Flashpro IV Flash programmer dedicated to microcontrollers with on-chip flash memory.
(part number: FL-PR4, PG-FP4)
Flash programmer

PG-FPL Flash memory programmer dedicated to microcontrollers with on-chip flash memory.
Flash memory programmer Included with in-circuit emulator QB-78KOKX1H.

FA-80GK-9EU-A Flash memory writing adapter used connected to the Flashpro IV.

FA-80GC-8BT-A e FA-80GK-9EU-A: For 80-pin plastic TQFP (GK-9EU type)

Flash memory writing adapter e FA-80GC-8BT-A: For 80-pin plastic QFP (GC-8BT type)

Remark FL-PR4, FA-80GK-9EU-A and FA-80GC-8BT-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-78KOKX1H

QB-78KOKX1H""
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing application
systems using the 78K0/Kx1 or 78K0/Kx1+. It supports the integrated debugger (ID78K0-
QB). This emulator should be used in combination with a power supply unit and emulation
probe. USB is used to connect this emulator to the host machine.

QB-144-CA-01 This adapter is used in waveform monitoring using the oscilloscope, etc.
Check pin adapter
QB-80-EP-01T This is a flexible type probe used to connect the in-circuit emulator to the target system.

Emulation probe

QB-80GK-EA-01T
QB-80GC-EA-01T
Exchange adapter

This adapter is used to perform the pin conversion from the in-circuit emulator to the target
connector.

o QB-80GK-EA-01T: For 80-pin plastic TQFP (GK-9EU type)

e QB-80GC-EA-01T: For 80-pin plastic QFP (GC-8BT type)

QB-80GK-YS-01T
QB-80GC-YS-01T
Space adapter

This adapter is used to adjust the height between the target system and in-circuit emulator if
required.

e QB-80GK-YS-01T: For 80-pin plastic TQFP (GK-9EU type)

e QB-80GC-YS-01T: For 80-pin plastic QFP (GC-8BT type)

QB-80GK-YQ-01T
QB-80GC-YQ-01T
YQ connector

This connector is used to connect the target connector to the exchange adapter.
e QB-80GK-YQ-01T: For 80-pin plastic TQFP (GK-9EU type)
e QB-80GC-YQ-01T: For 80-pin plastic QFP (GC-8BT type)

QB-80GK-HQ-01T
QB-80GC-HQ-01T
Mount adapter

This adapter is used to mount the target device onto the target device with socket.
e QB-80GK-HQ-01T: For 80-pin plastic TQFP (GK-9EU type)
e QB-80GC-HQ-01T: For 80-pin plastic QFP (GC-8BT type)

QB-80GK-NQ-01T
QB-80GC-NQ-01T
Target connector

This connector is used to mount the in-circuit emulator onto the target system.
e QB-80GK-NQ-01T: For 80-pin plastic TQFP (GK-8EU type)
e QB-80GC-NQ-01T: For 80-pin plastic QFP (GC-8BS type)

Note The QB-78KOKX1H is supplied with a power supply unit, USB interface cable, and flash memory programmer
PG-FPL. It is also supplied with integrated debugger ID78K0-QB as control software.

Remark The package contents differ depending on the part number.

Package Contents

Part Number

In-Circuit Emulator | Emulation Probe

Exchange Adapter | YQ Connector Target Connector

QB-78KOKX1H-ZZZ

QB-78KOKX1H-T80GK

QB-78KOKX1H-T80GC

QB-78KOKX1H

Not included

QB-80-EP-01T

QB-80GK-EA-01T

QB-80GK-YQ-01T

QB-80GK-NQ-01T

QB-80GC-EA-01T

QB-80GC-YQ-01T

QB-80GC-NQ-01T
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A.5.2 When using on-chip debug emulator QB-78KOMINI

QB-78KOMINI The on-chip debug emulator serves to debug hardware and software when developing
On-chip debug emulator application systems using the 78K0/Kx1+. It supports the integrated debugger (ID78K0-
QB). 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)

A.6 Debugging Tools (Software)

SM+ for 78K0"* SM+ for 78K0 is Windows-based software.

System simulator It is used to perform debugging at the C source level or assembler level while simulating
the operation of the target system on a host machine.

Use of SM+ for 78K0 allows the execution of application logical testing and performance
testing on an independent basis from hardware development, thereby providing higher
development efficiency and software quality.

SM+ for 78K0 should be used in combination with the device file (DF780148) (sold
separately).

Part number: £SxxxxSM780000

ID78K0-QB This debugger supports the in-circuit emulators for the 78K0/Kx1+ Series. The ID78K0-
Integrated debugger QB is 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: uSxxxxID78K0-QB

Note Under development

Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxSM780000
uSxxxxID78K0-QB

XXXX Host Machine [OF) 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 NOTES ON TARGET SYSTEM DESIGN

This section shows areas on the target system where component mounting is prohibited and areas where there are

component mounting height restrictions when using the QB-78KOKX1H.

(a) For 80-pin GK package

Figure B-1. Restricted Areas on Target System (80-Pin GK Package)

I I
G 2| -

15

13.375 17.375

|:|: Exchange adapter area: Components up to 17.45 mm in height can be mounted"*®
-: Emulation probe tip area:  Components up to 24.45 mm in height can be mounted"®
Note Height can be regulated by using space adapters (each adds 2.4 mm)
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(b) 80-pin GC package

Figure B-2. Restricted Areas on Target System (80-Pin GC Package)
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|:|: Exchange adapter area: Components up to 17.45 mm in height can be mounted
[ : Emulation probe tip area:  Components up to 24.45 mm in height can be mounted Note
Note Height can be regulated by using space adapters (each adds 2.4 mm)
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C.1 Register Index (In Alphabetical Order with Respect to Register Names)

[A]

A/D conversion result regisSter (ADCR)........iiiieiiit ettt sttt e sae e s ab e e abe e e s e e e e ae e e sheeebe e e aeeenee s 263
A/D converter MOde regiStEr (ADM) .......oiii it e e et e e e e b e e e e e e n e e e e nneeeanee 260
Analog input channel specification register (ADS) ..........cooiiiiiiiiii e 262
Asynchronous serial interface control register 6 (ASICLB) .........cceiiiuiiiiiieiii ettt re e e enee s 312
Asynchronous serial interface operation mode register 0 (ASIMO) ......coouiiiiiiiieeiie e 282
Asynchronous serial interface operation mode register 6 (ASIMB) ..........cociiirieiiiiiiee e 306
Asynchronous serial interface reception error status register 0 (ASIS0) .......ccoeeriiiirirriii e 284
Asynchronous serial interface reception error status register 6 (ASIS6) ........ccueeeiiiiiiiiiei e 308
Asynchronous serial interface transmission status register 6 (ASIFB) ...........cccviiiiiiieiiii e 309
Automatic data transfer address count register 0 (ADTC0).......ccuueeriueiiieeriieeieeetee et e et esee e s sneesae e e saeeenee s 360
Automatic data transfer address point specification register 0 (ADTPO) .....coocueeeiiiiiiiieee e 365
Automatic data transfer interval specification register 0 (ADTI0).........coiueiriiiirieriie e 367
[B]

Baud rate generator control register 0 (BRGCO) ..........ooooiiiiiiiiie i s 285
Baud rate generator control register 6 (BRGICG) ..........cuocueeiiiiiieeiiii ettt sr et esane e sene e e e 311
[C]

Capture/compare control register 00 (CRCO0) ..........uiiiiurieeiireie et e et e et ee e e st e e e easee e e senne e e e sbeeesanneeennneas 156
Capture/compare control register 01 (CRCDT) .....ccuuiiiiiiiiieie ettt st essne e sere e e e eane 156
Clock monitor Mode re@iSter (CLIM) ...........i oottt sttt e st sae e s b et e sbe e e sbeeeaneesabeesaneesbneenaneenee 449
Clock output selection regisSter (CKS) ... i e st r e e s aab e e s ane e e e saneeas 254
Clock selection register 6 (CKSRB).......cccuiiiiiiiiie ittt et e s b e e bt e s beeeneesabeesaneesnreenaneean 310
[D]

Divisor selection register 0 (BRGICAD) ......coiiiiiieiiiee ittt et ss e e sba e e e asbe e e s sanre e s s anre e e e anbeeesanneeesanneeeaas 365
[E]

8-bit timer compare register 50 (CRB0) .......ccuuiiiiiiiee ettt sae et e e bt et eeeb e sabeesane e sareenane e 194
8-bit timer compare regisSter 51 (CRET) ...t e e st e s e e e e e aab e e s ann e e e annneas 194
8-bit timer COUNTET 50 (TIMB0) ......ccueeeitieetie ettt ettt b et b e b e e st e sa b e e e st e sa bt e eabe e st e e eaneesabeesnneennneennnenan 193
8-Dit tIMEr COUNTET 51 (TIMBT) ...ttt b et bt skt e s e e sa b e e e ane e sa b e e e abe e sabeeeaneesabeesnneesbneennnennee 193
8-bit timer H carrier control register 1 (TMCY 1) ... .uiiiiiieeeeee ettt e e e s e e 217
8-bit timer H compare register 00 (CIMPOO).........ooi i iiiee ettt ee e ettt e e et e e e sttt e e abeeeesaneeeeeanneeeeanbeeeeaseeeesnneeas 212
8-bit timer H compare register 01 (CIMPOT).....c..uiiiiiiiiee ettt ettt st e b st eesane e seneesaneeaee 212
8-bit timer H compare register 10 (CIMPT0).......uuii ittt e e st e e ab e e s ann e e e snneas 212
8-bit timer H compare register 11 (CIMP 1) ..o i et e e et e e et e e s sane e e e sbeeeeeneeeeenneeas 212
8-bit timer H mode register O (TMHMDO) ........coiutiiiiieiee ittt ettt be et e e e bt e st e e eneesabeesaneesmneenaneene 213
8-bit timer H mode register 1 (TMHMDT) ....coiiiiiee e e e e e st s e e e sb e e s enn e e e sanneas 213
8-bit timer mode control register 50 (TMC50)......cceiuuiie it ee et e e et e e s s e e e sbe e e e ssteeesnneeeesnbeeeeaseeeeanneeas 197
8-bit timer mode control register 51 (TIMCS5T) ... ..eiiiieiiie ittt st e s b e st esane e sareenaneeaee 197
External interrupt falling edge enable register (EGIN) ..........ccoi i e 416
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External interrupt rising edge enable register (EGP).........cooiiiiiiiiiie e e e 416
[F]

Flash Status regiSter (PFS) ........coiioiieiei ettt h e e bt bt e et e e aan e e sa bt e eae e e nnneenneenares 493
Flash programming mode control register (FLPMC) .........oooiiiiiiiiie ettt s 491
Flash protect command register (PFCIMD) .........ooiuiiiiiiiieiiei ettt e et e et e s enne e e s snneee s 493
[

INput SWItCh CONLIOI FEGISTEr (ISC) ... nviiiiee ittt b e et e et e et e e s e e sabeesan e e seneenneeeaees 314
Internal expansion RAM size switching register (IXS).......oo e 474
Internal memory size sSWiItChing re@iStEr (IMS) ... ..eii ittt e e e e e snb e e s eaneee s snneeenn 473
Internal oscillation mode register (RCM) ........oo ittt b e b e san e e saneenneeeaees 124
Interrupt mask flag register OH (IMKOH) .....coo i e e e e nb e e s nn e e e s nnneee s 414
Interrupt mask flag regiSter OL (IMKOL).......coii it iieee e etiee ettt ettt e et e e st e e s eat e e e e mte e e s enneeeesaeeeeenbeeesnnneeessnneeenn 414
Interrupt mask flag register TH (IMKTH) ...t san e ser e e nne e e 414
Interrupt mask flag register TL (IMKTL) ... .. et e e s b e e e s e e s nneeesanneeens 414
Interrupt request flag register OH (IFOH) ..o it e e s e et e e st e e e s bt e e e e anteeesnnneeessnneeenn 412
Interrupt request flag re@ister OL (IFOL) ........eoiuie ittt st e e e et e e s e e st e e snn e e sereenneeeees 412
Interrupt request flag register TH (IFTH) ..o e e e s e s snneeens 412
Interrupt request flag regiSter TL (IFTL) ...eeii et e e e e e et e e st e e e s ae e e e enbeeesenneeesnnneeenn 412
[K]

Key return mode register (KRIM) ... oottt e e e s e e s e e e s esn e e e e anr e e e s annr e e e annes 426
[L]

Low-voltage detection level selection register (LVIS).........coo ittt 461
Low-voltage detection register (LVIM) ... 460
[M]

Main clock Mode re@iSter (IMCM) .........ei ittt ettt ettt e e b e bt e et e e e be e sabe e sareesae e e saeeeabeeeaneeenneeans 125
Main OSC control reGiSTEr (MOC) ........uiiiiiiiie ettt et s et e s r e e e s b e e e saan et e s anne e e e anbeeesannneeeaanes 126
Memory expansion Mode register (MEM) ... e et e e s e e s st e e e s b e e e enneeeesnnes 112
Memory expansion walit Setting register (IMIM) ..........ooiuii ittt sbe e sr e e sae e e saeeeneeaa 113
Multiplication/division data register A0 (MDAOH, MDAOL) .......ouiiiiiieieiiiee ettt e e s 399
Multiplication/division data register BO (MDBO).........cccuiiiteiitiieiee ettt sttt sane e ssn e sae e e sne e e nneesneeaa 400
Multiplier/divider control register O (DIMUCO) ........ccueiiuiierieeiiee ettt ettt ettt se e st e e b e sabe e s neesae e e sseeenaeeesneeeneeaas 401
[O]

Oscillation stabilization time counter status register (OSTC) ......cceiiiiiiiieiiieee e 127, 429
Oscillation stabilization time select register (OSTS)......uuiiii i saeeere e 128, 430
[P]

Port mode re@ister O (PMO).......coiuiiiiieeiee ittt et a et e s et e bt e sae e e b e e san e e nne e nneenneeaa 103, 163, 345
Port mode register 1 (PIM1) ... et e e e e e e e e e ennes 103, 119, 218, 286, 314, 345
POrt Mode regiSter 12 (PMT2) ... ettt e e e e s e e e e e s et e e s nn e e e e s abe e e s enbe e e nnn e e e s anneeenn 103
Port Mode regiSter 14 (PMT4) ... .ottt ettt e e e et e e s e st e e e smbe e e e enteeeeeneeeesnneeean 103, 256, 368
Port MO re@IStEr 3 (PIMB) ... ettt h ettt b e ae e e be e e eae e e be e e st e et et e ne e et et e aneesabeesnneennne s 103, 119
POrt MOAE rEQISTEI 4 (PIMI4) ... ..ottt e et e e e s et e e et et e e e sb et e e ane e e e s be e e s enr e e e nnneeesnneeean 103
POrt MOAE rEGISIEN 5 (PIMI5) ... .iieetie ittt ettt ettt ettt bt et e bt e st e st e e et e et e e eaneesareeenn e e nbneennnenanes 103
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POrt MOAE rEGISTEN B (PIMB) .......eoiuiiiiiii ittt ettt sttt e ea s e sae e e eae e e sab e e eabe e sabeeaaneesabeennneesbeeennnennee 103
POt MOAE rEQISTEN 7 (PIM7) ..ttt ettt e et e e e s e e e s b e e e e sbe e e e eane e e e sabe e e e e sre e e snnneeenneeenas 103
Lo R =T 1151 (=T g O () O ESP ST R OP PP PPPOPPIOt 106
Lo R =T 1151 (=T i I = 1 PSSO RSP R TPPROPPOt 106
o AR (=T o 151 (T g P2 (o 12 PRSP U PR PP TP 106
Lo B (=T o 1S3 (g B (i 1 ) SR 106
Lo R =T 1151 (=T g I (o 7 PSSR U RO RTPPROPROt 106
POM FEGISIEE 2 (P2) ...ttt e e h e e e et e e e b e e e e e bn e e e e a b et e e e R e e e e e Re e e e e nre e e nnnn e e e anneeeean 106
Lo B (=T o153 (e T {2 ) SR 106
Lo R =T 1151 (=T A (= PSR URTOP R TPPROPROt 106
e AR (o 151 (T g (2= PSSP PUPPTPSPN 106
Lo g B (= o 153 (= g ST (<) SR 106
Lo R =T 1151 (=T A (= PSSRSO R OP R TPPROPPOt 106
Power-fail comparison mode register (PFM) ... oottt e e 264
Power-fail comparison threshold register (PFT) .......ooi it et e e st e e e st e e s enee e e snneeeean 264
Prescaler mode register 00 (PRIMOO) ........coouttiiuiieiie ettt ettt ettt st e sbe e sabe e sbeeeabeesabeesaneesabeesnneessneennneenee 160
Prescaler mode register 01 (PRMOT) ... ittt ettt s e e s s e e e e e e s e e e s anneeeeas 160
Priority specification flag register OH (PROH) ..........eiiiiiee et s e e s e e e ant e e s eanee e e nnneeeean 415
Priority specification flag regiSter OL (PROL) ........cceiiiiiiiie ittt sttt st sne e st esan e sabeesane e seeeenaeeenee 415
Priority specification flag register TH (PRTH) ....ooo i e e 415
Priority specification flag register TL (PRTL) ....cooi ittt e s e e s snee e e e snte e e senneeeennneeeeas 415
Processor clock CONtrol regiStEr (PCC) .....couiiiiiieiie ettt ettt sttt e sttt e e san e st e e sane e snneenneeenee 122
Pull-up resistor option register O (PUD) .......cooiiiiiieie ettt e s s e e e e e e e sennn e e s anneeeeas 107
Pull-up resistor 0ption regiSter 1 (PUT) ..ottt ettt sb e st e san e e sse e e snneenneeeae 107
Pull-up resistor option register 12 (PUT2) ...ttt sttt sttt see e san e st e e sane e sbeeenaeeeaee 107
Pull-up resistor option register 14 (PUT4) .......ooi oottt e e s b e e e nar e e s nne e e s anneeeeas 107
Pull-up resistor option register 3 (PUS) ......coo ittt ettt e et e e st e e s sae e e e e ante e e seaneeeennneeeean 107
Pull-up resistor Option regISTEr 4 (PUA) ......o..ei ittt sttt e et e sbeesan e e sabeesaneesnneenneeeaee 107
Pull-up resistor option register 5 (PUB) ......cooiiiiiiiieie ettt ettt e e b e e e e e sene e s e ee s 107
Pull-up resistor option regisSter B (PUB) ..........c.uiii ittt et e e st e e st e e e s snseeeeanteeesrnneeeeanneeeean 107
Pull-up resistor Option reQISTEr 7 (PU7T) .....couiieiei ettt sttt st e e st e esabeesan e e sabeesnneesnneennneeaee 107
[R]

Receive buffer register 0 (RXB0) .......coouiiiiieiiieiie ettt ettt b et b e e e ebe e e be e e se e e be e abe e s b e e e st e nar e e aareennnas 281
Receive buffer register 8 (RXBB) .......cciuii ittt ettt ettt ettt et sbe e b e e e be e e be e e be e e beeebee et e e eneesabeesnreenanas 305
Remainder data regiSter 0 (SDRO) .......uueiiiiiiieii ettt e e s b e e s bt e s e e e e b e e e e r e e e s e e e e e anne e e anee 399
Reset control flag register (RESF) ......couii ittt b ettt be e e s e s e aneennnas 447
[S]

Serial clock selection re@iSter 10 (CSICT0) . euiiiriiiiiieie ittt e e e ab e e e s e e e e s sane e e e sab e e e saneeesanneeas 342
Serial clock selection register 11 (CSICTT) ....ii ittt e e seneesane e 342
Serial /O shift register O (SIOAD) ........uei ettt ettt ettt st e st e st e e eabeesa b e e eabeesabeeeaseesabeesaneesnneenaneeae 360
Serial 1/0 shift register 10 (SIOT0) ......eiiiiiiiie ettt e st e e e b e e e e e ase et e s anne e e e anbe e e sannneesannneas 339
Serial I/O shift re@ister 11 (SIOTT) ..t r e s e et e e st e e sn e e sabeesnne e snneenaneeane 339
Serial operation mode register 10 (CSIMT0) ...c..iiiiiiiiee ettt e s be e st eesan e e sbeesaneesabeesaneeae 340
Serial operation mode register 11 (CSIMTT) .. it e e b e e s anr e e naneeas 340
Serial operation mode specification register 0 (CSIMAD) ........ooiuiiiiieiiiee et sreesne e 361
Serial status register 0 (CSIS0) .......ui ittt sh et et a et e sb e e e bt e e abe e e be e sabeeeaneesabeesaneesbneennnenae 362
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Serial trigger re@iSter O (CSITO) ..o ettt et st e et e sh bt e sae e e s b e e e sae e e sbe e e ae e e beeeseesabeeeaneesabeesnneennneas 364
16-bit timer capture/compare register 000 (CRO0O0)........coiiitriiiiiriee it et e et e e s e e s aabe e s anneeeesnneeens 150
16-bit timer capture/compare register 001 (CROOT) .....coiuuiiiiiiiiieie ettt nne e e 150
16-bit timer capture/compare register 010 (CROT0) .....iiiuiiiiiiiiiieie ettt esn e sareesnee e 152
16-bit timer capture/compare register 011 (CROTT) ..cciuiiii i e e as 152
16-bit timer couNter 00 (TIMO0).... ..o uieeeitiee ettt ee e e ettt e e ettt e e st e e e e sat e e e e aeeeeesaneeaeaseeeeaanteeesanneeeesnseeeeenteeesanseeesanneeenn 150
16-Dit tiMer COUNTET 07 (TIMOT ). ettt ettt a e b e a e e b et e bt e et e e e ase e st e e ease e eabeeeaneesabeesnneesnbeenneeennes 150
16-bit timer mode control register 00 (TMCOO0) ........ceeiiiiieiiirie e e et s e e e e s e e e e st e e e s annneessnneeens 153
16-bit timer mode control register 01 (TMCOT) .......oiiuiiiiieie e et e e ser e sne e e 153
16-bit timer output control register 00 (TOCO0).......ccuueeiriariee ittt e st et ae et e e be e sbeeeneesbeesaneesareenneeeees 157
16-bit timer output control register 07 (TOCDT ). .. .uuieiiiiiie ettt e e e senn e e e s snneee s 157
[T]

Timer clock selection regiSter 50 (TCLS0) ......c.uiiiiiaiiieeeeriet ettt et ettt et e bt e s be e e sbeesbe e e sbeesaneesabeesnseessneenneeeares 195
Timer clock selection regisSter 51 (TCOLST) ..uiii ittt e et se e e e e b e e e ne et e snneeesanneeeeans 195
Transmit buffer register 10 (SOTBT0) .......ociiiiiiiiee ettt sae e s bt e sae e ssbe e eane e sabeesns e e sbreenneeeanes 339
Transmit buffer re@ister 11 (SOTBTT) ...t ittt st b e e sae e ssbe e sane e sabeesnr e e sbreenneeantes 339
Transmit DUFfEr regiSter 6 (TXBB)..... ... o iii ittt e e e rs e e s s e e s aab et e s sane e e e abe e e e anee e e sneeeeanneeeaans 305
Transmit Shift regiSter 0 (TXS0) .....eeiuieiieiieiieit ettt b e e eab e e st e e sare e st e e eane e sabeesnn e e sbeeennenanes 281
(W]

Watch timer operation mode register (WTIM) ........eeii it e e s b e s e e e s nne e e s snneeeeans 237
Watchdog timer enable re@ister (WDTE) ........uoii ittt et e e st e s nee e e s sn e e e saneeeesnneeeesanneeeeans 246
Watchdog timer mode register (WDTIM) ......coouiiiieiiie ettt sttt st esan e e st e e san e e st e e enneesnreenneeenes 245
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C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]

ADCR:
ADM:
ADS:
ADTCO:
ADTIO:
ADTPO:
ASICLS6:
ASIF6:
ASIMO:
ASIM6:
ASISO:
ASISé6:

[B]

BRGCAO:
BRGCO:
BRGCS6:

[C]

CKS:
CKSREé:
CLM:
CMPOO:
CMPO1:
CMP10:
CMP11:
CRO000:
CRO001:
CRoO10:
CRO11:
CR50:
CR51:
CRCO0O0:
CRCO1:
csic1o:
CSIC11:
CSIM10:
CSIM11:
CSIMAO:
CSISso:
CSITO:

[D]
DMUCO:

574

A/D CONVEISION FESUIE FEGISTET ...ttt r ettt e sae e e sneesne e e saneeanee s 263
A/D converter MOUE rEGISTEN ..........uiiiiiiii e 260
Analog input channel SpPecifiCation rEQISTEN...........oi i 262
Automatic data transfer address count regiSter 0 ..........ceeviiiiriiiiiee e 360
Automatic data transfer interval specification register O.............cccooiiiiiiiii e 367
Automatic data transfer address point specification register 0............ocueeriiiiie e 365
Asynchronous serial interface control regiSter 6 ...........ocuiii i 312
Asynchronous serial interface transmission status register 6 ............cccccoiiiiiiiiiiiic e, 309
Asynchronous serial interface operation mode register O.........coooiiii e 282
Asynchronous serial interface operation mode register 6...........ooovviiiiii i 306
Asynchronous serial interface reception error status register 0...........cccvvviiieeeiiiee e 284
Asynchronous serial interface reception error status register 6...........cceveviieieeiiie e 308
DivisOr Selection regiSter O..........ooiii i e e 365
Baud rate generator CONtrol re@iSter O .........ceiviiiiiiiiiiiie e e 285
Baud rate generator CONtrol reQISTEr B ........ceeiiiiiiee e e 311
Clock output SEIECHION FEGISTEN ... ...eeuiiiieiieie ettt e s 254
ClOCK SEIECHION FEGISLET B.....ceuviiiiee ettt ettt sttt e s et s et e st e e san e e saseebeeenbeeeanee s 310
Clock MOoNitor MOAE regISTEr..........ooiiiiiieei e e e 449
8-bit timer H compare register 00 ..........cueiiiiiiieiiiee e 212
8-bit timer H compare register 07 ......ooo e 212
8-bit timer H compare register 10 ... 212
8-bit timer H compare regiSter 171 ... et 212
16-bit timer capture/compare register 000 ...........coocuiiiiieriie et sae e ae e 150
16-bit timer capture/compare regiSter 00T ..........oii i e 150
16-bit timer capture/compare register 010 .........cuiiiiiiiiieeie e 152
16-bit timer capture/compare register 0171 ... ..ooiiii i 152
8-bit timer compare register 50........ccuoi i e 194
8-bit timer compPare regiSter 51 ... .o 194
Capture/compare CONtrol regiSTEr 00 .........cc.eeiieiriee ittt sbe e seeeesnr e seeeenee s 156
Capture/compare control regiSTEr 01 ... .uii i e s 156
Serial clock SEIECtioN reGISTEr 10 ......oiiiiiiiieeie et e e st e e e rnt e e s snne e e e snneeeeas 342
Serial clock SElECiON rEGISTEr 11 ... ittt sae e sbe e e seeeeanee s 342
Serial operation Mode register 10..........cuii i e 340
Serial operation MOde regiSIEr 11 .. ..o et e e st e e et e e s sneee e snneeeean 340
Serial operation mode specification re@iSter 0 ..........ocueiiiiiiieree e 361
Serial Status regiSter O.........oo i e 362
ST g E= I g To o L= =T ) (=Y o 0SSR 364
Multiplier/divider control register O ..o 401
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[E]

EGN:
EGP:

[F]
FLPMC:
]

IFOH:
IFOL:
IF1H:
IF1L:
IMS:
ISC:
IXS:

[K]
KRM:

[L]

LVIM:
LVIS:

[M]

MCM:
MDAOH:
MDAOL:
MDBO:
MEM:
MKOH:
MKOL:
MK1H:
MK1L:
MM:
MOC:

[O]

OSTC:
OSTS:

[P]

PO:
P1:
P12:
P13:
P14:
P2:
P3:
P4:

External interrupt falling edge enable regiSter ... 416
External interrupt rising edge enable regiSter........ .o 416
Flash programming mode CONtrol regiSter..........ccuii i 491
Interrupt request flag regisSter OH .........c.ooi e 412
Interrupt request flag register OL ............ooi i 412
Interrupt request flag regisSter TH ... oo e e e e e 412
Interrupt request flag regiSter TL . ... e 412
Internal memory size SWItChiNG regiSter..........uoo i 473
INPUt SWItCh CONEIOI FEGISTEN ...t e e e e e e e e 314
Internal expansion RAM size SWItChiNg regiSter ........c.vviiiiiii e 474
KeY return MOAE FEQISTEN ..ot e e e e e et e e e e e e s e e e e e e s e anereeeas 426
Low-voltage deteCtion regiSter..........c.ooii i 460
Low-voltage detection level Selection regiSter ........ ... 461
Main CloCK MOAE FEGISTEN.........ooiiiii e e s 125
Multiplication/division data re@ister AD............cueeiiieiiieie e 399
Multiplication/division data re@iSter AD............cueoiiee it 399
Multiplication/division data register BO............cccooiiiiiiii e 400
Memory expansion MOAE FEQISTEN ........ii ettt e e e e s e e e e e e e e e nree s 112
Interrupt mask flag register OH ........ooo e 414
Interrupt mask flag register OL...... ..o e 414
Interrupt mask flag register TH ... ..ot e e e 414
Interrupt mask flag register TL. ... .o 414
Memory expansion walit Setting register ... 113
MaiN OSC CONEIOI FEGISTEN ...ttt ettt e s e st e st e sr e e nnn e e snnesneeea 126
Oscillation stabilization time counter status register ... 127, 429
Oscillation stabilization time Select reQister ..o 128, 430
POt FEGISIEN 0. e 106
o] A =To 1] (=] o TP PSSP 106
0T B (=T o 1] (= e OO PP R OPRRPOPRR 106
POt register 13 ... e 106
o] A g=To 1] (=] ol B PP PP 106
[0 B (T o 1] (= = PP PPN 106
PO FEISIEr 3. 106
o] A =To 1] (=] o P PRSP 106
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P5:
P6:
P7:
PCC:
PFCMD:
PFM:
PFS:
PFT:
PMO:
PM1:
PM12:
PM14:
PMS3:
PM4:
PM5:
PM6:
PM7:
PROH:
PROL:
PR1H:
PR1L:
PRMO0O0:
PRMO1:
PUO:
PU1:
PU12:
PU14:
PU3:
PU4:
PUS:
PUG:
PU7:

[R]

RCM:

RESF:
RXBO:
RXB6:

[S]

SDRO:
SI010:
SI011:
SIOAO0:
SOTB10:
SOTB11:

576

LT B (=T o L] (=T g PSPPSR 106
PO FEGISIEN B ... e e 106
[ B £=To =] (=7 OSSP 106
Processor ClOCK CONIOI FEQISTEN .......c.iiiiieie et 122
Flash protect command regiSter ............oooiiiiiiiiii e 493
Power-fail comparison MOAE FEQISTEN .........eiiiiiiieeiiie et e et e e e nte e e sneeas 264
FIash STatUS FEGISTEN ......eiiieiii e e e e e e e e nannees 493
Power-fail comparison threshold regiSter. ..o 264
(o gl g aTeTe [ g=To 1] (=T o O PPN 103, 163, 345
Port mode register 1 ... e s 103, 119, 218, 286, 314, 345
Port Mode regiSter 12 ... ... e 103
Port MOde regiSter 14 ... e a e 103, 256, 368
(o gl g aTeTe [T =To 1] (=T G RS 103, 119
POrt MO reGISEIr 4 ... e 103
POt MOAE FEOISIEE B ..ttt e e e e e ettt e e e e e e s bbe e e e e e s e s anbneeeaeeeanas 103
PO MOAE FEOISTEE B ......eeeieeiee et e et e s e e e s e e e snn e e e e r e e e s enne e e nanneas 103
POrt MO FEGISIEI 7 ... e 103
Priority specification flag register OH...........oooi it 415
Priority specification flag regiSter OL ........c.eeee i 415
Priority specification flag register TH...........ooi e 415
Priority specification flag regiSter TL .......ooeeii it 415
Prescaler mode regiSter 00...........eeeiiiriieiriee e e e s e e e e nnneas 160
Prescaler mode regisSter O .........ooo e 160
Pull-up resistor Option regISIEr O .........eeiiiiiiie et e e e e e e s e e e e e e e 107
Pull-up resistor Option rEGISTEr 1 ..o 107
Pull-up resistor Option re@iStEr 12 ... ... e 107
Pull-up resistor option re@iSter 14 ........ooo i s 107
Pull-up resistor Option reGISTEr B ... 107
PUll-Up resistor OptioN rEQISTEr 4 .........eiiieeee e 107
Pull-up resistor Option reGISTEr 5 .......vriiiiieee e s 107
Pull-up resistor OptioN rEGISTEr B ........vviiiiieee e 107
PUll-Up reSiStor OPtioON FEQISIEr 7 ... 107
Internal 0SCillation MOAE FEGISTEN ........vvii et 124
Reset control flag regiSter... ... s 447
ReCeiVe DUFfEr FEGISTEI D.......eiieiii ittt e n e e e en e 281
Receive DUfEr reQISTEr B........ooi e s 305
Remainder data reiSter O .........ceie i e 399
Serial I/O Shift regISTEr 10 ..o et sae e be e e seeesanee s 339
Serial I/O shift register 11 ... e e e 339
Serial I/O Shift FEGISTEN O ......eiiuiiiieieeee ettt r e n e nreeenee s 360
Transmit DUFfEr regiSter 10... ... e e 339
Transmit buffer register 17 ... e 339
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[T]

TCL50:
TCL51:
TMOO:
TMO1:
TM50:
TM51:
TMCOO0:
TMCO1:
TMC50:
TMC51:
TMCYCH:
TMHMDO:
TMHMD1:
TOCOO:
TOCO1:
TXB6:
TXSO0:

(W]

WDTE:
WDTM:
WTM:

Timer clock selection regiSter S50 ............ooii i s 195
Timer clock Selection regiSter 51 .......cvvi i e 195
16-Dit tIMEr COUNTET 00......ei i e e e e e s e e e e e e s nn e e e snn e e e anneeenans 150
T6-Dit IMEr COUNTET O ...t e b e e e aa b e e s r e e e snr e e e enreeeeans 150
8-Dit tIMET COUNTET 50.....cii it e s e e s e s e e e s e e s ennn e e s nnreee s 193
8-Dit tIMEE COUNTET 5.t e e e e e s snn e e e e e e e e s e e e e nnneee s 193
16-bit timer mode control register 00............oouiiiiii i 153
16-bit timer mode CoNtrol regiSter 07 ...... ..o e ee e e 153
8-bit timer mode CoNtrol rEGISTEr 5O ......coueeeeiiieie et 197
8-bit timer mode control register 51 ..........oo i 197
8-bit timer H carrier control register 1 ... e 217
8-bit timer H MOde regiSter O .......oooiiiie e e e e e e s 213
8-bit timer H mode regiSter 1 ........ .o s 213
16-bit timer output CONtrol reGiSter 00 .........cooi e e e e 157
16-bit timer output CONtrol reGISTEr 071 ......ooieee e 157
Transmit BUFfEr FeQISEr 6 ...........oi i s 305
Transmit Shift FEGISTET O ..o e et e st e e e st e e e e aee e e snee e e snbeeeesneeeeennees 281
Watchdog timer €nable regiSter..........oi i 246
Watchdog timer MOde rEGISTEN ......ccoiiiiiiiei e e 245
Watch timer operation MOdE FEQISTEN ..........eiiiiiiie i 237

User's Manual U16819EJ3VOUD 577



APPENDIX D LIST OF CAUTIONS

This appendix lists cautions described in this document.
“Classification (hard/soft)” in table is as follows.

Hard: Cautions for microcontroller internal/external hardware
Soft:  Cautions for software such as register settings or programs
(1/26)
_| 8| Function Details of Cautions Page
g E Function
g5
| &
O
- g Pin - Connect the AVss pin to Vss. p. 19 O
% T | connection
o
6]
N g Pin P31 In the £PD78F0148HD, be sure to pull the P31 pin down after reset to prevent |p. 37 (I
% T |functions malfunction.
g Port4, Port5, The external bus interface function cannot be used in (A1) grade products. p. 38 4
Port6é
P66 P66 can be used as an I/O port if the external wait is not used in external p. 38 4
memory expansion mode.
® | 5 | Memory IXS: Internal Because the initial value of the internal expansion RAM size switching register | p. 46 O
% @ space expansion RAM | (IXS) is OCH, set IXS = 0AH as the initial setting. When using the 78K0/KF1+ to
g size switching | evaluate the program of a mask ROM version of the 78K0/KF1, set the following
register values to the internal memory size switching register (IMS) and IXS.
SFR area: Do not access addresses to which SFRs are not assigned. p. 50 O
Special function
register
SP: Stack Since RESET input makes the SP contents undefined, be sure to initialize the | p. 54
pointer SP before using the stack.
Y |5 |Port P02, P03, P04 |To use P02/SO11, P03/SI11, and P04/SCK11 as general-purpose ports, set p. 79
% @ functions serial operation mode register 11 (CSIM11) and serial clock selection register
g 11 (CSIC11) to the default status (O0H).
P10, P11, P12 |To use P10/SCK10/TxDO0, P11/SI110/RxD0, and P12/SO10 as general-purpose |p. 83 4
ports, set serial operation mode register 10 (CSIM10) and serial clock selection
L register 10 (CSIC10) to the default status (00H).
g P31 In the 4PD78F0148HD, be sure to pull the P31 pin down after reset to prevent |p. 89 4
T malfunction.
P66 P66 can be used as an I/O port when an external wait is not used in external p. 93
L] memory expansion mode.
B - In the case of a 1-bit memory manipulation instruction, although a single bit is p. 108
@ 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.
0 g External bus - When the external wait function is not used, the WAIT pin can be used as a port |p. 109
% T |interface in all modes.
© [ —
) 5 MM: Memory To control wait with external wait pin, be sure to set WAIT/P66 pin to input mode |p. 113
sl expansion wait |(set bit 6 (PM66) of port mode register 6 (PM6) to 1).
g setting register If the external wait pin is not used for wait control, the WAIT/P66 pin can be p. 113 4
T used as an |/O port pin.
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(2/26)
- §| Function Details of Cautions Page
2 ;f; Function
| =
(@]
© 5 - PCC: Be sure to clear bit 3 to 0. p. 123 |
2@ Processor clock
g control register
Internal RCM: internal |Make sure that bit 1 (MCS) of the main clock mode register (MCM) is 1 before p. 124 O
oscillator | oscillation setting RSTOP.
mode register
g Main clock | MCM: Main When the internal oscillation clock is selected as the clock to be supplied to the p. 125 4
T clock mode CPU, the divided clock of the internal oscillator output (fx) is supplied to the
register peripheral hardware (fx = 240 kHz (TYP.)).
Operation of the peripheral hardware with the internal oscillation clock cannot be
guaranteed. Therefore, when the internal oscillation clock is selected as the clock
supplied to the CPU, do not use peripheral hardware. In addition, stop the
peripheral hardware before switching the clock supplied to the CPU from the high-
speed system clock to the internal oscillation clock. Note, however, that the
following peripheral hardware can be used when the CPU operates on the internal
oscillation clock.
e Watchdog timer
e Clock monitor
o 8-bit timer H1 when fr/2 is selected as count clock
* Peripheral hardware selecting external clock as the clock source
(Except when external count clock of TMOn (n = 0, 1) is selected (TI00n valid
edge))
Subsystem Set MCS = 1 and MCMO = 1 before switching subsystem clock operation to high- |p. 125 (I
clock speed system clock operation (bit 4 (CSS) of the processor clock control register
(PCC) is changed from 1 to 0).
% | Main clock | MOC: Main Make sure that bit 1 (MCS) of the main clock mode register (MCM) is O before p. 126 O
@ OSC control setting MSTOP.
Subsystem| register To stop high-speed system clock oscillation when the CPU is operating on the p.126 [
clock subsystem clock, set bit 7 (MCC) of the processor clock control register (PCC) to
1 (setting by MSTOP is not possible).
Main clock | OSTC: After the above time has elapsed, the bits are set to 1 in order from MOST11 and |p. 127 O
Oscillation remain 1.
stabilization If the STOP mode is entered and then released while the internal oscillation clock |p. 127 [J
time counter | js heing used as the CPU clock, set the oscillation stabilization time as follows.
status register | ¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set
by OSTS
The oscillation stabilization time counter counts up to the oscillation stabilization
time set by OSTS. Note, therefore, that only the status up to the oscillation
L stabilization time set by OSTS is set to OSTC after STOP mode is released.
g The wait time when STOP mode is released does not include the time after STOP |p. 127 (I
T mode release until clock oscillation starts (“a” below) regardless of whether STOP
mode is released by RESET input or interrupt generation.
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Chapter

Function

Details of
Function

Cautions

Page

Soft | Classification

Chapter 6

Hard ‘

Main
clock

OSTS:
Oscillation
stabilization
time select
register

To set the STOP mode when the high-speed system clock is used as the CPU
clock, set OSTS before executing a STOP instruction.

. 128

Before setting OSTS, confirm with OSTC that the desired oscillation stabilization
time has elapsed.

p.

128

If the STOP mode is entered and then released while the internal oscillation 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 up to the 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.

p.

128

The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether STOP
mode is released by RESET input or interrupt generation.

p.

128

High-
speed
system
clock
oscillator,
subsystem
clock
oscillator

When using the high-speed system clock oscillator and subsystem clock
oscillator, wire as follows in the area enclosed by the broken lines in the Figures
6-8 and 6-9 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 subsystem clock oscillator is designed as a low-amplitude circuit for

reducing power consumption.

.130

Prescaler

When the internal oscillation clock is selected as the clock supplied to the CPU,
the prescaler generates various clocks by dividing the internal oscillator output (fx
=240 kHz (TYP.)).

132

Soft

Internal
oscillator

The RSTOP setting is valid only when “Can be stopped by software” is set for the
internal oscillator by the option byte.

139

To calculate the maximum time, set fr = 120 kHz.

p. 140

CPU
clock

Selection of the CPU clock cycle division factor (PCCO to PCC2) and switchover
from the high-speed system clock to the subsystem clock (changing CSS from 0
to 1) should not beset simultaneously.

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

p. 141

OO

While the CPU is operating on internal oscillator, setting the following values is

prohibited.

e CSS, PCC2, PCC1,PCC0=0,0,1,0
e CSS, PCC2, PCC1,PCC0=0,0, 1, 1
e CSS, PCC2, PCC1,PCC0=0,1,0,0

141
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- §| Function Details of Cautions Page
2 ;f; Function
®© | =
S| &
O
™~ | %5 | 16-bit CROON: 16-bit | Set a value other than 0000H in CROON in the mode in which clear & start occurs | p. 151 |
£2|? |timer timer on a match of TMOn and CROON.
©
5 event cagture/compare If CROON is cleared to 0000H in the free-running mode and in the clear mode  |p. 151 [
counters | register 00n using the valid edge of the TI00n pin, an interrupt request (INTTMOON) is
00, 01 generated when the value of CR0OOn changes from 0000H to 0001H following
(TMoo, TMOn overflow (FFFFH). In addition, INTTMOOn is generated after a match
TMO1) between TMOn and CROON, after detecting the valid edge of the TIO1n pin, or
L the timer is cleared by a one-shot trigger.
g When the valid edge of the TI01n pin is used, PO1 or P06 cannot be used as the |p. 151 O
T timer output pin (TOONn). When P01 or P06 is used as the TOOn pin, the valid
edge of the TI01n pin cannot be used.
When CROOn is used as a capture register, read data is undefined if the register |p. 151 (I
read time and capture trigger input conflict (the capture data itself is the correct
value). If a timer count stop and a capture trigger input conflict, the captured data
L is undefined.
s Do not rewrite CROONn during TMOn operation. pp. 151,01
@ 164, 169,
181
CRO1n: 16-bit | If the CRO1n register is cleared to 0000H, an interrupt request (INTTMO1n) is p. 152 O
timer generated when the value of CRO1n changes from 0000H to 0001H following
capture/compare | TMOn overflow (FFFFH). In addition, INTTMO1n is generated after a match
register 01n between TMOn and CRO1n, after detecting the valid edge of the TIOOn pin, or the
L timer is cleared by a one-shot trigger.
g When CRO1n is used as a capture register, read data is undefined if the register |p. 152 O
T 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
L undefined.
5 CRO1n can be rewritten during TMOn operation. For details, see Caution 2 in p. 152
@ Figure 7-20.
TMCOn: 16-bit | 16-bit timer counter On (TMOn) starts operation at the moment TMCOn2 and p. 153 O
timer mode TMCON3 are set to values other than 0, 0 (operation stop mode), respectively. Set
control register | TMCOn2 and TMCOn3 to 0, 0 to stop the operation.
On
TMCOO0: 16-bit | Timer operation must be stopped before writing to bits other than the OVFO0O flag. |p. 154 4
timer mode Set the valid edge of the TI000/P00 pin using prescaler mode register 00 p. 154 [
control register (PRMOO).
00 If the following modes: the mode in which clear & start occurs on match between |p. 154 |
TMOO0 and CRO000, 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 TMOO value changes from FFFFH to 0000H, the OVFOQO flag is set to 1.
TMCO1: 16-bit | Timer operation must be stopped before writing to bits other than the OVFO01 flag. |p. 155 (I
timer mode Set the valid edge of the TI001/P05 pin using prescaler mode register p.155 [J
control register | o1(PRMO1).
ot If the following modes: the mode in which clear & start occurs on match between |p. 155
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.
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- é Function Details of Cautions Page
21's Function
® | =
(@]
™~ | %5 | 16-bit CRCO00: Timer operation must be stopped before setting CRC00. p. 156 4
‘% @ |timer/ Capture/ When the mode in which clear & start occurs on a match between TM00 and p.156 U
5 event compare control | CROOO is selected with 16-bit timer mode control register 00 (TMC00), CRO00
| |counters | register 00 should not be specified as a capture register.
g (()'IC')M(()):) To ensure that the capture operation is performed properly, the capture trigger p. 156 4
T T™MOT )’ requires g pulse longer than two cycles of the count clock selected by prescaler
. mode register 00 (PRMOQ0).
B CRCOf1: Timer operation must be stopped before setting CRCO1. p. 157 (I
@ Capture/ When the mode in which clear & start occurs on a match between TM01 and p.157
compare control | CRO01 is selected with 16-bit timer mode control register 01 (TMC01), CR001
] register 01 should not be specified as a capture register.
g To ensure that the capture operation is performed properly, the capture trigger p. 157 O
T requires a pulse longer than two cycles of the count clock selected by prescaler
L mode register 01 (PRMO01).
5 TOCO00: 16-bit | Timer operation must be stopped before setting other than TOC004. p. 158 O
@ timer output If LVS00 and LVROO are read, 0 is read. p. 158 I
g(())ntrol register OSPTO0O0 is automatically cleared after data is set, so O is read. p. 158 O
. Do not set OSPT0O to 1 other than in one-shot pulse output mode. p. 158 (I
g A write interval of two cycles or more of the count clock selected by prescaler p. 158 4
T | mode register 00 (PRMO0O) is required to write to OSPTO0 successively.
B Do not set LVS00 to 1 before TOE00, and do not set LVS00 and TOEOQO to 1 p. 158 O
@ simultaneously.
Perform <1> and <2> below in the following order, not at the same time. p. 158 |
<1> Set TOC001, TOC004, TOE00, OSPEOO: Timer output operation setting
<2> Set LVS00, LVRO0O: Timer output F/F setting
TOCO1: 16-bit | Timer operation must be stopped before setting other than TOC014. p. 159 O
timer output If LVS01 and LVRO1 are read, 0 is read. p.159 [
g(:ntrol register OSPTO1 is automatically cleared after data is set, so 0 is read. p. 159 O
. Do not set OSPT01 to 1 other than in one-shot pulse output mode. p. 159 (I
% A write interval of two cycles or more of the count clock selected by prescaler p. 159 4
T | mode register 01 (PRMO01) is required to write to OSPTO1 successively.
B Do not set LVS01 to 1 before TOEO1, and do not set LVS01 and TOEO1 to 1 p. 159 O
@ simultaneously.
Perform <1> and <2> below in the following order, not at the same time. p. 159 |
<1> Set TOCO11, TOCO14, TOEO1, OSPEO1: Timer output operation setting
L] <2> Set LVS01, LVRO1: Timer output F/F setting
% PRMOO: When the internal oscillation clock is selected as the clock to be supplied to the p. 161 4
T Prescaler mode | CPU, the clock of the internal oscillator is divided and supplied as the count clock.
register 00 If the count clock is the internal oscillation clock, the operation of 16-bit
timer/event counter 00 is not guaranteed. When an external clock is used and
when the internal oscillation clock is selected and supplied to the CPU, the
operation of 16-bit timer/event counter 00 is not guaranteed, either, because the
L internal oscillation clock is supplied as the sampling clock to eliminate noise.
§ Always set data to PRMOO after stopping the timer operation. p. 161 4
If the valid edge of the TI000 pin is to be set for the count clock, do not set the p. 161 (I
clear & start mode using the valid edge of the TI0O00 pin and the capture trigger.
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Page

Chapter 7

Hard | Soft | Classification

Soft |

Hard ‘

Soft |

16-bit
timer/
event
counters
00, 01
(TMO00,
TMO1)

PRMO0:
Prescaler mode
register 00

If the TI000 or TI010 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 TIO10 pin to enable the
operation of 16-bit timer counter 00 (TM0O). Care is therefore required when
pulling up the TI000 or TI010 pin. However, if the TIO00 or TI010 pin is high level
when re-enabling operation after the operation has been stopped, the rising edge
is not detected.

. 161

When the valid edge of the TI010 pin is used, PO1 cannot be used as the timer
output pin (TO00). When P01 is used as the TO0O pin, the valid edge of the
TI010 pin cannot be used.

p.

161

PRMO1:
Prescaler mode
register 01

When the internal oscillation clock is selected as the clock to be supplied to the
CPU, the clock of the internal oscillator is divided and supplied as the count clock.
If the count clock is the internal oscillation clock, the operation of 16-bit
timer/event counter 00 is not guaranteed. When an external clock is used and
when the internal oscillation clock is selected and supplied to the CPU, the
operation of 16-bit timer/event counter 00 is not guaranteed, either, because the
internal oscillation clock is supplied as the sampling clock to eliminate noise.

p.

163

Always set data to PRMO1 after stopping the timer operation.

p. 163

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 TI0O01 pin and the capture trigger.

. 163

OO

If the TI0O01 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, if the TIO01 or TIO11 pin is high level
when re-enabling operation after the operation has been stopped, the rising edge
is not detected.

p.

163

When the valid edge of the TI011 pin is used, P06 cannot be used as the timer
output pin (TO01). When P06 is used as the TO01 pin, the valid edge of the
TI011 pin cannot be used.

. 163

CRO1n: 16-bit
timer capture/
compare
register 01n

To change the value of the duty factor (the value of the CRO1n register) during
operation, see Caution 2 in Figure 7-20 PPG Output Operation Timing.

. 167

CRO0OON, CRO1N:
16-bit timer
capture/compare
registers 00n,
O1n

Values in the following range should be set in CR00On and CR0O1n:
0000H < CRO1n < CR0OON < FFFFH

. 168

The pulse generated through PPG output has a cycle of [CR0On setting value +
1], and a duty of [(CRO1n setting value + 1)/(CR0OOnN setting value + 1)].

. 168

PPG output

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
(TOCONn4 = 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 INTTMO1n (TMIFO1n = 0)

<7> Enable the INTTMO1n interrupt (TMMKO1n = 0)

. 169
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- §| Function Details of Cautions Page
g E Function
®© | =
O
™~ | %5 | 16-bit Pulse width To use two capture registers, set the TIOOn and TI01n pins. p. 170 4
2 |timer/ measurement
©
6 event External event | When reading the external event counter count value, TMOn should be read. p. 180
counters | counter
O'I(')M((;z) One-shot pulse | Do not set the OSPTON bit to 1 while the one-shot pulse is being output. To p. 183
( ’ output: output the one-shot pulse again, wait until the current one-shot pulse output is
TMO1) .
L Software trigger | completed.
% When using the one-shot pulse output of 16-bit timer/event counter On with a p. 183 O
T 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 TI0OOn pin or its alternate-function port pin, resulting
L] in the output of a pulse at an undesired timing.
B Do not set the CR0OOn and CRO1n registers to 0000H. p. 184 (I
n
16-bit timer counter On starts operating as soon as a value other than 00 p. 185 O
L (operation stop mode) is set to the TMCOn3 and TMCON2 bits.
g One-shot pulse | Do not input the external trigger again while the one-shot pulse is output. p. 185
T output: External | To output the one-shot pulse again, wait until the current one-shot pulse output is
L trigger completed.
5 Do not set the CR0On and CRO1n registers to 0000H. p. 186 |
()
16-bit timer counter On starts operating as soon as a value other than 00 p. 187 (I
. (operation stop mode) is set to the TMCONn3 and TMCON2 bits.
g Timer start An error of up to one clock may occur in the time required for a match signal to be |p. 188
T errors generated after timer start. This is because 16-bit timer counter On (TMOn) is
L started asynchronously to the count clock.
5 16-bit timer In the mode in which clear & start occurs on a match between TMOn and CROOn, |p. 188 (]
@ capture/compare | set 16-bit timer capture/compare register 00n (CR0ON) to other than 0000H. This
register setting | 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 | The values of 16-bit timer capture/compare registers 00n and 01n (CR0On and p. 188 4
data retention | CRO1n) are not guaranteed after 16-bit timer/event counter On has been stopped.
timing
Valid edge Set the valid edge of the TI00n pin after setting bits 2 and 3 (TMCOn2 and p. 188 O
setting 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
(ESONO and ESON1) of prescaler mode register On (PRMON).
One-shot pulse | When a one-shot pulse is output, do not set the OSPTOn bit to 1 again. To output |p. 188 4
output: the one-shot pulse again, wait until the current one-shot pulse output is
Software trigger | completed.
One-shot pulse | Do not input the external trigger again while a one-shot pulse is output. p. 188 O
output: External | To output the one-shot pulse again, wait until the current one-shot pulse output is
L trigger completed.
g One-shot pulse | When using the one-shot pulse output of 16-bit timer/event counter On with a p. 188 (I
T output function | 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 TI0O0n pin or its alternate function port pin, resulting
in the output of a pulse at an undesired timing.
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Cautions

Page

Chapter 7

Soft | Classification

Hard ‘

16-bit
timer/
event
counters
00, 01
(TMO00,
TMO1)

OVFOn flag
operation

The OVFOn flag is also set to 1 in the following case.

When any of the following modes is selected: the mode in which clear & start
occurs on a match between TMOn and CROON, the mode in which clear & start
occurs at the TI0On valid edge, or the free-running mode

— CROOn is set to FFFFH

— TMOn is counted up from FFFFH to 0000H.

. 189

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 so this clear is not valid.

. 189

Conflict
operation

When a read period of the 16-bit timer capture/compare register (CR00On/CR01n)
and a capture trigger input (CROON/CR01n used as capture register) conflict, the
priority is given to the capture trigger input. The data read from CROOn/CRO01n is
undefined.

. 189

Timer operation

Even if 16-bit timer counter On (TMOn) is read, the value is not captured by 16-bit
timer capture/compare register 01n (CR01n).

. 190

Regardless of the CPU’s operation mode, when the timer stops, the input signals
to the TIOON/TI01n pins are not acknowledged.

.190 O

The one-shot pulse output mode operates correctly only in the free-running mode
and the mode in which clear & start occurs at the TI0On valid edge. In the mode
in which clear & start occurs on a match between the TMOn register and CR0OOn
register, one-shot pulse output is not possible because an overflow does not
occur.

.190 O

Capture
operation

If the TI00n pin valid edge is specified as the count clock, a capture operation by
the capture register specified as the trigger for the TIOOn pin is not possible.

p.

190

To ensure the reliability of the capture operation, the capture trigger requires a
pulse longer than two cycles of the count clock selected by prescaler mode
register On (PRMON).

. 190

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.

. 190

Compare
operation

A capture operation may not be performed for CROOn/CR01n set in compare
mode even if a capture trigger has been input.

190 O

Edge detection

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
TIOONn or TIO1n 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 TIOOn or TIO1n pin. However, if the TIOOn or TIO1n pin is high
level when re-enabling operation after the operation has been stopped, the rising
edge is not detected.

190 O

The sampling clock used to remove noise differs when the TI00n 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 fx, 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.

. 190
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g E Function
® | =
O
© | & | 8-bit CR5n: 8-bit In the mode in which clear & start occurs on a match of TM5n and CR5n p. 194 |
% @ | timer/ timer compare | (TMC5n6 = 0), do not write other values to CR5n during operation.
© .
5 event register 5n In PWM mode, make the CR5n rewrite interval 3 count clocks of the count clock | p. 194 [J
| |counters (clock selected by TCL5n) or more.
% S'SMZ:) TCL50: Timer | When the internal oscillation clock is selected as the clock to be supplied to the p. 195 O
T EI'M51 ’ clock selection | CPU, the clock of the internal oscillator is divided and supplied as the count clock.
) register 50 If the count clock is the internal oscillation clock, the operation of 8-bit timer/event
L counter 50 is not guaranteed.
£ When rewriting TCL50 to other data, stop the timer operation beforehand. p. 195 O
(%)
Be sure to clear bits 3to 7 to 0. p. 195 O
TCL51: Timer | When the internal oscillation clock is selected as the clock to be supplied to the p. 196 O
clock selection | CPU, the clock of the internal oscillator is divided and supplied as the count clock.
register 51 If the count clock is the internal oscillation clock, the operation of 8-bit timer/event
counter 51 is not guaranteed.
When rewriting TCL51 to other data, stop the timer operation beforehand. p. 196 O
Be sure to clear bits 3 to 7 to 0. p. 196 O
TMC5n: 8-bit The settings of LVS5n and LVR5n are valid in other than PWM mode. p. 198 (|
timer modg Perform <1> to <4> below in the following order, not at the same time. p.198 [
control register | 1 Set TMC5n1, TMC5n6: Operation mode setting
5n <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. p. 198 ([l
Interval Do not write other values to CR5n during operation. pp. 200, O
timer/square 203
waveform
output
PWM output In PWM mode, make the CR5n rewrite interval 3 count clocks of the count clock | p. 204 ]
(clock selected by TCL5n) or more.
When reading from CR5n between <1> and <2> in Figure 8-15, the value read p. 207 (|
. differs from the actual value (read value: M, actual value of CR5n: N).
g Timer start error | An error of up to one clock may occur in the time required for a match signal to be | p. 208 O
T generated after timer start. This is because 8-bit timer counters 50 and 51 (TM50,
TM51) are started asynchronously to the count clock.
@ | & | 8-bit CMPOn: 8-bit CMPON cannot be rewritten during timer count operation. p. 212 ]
% @ | timers Ho, |timer H
g H1 compare
(TMHoO, register On
TMH?1) CMP1n: 8-bit In the PWM output mode and carrier generator mode, be sure to set CMP1n p. 212 O
timer H when starting the timer count operation (TMHEnN = 1) after the timer count
compare operation was stopped (TMHEnN = 0) (be sure to set again even if setting the same
L] register 1n value to CMP1n).
% TMHMDO: 8-bit | When the internal oscillation clock is selected as the clock to be supplied to the p. 215 O
T timer H mode CPU, the clock of the internal oscillator is divided and supplied as the count clock.
register O If the count clock is the Internal oscillation clock, the operation of 8-bit timer HO is
not guaranteed.
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Soft | Classification

Hard ‘

Soft ‘

Soft ‘ Hard ‘

8-bit
timers HO,
H1
(TMHOo,
TMH1)

TMHMDO: 8-bit
timer H mode
register O

When TMHEQ = 1, setting the other bits of the TMHMDO register is prohibited.

.215

In the PWM output mode, be sure to set 8-bit timer H compare register 10
(CMP10) when starting the timer count operation (TMHEOQ = 1) after the timer
count operation was stopped (TMHEO = 0) (be sure to set again even if setting
the same value to CMP10).

.215

OO

TMHMD1: 8-bit
timer H mode
register 1

When the internal oscillation clock is selected as the clock to be supplied to the
CPU, the clock of the internal oscillator is divided and supplied as the count
clock. If the count clock is the internal oscillation clock, the operation of 8-bit
timer H1 is not guaranteed (except when CKS12, CKS11, CKS10=1,0, 1
(fr/27)).

.217

When TMHE1 = 1, setting the other bits of the TMHMD1 register is prohibited.

.217

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).

.217

o0

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.

.217

PWM output

In PWM output mode, three operation clocks (signal selected using the CKSn2 to
CKSnO bits of the TMHMDn register) are required to transfer the CMP1n register
value after rewriting the register.

223 [

Be sure to set the CMP1n register when starting the timer count operation
(TMHER = 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).

. 223

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

. 224

Carrier
generator mode
(TMH1 only)

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.

. 229

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.

. 229

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).

. 231

Set so that the count clock frequency of TMH1 becomes more than 6 times the
count clock frequency of TM51.

. 231

Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

p. 231

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.

p. 231

OO

Be sure to set the RMC1 bit before the count operation is started.

p. 231

Chapter 10

Hard ‘

Soft

Watch
timer

WTM: Watch
timer operation
mode register

Do not change the count clock and interval time (by setting bits 4 to 7 (WTM4 to
WTM7) of WTM) during watch timer operation.

p. 238

o0

Interrupt
request

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 and WTM3) of WTM. Subsequently, however, the INTWT signal is
generated at the specified intervals.

. 241
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T | § | Watchdog | WDTM: If data is written to WDTM, a wait cycle is generated. Do not write data to WDTM | p. 246 O
I} D |timer Watchdog timer | when the CPU is operating on the subsystem clock and the high-speed system
§‘ mode register | clock is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.
o Set bits 7, 6, and 5 to 0, 1, and 1, respectively (when “Internal oscillator cannot be |p. 246
stopped” is selected by the option byte, other values are ignored).
After reset is released, WDTM can be written only once by an 8-bit memory p. 246
manipulation instruction. If writing attempted a second time, 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.
WDTM cannot be set by a 1-bit memory manipulation instruction. p. 246 (I
If “Internal oscillator can be stopped by software” is selected by the option byte p. 246 4
and the watchdog timer is stopped by setting WDCS4 to 1, the watchdog timer
does not resume operation even if WDCS4 is cleared to 0. In addition, the
internal reset signal is not generated.
WDTE: If a value other than ACH is written to WDTE, an internal reset signal is p. 246 O
Watchdog timer | generated. If the source clock to the watchdog timer is stopped, however, an
enable register |internal reset signal is generated when the source clock to the watchdog timer
resumes operation.
If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset |p. 246 4
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.
L] The value read from WDTE is 9AH (this differs from the written value (ACH)). p. 246 (I
% When “Internal | In this mode, operation of the watchdog timer absolutely cannot be stopped even |p. 248 (I
T oscillator cannot | during STOP instruction execution. For 8-bit timer H1 (TMH1), a division of the
be stopped” is |internal oscillation clock can be selected as the count source, so clear the
selected by watchdog timer using the interrupt request of TMH1 before the watchdog timer
option byte overflows after STOP instruction execution. If this processing is not performed,
an internal reset signal is generated when the watchdog timer overflows after
STOP instruction execution.
When “Internal | In this mode, watchdog timer operation is stopped during HALT/STOP instruction |p. 249 4
oscillator can be | execution. After HALT/STOP mode is released, counting is started again using
stopped by the operation clock of the watchdog timer set before HALT/STOP instruction
software” is execution by WDTM. At this time, the counter is not cleared to 0 but holds its
selected by value.
option byte
@5 |AD ADM: A/D A/D conversion must be stopped before rewriting bits FRO to FR2 to values other |p. 261
I} @ | converter |converter mode |than the identical data.
Q[ | .
o g register For the sampling time of the A/D converter and the A/D conversion start delay p. 261
© T time, see (11) in 13.6 Cautions for A/D Converter.
5 If data is written to ADM, a wait cycle is generated. Do not write data to ADM p. 261
@ when the CPU is operating on the subsystem clock and the high-speed system
clock is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.
ADS: Analog Be sure to clear bits 3 to 7 of ADS to 0. p. 262 O
input.(.:har'mel If data is written to ADS, a wait cycle is generated. Do not write data to ADS p.262 [J
spegﬁcahon when the CPU is operating on the subsystem clock and the high-speed system
register clock is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.
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@5 |AD ADCR: A/D When writing to the A/D converter mode register (ADM) and analog input channel | p. 263 4
I 9 | converter | conversion result specification register (ADS), the contents of ADCR may become undefined. Read
§ register the conversion result following conversion completion before writing to ADM and
O ADS. Using timing other than the above may cause an incorrect conversion
result to be read.
If data is read from ADCR, a wait cycle is generated. Do not read data from p. 263 (I
ADCR when the CPU is operating on the subsystem clock and the high-speed
system clock is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.
PFM: Power-fail |If data is written to PFM, a wait cycle is generated. Do not write data to PFM p. 264 O
comparison when the CPU is operating on the subsystem clock and the high-speed system
mode register clock is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.
PFT: Power-fail |If data is written to PFT, a wait cycle is generated. Do not write data to PFT when | p. 264 (I
comparison the CPU is operating on the subsystem clock and the high-speed system clock is
threshold stopped. For details, sese CHAPTER 34 CAUTIONS FOR WAIT.
register
A/D conversion | Make sure the period of <1> to <3> is 14 us or more. p. 270 (I
operation It is no problem if the order of <1> and <2> is reversed. p.270 U
<1> can be omitted. However, do not use the first conversion result after <3>in |p. 270 (I
this case.
The period from <4> to <7> differs from the conversion time set using bits 5to 3 |p. 270 O
(FR2 to FRO) of ADM. The period from <6> to <7> is the conversion time set
using FR2 to FRO.
Power-fail Make sure the period of <3> to <6> is 14 us or more. p. 270 O
detection It is no problem if order of <3>, <4>, and <5> is changed. p.270 [
function <3> must not be omitted if the power-fail function is used. p. 270 (]
The period from <7> to <11> differs from the conversion time set using bits 5 to 3 | p. 270 O
(FR2 to FRO) of ADM. The period from <9> to <11 is the conversion time set
L using FR2 to FRO.
g Operating The A/D converter stops operating in the standby mode. At this time, the p. 273 O
T current in operating current can be reduced by clearing bit 7 (ADCS) of the A/D converter
standby mode mode register (ADM) to O (see Figure 13-2).
ANIO to ANI7 Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVrer |p. 273 O
input range 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
L affected.
5 Conflict Conflict between A/D conversion result register (ADCR) write and ADCR read by |p. 273 (]
@ operation instruction upon the end of conversion:
ADCR read has priority. After the read operation, the new conversion result is
written to ADCR.
Conflict between ADCR write and A/D converter mode register (ADM) write or p. 273 4
analog input channel specification register (ADS) write upon the end of
conversion:
ADM or ADS write has priority. ADCR write is not performed, nor is the
L] conversion end interrupt signal (INTAD) generated.
g Noise To maintain the 10-bit resolution, attention must be paid to noise input to the p. 273 (I
T countermeasures | 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 13-19, to reduce noise.
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® g A/D ANIO/P20 to The analog input pins (ANIO to ANI7) are also used as input port pins (P20 to p. 274 O
& | T |converter | ANI7/P27 P27).
§‘ When A/D conversion is performed with any of ANIO to ANI7 selected, do not
o access port 2 while conversion is in progress; otherwise the conversion resolution
may be degraded.
If a digital pulse is applied to the pins adjacent to the pins currently used for A/D | p. 274 ]
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 In this A/D converter, the internal sampling capacitor is charged and samplingis |p. 274 ]
impedance of performed for approx. one sixth of the conversion time.
ANIO to ANI7 Since only the leakage current flows other than during sampling and the current
pins 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 connect a capacitor of
around 100 pF to the ANIO to ANI7 pins (see Figure 13-19).
AVeger pin input | A series resistor string of several tens of kQ is connected between the AVrer and |p. 274 O
impedance AVsspins.
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
L and AVss pins, resulting in a large reference voltage error.
5 Interrupt The interrupt request flag (ADIF) is not cleared even if the analog input channel p. 275 ([l
@ request flag specification register (ADS) is changed.
(ADIF) 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.
Conversion The A/D conversion value immediately after A/D conversion starts may not fall p. 275 ]
result just after | within the rating range if the ADCS bit is set to 1 within 14 us after the ADCE bit
A/D conversion |was set to 1, or if the ADCS bit is set to 1 with the ADCE bit = 0. Take measures
start such as polling the A/D conversion end interrupt request (INTAD) and removing
the first conversion result.
A/D conversion |When a write operation is performed to the A/D converter mode register (ADM) p. 275 O
result register | and analog input channel specification register (ADS), the contents of ADCR may
(ADCR) read become undefined. Read the conversion result following conversion completion
operation before writing to ADM and ADS. Using a timing other than the above may cause
L an incorrect conversion result to be read.
g A/D converter | The A/D converter sampling time differs depending on the set value of the A/D p. 276 [l
T sampling time | converter mode register (ADM).
and A/D The delay time exists until actual sampling is started after A/D converter operation
conversion start | is enabled.
delay time When using a set in which the A/D conversion time must be strictly observed,
care is required for the contents shown in Figure 13-21 and Table 13-3.
Register Do not read data from the ADCR register and do not write data to the ADM, ADS, |p. 276 ([l
generating wait | PFM, and PFT registers while the CPU is operating on the subsystem clock and
cycle while high-speed system clock oscillation is stopped.
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Chapter 14

Soft | Classification

Hard |

Hard | Soft ‘

Serial
interface
UARTO

UART mode

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.

p.

278

Set POWERO = 1 and then set TXEO = 1 (transmission) or RXEO = 1 (reception)
to start communication.

p.

278

TXEO and RXEQ 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 RXEOQ has been cleared to 0. If TXEO or RXEOQ is set
within two clocks of base clock, the transmission circuit or reception circuit may
not be initialized.

p.

278

TXSO0: Transmit
shift register O

Do not write the next transmit data to TXSO before the transmission completion
interrupt signal (INTSTO) is generated.

. 281

ASIMO:
Asynchronous
serial interface
operation mode
register O

At startup, set POWERO to 1 and then set TXEO to 1. To stop the operation, clear
TXEO to 0, and then clear POWERO to 0.

p.

283

At startup, set POWERQO to 1 and then set RXEO to 1. To stop the operation,
clear RXEO to 0, and then clear POWERQO to 0.

. 283

Set POWERQO to 1 and then set RXEO to 1 while a high level is input to the RxDO
pin. If POWERQO is set to 1 and RXEQ is set to 1 while a low level is input,
reception is started.

p.

283

[ | |

TXEO and RXEO are synchronized by the base clock (fxcxo) 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 RXEQ has been cleared to 0. If TXEO or RXEOQ is set
within two clocks of base clock, the transmission circuit or reception circuit may
not be initialized.

p.

283

O

Clear the TXEO and RXEO bits to 0 before rewriting the PS01, PS00, and CLO
bits.

. 283

Make sure that TXEO = 0 when rewriting the SLO bit. Reception is always
performed with “number of stop bits = 17, and therefore, is not affected by the set
value of the SLO bit.

. 283

Be sure to set bit 0 to 1.

. 283

ASISO0:
Asynchronous
serial interface
reception error
status register 0

The operation of the PEO bit differs depending on the set values of the PS01 and
PSO00 bits of asynchronous serial interface operation mode register 0 (ASIMO).

. 284

Only the first bit of the receive data is checked as the stop bit, regardless of the
number of stop bits.

p.

284

If an overrun error occurs, the next receive data is not written to receive buffer
register 0 (RXBO) but discarded.

p.

284

If data is read from ASISO, a wait cycle is generated. Do not read data from
ASIS0 when the CPU is operating on the subsystem clock and the high-speed
system clock is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.

. 284

O 0o 0o oo

BRGCO: Baud
rate generator
control register
0

When the internal oscillation clock is selected as the clock to be supplied to the
CPU, the clock of the internal oscillator is divided and supplied as the count clock.
If the base clock is the internal oscillation clock, the operation of serial interface
UARTO is not guaranteed.

p.

286

|

Make sure that bit 6 (TXEO) and bit 5 (RXEO) of the ASIMO register = 0 when
rewriting the MDL04 to MDLOO bits.

. 286

The baud rate value is the output clock of the 5-bit counter divided by 2.

. 286
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Y | 5 | Serial POWERQO, Clear POWERQO to 0 after clearing TXEO and RXEO to 0 to set the operation stop 287 U
8 |? |interface | TXEO, RXEO: [ mode.
§' UARTO Bits 7, 6, and 5 | To start the operation, set POWERQO to 1, and then set TXEO and RXEOQ to 1.
(@) of ASIMO
UART mode Take relationship with the other party of communication when setting the port 288
mode register and port register.
UART After transmit data is written to TXSO0, do not write the next transmit data before . 291
transmission the transmission completion interrupt signal (INTSTO) is generated.
UART reception | Be sure to read receive buffer register 0 (RXBO0) even if a reception error occurs. 202 O
Otherwise, an overrun error will occur when the next data is received, and the
reception error status will persist.
Reception is always performed with the “number of stop bits = 1”. The second 202 O
stop bit is ignored.
Be sure to read asynchronous serial interface reception error status register 0 202 O
(ASIS0) before reading RXBO.
Baud rate error | Keep the baud rate error during transmission to within the permissible error range | p. 295 (|
at the reception destination.
Make sure that the baud rate error during reception satisfies the range shown in 205 O
(4) Permissible baud rate range during reception.
Allowable baud | Make sure that the baud rate error during reception is within the permissible error |p. 297 O
rate range range, by using the calculation expression shown below.
during reception
© g Serial UART mode The TXD6 output inversion function inverts only the transmission side and not the |p. 299 (|
gj T |interface reception side. To use this function, the reception side must be ready for
§ | |UART6 reception of inverted data.
o 5 If clock supply to serial interface UART®6 is not stopped (e.g., in the HALT mode), |p. 299 O
@ normal operation continues. If clock supply to serial interface UART®6 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.
If data is continuously transmitted, the communication timing from the stop bit to 209 O
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 UART6 is used in the LIN communication operation.
TXB6: Transmit | Do not write data to TXB6 when bit 1 (TXBF6) of asynchronous serial interface . 305
buffer register 6 |transmission status register 6 (ASIF6) is 1.
Do not refresh (write the same value to) TXB6 by software during a .305 O
communication operation (when bit 7 (POWERS6) 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).
5 ASIM6: At startup, set POWERSG6 to 1 and then set TXE6 to 1. To stop the operation, .307 O
@ Asynchronous | clear TXE6 to 0, and then clear POWERSG to 0.
serial i'nterface At startup, set POWERSG to 1 and then set RXE6 to 1. To stop the operation, 307 O
operation mode | clear RXES to 0, and then clear POWERG to 0.
register 6 Set POWERS to 1 and then set RXE6 to 1 while a high level is input to the RxD6 | p. 307 [J
pin. If POWERS is set to 1 and RXES6 is set to 1 while a low level is input,
reception is started.
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© | & | Serial ASIM6: Clear the TXE6 and RXES bits to 0 before rewriting the PS61, PS60, and CL6 bits. .307 O
| D
g | |interface | Asynchronous | Fix the PS61 and PS60 bits to 0 when UARTG is used in the LIN communication |p. 307 LI
g UART6 serial interface | gperation.
O i . . L
opgrz:tlo‘ns mode Make sure that TXE6 = 0 when rewriting the SL6 bit. Reception is always .307 O
register performed with “the number of stop bits = 1”7, and therefore, is not affected by the
set value of the SL6 bit.
Make sure that RXE6 = 0 when rewriting the ISRM6 bit. p. 307 O
ASIS6: The operation of the PE6 bit differs depending on the set values of the PS61 and |p. 308 O
Asynchronous | PS60 bits of asynchronous serial interface operation mode register 6 (ASIM6).
serial i.nterface The first bit of the receive data is checked as the stop bit, regardiess of the 308 [
reception error | nymper of stop bits.
status register 6 If an overrun error occurs, the next receive data is not written to receive buffer .308 O
register 6 (RXB6) but discarded.
If data is read from ASIS6, a wait cycle is generated. Do not read data from .308 O
ASIS6 when the CPU is operating on the subsystem clock and the high-speed
system clock is stopped. For details, see CHAPTER 34 CAUTIONS FOR WAIT.
ASIFé6: To transmit data continuously, write the first transmit data (first byte) to the TXB6 |p. 309 O
Asynchronous | register. After that, be sure to check that the TXBF6 flag is “0”. If so, write the
serial interface | next transmit data (second byte) to the TXB6 register. If data is written to the
transmission TXB6 register while the TXBF6 flag is “1”, the transmit data cannot be
status register 6 | guaranteed.
To initialize the transmission unit upon completion of continuous transmission, be |p. 309 O
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 TXSF®6 flag is “1”, the transmit data cannot be guaranteed.
g CKSR6: Clock | When the internal oscillation clock is selected as the clock to be supplied to the .310 O
T selection CPU, the clock of the internal oscillator is divided and supplied as the count clock.
register 6 If the base clock is the internal oscillation clock, the operation of serial interface
| UART® is not guaranteed.
5 Make sure POWERSG = 0 when rewriting TPS63 to TPS60. p.310 [
n
BRGC6: Baud |Make sure that bit 6 (TXE6) and bit 5 (RXEB) of the ASIM6 register = 0 when 311 O
. rate generator | rewriting the MDL67 to MDL60 bits.
E control register | The baud rate is the output clock of the 8-bit counter divided by 2. 311 O
T 6
£ ASICL6: ASICL6 can be refreshed (the same value is written) by software during a .312 O
@ Asynchronous | communication operation (when bit 7 (POWERSG) and bit 6 (TXE6) of ASIM6 = 1
serial interface | or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 1). Note, however, that
control register | communication is started by the refresh operation because bit 6 (SBRT6) of
6 ASICLS is cleared to 0 when communication is completed (when an interrupt
signal is generated).
In the case of an SBF reception error, return the mode to the SBF reception 313 O
mode. The status of the SBRF®6 flag is held (1).
Before setting the SBRT6 bit, make sure that bit 7 (POWERS6) and bit 5 (RXE6) of | p. 313 O
ASIM6 = 1.
The read value of the SBRT6 bit is always 0. SBRT6 is automatically cleared to O | p. 313 O
after SBF reception has been correctly completed.
Before setting the SBTT6 bit to 1, make sure that bit 7 (POWERS6) and bit 6 .313 O
(TXESB) of ASIM6 = 1.
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© | ¥ | Serial ASICLS6: The read value of the SBTT6 bit is always 0. SBTT6 is automatically cleared to 0 |p. 313 ]
I} @ linterface | Asynchronous |at the end of SBF transmission.
Q. . .
g UART6 | serial interface | Before rewriting the DIR6 and TXDLVS bits, clear the TXE6 and RXE6 bits to 0. |p. 313 [
O i \ .
gontrol register When using the 78K0/KF1+ to evaluate the program of a mask ROM version of p. 313 ([l
the 78K0/KF1, set the SBTT6, SBL62, SBL61, and SBL60 bitsto 0, 1, 0, 1,
respectively.
POWERS, Clear POWERS® to 0 after clearing TXE6 and RXES to O to set the operation stop |p. 315 ([l
TXES6, RXE6: mode.
Bits 7, 6, and 5 | To start the operation, set POWERSG6 to 1, and then set TXE6 and RXE6 to 1.
of ASIM6
UART mode Take relationship with the other party of communication when setting the port p. 316
mode register and port register.
Parity type and | Fix the PS61 and PS60 bits to 0 when the device is incorporated in LIN. p. 320
operation
Continuous The TXBF6 and TXSF®6 flags of the ASIF6 register change from “10” to “11”, and | p. 322 (|
transmission 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.
When the device is incorporated in a LIN, the continuous transmission function p. 322 ]
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 during | To transmit data continuously, write the first transmit data (first byte) to the TXB6 |p. 322 O
continuous register. Be sure to check that the TXBF®6 flag is “0”. If so, write the next transmit
transmission: data (second byte) to the TXB6 register. If data is written to the TXB6 register
Bit 1 of ASIF6 | while the TXBF®6 flag is “1”, the transmit data cannot be guaranteed.
TXSF6 during | To initialize the transmission unit upon completion of continuous transmission, be |p. 322 (|
continuous sure to check that the TXSF®6 flag is “0” after generation of the transmission
transmission: completion interrupt, and then execute initialization. If initialization is executed
Bit 0 of ASIF6 | while the TXSF®6 flag is “1”, the transmit data cannot be guaranteed.
During continuous transmission, an overrun error may occur, which means that p. 322 ]
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.
Normal Be sure to read receive buffer register 6 (RXB6) even if a reception error occurs. | p. 326 O
reception Otherwise, an overrun error will occur when the next data is received, and the
reception error status will persist.
Reception is always performed with the “number of stop bits = 1”. The second p. 326 O
stop bit is ignored.
Be sure to read asynchronous serial interface reception error status register 6 p. 326 O
(ASIS6) before reading RXB6.
Serial clock Keep the baud rate error during transmission to within the permissible error range |p. 332 ]
generation at the reception destination.
Make sure that the baud rate error during reception satisfies the range shown in | p. 332 (|
(4) Permissible baud rate range during reception.
Permissible Make sure that the baud rate error during reception is within the permissible error | p. 334 O
baud rate range |range, by using the calculation expression shown below.
during reception
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© | 5 | Serial SOTB1n: Do not access SOTB1n when CSOT1n = 1 (during serial communication). p. 339 O
g’ @ |interfaces Tra'nsmit buffer | The SSI11 pin can be used in the slave mode. For details of the p.339 U
e csio, register 1n transmission/reception operation, see 16.4.2 (2) Communication operation.
© csi SIO1n: Serial I/0 | Do not access SIO1n when CSOT1n = 1 (during serial communication). p. 339 O
shift register 1n | The SSI11 pin can be used in the slave mode. For details of the reception p.339 U
operation, see 16.4.2 (2) Communication operation.
CSIM1n: Serial | Be sure to clear bit 5 to 0. 340 O
operation mode
L register 1n
g CSIC10: Serial | When the internal oscillation clock is selected as the clock supplied to the CPU, 343 O
T clock selection the clock of the internal oscillator is divided and supplied as the serial clock. At
L register 10 this time, the operation of serial interface CSI10 is not guaranteed.
5 Do not write to CSIC10 while CSIE10 = 1 (operation enabled). p. 343 O
@ To use P10/SCK10/TxD0, P11/SI10/RxD0, and P12/SO10 as general-purpose | p. 343 O
ports, set CSIC10 in the default status (O0H).
L The phase type of the data clock is type 1 after reset. p. 343 O
g CSIC11: Serial | When the internal oscillation clock is selected as the clock supplied to the CPU, |p. 344 O
T clock selection the clock of the internal oscillator is divided and supplied as the serial clock. At
L register 11 this time, the operation of serial interface CSI11 is not guaranteed.
5 Do not write to CSIC11 while CSIE11 = 1 (operation enabled). p. 344 (]
@ To use P02/SO11, P03/SI11, and P04/SCK11 as general-purpose ports, set p. 344 O
CSIC11 in the default status (O0H).
The phase type of the data clock is type 1 after reset. p. 344 (]
3-wire serial I/O | Take relationship with the other party of communication when setting the port p. 347 O
mode mode register and port register.
Communication | Do not access the control register and data register when CSOT1n = 1 (during .350 U
operation serial communication).
When using serial interface CSI11, wait for the duration of at least one clock .350 O
before the clock operation is started to change the level of the SSI11 pin in the
slave mode; otherwise, malfunctioning may occur.
SO1n output If a value is written to TRMD1n, DAP1n, and DIR1n, the output value of SO1n .356 [J
changes.
™~ | & | Serial SIOAQ: Serial I/0O | A communication operation is started by writing to SIOAQ. Consequently, when .360
I D linterface | shift register 0 transmission is disabled (bit 3 (TXEAO) of CSIMAO = 0), write dummy data to the
E CSIA0 SIOAQO register to start the communication operation, and then perform a receive
o operation.
Do not write data to SIOAO while the automatic transmit/receive function is . 360
operating.
CSIMAQ: Serial | When CSIAEQ = 0, the buffer RAM cannot be accessed. p. 361 O
operation mode | when CSIAEQ is changed from 1 to 0, the registers and bits mentioned in Note | p. 361 [J
specification above are asynchronously initialized. To set CSIAEOQ = 1 again, be sure to re-set
register O the initialized registers.
When CSIAEQO is re-set to 1 after CSIAEO is changed from 1 to 0, it is not 361 O
guaranteed that the value of the buffer RAM will be retained.
CSISO0: Serial Be sure to clear bit 7 to 0. .362 [
status register 0
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™ | % | Serial CSISO0: Serial When TSFO is 1, rewriting serial operation mode specification register 0 p. 363 []
I} @ linterface | status register 0 | (CSIMAO), serial status register 0 (CSIS0), divisor selection register 0 (BRGCAO),
§‘ CSIA0 automatic data transfer address point specification register 0 (ADTPO), automatic
(@} data transfer interval specification register 0 (ADTI0), and serial I/O shift register
0 (SIOAOQ) are prohibited. However, these registers can be read and re-written to
the same value. In addition, the buffer RAM can be rewritten during transfer.
CSITO: Serial Even if ATSTPO or ATSTAQ is set to 1, automatic transfer cannot be p. 364 []
trigger register 0 | started/stopped until 1-byte transfer is complete.
ATSTPO and ATSTAO change to 0 automatically after the interrupt signal p. 364 []
INTACSI is generated.
After automatic data transfer is stopped, the data address when the transfer p. 364 []
stopped is stored in automatic data transfer address count register 0 (ADTCO).
However, since no function to restart automatic data transfer is incorporated,
when transfer is stopped by setting ATSTPO = 1, start automatic data transfer by
ATSTAQO after re-setting the registers.
ADTPO: Be sure to clear bits 7 to 5 to 0. p. 365 [
Automatic data
transfer address
point
specification
register 0
ADTIO: Because the setting of bit 5 (STBEO) and bit 4 (BUSYEQ) of serial status register |p- 367 []
Automatic data | 0 (CSISO0) takes priority over the ADTIO setting, the interval time based on the
transfer interval | setting of STBEO and BUSYEQO is generated even when ADTIO is cleared to O0H.
specification
register 0
3-wire serial /0O | Take relationship with the other party of communication when setting the port pp. 370, []
mode mode register and port register. 377
1-byte The SOAO pin becomes low level by an SIOAQ write. p.372 [
transmission/
reception
Communication | If CSIAEQ is set to 1 after data is written to SIOAO, communication does not start. |p. 374 []
start
Automatic A wait state may be generated when data is written to the buffer RAM. For p. 375 [
transmission/ details, see CHAPTER 34 CAUTIONS FOR WAIT.
reception mode | Because, in the automatic transmission/reception mode, the automatic p. 378 [
transmit/receive function writes/reads data to/from the internal buffer RAM after
1-byte transmission/reception, an interval is inserted until the next
transmission/reception. As the buffer RAM write/read is performed at the same
time as CPU processing, the interval is dependent upon the value of automatic
data transfer interval specification register 0 (ADTI0) and the set values of bits 5
and 4 (STBEO, BUSYEQ) of serial status register 0 (CSIS0) (see (5) Automatic
transmit/receive interval time).
If an access to the buffer RAM by the CPU conflicts with an access to the buffer  |pp. 378, []
RAM by serial interface CSIAO during the interval period, the interval time 382, 386
specified by automatic data transfer interval specification register 0 (ADTIO) may
be extended.
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™~ | 5 | Serial Automatic Because, in the automatic transmission mode, the automatic transmit/receive .382 [
I @ linterface | transmission function reads data from the internal buffer RAM after 1-byte transmission, an
§ CSIA0 mode interval is inserted until the next transmission. As the buffer RAM read is
O performed at the same time as CPU processing, the interval is dependent upon
the value of automatic data transfer interval specification register 0 (ADTI0) and
the set values of bits 5 and 4 (STBEO, BUSYEQ) of serial status register 0
(CSIS0) (see (5) Automatic transmit/receive interval time).
Repeat Because, in the repeat transmission mode, a read is performed on the buffer .386 [
transmission RAM after the transmission of one byte, the interval is included in the period up to
mode the next transmission. As the buffer RAM read is performed at the same time as
CPU processing, the interval is dependent upon automatic data transfer interval
specification register 0 (ADTIO0) and the set values of bits 5 and 4 (STBEQO,
BUSYEDQ) of serial status register 0 (CSIS0) (see (5) Automatic transmit/receive
interval time).
Automatic If the HALT instruction is executed during automatic transmission/reception, .391 [
transmission/ communication is suspended and the HALT mode is set if during 8-bit data
reception communication. When the HALT mode is cleared, automatic
suspension and | transmission/reception is restarted from the suspended point.
restart When suspending automatic transmission/reception, do not change the operating |p. 391 []
mode to 3-wire serial I/O mode while TSFO = 1.
Busy control Busy control cannot be used simultaneously with the interval time control function |p. 392 O
of automatic data transfer interval specification register 0 (ADTIO0).
Busy & strobe When TSFO is cleared, the SOAO pin goes low. .394 [
control
@ | & | Multiplier/ | SDRO: The value read from SDRO during operation processing (while bit 7 (DMUE) of .399 O
I D divider Remainder data | multiplier/divider control register 0 (DMUCO) is 1) is not guaranteed.
Q. .
] register 0 SDRO is reset when the operation is started (when DMUE is set to 1). .399 O
ey
(@]
MDAOH, MDAOL: | MDAOH is cleared to 0 when an operation is started in the multiplication mode .399
Multiplication/ (when multiplier/divider control register 0 (DMUCO) is set to 81H).
diVi'SiO” data Do not change the value of MDAO during operation processing (while bit 7 .399
register AO (DMUE) of multiplier/divider control register 0 (DMUCO) is 1). Even in this case,
the operation is executed, but the result is undefined.
The value read from MDAO during operation processing (while DMUE is 1) is not |p. 399 O
guaranteed.
MDBO: Do not change the value of MDBO during operation processing (while bit 7 .400 O
Multiplication/ (DMUE) of multiplier/divider control register 0 (DMUCO) is 1). Even in this case,
division data the operation is executed, but the result is undefined.
register BO Do not clear MDBO to 0000H in the division mode. If set, undefined operation .400 UJ
results are stored in MDAO and SDRO.
DMUC: If DMUE is cleared to 0 during operation processing (when DMUE is 1), the . 401
Multiplier/divider | operation result is not guaranteed. If the operation is completed while the
control register 0 | clearing instruction is being executed, the operation result is guaranteed,
provided that the interrupt flag is set.
Do not change the value of DMUSELO during operation processing (while DMUE |p. 401 (I
is 1). If it is changed, undefined operation results are stored in
multiplication/division data register AO (MDAO) and remainder data register 0
(SDRO).
User's Manual U16819EJ3VOUD 597



APPENDIX D LIST OF CAUTIONS

(21/26)
- §| Function Details of Cautions Page
2 E; Function
@ | =
(@]
® | & | Multiplier/ | DMUC: If DMUE is cleared to 0 during operation processing (while DMUE is 1), the p. 401 O
I D | divider Multiplier/divider | operation processing is stopped. To execute the operation again, set
§ control register | multiplication/division data register AO (MDAO), multiplication/division data register
o 0 BO (MDBO), and multiplier/divider control register 0 (DMUCO), and start the
operation (by clearing DMUE to 1).
@ | 5 |Interrupt | IF1H: Interrupt | Be sure to clear bits 4 to 7 of IF1H to 0. p. 412 O
8|? request flag
§ register
o IFOL, IFOH, When operating a timer, serial interface, or A/D converter after standby release, p. 412 (I
IF1L, IF1H: operate it once after clearing the interrupt request flag. An interrupt request flag
Interrupt may be set by noise.
request flag Use the 1-bit memory manipulation instruction (CLR1) for manipulating the flag of |p. 413 U
registers the interrupt request flag register. A 1-bit manipulation instruction such as “IFOL.0
=0;" and “_asm(“clr1 IFOL, 0”);” should be used when describing in C language,
because assembly instructions after compilation must be 1-bit memory
manipulation instructions (CLR1).
If an 8-bit memory manipulation instruction “IFOL & = Oxfe;” is described in C
language, for example, it is converted to the following three assembly instructions
after compilation:
mov  a, IFOL
and a, #OFEH
mov IFOL, a
In this case, at the timing after “mov a, IFOL” to “mov IFOL, a”, if the request flag of
another bit of the identical interrupt request flag register (IFOL) is set to 1, it is
cleared to 0 by “mov IFOL, a”. Therefore, care must be exercised when using the
8-bit memory manipulation instruction in C language.
MK1H: Interrupt | Be sure to set bits 4, 6, and 7 of MK1H to 1. Be sure to clear bit 5 of MK1H to 0. p. 414 O
mask flag
register
PR1H: Priority | Be sure to set bits 4 to 7 of PR1H to 1. p. 415 O
specification
flag register
EGP, EGN: Select the port mode by clearing EGPn and EGNn to 0 because an edge may be |p. 416 O
External detected when the external interrupt function is switched to the port function.
interrupt
rising/falling
edge enable
registers
Software Do not use the RETI instruction for restoring from the software interrupt. p. 420 O
interrupt
request
acknowledgement
Interrupt The BRK instruction is not one of the above-listed interrupt request hold p. 424 O
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.
Q|5 |Key KRM: Key If any of the KRMO to KRM?7 bits used is set to 1, set bits 0 to 7 (PU70 to PU77) of |p. 426 O
I @ interrupt | return mode the corresponding pull-up resistor register 7 (PU7) to 1.
E function register
(@)
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Chapter 20

Soft | Classification

Key
interrupt
function

KRM: Key
return mode
register

If KRM is changed, the interrupt request flag may be set. Therefore, disable
interrupts and then change the KRM register. After that, clear the interrupt
request flag and then enable interrupts.

426 O

The bits not used in the key interrupt mode can be used as normal ports.

. 426

Chapter 21
Hard ‘ Soft

Hard ‘ Soft ‘

Soft ‘

Hard ‘

Soft |

Hard ‘

Standby
function

The RSTOP setting is valid only when “Can be stopped by software” is set for the
internal oscillator by the option byte.

. 427

o O

STOP mode can be used only when the CPU is operating on the high-speed
system clock or internal oscillation clock. HALT mode can be used when the CPU
is operating on the high-speed system clock, internal oscillation clock, or
subsystem clock. However, when the STOP instruction is executed during
internal oscillation clock operation, the high-speed system clock oscillator stops,
but the internal oscillator does not stop.

. 428

When shifting to the STOP mode, be sure to stop the peripheral hardware
operation before executing STOP instruction.

428 [

STOP mode,
HALT mode

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 O to stop the A/D conversion operation, and
then execute the HALT or STOP instruction.

p.

428

STOP mode

If the internal oscillator is operating before the STOP mode is set, oscillation of
the internal oscillation clock cannot be stopped in the STOP mode. However,
when the internal oscillation clock is used as the CPU clock, the CPU operation is
stopped for 17/fr (s) after STOP mode is released.

p.

428 O

OSTC:
Oscillation
stabilization
time counter
status register

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

p.

429 [

If the STOP mode is entered and then released while the internal oscillation 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.

p.

429 O

The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether STOP
mode is released by RESET input or interrupt generation.

p.

429 [

OSTS:
Oscillation
stabilization
time select
register

To set the STOP mode when the high-speed system clock is used as the CPU
clock, set OSTS before executing a STOP instruction.

p.

430

Before setting OSTS, confirm with OSTC that the desired oscillation stabilization
time has elapsed

p.

430 O

If the STOP mode is entered and then released while the internal oscillation clock

is being used as the CPU clock, set the oscillation stabilization time as follows.

¢ 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.

p.

430 O

The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether STOP
mode is released by RESET input or interrupt generation.

p.

430 O
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& | 5 | Standby | STOP mode Because the interrupt request signal is used to release the standby mode, if there |p. 436 O
I} @ | function setting and is an interrupt source with the interrupt request flag set and the interrupt mask flag
§ operation status | reset, the standby mode is immediately released if set. Thus, the STOP mode is
o 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.
a8 g Reset - For an external reset, input a low level for 10 us or more to the RESET pin. p. 440 [
g T | function During reset input, the high-speed system clock and the internal oscillation clock | p. 440 [
8 stop oscillating.
O .
When the STOP mode is released by a reset, the STOP mode contents are held | p. 440
during reset input. However, the port pins become high-impedance, except for
P130, which is set to low-level output.
An LVI circuit internal reset does not reset the LVI circuit. p. 441 4
Reset timing A watchdog timer internal reset resets the watchdog timer. p. 442 O
due to
watchdog timer
L overflow
5 RESF: Reset Do not read data by a 1-bit memory manipulation instruction. p. 447 O
@ control flag
register
R | 5 | Clock CLM: Clock Once bit 0 (CLME) is set to 1, it cannot be cleared to 0 except by RESET input or |p. 449 O
I} @ | monitor monitor mode | the internal reset signal.
Q. .
e register If the reset signal is generated by the clock monitor, CLME is cleared to 0 and bit |p. 449 [J
© 1 (CLMRF) of the reset control flag register (RESF) is set to 1.
S | B | Power- Power-on-clear |If an internal reset signal is generated in the POC circuit, the reset control flag p. 455 O
I} @ | on-clear |circuit functions register (RESF) is cleared to O0OH.
o —
8 g circuit The supply voltage is Voo = 2.0 to 5.5 V when the internal oscillation clock or p. 455 (I
O | I |(PoC) subsystem clock is used, but be sure to use the product in a voltage range of 2.2
L to 5.5 V because the detection voltage (Vroc) of the POC circuitis 2.1 V £0.1 V.
& Cautions for In a system where the supply voltage (Vop) fluctuates for a certain period in the p. 457 4
@ power-on-clear | vicinity of the POC detection voltage (Vroc), the system may be repeatedly reset
circuit 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.
& |5 |Low- LVIM: Low- To stop LVI, follow either of the procedures below. p. 460 [
I} @ voltage voltage o When using 8-bit memory manipulation instruction: Write 00H to LVIM.
§' detector |detection e When using 1-bit memory manipulation instruction: Clear LVION to 0.
(@} (LVI) register
LVIS: Low- Be sure to clear bits 4 to 7 to 0. p. 461 (I
voltage
detection level
selection Clear all port pins after the supply voltage (VbD) exceeds the preset detection p. 461 (I
register voltage (VLvi) after POC release in the (A1) grade products.
When used as | <1> must always be executed. When LVIMK = 0, an interrupt may occur p. 462 |
reset immediately after the processing in <3>.
If supply voltage (Vop) > detection voltage (Vivi) when LVIMD is setto 1, an p. 462 O
internal reset signal is not generated.
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Q1% |Low- Cautions for In a system where the supply voltage (Vob) fluctuates for a certain period in the p. 466 4
I @ voltage low-voltage vicinity of the LVI detection voltage (VLvi), the operation is as follows depending
E detector detector on how the low-voltage detector is used.
o (LVvI) (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 (a) below.
(2) When used as interrupt
Interrupt requests may be frequently generated. Take action (b) below.
8 g Option 0084H/1084H | Be sure to set 00H (disabling on-chip debug operation) to 0084H for products not |p. 469 O
& | T |byte equipped with the on-chip debug function (vPD78F0148H). Also set O0H to
§ 1084H because 0084H and 1084H are switched at boot swapping.
© To use the on-chip debug function with a product equipped with the on-chip p. 469 O
debug function (#PD78F0148HD), set 02H or 03H to 0084H. Set a value that is
the same as that of 0084H to 1084H because 0084H and 1084H are switched at
boot swapping.
0081H/1081H, |Be sure to set 00H to 0081H, 0082H, and 0083H (0081H/1081H, 0082H/1082H, |p. 469 O
0082H/1082H, |and 0083H/1083H when the boot swap function is used).
0083H/1083H
0080H/1080H | If LSROSC = 0 (oscillation can be stopped by software), the count clock is not p. 470 4
supplied to the watchdog timer in the HALT and STOP modes, regardless of the
setting of bit 0 (RSTOP) of the internal oscillation mode register (RCM). When 8-
bit timer H1 operates with the internal oscillation clock, the count clock is supplied
to 8-bit timer H1 even in the HALT/STOP mode.
Be sure to clear bit 1 to 7 to 0. p. 470 (I
N g Flash - There are differences in noise immunity and noise radiation between the flash p. 472 |
§ T | memory memory and mask ROM versions. When pre-producing an application set with
E the flash memory version and then mass-producing it with the mask ROM version,
O be sure to conduct sufficient evaluations for the commercial samples (not
L engineering samples) of the mask ROM versions.
5 IMS: Internal The initial value of IMS is CFH. When using the 78K0/KF1+ to evaluate the p. 473 (]
@ memory size program of a mask ROM version of the 78K0/KF1, be sure to set the values
switching shown in Table 27-2.
register
IXS: Internal Since the initial value of IXS is 0CH, be sure to set IXS to 0AH. When using the p. 474 |
expansion 78K0/KF1+ to evaluate the program of a mask ROM version of the 78K0/KF1, be
RAM size sure to set the values shown in Table 27-3.
switching
register
UART6 When UARTS is selected, the receive clock is calculated based on the reset p. 488 4
command sent from the dedicated flash programmer after the FLMDO pulse has
been received.
FLPMC: Flash- |Be sure to keep FWEDIS at 0 until writing or erasing of the flash memory is p. 492
programming | completed.
mocl’je control | Make sure that FWEDIS = 1 in the normal mode. p.492 [
register Manipulate FLSPM1 and FLSPMO after execution branches to the internal RAM. | p. 492 (I
The address of the flash memory is specified by an address signal from the CPU
when FLSPM1 = 0 or the set value of the firmware written when FLSPM1 = 1. In
the on-board mode, the specifications of FLSPM1 and FLSPMO are ignored.
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O
2 g On-chip #PD78F0148 | The 4PD78F0148HD has an on-chip debug function. Do not use this product for |p. 498 O
& | T |debug HD mass production because its reliability cannot be guaranteed after the on-chip
§‘ function debug function has been used, given the issue of the number of times the flash
o memory can be rewritten. NEC Electronics does not accept complaints
concerning this product.
When using | Input the clock from the X1 pin during on-chip debugging. p. 498 O
X1 and X2
pins Control the X1 and X2 pins by externally pulling down the P31 pin. p. 498 O
po g Electrical uPD78F0148 | The uPD78F0148HD has an on-chip debug function. Do not use this product for |p. 513 |
E?; T | specificaions | HD mass production because its reliability cannot be guaranteed after the on-chip
5 (standard debug function has been used, given the issue of the number of times the flash
§ products, (A) memory can be rewritten. NEC Electronics does not accept complaints
) grade concerning this product.
products), Absolute Product quality may suffer if the absolute maximum rating is exceeded even pp. 513, O
Electrical maximum momentarily for any parameter. That is, the absolute maximum ratings are rated | 514, 536,
specifications | ratings values at which the product is on the verge of suffering physical damage, and 537
(A1) grade therefore the product must be used under conditions that ensure that the
products) absolute maximum ratings are not exceeded.
High-speed When using the high-speed system clock oscillator, wire as follows in the area pp. 515, O
system clock |enclosed by the broken lines in the above figures to avoid an adverse effect from | 538
(crystal/ wiring capacitance.
ceramic) o Keep the wiring length as short as possible.
oscillator * 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.
e Do not fetch signals from the oscillator.
Since the CPU is started by the internal oscillation clock after reset, check the pp. 515, O
oscillation stabilization time of the high-speed system clock using the oscillation | 538
stabilization time status register (OSTC). 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.
Recommended | The oscillator constants shown above are reference values based on evaluation |p. 516 O
oscillator in a specific environment by the resonator manufacturer. If it is necessary to
constants optimize the oscillator characteristics in the actual application, apply to the
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& g Electrical Subsystem When using the subsystem clock oscillator, wire as follows in the area enclosed | pp. 517, O
8‘ T | specifications | clock by the broken lines in the above figure to avoid an adverse effect from wiring 539
5 (standard oscillator capacitance.
‘% products, (A) o Keep the wiring length as short as possible.
6 grade e Do not cross the wiring with the other signal lines.
products), ¢ Do not route the wiring near a signal line through which a high fluctuating
Electrical current flows.
specifications * Always make the ground point of the oscillator capacitor the same potential as
((A1) grade Vss.
products) ¢ Do not ground the capacitor to a ground pattern through which a high current
flows.
e Do not fetch signals from the oscillator.
The subsystem clock oscillator is designed as a low-amplitude circuit for reducing | pp. 517, O
power consumption, and is more prone to malfunction due to noise than the high- | 539
speed system clock oscillator. Particular care is therefore required with the wiring
method when the subsystem clock is used.
AC Tev can only be used at 0.238 us (MIN). p.523 [J
characteristics | Tcy can only be used at 0.4 us (MIN). p.524 L[]
- The external bus interface function cannot be used in (A1) grade products. p. 536 O
3 g Recommended - Do not use different soldering methods together (except for partial heating). pp. 556, (]
§ T | soldering 557
Q. .
9] conditions
=
O
S |5 | Wait - When the CPU is operating on the subsystem clock and the high-speed system |p. 559 O
ja:; @ clock is stopped (MCC = 1), do not access the registers listed above using an
E access method in which a wait request is issued.
O
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Modification of Note and Caution in serial operation mode register (CSIM10, CSIM11) and serial clock
selection register (CSIC10, CSIC11)

p. 18 Modification of 1.3 Ordering Information

p. 47 Modification of Figure 3-1. Memory Map (4PD78F0148H)

p. 48 Modification of Figure 3-2. Memory Map (#PD78F0148HD)

p. 52 Modification of Notes 1 and 2 in Figure 3-4. Correspondence Between Data Memory and Addressing
(uPD78F0148HD)

p. 123 Addition of Note 5 to Figure 6-2. Format of Processor Clock Control Register (PCC)

p. 461 Modification of Note and addition of Caution 2 in Figure 25-3. Format of Low-Voltage Detection Level
Selection Register (LVIS)

p. 469 Revision of CHAPTER 26 OPTION BYTE

p. 488 Modification of Table 27-8. Communication Modes

p. 497 Modification of Notes 1 and 2 in Figure 27-23. Memory Map and Boot Area (2) uPD78F0148HD

p. 498 Revision of CHAPTER 28 ON-CHIP DEBUG FUNCTION (4PD78F0148HD ONLY)

pp. 523, 524 Modification of condition of AC Characteristics (2) Read/write operation in CHAPTER 30 ELECTRICAL
SPECIFICATIONS (STANDARD PRODUCTS, (A) GRADE PRODUCTS)

p. 536 Addition of CHAPTER 31 ELECTRICAL SPECIFICATIONS ((A1) GRADE PRODUCTS)

p. 556 Revision of CHAPTER 33 RECOMMENDED SOLDERING CONDITIONS

E.2 Revision History up to Previous Edition

The following table shows the revision history up to this edition. The “Applied to:” column indicates the chapters of

each edition in which the revision was applied.

(1/3)
Edition Description Applied to:

2nd edition | Addition of xPD78F0148HD Throughout
Modification of 1.5 Kx1 Series Lineup CHAPTER 1 OUTLINE
Modification of recommended connection for unused RESET pin in Table 2-2 Pin I/O CHAPTER 2 PIN
Circuit Types FUNCTIONS
Addition of Cautions 1 and 2 to Figure 6-7 Format of Oscillation Stabilization Time CHAPTER 6 CLOCK
Select Register (OSTS) GENERATOR
Deletion of (7) System wait control register (VSWC) in 6.3 Registers Controlling
Clock Generator
Addition of description for when used as capture register to Interrupt request generation CHAPTER 7 16-BIT
column in Figure 7-6 Format of 16-Bit Timer Mode Control Register 00 (TMCO00) TIMER/EVENT
Addition of description for when used as capture register to Interrupt request generation COUNTERS 00 AND 01
column in Figure 7-7 Format of 16-Bit Timer Mode Control Register 01 (TMCO01)
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(2/3)
Edition Description Applied to:
2nd edition | Modification of Note 1 and correction of Cautions 4 and 5 in Figure 7-12 Format of CHAPTER 7 16-BIT
Prescaler Mode Register 00 (PRMO00) TIMER/EVENT
COUNTERS 00 AND 01

Modification of Note 1 and correction of Cautions 4 and 5 in Figure 7-13 Format of
Prescaler Mode Register 01 (PRMO01)

Modification of Note in Figure 8-5 Format of Timer Clock Selection Register 50
(TCL50)

Modification of Note in Figure 8-6 Format of Timer Clock Selection Register 51
(TCL51)

CHAPTER 8 8-BIT
TIMER/EVENT
COUNTERS 50 AND 51

Modification of Note 1 in Figure 9-5 Format of 8-Bit Timer H Mode Register 0
(TMHMDO)

Modification of Note in Figure 9-6 Format of 8-Bit Timer H Mode Register 1
(TMHMD1)

CHAPTER 9 8-BIT
TIMERS HO AND H1

Correction of Table 11-1 Loop Detection Time of Watchdog Timer

CHAPTER 11
WATCHDOG TIMER

Addition of Note to Figure 12-2 Format of Clock Output Selection Register (CKS)

CHAPTER 12 CLOCK
OUTPUT/BUZZER
OUTPUT
CONTROLLER

Modification of Note 1 in Figure 14-4 Format of Baud Rate Generator Control
Register 0 (BRGCO)

CHAPTER 14 SERIAL
INTERFACE UARTO

Modification of Note 1 in Figure 15-8 Format of Clock Selection Register 6 (CKSR6)

Modification of (h) SBF transmission in 15.4.2 Asynchronous serial interface (UART)
mode

CHAPTER 15 SERIAL
INTERFACE UART6

Modification of Note in Figure 16-5 Format of Serial Clock Selection Register 10
(Csic10)

CHAPTER 16 SERIAL
INTERFACES CSI10

Modification of Note in Figure 16-6 Format of Serial Clock Selection Register 11 AND CSI11

(Csic11)

Modification of Caution 3 in Figure 19-2 Format of Interrupt Request Flag Registers | CHAPTER 19

(IFOL, IFOH, IF1L, IF1H) INTERRUPT
FUNCTIONS

Addition of Cautions 1 and 2 to Figure 21-2 Format of Oscillation Stabilization Time | CHAPTER 21

Select Register (OSTS)

STANDBY FUNCTION

Modification of Figure 22-1 Block Diagram of Reset Function

CHAPTER 22 RESET
FUNCTION

Modification of Note in Figure 25-3 Format of Low-Voltage Detection Level Selection
Register (LVIS)

CHAPTER 25 LOW-
VOLTAGE DETECTOR

Modification of Figure 27-11 FLMD1 Pin Connection Example

Addition of description to 27.6.7 Power supply

CHAPTER 27 FLASH
MEMORY

Revision of CHAPTER 30 ELECTRICAL SPECIFICATIONS from target specifications to | CHAPTER 30

official specifications ELECTRICAL
SPECIFICATIONS

Addition of CHAPTER CHAPTER 32

PACKAGE DRAWINGS
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(3/3)

Edition Description Applied to:

2nd edition | Revision of APPENDIX APPENDIX A
DEVELOPMENT
TOOLS

Revision of APPENDIX APPENDIX B NOTES
ON TARGET SYSTEM
DESIGN

Addition of APPENDIX APPENDIX D LIST OF
CAUTIONS

Addition of APPENDIX APPENDIX E
REVISION HISTORY

2nd edition | Addition of lead-free products to 1.3 Ordering Information CHAPTER 1 OUTLINE

(Modified
version)

Addition of lead-free products to CHAPTER CHAPTER 32
RECOMMENDED
SOLDERING
CONDITIONS
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For further information,
please contact:

NEC Electronics Corporation

1753, Shimonumabe, Nakahara-ku,
Kawasaki, Kanagawa 211-8668,
Japan

Tel: 044-435-5111
http://www.necel.com/

[America]

NEC Electronics America, Inc.
2880 Scott Blvd.

Santa Clara, CA 95050-2554, U.S.A.

Tel: 408-588-6000
800-366-9782
http://www.am.necel.com/

[Europe]

NEC Electronics (Europe) GmbH
Arcadiastrasse 10

40472 Dusseldorf, Germany

Tel: 0211-65030
http://www.eu.necel.com/

Hanover Office
Podbielskistrasse 164
30177 Hannover

Tel: 0511 33402-0

Munich Office
Werner-Eckert-Strasse 9
81829 Miinchen

Tel: 08992 10 03-0

Stuttgart Office
Industriestrasse 3
70565 Stuttgart

Tel: 071199 01 0-0

United Kingdom Branch
Cygnus House, Sunrise Parkway
Linford Wood, Milton Keynes
MK14 6NP, U.K.

Tel: 01908-691-133

Succursale Francaise

9, rue Paul Dautier, B.P. 52180
78142 Velizy-Villacoublay Cédex
France

Tel: 01-3067-5800

Sucursal en Espaia
Juan Esplandiu, 15
28007 Madrid, Spain
Tel: 091-504-2787

Tyskland Filial
Taby Centrum
Entrance S (7th floor)
18322 Téby, Sweden
Tel: 08 638 72 00

Filiale Italiana

Via Fabio Filzi, 25/A
20124 Milano, ltaly
Tel: 02-667541

Branch The Netherlands
Limburglaan 5

5616 HR Eindhoven

The Netherlands

Tel: 040 265 40 10

[Asia & Oceania]

NEC Electronics (China) Co., Ltd

7th Floor, Quantum Plaza, No. 27 ZhiChunLu Haidian
District, Beijing 100083, P.R.China

TEL: 010-8235-1155

http://www.cn.necel.com/

NEC Electronics Shanghai Ltd.

Room 2509-2510, Bank of China Tower,

200 Yincheng Road Central,

Pudong New Area, Shanghai P.R. China P.C:200120
Tel: 021-5888-5400

http://www.cn.necel.com/

NEC Electronics Hong Kong Ltd.
12/F., Cityplaza 4,

12 Taikoo Wan Road, Hong Kong
Tel: 2886-9318
http://www.hk.necel.com/

Seoul Branch

11F., Samik Lavied’or Bldg., 720-2,
Yeoksam-Dong, Kangnham-Ku,
Seoul, 135-080, Korea

Tel: 02-558-3737

NEC Electronics Taiwan Ltd.

7F, No. 363 Fu Shing North Road
Taipei, Taiwan, R. O. C.

Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.
238A Thomson Road,

#12-08 Novena Square,

Singapore 307684

Tel: 6253-8311
http://www.sg.necel.com/
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