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NOTES FOR CMOS DEVICES

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

@ HANDLING OF UNUSED INPUT PINS
Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vobo 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.

EEPROM, FIP, and IEBus are trademarks of NEC Electronics Corporation.

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

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

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.
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These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

Purchase of NEC Electronics 12C components conveys a license under the Philips 12C Patent Rights to use these
components in an I2C system, provided that the system conforms to the I12C Standard Specification as defined by Philips.
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The information in this document is current as of August, 2004. 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.

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.

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.

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.

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

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

redundancy, fire-containment and anti-failure features.

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

"Specific".

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

M8E 02.11-1
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Regional Information

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

» Device availability

« Ordering information

» Product release schedule

« Availability of related technical literature

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

» Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary
from country to country.

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

NEC Electronics Hong Kong Ltd.
Hong Kong
Tel: 2886-9318

NEC Electronics America, Inc. (U.S.) NEC Electronics (Europe) GmbH
Santa Clara, California Duesseldorf, Germany
Tel: 408-588-6000 Tel: 0211-65030

800-366-9782
NEC Electronics Hong Kong Ltd.

Seoul Branch
Seoul, Korea
Tel: 02-558-3737

» Sucursal en Espafia
Madrid, Spain
Tel: 091-504 27 87

* Succursale Francaise

Vélizy-Villacoublay, France
Tel: 01-30-67 5800

o Filiale Italiana
Milano, Italy
Tel: 02-66 75 41

e Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-2445845

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

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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NEC Electronics Shanghai Ltd.
Shanghai, P.R. China
Tel: 021-5888-5400

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377

NEC Electronics Singapore Pte. Ltd.

Novena Square, Singapore
Tel: 6253-8311
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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
uPD780078, 780078Y Subseries and design and develop application systems and
programs for these devices.

1PD780078 Subseries:  uPD780076, 780078, 78F0078
1PD780078Y Subseries: uPD780076Y, 780078Y, 78F0078Y

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

The yPD780078, 780078Y Subseries manual is separated into two parts: this manual
and the instructions edition (common to the 78K/0 Series).

uPD780078, 780078Y 78K/0 Series
Subseries User’s Manual Instructions
(This Manual) User’s Manual
¢ Pin functions e CPU functions
 Internal block functions ¢ |nstruction 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 To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark x shows major revised
points.

e How to interpret the register format:

— For a bit number enclosed in a square, the bit name is defined as a reserved word
in the RA78K0, and is defined as an sfr variable using the #pragma sfr directive
in the CC78KO0.

e To check the details of a register when you know the register name:
— Refer to APPENDIX D REGISTER INDEX.
¢ To know the details of the 78K/0 Series instruction functions:
— Refer to the 78K/0 Series Instructions User’s Manual (U12326E).
¢ To know the electrical specifications of the uPD780078, 780078Y Subseries:

— Refer to CHAPTER 25 ELECTRICAL SPECIFICATIONS (EXPANDED-
SPECIFICATION PRODUCTS OF xPD780076, 780078, 78F0078), CHAPTER 26
ELECTRICAL SPECIFICATIONS (EXPANDED-SPECIFICATION PRODUCTS
OF uPD780076Y, 780078Y, 78F0078Y), and CHAPTER 27 ELECTRICAL
SPECIFICATIONS (CONVENTIONAL PRODUCTS).

User's Manual U14260EJ3V1UD 7



Differences Between yPD780078 and 780078Y Subseries
The configuration of the serial interface differs in yPD780078 and 780078Y Subseries products.

Subseries uPD780078 Subseries uPD780078Y Subseries
ltem
Configuration of UARTO 1ch 1ch
serial interface UART2/SI03 1¢ch 1¢ch
CSH 1ch 1ch
11ICO None 1ch

Chapter Organization This manual divides the descriptions for the subseries into different chapters as shown
below. Read only the chapters related to the device you are using.

Chapter uPD780078 Subseries uPD780078Y Subseries

Chapter 1 Outline (uPD780078 Subseries) @] —

O

Chapter 2 Outline (uPD780078Y Subseries) —

Chapter 3  Pin Functions (uPD780078 Subseries) @)

Chapter 4  Pin Functions (uPD780078Y Subseries)

Chapter 5 CPU Architecture

Chapter 6  Port Functions

Chapter 7 Clock Generator

Chapter 8  16-Bit Timer/Event Counters 00, 01

Chapter 9  8-Bit Timer/Event Counters 50, 51

Chapter 10 Watch Timer

Chapter 11 Watchdog Timer

Chapter 12 Clock Output/Buzzer Output Controller

Chapter 13 A/D Converter

Chapter 14 Serial Interface UARTO

Chapter 15 Serial Interface UART2

Chapter 16 Serial Interface SIO3

O|lO|O0|O|O|O|O|O|O|O|O|0O|O

Chapter 17 Serial Interface CSI1

Chapter 18 Serial Interface 11CO (uPD780078Y Subseries only)

Chapter 19 Interrupt Functions

Chapter 20 External Device Expansion Function

Chapter 21 Standby Function

Chapter 22 Reset Function

Chapter 23 ©PD78F0078, 78F0078Y

O|lO|O0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O|O|O

Chapter 24 Instruction Set

O|O0|O|O|O|O|0O

Chapter 25 Electrical Specifications (Expanded-Specification
Products of uPD780076, 780078, 78F0078)

Chapter 26 Electrical Specifications (Expanded-Specification — O
Products of uPD780076Y, 780078Y, 78F0078Y)

Chapter 27 Electrical Specifications (Conventional Products) @) @)

Chapter 28 Package Drawings O O

Chapter 29 Recommended Soldering Conditions @] @]
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Conventions

Related Documents

Data significance: Higher digits on the left and lower digits on the right
Active low representation: XXX (overscore over pin or signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representation: Binary - XXXX OF XxXxxB

Decimal “re XXXX

Hexadecimal - xxxxH

The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
uPD780078, 780078Y Subseries User's Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K/0 Series Basics () Application Note U12704E

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

Document Name Document No.
RA78K0 Assembler Package Operation U14445E
Language U14446E
Structured Assembly Language U11789E
CC78K0 C Compiler Operation U14297E
Language U14298E
SM78K Series System Simulator Ver.2.30 or Operation (Windows™ Based) U15373E
Later External Part User Open Interface Specifications U15802E
ID78K Series Integrated Debugger Ver.2.30 or Later | Operation (Windows Based) U15185E
Project Manager Ver.3.12 or Later (Windows Based) U14610E

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

Document Name Document No.
|IE-78K0-NS In-Circuit Emulator U13731E
IE-78K0-NS-A In-Circuit Emulator U14889E
|IE-78K0-NS-PA Performance Board U16109E
IE-780078-NS-EM1 Emulation Board U16226E
IE-78001-R-A In-Circuit Emulator U14142E

Caution The above documents are subject to change without prior notice. Be sure to use the latest
version of each document for designing.
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Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP3 Flash Memory Programmer User’s Manual U13502E
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 above documents are subject to change without prior notice. Be sure to use the latest
version of each document for designing.
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CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

1.1 Expanded-Specification Products and Conventional Products
The expanded-specification products and conventional products refer to the following products.

Expanded-specification products: Products with a rankM°* other than K
Mask ROM and flash memory versions for which orders were received on or
after February 1, 2002

Conventional products: Products with rankN°'® K
Products other than the above expanded-specification products

Note The rank is indicated by the 5th digit from the left in the lot number marked on the package.

Lot number A X X X

OO OO
Hf—/ H/_/
Year Week T
code code
Rank

Expanded-specification products and conventional products differ in the operating frequency ratings. Table 1-1
shows the differences between these products.

Table 1-1. Differences Between Expanded-Specification Products and Conventional Products

Power Supply Voltage (Vob) Guaranteed Operating Speed (Operating Frequency)
Conventional Products Expanded-Specification Products
45t055V 8.38 MHz (0.238 us) 12 MHz (0.166 us)
4.0to 55V 8.38 MHz (0.238 us) 8.38 MHz (0.238 us)
3.0to 55V 5 MHz (0.4 us) 8.38 MHz (0.238 us)
27t0o55V 5 MHz (0.4 us) 5 MHz (0.4 us)
1.8t05.5V 1.25 MHz (1.6 us) 1.25 MHz (1.6 us)

Remark The parenthesized values indicate the minimum instruction execution time.
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CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

1.2

® Minimum instruction execution time changeable from high speed (expanded-specification products 0.166 us:
@ 12 MHz operation with main system clock, conventional products 0.238 us: @ 8.38 MHz operation with main

Features

system clock) to ultra-low speed (122 us: @ 32.768 kHz operation with subsystem clock)

® General-purpose registers: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

® [nternal memory

Type

Part Number

Program Memory

(ROM)

Data Memory

High-Speed RAM

Expansion RAM

uPD780076 Mask ROM 48 KB
uPD780078 60 KB
uPD78F0078 Flash memory| 60 KBNote

1024 bytes

1024 bytes

Note The capacity of the internal flash memory can be changed by means of the memory size switching register

(IMS).

® External memory expansion space: 64 KB (on-chip external device expansion function)
® |nstruction set suited to system control

Bit manipulation possible in all address spaces
Multiply and divide instructions

® 52 1/O ports: (Four N-ch open-drain ports)

® Timer: 6 channels

16-bit timer/event counter: 2 channels

8-bit timer/event counter:

Watch timer:
Watchdog timer:

® Serial interface:

3-wire serial 1/0 mode:

UART mode:

3-wire serial I/O/UART mode selectable: 1 channel

2 channels

1 channel

1 channel
3 channels
1 channel
1 channel

® 10-bit resolution A/D converter: 8 channels
® Vectored interrupt sources: 25

® Two types of on-chip clock oscillators (main system clock and subsystem clock)

® Power supply voltage: Voo =1.81t0 5.5V

20
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CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

1.3 Applications
Personal computers, air conditioners, dashboards, car audio, etc.

1.4 Ordering Information

Part Number Package Internal ROM
uPD780076GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780076GC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uUPD780076GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780078GC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780078GC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uUPD780078GK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD78F0078GC-8BS 64-pin plastic LQFP (14 x 14) Flash memory
uPD78F0078GC-ABS8 64-pin plastic QFP (14 x 14) Flash memory
uPD78F0078GK-9ET 64-pin plastic TQFP (12 x 12) Flash memory

Remark xxx indicates ROM code suffix.

User's Manual U14260EJ3V1UD



CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

1.5 Pin Configuration (Top View)

64-pin plastic LQFP (14 x 14)
64-pin plastic QFP (14 x 14)
64-pin plastic TQFP (12 x 12)
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OO0 o0o0aofdon ‘ ‘o D> O ©v »
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N «© n < @ A — o N~ © [To] < n < ™
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o T o O T T o T T 1 o T o T o T o T o O o N o
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P50/A8 O=—1 48 [«—O P71/TI010
P51/A9 O=—{2 O 47 |=—0O P70/TI000/TO00
P52/A10 O=—=3 46 [+=—O PO3/INTP3/ADTRG
P53/A11 O=~——~4 45 [=—0O P02/INTP2
P54/A12 O=—5 44 +—0O PO1/INTP1
P55/A13 O=—6 43 =—O POO/INTPO
P56/A14 O=~——7 42— Vsst
P57/A15 O=—~8 4 p—0OX1
Vsso O————9 40F—O X2
Vooo O——10 39 [+—COIC (Vrp)
P30 O~—— 11 38 ~—0O XT1
P31 O=— 12 37— O XT2
P32 O=——{13 36 |~—O RESET
P33 O=—— 14 35 O P80/SS1
P34/SI3/TxD2 O=—{ 15 34 |+—O AVRrer
P35/SO3/RxD2 O=—=116 33 |=—O P10/ANIO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
g = 5 T 8 8 g &£ 8 g v X 2o
U) (=}
SSe23¢FEg>T2T3I2z3zzs¢3
< 8 3 qa o I < Fe e ¥ oo
) e N e O 0o oo a o o
&) o
@
©
[}
o
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Cautions 1.

Connect the IC (internally connected) pin directly to Vsso or Vssi.

2. Connect the AVss pin to Vsso.

Remarks 1.

When these devices are used in applications that require the reduction of noise generated from an
on-chip microcontroller, the implementation of noise measures is recommended, such as supplying

Vopo and Vob1 independently, connecting Vsso and Vss1 independently to ground lines, and so on.

Pin connection in parentheses is intended for the yPD78F0078.
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CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

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

ASCKO, ASCK2:

ASTB:
AVREF:
AVss:
BUZ:
IC:

INTPO to INTPS:

P00 to P03:
P10 to P17:
P20 to P25:
P30 to P36:
P40 to P47:
P50 to P57:
P64 to P67:
P70 to P75:
P80:

Address bus
Address/data bus

AD trigger input

Analog input
Asynchronous serial clock
Address strobe

Analog reference voltage
Analog ground

Buzzer clock

Internally connected
External interrupt input
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

PCL:

RD:

RESET:

RxDO0, RxD2:
SCK1, SCK3:

S, SI3:

SO1, SO3:

SS1:

TI1000, TI010, TIOO1,
TI011, TI50, TI51:
TOO00, TOO01, TO50,
TO51:

TxDO, TxD2:

Vbpo, VbD1:

Vrpp:

Vsso, Vsst:

WAIT:

WR:

X1, X2:

XT1, XT2:

User's Manual U14260EJ3V1UD

Programmable clock

Read strobe

Reset

Receive data

Serial clock

Serial input

Serial output

Serial interface chip select input

Timer input

Timer output

Transmit data

Power supply

Programming power supply
Ground

Wait

Write strobe

Crystal (main system clock)
Crystal (subsystem clock)
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CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

1.6 78K/0 Series Lineup

The 78K/0 Series product lineup is illustrated below. Part numbers in the boxes indicate subseries names.

: Products in mass production v .+ Products under development

Y subseries products are compatible with 1°C bus.

Control
B 100-pin EMI-noise reduced version of the uPD78078
100-pin 1PD78078 uPD78078Y uPD78054 with timer and enhanced external interface
100-pin / uPD78070A // #PD78070AY / ROMless version of the uPD78078
100-pin uPD780018AY/ uPD78078Y with enhanced serial I/O and limited functions
80-pin 1PD780058 / 1PD780058Y 1 PD78054 with enhanced serial I/O

80-pin / uPD78058F // uPD78058FY
80-pin / uPD78054 // ,PD78054Y
80-pin 1PD780065
64-pin 1PD780078 // 1PD780078Y
64-pin  /uPD780034A // uPD780034AY,
64-pin  /uPD780024A // ,PD780024AY,

EMI-noise reduced version of the uPD78054

1 PD78018F with UART and D/A converter, and enhanced I/O
1PD780024A with expanded RAM

1PD780034A with timer and enhanced serial /0

1 PD780024A with enhanced A/D converter

1 PD78018F with enhanced serial I/O

52-pin 52-pin version of the ©PD780034A

52-pin 1PD780024AS 52-pin version of the uPD780024A

64-pin 1PD78014H EMI-noise reduced version of the yPD78018F

64-pin 1PD78018F // nPD78018FY / Basic subseries for control

42/44-pin f 1PD78083 / On-chip UART, capable of operating at low voltage (1.8 V)

Inverter control
— 64-pin 1PD780988 On-chip inverter control circuit and UART. EMI-noise reduced.

VFD drive

| 100-pin 1 PD78044F with enhanced /0 and VFD C/D. Display output total: 53
80-pin For panel control. On-chip VFD C/D. Display output total: 53
80-pin 1 PD78044F with N-ch open-drain I/0. Display output total: 34
| 80-pin Basic subseries for driving VFD. Display output total: 34
78K/0 B LCD drive
Series 100-pin  / ,PD780854 // 1PD780354Y % 1PD780344 with enhanced A/D converter
100-pin / 1PD780344 ﬂ uPD780344Y 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 11PD780338 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780308 with enhanced display function and timer. Segment signal output: 32 pins max.
120-pin 1PD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
100-pin 11PD780308 uPD780308Y 1uPD78064 with enhanced SIO, and expanded ROM and RAM

100-pin 1PD78064B EMI-noise reduced version of the uPD78064
| 100-pin uPD78064  // 1PD78064Y ; Basic subseries for driving LCDs, on-chip UART
Bus interface supported

100-pin 1PD780948 On-chip CAN controller

80-pin 1PD78098B 1PD78054 with [IEBus™ controller
80-pin uPD780702Y

On-chip IEBus controller

80-pin 1PD780703AY L, On-chip CAN controller
80-pin uPD780833Y /' On-chip controller compliant with J1850 (Class 2)
L 64-pin Specialized for CAN controller function
_ Meter control
100-pin For industrial meter control
—| 80-pin On-chip automobile meter controller/driver
80-pin For automobile meter driver. On-chip CAN controller

Remark VFD (Vacuum Fluorescent Display) is referred to as FIPT™™ (Fluorescent Indicator Panel) in some
documents, but the functions of the two are the same.
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CHAPTER 1 OUTLINE (uPD780078 SUBSERIES)

The major functional differences between the subseries are shown below.

e Subseries without the suffix Y

Function ROM Timer 8-Bit [10-Bit| 8-Bit Serial Interface 1/0 l\\/I/IDI\Ii External
Subseries Name Capacity | 8-Bit |16-Bit\Watch| WDT | A/D | A/D | D/A Valué Expansion
Control | uPD78075B|32KB1040KB | 4ch [1ch|1ch|1ch |8ch| — |2ch|3ch(UART:1ch) 88 |1.8V| Yes

uPD78078 |48KBto60KB

uPD78070A| - 61 |27V
1PD780058 | 24KB1o60KB | 2 ch 3 ch (time-division UART: 1 ch)| 68 (1.8 V
LPD78058F | 48 KB 1o 60 KB 3 ch (UART: 1 ch) 69 2.7V
1PD78054 | 16KB1060KB 2.0V
1PD780065 | 40KB 10 48 KB — |4 ch (UART: 1 ch) 60 2.7V
1PD780078 | 48 KB 10 60 KB 2 ch - |8ch 3 ch (UART: 2 ch) 52 [1.8V
(PD780034A| 8KB10 32KB 1 ¢ch 3 ch (UART: 1 ch) 51

1PD780024A 8ch| -

1IPD780034AS - |4ch 39 -
1IPD780024AS 4ch | -

1PD78014H 8 ch 2 ch 53 Yes

uPD78018F | 8KBto 60 KB

uPD78083 |8KBt16KB - - 1 ch (UART: 1 ch) 33 -
Inverter | uPD780988|16KBto60KB | 3 ch [Note| — 1ich| - |8ch| — [3ch(UART:2ch) 47 |40V| Yes
control
VFD uPD780208 | 22KBto60KB | 2ch |1 ch|[1ch |1ch |[8ch| - - |2ch 74 |27V -
drive | pD780232|16KB1024kB | 3ch | — | — 4ch 40 |45V
uPD78044H|32KBto48KB | 2ch |1 ch [ 1ch 8 ch 1ch 68 2.7V
uPD78044F | 16 KB to 40 KB 2 ch
LCD uPD780354 | 24KBto32KB | 4ch [1ch|1ch|1ch| — |[8ch| — |3ch (UART:1ch) 66 (1.8V -
dive | pp780344 8ch| -
uPD780338|48KBto60KB | 3 ch | 2 ch — (10 ch| 1ch [2ch (UART: 1 ch) 54
uPD780328 62
uPD780318 70
uPD780308|48KBto60KB | 2 ch | 1 ch 8ch| - — | 3ch (time-division UART: 1 ch)| 57 (2.0 V
uPD78064B| 32 KB 2 ch (UART: 1 ch)
uPD78064 |16KBto32KB
Bus uPD780948 |60 KB 2ch|2ch|1ch|1ch|[8ch| - — [3ch (UART: 1 ch) 79 (40V| Yes
interface| uPD78098B| 40 KB to 60 KB 1ch 2 ch 69 (2.7V -
supported | uPD780816 | 32 KB to 60 KB 2 ch 12 ch — [2ch (UART: 1 ch) 46 [4.0V
Meter control| uPD780958 | 48KBto60KB | 4 ch |2 ch | — 1ch| - - — |2 ch (UART: 1 ch) 69 |22V -
Dashboard | uPD780852|32KB1040KB [ 3ch |1ch|1ch|1ch|5ch| - — [3ch (UART: 1 ch) 56 (4.0V -
control 1PD780828B | 32 KB to 60 KB 59

Note 16-bit timer: 2 channels
10-bit timer: 1 channel
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1.7 Block Diagram

TIO00/TO00/P70 ~—
TIO10/P71 ——

16-bit timer/
event counter 00

TIO01/TO01/P75 ~—»
TIO11/P74 ——=

16-bit timer/
event counter 01

TI50/TO50/P72 ~—

8-bit timer/
event counter 50

TI51/TO51/P73 ~—

8-bit timer/
event counter 51

78K/0 ROM
CPU < flash >
Watch timer core memory
Watchdog timer @ @
RxD0/P23 —— @ @
TxD0/P24 UARTO
ASCKO/P25 Internal Internal
I high-speed expansion
o
X UART2 1024 bytes || 1024 bytes
ASCK2/P36 ——»
SI3/P34 —=
Serial

SO3/P35 -—
SCK3/P36 =—

interface SIO3

SI1/P20 —=
SO1/P21 =—
SCK1/P22 =—

Serial
interface CSI1

g 0 ¢ 8800 ¢ ¢ 4 8

SS1/P80 ——=
ANIO/P10 to
ANI7/P17

ADTRG/P03 ——
AVRer
AVss

A/D converter

g

INTPO/POO to
INTP3/P03

Interrupt
control

{

Vooo Vobi Vsso Vsst IC
(Vep)

g8 g uyg g gy y

{

Port 0 K2 »P00 to P03
Port 1 8 |P10to P17
Port 2 K6 >P20to P25
Port 3 K7 >P30to P36
Port 4 K8~ >P40 to P47
Port 5 K8 >P50 to P57
Port 6 K4 >Pe4 to P67
Port 7 K6 >P70t0 P75
Port 8 -~ P80
ADO/P4O to
AD7/P47
5 AB/PS0 to
External ﬂS/ P57
access RD/P64
-~ WR/P65
WAIT/P66
-~ ASTB/P67
Clock/buzzer PCLPT4
output control I~ BUZ/P75
~——RESET
X1
System X2
control
XT1
XT2

Remarks 1. The internal ROM capacities differ depending on the product.

2. Pin connection in parentheses is intended for the uPD78F0078.
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1.8 Outline of Functions

Part Number uPD780076 uPD780078 uPD78F0078
ltem
Internal memory ROM 48 KB 60 KB 60 KBNote 1
(Mask ROM) (Mask ROM) (Flash memory)
High-speed RAM 1024 bytes
Expansion RAM 1024 bytes
Memory space 64 KB

General-purpose registers

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

Minimum instruction

Minimum instruction execution time selection function

execution time

When main system
clock selected

0.166 us/0.333 us/0.666 us/1.33 us/2.66 us (@ 12 MHz operation, expanded-
specification products only)
0.238 us/0.477 us/0.954 us/1.90 us/3.81 us (@ 8.38 MHz operation)

When subsystem
clock selected

122 us (@ 32.768 kHz operation)

Instruction set

16-bit operation

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

Bit manipulation (set, reset, test, and Boolean operation)
BCD adjust, etc.

1/0 ports Total: 52
e CMOS input: 8
¢ CMOS I/0: 40
¢ N-ch open-drain I/O (5 V tolerant): 4

Timer ¢ 16-bit timer/event counter: 2 channels

8-bit timer/event counter: 2 channels
Watch timer: 1 channel
Watchdog timer: 1 channel

Timer output

4 outputs (8-bit PWM output enabled: 2)

Clock output

93.7 kHz, 187 kHz, 375 kHz, 750 kHz, 1.5 MHz, 3 MHz, 6 MHz, 12 MHz

(12 MHz with main system clock, expanded-specification products only)
65.5 kHz, 131 kHz, 262 kHz, 524 kHz, 1.05 MHz, 2.10 MHz, 4.19 MHz, 8.38 MHz
(8.38 MHz with main system clock)

32.768 kHz (32.768 kHz with subsystem clock)

Buzzer output

1.46 kHz, 2.92 kHz, 5.85 kHz, 11.7 kHz
(12 MHz with main system clock, expanded-specification products only)
1.02 kHz, 2.05 kHz, 4.10 kHz, 8.19 kHz (8.38 MHz with main system clock)

A/D converter

10-bit resolution x 8 channels
Low-voltage operation: AVrer =2.2t0 5.5V

Serial interface

3-wire serial I/O mode: 1 channel
UART mode: 1 channel
3-wire serial I/O/UART mode selectableNote 2: { channel

Vectored interrupt

Maskable

Internal: 18, External: 5

source

Non-maskable

Internal: 1

Software

1

Power supply voltage

Voo =1.8t0 5.5V

Operating ambient temperature

Ta = —40 to +85°C

Package

64-pin plastic LQFP (14 x 14)
64-pin plastic QFP (14 x 14)
64-pin plastic TQFP (12 x 12)

Notes 1. The capacity of the internal flash memory can be changed by means of the memory size switching register

(IMS).

2. Select either of the functions of these alternate-function pins.
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The following table outlines the timer/event counters (for details, refer to CHAPTER 8 16-BIT TIMER/EVENT
COUNTERS 00, 01, CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51, CHAPTER 10 WATCH TIMER, and

CHAPTER 11 WATCHDOG TIMER).

16-Bit Timer/Event
Counters 00, 01

8-Bit Timer/Event
Counters 50, 51

Watch Timer

Watchdog Timer

TMO00 TMO1 TM50 TM51
Operation | Interval timer 1 channel|1 channel|1 channel|1 channel| 1 channelNote 1 1 channe|Note 2
mode External event counter 1 channel|1 channel[1 channel |1 channel - -
Function Timer output 1 output | 1 output | 1 output | 1 output — —
PPG output 1 output | 1 output - - - -
PWM output - - 1 output | 1 output - -
Pulse width measurement | 2 inputs | 2 inputs - - - -
Square wave output 1 output | 1 output | 1 output | 1 output - -
Interrupt source 2 2 1 1 1 1Note 3
Notes 1. The watch timer can be used both as a watch timer and an interval timer at the same time.
2. The watchdog timer can be used as either a watchdog timer or interval timer. Select one of the functions.
3. Anon-maskable interrupt or maskable interrupt (internal) can be selected for the watchdog timer interrupt

(INTWDT).

1.9 Mask Options

The mask ROM versions (uPD780076 and 780078) provide pull-up resistor mask options which allow users to
specify whether to connect a pull-up resistor to a specific port pin when the user places an order for device production.

Using the mask option when pull-up resistors are required reduces the number of components to add to the device,
resulting in board space saving.
The mask options provided in the uPD780078 Subseries are shown in Table 1-2.

28

Table 1-2. Mask Options of Mask ROM Versions

Pin Name

Mask Option

P30 to P33

Pull-up resistor connection can be specified in 1-bit units.
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

2.1 Expanded-Specification Products and Conventional Products
The expanded-specification products and conventional products refer to the following products.

Expanded-specification products: Products with a rankM°* other than K
Mask ROM and flash memory versions for which orders were received on or
after February 1, 2002

Conventional products: Products with rankN°'® K
Products other than the above expanded-specification products

Note The rank is indicated by the 5th digit from the left in the lot number marked on the package.

Lot number A X X X X

OO OO
M~ Y~
Year Week
code code

Rank

Expanded-specification products and conventional products differ in the operating frequency ratings. Table 2-1
shows the differences between these products.

Table 2-1. Differences Between Expanded-Specification Products and Conventional Products

Power Supply Voltage (Vop) Guaranteed Operating Speed (Operating Frequency)
Conventional Products Expanded-Specification Products
40to 55V 8.38 MHz (0.238 us) 8.38 MHz (0.238 us)
3.0to 55V 5 MHz (0.4 us) 8.38 MHz (0.238 us)
27t055V 5 MHz (0.4 us) 5 MHz (0.4 us)
1.8t0 5.5V 1.25 MHz (1.6 us) 1.25 MHz (1.6 us)

Remark The parenthesized values indicate the minimum instruction execution time.
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2.2 Features

® Minimum instruction execution time changeable from high speed (0.238 us: @ 8.38 MHz operation with main
system clock) to ultra-low speed (122 us: @ 32.768 kHz operation with subsystem clock)

® General-purpose registers: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

® Internal memory

Type Program Memory Data Memory
Part Number (ROM) High-Speed RAM Expansion RAM
uPD780076Y Mask ROM 48 KB 1024 bytes 1024 bytes
1PD780078Y 60 KB
uPD78F0078Y Flash memory| 60 KBNote

Note The capacity of the internal flash memory can be changed by means of the memory size switching register
(IMS).

® External memory expansion space: 64 KB (on-chip external device expansion function)
® |nstruction set suited to system control
e Bit manipulation possible in all address spaces
e Multiply and divide instructions
® 52 1/O ports: (Four N-ch open-drain ports)
® Timer: 6 channels
e 16-bit timer/event counter: 2 channels
e 8-bit timer/event counter: 2 channels

e Watch timer: 1 channel
e Watchdog timer: 1 channel

® Serial interface: 4 channels
e 3-wire serial mode: 1 channel
* UART mode: 1 channel
e 3-wire serial I/O/UART mode selectable: 1 channel
e 12C mode: 1 channel

® 10-bit resolution A/D converter: 8 channels

® Vectored interrupt sources: 26

® Two types of on-chip clock oscillators (main system clock and subsystem clock)
® Power supply voltage: Voo =1.810 5.5V
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2.3 Applications
Personal computers, air conditioners, dashboards, car audio, etc.

2.4 Ordering Information

Part Number Package Internal ROM
uPD780076YGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780076YGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780076YGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD780078YGC-xxx-8BS 64-pin plastic LQFP (14 x 14) Mask ROM
uPD780078YGC-xxx-AB8 64-pin plastic QFP (14 x 14) Mask ROM
uPD780078YGK-xxx-9ET 64-pin plastic TQFP (12 x 12) Mask ROM
uPD78F0078YGC-8BS 64-pin plastic LQFP (14 x 14) Flash memory
uPD78F0078YGC-AB8 64-pin plastic QFP (14 x 14) Flash memory
UPD78F0078YGK-9ET 64-pin plastic TQFP (12 x 12) Flash memory

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

64-pin plastic LQFP (14 x 14)

64-pin plastic QFP (14 x 14)

64-pin plastic TQFP (12 x 12)

S
(@)
s o
838 8
a0 oaoaaaaog|< "I @ 2 0 e
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N~ o n < @ A — o N~ © < [Te] < o N
< < < < < < < < [{e] © © (o] ~ ~ N~ N~
o O T T T T T o T T o T o T & N N e
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P50/A8 Oe—=] 1 48 [« P71/TIO10
P51/A9 O——»] 2 O 47 f«——() P70/TI000/TO00
P52/A10 O=——{ 3 46 |=~—=() PO3/INTP3/ADTRG
P53/A11 O=~——={ 4 45 |=—() PO2/INTP2
P54/A12 O=—» 5 44 |«—( PO1/INTP1
P55/A13 Oe—— | 6 43 |«—=O POO/INTPO
P56/A14 Oe—-—nl 7 42 —() Vsst
P57/A15 O=—=| 8 Ml Ooxi
Vsso O——— 9 40 —0O X2
Vooo O———— 10 39 [« IC (Ver)
P30 O=~—=] 11 38 [~—O XT1
P31 O=——»{ 12 37 —O XT2
P32/SDA0 Oe—»{ 13 36 f«—O RESET
P33/SCLO Q=] 14 35 O P80/SS1
P34/SI3/TxD2 O=——=] 15 34 |=—( AVRer
P35/SO3/RxD2 (O=e——»{ 16 33 j«—O P10/ANIO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
g = 5 % ] 8 ¢ &8 g v =X 2 o
[=}
SS2ZEEZ>TITZTITTZTZEZ
< 8 3 Q § S < e X8
a2 e O oo o oo o
O o
@
o
(2]
o
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Cautions 1. Connect the IC (internally connected) pin directly to Vsso or Vssi.

2. Connect the AVss pin to Vsso.

Remarks 1. When these devices are used in applications that require the reduction of noise generated from an

on-chip microcontroller, the implementation of noise measures is recommended, such as supplying

Vopo and Vob1 independently, connecting Vsso and Vss1 independently to ground lines, and so on.

2. Pin connection in parentheses is intended for the uPD78F0078Y.
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

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

ASCKO, ASCK2:

ASTB:
AVREF:
AVss:
BUZ:
IC:

INTPO to INTPS:

P00 to P03:
P10 to P17:
P20 to P25:
P30 to P36:
P40 to P47:
P50 to P57:
P64 to P67:
P70 to P75:
P80:

Address bus
Address/data bus

AD trigger input

Analog input
Asynchronous serial clock
Address strobe

Analog reference voltage
Analog ground

Buzzer clock

Internally connected
External interrupt input
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 8

PCL:

RD:

RESET:

RxDO0, RxD2:
SCK1, SCK3, SCLO:
SDAO:

Si1, SI3:

SO1, SO3:

SSi:

TI1000, TI010, TIOO1,
TIO11, TI50, TI51:
TOO00, TOO01, TO50,
TO51:

TxDO, TxD2:

Vbpo, VbD1:

Vpp:

Vsso, Vssi:

WAIT:

WR:

X1, X2:

XT1, XT2:
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Programmable clock

Read strobe

Reset

Receive data

Serial clock

Serial data

Serial input

Serial output

Serial interface chip select input

Timer input

Timer output

Transmit data

Power supply
Programming power supply
Ground

Wait

Write strobe

Crystal (main system clock)
Crystal (subsystem clock)
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

2.6 78K/0 Series Lineup

The 78K/0 Series product lineup is illustrated below. Part numbers in the boxes indicate subseries names.

: Products in mass production _____________ + Products under development

Y subseries products are compatible with 1°C bus.

Control
B 100-pin EMI-noise reduced version of the uPD78078
100-pin 1PD78078 1PD78078Y 1 PD78054 with timer and enhanced external interface
100-pin / uPD78070A // uPD78070AY / ROMIess version of the uPD78078
100-pin uPD780018AY/ 1 PD78078Y with enhanced serial 1/0 and limited functions
80-pin uPD780058 // 1PD780058Y / uPD78054 with enhanced serial I/O

80-pin / uPD78058F // uPD78058FY
80-pin / uPD78054 // ,PD78054Y
80-pin 4PD780065
64-pin 1PD780078 // uPD780078Y
64-pin  /uPD780034A // uPD780034AY,
64-pin  /uPD780024A // uPD780024AY,

EMI-noise reduced version of the uPD78054

uPD78018F with UART and D/A converter, and enhanced I/O
1PD780024A with expanded RAM

uPD780034A with timer and enhanced serial I/0

1 PD780024A with enhanced A/D converter

1 PD78018F with enhanced serial I/O

52-pin 52-pin version of the uPD780034A

52-pin 52-pin version of the uPD780024A

64-pin 1PD78014H EMI-noise reduced version of the xPD78018F

64-pin uPD78018F uPD78018FY / Basic subseries for control

42/44-pin f uPD78083 / On-chip UART, capable of operating at low voltage (1.8 V)

Inverter control
— 64-pin uPD780988 On-chip inverter control circuit and UART. EMI-noise reduced.

VFD drive

B 100-pin 1PD780208 uPD78044F with enhanced I/O and VFD C/D. Display output total: 53
80-pin 1PD780232 For panel control. On-chip VFD C/D. Display output total: 53
80-pin 1PD78044H 1PD78044F with N-ch open-drain 1/O. Display output total: 34
| 80-pin uPD78044F Basic subseries for driving VFD. Display output total: 34
78K/0 B LCD drive
Series 100-pin  / ,PD780354 /) uPD780354Y / 11PD780344 with enhanced A/D converter
100-pin / 1PD780344 ﬂ 1PD780344Y / 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780338 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.
120-pin 1PD780328 1PD780308 with enhanced display function and timer. Segment signal output: 32 pins max.
120-pin 4PD780318 1PD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
100-pin 1PD780308 uPD780308Y 1uPD78064 with enhanced SIO, and expanded ROM and RAM

100-pin 1PD78064B EMI-noise reduced version of the uPD78064
| 100-pin 4PD78064 // uPD78064Y ; Basic subseries for driving LCDs, on-chip UART
Bus interface supported

100-pin uPD780948 On-chip CAN controller

80-pin uPD78098B 1 PD78054 with IEBus controller
80-pin On-chip IEBus controller
80-pin 1PD780703AY L, On-chip CAN controller
80-pin uPD780833Y /' On-chip controller compliant with J1850 (Class 2)

L 64-pin Specialized for CAN controller function

_ Meter control
100-pin For industrial meter control

- 80-pin On-chip automobile meter controller/driver

80-pin For automobile meter driver. On-chip CAN controller

Remark VFD (Vacuum Fluorescent Display) is referred to as FIP (Fluorescent Indicator Panel) in some
documents, but the functions of the two are the same.
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CHAPTER 2 OUTLINE (uPD780078Y SUBSERIES)

The major functional differences between the subseries are shown below.

e Subseries with the suffix Y

Function ROM Timer 8-Bit |10-Bit| 8-Bit Serial Interface I/O| Voo | External
Subseries Name Capacity | 8-Bit [16-Bit|Watch| WDT | A/D | A/D | D/A MIN. Value| Expansion
Control | uPD78078Y  [48KBt060KB [4ch [1ch|1ch|1ch|8ch| — |2ch|3ch (UART:1ch, |88 | 1.8V | Yes
20
LPD78070AY — 1%C: 1 ch) 61|27V
UPD780018AY |48 KB to 60 KB — |3ch (I2C: 1 ¢ch) 88
uPD780058Y [24KBto60KB | 2 ch 2 ch |3 ch (time-division |68 | 1.8 V
UART: 1 ch, I12C: 1 ch)
uPD78058FY |48 KB to 60 KB 3ch (UART: 1ch, |69 |27V
uPD78054Y  [16KB 1060 KB I2C: 1 ch) 20V
uPD780078Y |48 KB to 60 KB 2 ch — |8ch| — |4ch(UART:2ch, 52| 1.8V
12C: 1 ch)
uPD780034AY |8 KB to 32 KB 1¢ch 3ch (UART: 1 ch, |51
20
LPD780024AY 8ch| — 1°C: 1 ch)
uPD78018FY [8KBt060 KB 2 ch (12C: 1 ch) 53
LCD uPD780354Y [24KBt032KB [4ch |[1ch|1ch|1ch| — |8ch| — |4ch(UART:1ch, |66 |18V | —
drive uPD780344Y 8ch| — 12C: 1 ch)
uPD780308Y |48KBto60KB | 2 ch 3 ch (time-division | 57 | 2.0V
UART: 1 ch, I2C: 1 ch)
uPD78064Y |16 KB to 32 KB 2 ch (UART: 1 ch,
12C: 1 ch)
Bus uPD780702Y |60 KB 3ch|2ch|1ch|1ch|[16ch| — | — |4ch (UART:1ch, |67 |35V | —
interface| ;,pp780703AY |59.5 KB I2C: 1 ch)
supported
PROMed! PD780833Y |60 KB 65| 45V

Remark The functions of the subseries without the suffix Y and the subseries with the suffix Y are the same, except

for the serial interface (if a subseries without the suffix Y is available).
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2.7 Block Diagram

TIO00/TO00/P70 ~—
TIO10/P71 ——

16-bit timer/
event counter 00

TI001/TO01/P75 ~—=
TIO11/P74 ——=

16-bit timer/
event counter 01

TI50/TO50/P72 ~—

8-bit timer/
event counter 50

TI51/TO51/P73 ~—~

8-bit timer/
event counter 51

RxDO0/P23 ——=
TxD0/P24 ~—
ASCKO0/P25 —

RxD2/P35 —
TxD2/P34 ~«—
ASCK2/P36 —

SI3/P34 ——
SO3/P35 =—
SCK3/P36 =—

78K/0
CPU
core

ROM

< flash >
memory

{

{

Internal
expansion
RAM
1024 bytes

Watch timer
Watchdog timer @
UARTO @
Internal

high-speed
RAM

UART2 1024 bytes

Serial

interface SIO3

SI1/P20 ——=
SO1/P21 ~—|
SCK1/P22 -—
SS1/P80 ——

Serial
interface CSI1

SDAO/P32 =—
SCLO/P33 =

12C bus

ANIO/P10 to
ANI7/P17
ADTRG/P03 ——
AVReF ——»

AVss

A/D converter

INTPO/POO to
INTP3/P03

Interrupt
control

g g ¢ v ¢ g 888 g gy

Remarks 1. The internal ROM capacities differ depending on the product.

L) Vobo Vobi Vsso Vsst IC

(Vee)

g L8888 LYY

g

{

Port 0 K2 »P00 to P03
Port 1 ~8 |P10to P17
Port 2 K6 >P20to P25
Port 3 K 7 >P30to P36
Port 4 K8 >Paoto P47
Port 5 “@ P50 to P57
Port 6 K 4 >P64 to P67
Port 7 K6 >P701t0 P75
Port 8 -— P80
ADO/P40 to
AD7/P47
A8/P50 to
External A715/ P57
access RD/P64
WR/P65
WAIT/P66
ASTB/P67
Clock/buzzer PCLPT4
output control = BUZ/P75
-~——RESET
X1
System X2
control
XT1
XT2

2. Pin connection in parentheses is intended for the uPD78F0078Y.
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2.8 Outline of Functions

Part Number uPD780076Y uPD780078Y uPD78F0078Y
ltem
Internal memory ROM 48 KB 60 KB 60 KBNote 1
(Mask ROM) (Mask ROM) (Flash memory)
High-speed RAM 1024 bytes
Expansion RAM 1024 bytes
Memory space 64 KB

General-purpose registers

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

Minimum instruction

Minimum instruction execution time selection function

execution time

When main system
clock selected

0.238 us/0.477 us/0.954 us/1.90 us/3.81 us (@ 8.38 MHz operation)

When subsystem
clock selected

122 us (@ 32.768 kHz operation)

Instruction set

¢ 16-bit operation

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

¢ Bit manipulation (set, reset, test, and Boolean operation)
e BCD adjust, etc.

1/O ports Total: 52
e CMOS input: 8
¢ CMOS I/0: 40
¢ N-ch open-drain I/0 (5 V tolerant): 4

Timer ¢ 16-bit timer/event counter: 2 channels

¢ 8-bit timer/event counter: 2 channels
¢ Watch timer: 1 channel
* Watchdog timer: 1 channel

Timer output

4 outputs (8-bit PWM output enabled: 2)

Clock output

* 65.5 kHz, 131 kHz, 262 kHz, 524 kHz, 1.05 MHz, 2.10 MHz, 4.19 MHz, 8.38 MHz
(8.38 MHz with main system clock)
32.768 kHz (32.768 kHz with subsystem clock)

Buzzer output

1.02 kHz, 2.05 kHz, 4.10 kHz, 8.19 kHz (8.38 MHz with main system clock)

A/D converter

¢ 10-bit resolution x 8 channels
* Low-voltage operation: AVrer =2.2t0 5.5V

Serial interface

¢ 3-wire serial I/0 mode: 1 channel
* UART mode: 1 channel
o 3-wire serial I/O/UART mode selectableNote 2: 1 channel
 12C bus mode: 1 channel

Vectored interrupt

Maskable

Internal: 19, External: 5

source

Non-maskable

Internal: 1

Software

1

Power supply voltage

Voo =1.8t0 5.5V

Operating ambient temperature

Ta = —40 to +85°C

Package

* 64-pin plastic LQFP (14 x 14)
* 64-pin plastic QFP (14 x 14)
* 64-pin plastic TQFP (12 x 12)

Notes 1. The capacity of the internal flash memory can be changed by means of the memory size switching register

(IMS).

2. Select either of the functions of these alternate-function pins.
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* The following table outlines the timer/event counters (for details, refer to CHAPTER 8 16-BIT TIMER/EVENT
COUNTERS 00, 01, CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51, CHAPTER 10 WATCH TIMER, and
CHAPTER 11 WATCHDOG TIMER).

16-Bit Timer/Event | 8-Bit Timer/Event Watch Timer Watchdog Timer
Counters 00, 01 Counters 50, 51

TMOO0 TMO1 TM50 TM51

Operation | Interval timer 1 channel|1 channel|1 channel|1 channel| 1 channelNote 1 1 channe|Note 2
mode External event counter 1 channel|1 channel[1 channel |1 channel - -
Function Timer output 1 output | 1 output | 1 output | 1 output — —

PPG output 1 output | 1 output - - - -

PWM output - - 1 output | 1 output - -

Pulse width measurement | 2 inputs | 2 inputs - - - -

Square wave output 1 output | 1 output | 1 output | 1 output - -

Interrupt source 2 2 1 1 1 1Note 3

Notes 1. The watch timer can be used both as a watch timer and an interval timer at the same time.
2. The watchdog timer can be used as either a watchdog timer or interval timer. Select one of the functions.
* 3. Anon-maskable interrupt or maskable interrupt (internal) can be selected for the watchdog timer interrupt
(INTWDT).

2.9 Mask Options

The mask ROM versions (uPD780076Y and 780078Y) provide pull-up resistor mask options which allow users
to specify whether to connect a pull-up resistor to a specific port pin when the user places an order for device
production. Using this mask option when pull-up resistors are required reduces the number of components to add
to the device, resulting in board space saving.

The mask options provided in the uPD780078Y Subseries are shown in Table 2-2.

Table 2-2. Mask Options of Mask ROM Versions

Pin Name Mask Option

P30 and P31 | Pull-up resistor connection can be specified in 1-bit units.
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3.1 Pin Function List

CHAPTER 3 PIN FUNCTIONS (uPD780078 SUBSERIES)

(1) Port pins (1/2)

) ) Alternate
Pin Name 1/0 Function After Reset .
Function
P00 1/0 Port 0 Input INTPO
PO1 4-bit 1/0 port INTP1
Input/output mode can be specified in 1-bit units.
Po2 An on-chip pull-up resistor can be used by setting software. INTP2
P03 INTP3/ADTRG
P10 to P17 Input Port 1 Input ANIO to ANI7
8-bit input-only port.
P20 1/10 Port 2 Input Si1
P21 6-bit I/0O port S01
Input/output mode can be specified in 1-bit units.
P22 An on-chip pull-up resistor can be used by setting software. SCK1
P23 RxDO
P24 TxDO
P25 ASCKO
P30 1/10 Port 3 N-ch open-drain I/O port Input —
P31 7-bit 1/0 An on-chip pull-up resistor can be
port specified by a mask option
P32 Input/output mode | (mask ROM version only).
P33 can be specified in| LEDs can be driven directly.
P34 1-bit units. An on-chip pull-up resistor can be SI13/TxD2
P35 used by setting software. SO3/RxD2
P36 SCKB3/ASCK2
P40 to P47 1/0 Port 4 Input ADO to AD7
8-bit 1/0 port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge
detection.
P50 to P57 110 Port 5 Input A8 to A15
8-bit I/0O port
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 1/0 Port 6 Input RD
P65 4-bit 1/0 port WRE
Input/output mode can be specified in 1-bit units.
P66 An on-chip pull-up resistor can be used by setting software. WAIT
P67 ASTB
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(1) Port pins (2/2)

) ) Alternate
Pin Name 1/10 Function After Reset )
Function
P70 110 Port 7 Input TI000/TO00
P71 6-bit 1/0 port TI010
Input/output mode can be specified in 1-bit units.
P72 An on-chip pull-up resistor can be used by setting software. TI50/TO50
P73 TI51/TO51
P74 TI011/PCL
P75 T1001/TO01/BUZ
P80 1/0 Port 8 Input SSi
1-bit I/0 port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
(2) Non-port pins (1/2)
Alternate
Pin Name 110 Function After Reset )
Function
INTPO Input External interrupt request input with specifiable valid edges Input P00
INTP1 (rising edge, falling edge, both rising and falling edges) P01
INTP2 P02
INTP3 PO3/ADTRG
SH Input Serial interface serial data input Input P20
SI3 P34/TxD2
SO1 Output Serial interface serial data output Input P21
SO3 P35/RxD2
SCK1 1/10 Serial interface serial clock input/output Input P22
SCKS3 P36/ASCK2
SS1 Input Serial interface chip select input Input P80
RxDO Input Asynchronous serial interface serial data input Input P23
RxD2 P35/SO3
TxDO Output Asynchronous serial interface serial data output Input P24
TxD2 P34/SI3
ASCKO Input Asynchronous serial interface serial clock input Input P25
ASCK2 P36/SCK3
TI000 Input External count clock input to 16-bit timer/event counter 00. Input P70/TO00
Capture trigger input to capture registers (CR000, CR010)
of 16-bit timer/event counter 00
TI010 Capture trigger input to capture register (CR000) of 16-bit P71
timer/event counter 00
TI001 External count clock input to 16-bit timer/event counter 01. P75/TO01/BUZ

Capture trigger input to capture registers (CR001, CR011)
of 16-bit timer/event counter 01

40
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(2) Non-port pins (2/2)

Pin Name 1/0 Function After Reset ﬁﬁi:;?::
TIO11 Input Capture trigger input to capture register (CR001) of 16-bit Input P74/PCL
timer/event counter 01
TI50 External count clock input to 8-bit timer/event counter 50 P72/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P73/TO51
TOO00 OQutput 16-bit timer/event counter 00 output Input P70/T1000
TOO1 16-bit timer/event counter 01 output P75/T1001/BUZ
TO50 8-bit timer/event counter 50 output P72/T150
TO51 8-bit timer/event counter 51 output P73/TI51
PCL OQutput Clock output (for main system clock and subsystem clock Input P74/T1011
trimming)
BUZ Output Buzzer output Input P75/T1001/TO01
ADO to AD7 1/0 Lower address/data bus when expanding external memory Input P40 to P47
A8 to A15 Output Higher address bus when expanding external memory Input P50 to P57
RD Output Strobe signal output for read operation from external memory Input P64
WR Strobe signal output for write operation from external memory P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output Strobe output externally latching address information Input P67
output to ports 4 and 5 to access external memory
ANIO to ANI7 Input A/D converter analog input Input P10 to P17
ADTRG Input A/D converter trigger signal input Input PO3/INTP3
AVRer Input A/D converter reference voltage input and analog power supply — —
AVss — A/D converter ground potential. Connect to Vsso or Vssi. — —
RESET Input System reset input Input —
X1 Input Resonator connection for main system clock — —
X2 — — —
XT1 Input Resonator connection for subsystem clock — —
XT2 — — —
Vopo — Positive power supply for ports — —
Vb1 — Positive power supply (other than ports) — —
Vsso — Ground potential for ports — —
Vssi — Ground potential (other than ports) — —
IC — Internally connected. Connect directly to Vssoor Vssi. — —
Vep — Flash memory programming mode setting. — —
High-voltage application for program write/verify
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3.2 Description of Pin Functions

3.2.1 P00 to P03 (Port 0)

P00 to P03 function as a 4-bit I/0 port. Besides serving as an I/O port, they also function as external interrupt
inputs and an A/D converter external trigger input.

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

(1) Port mode
These pins function as a 4-bit 1/0O port.
P00 to P03 can be specified as input or output in 1-bit units using port mode register 0 (PM0). On-chip pull-up
resistors can be connected by setting pull-up resistor option register 0 (PUO).

(2) Control mode
In this mode, these pins function as external interrupt request inputs and an A/D converter external trigger input.

(a) INTPO to INTP3
INTPO to INTP3 are external interrupt request input pins for which the valid edge can be specified (rising
edge, falling edge, or both rising and falling edges).

(b) ADTRG
A/D converter external trigger input pin.

Caution When P03 is used as an A/D converter external trigger input, specify the valid edge by
using bits 1 and 2 (EGA00, EGAO01) of the A/D converter mode register (ADMO) and set the
interrupt mask flag (PMK3) to 1.

3.2.2 P10 to P17 (Port 1)

P10to P17 function as an 8-bit input-only port. Besides serving as an input port, they also function as A/D converter
analog inputs.

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

(1) Port mode
These pins function as an 8-bit input-only port.

(2) Control mode
These pins function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input
pins, see (4) ANIO/P10 to ANI7/P17 in 13.6 Cautions for A/D Converter.

3.2.3 P20 to P25 (Port 2)

P20 to P25 function as a 6-bit I/O port. Besides serving as an I/O port, they function as data 1/0 and clock 1/O for
serial interfaces CSI1 and UARTO.

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

(1) Port mode

These pins function as a 6-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 2 (PM2). On-chip pull-up resistors can be connected by setting pull-up resistor option register 2 (PU2).
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(2) Control mode
These pins function as data I/O and clock /O for serial interfaces CSI1 and UARTO.

(a) sSH
Serial data input pin for serial interface CSI1.

(b) SO1
Serial data output pin for serial interface CSI1.

(c) SCK1
Serial clock 1/O pin for serial interface CSI1.

(d) RxDO
Serial data input pin for serial interface UARTO.

(e) TxDO
Serial data output pin for serial interface UARTO.

(f) ASCKO
Serial clock input pin for serial interface UARTO.

3.2.4 P30 to P36 (Port 3)

P30 to P36 function as a 7-bit I/0 port. Besides serving as an |1/O port, they also function as data I/0 and clock
I/O for serial interfaces SIO3 and UART?2.

P30 to P33 can drive LEDs directly.

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

(1) Port mode
These pins function as a 7-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 3 (PM3). P30 to P33 are N-ch open drain I/O pins. On-chip pull-up resistors can be connected via a
mask option (mask ROM version only). On-chip pull-up resistors can be connected to P34 to P36 by setting pull-
up resistor option register 3 (PU3).

(2) Control mode
These pins function as data I/O and clock I/O for serial interfaces SIO3 and UART2.

(a) SI3
Serial data input pin for serial interface SIO3.

(b) SO3
Serial data output pin for serial interface SIO3.

(c) SCK3
Serial clock I/O pin for serial interface SIOS.

(d) RxD2
Serial data input pin for serial interface UART2.
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(e) TxD2
Serial data output pin for serial interface UART2.

(f) ASCK2
Serial clock input pin for serial interface UART2.

3.2.5 P40 to P47 (Port 4)

P40 to P47 function as an 8-bit /0 port. Besides serving as an I/O port, they also function as an address/data
bus.

The interrupt request flag (KRIF) can be set to 1 by detecting a falling edge.

The following operating modes can be specified.

Caution  When using the falling edge detection interrupt (INTKR), be sure to set the memory expansion
mode register (MEM) to 01H.

(1) Port mode
These pins function as an 8-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 4 (PM4). On-chip pull-up resistors can be connected by setting pull-up resistor option register 4 (PU4).

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

3.2.6 P50 to P57 (Port 5)
P50 to P57 function as an 8-bit /0O port. Besides serving as an I/O port, they also function as an address bus.
Port 5 can drive LEDs directly.
The following operating modes can be specified.

(1) Port mode
These pins function as an 8-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 5 (PM5). On-chip pull-up resistors can be connected by setting pull-up resistor option register 5 (PU5).

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

3.2.7 P64 to P67 (Port 6)
P64 to P67 function as a 4-bit I/O port. Besides serving as an I/O port, they are also used for control in external
memory expansion mode.
The following operating modes can be specified.

(1) Port mode
These pins function as a 4-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 6 (PM6).
On-chip pull-up resistors can be connected by setting pull-up resistor option register 6 (PU6).

(2) Control mode

These pins function as control signal output pins (RD, WR, WAIT, ASTB) in external memory expansion mode.

Caution  When external wait is not used in external memory expansion mode, P66 can be used as an
1/0 port.
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3.2.8 P70 to P75 (Port 7)

P70 to P75 function as a 6-bit I/O port. Besides serving as an I/O port, they also function as timer I/O, clock output,
and buzzer output.

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

(1) Port mode
These pins function as a 6-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 7 (PM7). On-chip pull-up resistors can be connected by setting pull-up resistor option register 7 (PU7).
P70 and P71 are also capture trigger signal input pins of 16-bit timer/event counters 00 and 01 with a valid edge
input.

(2) Control mode
These pins function as timer /O, clock output, and buzzer output.

(a) TIO00
External count clock input pin to 16-bit timer/event counter 00 and capture trigger signal input pin to the 16-
bit timer/event counter 00 capture registers (CR000, CR010).

(b) TIOO1
External count clock input pin to 16-bit timer/event counter 01 and capture trigger signal input pin to the 16-
bit timer/event counter 01 capture registers (CR001, CR011).

(c) TIO10
Capture trigger signal input pin to the 16-bit timer/event counter 00 capture register (CR000).

(d) Tio11
Capture trigger signal input pin to the 16-bit timer/event counter 01 capture register (CR001).

(e) TI50 and TI51
External count clock input pins to 8-bit timer/event counters 50 and 51.

(f) TOO00, TOO1, TO50, and TO51
Timer output pins.

(g) PCL
Clock output pin.

(h) BUZ
Buzzer output pin.
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3.2.9 P80 (Port 8)
P80 is a 1-bit I/0 port. Besides serving as an 1/O port, it also functions as the chip select input of serial interface
CSI1. The following operating modes can be specified in 1-bit units.

(1) Port mode
This pin functions as a 1-bit I/O port. It can be specified as input or output in 1-bit units using port mode register
8 (PM8).
An on-chip pull-up resistor can be connected by setting pull-up resistor option register 8 (PU8).

(2) Control mode
This pin functions as the chip select input pin (SS1) of serial interface CSI1.

3.2.10 AVReF

This is the A/D converter reference voltage input pin. This pin is also used for the analog power supply. When
using the A/D converter, supply power to this pin.

When the A/D converter is not used, connect this pin directly to Vsso or Vss1.

3.2.11 AVss
This is the ground potential pin of the A/D converter. Use the same potential as that of the Vsso pin or Vss1 pin
even when not using the A/D converter.

3.2.12 RESET
This is an active-low system reset input pin.

3.2.13 X1 and X2
Resonator connection pins for main system clock.
For an external clock supply, input the clock signal to X1 and its inverted signal to X2.

3.2.14 XT1 and XT2
Resonator connection pins for subsystem clock.
For an external clock supply, input the clock signal to XT1 and its inverted signal to XT2.

3.2.15 Vpopo and Vbb1
Vooo is the positive power supply pin for the ports.
Vop1 is the positive power supply pin for other than the ports.

3.2.16 Vsso and Vss1
Vsso is the ground potential pin for the ports.
Vss1 is the ground potential pin for other than the ports.

3.2.17 Vep (flash memory versions only)
High-voltage application pin for flash memory programming mode setting and program write/verify.
Handle in either of the following ways.

* Independently connect a 10 kQ pull-down resistor.

* Set the jumper on the board so that this pin is connected directly to the dedicated flash programmer in
programming mode and directly to Vsso or Vss1 in normal operation mode.
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When there is a potential difference between the Vepr pin and Vsso pin or Vss1 pin because the wiring between the
two pins is too long or external noise is input to the Vrp pin, the user program may not operate normally.

3.2.18 IC (mask ROM version only)

The IC (internally connected) pin is provided to set the test mode to check the uPD780078 Subseries at delivery.
Connect it directly to Vsso or Vss1 with the shortest possible wiring in the normal operating mode.

When there is a potential difference between the IC pin and Vsso pin or Vss1 pin because the wiring between the
two pins is too long or external noise is input to the IC pin, the user program may not operate normally.

e Connect IC pin to Vsso or Vss1 pin directly.

VssoorVssi IC

As short as possible
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3.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 3-1 shows the types of pin I/O circuits and the recommended connections of unused pins.
Refer to Figure 3-1 for the configuration of the 1/O circuit of each type.

Table 3-1. Pin I/O Circuit Types (1/2)

Pin Name I/0O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/INTPO to PO2/INTP2 8-C 1/10 Input:  Independently connect to Vsso or Vssi1 via a resistor.
PO3/INTP3/ADTRG Output: Leave open.

P10/ANIO to P17/ANI7 25 Input | Connect directly to Vooo, Vob1, Vsso, or Vssi.

P20/SI1 8-C 1/10 Input:  Independently connect to Vooo, Vob1, Vsso, or Vsst
P21/SO1 5-H via a resistor.

P22/SCKA 8.C Output: Leave open.

P23/RxD0

P24/TxD0 5-H

P25/ASCKO 8-C

P30, P31 13-Q Input:  Connect directly to Vsso or Vsst.

(for mask ROM version) Output: Leave open at low-level output with the output latch
P30, P31 13-p of the port set to 0.

(for flash memory version)

P32, P33 13-S

(for mask ROM version)

P32, P33 13-R

(for flash memory version)

P34/SI3/TxD2 8-C Input:  Independently connect to Vooo, Vob1, Vsso, or Vsst
P35/SO3/RxD2 via a resistor.

P36/SCK3/ASCK2 Output: Leave open.

P40/ADO to P47/AD7 5-H Input:  Independently connect to Vooo or Voo1 via a resistor.

Output: Leave open.
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Table 3-1. Pin I/O Circuit Types (2/2)

Pin Name 1/0 Circuit Type 110 Recommended Connection of Unused Pins
P50/A8 to P57/A15 5-H 1/10 Input: Independently connect to Vooo, Vob1, Vsso, or
P64/RD Vsst1 via a resistor.

PESWR Output:  Leave open.

P66/WAIT

P67/ASTB

P70/T1000/TO00 8-C

P71/TI010

P72/T150/TO50

P73/T151/TO51

P74/TI011/PCL

P75/T1001/TO01/BUZ

P80/SS1 Input: Connect to Vsso or Vssi1 via a resistor.
OQutput: Leave open.

RESET 2 Input —

XT1 16 Connect directly to Vooo or Vopr.

XT2 — Leave open.

AVRer — Connect directly to Vsso or Vssi.

AVss

IC (for mask ROM version)

Vep
(for flash memory version)

Independently connect a 10 kQ pull-down resistor or
connect directly to Vsso or Vssi.
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Figure 3-1. Pin I/O Circuits (1/2)
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Figure 3-1. Pin I/O Circuits (2/2)
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CHAPTER 4 PIN FUNCTIONS (uPD780078Y SUBSERIES)

(1) Port pins (1/2)

) ) Alternate
Pin Name 1/0 Function After Reset .
Function
P00 1/0 Port 0 Input INTPO
PO1 4-bit 1/0 port INTP1
Input/output mode can be specified in 1-bit units.
Po2 An on-chip pull-up resistor can be used by setting software. INTP2
P03 INTP3/ADTRG
P10 to P17 Input Port 1 Input ANIO to ANI7
8-bit input-only port.
P20 1/10 Port 2 Input Si1
P21 6-bit I/0O port S01
Input/output mode can be specified in 1-bit units.
P22 An on-chip pull-up resistor can be used by setting software. SCKi1
P23 RxDO
P24 TxDO
P25 ASCKO
P30 1/10 Port 3 N-ch open-drain 1/O port Input —
P31 7-bit 1/0O port On-chip pull-up resistor can be
Input/output specified by mask option (P30 and
P32 mode can be P31 are mask ROM version only). SDAO
P33 specified in 1-bit LEDs can be driven directly. SCLO
P34 units. An on-chip pull-up resistor can be SI13/TxD2
P35 used by setting software. SO3/RxD2
P36 SCK3/ASCK2
P40 to P47 1/10 Port 4 Input ADO to AD7
8-bit I/0O port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge
detection.
P50 to P57 110 Port 5 Input A8 to A15
8-bit I/0O port
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 1/0 Port 6 Input RD
P65 4-bit 1/0 port WR
Input/output mode can be specified in 1-bit units.
P66 An on-chip pull-up resistor can be used by setting software. WAIT
P67 ASTB

52

User's Manual U14260EJ3V1UD




CHAPTER 4 PIN FUNCTIONS (uPD780078Y SUBSERIES)

(1) Port pins (2/2)

) ) Alternate
Pin Name 1/10 Function After Reset )
Function
P70 110 Port 7 Input TI000/TO00
P71 6-bit 1/0 port TIo10
Input/output mode can be specified in 1-bit units.
P72 An on-chip pull-up resistor can be used by setting software. T150/T050
P73 TI51/TO51
P74 TI011/PCL
P75 T1001/TO01/BUZ
P80 1/0 Port 8 Input SS1
1-bit I/0 port
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
(2) Non-port pins (1/2)
Alternate
Pin Name 110 Function After Reset )
Function
INTPO Input External interrupt request input with specifiable valid edges Input P00
INTP1 (rising edge, falling edge, both rising and falling edges) PO1
INTP2 P02
INTP3 PO3/ADTRG
SH Input Serial interface serial data input Input P20
SO1 OQutput Serial interface serial data output Input P21
SDAO 1/0 Serial interface serial data input/output Input P32
SCK1 1/0 Serial interface serial clock input/output Input P22
SCK3 P30/ASCK2
SCLO P33
SS1 Input Serial interface chip select input Input P80
RxDO Input Asynchronous serial interface serial data input Input P23
RxD2 P35/S0O3
TxDO Output Asynchronous serial interface serial data output Input P24
TxD2 P34/SI3
ASCKO Input Asynchronous serial interface serial clock input Input P25
ASCK2 P36/SCK3
TI000 Input External count clock input to 16-bit timer/event counter 00. Input P70/TO00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TI010 Capture trigger input to capture register (CR000) of 16-bit P71
timer/event counter 00
TI001 External count clock input to 16-bit timer/event counter 01. P75/TO01/BUZ
Capture trigger input to capture registers (CR001, CR011)
of 16-bit timer/event counter 01
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(2) Non-port pins (2/2)

High-voltage application for program write/verify

Pin Name 110 Function After Reset AItern.ate
Function
TIO11 Input Capture trigger input to capture register (CR001) of 16-bit Input P74/PCL
timer/event counter 01
TI50 External count clock input to 8-bit timer/event counter 50 P72/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P73/TO51
TOO00 Output 16-bit timer/event counter 00 output Input P70/T1000
TOO1 16-bit timer/event counter 01 output P75/T1001/BUZ
TO50 8-bit timer/event counter 50 output P72/T150
TO51 8-bit timer/event counter 51 output P73/T151
PCL Output Clock output (for main system clock and subsystem clock Input P74/TI011
trimming)
BUZ Output Buzzer output Input P75/T1001/TO01
ADO to AD7 I/0 Lower address/data bus when expanding external memory Input P40 to P47
A8 to A15 Output Higher address bus when expanding external memory Input P50 to P57
RD Output Strobe signal output for read operation from external memory Input P64
WR Strobe signal output for write operation from external memory P65
WAIT Input Wait insertion when accessing external memory Input P66
ASTB Output Strobe output externally latching address information Input P67
output to ports 4 and 5 to access external memory
ANIO to ANI7 Input A/D converter analog input Input P10 to P17
ADTRG Input A/D converter trigger signal input Input PO3/INTP3
AVRer Input A/D converter reference voltage input and analog power supply — —
AVss — A/D converter ground potential. Connect to Vsso or Vss1. — —
RESET Input System reset input Input —
X1 Input Resonator connection for main system clock — —
X2 — — —
XT1 Input Resonator connection for subsystem clock — —
XT2 — — —
Voo — Positive power supply for ports — —
Vb1 — Positive power supply (other than ports) — —
Vsso — Ground potential for ports — —
Vssi — Ground potential (other than ports) — —
IC — Internally connected. Connect directly to Vssoor Vssi. — —
Vep — Flash memory programming mode setting. — —
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4.2 Description of Pin Functions

4.2.1 P00 to P03 (Port 0)

P00 to P03 function as a 4-bit I/0 port. Besides serving as an I/O port, they also function as external interrupt
inputs and an A/D converter external trigger input.

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

(1) Port mode
These pins function as a 4-bit 1/0O port.
P00 to P03 can be specified as input or output in 1-bit units using port mode register 0 (PM0). On-chip pull-up
resistors can be connected by setting pull-up resistor option register 0 (PUO).

(2) Control mode
In this mode, these pins function as external interrupt request inputs and an A/D converter external trigger input.

(a) INTPO to INTP3
INTPO to INTP3 are external interrupt request input pins for which the valid edge can be specified (rising
edge, falling edge, or both rising and falling edges).

(b) ADTRG
A/D converter external trigger input pin.

Caution When P03 is used as an A/D converter external trigger input, specify the valid edge by
using bits 1 and 2 (EGA00, EGAO01) of the A/D converter mode register (ADMO) and set the
interrupt mask flag (PMK3) to 1.

4.2.2 P10 to P17 (Port 1)

P10to P17 function as an 8-bit input-only port. Besides serving as an input port, they also function as A/D converter
analog inputs.

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

(1) Port mode
These pins function as an 8-bit input-only port.

(2) Control mode
These pins function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input
pins, see (4) ANIO/P10 to ANI7/P17 in 13.6 Cautions for A/D Converter.

4.2.3 P20 to P25 (Port 2)

P20 to P25 function as a 6-bit I/O port. Besides serving as an I/O port, they function as data 1/0 and clock 1/O for
serial interfaces CSI1 and UARTO.

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

(1) Port mode

These pins function as a 6-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 2 (PM2). On-chip pull-up resistors can be connected by setting pull-up resistor option register 2 (PU2).
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*x (2) Control mode
These pins function as data I/O and clock 1/O for serial interfaces CSI1 and UARTO.

(a) S
Serial data input pin for serial interface CSI1.

(b) SO1
Serial data output pin for serial interface CSI1.

(c) SCKi1
Serial clock 1/0O pin for serial interface CSI1.

(d) RxDO
Serial data input pin for serial interface UARTO.

(e) TxDO
Serial data output pin for serial interface UARTO.

(f) ASCKO
Serial clock input pin for serial interface UARTO.

4.2.4 P30 to P36 (Port 3)

P30 to P36 function as a 7-bit I/0 port. Besides serving as an /O port, they also function as data I/0 and clock
I/O for serial interfaces SIO3 and UART?2.

P30 to P33 can drive LEDs directly.

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

(1) Port mode
These pins function as a 7-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 3 (PM3). P30 to P33 are N-ch open drain 1/O pins. Mask ROM version can contain pull-up resistors
in P30 and P31 with the mask option. On-chip pull-up resistors can be connected to P34 to P36 by setting pull-
up resistor option register 3 (PU3).

*x (2) Control mode
These pins function as data I/O and clock I/O for serial interfaces SIO3 and UART2.

(a) SI3
Serial data input pin for serial interface SIO3.

(b) SO3
Serial data output pin for serial interface SIO3.

(c) SCK3
Serial clock I/O pin for serial interface SIOS.

(d) RxD2
Serial data input pin for serial interface UART2.
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(e) TxD2
Serial data output pin for serial interface UART2.

(f) ASCK2
Serial clock input pin for serial interface UART2.

4.2.5 P40 to P47 (Port 4)

P40 to P47 function as an 8-bit I1/0 port. Besides serving as an I/O port, they also function as an address/data
bus.

The interrupt request flag (KRIF) can be set to 1 by detecting a falling edge.

The following operating modes can be specified.

Caution  When using the falling edge detection interrupt (INTKR), be sure to set the memory expansion
mode register (MEM) to 01H.

(1) Port mode
These pins function as an 8-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 4 (PM4). On-chip pull-up resistors can be connected by setting pull-up resistor option register 4 (PU4).

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

4.2.6 P50 to P57 (Port 5)
P50 to P57 function as an 8-bit /0 port. Besides serving as an I/O port, they also function as an address bus.
Port 5 can drive LEDs directly.
The following operating modes can be specified.

(1) Port mode
These pins function as an 8-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 5 (PM5). On-chip pull-up resistors can be connected by setting pull-up resistor option register 5 (PU5).

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

4.2.7 P64 to P67 (Port 6)
P64 to P67 function as a 4-bit I/O port. Besides serving as an I/O port, they are also used for control in external
memory expansion mode.
The following operating modes can be specified.

(1) Port mode
These pins function as a 4-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 6 (PM6).
On-chip pull-up resistors can be connected by setting pull-up resistor option register 6 (PU6).

(2) Control mode

These pins function as control signal output pins (RD, WR, WAIT, ASTB) in external memory expansion mode.

Caution  When external wait is not used in external memory expansion mode, P66 can be used as an
1/0 port.
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4.2.8 P70 to P75 (Port 7)

P70 to P75 function as a 6-bit I/O port. Besides serving as an I/O port, they also function as timer I/O, clock output,
and buzzer output.

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

(1) Port mode
These pins function as a 6-bit I/O port. They can be specified as input or output in 1-bit units using port mode
register 7 (PM7). On-chip pull-up resistors can be connected by setting pull-up resistor option register 7 (PU7).
P70 and P71 are also capture trigger signal input pins of 16-bit timer/event counters 00 and 01 with a valid edge
input.

(2) Control mode
These pins function as timer /O, clock output, and buzzer output.

(a) TIO00
External count clock input pin to 16-bit timer/event counter 00 and capture trigger signal input pin to the 16-
bit timer/event counter 00 capture registers (CR000, CR010).

(b) TIOO1
External count clock input pin to 16-bit timer/event counter 01 and capture trigger signal input pin to the 16-
bit timer/event counter 01 capture registers (CR001, CR011).

(c) TIo10
Capture trigger signal input pin to the 16-bit timer/event counter 00 capture register (CR000).

(d) Tio11
Capture trigger signal input pin to the 16-bit timer/event counter 01 capture register (CR001).

(e) TI50 and TI51
External count clock input pins to 8-bit timer/event counters 50 and 51.

(f) TOO00, TOO1, TO50, and TO51
Timer output pins.

(g) PCL
Clock output pin.

(h) BUZ
Buzzer output pin.
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4.2.9 P80 (Port 8)
P80 is a 1-bit I/O port. Besides serving as an I/O port, it also functions as the chip select input of serial interface
CSI1. The following operating modes can be specified in 1-bit units.

(1) Port mode
This pin functions as a 1-bit I/O port. It can be specified as input or output in 1-bit units using port mode register
8 (PM8).
An on-chip pull-up resistor can be connected by setting pull-up resistor option register 8 (PU8).

(2) Control mode
This pin functions as the chip select input pin (SS1) of serial interface CSI1.

4.2.10 AVReF

This is the A/D converter reference voltage input pin. This pin is also used for the analog power supply. When
using the A/D converter, supply power to this pin.

When the A/D converter is not used, connect this pin directly to Vsso or Vssi.

4.2.11 AVss
This is the ground potential pin of the A/D converter. Use the same potential as that of the Vsso pin or Vss1 pin
even when not using the A/D converter.

4.2.12 RESET
This is an active-low system reset input pin.

4.2.13 X1 and X2
Resonator connection pins for main system clock.
For an external clock supply, input the clock signal to X1 and its inverted signal to X2.

4.2.14 XT1 and XT2
Resonator connection pins for subsystem clock.
For an external clock supply, input the clock signal to XT1 and its inverted signal to XT2.

4.2.15 Vopo and Vbb1
Vboo is the positive power supply pin for the ports.
Vop1 is the positive power supply pin for other than the ports.

4.2.16 Vsso and Vss1
Vsso is the ground potential pin for the ports.
Vsst is the ground potential pin for other than the ports.

4.2.17 Vep (flash memory versions only)
High-voltage application pin for flash memory programming mode setting and program write/verify.
Handle in either of the following ways.

* Independently connect a 10 kQ2 pull-down resistor.

* Set the jumper on the board so that this pin is connected directly to the dedicated flash programmer in
programming mode and directly to Vsso or Vss1 in normal operation mode.
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When there is a potential difference between the Vep pin and Vsso pin or Vss1 pin because the wiring between the
two pins is too long or external noise is input to the Vep pin, the user program may not operate normally.

4.2.18 IC (mask ROM version only)

The IC (internally connected) pin is provided to set the test mode to check the uPD780078Y Subseries at delivery.
Connect it directly to Vsso or Vss1 with the shortest possible wiring in the normal operating mode.

When there is a potential difference between the IC pin and Vsso pin or Vss1 pin because the wiring between the
two pins is too long or external noise is input to the IC pin, the user program may not operate normally.

e Connect IC pin to Vsso or Vss1 pin directly.

VssoorVssi IC

As short as possible
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4.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 4-1 shows the types of pin I/O circuits and the recommended connections of unused pins.
Refer to Figure 4-1 for the configuration of the 1/O circuit of each type.

Table 4-1. Pin I/O Circuit Types (1/2)

Pin Name I/O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/INTPO to PO2/INTP2 8-C 1/10 Input:  Independently connect to Vsso or Vss1 via a resistor.
PO3/INTP3/ADTRG Output: Leave open.

P10/ANIO to P17/ANI7 25 Input | Connect directly to Vooo, Vob1, Vsso, or Vssi.

P20/SI1 8-C 1/10 Input:  Independently connect to Voo, Vob1, Vsso, or Vss1

P21/SO1 5-H via a resistor.

P22/SCKA 8.C Output: Leave open.

P23/RxD0

P24/TxD0 5-H

P25/ASCKO 8-C

P30, P31 13-Q Input:  Connect directly to Vsso or Vss1.

(for mask ROM version) Output: Leave open at low-level output with the output

P30, P31 13-p latch of the port set to 0.

(for flash memory version)

P32/SDAO 13-R

P33/SCLO

P34/SI3/TxD2 8-C Input:  Independently connect to Vooo, Vob1, Vsso, or Vssi

P35/SO3/RxD2 via a resistor.

36/5CKB/ASCK2 Output: Leave open.

P40/ADO to P47/AD7 5-H Input: Independently connect to Vooo or Voo1 via a resistor.
Output: Leave open.
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Table 4-1. Pin I/O Circuit Types (2/2)

IC (for mask ROM version)

Vep
(for flash memory version)

Pin Name 1/0 Circuit Type 110 Recommended Connection of Unused Pins

P50/A8 to P57/A15 5-H 1/10 Input: Independently connect to Vooo, Vob1, Vsso, or Vssi

P64/RD via a resistor.

PGSWER Output: Leave open.

P66/WAIT

P67/ASTB

P70/T1000/TO00 8-C

P71/TI010

P72/T150/TO50

P73/T151/TO51

P74/TI011/PCL

P75/T1001/TO01/BUZ

P80/SS1 Input: ~ Connect to Vsso or Vsst via a resistor.
Qutput: Leave open.

RESET 2 Input —

XT1 16 Connect directly to Vooo or Vopr1.

XT2 — Leave open.

AVRer — Connect directly to Vsso or Vssi.

AVss

Independently connect a 10 kQ pull-down resistor or
connect directly to Vsso or Vssi.
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Figure 4-1. Pin I/O Circuits
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Output disable

Vsso

Input ::l

enable

Type 5-H

Type 13-R

Input :l

enable

Vbbo
Pull-up DO | bch ——O IN/OUT
enable | -c Data
Voo Output disable :E> | N-ch
Vsso
IN/OUT
Output N-ch O@}
disable
Vsso
Input :l
enable
Type 8-C Type 16
Vbbo
Feedback
Pull cut-off
ull-up |
enable {>O [ [~ P-ch P-chJ_
Vbbo
Data :D_l poch {>O
IN/OUT I>O
Output N-ch
disable
Vsso @]
XT1 XT2
o@}
Type 13-P Type 25
——O IN/OUT
Data P-ch_
Output disable :E>O—| N-ch Comparator
Vsso

Vrer (threshold voltage)

Input ::l

enable
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5.1 Memory Spaces

Products in the uPD780078, 780078Y Subseries can each access a 64 KB memory space.
Figures 5-1 to 5-3 show the memory maps.

Caution The initial value of the memory size switching register (IMS) and internal expansion RAM size
switching register (IXS) of all products (uPD780078, 780078Y Subseries) is fixed (IMS = CFH,
IXS = 0CH). Therefore, set the value corresponding to each product as indicated below.

Value of IMS Value of IXS
1PD780076, 780076Y CCH 0AH

1PD780078, 780078Y CFH

uPD78F0078, 78F0078Y Value corresponding to mask ROM version

Figure 5-1. Memory Map (uPD780076, 780076Y)

FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH| General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
_|_Internal high-speed RAM |
T 1024 x 8 bits T
FBOOH
FAFFH
Reserved
F800H
- F7FEH BFFFH
Data memory — Internal expansi(?n RAM L T Program area T
space 1024 x 8 bits 1000H
F400H OFFFH
F3FFH
1 External memory 1 - CALLF entry area -
T 13312 x 8 bits T
0800H
CO00H 07FFH
BFFFH
P Program area Pt
_ROM_/RA_M spac_e 0080H
in which instructions 007FH
can be fetched
L Internal ROM L CALLT table area
B 49152 x 8 bits B
0040H
003FH
Vector table area
e e 0000H 0000H
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Figure 5-2. Memory Map (uPD780078, 780078Y)

R FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH| General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
| Internal high-speed RAM _|
T 1024 x 8 bits T
FBOOH
FAFFH
Reserved
F800H
Ky F7FFH EFFFH
Data memory -L  Internal expansion RAM L T Program area 8
space 1024 x 8 bits 1000H
F400H OFFFH
F3FFH
i External memory -~ CALLF entry area -
T 1024 x 8 bits T
0800H
FOOOH 07FFH
EFFFH
-~ Program area =
_ROM{RA_M spac_e 0080H
in which instructions 007FH
can be fetched
L Internal RO_M L CALLT table area
B 61440 x 8 bits
0040H
003FH
Vector table area
R BN 0000H 0000H
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Figure 5-3. Memory Map (uPD78F0078, 78F0078Y)

3 FFFFH
Special function
registers (SFRs)
256 x 8 bits
FFOOH
FEFFH| General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
_|_Internal high-speed RAM |
T 1024 x 8 bits T
FBOOH
FAFFH
Reserved
F800H
- E7EEH EFFFH
Data memory L Internal expansti)c.)n RAM L -~ Program area
space 1024 x 8 bits 1000H
F400H OFFFH
F3FFH
iy External memory 1 r CALLF entry area
T 1024 x 8 bits T
0800H
FOOOH 07FFH
EFFFH
-~ Program area
ROM/RAM space 0080H
in which instructions 007FH
can be fetched
L Flash memory L CALLT table area
B 61440 x 8 bits B
0040H
003FH
Vector table area
v AR 0000H 0000H
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5.1.1 Internal program memory space

The internal program memory space contains the program and table data. Normally, it is addressed with the

program counter (PC).

The uPD780078, 780078Y Subseries incorporate internal ROM (mask ROM or flash memory), as listed below.

Table 5-1. Internal Memory Capacity

Part Number

Type

Capacity

1PD780076, 780076Y

©PD780078, 780078Y

Mask ROM 49152 x 8 bits (0000H to BFFFH)

61440 x 8 bits (0000H to EFFFH)

uPD78F0078, 78F0078Y

Flash memory| 61440 x 8 bits (0000H to EFFFH)

The internal program memory space is divided into the following three 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 input or interrupt request generation 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 5-2. Vector Table

Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input 001CH INTTMOOO
0004H INTWDT 001EH INTTMO10
0006H INTPO 0020H INTTM50
0008H INTP1 0022H INTTM51
000AH INTP2 0024H INTADO
000CH INTP3 0026H INTWT
000EH INTSERO 0028H INTKR
0010H INTSRO 002AH INTSER2
0012H INTSTO 002CH INTSR2
0014H INTCSH 002EH INTST2
0016H INTCSI3 0030H INTTMOO1
0018H INTIICONote 0032H INTTMO11
001AH INTWTI 003EH BRK

Note uPD780078Y Subseries only

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

(8) CALLF instruction entry area

The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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5.1.2 Internal data memory space
The uPD780078, 780078Y Subseries incorporate the following on-chip high-speed RAMs.

(1) Internal high-speed RAM
The 1024-byte area FBOOH to FEFFH is allocated to the internal high-speed RAM. The 32-byte area FEEOH to
FEFFH is allocated to four general-purpose register banks composed of eight 8-bit registers.
This area cannot be used as a program area in which instructions are written for execution.
The internal high-speed RAM can also be used as a stack memory.

(2) Internal expansion RAM
The 1024-byte area F400H to F7FFH is allocated to the internal expansion RAM.
Like the internal high-speed RAM, the internal expansion RAM can be used as a normal data area, but it can
also be used as a program area in which instructions are written for execution.
The internal expansion RAM cannot be used as a stack memory.

5.1.3 Special function register (SFR) area

On-chip peripheral hardware special function registers (SFR) are allocated in the area FFOOH to FFFFH (refer to
5.2.3 Special function registers (SFR) and Table 5-3 Special Function Register List).

Caution Do not access addresses where an SFR is not assigned.
5.1.4 External memory space

The external memory space is accessible using the memory expansion mode register (MEM). External memory
space can store program, table data, etc., and allocate peripheral devices.
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5.1.5 Data memory addressing

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for
the uPD780078, 780078Y Subseries, 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 5-4 to 5-6 show the correspondence between data memory
and addressing. For details of each addressing mode, see 5.4 Operand Address Addressing.

Figure 5-4. Correspondence Between Data Memory and Addressing (uPD780076, 780076Y)

FFFFH . .
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF2OH | _______
FF1FH
FFOOH
FEFFH General-purpose registers Register addressing
FEEOH 32 x 8 bits Short direct
FEDFH addressing
T Internal high-speed RAM T
1024 x 8 bits
FE2OH| ]
FE1FH
FBOOH
FAFFH
Reserved
F800H
F7FFH
L Internal expansion RAM A
T 1024 x 8 bits i
F400H
F3FFH
A External memory L
T 13312 x 8 bits T
COO0H
BFFFH
A Internal ROM AL
T 49152 x 8 bits T
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Figure 5-5. Correspondence Between Data Memory and Addressing (uPD780078, 780078Y)

FFFFH ) .
Special function
registers (SFRs) SFR addressing
256 x 8 bits
FF20H | _______
FF1FH
FFOOH
FEFFH General-purpose registers RegiAster addressing
FEEOH 32 x 8 bits ¥ Short direct
FEDFH addressing
¥ Internal high-speed RAM T
1024 x 8 bits
FE20H ]
FE1FH
FBOOH
FAFFH
Reserved
F800H
F7FFH
A Internal expansion RAM L
T 1024 x 8 bits T
F400H
F3FFH
L External memory L
T 1024 x 8 bits T
FOOOH
EFFFH
L Internal ROM A
T 61440 x 8 bits T
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Figure 5-6. Correspondence Between Data Memory and Addressing (uPD78F0078, 78F0078Y)

FFFFH _ _ A
Special function
registers (SFRs) SFR addressing
256 x 8 bits

FF2OH|_
FF1FH
FFOOH
FEFFH General-purpose registers RegiAster addressing
FEEOH 32 x 8 bits ] Short direct
FEDFH addressing

¥ Internal high-speed RAM T

1024 x 8 bits
FE20H] ]
FE1FH
FBOOH
FAFFH
Reserved
F800H Direct addressing
F7FFH
Register indirect
A Internal expansion RAM L addressing
1024 x 8 bits Based addressing
F400H
F3FFH Based indexed
addressing

L External memory L

T 1024 x 8 bits T
FOOOH
EFFFH

my Flash memory A

T 61440 x 8 bits T
0000H i
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5.2 Processor Registers

The uPD780078, 780078Y Subseries incorporate the following processor registers.

5.2.1 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)

()

72

The program counter is a 16-bit register which 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 5-7. Program Counter Format

15 0
PC [Pc1s|Pc14] Pcis| Pci2|Pc11] Pe1o] Peo | Pes | Pe7 | Pes| Pes | Pea | Pea| P2 | pet| Peo |

Program status word (PSW)
The program status word is an 8-bit register consisting of various flags to be set/reset by instruction execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW instruction

execution and are automatically reset upon execution of the RETB, RETI and POP PSW instructions.
RESET input sets the PSW to 02H.

Figure 5-8. Program Status Word Format

7 0
PSW |IE \ z ‘RBS1‘ AC‘RBSO‘ 0 \ ISP‘ CY|
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(3

(a)

(b)

(c)

(d)

(e)

()

Interrupt enable flag (IE)

This flag controls the interrupt request acknowledgment operations of the CPU.

When IE is 0 the interrupt disabled (DI) state is set, and only non-maskable interrupt requests become
acknowledgeable. Other interrupt requests are all disabled.

When IE is 1 the interrupt enabled (EI) state is set and interrupt request acknowledgment enable is controlled
by the in-service priority flag (ISP), the interrupt mask flag corresponding to each interrupt source and the
priority specification flag.

IE is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El instruction
execution.

Zero flag (Z2)
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 used to select one of the four register banks.

The 2-bit information which indicates the register bank selected by SEL RBn instruction execution is stored
in these flags.

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 the priority specification flag register (PROL, PROH, PR1L)
(referto 19.3 (3) Priority specification flag registers (PROL, PROH, PR1L)) are disabled for acknowledgment.
Actual interrupt request acknowledgment is controlled by the interrupt enable flag (IE).

Carry flag (CY)

This flag stores an overflow or underflow upon add/subtract instruction execution. It stores the shift-out value
upon rotate instruction execution and functions as a bit accumulator during bit manipulation instruction
execution.

Stack pointer (SP)
This is a 16-bit register used to hold the start address of the memory stack area. Only the internal high-speed
RAM area (FBOOH to FEFFH) can be set as the stack area.
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15

Figure 5-9. Stack Pointer Format

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 (reset) from

the stack memory.

Each stack operation saves/resets data as shown in Figures 5-10 and 5-11.

Caution

the stack memory.

SP

SP

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

SP

SP

SP

SP

Figure 5-10. Data to Be Saved to Stack Memory

(@) PUSH rp instruction (when SP is FEEOH)

FEEOH ——~ FEEOH
é FEDFH
FEDEH ~——— FEDEH

FEEOH -~ FEEOH
! FEDFH
Y

FEDEH FEDEH

Register pair upper

Register pair lower

PC15 to PC8

PC7 to PCO

(¢) Interrupt, BRK instruction (when SP is FEEOH)

FEEOH — = FEEOH
; FEDFH
E FEDEH
FEDDH ~—— FEDDH

PSW

PC15 to PC8

PC7 to PCO
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Figure 5-11. Data to Be Restored from Stack Memory

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

SP FEEOH ~—FEEOH

FEDFH Register pair upper

SP FEDEH — = FEDEH Register pair lower

(b) RET instruction (when SP is FEDEH)

SP FEEOH ~—— FEEOH

4

E FEDFH PC15 to PC8
SP FEDEH — FEDEH PC7 to PCO

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

SP FEEOH ~— FEEOH

? FEDFH PSW

i FEDEH PC15to PC8
SP FEDDH — FEDDH PC7 to PCO

5.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. They
consist 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 pairs as a 16-bit register
(AX, BC, DE, and HL).

They 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.
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FEFFH

FEF8H

FEFOH

FEE8H

FEEOH

FEFFH

FEF8H

FEFOH

FEE8H

FEEOH

Figure 5-12. General-Purpose Register Configuration

(a) Absolute name

16-bit processing

8-bit processing

R7
BANKO RP3

R6

R5
BANK1 RP2

R4

R3
BANK2 RP1

R2

R1
BANK3 RPO

RO

15 0
(b) Function name
16-bit processing 8-bit processing

H
BANKO HL

L

D
BANK1 DE

E

B
BANK2 BC

C

A
BANK3 AX

X

15 0
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5.2.3 Special function registers (SFR)
Unlike a general-purpose register, each special function register has a special function.
They are allocated in the area FFOOH to FFFFH.
The special function registers can be manipulated like the general-purpose registers, with operation, transfer and
bit manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.
Each manipulation bit unit can be specified as follows.

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

¢ 8-bit manipulation
Describe the symbol reserved by 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 assembler for the 16-bit manipulation instruction operand (sfrp).
When addressing an address, describe an even address.

Table 5-3 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 RA78KO0, and is defined
as an sfrvariable using the #pragma sfr directive in the CC78K0. When using the RA78KO0, ID78K0-NS, ID78KO0,
or SM78K0, symbols can be written as an instruction operand.
* R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write
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 5-3. Special Function Register List (1/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After Reset
1 Bit | 8 Bits |16 Bits
FFOOH Port register 0 PO R/W RN RN — OOH
FFO1H Port register 1 P1 R \ \ — | Undefined
FFO2H Port register 2 P2 R/W \ \ — 00H
FFO3H Port register 3 P3 v v —
FF04H Port register 4 P4 v N —
FFO5H Port register 5 P5 v v —
FFO6H Port register 6 P6 v v —
FFO7H Port register 7 P7 \ \ —
FFO8H Port register 8 P8 v v —
FFOAH 16-bit timer capture/compare register 000 CRO000 — — v Undefined
FFOBH
FFOCH 16-bit timer capture/compare register 010 CRO10 — — v
FFODH
FFOEH 16-bit timer counter 00 TMO00 R — — \/ 0000H
FFOFH
FF10H 8-bit timer compare register 50 CR50 R/W — v — Undefined
FF11H 8-bit timer compare register 51 CR51 — \ —
FF12H 8-bit timer counter 50 TM5 | TM50| R — V V 00H
FF13H 8-bit timer counter 51 TM51 — Y
FF14H Transmit buffer register 2 TXB2 R/W — \ — FFH
FF15H Receive buffer register 2 RXB2 R — Y — FFH
FF16H A/D conversion result register 0 ADCRO — — Y 0000H
FF17H — —
FF18H Transmit shift register 0 TXSO0 W — Y — FFH
Receive buffer registero | R8O | R | — | v | — |
FF19H Transmit buffer register 1 SOTBH1 R/W — \ — Undefined
FF1AH Serial 1/0O shift register 1 SIO1 R — Y —
FF1BH Serial 1/O shift register 3 SI03 RW | — v —
FF1FH IIC shift register QNote 11Co — \ — 00H
FF20H Port mode register 0 PMO v v — FFH
FF22H Port mode register 2 PM2 Y Y —
FF23H Port mode register 3 PM3 \ \ —
FF24H Port mode register 4 PM4 Y Y —
FF25H Port mode register 5 PM5 v v —
FF26H Port mode register 6 PM6 \ \ —
FF27H Port mode register 7 PM7 Y Y —
FF28H Port mode register 8 PM8 v v —
Note u©PD780078Y Subseries only
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Table 5-3. Special Function Register List (2/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After Reset
1 Bit | 8 Bits |16 Bits

FF30H Pull-up resistor option register 0 PUO R/W RN RN — OOH

FF32H Pull-up resistor option register 2 PU2 \ \ —

FF33H Pull-up resistor option register 3 PU3 v v —

FF34H Pull-up resistor option register 4 PU4 Y Y —

FF35H Pull-up resistor option register 5 PU5 \ \ —

FF36H Pull-up resistor option register 6 PU6 v v —

FF37H Pull-up resistor option register 7 PU7 Y Y —

FF38H Pull-up resistor option register 8 PUS8 \ \ —

FF40H Clock output select register CKS v v —

FF41H Watch timer operation mode register WTM Y Y —

FF42H Watchdog timer clock select register WDCS — \ —

FF47H Memory expansion mode register MEM Y Y —

FF48H External interrupt rising edge enable register EGP Y Y —

FF49H External interrupt falling edge enable register EGN \ \ —

FF60H 16-bit timer mode control register 00 TMCO00 v v —

FF61H Prescaler mode register 00 PRMOO — v —

FF62H Capture/compare control register 00 CRCO00 \ \ —

FF63H 16-bit timer output control register 00 TOCO00 v v —

FF64H 16-bit timer mode control register 01 TMCO1 Y Y —

FF65H Prescaler mode register 01 PRMO1 — \ —

FF66H Capture/compare control register 01 CRCO1 v v —

FF67H 16-bit timer output control register 01 TOCO1 Y Y —

FF68H 16-bit timer capture/compare register 001 CRO001 — — \ Undefined

FF69H

FF6AH 16-bit timer capture/compare register 011 CRO11 — — v

FF6BH

FF6CH 16-bit timer counter 01 TMO1 R — — Y 0000H

FF6DH

FF70H 8-bit timer mode control register 50 TMC50 R/W Xl Xl — 00H

FF71H Timer clock select register 50 TCL50 — v —

FF78H 8-bit timer mode control register 51 TMC51 v v —

FF79H Timer clock select register 51 TCL51 — \ —

FF80H A/D converter mode register 0 ADMO Y Y —

FF81H Analog input channel specification register 0 ADSO — Y —

FF90H Asynchronous serial interface mode register 2 ASIM2 \ \ —

FF91H Transfer mode specification register 2 TRMC2 v v — 02H

FF92H Clock select register 2 CKSEL2 — v — OOH

FF93H Baud rate generator control register 2 BRGC2 — \ —
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Table 5-3. Special Function Register List (3/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After Reset
1 Bit | 8 Bits |16 Bits

FF94H Asynchronous serial interface status register 2 ASIS2 R — RN — 00H

FF95H Asynchronous serial interface transmit status register 2 | ASIF2 — \ —

FFAOH Asynchronous serial interface mode register 0 ASIMO R/W v v —

FFA1H Asynchronous serial interface status register 0 ASISO R — Y —

FFA2H Baud rate generator control register 0 BRGCO R/W — \ —

FFA8H IIC control register oNote 1 1ICCO v v —

FFA9H IIC status register QNote 1 1ICS0 R v v —

FFAAH IIC transfer clock select register oNote 1 IICCLO R/W \ \ —

FFABH Slave address register oNote 1 SVAO — v —

FFBOH Serial operation mode register 1 CsIM1 Y Y —

FFB1H Serial clock select register 1 csic1 \ \ — 10H

FFB8H Serial operation mode register 3 CSIM3 v v — O0H

FFEOH Interrupt request flag register OL IFO IFOL v v v

FFE1H Interrupt request flag register OH IFOH \ \

FFE2H Interrupt request flag register 1L IF1L Y Y —

FFE4H Interrupt mask flag register OL MKO | MKOL Y Y Y FFH

FFE5H Interrupt mask flag register OH MKOH \ \

FFE6H Interrupt mask flag register 1L MK1L Y Y —

FFESH Priority level specification flag register OL PRO | PROL Y Y Y

FFE9H Priority level specification flag register OH PROH \ \

FFEAH Priority level specification flag register 1L PRI1L Y Y —

FFFOH Memory size switching register IMS — Y — | CFHNote 2

FFF4H Internal expansion RAM size switching register IXS — \ — OCHNote 3

FFF8H Memory expansion wait setting register MM Y Y — 10H

FFF9H Watchdog timer mode register WDTM Y Y — 00H

FFFAH Oscillation stabilization time select register OSTS — \ — 04H

FFFBH Processor clock control register PCC v v —

Notes 1. puPD780078Y Subseries only
2. Although the default value of this register is CFH, set the value corresponding to each product as
indicated below.
uPD780076, 780076Y:  CCH
uPD780078, 780078Y:  CFH
uPD78F0078, 78F0078Y: Value for mask ROM version
3. Although the default value of this register is OCH, initialize this register to OAH.
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5.3 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)).

5.3.1 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.

[llustration]

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 « are 0.
When S =1, all bits of « are 1.
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5.3.2 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 !addr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL !addr16 and BR !addr16 instructions can be branched to the entire memory space. The CALLF !addr11
instruction is branched to the 0800H to OFFFH area.

[llustration]
In the case of CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr.
High Addr. T
15 l 87 0

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ fato-s CALLF
far-o
15 11 10 87 0

PC|0O O O O 1
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5.3.3 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.

[Mlustration]

7 6 5 1 0
Operation code 1 1 tas—o 1
15 8 7 6 5 i 10
Effective address 0O 0 0 00O OO 0|0 1 0
7 Memory (Table) 0
Low Addr.
Effective address + 1 High Addr. T
15 8 7 0

PC
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5.3.4 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.

[llustration]

15 8 7 0

PC

84 User's Manual U14260EJ3V1UD



CHAPTER 5 CPU ARCHITECTURE

5.4 Operand Address Addressing

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

5.4.1 Implied addressing

[Function]
The register which functions as an accumulator (A, AX) in the general-purpose register area is automatically
(implicitly) addressed.
Of the uPD780078, 780078Y Subseries instruction words, the following instructions employ implied addressing.

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

ADJBA/ADJBS Register A for storage of numeric values which become decimal correction targets

ROR4/ROL4 Register A for storage of digit data which 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 register A and register X is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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5.4.2 Register addressing

[Function]

The general-purpose register to be specified is accessed as an operand with the register specify code (Rn and
RPn) of an instruction word in the registered bank specified by the register bank select flags (RBS0 and RBS1).
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 (RO 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 01100010 |

L Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 10000100 |

Register specify code
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5.4.3 Direct addressing

[Function]

The memory to be manipulated is 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, IOFEOOH; when setting !laddr16 to FEOOH

Operation code

[Mlustration]

[1to0001110]

[00000000]

[11 11

1110 |

Opcode

addr16 (lower)

addr16 (higher)

Memory
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5.4.4 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
(SFR) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
If the SFR area (FFOOH to FF1FH) where short direct addressing is applied, ports which are frequently accessed
in a program and compare and capture registers of the timer/event counter are mapped, and these SFRs can
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] below.

[Operand format]

Identifier Description

saddr Label or immediate data indicating FE20H to FF1FH

saddrp Label or immediate data indicating FE20H to FF1FH (even address only)

[Description example]

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

Operation code | 1111001 O| Opcode
[o00110000] 30H (saddr-offset)
[lustration]
7 0
Opcode
saddr-offset ﬁ
Short direct memory
15 8 7 0

Effective Address 111 1 1 1 1 |

When 8-bit immediate data is 20H to FFH, oo =0
When 8-bit immediate data is O0H to 1FH, =1

88 User's Manual U14260EJ3V1UD



CHAPTER 5 CPU ARCHITECTURE

5.4.5 Special function register (SFR) addressing

[Function]

The 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

[Mlustration]

Operatoncode |1 11101 10 |

[o00100000 |

Opcode

sfr-offset

15

Opcode

20H (sfr-offset)

SFR

Effective address 1 1
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5.4.6 Register indirect addressing

[Function]
Register pair contents specified with a register pair specify code in an instruction word of the register bank
specified by the register bank select flags (RBS0 and RBS1) serve as an operand address for addressing the
memory to be manipulated. 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 10000101
[lustration]
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.
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5.4.7 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
an instruction word of the register bank specified by the register bank select flags (RBS0 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

Operatoncode |1 0101110 |

[o0010000|

[lustration]

16 87 0
HL H L
+10
7 Memory 0
The contents of the
addressed memory

is transferred.
7 0
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5.4.8 Based indexed addressing

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

[Operand format]

Identifier Description

— [HL + B], [HL + C]

[Description example]

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

Operation code | 10101011
[Mlustration]
16 87 0
HL H L
+
7 0
B
7 Memory 0
The contents of the /

addressed memory
is transferred.

7 0
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5.4.9 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.
Stack addressing can be used to address the internal high-speed RAM area only.

[Description example]

In the case of PUSH DE (saving the DE register)

Operationcode [ 1 01 10 1 0 1
[Hlustration]
7 Memory 0
SP FEEOH — FEEOH
E FEDFH D
SP FEDEH FEDEH E
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6.1 Port Functions
The uPD780078, 780078Y Subseries incorporate eight input ports and 44 1/0 ports. Figure 6-1 shows the port
configuration. Every port is capable of 1-bit and 8-bit manipulations and can carry out considerably varied control

operations. Besides port functions, the ports can also serve as on-chip hardware I/O pins.

Figure 6-1. Port Types

-— 1 P50 POO j+——
P . Port 0
Port 5 PO3
- P10 fo—m
-— 1 P57 R
- PB4 . Port 1
Port 6 -
~—1 P67 P17 f=—
~— 1 P70 P20 f+——
Port 7 Port 2
-1 P75 P25 j+——
Port8 —~— P80 P30 = ;
[~ Port 3
P36 [«—7
P40 f+——
Port 4
P47 j+——»
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Table 6-1. Port Functions (uPD780078 Subseries)

) ) Alternate
Pin Name Function .
Function
P00 Port 0 INTPO
PO1 4-bit 1/0O port. INTP1
| t/output ified in 1-bi its.
P02 nput/ou Pu mode can. be specified in 1-bit unlt.s INTP2
An on-chip pull-up resistor can be used by setting software.
P03 INTP3/ADTRG
P10 to P17 Port 1 ANIO to ANI7
8-bit input-only port.
P20 Port 2 Si1
Poo Input/out;?ut mode can. be specified in 1-bit unit.s. SCK1
An on-chip pull-up resistor can be used by setting software.
P23 RxDO
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain I/O port. —
P31 7-bit 1/0O port. An on-chip pull-up resistor can be specified by a
P32 Input/output mode can be specified| mask option (mask ROM version only).
in 1-bit units. LEDs can be driven directly.
P33
P34 An on-chip pull-up resistor can be used by setting SI3/TxD2
P35 software. SO3/RxD2
P36 SCK3/ASCK2
P40 to P47 Port 4 ADO to AD7
8-bit 1/0O port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge detection.
P50 to P57 Port 5 A8 to A15
8-bit 1/0 port.
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 Port 6 RD
P65 4-bit /O port. WR
Input/output mode can be specified in 1-bit units. —
P66 ] ) ) WAIT
An on-chip pull-up resistor can be used by setting software.
P67 ASTB
P70 Port 7 T1000/TO00
P71 6-bit I/0 port. TI010
Input/output mod b ified in 1-bit units.
P72 nput/ou Pu mode can. e specified in it uni .s T150/TO50
An on-chip pull-up resistor can be used by setting software.
P73 TI51/TO51
P74 TIO11/PCL
P75 TI001/TO01/BUZ
P80 Port 8 SS1
1-bit 1/0 port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
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Table 6-2. Port Functions (uPD780078Y Subseries)

) ) Alternate
Pin Name Function .
Function
P00 Port 0 INTPO
PO1 4-bit 1/0O port. INTP1
P02 Input/out;?ut mode can. be specified in 1-bit unit.s. INTP2
An on-chip pull-up resistor can be used by setting software.
P03 INTP3/ADTRG
P10 to P17 Port 1 ANIO to ANI7
8-bit input-only port.
P20 Port 2 Si1
Poo Input/out;?ut mode can. be specified in 1-bit unit.s. SCK1
An on-chip pull-up resistor can be used by setting software.
P23 RxDO
P24 TxDO
P25 ASCKO
P30 Port 3 N-ch open-drain I/O port. —
P31 7-bit 1/0O port. An on-chip pull-up resistor can be specified by a
P32 Input/output mode can be specified | mask option (P30 and P31 are mask ROM version SDAO
in 1-bit units. only). LEDs can be driven directly.
P33 SCLO
P34 An on-chip pull-up resistor can be used by setting SI3/TxD2
P35 software. SO3/RxD2
P36 SCK3/ASCK2
P40 to P47 Port 4 ADO to AD7
8-bit 1/0 port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
Interrupt request flag (KRIF) is set to 1 by falling edge detection.
P50 to P57 Port 5 A8 to A15
8-bit 1/0 port.
LEDs can be driven directly.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
P64 Port 6 RD
P65 4-bit /O port. WR
Input/output mode can be specified in 1-bit units. —
P66 ] ) ) WAIT
An on-chip pull-up resistor can be used by setting software.
P67 ASTB
P70 Port 7 T1000/TO00
P71 6-bit I/0 port. TI010
Input/output mode can be specified in 1-bit units.
P72 putioutp ' be sp _ TI50/TO50
An on-chip pull-up resistor can be used by setting software.
P73 TI51/TO51
P74 TI011/PCL
P75 TI001/TO01/BUZ
P80 Port 8 SS1
1-bit I/0 port.
Input/output mode can be specified in 1-bit units.
An on-chip pull-up resistor can be used by setting software.
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6.2 Port Configuration
A port consists of the following hardware.

Table 6-3. Port Configuration

Iltem Configuration

Control registers Port mode register (PMm: m = 0, 2 to 8)
Port register (Pm: m = 0 to 8)
Pull-up resistor option register (PUm: m =0, 2 to 8)

Ports Total: 52 ports (8 inputs, 44 1/0)

Pull-up resistor ¢ Mask ROM version
Total: 44 (software control: 40, mask option: 4Note)
* Flash memory version Total: 40

Note Two for the uPD780078Y Subseries.

6.2.1 Port0

Port 0 is a 4-bit I/0 port with an output latch. Port 0 can be set to the input or output mode in 1-bit units using
port mode register 0 (PMO0). An on-chip pull-up resistor can be connected to P00 to P03 in 1-bit units using pull-up
resistor option register 0 (PUO).

This port can also be used for external interrupt request input and A/D converter external trigger input.

RESET input sets port 0 to input mode.

Figure 6-2 shows a block diagram of port 0.

Cautions 1. Port 0 functions alternately as an external interrupt request input pin. If the output mode of
the port function is specified and the output level of the port is changed while interrupts are
not disabled by the external interrupt rising edge enable register (EGP) and external interrupt
falling edge enable register (EGN), the interrupt request flag is set. Thus, when the output
mode is used, set the interrupt mask flag to 1.

2. When the external interrupt request function is switched to the port function, edge detection
may be performed. Therefore, set bit n (EGPn) of EGP and bit n (EGNn) of EGN to 0 before
selecting the port mode.

3. Whenusing PO3/INTP3/ADTRG as an A/D converter external trigger input, specify valid edges
by setting bits 1 and 2 (EGA00 and EGAO01) of A/D converter mode register 0 (ADMO0) and set
the interrupt mask flag (PMK3) to 1.

Remark n=0to 3
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Figure 6-2. Block Diagram of P00 to P03

] Vopo
WRpu
l PUO
& PU0O to PUO3 {>c H P-ch
Alternate
function
RD
[2]
5| | oo
o 9
£
WRProRrT
POO/INTPO
S Output latch I\ ®)
~ (POO to P03) PO2/INTP2,
PO3/INTP3/ADTRG
WRpm
PMO
S PMO00 to PM03
N
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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6.2.2 Port 1
Port 1 is an 8-bit input-only port.
This port can also be used for A/D converter analog input.

Figure 6-3 shows a block diagram of port 1.

Figure 6-3. Block Diagram of P10 to P17

RD
~_
=}
Keo)
©
c
g
i<
A/D converter © P10/ANIO to P17/ANI7
—~

RD: Read signal
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6.2.3 Port 2
Port 2 is a

6-bit 1/0 port with an output latch. Port 2 can be set to the input or output mode in 1-bit units using

port mode register 2 (PM2). An on-chip pull-up resistor can be connected to P20 to P25 in 1-bit units using pull-up

resistor option register 2 (PU2).
This port can also be used for serial interface data I/O and clock 1/0.
RESET input sets port 2 to input mode.
Figures 6-4 to 6-7 show block diagrams of port 2.

When using P22/SCK1 as a general-purpose port, set bit 4 (CKP1) of serial clock select register

Caution
1 (CSIC1) to 1.
Figure 6-4. Block Diagram of P20, P23, and P25
M\ Vboo
WRpru
l PU2
PU20, PU23, |
> PU25 {>C | e
Alternate
function
RD
9 l N o<]—o@]7
2 & pd g
s 2
=
WRPpoRT
P20/SI1,
& Output latch IS © P23/RxDO
(P20, P23, P25) P25/ASCKO
WRpm
PM2
A PM20, PM23,
~ PM25
~_/

PU2: Pull-up resistor option register 2

PM

RD:

2:  Port mode register 2
Read signal

WRxx: Write signal

100
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Figure 6-5. Block Diagram of P21

PU2: Pull-up resistor option register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal

SS1:  3-wire SIO chip select signal

Voo

P-ch

M-  WRru
l PU2
& PU21 {>C
RD
S
g ~ @
2 WRPpoRT
©
c
o
£ A Output latch
~ (P21)
WRem
PM2
S PM21
Alternate
function
SS1
AN

—O P21/S01

Caution P21/SO1 has a function to forcibly turn off the output buffer via SS1 (3-wire SIO chip

select signal).
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Figure 6-6. Block Diagram of P22
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Vobo
M-  WReu
l PU2
S PU22 {>c I P-ch
Alternate
function
RD
s O< |_O<:]7
2 o~ &
2 WRePoRT
©
S
2
= A Output latch
S (P22) —@ P22/SCK1
WRpem
PM2
S PM22
Alternate
function
%
PU2: Pull-up resistor option register 2
PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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Figure 6-7. Block Diagram of P24

Vopo

P-ch

WReu
l PU2
& PU24 {>c
RD
& A % NG
2 N )
2 WRePoRT
[]
c
8
£ A Qutput latch
~ (P24)
WRpm
PM2
S PM24
Alternate
function
%
PU2: Pull-up resistor option register 2
PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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6.2.4 Port 3 (uPD780078 Subseries)
Port 3 is a 7-bit /0 port with an output latch. Port 3 can be set to the input or output mode in 1-bit units using

port mode register 3 (PM3).
This port has the following functions related to pull-up resistors. These functions differ depending on the port’s

higher 3 bits/lower 4 bits, and whether the product is a mask ROM version or a flash memory version.

Table 6-4. Pull-Up Resistor of Port 3 (uPD780078 Subseries)

Higher 3 Bits (P34 to P36 Pins) Lower 4 Bits (P30 to P33 Pins)
Mask ROM version An on-chip pull-up resistor can be An on-chip pull-up resistor can be specified
connected in 1-bit units by PU3 in 1-bit units by a mask option
Flash memory version An on-chip pull-up resistor is not provided

PUS3: Pull-up resistor option register 3

The P30 to P33 pins can drive LEDs directly.
The P34 to P36 pins can also be used for serial interface data I/0 and clock 1/O.

RESET input sets port 3 to input mode.
Figures 6-8 to 6-10 show block diagrams of port 3.

Figure 6-8. Block Diagram of P30 and P31 (uPD780078 Subseries)

RD Vooo
M\ T
Mask option resistor
Mask ROM version only
No pull-up resistor for
. —< flash memory version
S
a /I g
J
\I g
O P30, P31
2] WRPorT ©
o]
©
S
o l Output latch
£ S (P30, P31) D@_{ - N-ch
WRpm 7'/7'
PM3
S PM30, PM31
N

PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 6-9. Block Diagram of P32 and P33 (uPD780078 Subseries)

Vbbo

——

Mask option resistor

Mask ROM version only

Internal bus

RD
No pull-up resistor for
5 ‘4 ‘4 flash memory version
/I g3
© @
\I o
0
© P32, P33
WRPpoRT O
Output latch
O (P32, P33) D@—{ ~— N-ch
WRem 777.
PM3
G PM32, PM33

PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 6-10. Block Diagram of P34 to P36 (uPD780078 Subseries)

Vobo
M\
WRepu
l PU3
S PU34 to PU36 {>c I P-ch
Alternate
function
RD
l ] g O<]—O@]* |
@ o ®
2 ~ 2
©
c
o WReporT
£
A Output latch P34/SI3/TxD2,
~ (P34 to P36) ﬁ)_/\ © P35/S03/RxD2,
P36/SCK3/ASCK2
WRem
PM3
&S PM34 to PM36
Alternate
function
%

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

RD: Read signal

WRxx: Write signal
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6.2.5 Port 3 (uPD780078Y Subseries)
Port 3 is a 7-bit /0 port with an output latch. Port 3 can be set to the input or output mode in 1-bit units using

port mode register 3 (PM3).
This port has the following functions related to pull-up resistors. These functions differ depending on the bit location

and whether the product is a mask ROM version or a flash memory version.

Table 6-5. Pull-Up Resistor of Port 3 (uPD780078Y Subseries)

P34 to P36 Pins P30 and P31 Pins
Mask ROM version An on-chip pull-up resistor can An on-chip pull-up resistor can be specified
be connected in 1-bit units by in 1-bit units by mask option
PUS3 An on-chip pull-up resistor is not provided

Flash memory version

PUS: Pull-up resistor option register 3
Caution The P32 and P33 pins have no pull-up resistor.

The P30 to P33 pins can drive LEDs directly.
The P32 to P36 pins can also be used for serial interface data 1/0 and clock /0.

RESET input sets port 3 to input mode.
Figures 6-11 to 6-13 show block diagrams of port 3.

Figure 6-11. Block Diagram of P30 and P31 (uPD780078Y Subseries)

RD Vboo
Y% T
Mask option resistor
Mask ROM version only
No pull-up resistor for
N —C flash memory version
s
Pary /I g
A
~ 3
O P30, P31
2] WRPpoRT O
Ke)
©
IS
o L Qutput latch
£ ~ (P30, P31) ) -—— N-ch
WRem 777-
PM3
© PM30, PM31
N

PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 6-12. Block Diagram of P32 and P33 (uPD780078Y Subseries)

Selector

<<

P32/SDAO,
© P33/SCLO

<«~—— N-ch

M\
RD
A \I
[2]
3 WRPpoRT
©
c
Q
i Output latch
~ (P32, P33)
WRem
PM3
O PM32, PM33
U Alternate
function

PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Internal bus

Figure 6-13. Block Diagram of P34 to P36 (uPD780078Y Subseries)

Vbbo
WReu
l PU3
& PU34 to PU36 {>c H P-ch
Alternate
function
RD
| g ool
[s]
N <
~ 3
WRPpoRT
A Output latch P34/SI13/TxD2,
S (P34 to P36) ﬁ)_/\ NN © P35/SO3/RXD2,
P36/SCK3/ASCK2
WRem
PM3
& PM34 to PM36
Alternate
function

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

RD: Read signal

WRxx: Write signal
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6.2.6 Port4

Port 4 is an 8-bit I/O port with an output latch. Port 4 can be set to the input or output mode in 1-bit units using
port mode register 4 (PM4). An on-chip pull-up resistor can be connected to P40 to P47 in 1-bit units using pull-up
resistor option register 4 (PU4).

The interrupt request flag (KRIF) can be set to 1 by detecting falling edges.

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

RESET input sets port 4 to input mode.

Figures 6-14 and 6-15 show a block diagram of port 4 and a block diagram of the falling edge detector, respectively.

Cautions 1. Anon-chip pull-up resistor is not disconnected even if the external memory expansion mode
is set when PU4n =1 (n =0 to 7).
2. Whenusing the falling edge detection interrupt (INTKR), be sure to set the memory expansion
mode register (MEM) to 01H.

Figure 6-14. Block Diagram of P40 to P47

Vobo
WRpu PU4
(N ‘
PU40 to PU47 {>O—| P-ch
Alternate -
RD function
I Selector \
[2]
>
E e
= WRpProrT
S
Q
€ Output latch I P40/ADO
(P40 to P47) Selector O 1
j‘ P47/AD7
Alternate
function
WRem PM4
PM40 to PM47
Memory expansion
mode register
(MEM)
Nl

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

RD: Read signal

WRxx: Write signal
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Figure 6-15. Block Diagram of Falling Edge Detector

P40

P41 O—
P42 ©—L
P43 @—;
P44 O— ]

}}

P45 @J

P46 O
P47

Falling edge detector

— INTKR

:

1 when MEM = 01H
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6.2.7 Port5

Port 5 is an 8-bit I/O port with an output latch. Port 5 can be set to the input or output mode in 1-bit units using
port mode register 5 (PM5). An on-chip pull-up resistor can be connected to P50 to P57 in 1-bit units using pull-up
resistor option register 5 (PU5).

Port 5 can drive LEDs directly.

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

RESET input sets port 5 to input mode.

Figure 6-16 shows a block diagram of port 5.

Caution An on-chip pull-up resistor is not disconnected even if the external memory expansion mode
is set when PU5n =1 (n = 0 to 7).

Figure 6-16. Block Diagram of P50 to P57

Vopo

WRPpu PU5
(N
PUS50 to PU57 {>@—| P-ch
RP
f] Selector A—C_

[2]
>
2 .
] WRepoRT
£
2
< Output latch | P50/A8

(P50 to P57) Selector O 1

= P57/A15
Alternate
function
WRPM PM5
PM50 to PM57
Memory expansion
mode register
(MEM)
/_\_/

PUS5: Pull-up resistor option register 5
PM5:  Port mode register 5

RD: Read signal

WRxx: Write signal
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6.2.8 Port 6

Port 6 is a 4-bit /0 port with an output latch. Port 6 can be set to the input or output mode in 1-bit units using
port mode register 6 (PM6). An on-chip pull-up resistor can be connected to P64 to P67 in 1-bit units using pull-up
resistor option register 6 (PUB6).

This port can also be used for control signal output in external memory expansion mode.

RESET input sets port 6 to input mode.

Figures 6-17 and 6-18 show block diagrams of port 6.

Cautions 1. Anon-chip pull-up resistor is not disconnected even if the external memory expansion mode
is set when PU6n =1 (n =4 to 7).
2. When external wait is not used in external memory expansion mode, P66 can be used as an
1/0 port.
Figure 6-17. Block Diagram of P64, P65, and P67
Vopo
WRru PUG
(N
PU64, PU65, PU67 {>@—| P-ch
RD
|
Selector (
1]
=}
2 b
© WReProRrT
c
5
£ J\ Output latch | P64/RD,
(P64, P65, P67) Selector © P65/ WR,
P67/ASTB
Alternate
function
WRem PM6
PM64, PM65, PM67
Memory expansion
mode register
(MEM)
.
PUG: Pull-up resistor option register 6
PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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Figure 6-18. Block Diagram of P66

Vopo

WRPU PUG
N\ ‘
PU66 {>®—| P-ch
Alternate
RD function
I Selector (
[2]
>
2 b
©
£ WRProRT
2
= ‘ Output latch | AT
u
(P66) Selector © P66/WAIT
Memory expansion
WRem PM6 mode register (MEM)
PM66
R,

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

RD: Read signal
WRxx: Write signal
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6.2.9 Port7
Port 7 is a 6-bit /0 port with an output latch. Port 7 can be set to the input or output mode in 1-bit units using

port mode register 7 (PM7). An on-chip pull-up resistor can be connected to P70 to P75 in 1-bit units using pull-up
resistor option register 7 (PU7).

This port can also be used for timer I/O, clock output, and buzzer output.

RESET input sets port 7 to input mode.

Figures 6-19 and 6-20 show block diagrams of port 7.

Figure 6-19. Block Diagram of P70 and P72 to P75

Vbbo
M\
WRpru
l PU7
& PU70, PU72 to PU75 {>c H P-ch
Alternate
function
RD
l pd 8 - <] - <] |
(2] \ 8
2 ~ 3
=
S
< WRProRT
=
P70/T1000/TO0O0,
A Qutput latch P72/TI150/TO50,
= (P70, P72 to P75) ﬁ)_/\ I O P73/TI51/TO51,
P74/T1011/PCL,
WRpu P75/TI001/TO01/BUZ
PM7
oy PM70, PM72 to PM75
Alternate
function
N

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

RD: Read signal

WRxx: Write signal
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Figure 6-20. Block Diagram of P71

M\ Vbbo
WReu
l PU7
& PU71 {>O I P-ch
Alternate
function
RD
é Fan /I "("O_;
O o2
5 ~ B
<
2
£ WRPpoRT
& Output latch IS © P71/TI010
(P71)
WRem
l PM7
e PM71
N\

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

RD: Read signal
WRxx: Write signal
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6.2.10 Port 8

Port 8 is a 1-bit /O port with an output latch. Port 8 can be set to the input or output mode in 1-bit units using
port mode register 8 (PM8). An on-chip pull-up resistor can be connected to P80 in 1-bit units using pull-up resistor

option register 8 (PU8).
This port can also be used for serial interface chip select input.
RESET input sets port 8 to input mode.
Figure 6-21 shows a block diagram of port 8.

Figure 6-21. Block Diagram of P80

M\ Vbbo
WReu
l PU8
S PU80 D@ I P-ch
Alternate
function
RD
B Y
Qo \ o9
T N 2
£
Q
= WRPpoRT
A Output latch I\ e
< (P80) © P80/SS1
WRem
PM8
S PM80
N\

PUS8: Pull-up resistor option register 8
PM8:  Port mode register 8

RD: Read signal

WRxx: Write signal

User’'s Manual U14260EJ3V1UD

117



*

CHAPTER 6 PORT FUNCTIONS

6.3

Port Function Control Registers

The following three types of registers control the ports.

M

118

Port mode registers (PM0O, PM2 to PM8)
Port registers (PO to P8)
Pull-up resistor option registers (PUO, PU2 to PU8)

Port mode registers (PM0, PM2 to PM8)

These registers are used to set port input/output in 1-bit units.

PMO and PM2 to PM8 are independently set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PMO and PM2 to PM8 to FFH.

When using a port pin as its alternate-function pin, set the port mode registers and output latches as shown in
Table 6-6.

Cautions 1. Pins P10 and P17 are input-only pins.

2. Port 0 functions alternately as an external interrupt request input pin. If the output mode
of the port function is specified and the output level of the port is changed while interrupts
are not disabled by the external interrupt rising edge enable register (EGP) and external
interrupt falling edge enable register (EGN), the interrupt request flag is set. When the
output mode is used, therefore, the interrupt mask flag should be set to 1 beforehand.

3. If a port has an alternate function pin and it is used as an alternate output function, set the
corresponding output latches (PO and P2 to P8) to 0.
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Address:

Symbol
PMO

Address:

Symbol
PM2

Address:

Symbol
PM3

Address:

Symbol
PM4

Address:

Symbol
PM5

Address:

Symbol
PM6

Address:

Symbol
PM7

Address:

Symbol
PM8

Figure 6-22. Format of Port Mode Register (PM0, PM2 to PM8)
FF20H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 1 1 PMO03 PMO02 PMO1 PMO0OO
FF22H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 PM25 PM24 PM23 PM22 PM21 PM20
FF23H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
FF24H After reset: FFH R/W
7 6 5 4 3 2 1 0
PM47 PM46 PM45 PM44 PM43 PM42 PM41 PM40
FF25H After reset: FFH R/W
7 6 5 4 3 2 1 0
PM57 PM56 PM55 PM54 PM53 PM52 PM51 PM50
FF26H After reset: FFH R/W
7 6 5 4 3 2 1 0
PM67 PM66 PM65 PM64 1 1 1 1
FF27H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 PM75 PM74 PM73 PM72 PM71 PM70
FF28H After reset: FFH R/W
7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 PM80
PMmn Pmn pin 1/0 mode selection (m =0,2to 8: n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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Table 6-6. Port Mode Registers and Output Latch Settings When Alternate Function Is Used (1/2)

Pin Name Alternate Function PMxx Pxx
Name I/0
P00 to P02 INTPO to INTP2 Input 1 X
P03 INTP3 Input 1 X
ADTRG Input 1 X
P10 to P17 ANIO to ANI7 Input 1 (fix) X
P20 Si1 Input 1 X
P21 SO1 Output 0 0
P22 SCKA1 Input 1 X
Output 0 0
P23 RxDO Input 1 X
P24 TxDO Output 0 0
P25 ASCKO Input 1 X
P32 SDAQNete ! /0 0 0
P33 ScLoNete! 1/0 0 0
P34 SI3 Input 1 X
TxD2 Qutput 0 0
P35 SO3 Output 0 0
RxD2 Input 1 X
P36 SCK3 Input 1 x
Qutput 0 0
ASCK2 Input 1 X
P40 to P47 ADO to AD7 1/0 xNote 2
P50 to P57 A8to A15 Output xNote 2
P64 RD Output xNote 2
P65 WR Output xNote 2
P66 WAIT Input 1Note 2 «Note 2
P67 ASTB Output xNote 2

Notes 1. puPD780078Y Subseries only

2. When using the P40 to P47, P50 to P57, and P64 to P67 pins as alternate-function pins, set the function

using the memory expansion mode register (MEM).

Remark x:

Don’t care

PMxx: Port mode register
Port register (port output latch)

Pxx:
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Table 6-6. Port Mode Registers and Output Latch Settings When Alternate Function Is Used (2/2)

Pin Name Alternate Function PM>xx Pxx
Name I/0
P70 TI000 Input 1 X
TOO00 Output 0 0
P71 TIO10 Input 1 X
P72 TI50 Input 1 X
TO50 Output 0 0
P73 TI51 Input 1 X
TO51 Output 0 0
P74 TIO11 Input 1 X
PCL Output 0 0
P75 TI0O1 Input 1 X
TOO1 Output 0 0
BUZ Output 0 0
P80 SS1 Input 1 x
Remark x: Don’t care

PMxx: Port mode register
Port register (port output latch)

Pxx:
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*x (2) Port registers (PO to P8)
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.
PO to P8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears PO to P8 to 00H (but P1 is undefined).

Figure 6-23. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
Po| o | o | o | o | poa | Po2 | Pot | Poo | FFoOH  00M (outputlatch) R
7 6 5 4 3 2 1 0
Pt | P17 | pte | Pts | P1a | P13 | Pi2 | P11 | Pio | FFOIH Undefined R
7 6 5 4 3 2 1 0
P2| o | o | ps | paa | P23 | P2 | P2t | P20 | FFo2H  OOH (outputlatch) RW
7 6 5 4 3 2 1 0
P3| o | Pss | Pss | Ps4 | Pss | Ps2 | Pa1 | P30 | FFOSH  0OM (outputlatch) R
7 6 5 4 3 2 1 0
Pa | Pa7 | Pas | Pas | Pas | Pas | Paz | P41 | P40 | FFO4H  0OM (outputlatch) R
7 6 5 4 3 2 1 0
Ps | P57 | Pse | Pss | Ps4 | P53 | Ps2 | P51 | Pso | FFOSH  OOM (outputlatch) R
7 6 5 4 3 2 1 0
Pe | P67 | Pes | Pes | Pe4 | o | o | o | o | FFosH  00M (outputlatch) RW
7 6 5 4 3 2 1 0
P7| o | o | prs | Pra | Pra | P2 | P71 | P70 | FFO7H  0OH (outputlatch) RW
7 6 5 4 3 1 0
e o | o | o | o | o | o | o | peo | FFosH  00H (outputlatch) RW
Pmn m=0to8, n=0to7
Qutput 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 (PU0, PU2 to PU8)
These registers are used to set whether to connect an on-chip pull-up resistor at each port or not. By setting
PUO and PU2 to PUS8, the on-chip pull-up resistors of the port pins corresponding to the bits in PUO and PU2
to PU8 can be connected.
PUO and PU2 to PU8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PUO and PU2 to PU8 to O0OH.

Cautions 1. The P10 and P17 pins do not incorporate a pull-up resistor.
2. Pins P30 to P33 (in the uPD780078Y Subseries, P30 and P31 pins) can be connected to a
pull-up resistor via a mask option only for mask ROM versions.
3. WhenPUmis setto 1,the on-chip pull-up resistor is connected irrespective of the input/
output mode. When using in output mode, set the bit of PUm to 0 (m = 0, 2 to 8).
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Address:

Symbol
PUO

Address:

Symbol
PU2

Address:

Symbol
PU3

Address:

Symbol
PU4

Address:

Symbol
PU5

Address:

Symbol
PU6

Address:

Symbol
PU7

Address:

Symbol
PU8
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Figure 6-24. Format of Pull-Up Resistor Option Register (PUO, PU2 to PU8)

FF30H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 PUO3 PU02 PUO1 PUOO
FF32H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 PU25 PU24 PU23 PU22 PU21 PU20
FF33H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 PU36 PU35 PU34 0 0 0 0
FF34H After reset: 00H R/W
7 6 5 4 3 2 1 0
PU47 PU46 PU45 PU44 PU43 PU42 PU41 PU40
FF35H After reset: 00H R/W
7 6 5 4 3 2 1 0
PU57 PU56 PU55 PU54 PU53 PU52 PU51 PU50
FF36H After reset: 00H R/W
7 6 5 4 3 2 1 0
PU67 PUG66 PU65 PU64 0 0 0 0
FF37H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 PU75 PU74 PU73 PU72 PU71 PU70
FF38H After reset: 00H R/W
7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 PUB80
PUmn Pmn pin on-chip pull-up resistor selection (m =0, 2to 8: n=0to 7)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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6.4 Port Function Operations

Port operations differ depending on whether the input or output mode is set, as shown below.

Caution Inthe case of 1-bit memory manipulation instruction, although a single bit is manipulated, the
port is accessed in 8-bit units. 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.

6.4.1 Writing to I/O port

M

()

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.

When a reset is input, the data in the output latch is cleared.

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.

6.4.2 Reading from /O port

Q)

(2

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

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

6.4.3 Operations on I/0 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.

When a reset is input, the data in the output latch is cleared.

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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6.5 Selection of Mask Option
The following mask option is provided in the mask ROM versions. The flash memory versions have no mask options.

Table 6-7. Comparison Between Mask ROM Version and Flash Memory Version

Pin Name Mask ROM Version Flash Memory Version
Mask option for pins P30 to P33Note | On-chip pull-up resistors specifiable in 1-bit Cannot specify an on-chip pull-up
units resistor

Note For uPD780078Y Subseries products, only the P30 and P31 pins can incorporate a pull-up resistor.
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7.1 Clock Generator Functions

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.

The following two system clock oscillators are available.

(1) Main system clock oscillator

This circuit oscillates a clock with the following frequencies.

¢ 1 to 8.38 MHz: Conventional product of uPD780078 Subseries and uPD780078Y Subseries

* 11012 MHz: Expanded-specification product of uyPD780078 Subseries

Oscillation can be stopped by executing the STOP instruction or setting the processor clock control register

(PCC).

(2) Subsystem clock oscillator

The circuit oscillates a clock with a frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem
clock oscillator is not used, the internal feedback resistor can be disabled by the processor clock control register
(PCC). This enables a reduction of power consumption in the STOP mode.

7.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 7-1. Clock Generator Configuration

Item

Configuration

Control registers

Processor clock control register (PCC)

Oscillation stabilization time select register (OSTS)

Oscillators

Main system clock oscillator
Subsystem clock oscillator

Controllers

Prescaler
Standby controller

Wait controller
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Figure 7-1. Block Diagram of Clock Generator

Internal bus

Oscillation stabilization
time select register (OSTS)

FRC
J OSTS2|0STS1|0STS0
XT1©——={ Subsystem | g, \;'—‘ Watch timer
clock )
XT2@©———  oscillator ?Lljzilt(ig:tpm
Prescaler
1/2
Clock to
X1©——= Main system peripheral
clock Prescaler b hardware
X2@——| oscillator fx 2
bl B i ] B 3
2 22| 28| 24 —
£ | __| Standby Wait | _ CPU clock
2 controller controller (fcpu)
n
HALT
3
STOP

MCC | FRC | CLS | CSS |PCC2|PCC1|PCCO

Processor clock control register
(PCC)

Internal bus

User’s Manual U14260EJ3V1UD



CHAPTER 7 CLOCK GENERATOR

7.3 Clock Generator Control Registers
The clock generator is controlled by the following two registers.

 Processor clock control register (PCC)
* Oscillation stabilization time select register (OSTS)

(1) Processor clock control register (PCC)
PCC selects the CPU clock and the division ratio, sets main system clock oscillator operation/stop and sets
whether to use the subsystem clock oscillator internal feedback resistorNete,
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCC to 04H.

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.
When the subsystem clock is not used, the power consumption in the STOP mode can be reduced by setting
bit 6 (FRC) of PCC to 1 (refer to Figure 7-7 Subsystem Clock Feedback Resistor).
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Figure 7-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH After reset: 04H  R/wnNote 1

Symbol (6] 3 2 1 0
pcc | mcc | FRc | cs | css | o PCC2 PCCH PCCO
MCC Main system clock oscillation controlN°te2
0 Oscillation possible
1 Oscillation stopped
FRC Subsystem clock feedback resistor selection
0 Internal feedback resistor used
1 Internal feedback resistor not usedM°t 3
CLS CPU clock status
0 Main system clock
1 Subsystem clock
CSS PCC2 PCC1 PCCO CPU clock (fcru) selection
0 0 0 0 fx
0 0 1 fx/2
0 1 0 fx/22
0 1 1 fx/23
1 0 0 fx/24
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. Bit 5 is read only.
2. When the CPU is operating on the subsystem clock, MCC should be used to stop the main system clock
oscillation. The STOP instruction should not be used.
3. This bit can be set to 1 only when the subsystem clock is not used.

Cautions 1. Be sure to set bit 3 to 0.
2. When the external clock is input, MCC should not be set.

This is because the X2 pin is connected to Vop1 via a pull-up resistor.

Remarks 1. fx: Main system clock oscillation frequency
2. fx1: Subsystem clock oscillation frequency
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The fastest instructions of the yPD780078 and 780078Y Subseries are carried out in two CPU clocks. The
relationship between the CPU clock (fcpu) and minimum instruction execution time is shown in Table 7-2.

Table 7-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcru) Minimum Instruction Execution Time: 2/fcpu

fx = 8.38 MHz | fx = 12 MHzNote | fx7 = 32.768 kHz
fx 0.238 us 0.166 us -
fx/2 0.477 us 0.333 us -
fx/22 0.954 us 0.666 us -
fx/28 1.90 us 1.33 us -
fx/2% 3.81 us 2.66 us -
fxt/2 - - 122 us

Note Expanded-specification products of uyPD780078 Subseries only

Remark fx:

Main system clock oscillation frequency

fxt: Subsystem clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the oscillation stabilization time from when reset is effected or STOP mode is
released to when oscillation is stabilized.
OSTS is set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 04H. Thus, when releasing the STOP mode byTSET input, the time required to
release is 2'7/fx.

Figure 7-3. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFAH After reset: 04H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 0OSTS2 OSTSH1 OSTSO0
OSTS2 OSTSH OSTSO0 Selection of oscillation stabilization time
fx = 8.38 MHz fx = 12 MHzNote
0 0 0 212/fy 488 us 341 us
0 0 1 214/ 1.95 ms 1.36 ms
0 1 0 215/tx 3.91 ms 2.73 ms
0 1 1 216/fx 7.82 ms 5.46 ms
1 0 0 217/fx 15.6 ms 10.9 ms
Other than above Setting prohibited

Note Expanded-specification products of uPD780078 Subseries only.
Caution The wait time when STOP mode is released does not include the time (“a” in the figure below)
from when STOP mode is released until the clock starts oscillation.

This also applies when RESET is input and an interrupt request is generated.

STOP mode is released

Voltage waveform l
of X1pin  "=7777"

Remark fx: Main system clock oscillation frequency
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7.4 System Clock Oscillator

7.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (8.38 MHz TYP.)
connected to the X1 and X2 pins.

External clocks can be input to the main system clock oscillator. In this case, input a clock signal to the X1 pin
and an inverted-phase clock signal to the X2 pin.

Figure 7-4 shows an external circuit of the main system clock oscillator.

Figure 7-4. External Circuit of Main System Clock Oscillator

(a) Crystal and ceramic oscillation (b) External clock

1

X2
! 4' IT’WW X2
1
1 I I X1 External
1

Vssi clock X

Crystal resonator or
ceramic resonator

Caution Do not execute the STOP instruction and do not set MCC (bit 7 of processor clock control
register (PCC)) to 1 if an external clock is input. This is because when the STOP instruction
isexecuted or MCC is setto 1, the main system clock operation stops and the X2 pin is connected
to Vob1 via a pull-up resistor.
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7.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a crystal resonator (32.768 kHz TYP.) connected to the XT1 and
XT2 pins.

External clocks can be input to the subsystem clock oscillator. In this case, input a clock signal to the XT1 pin
and an inverted-phase clock signal to the XT2 pin.

Figure 7-5 shows an external circuit of the subsystem clock oscillator.

Figure 7-5. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock

i— FI—W XT2 XT2
1

B 32.768

\ B

! External

! >—| XT1 clock XT1
[ Vssi

Cautions are listed on the next page.
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Caution 1. When using the main system clock oscillator and subsystem clock oscillator, wire as follows
in the area enclosed by broken lines in Figures 7-4 and 7-5 to avoid an adverse effect from
wiring capacitance.
¢ Keep the wiring length as short as possible.
¢ Do not cross the wiring with 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 Vssi. 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 7-6 shows examples of incorrect resonator connection.

Figure 7-6. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORTn
(n=0to8)

X2 X1 Vsst X2 X1 Vsst

0 0

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 7-6. Examples of Incorrect Resonator Connection (2/2)
(c) Wiring near high fluctuating current (d) Current flowing through ground line of

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

Vopo

Pnm
X2 Vssi

X1 Vsst

AD}{ | P” %
7 T

e

High current

(e) Signals are fetched

X2 X1 Vssi

T
LT

> 4

Ve

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

Caution 2. When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1,

resulting in malfunction.

To prevent that from occurring, it is recommended to wire X2 and XT1 so that they are not
in parallel, and to connect the IC pin between X2 and XT1 directly to Vssi.
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7.4.3 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.

XT1: Connect directly to Vooo or Vpb1
XT2: Leave open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator
when the main system clock stops. To minimize leakage current, the above internal feedback resistor can be removed
by setting bit 6 (FRC) of the processor clock control register (PCC). In this case also, connect the XT1 and XT2 pins
as described above.

Figure 7-7. Subsystem Clock Feedback Resistor

FRC

P-cﬂ_

Feedback resistor m DO

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.
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7.5

Clock Generator Operations

The clock generator generates the following types of clocks and controls the CPU operating mode including the
standby mode.

Main system clock  fx
Subsystem clock  fxt

CPU clock  fcpu

Clock to peripheral hardware

The following clock generator functions and operations are determined by the processor clock control register
(PCC).

(a)

()

Upon generation of the RESET signal, the lowest speed mode of the main system clock (3.81 us @ 8.38 MHz
operation) is selected (PCC = 04H). Main system clock oscillation stops while a low level is applied to the RESET

pin.

With the main system clock selected, one of the five levels of minimum instruction execution time (0.166 us, 0.333
us, 0.666 us, 1.33 us, 2.66 us: @ 12 MHz operationN°te, 0.238 us, 0.476 us, 0.954 us, 1.90 us, 3.81 us: @ 8.38
MHz operation) can be selected by setting PCC.

With the main system clock selected, two standby modes, the STOP and HALT modes, are available. To reduce
power consumption in the STOP mode, the subsystem clock feedback resistor can be disconnected to stop the
subsystem clock.

PCC can be used to select the subsystem clock and to operate the system with low power consumption (122
us @ 32.768 kHz operation).

With the subsystem clock selected, main system clock oscillation can be stopped via PCC. The HALT mode
can be used. However, the STOP mode cannot be used (subsystem clock oscillation cannot be stopped).

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied to
the watch timer and clock output functions only. Thus the watch function and the clock output function can also
be continued in the standby state. However, since all other peripheral hardware operate with the main system
clock, the peripheral hardware also stops if the main system clock is stopped (except external input clock
operation).

Note Expanded-specification products of uPD780078 Subseries only
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7.5.1 Main system clock operations
When operating with the main system clock (with bit 5 (CLS) of the processor clock control register (PCC) set to
0), the following operations are carried out by PCC setting.

(a) Because the operation-guaranteed instruction execution speed depends on the power supply voltage, the
minimum instruction execution time can be changed by bits 0 to 2 (PCCO0 to PCC2) of PCC.

(b) When bit 4 (CSS) of PCC is set to 1 when operating with the main system clock, if bit 7 (MCC) of PCC is set
to 1 after the operation has been switched to the subsystem clock (CLS = 1), the main system clock oscillation
stops (see Figure 7-8 (1)).

(c) If bit 7 (MCC) of PCC is set to 1 when operating with the main system clock, the main system clock oscillation
does not stop. When bit 4 (CSS) of PCC is set to 1 and the operation is switched to the subsystem clock (CLS
= 1) after that, the main system clock oscillation stops (see Figure 7-8 (2)).

Figure 7-8. Main System Clock Stop Function

(1) Operation when MCC is set after setting CSS with main system clock operation

MCC

CSSs

CLS

Main system clock oscillation

Subsystem clock oscillation

CPU clock ||||||||||||§||||||

(2) Operation when CSS is set after setting MCC with main system clock operation

MCC \

CSs

cLs / j)

Oscillation does not stop

Main system clock oscillation

Subsystem clock oscillation J

CPU clock ||||||||||||§|||||
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7.5.2 Subsystem clock operations
When operating with the subsystem clock (with bit 5 (CLS) of the processor clock control register (PCC) set to

1), the following operations are carried out.

(a) The minimum instruction execution time remains constant (122 us @ 32.768 kHz operation) irrespective of bits
0 to 2 (PCCO to PCC2) of PCC.

(b) Watchdog timer counting stops.

Caution

Do not execute the STOP instruction while the subsystem clock is in operation.

7.6 Changing System Clock and CPU Clock Settings

7.6.1 Time required for switchover between system clock and CPU clock
The system clock and CPU clock can be switched over by means of bits 0 to 2 (PCCO0 to PCC2) and bit 4 (CSS)
of the processor clock control register (PCC).
The actual switchover operation is not performed directly after writing to the PCC; operation continues on the pre-

switchover clock for several instructions (see Table 7-3).
Determination as to whether the system is operating on the main system clock or the subsystem clock is performed
by bit 5 (CLS) of the PCC register.

Table 7-3. Maximum Time Required for CPU Clock Switchover

Set Value Before

Set Value After Switchover

Switchover

CSS |PCC2|PCC1|PCCO| CSS [PCC2|PCC1[PCCO| CSS [PCC2| PCC1|PCCO| CSS |PCC2[PCC1|PCCO| CSS |PCC2| PCC1|PCCO| CSS [PCC2|PCC1[PCCO| CSS |PCC2|PCC1|PCCO

ofojo|jojojofojt1tfojo|tjojofo|1ft1jo|1]|]O0]|]O0|1]|x|x]Xx

0|0(0]O 16 instructions 16 instructions 16 instructions 16 instructions | fx/2fxt instruction
0|0 |1 8 instructions 8 instructions 8 instructions 8 instructions fx/4fxt instruction
0|1 0 4 instructions 4 instructions 4 instructions 4 instructions fx/8fxt instruction
0|1 1 2 instructions 2 instructions 2 instructions 2 instructions | fx/16fxt instruction
1]10]0 1 instruction 1 instruction 1 instruction 1 instruction fx/32fxt instruction

1 X | X | X 1 instruction 1 instruction 1 instruction 1 instruction 1 instruction

Remark One instruction is the minimum instruction execution time with the pre-switchover CPU clock.

Caution

140

Selection of the CPU clock cycle division ratio (PCCO to PCC2) and switchover from the main
system clockto 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 ratio
(PCCO0 to PCC2) and switchover from the subsystem clock to the main system clock (changing
CSS from 1 to 0).
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7.6.2 System clock and CPU clock switching procedure
This section describes procedure for switching between the system clock and CPU clock.

Figure 7-9. System Clock and CPU Clock Switching

RESET I_I

Interrupt request signal

e

System clock ‘ ‘ ‘ fx ‘ fx fxr fx
CPU clock ‘ ‘ ‘ Lowest- ‘ Highest- Subsystem High-speed
speed speed clock operation
operation operation operation

Wait (15.6 ms: @8.38 MHz operation)

Internal reset operation

<1> The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the RESET signal to high level, the main system clock starts oscillation. At this time, the oscillation
stabilization time (2'7/fx) is secured automatically.
After that, the CPU starts executing instructions at the minimum speed of the main system clock (3.81 us @
8.38 MHz operation).

<2> After the lapse of sufficient time for the Vbp voltage to increase to enable operation at maximum speeds, PCC
is rewritten and maximum-speed operation is carried out.

<3> Upon detection of a decrease of the Vob voltage due to an interrupt request signal, the main system clock is
switched to the subsystem clock (which must be in an oscillation stable state).

<4> Upon detection of Vop voltage reset due to an interrupt, 0 is set to the MCC and oscillation of the main system
clock is started. After the lapse of the time required for stabilization of oscillation, PCC is rewritten and the
maximum-speed operation is resumed.

Caution When the main system clock is stopped and the device is operating on the subsystem clock,

wait until the oscillation stabilization time has been secured by the program before switching
back to the main system clock.
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8.1 Functions of 16-Bit Timer/Event Counters 00, 01

M

()

3)

4

(5

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

Interval timer
16-bit timer/event counters 00, 01 generate interrupt requests at the preset time interval.
* Number of counts: 2 to 65536

External event counter
16-bit timer/event counters 00, 01 can measure the number of pulses with a high-/low-level width of a signal input
externally.

* Valid level pulse width: 16/fx or more

Pulse width measurement
16-bit timer/event counters 00, 01 can measure the pulse width of an externally input signal.
e Valid level pulse width: 2/fx or more

Square-wave output
16-bit timer/event counters 00, 01 can output a square wave with any selected frequency.
* Cycle: (2 x 2 to 65536 x 2) x count clock cycle

PPG output
16-bit timer/event counters 00, 01 can output a square wave that have arbitrary cycle and pulse width.
* 2 < Pulse width < Cycle < (FFFF + 1) H
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8.2 Configuration of 16-Bit Timer/Event Counters 00, 01

16-bit timer/event counters 00, 01 consist of the following hardware.

Table 8-1.

Configuration of 16-Bit Timer/Event Counters 00, 01

ltem

Configuration

Timer counter

16-bit timer counter On (TMOnN)

Register

16-bit timer capture/compare registers 00n, 01n (CR0On, CRO1n)

Timer input

TIOON, TIO1n

Timer output

TOON, output controller

Control registers

16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCON)
Prescaler mode register On (PRMOnN)

Port mode register 7 (PM7)

Port register 7 (P7)

Remark n=0,1

Figures 8-1 and 8-2 show the block diagrams.

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter 00
q Internal bus §
Capture/compare control >
register 00 (CRCO00)

TI010/P71 ©——= elimi-

fx —
x/22 ——»=
fx/26 —

|_Selector |

—

Noise
fx/2% —{ elimi-
nator

Noise

Selector

nator

INTTMO00

|Se|ector|

16-bit timer capture/compare
register 000 (CR000)

P
I

TI000/TO00/P70"" © J

Prescaler mode
register 00 (PRM0O)

PRM010 |PRM000

16-bit timer counter 00
(TM00) R Output
L controller
Match
2 Output latch
- (P70)

Noise 16-bit timer capture/compare
el 177 register 010 (CRO10)

CRC020

-1
[rocoso] Lvsoo | LvRoo [Tocotd ToE0o)

[

16-bit timer mode
control register 00
(TMCO00)

(TOC00)

§

Internal bus

Note TIOO00 input and TOOO output cannot be used at the same time.
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Figure 8-2. Block Diagram of 16-Bit Timer/Event Counter 01

§

Internal bus

5

Capture/compare control

register 01 (CRCO1)

Noise
TI011/PCL/P74 ©@—— elimi-
nator

fx/2 —

fx/2% —=1

Selector]

16-bit timer capture/compare
register 001 (CR001)

|Selector|

u Match

I

fx/2° —=]

| Selector |

—
Noise
fx/28 —={elimi- | 12
nator
TI001/TO01/ Noise
BUZP75Nole © elimi- |
nator

PRMO11 | PRMOO1
Prescaler mode

register 01 (PRMO1)

(TMO01)

16-bit timer counter 01

<—Elear

_

L
Match

Output
controller

16-bit timer capture/compare
register 011 (CRO11)

INTTMOO1

TOO01/TI01/
BUZ/P75Ne

Output atch
(P75)

INTTMO11

CRCO021

[tMcot3[Tcot2] ovrot |

> 1
[rocoa1] Lvso1 | LvRot [ToC011| TOEO1 |

@ (TMCO1)

16-bit timer mode
control register 01

I

(TO

16-bit timer output
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CO01)

{

Internal bus

Note TI0O01 input and TOO1 output cannot be used at the same time.
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(1) 16-bit timer counter On (TMOnN)
TMOn is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the count clock. If the count value is read
during operation, input of the count clock is temporarily stopped, and the count value at that point is read.

Figure 8-3. Format of 16-Bit Timer Counter On (TMOn)

Address: FFOEH, FFOFH (TM00), FF6CH, FF6DH (TMO01) After reset: 0000H R

Symbol FFOFH (TMO0O) FFOEH (TM00)
FF6DH (TMO01) FF6CH (TMO01)
oo L T T T T T T T T T T T T T 1]

The count value is reset to 0000H in the following cases.

<1> At RESET input

<2> If TMCOn3 and TMCOn2 are cleared

<3> |If the valid edge of TIOOn is input in the clear & start mode entered by inputting the valid edge of TI0OOn
<4> If TMOn and CROONn match in the clear & start mode entered on a match between TMOn and CR0OOn

(2) 16-bit timer capture/compare register 00n (CRO0ON)
CROOnN is a 16-bit register which has the functions of both a capture register and a compare register. Whether
itis used as a capture register or as a compare register is set by bit 0 (CRC00n) of capture/compare control register
On (CRCON).
CROOnN is set by a 16-bit memory manipulation instruction.
RESET input clears CROON to 0000H.

Figure 8-4. Format of 16-Bit Timer Capture/Compare Register 00n (CR0OOn)

Address: FFOAH, FFOBH (CR000), FF68H, FF69H (CRO01)  After reset: 0000H  R/W

Symbol FFOBH (CR000) FFOAH (CR000)
FF69H (CR001) FF68H (CR001)

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

¢ When CROOn is used as a compare register
The value set in CROON is constantly compared with the 16-bit timer/counter On (TMOn) count value, and an
interrupt request (INTTMOON) is generated if they match. It can also be used as the register that holds the
interval time when TMOn is set to interval timer operation.

¢ When CROOn is used as a capture register

Itis possible to select the valid edge of the TI00n pin or the TI01n pin as the capture trigger. Setting of the TIOONn
or TI0O1n valid edge is performed by means of prescaler mode register On (PRMOn) (refer to Table 8-2).
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Table 8-2. CROOn Capture Trigger and Valid Edges of TIOOn and TI01n Pins

(1) TIOONn pin valid edge selected as capture trigger (CRCO1n = 1, CRCOOn = 1)

CROON Capture Trigger TIOONn Pin Valid Edge
ESO1n ES00n
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 (CRCO1n = 0, CRCOOn = 1)

CROON Capture Trigger TIO1n Pin Valid Edge
ES11n ES10n
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 ES01n, ES00n = 1, 0 and ES11n, ES10n = 1, 0 is prohibited.

Cautions 1.

2. ESO01n, ESOON: Bits 5 and 4 of prescaler mode register On (PRMOn)
ES11n, ES10n: Bits 7 and 6 of prescaler mode register On (PRMOnN)
CRCO01n, CRCOON: Bits 1 and 0 of capture/compare control register On (CRCOn)
3. n=0,1

Set CR0OON to a value other than 0000H in the clear & start mode entered on a match between
TMOn and CROONn. However, in the free-running mode and in the clear & start mode using
the valid edge of the TIOOn pin, if CROON is set to 0000H, an interrupt request (INTTMOON)
is generated when CR0OONn changes from 0000H to 0001H following overflow (FFFFH).

If the new value of CROOn is less than the value of 16-bit timer counter On (TMOn), TMOn
continues counting, overflows, and then starts counting from 0 again. If the new value of
CROOn is less than the old value, therefore, the timer must be reset to be restarted after the
value of CROOn is changed.

When P70 is used as the input pin for the valid edge of TI000, it cannot be used as a timer
output (TO00). Moreover, when P70 is used as TOO00, it cannot be used as the input pin for
the valid edge of TI000.

When P75 is used as the input pin for the valid edge of TI001, it cannot be used as a timer
output (TO01). Moreover, when P75 is used as TOO01, it cannot be used as the input pin for
the valid edge of TI0O1.

When CROOnN is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value). If count stop
input and capture trigger input conflict, the captured data is undefined.
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(3) 16-bit timer capture/compare register 01n (CR01n)
CRO1n is a 16-bit register which 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 (CRC02n) of capture/compare control register On
(CRCOn).
CRO1n is set by a 16-bit memory manipulation instruction.
RESET input clears CR0O1n to 0000H.

Figure 8-5. Format of 16-Bit Timer Capture/Compare Register 01n (CR01n)

Address: FFOCH, FFODH (CR010), FF6AH, FF6BH (CR011) After reset: 0000H R/W

Symbol FFODH (CR010) FFOCH (CR010)
FF6BH (CRO11) FF6AH (CRO11)

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

¢ When CRO1n is used as a compare register
The value set in CRO1n is constantly compared with the 16-bit timer counter On (TMOn) count value, and an
interrupt request (INTTMO1n) is generated if they match.

¢ 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 TIOOn valid edge is set by

means of prescaler mode register On (PRMOn) (refer to Table 8-3).

Table 8-3. CRO01n Capture Trigger and Valid Edge of TIOOn Pin (CRC02n = 1)

CRO1n Capture Trigger TIOONn Pin Valid Edge
ESO1n ES00n
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 ESO01n, ES00n = 1, 0 is prohibited.
2. ESO01n, ESOONn: Bits 5 and 4 of prescaler mode register On (PRMOn)
CRCO02n: Bit 2 of capture/compare control register On (CRCOn)
3. n=0,1

Cautions 1. IfCRO1nis setto 0000H, aninterruptrequest (INTTMO1n) is generated when CR01n changes
from 0000H to 0001H following overflow (FFFFH). INTTMO1n is generated after the match
between TMOn and CRO1n or after the valid edge of the TIOOn pin is detected.

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.

Remark n=0, 1
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8.3

Registers to Control 16-Bit Timer/Event Counters 00, 01

The following six types of registers are used to control 16-bit timer/event counters 00, 01.

)

148

16-bit timer mode control register On (TMCON)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCOnN)
Prescaler mode register On (PRMOn)

Port mode register 7 (PM7)

Port register 7 (P7)

Remark n=0, 1

16-bit timer mode control register On (TMCOn: n =0, 1)

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 is 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 (operation

stop mode) are set to a value other than 0, 0, respectively. Set TMCOn2 and TMCOn3 to 0, 0
to stop the operation.
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Figure 8-6. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address: FF60H  After reset: 00H R/W

Symbol 7 6 5 4 1 [0]
TMCO00 0 0 0 0 TMCO003 | TMC002 0 OVF00
TMCO003| TMC002 Operating mode TOO0O0 inversion timing selection| Interrupt request generation
and clear mode selection
0 0 Operation stop No change Not generated
(TMOO cleared to 0)
0 1 Free-running mode Match between TM0O and Generated on match
CRO000 or match between between TMOO and CRO000,
TMO00 and CR0O10 or match between TMOO and
1 0 Clear & start on TI000 pin — CRO10
valid edge
1 1 Clear & start on match between | Match between TMOO and
TMO00 and CRO00 CRO00 or match between
TMO00 and CR0O10
OVFO00 Overflow detection of 16-bit timer counter 00 (TMOO)
0 Overflow not detected
1 Overflow detected
Cautions 1. To write different data to TMCOO0, stop the timer operation before writing.

2. The timer operation must be stopped before writing to bits other than the OVF00 flag.

3. Set the valid edge of the TI000/TO00/P70 pin with prescaler mode register 00 (PRMO00).

4. If any of the following modes is selected: the mode in which clear & start occurs on match
between TM00 and CR000, the mode in which clear & start occurs at the TI000 pin valid edge,
or free-running mode, when the set value of CR000 is FFFFH and the TM0O value changes
from FFFFH to 0000H, the OVFO0O flag is set to 1.

Remarks 1. TOO0O:
2. TIOOO:
3. TMO0O:
4. CRO000:
5. CRO010: 16-bit timer capture/compare register 010

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
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Figure 8-7. Format of 16-Bit Timer Mode Control Register 01 (TMCO01)

Address: FF64H  After reset: 00H R/W

Symbol 7 6 5 4 1 [0]
TMCO1 0 0 0 0 TMCO013 | TMCO012 0 OVFO1
TMCO013 | TMCO012 Operating mode ) TOO1 output timing selection Interrupt request generation
and clear mode selection
0 0 Operation stop No change Not generated
(TMO1 cleared to 0)
0 1 Free-running mode Match between TMO01 and Generated on match
CRO001 or match between between TM01 and CR001,
TMO1 and CRO11 or match between TMO1 and
1 0 Clear & start on TI001 pin — CRO11
valid edge
1 1 Clear & start on match between| Match between TMO1 and
TMO01 and CR001 CRO001 or match between
TMO1 and CRO11
OVFO01 Overflow detection of 16-bit timer counter 01 (TM01)
0 Overflow not detected
1 Overflow detected
Cautions 1. To write different data to TMCO1, stop the timer operation before writing.

2. The timer operation must be stopped before writing to bits other than the OVF01 flag.

3. Set the valid edge of the TI001/TO01/BUZ/P75 pin with prescaler mode register 01 (PRMO01).

4. If any of the following modes is selected: the mode in which clear & start occurs on match
between TM01 and CR001, the mode in which clear & start occurs at the TI001 pin valid edge,
or free-running mode, when the set value of CR001 is FFFFH and the TMO01 value changes

from FFFFH to 0000H, the OVFO01 flag is set to 1.

Remarks 1. TOO1: 16-bit timer/event counter 01 output pin
2. TIOO1: 16-bit timer/event counter 01 input pin
3. TMO1: 16-bit timer counter 01
4. CRO0O01: 16-bit timer capture/compare register 001
5. CRO011: 16-bit timer capture/compare register 011
150 User's Manual U14260EJ3V1UD



CHAPTER 8 16-BIT TIMER/EVENT COUNTERS 00, 01

(2) Capture/compare control register On (CRCOn: n =0, 1)
This register controls the operation of the 16-bit timer capture/compare registers (CR00On, CR0O1n).
CRCOn is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CRCOn to 00H.

Figure 8-8. Format of Capture/Compare Control Register 00 (CRC00)

Address: FF62H  After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRCO020 CRCO010 CRCO000
CRCO020 CRO010 operating mode selection
0 Operate as compare register
1 Operate as capture register
CRCO010 CRO0O00 capture trigger selection
0 Capture on valid edge of TIO10 pin
1 Capture on valid edge of TIO00 pin by reverse phase
CRCO000 CRO000 operating mode selection
0 Operate as compare register
1 Operate as capture register

Cautions 1. The timer operation must be stopped before setting CRCO00.

2. When the clear & start mode entered on a match between TM00 and CR00O is selected by
16-bit timer mode control register 00 (TMC00), CR000 should not be specified as a capture
register.

3. If both the rising and falling edges have been selected as the valid edges of the TI000 pin,
capture is not performed.

4. Toensurethereliability of the capture operation, the capture trigger requires a pulse longer
than two cycles of the count clock selected by prescaler mode register 00 (PRMO0O0) (refer
to Figure 8-22).
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Figure 8-9. Format of Capture/Compare Control Register 01 (CRCO01)

Address: FF66H  After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO1 0 0 0 0 0 CRCO021 CRCO11 CRCO001
CRCo021 CRO11 operating mode selection
0 Operate as compare register
1 Operate as capture register
CRCO011 CRO0O01 capture trigger selection
0 Capture on valid edge of TIO11 pin
1 Capture on valid edge of TIO0O1 pin by reverse phase
CRCO001 CRO0O01 operating mode selection
0 Operate as compare register
1 Operate as capture register

Cautions 1. The timer operation must be stopped before setting CRCO1.

2. When the clear & start mode entered on a match between TM01 and CR001 is selected by
16-bit timer mode control register 01 (TMCO01), CR001 should not be specified as a capture
register.

3. If both the rising and falling edges have been selected as the valid edges of the TI001 pin,
capture is not performed.

4. Toensure 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 01 (PRMO01) (refer
to Figure 8-22).

152 User's Manual U14260EJ3V1UD



CHAPTER 8 16-BIT TIMER/EVENT COUNTERS 00, 01

(3) 16-bit timer output control register On (TOCOn: n =0, 1)
This register controls the operation of the 16-bit timer/event counter output controller. It sets timer output F/F set/
reset, output inversion enable/disable, and 16-bit timer/event counter On timer output enable/disable.
TOCOn is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TOCON to 00H.

Figure 8-10. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FF63H  After reset: 0O0H R/W

Symbol 7 6 5 4 1 [o]
TOC00 0 0 0 TOCO40 | Lvs00 | LvRoo | TOco10 | TOEQO |
TOCO040 Timer output F/F control by match of CR010 and TM0O
0 Inversion operation disabled
1 Inversion operation enabled
LVS00 LVROO 16-bit timer/event counter 00 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
TOCO010 Timer output F/F control by match of CR0O00 and TM0O0
0 Inversion operation disabled
1 Inversion operation enabled
TOEOO 16-bit timer/event counter 00 output control
0 Output disabled (output set to level 0)
1 Output enabled

Cautions 1. The timer operation must be stopped before setting other than TOC040.
2. If LVS00 and LVROO are read after data is set, they will be 0.
3. Bits 5 to 7 of TOC00 must be set to 0.
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Figure 8-11. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FF67H  After reset: O0H R/W

Symbol 7 6 5 4 1 [0]
TOCO1 0 0 0 TOCO41 | Lvso1 | LvRot | TOCO11 | TOEO1 |
TOCO041 Timer output F/F control by match of CR011 and TMO1
0 Inversion operation disabled
1 Inversion operation enabled
LVSO01 LVRO1 16-bit timer/event counter 01 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 by match of CR001 and TMO1
0 Inversion operation disabled
1 Inversion operation enabled
TOEO1 16-bit timer/event counter 01 output control
0 Output disabled (output set to level 0)
1 Output enabled

Cautions 1. The timer operation must be stopped before setting TOC041.
2. If LVS01 and LVRO1 are read after data is set, they will be 0.
3. Bits 5 to 7 of TOC01 must be set to 0.
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(4) Prescaler mode register On (PRMOn: n =0, 1)
This register is used to set the 16-bit timer counter On (TMOn) count clock and TI00n, TI01n pin input valid edges.
PRMOn is set by an 8-bit memory manipulation instruction.
RESET input clears PRMOn to O0H.

Figure 8-12. Format of Prescaler Mode Register 00 (PRMO00)

Address: FF61H  After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00 ES110 ES100 ES010 ES000 0 0 PRMO010 PRMO000
ES110 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
ES010 ES000 TI000 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO010 PRMO000 Count clock selection
fx = 8.38 MHz fx = 12 MHzNote 1
0 0 fx 8.38 MHz 12 MHz
0 1 fx/22 2.09 MHz 3 MHz
1 0 fx/28 130 kHz 187 kHz
1 1 TI000 pin valid edgeNotes 2,3

Notes 1. Expanded-specification products of uPD780078 Subseries only.
2. The external clock requires a pulse two cycles longer than internal clock (fx/23).
3. When the valid edge of the TI000 pin is selected, the main system clock is used as the sampling clock
for noise elimination. The valid edge of the TI0O00 pin can be used only when the main system clock
is operating.

Cautions 1. Always set data to PRMO0O after stopping the timer operation.

2. If the valid edge of the TI000 pin is to be set as the count clock, do not set the clear & start
mode and the capture trigger at the valid edge of the TI000 pin.

3. When P70 is used as the valid edge of the TI0O00 pin, it cannot be used as the timer output
(TOO0O pin), and when used as the TO00 pin, it cannot be used as the valid edge of the TI000
pin.

4. 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 (TMO0O0). Be careful when pulling up the TI000 pin or the TI010 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not
detected.

Remarks 1. fx: Main system clock oscillation frequency
2. TIO0O0 or TIO10 pin: 16-bit timer/event counter 00 input pin
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Figure 8-13. Format of Prescaler Mode Register 01 (PRMO01)

Address: FF65H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
PRMO1 ES111 ES101 ESO011 ES001 0 0 PRMO11 PRMO001
ES111 ES101 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 ES001 TI001 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO11 PRMO001 Count clock selection
fx = 8.38 MHz fx = 12 MHzNote 1
0 0 fx/2 4.19 MHz 6 MHz
0 1 fx/23 1.04 MHz 1.5 MHz
1 0 fx/29 16.36 kHz 23.43 kHz
1 1 TI001 pin valid edgeNotes 2, 3
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Notes 1. Expanded-specification products of uPD780078 Subseries only.
2. The external clock requires a pulse two cycles longer than internal clock (fx/29).

3. When the valid edge of the TIO01 pin is selected, the main system clock is used as the sampling clock
for noise elimination. The valid edge of the TI001 pin can be used only when the main system clock

is operating.

Cautions 1. Always set data to PRMO01 after stopping the timer operation.

2,

If the valid edge of the TI001 pin is to be set as the count clock, do not set the clear & start

mode and the capture trigger at the valid edge of the TI001 pin.

3. When P75 is used as the valid edge of the TI001 pin, it cannot be used as the timer output
(TOO01 pin), and when used as the TO01 pin, it cannot be used as the valid edge of the TI001

pin.

4. If the TI001 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 edge 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). Be careful when pulling up the TI001 pin or the TI0O11 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not

detected.

Remarks 1. fx: Main system clock oscillation frequency

2. TIOO1 or TIO11 pin: 16-bit timer/event counter 01 input pin
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(5) Port mode register 7 (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P70/TO00/TI000 and P75/TO01/TI001/BUZ pins for timer output, set PM70 and PM75, and the
output latches of P70 and P75 to 0.
When using the P70/TO00/TI000 and P75/TO01/T1001/BUZ pins for timer input, set PM70 and PM75 to 1.
At this time, the output latches of P70 and P75 can be either 0 or 1.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM7 to FFH.

Figure 8-14. Format of Port Mode Register 7 (PM7)

Address: FF27H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PM7] 1 1 [|PM75|PM74|PM73|PM72|PM71|PM70

PM7n P7n pin I/O mode selection (n = 0 to 5)

0 Output mode (output buffer on)

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

8.4.1 Interval timer operation

Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 8-15 allows operation as an interval timer.

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 8-15 for the set value).

<2> Set any value to the CR0OOnN register.

<3> Set the count clock by using the PRMOn register.

<4> Set the TMCOn register to start the operation (see Figure 8-15 for the set value).

Remark For how to enable the INTTMOOnN interrupt, see CHAPTER 19 INTERRUPT FUNCTIONS.

Interrupt requests are generated repeatedly using the count value set in 16-bit timer capture/compare register 00n
(CROON) beforehand as the interval.

When the count value of 16-bit timer counter On (TMOn) matches the value set to CR0On, counting continues with
the TMOn value cleared to 0 and the interrupt request signal (INTTMOON) is generated.
The count clock of the 16-bit timer/event counter can be selected using bits 0 and 1 (PRM00n, PRM01n) of prescaler

mode register On (PRMOnN).

Figure 8-15. Control Register Settings for Interval Timer Operation

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

7 6 5 4 TMCOn3 TMCOR2 1 OVFnO

TMCOn| O 0 0 0 1 1 0 0

\_’_1

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

Clears and starts on match between TMOn and CROON.

7 6 5 4 3 CRCO02n CRCO1n CRCOON

CRCOn| © 0 0 0 0 01 01 0

L CROON used as compare register

(c) Prescaler mode register On (PRMON)

ES11n ES10n ESO1n ESOOn 3 2 PRMOin PRM0On

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

\ \ \ \ \_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 the interval timer. See the
description of the respective control registers for details.
n=0,1
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Figure 8-16. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00N

INTTMOON
fx (fx/2)Nete ‘ ‘
S
fx/22 (fu/2%)Nte 8
fx/28 (fx/29)Nete ! 3 16-bit timer counter On OVFOn'et2
TI000/TO00/P70 5 Noise
(TI001/TO01/BUZ/P75)Nte ! eliminator
Clear
circuit

fx/23

Notes 1. The values outside parentheses apply to 16-bit timer/event counter 00, and the values in parentheses

apply to 16-bit timer/event counter 01.
2. OVFOn is 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.

Figure 8-17. Timing of Interval Timer Operation

—

TMON count value A0000H oo |\ X N XOOOOHXoomHX WoOXN >A(0000HX0001HX Y~ X

Timer operation enabled Cllear Cllear
CROON N \\ N \\ N \\ N
| | |
INTTMOON (L I_l ( I_l (L I_
)) A )] A ))
Interrupt acknowledged Interrupt acknowledged

Remarks 1. Interval time = (N + 1) x t
N = 0001H to FFFFH
2. n=0,1
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160

When the compare register is changed during timer count operation, if the value after 16-bit timer capture/
compare register 00n (CR0OON) is changed is smaller than that of 16-bit timer counter On (TMOn), TMOn continues
counting, overflows and then restarts counting from 0. Thus, if the value (M) after the CR0OONn change is smaller
than that (N) before the change, it is necessary to restart the timer after changing CR0OOnN.

Figure 8-18. Timing After Change of Compare Register During Timer Count Operation

Count clock j \ / \ / \_' ?_/ \_/ \_/_\_/_\_
CROON N X /\ /\ M

\\

)
TMOnN count value :X x-1 X x X /gx FFFFH X 0000H X 0001H X 0002H
\

Remark N> X>M
n=0,1
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8.4.2 External event counter operation

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 8-19 for the set value).

<2> Set the count clock by using the PRMOn register.

<3> Set any value to the CR0OON register (0000H cannot be set).

<4> Set the TMCOn register to start the operation (see Figure 8-19 for the set value).

Remarks 1. For the setting of the TIOOn pin, see 8.3 (5) Port mode register 7 (PM7).
2. For how to enable the INTTMOOn interrupt, see CHAPTER 19 INTERRUPT FUNCTIONS.

The external event counter counts the number of external clock pulses to be input to the TI00n pin with 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 (CR0ON) value, TMOn is cleared
to 0 and the interrupt request signal (INTTMOON) is generated.

Input a value other than 0000H to CROON (a count operation with a pulse cannot be carried out).

The rising edge, the falling edge, or both edges can be selected using bits 4 and 5 (ES00n and ES01n) of prescaler
mode register On (PRMOnN).

Because an operation is carried out only when the valid level of the TIOOn pin is detected twice after sampling with
the internal clock (fx/23), noise with a short pulse width can be eliminated.

Caution When used as an external event counter, the P70/TI000/TO00 or P75/T1001/TO01/BUZ pin cannot
be used as a timer output (TO00, TOO01).

Figure 8-19. Control Register Settings in External Event Counter Mode (with Rising Edge Specified)

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

7 6 5 4 TMCOn3 TMCOR2 1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

Clears and starts on match between TMOn and CROON.
(b) Capture/compare control register On (CRCOn)

7 6 5 4 3 CRC02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 01 01 0

L CROON used as compare register

(c) Prescaler mode register On (PRMOnR)

ES11n ES10n ESO1n ESOOn 3 2 PRMOin PRMOOn

PRMOn| 0/1 0/1 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 8-20. External Event Counter Configuration Diagram

[ Internal bus !

g

16-bit timer capture/compare
register 00n

iL Match
il

INTTMOON
Clear

fx/28 —={Noise eliminator

16-bit timer counter On (TMOn) OVFOnNote

Valid edge of TIOOh &——

Note OVFOn is 1 only when 16-bit timer capture/compare register 00n is set to FFFFH.

Figure 8-21. External Event Counter Operation Timing (with Rising Edge Specified)

TI00npininput|||||||||||||| ||||||||||||||

X N—1 1 N Yoooor ) 0001H)0002H f0003H |

TMOn count value  §0000HX 0001H §0002H { 0003H { 0004H { 0005H X \\

CROON N \|
1T

INTTMOON [

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

Remark n=0, 1
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8.4.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TIOOn pin and TIO1n pin using
16-bit timer counter On (TMOn).

There are two measurement methods: measuring with TMOn used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI00n pin.

When an interrupt occurs, read the valid value of the capture register, check the overflow flag, and then calculate
the necessary pulse width. Clear the overflow flag after checking it.

The capture operation is not performed until the signal pulse width is sampled in the count clock cycle selected
by prescaler mode register On (PRMOn) and the valid level of the TIOOn or TI01n pin is detected twice, thus eliminating
noise with a short pulse width.

Figure 8-22. CRO1n Capture Operation with Rising Edge Specified

Count clock _I | | | | |

™on [ N-3 f N-2 [ N-1

> - - -

TI00n [ A

Rising edge detection | |

CRO1n X

|
N
|
INTTMO1n | |

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figures 8-23, 8-26, 8-28, and 8-30 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 8-23, 8-26, 8-28, and 8-30 for the set value).

Caution To use two capture registers, set the TIOOn and TI01n pins.
Remarks 1. For the setting of the TIOOn (or TI01n) pin, see 8.3 (5) Port mode register 7 (PM7).
2. For how to enable the INTTMOOn (or INTTMO1n) interrupt, see 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 TI00n 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.
The both falling and rising edges can be specified by bits 4 and 5 (ES00n and ES01n) of PRMOnN.
Sampling is performed with 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 8-23. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register (When TI0On and CR01n Are Used)

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

7 6 5 4 TMCOn3 TMCOnR2 1 OVFOn

TMCOn| O 0 0 0 0 1 0 0

\_’_1

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

Free-running mode

7 6 5 4 3 CRC02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 1 01 0

L CROON used as compare register

CRO1n used as capture register
(c) Prescaler mode register On (PRMON)

ES11n ES10n ESO1n ESOOn 3 2  PRMO01n PRMOOn

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

\ \ \ \ \_li

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 8-24. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fx (/2N ——
S
/22 (f/2°)"" ] 16-bit timer/counter On OVFOn
fx/28 (fx/29)Nete — | &b ‘ ‘
TI000/TO00/P70 © 16-bit timer capture/compare
(TI001/TO01/BUZ/P75)N°t register 01n
@ INTTMO1n
2 Internal bus 2

Note Values outside parentheses apply to 16-bit timer/event counter 00, and values in parentheses apply to 16-
bit timer/event counter 01.

Figure 8-25. Timing of Pulse Width Measurement Operation with Free-Running Counter
and One Capture Register (with Both Edges Specified)

1 t 1

-

TMon count value  JooooroootHY || X Do Yoo} |\ X |:31 Xor+ X || Xeerrroooory 1) X |?2X X ?3)(

TI0ON pin input {l ' S-| X (l | | |
) ! ) X

[
X ) . X
CRO1n capture value \\ X DO \\ X D1 \

T~

| X =
INTTMO1n I|_| " I|_| IH\/ X I|_|_

[ (
))

OVFOn : : ([ |
| )]

I 1
' (D1 —DO)xt ° (10000H — D1 + D2) x t

Note OVFOn must be cleared by software.

Remark n=0, 1
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(2) Measurement of two pulse widths with free-running counter
When 16-bit timer counter On (TMOn) is operated in free-running mode, it is possible to simultaneously measure
the pulse widths of the two signals input to the TIOOn pin and the TI01n pin.
When the edge specified by bits 4 and 5 (ES00n and ESO1n) of prescaler mode register On (PRMOn) is input
to the TIOONn 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 (ES10n and ES11n) of PRMOn is input to the TI01n pin, the value
of TMOn is taken into 16-bit timer capture/compare register 00n (CR00ONn) and an external interrupt request signal
(INTTMOON) is set.
The both falling and rising edges can be specified as the valid edges for the TIOOn pin and the TI01n pin by bits
4 and 5 (ES00n and ES01n) and bits 6 and 7 (ES10n and ES11n) of PRMOn, respectively.
Sampling is performed with 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 or TI01n pin is detected twice, thus eliminating
noise with a short pulse width.

Figure 8-26. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

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

7 6 5 4 TMCOn3 TMCOR2 1 OVFOn

TMCOn| O 0 0 0 0 1 0 0

\_’_1

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

Free-running mode

7 6 5 4 3 CRCO02n CRCO1n CRCOON

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 (PRMOnR)

ES11n ES10n ESO1n ESOOn 3 2  PRMO01n PRMOOn

PRMONn| 1 1 1 1 0 0 01 01

\ ! \ ! \_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

166 User's Manual U14260EJ3V1UD



CHAPTER 8 16-BIT TIMER/EVENT COUNTERS 00, 01

Figure 8-27. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

1 t 1

TMon count value  J000oHKoootHY | XDO Xoos X | X D1 Xor+ X\ Jerreroooory 1) X |:32 Xoz+fp2+2 |1X b3

TIOON pin input
—

Xm |

CRO1n capture value \ X DO \

INTTMO1n [ ' |_| [ : |_| ( ( : |—| (( :
)) 1 )) 1 1/ 1 I ) 1
TI01n pin input o fJ ! ) T (o

) — D ! i :

CROON capture value \\ \\ X D1 \\ \\ X D2 +1 \\
1 1 1 1 1
INTTMOON (( : (( : |_| [ (( : W\ (( :
DI )] ) )] ! [ T
OVFOn [ : (( : ([ | g ! ! |Note :
) 1 )) 1 ) : 1 1
I . I ) \

" (D1 —DO)xt | (10000H — D1 + D2) x t , | (D3 —D2) x t
1 1

(10000H — D1 + (D2 + 1)) x t

Note OVFOn must be cleared 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 (ESO0On and ES01n) of prescaler mode register On
(PRMON) is input to the TIOON pin, the value of TMOn is taken into 16-bit timer capture/compare register 01n
(CRO1n) and an interrupt request signal (INTTMO1n) is set.

Also, when the inverse edge to that of the capture operation to CRO1n is input, the value of TMOn is taken into
16-bit timer capture/compare register 00n (CR0OON).

Sampling is performed with 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.

Caution Ifthe valid edge of the TIOOn pin is specified to be both the rising and falling edges, 16-bit timer
capture/compare register 00n (CR00n) cannot perform the capture operation.

Figure 8-28. 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 1 OVFOn

TMCOn| O 0 0 0 0 1 0 0

Free-running mode

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

7 6 5 4 3 CRC02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 1 1 1

L CROON used as capture register

Captures to CROON at edge reverse
to valid edge of TI0On pin.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES11n ES10n ESO1n ESOOn 3 2 PRMO0in PRMOOn

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

\ | \ |
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 8-29. Timing of Pulse Width Measurement Operation with Free-Running Counter
and Two Capture Registers (with Rising Edge Specified)

1 t 1

-

T™on count value  KoooorYoootHY || X Do Yoot} |\ X D1 Xor+ 1) ) Xerrerfoooodk || X D2 Yoo+ 1} 11X |?3X

TI00N pin input J_:—s:] J_:—5|
\

CRO1n capture value \

>
g
o

. )
Kot |

1 1 1 1
1 | | 1 1 | | 1
INTTMO1n (J(J 1 1 (J 1 ()(‘ 1

OVFOn

CROON capture value \

|

L ((
] )7
I

' (D1 —DO) xt

-
1

Note OVFOn must be cleared 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.
The edge specification can be selected from two types, rising or falling edges, by bits 4 and 5 (ES00n and ES01n)
of prescaler mode register On (PRMOn).
Sampling is performed with the count clock cycle selected by prescaler mode register On (PRMOn) and a capture
operation is only performed when a valid level of the TI0On pin is detected twice, thus eliminating noise with a
short pulse width.

Caution Ifthe valid edge of the TIOOn pin is specified to be both the rising and falling edges, 16-bit timer
capture/compare register 00n (CR00n) cannot perform the capture operation.

Remark n=0, 1
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Figure 8-30. 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 TMCOR2 1 OVFOn

TMCOn| O 0 0 0 1 0 0 0

\_’_1

Clears and starts at valid edge of TI0On pin.

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

7 6 5 4 3 CRC02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 1 1 1

L CRO0ON used as capture register

Captures to CR0ON at edge reverse
to valid edge of TI0On pin.

CRO1n used as capture register

(c) Prescaler mode register On (PRMON)

ES11n ES10n ESO1n ESOOn 3 2  PRMO01n PRMOOn

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

\ ! \ ! \_i

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

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Figure 8-31. Timing of Pulse Width Measurement Operation by Means of Restart
(with Rising Edge Specified)

1 t 1

B

Count clock | | | | | | | I | | | | | I | | | I | | | | | |
T™on count value  JoooooootHY || X Do YoooorYooors D1 X 1} X D2 YooooHooo1H)
. : .

TI0ON pin input (l X | X | X |
) ! !

CRO1n capture value

CROON capture value

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

Remark n=0,1
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8.4.4 Square-wave output operation

The basic operation setting procedure is as follows.

<1> Set the count clock by using the PRMOn register.

<2> Set the CRCOn register (see Figure 8-32 for the set value).

<3> Set the TOCOnN register (see Figure 8-32 for the set value).

<4> Set any value to the CR0OON register (0000H cannot be set).

<5> Set the TMCOn register to start the operation (see Figure 8-32 for the set value).

Remarks 1. For the setting of the TOOn pin, see 8.3 (5) Port mode register 7 (PM7).
2. For how to enable the INTTMOOn interrupt, sce 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 CR0On + 1 by setting

bit 0 (TOEON) and bit 1 (TOCO01n) of 16-bit timer output control register On (TOCON) to 1. This enables a square wave
with any selected frequency to be output.

Figure 8-32. Control Register Settings in Square-Wave Output Mode (1/2)

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

~
D
[¢)]

4 TMCOn3 TMCOn2 1 OVFOn
TMCOn| O 0 0 0 1 1 0 0

\_’_1

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

Clears and starts on match between TMOn and CROON.

7 6 5 4 3 CRC02n CRCO1n CRCOON

CRCOn| O 0 0 0 0 0/1 01 0

L CROON used as compare register

Remark n=0, 1
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Figure 8-32. Control Register Settings in Square-Wave Output Mode (2/2)
(c) 16-bit timer output control register On (TOCOn)

7 6 5 TOC04n LVSOn LVROn TOCO1n TOEON

TOCOn| 0 | O 0 | 0o | o1 |01 | 1 1
L |

L Enables TOON output.

— Reverses output on match between TMOn and CROON.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Does not reverse output on match between TMOn and CRO1n.

(d) Prescaler mode register On (PRMON)

ES11n ES10n ESO1n ESOOn 3 2 PRMO1n PRMOOn

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 8-33. Square-Wave Output Operation Timing

Countclockllllllll ||||I||||||| Illllll

! \\ IN-1 X N jXOOOOHX0001HX0002HX \l\ XN-1 ) N jXOOOOH
\ \

|
INTTMOOn [

TMOn count value  }0000H) 0001H)0002H {
|

CROON N

M
—

TOON pin output J

Remark n=0,1
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8.4.5 PPG output operation

Setting 16-bit timer mode control register On (TMCOn) and capture/compare control register On (CRCOn) as shown
in Figure 8-34 allows operation as PPG (Programmable Pulse Generator) output.

The basic operation setting procedure is as follows.

<1> Set the CRCOn register (see Figure 8-34 for the set value).

<2> Set any value to the CR0OON register as the cycle.

<3> Set any value to the CR0O1n register as the duty factor.

<4> Set the TOCOnN register (see Figure 8-34 for the set value).

<5> Set the count clock by using the PRMOn register.

<6> Set the TMCOn register to start the operation (see Figure 8-34 for the set value).

Remarks 1. For the setting of the TOOn pin, see 8.3 (5) Port mode register 7 (PM7).
2. For how to enable the INTTMOOn interrupt, sce CHAPTER 19 INTERRUPT FUNCTIONS.

In the PPG output operation, square waves are output from the TOOn pin with the pulse width and the cycle that
correspond to the count values set beforehand in 16-bit timer capture/compare register 01n (CR01n) and in 16-bit

timer capture/compare register 00n (CR0OOnN), respectively.

Remark n=0, 1
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Figure 8-34. Control Register Settings for PPG Output Operation
(a) 16-bit timer mode control register On (TMCOn)

7 6 5 4 TMCOn3 TMCOR2 1 OVFOn

TMCOn| O 0 0 0 1 1 0 0

Clears and starts on match between TMOn and CROON.

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

7 6 5 4 3 CRC02n CRCO1n CRCOON

CRCOn| © 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)

7 6 5 TOCO04n LVSOn LVROn TOCO01n TOEON

TOCOn| O 0 0 1 on 0/1 1 1
L L Enables TOOn output.

Reverses output on match between TMOn and CROOnN.

Specifies initial value of TOOn output F/F (setting “11” is prohibited).

Reverses output on match between TMOn and CRO1n.

(d) Prescaler mode register On (PRMON)

ES11n ES10n ESO1n ESOOn 3 2 PRMO1n PRMOON

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

\ | \ |
Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Cautions 1. CR0On and CRO1n values in the following range should be set to:
0000H < CRO1n < CROONn < FFFFH
2. The cycle of the pulse generated via PPG output (CR0O0ONn setting value + 1) has a duty of
(CRO1n setting value + 1)/(CR0ON setting value + 1).

Remarks 1. x: Don’t care
2. n=0,1
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Figure 8-35. PPG Output Configuration Diagram

16-bit timer capture/
compare register 00n

16-bit timer counter On

16-bit timer capture/compare
register 01n

fx (fx/2)Nte
fx/22 (fx/23)Nete
fx/28 (fx/29)Nete

Clear
circuit

Selector

TO00/TI000/P70
(TOO01/TI001/P75)Nete

Qutput controller

Note Values outside parentheses apply to 16-bit timer/event counter 00, and values in the parentheses apply
to 16-bit timer/event counter 01.

Figure 8-36. PPG Output Operation Timing

1 t 1

P
1 1
1 1

Countclock||||||||||||||||I|||||

TMOn count value N IXOOOOHX0001HX N X O .AXOOOOHX0001HX

A i
Clear X Clear
: 1

v

)

CRO1n capture value I \\ M \\
L ((
)T

o I

Pulse width: (M + 1) x t

CROON capture value

1cycle: (N+1)xt

Remark 0000H <M < N < FFFFH
n=0,1
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8.5 Program List

Caution The following sample program is shown as an example to describe the operation of
semiconductor products and their applications. Therefore, when applying the following

information to your devices, design the devices after performing evaluation under your own
responsibility.
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TIMER/EVENT COUNTERS 00, 01

8.5.1 Interval timer

/*******************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*
/*

*
/
Setting example of timer 00 interval timer mode */
Cycle set to 130 as intervalTM00 (at 8.38 MHz for 1 ms) */
Variable ppgdata prepared as rewrite data area */
Cycle (if 0000, no change) */
ppgdata to be checked at every INTTM000, and changed if required. */
Therefore, if change is required, set the change data in ppgdata. */
When changed, ppgdata cleared to 0000. */

*
/

/*******************************************************************************/

#pragma
#pragma
#pragma
#define
#pragma

sfr

ET

DI

intervalTMO0OO 130 /*
interrupt INTTMOOO intervalint
unsigned int ppgdata; /*

void main (void)

{

}

PCC = 0x0; /*
ppgdata = 0;

/*
/*
P7 = 0b11111110; /*
PM7.0 = 0; /*
/*
TMMKO000O = 0; /*
/*
PRMO0 = 0b00000010; /*
CRCO00 = 0b00000000; /*
CR0O00 = intervalTMOO; /*
TOC00 = 0b00000111; /*
TMCOO = 0b00001100; /*
EI();
while (1) ; /*

/* Timer 00 interrupt function */
void intervalint ()

{

unsigned int work;

Cycle data to be set to CR000 */
rb2
Data area to be set to timer 00 */

Set high-speed operation mode */

Set port */

Set the following to output */

Clear P70 */

Set P70 as output */

Set interrupt */

Cancel INTTMOOO interrupt mask */

Set timer 00 */

Count clock is fx/2%6 */

Set CR000 and CR010 to compare register */

Set cycle initial value to CRO00O */

Invert on match with CR000, initial value L */
Clear & start on match between TMOO and CRO00 */

Loop as dummy here */

/***************************************************/

/* */
/* Define variables required for interrupt here */
/* */

/***************************************************/

work = ppgdata;

if (work != 0)

{
CRO00 = work;
ppgdata = 0;
if (work == Oxffff)

{

TMCO00 = 0b00000000; /* Stop timer *x/

}

/***********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/***********************************************************/

}
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8.5.2 Pulse width measurement by free-running counter and one capture register

/******************************************************************************/

/* */
/* Timer 00 operation sample x/
/* Pulse width measurement example by free-running and CR010 */
/* Measurement results to be up to 16 bits and not checked for errors */
/* data[0]: End flag */
/* data[l] : Measurement results (pulse width) */
/* data[2] : Previous read value */
/* */

/******************************************************************************/

#pragma sfr

#pragma EI
#pragma DI
#pragma interrupt INTTM010 intervalint rb2
unsigned int datal3]; /* Data area */

void main (void)

{

unsigned int length;

PCC = 0x%0; /* Set high-speed operation mode */
data[0] = 0;
datal[l] = 0;
datal[2] = 0;
/* Set port */
PM7.0 = 1; /* Set P70 as input */
/* Set interrupt */
TMMKO010 = O; /* Cancel INTTMO010 interrupt mask */
/* Set timer 00 */
PRMOO = 0b00110010; /* Both rising and falling edges for TI000 */
/* Count clock is fx/2"6 */
CRCO0 = 0b00000100; /* Set CR010 to capture register */
TMC00 = 0b00000100; /* Start in free-run mode */
EI();
while (1) { /* Dummy loop */
while(data[0] == 0); /* Wait for measurement completion */
DI(); /* Disable interrupt for exclusive operation */
length = datall]; /* Read measurement results */
datal[0] = 0; /* Clear end flag */
EI(); /* Exclusive operation completed */

}

/* Timer 00 interrupt function */
void intervalint ()

unsigned int work;
/*****************************************************/

/* */
/* Define variables required for interrupt here */
/* */
/*****************************************************/
work = CR0O10; /* Read capture value */
data[l] = work - datal2]; /* Calculate and update interval */
data[2] = work; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag*/

/***********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/***********************************************************/

}
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8.5.3 Two pulse widths measurement by free-running counter

/******************************************************************************/

/* */
/* Timer 00 operation sample x/
/* Two-pulse-width measurement sample by free-running */
/* Measurement results to be up to 16 bits and not checked for errors */
/* Result area at TI0O00 side */
/* data[0]: End flag */
/* data[l] : Measurement results (pulse width) */
/* data[2] : Previous read value */
/* Result area at TI010 side */
/* data[3]: End flag */
/* data[4] : Measurement results (pulse width) */
/* data[5] : Previous read value */
/* */

/******************************************************************************/
#pragma sfr
#pragma EI
#pragma DI
#pragma interrupt INTTMO00O intervalint rb2
#pragma interrupt INTTM010 intervalint2 rb2
unsigned int datalé]; /* Data area */

void main (void)
{
unsigned int length,length2;
PCC = 0x0; /* Set high-speed operation mode */
datal[0] = 0; /* Clear data area */
datal[l] = 0
datal[2] = 0;
datal[3] = 0
data([4] = 0
datal[5] = 0

/* Set port */
PM7.0 = 1; /* Set P70 as input */

PM7.1 = 1; /* Set P71 as input */
/* Set interrupt */
TMMKO10 = 0; /* Cancel INTTMO010 interrupt mask */
TMMKOOO = O; /* Cancel INTTMOOO interrupt mask */
/* Set timer 00 */
PRMOO = 0b11110010; /* Both rising and falling edges */
/* Count clock is fx/2"6 */
CRCO0 = 0b00000101; /* Set CR000 and CR010 to capture register */
TMCOO0 = 0b00000100; /* Start in free-run mode */
EI();
while (1) { /* Dummy loop */
if (data[0] != 0) /* TI0O0 measurement completion check */
{
TMMKO10 = 1; /* INTTMO10 interrupt disabled for
exclusive operation */
length = datalll]; /* Read measurement results */
datal[0] = 0; /* Clear end flag */
TMMKO10 = 0; /* Exclusive operation completed */
}
if (data[3] != 0) /* TI010 measurement completion check */
{
TMMKOOO = 1; /* INTTMOOO interrupt disabled for
exclusive operation */
length2 = datal4]; /* Read measurement results */
data([3] = 0; /* Clear end flag */
TMMKOOO = 0; /* Exclusive operation completed */
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/* INTTMOOO interrupt function */
void intervalint ()

unsigned int work;
/******************************************************/

/* */
/* Define variables required for interrupt here x/
/* */
/******************************************************/
work = CROO0O; /* Read capture value */
data[4] = work - datal5]; /* Calculate and update interval */
data[5] = work; /* Update read value */
data[3] = Oxffff; /* Set measurement completion flag */

/********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/********************************************************/

}

/* INTTMO1l0 interrupt function */
void intervalint2 ()

unsigned int work;
/******************************************************/

/* */
/* Define variables required for interrupt here x/
/* */
/******************************************************/
work = CRO10; /* Read capture value */
data[l] = work - datal2]; /* Calculate and update interval */
data[2] = work; /* Update read value */
data[0] = Oxffff; /* Set measurement completion flag */

/********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/********************************************************/

}
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8.5.4 Pulse width measurement by restart

/**************************************************************************/

/*
/*
/*
/*
/*
/*
/*
/*

*
/
Timer 00 operation sample x/
Pulse width measurement example by restart */
Measurement results up to 16 bits, not to be checked for errors */
data[0]: End flag x/
data[l] : Measurement results (pulse width) */
data[2] : Previous read value */

*
/

/**************************************************************************/

#pragma
#pragma
#pragma
#pragma

sfr
ET
DI

interrupt INTTM010 intervalint rb2

unsigned int datal3];

void main (void)

{

}

unsigned int length;
PCC = 0x0;

data[0] = 0;
datal[l] = 0;
datal[2] = 0;
PM7.0 = 1;

TMMKO010 = 0;

PRMOO = 0b00110010;

CRCO0 = 0b00000100;
TMCO0 = 0b00001000;

EI();
while (1) {
if (data[0] != 0)
{
TMMKO010 =
length =
data[0] =
TMMKO10

/* Timer00 interrupt function */
void intervalint ()

{

/*

/*

/*
/*
/*
/*
/*
/*
/*
/*

Data area */

Set high-speed operation mode */

Set port */

Set P70 as input */

Set interrupt */

Cancel INTTMO10 interrupt mask */
Set timer 00 */

Both rising and falling edges */
Count clock is fx/276 */
Set CR010 to capture register x/

/* Clear & start at TI000 valid edge */
/* Dummy loop */
/* Wait for TI000 measurement completion */
1; /* Disable INTTM010 for exclusive
operation */
data[l]+datal[2]; /* Cycle calculation based on
measurement results */
0; /* Clear end flag */
0; /* Exclusive operation completed */

/******************************************************/

/* */
/* Define variables required for interrupt here */
/* */

/******************************************************/

data[2] = datall];
datal[1l] CR0O10;
data[0] = Oxffff;

/*
/*
/*

Update old data */
Update read value */
Set measurement completion flag*/

/********************************************************/

/* */
/* Describe processing required for interrupt below */
/* */

/********************************************************/

}
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8.5.5 PPG output

/******************************************************************************/

/* */
/* Timer 00 PPG mode setting example x/
/* Cycle set to 130 as intervalTMO0O */
/* Active period set to 65 as active time */
/* Array ppgdata prepared as data area for rewriting x/
/* [0] : Active period (0000: no change, Oxffff: stop) */
/* [1]: Cycle (0000: no change) */
/* ppgdata to be checked at every INTTM000, and changed if required. x/
/* Therefore, if change is required, set the change data in ppgdata. */
/* When changed, ppgdata cleared to 0000. */
/* */

/******************************************************************************/

#pragma sfr

#pragma EI
#pragma DI
#define intervalTM0O 130 /* Cycle data to be set to CR000 */
#define active time 65 /* Initial value data of CR010 */
#pragma interrupt INTTMO0O ppgint rb2

unsigned int ppgdatal[2]; /* Data area to be set to timer 00 */

void main (void)
{
PCC = 0x0; /* Set high-speed operation mode */
ppgdata[0] = 0;
ppgdatal[l] = 0;
/* Set port */

P7 = 0b11111110; /* Clear P70 */
PM7.0 = 0; /* Set P70 to output */
/* Set interrupt */
TMMKOOO = 0; /* Cancel INTTMOOO interrupt mask */
/* Set timer 00 */
PRMO0O = 0b00000010; /* Count clock is fx/2%6 */
CRCO0 = 0b00000000; /* Set CR000 and CR010 to compare register */
CR0O00 = intervalTMO0O; /* Set initial value of cycle */
CR010 = active time; /* Set initial value of active period */
TOCO00 = 0b00010111; /* Inverted on match between CR000 and CRO010,
initial value L */
TMCO0O = 0b00001100; /* Clear & start on match between TM0OO and CR0O00 */
EI();
while (1) ;

}

/* Timer 00 interrupt function */
void ppgint ()

unsigned int work;

work = ppgdatalO0];

if (work != 0)

{
CR010 = work;
ppgdata[0] = 0;
if (work == Oxffff)

{

}
}
work = ppgdatalll];
if (work != 0)

{

TMCO0 = 0b00000000; /* Stop timer x/

CRO00 = work;
ppgdata[1]=0;
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8.6 Cautions for 16-Bit Timer/Event Counters 00, 01
(1) 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 8-37. Start Timing of 16-Bit Timer Counter On (TMOn)

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

TMOnN count value 0000H X 0001H X 0002H X ©0008H X 0004H

Timer start

(2) 16-bit timer capture/compare register setting
In the clear & start mode entered on a match between TMOn and CROOnN, set a value other than 0000H to 16-
bit timer capture/compare register 00n (CR0OOn). This means a 1-pulse count operation cannot be performed
when 16-bit timer/event counter On is used as an external event counter.

(3) Capture register data retention timing
The values of 16-bit timer capture/compare registers 00n and 01n (CR00n and CR01n) are not guaranteed after
16-bit timer/event counter On has been stopped.

(4) Valid edge setting
Set the valid edge of the TI0O0n pin after setting bits 2 and 3 (TMCOn2 and TMCOn3) of 16-bit timer mode control
register On (TMCOn) to 0, O, respectively, and then stopping the timer operation. The valid edge is set by bits
4 and 5 (ES00n and ES01n) of prescaler mode register On (PRMOn).

Remark n=0, 1
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(5) Operation of OVFOn flag
<1> The OVFOn flag is also set to 1 in the following case.

Either of the clear & start mode entered on a match between TMOn and CROON, clear & start at the valid
edge of the TI00n pin, or free-running mode is selected.
l
CROOnN is set to FFFFH.
2

When TMOn is counted up from FFFFH to 0000H.

Figure 8-38. Operation Timing of OVFOn Flag

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

CROON FFFFH

|
TMon  FFFEH X FFFFH X 0000H X 0001H X

|
OVFOn [
1
|

INTTMOON [ ]

<2> Even if the OVFOnN flag is cleared before the next count clock is counted (before TMOn becomes 0001H)
after the occurrence of a TMOn overflow, the OVFO flag is reset newly and clear is disabled.

(6) Conflicting operations

<1> When the 16-bit timer capture/compare register (CRO0On/CR01n) is used as a compare register, if the write
period and the match timing of 16-bit timer counter On (TMOn) conflict, match determination is not
successfully done. Do not perform a write operation of CROOn/CR01n near the match timing.

<2> |If the read period and capture trigger input conflict when CROOn/CR0O1n is used as a capture register,
capture trigger input has priority. The data read from CR0O0n/CR0O1n is undefined.

Remark n=0,1
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Figure 8-39. Capture Register Data Retention Timing

countcock || [ || [ |—SSJ L L [
TMoncountvalue X N X N+1 X N+2 X 11 X M X M+1 XM+2

Edge input |
INTTMO1n |_|

Capture read signal

( (
)
CRO1n capture value X :X: \\ N+ 1 :X: M+ 1

LT ? ohe
Capture Read value not guaranteed

though capture operation performed

(7) Timer operation

®)

9

<1>

<2>

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 signals input to pins TI0OOn/TI01n are
not acknowledged.

Capture operation

<1>

<2>

<3>

<4>

If the TI00N pin is specified as the valid edge of the count clock, a capture operation by the capture register
specified as the trigger for the TIOOn pin is not possible.

If both the rising and falling edges are selected as the valid edges of the TI00n pin, capture is not performed.
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 (PRMOnN).

The capture operation is performed at the fall of the count clock. An interrupt request input (INTTMOnNN),
however, occurs at the rise of the next count clock.

Compare operation

<1>

<2>

When the 16-bit timer capture/compare register (CR0O0n/CR01n) is overwritten during timer operation,
match interrupt may be generated or the clear operation may not be performed normally if that value is
close to or large than the timer value.

The capture operation may not be performed for CROOn/CR01n set in compare mode even if a capture
trigger is input.

Remark n=0, 1
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(10) Edge detection

<1> |If the TIOONn pin or the 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 for the TIOOn pin or TI0O1n pin to enable 16-bit
timer counter On (TMOnN) operation, a rising edge is detected immediately. Be careful when pulling up the
TI00n pin or the TIO1n pin. However, the rising edge is not detected at restart after the operation has been
stopped once.

<2> The sampling clock used to eliminate noise differs when the valid edge of the TIOOn pin is used as the count
clock and when it is used as a capture trigger. In the former case, the count clock is fx/23, and in the latter
case the count clock is selected by prescaler mode register On (PRMOn). The capture operation is not
performed until the valid edge is sampled and the valid level is detected twice, thus eliminating noise with
a short pulse width.

(11) STOP mode or main system clock stop mode setting
Except when the TIOOn, TI01n pin input is selected, stop the timer operation before setting STOP mode or main

system clock stop mode; otherwise the timer may malfunction when the main system clock starts.

Remark n=0, 1
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9.1 Functions of 8-Bit Timer/Event Counters 50, 51

8-bit timer/event counters 50, 51 (TM50, TM51) have the following two modes.

(1) Mode using 8-bit timer/event counters 50, 51 alone (discrete mode)
The timer operates as 8-bit timer/event counter 50 or 51.
It has the following functions.

(2

<1>

<2>

<3>

<4>

Interval timer
Interrupt requests are generated at the preset interval.
e Number of counts: 1 to 256

External event counter
The number of pulses with high/low level widths of the signal input externally can be measured.

Square-wave output
A square wave with an arbitrary frequency can be output.
e Cycle: (1 x 2 to 256 x 2) x Cycles of count clock

PWM output
A pulse with an arbitrary duty ratio can be output.
e Cycle: Count clock x 256

e Duty ratio: Set value of compare register/256

Mode using cascade connection (16-bit resolution: cascade connection mode)
The timer operates as a 16-bit timer/event counter by combining two 8-bit timer/event counters.
It has the following functions.

e Interval timer with 16-bit resolution

e External event counter with 16-bit resolution

e Square-wave output with 16-bit resolution

Figures 9-1 and 9-2 show block diagrams of 8-bit timer/event counters 50 and 51.
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Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2

U

8-bit timer compare
regiter 50 (CR0) | | 5 ;@— INTTMS50
TIS0TOS0/P72%' 60— Match | ©
fx . %% fm“ { Note 2
fx/22 — 8 s S -
/2t —= 3 — T Q S
/28 — © 4_8-b|tt|mer OVF }INV 3] TO50/TI50/
f§/28 — counter 50 (TM50) R § D ) >I>—o0 p7oNote
/210 ——
Clear Note 3
S
3 Invert
R level Out(%;tzl?tch |PM72|
| Selector |
[t
[rcLso2lTeLs01[TeL500] [TCE50 [TMC506 [TMC504| LVS50 |LVR50[TMC501| TOE50|
Timer clock selection 8-bit timer mode control
reglster 50 (TCL50) register 50 (TMC50)
Internal bus 2
Figure 9-2. Block Diagram of 8-Bit Timer/Event Counter 51
2 Internal bus 2
8-bit timer
TI51/TO51/P73%t 10— S
2 —=| _ Match, | % } Note 2
f></2§ 1 = SQ s
fx/2 ” 8-bit timer | 2
2 — 3 || counters1 |OVF [D—w 8 o TOS1/TI5/
i>/</2151’ — D TM51) R (% P73Note1
fx/211 — T
Clear Note 3
S
3 || Invert
R level Out(%%:)atch |p|v|73|
Selector,I
[reisi2lreisiireLsial | TCE51|TMC516 TMC514] LVS51|LVR51|TMC511 [TOE51]
Timer clock selection 8-bit timer mode control
register 51 (TCL51) register 51 (TMC51)
Internal bus 2

Notes 1. Therespective combinations, TI50 and TO50 pins, and TI51 and TO51 pins, cannot be used at the same
time.
2. Timer output F/F
3. PWM output F/F
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9.2 Configuration of 8-Bit Timer/Event Counters 50, 51
8-bit timer/event counters 50, 51 consist of the following hardware.

Table 9-1. Configuration of 8-Bit Timer/Event Counters 50, 51

Iltem Configuration
Timer counter 8-bit timer counter 5n (TM5n)
Register 8-bit timer compare register 5n (CR5n)
Timer input TI5n
Timer output TO5N

Control registers | Timer clock select register 5n (TCL5n)

8-bit timer mode control register 5n (TMC5n)
Port mode register 7 (PM7)

Port register 7 (P7)

(1) 8-bit timer counter 5n (TM5n: n = 0, 1)
TM5n is an 8-bit read-only register that counts the count pulses.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 9-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF12H (TM50), FF13H (TM51) After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

me [T T T T T T

When TM50 and TM51 can be connected in cascade and used as a 16-bit timer, they can be read by a 16-bit
memory manipulation instruction. However, since they are connected by an internal 8-bit bus, TM50 and TM51
are read separately twice in that order. Thus, take reading during the count change into consideration and
compare them by reading twice.

When the count value is read during operation, the count clock input is temporarily stoppedt°te, and then the count
value is read.

In the following situations, count value is set to O0H.

<1> RESET input

<2> When TCE5n is cleared

<3> When TM5n and CR5n match in the clear & start mode entered on a match between TM5n and CR5n.

Note An error may occur in the count. Select a count clock that has a high/low level longer than two cycles
of the CPU clock.

Caution Incascade connection mode, the count value is reset to 0000H when TCE50 of the lowest timer
is cleared.

Remark n=0,1
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(2

*

190

8-bit timer compare register 5n (CR5n: n = 0, 1)

When CR5n is used as a compare register in other than PWM mode, the value setin CR5n is constantly compared
with the 8-bit timer counter (TM5n) count value, and an interrupt request (INTTM5n) is generated if they match.
In PWM mode, the TO5n pin goes to the active level by the overflow of TM5n. When the values of TM5n and
CR5n match, the TO5n pin goes to the inactive level.

It is possible to rewrite the value of CR5n within O0H to FFH during a count operation.

When TM50 and TM51 can be connected in cascade and used as a 16-bit timer, CR50 and CR51 operate as
a 16-bit compare register. This register compares the count value with the register value, and if the values match,
aninterrupt request (INTTM50) is generated. The INTTM51 interrupt request is also generated at this time. Thus,
mask the INTTM51 interrupt request.

CR5n is set by an 8-bit memory manipulation instruction.

CR5n is undefined when RESET is input.

Figure 9-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF10H (CR50), FF11H (CR51) After reset: Undefined R/W

Symbol 7 6 5 4 3 2 1 0

em [T T [ T T T T ]

Cautions 1. CR5n can be rewritten in PWM mode only once per cycle.
2. In cascade connection mode, stop the timer operation before setting data.

Remark n=0, 1
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9.3 Registers to Control 8-Bit Timer/Event Counters 50, 51
The following four types of registers are used to control 8-bit timer/event counters 50, 51.
e Timer clock select register 5n (TCL5n)
* 8-bit timer mode control register 5n (TMC5n)
e Port mode register 7 (PM7)
e Port register 7 (P7)
Remark n=0, 1
(1) Timer clock select register 5n (TCL5n: n = 0, 1)
This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of TI50, TI51 input.
TCL5n is set by an 8-bit memory manipulation instruction.
RESET input clears TCL5n to O0H.

Figure 9-5. Format of Timer Clock Select Register 50 (TCL50)

Address: FF71H  After reset: O0H 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
fx = 8.38 MHz | fx = 12 MHzNote

0 0 0 TI50 falling edge - -

0 0 1 TI50 rising edge - -

0 1 0 fx 8.38 MHz 12 MHz

0 1 1 fx/22 2.09 MHz 3 MHz

1 0 0 fx/24 523 kHz 750 kHz

1 0 1 fx/26 131 kHz 187 kHz

1 1 0 fx/28 32.7 kHz 46.8 kHz

1 1 1 fx/210 8.18 kHz 11.7 kHz

Note Expanded-specification products of uPD780078 Subseries only.

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.
2. Be sure to set bits 3 to 7 to 0.

Remarks 1. When cascade connection is used, only TCL50 is valid for count clock setting.
2. fx: Main system clock oscillation frequency
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Figure 9-6. Format of Timer Clock Select Register 51 (TCL51)

Address: FF79H  After reset: 00H R/W
Symbol 7 6 5 4 2 1 0
TCL51 0 0 0 0 TCL512 TCL511 TCL510
TCL512 TCL511 TCL510 Count clock selection
fx = 8.38 MHz | fx = 12 MHzNote

0 0 0 T151 falling edge - -

0 0 1 TI51 rising edge - -

0 1 0 fx/2 4.19 MHz 6 MHz

0 1 1 fx/23 1.04 MHz 1.5 MHz

1 0 0 fx/2% 261 kHz 375 kHz

1 0 1 fx/27 65.4 kHz 93.7 kHz

1 1 0 fx/29 16.3 kHz 23.4 kHz

1 1 1 fx/211 4.09 kHz 5.85 kHz

Note Expanded-specification products of uPD780078 Subseries only.

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.

2. Be sure to set bits 3 to 7 to 0.

Remarks 1. When cascade connection is used, only TCL50 is valid for count clock setting.
2. fx: Main system clock oscillation frequency

(2) 8-bit timer mode control register 5n (TMC5n: n = 0, 1)
TMC5n is a register that makes the following six settings.

192

<1> 8-bit timer counter 5n (TM5n) count operation control
<2> 8-bit timer counter 5n (TM5n) operating mode selection

<3> Discrete mode/cascade connection mode selection (TMC51 only)

<4> Timer output F/F (flip-flop) status setting

<5> Active level selection in timer F/F control or PWM (free-running) mode

<6> Timer output control

TMC5n is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears TMC5n to 00H.
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Figure 9-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

Address: FF70H  After reset: O0H R/W

Symbol 6 5 4 1 [0]
TMC50 | TCES0 | TMC506 0 0 | Lvsso | LVRso | TMCs01 | TOEs0 |
TCE50 TM50 count operation control
0 After clearing to 0, count operation disabled (prescaler disabled)
1 Count operation start
TMC506 TM50 operating mode selection
0 Clear and start mode by 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
In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)
TMC501
Timer F/F control Active level selection
0 Inversion operation disabled Active high
1 Inversion operation enabled Active low
TOE50 Timer output control
0 Output disabled (port mode)
1 Output enabled

Cautions 1. The settings of LVS50 and LVR50 are valid in modes other than the PWM mode.

2.

Remarks 1.
2.
3.

Do not set <1> to <3> below at the same time. Set as follows.
<1> TMC501 and TMC506: Setting of operation mode
<2> Set TOE50 for output enable: Timer output enable
<3> Set TCE50

Set LVS50 and LVR50 before <3>.

Stop operation before rewriting TMC506.

In PWM mode, PWM output will be inactive because TCE50 = 0.

If LVS50 and LVR50 are read, 0 is read.

The values of the TMC506, LVS50, LVR50, TMC501, and TOE5O0 bits are reflected to the TO50
output regardless of the value of TCES50.
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Figure 9-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FF78H  After reset: 0O0H R/W

Symbol 6 5 4 1 (0]
TMC51 | TCEst | TMC516 0 TMC514 | Lvsst | LVRst | TMCs11 | TOEst |
TCE51 TM51 count operation control
0 After clearing to 0, count operation disabled (prescaler disabled)
1 Count operation start
TMC516 TM51 operating mode selection
0 Clear and start mode by match between TM51 and CR51
1 PWM (free-running) mode
TMC514 Discrete mode/cascade connection mode selection
0 Discrete mode
1 Cascade connection mode (TM50: Lower timer, TM51: Higher timer)
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
In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
TMC511
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 (port mode)
1 Output enabled

Cautions 1. The settings of LVS51 and LVR51 are valid in modes other than the PWM mode.
2. Do not set <1> to <3> below at the same time. Set as follows.
<1> TMC511, TMC516, and TMC514: Setting of operation mode
<2> Set TOE51 for output enable:  Timer output enable
<3> Set TCE51
Set LVS51 and LVR51 before <3>.
3. Stop operation before rewriting TMC516.

Remarks 1. In PWM mode, PWM output will be inactive because TCE51 = 0.
2. If LVS51 and LVR51 are read, 0 is read.
3. The values of the TMC516, LVS51, LVR51, TMC514, TMC511, and TOE51 bits are reflected to
the TO51 output regardless of the value of TCE51.
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(3) Port mode register 7 (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P72/TO50/T150 and P73/T151/TO51 pins for timer output, set PM72 and PM73, and the output
latches of P72 and P73 to 0.
When using the P72/TO50/TI50 and P73/T151/TO51 pins for timer input, set PM72 and PM73 to 1. At this time,
the output latches of P72 and P73 can be either 0 or 1.
PM7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM7 to FFH.

Figure 9-9. Format of Port Mode Register 7 (PM7)

Address: FF27H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
vz | 1 | 1 | Pwzs | pm7a | Pm73 | PM72 | PM71 | PM70 |
PM7n P7n pin I/O mode selection (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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9.4 Operation of 8-Bit Timer/Event Counters 50, 51

9.4.1 8-bit interval timer operation

The 8-bit timer/event counters operate as interval timers that generate 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 select register 5n
(TCL5n).

<1> Set each register.

e TCL5n: Select count clock.

e CR5n: Compare value

e TMC5n: Count operation stop, clear & start mode on match between TM5n and CR5n.

(TMC5n = 0000xxx0B x = don’t care)

<2> After TCE5n = 1 is set, count operation starts.
<3> If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to O0H).
<4> INTTMb5n is generated repeatedly at the same interval. Set TCE5n to 0 to stop the count operation.

Remark n=0,1
Figure 9-10. Interval Timer Operation Timing (1/3)

(a) Basic operation

-
1 1
Count clock | | | | __ I | l | I | I | . I | | | I | I | - I | |
I I I
TMsn countvalue __ 00H X01HX X N XooHXotHX X N XooHXotHX X N X
A A A '
Count start Clear Clear E
CR5n N o N - N - N

A
Interrupt acknowledged

Interrupt acknowledged

Interval time Interval time

Remarks 1. Interval time = (N + 1) x t
N = O0H to FFH
2. n=0,1
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Figure 9-10. Interval Timer Operation Timing (2/3)

(b) When CR5n = 00H

Count clock ||||||||||||
1

O0H [ [ [

1
TM5n 00H ' 00H

CR5n

TCE5n|
INTTM5n Illlllllllll

1 1
-
1 1

Interval time

00H ;| OOH

(c) When CR5n = FFH

Count clock ||||__||||||||||__||||||||||

TM5n [oH] [FEH[FFHJoOH] [ FEH [ FFH [ooH |

CR5n FFH FFH

FFH

TCEsn |
INTTMS5n []

A
Interrupt acknowledged

Interval time

Remark n=0, 1
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Figure 9-10. Interval Timer Operation Timing (3/3)

(d) Operated by CR5n transition (M < N)

Countclock|||||||||||||||||||||||

|

T™5n N[ 00H | | m | | N | | FFH [ ooH | | m [ ooH |
I | | I
CR5n ! N ) Y :
| | | |
TCESn H| |
|

INTTM5n [ ] ]

| |
| |
| |
| |
} }
CRb5n transition TM5n overflows since M < N

(e) Operated by CR5n transition (M > N)

Countclock|||||||||||||||||||||||

|

T™sn  [N-1] N JooH | o1H | [ N | [M—1] ™M ] ooH | o1H |
| | |
CRSn N ) M !
| | |
TCES5n H ! |
| |

INTTM5n ] 1

|
|
|
|
4
CRb5n transition

Remark n=0,1
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9.4.2 External event counter operation

The external event counter counts the number of external clock pulses to be input to TI5n using 8-bit timer counter
5n (TM5n).

TM5n is incremented each time the valid edge specified by timer clock select 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 count value matches the value of CR5n, INTTM5n is generated.

<1> Set each register.
* Set the port mode register (PM72 or PM73)N°* to 1
e TCL5n: Edge selection of TI5n input
Rising edge of TI5n — TCL5n = 00H
Falling edge of TI5n — TCL5n = 01H
e CR5n: Compare value
e TMC5n: Count operation stop, clear & start mode on match between TM5n and CR5n, timer F/F inverted
operation disable, timer output disable
(TMC5n = 0000xx00B, x = don’t care)
<2> When TCE5n = 1 is set, the number of pulses input from TI5n is counted.
<3> When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> Each time the values of TM5n and CR5n match, INTTM5n is generated.

Note 8-bit timer/event counter 50: PM72
8-bit timer/event counter 51: PM73

Figure 9-11. External Event Counter Operation Timing (with Rising Edge Specified)

o [T UL UL L

Count start

1
TMSn count value X 00H X 01HX 02H X 03H X 04HX 0sHX _____ XN—1X_N_XooH X 01H X 02H X 03H X
1

CR5n N

INTTM5n []

Remarks 1. N = 00H to FFH
2. n=0,1
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9.4.3 Square-wave output (8-bit resolution) 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 reversed at intervals determined by the count value preset to CR5n by setting bit
0 (TOES5N) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

<1>

<2>

<3>

<4>

Set each register.

e Set port output latches (P72, P73)"** and port mode registers (PM72, PM73)Nete to 0.
e TCL5n: Select count clock

e CR5n: Compare value

e TMC5n: Count operation stop, clear & start mode on match between TM5n and CR5n

LVS5n | LVR5n Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F reverse enable
Timer output enable — TOE5n = 1
(TMC5n = 00001011B or 00000111B)

After TCE5n = 1 is set, the count operation starts.
Timer output F/F is reversed by match between TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to OOH.
Timer output F/F is reversed at the same interval and a square wave is output from TO5n.
The frequency is as follows.
e Frequency = 1/2t (N + 1)
(N = O0OH to FFH)

Note 8-bit timer/event counter 50: P72, PM72

8-bit timer/event counter 51: P73, PM73

Remark n=0, 1

200
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Figure 9-12. Square-Wave Output Operation Timing

O
| |

counteiock [ [T L LML LML L LT

| |
| |
TMsn countvalue _ 00H X otH fo2H X KN—1f N f ooH X o1H K o2H ) IN-1X N X ooH
A | |
Count start | |
| |
CR5n N l 1

|
|
|
TO5nNote o | |_

Note The TO5n output initial value can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control register
5n (TMC5n).

Remarks 1. N = 00H to FFH
2. n=0,1

9.4.4 8-bit PWM output operation
The 8-bit timer/event counter operates as PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register
5n (TMC5n) is set to 1.
The duty ratio pulse is determined by the value set to 8-bit timer compare register 5n (CR5n).
Setthe 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 select register 5n (TCL5n).
PWM output enable/disable can be selected with bit 0 (TOE5n) of TMC5n.

Caution CR5n can be rewritten in PWM mode only once per cycle.

Remark n=0, 1

User's Manual U14260EJ3V1UD 201



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50, 51

(1) PWM output basic operation

202

<1> Set each register.

<2>

e Set port output latches (P72, P73)N°® and port mode registers (PM72, PM73)Net to 0.
e TCL5n: Count clock selection

¢ CR5n: Compare value

e TMC5n: Count operation stop, PWM mode selection, timer output F/F not changed

TMC5n1 Active Level Selection
0 Active high
1 Active low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

When TCE5n = 1 is set, the count operation is started.
To stop the count operation, set TCE5n to 0.

Note 8-bit timer/event counter 50: P72, PM72

8-bit timer/event counter 51: P73, PM73

[PWM output operation |

<1>

<2>

<3>

<4>

<5>

PWM output (output from TO5n) outputs an inactive level until an overflow occurs.

When an overflow occurs, the active level is output. The active level is output until CR5n matches the count
value of 8-bit timer counter 5n (TM5n).

When CR5n matches the count value, the inactive level is output. The inactive level is output until an
overflow occurs again.

Operations <2> and <3> are repeated until the count operation stops.

When the count operation is stopped by setting TCE5n = 0, PWM output becomes the inactive level.
For details of timing, see Figures 9-13 and 9-14.

The cycle, active-level width, and duty are as follows.

e Cycle = 28
e Active-level width = Nt
e Duty = N/28

(N = O0H to FFH)

Remark n=0,1
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Figure 9-13. PWM Output Operation Timing
(a) Basic operation (active level = H)

A
| |
Countelock [ LML . . it
| | | | |
- | | - | - | | - !
TM5n __00HJO1H]  __ |FFH|OOH|01H|02H| __AN |N+1| . |FFH|00H|01H|02H| __1Mm[ 0oH
|
| | | | | |

CR5n N . . . .
| | | | | |
TCE5N 0T | | 0T | 0T | | 0T |
— | | | | | |
INTTM5n __ . M ‘ . L M 1 !
! | | | | | |

! | | - | | -

TO5n ___ . ! | L. —"
<1> 4 4 4 <5>
<2> Active level <3> Inactive level Active level

(b) CR5n =0

A

Count clock |||| |||||||||| |||||| ||_||_||_||_|L_|L,_||_|L
TM5n __00H J01H] |FFH|00H|01H|02H| |N |N+1|N+2| |FFH|00H|01H|02H| : |M|00H

CR5n 00H . . o ‘ . ‘
| | |
TCE5 . w o o T
"— | | |
INTTM5n ___ - [ . . |_I —
TO5n _L | . 1 . . ! . !
4 4

Inactive level Inactive level

(c) CR5n = FFH

t

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n __00H fo1H] |FFH|00H|01H|02H| |N|N+1|N+2| |FFH|00H|01H|02H| |M|00H
|
|

CR5n FFH . . . .
| | | | | |
TCE5n o o o | | | o _|_
- | B ;
INTTM5n I . I g R o
! | | | | | |
| | - - -
TO5n __! . ! | | I_
) o b
Inactive level Active level Active level Inactive level
Inactive level

Remarks 1. <1>to <3>and <5> in Figure 9-13 (a) correspond to <1> to <3> and <5> in | PWM output operation |
in 9.4.4 (1) PWM output basic operation.
2. n=0,1
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(2) Operation with CR5n changed
Figure 9-14. Timing of Operation with CR5n Changed

(a) CR5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

Lt

|-
1 1
Countclock|||||||||]|‘||‘||‘||‘|nnnnl—||—|n|—|l—||—|l—|l—|l—|l—|l—|l—ll—l

1 1 1 1 1 1 1 1
TMsn _T N Ve 1INe2[_~~ " TEFHTOHTOTHT0HT -~ T M W f]We2] _~ ~ —TFEAT0HTOTHT02HT — -~ T M W ([N 2]
! 1 1 1 1 1

1
|
CRSn N_ A M : : : :
1 1 1 1 1 1 1 1
TCE5n H X | | X X | | i
INTTM5n : ' 1 : : 1 : :
1 1 1 1 1 1 1
TosSn | : | I i f |'
L<2>
<1> CR5n change (N — M)
(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.
Lt
|
Countclock|||||‘||_||—||"'|I|—||—||—||—||—||—||—||—||—||—||—|l—|I—ll—lI—ll—ll—ll—ll—”—ll_I
1 ! 1 1 1 1 1
TM5n _[N [N+1 CCTTTFFHTOOHTOTHTO0HT 1. _ [N IN+f[N+2] - ST Tw [+ 10+ 2]
! 1 1 1 1 1 1
CR5n N —X N . X Y .
1 1 1 1 1 1 1
TCE5n H | | | | | X |
INTTM5n : 11 : : 1 : :
1 1 1 1 1 1 1
Tosn | : I i X I |'
<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 9-14, the value read differs from the
actual value (read value: M, actual value of CR5n: N).

Remark n=0,1
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9.4.5 Interval timer (16-bit) operations

When bit 4 (TMC514) of 8-bit timer mode control register 51 (TMC51) is set to 1, the 16-bit resolution timer/counter
mode is entered.

The 8-bit timer/event counter operates as an interval timer that generates interrupt requests repeatedly at intervals
of the count value preset to the 8-bit timer compare registers (CR50, CR51).

<1> Set each register.
e TCL50: Select count clock for TM50.
Cascade-connected TM51 need not be selected.
e CR50, CR51: Compare value (each value can be set to O0H to FFH)
e TMC50, TMC51: Select the clear & start mode entered on a match between TM50 and CR50 (TM51 and
CR51).
TM50 — TMC50 = 0000xxx0B x: don’t care
TM51 — TMC51 = 0001xxx0B x: don’t care
<2> When TMC51 is set to TCE51 = 1 and then TMC50 is set to TCE50 = 1, the count operation starts.
<3> When the values of TM50 and CR50 of the cascade-connected timer match, INTTM50 of TM50 is generated
(TM50 and TM51 are cleared to 00H).
<4> INTTMb5n is generated repeatedly at the same interval.

Cautions 1. Stop the timer operation without fail before setting the compare registers (CR50, CR51).
2. INTTM51 of TM51 is generated when the TM51 count value matches CR51, even if cascade
connection is used. Be sure to mask TM51 to disable interrupts.
3. Set TCE50 and TCE51 in order of TM51 then TM50.
4. Count restart/stop can only be controlled by setting TCE50 of TM50 to 1/0.

Figure 9-15 shows an example of 16-bit resolution cascade connection mode timing.

Figure 9-15. 16-Bit Resolution Cascade Connection Mode

Countclock MMM MMM ML LML L L LU LU
TM50 T~ TR - ZTFFI - TR - ~TFFATATOeL - ) TN ORI .- TATHE

™51~ [0 722 S N [0H IR
|
CR50 N ‘ l
! I
CR51 M ! :
| |
TCE50 | | !_
TCE51 __| ! : L
|
INTTM50 l ! 1
| | |
} Interval time - !
| | |
{ { 4
Operation enable Interrupt request Operation
Count start generation, stop

counter clear
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9.5 Pro

gram List

Caution Thefollowing sample programis shown as an example to describe the operation of semiconductor
products and their applications. Therefore, when applying the following information to your
devices, design the devices after performing evaluation under your own responsibility.

9.5.1 Interval timer (8-bit)

/*************************************************************************************/

/*
/*

/*
/*
/*

Timer 50 operation sample
/* Interval timer setting example (frequency change by interrupt processing)
(value changed when other than 00)

datal[O0]:

data[l] : Set data

Data set flag

*/
*/
*/
*/
*/
*/

/*************************************************************************************/

#pragma
#pragma
#pragma
#pragma

void ma

{

}

interrupt INTTM50 intervalint rb2

sfr

ET

DI

unsigned char datal2];
in(void)

PCC = 0x0;

data[0] = 0;
datal[l] = 0;

P7 = 0b11111011;
PM7.2 = 0;

TMMK50 = 0;

TMC50 = 0b00000111;
TCL50 = 0b00000101;
CR50 = 131;

TCE50 = 1;

EI();

while (1) ;

/*

/*
/*

/*
/*
/*

/*
/*
/*
/*
/*
/*
/*
/*

/*

/* INTTM50 interrupt function */

void in

{

206

tervalint ()

if (datal0] != 0)

{

CR50 =

datal[1]; /*
data[0] = 0;

/*

Data area */

Set high-speed operation mode */
Clear data area */

Set port */
When using TO50 */
Set P72 to output */

Set interrupt */
Clear INTTM50 interrupt mask */
Set timer 50 */
Clear & start mode, initial value L */

Both rising and falling edges */

Count clock is fx/2%6 */

Set interval to 1 ms as initial value */
Timer start */

Dummy loop */

Set new set value */
Clear request flag */
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9.5.2 External event counter

/**************************************************************
/*

/* Timer 50 operation sample

/* Event counter setting example

/* data: Count up flag

/*

/**************************************************************

#pragma sfr

#pragma EI
#pragma DI
#pragma interrupt INTTM50 intervalint rb2
unsigned char data; /* Data area */

void main (void)

{

PCC = 0x0; /* Set high-speed operation mode
data = 0; /* Clear data area */
/* Set port */
PM7.2 = 1; /* Set P72 to input */
/* Set interrupt
TMMK50 = O; /* Clear INTTM50 interrupt mask
/* Set timer 50
TMC50 = 0b00000000; /* Clear & start mode
TCL50 = 0b00000001; /* Specify rising edge of TI5O0
CR50 = 0x10; /* Set N = 16 as initial value
TCE50 = 1; /* Timer start
EI();
/*************************************************************/
/* */
/* Describe the processing to be executed */
/* */
/*************************************************************/
while (data == 0); /* Wait for count up */
/*************************************************************/
/* */
/* Describe the processing after count up below */
/* */
/*************************************************************/
interrupt function
/* INTTM50 i pt £ i */
void intervalint ()
data = Oxff; /* Set count up flag */
TCE50 = 0; /* Timer stop */
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9.5.3 Interval timer (16-bit)

/***************************************************************/

/* */

/* Timer 5 operation sample x/

/* Cascade connection setting example x/

/* */
/***************************************************************/
#pragma sfr

#pragma EI

#pragma DI

#define intervalTM5 130 /* Cycle data to be set to CR */

#pragma

interrupt INTTM50 ppgint rb2

unsigned char ppgdatal[2];

void main (void)

{

int interval;

/*

Data area to be set to timer 5 */

interval = intervalTM5;
PCC = 0x0; /* Select high-speed operation mode */
ppgdata[0] = 0; /* Clear CR50 data */
ppgdatall] = 0; /* Clear CR51 data */
/* Set port */
P7 = 0b11111011; /* Clear P72 */
PM7.2 = 0; /* Set P72 to output */
/* Set interrupt */
TMMK50 = 0; /* Clear INTTM50 interrupt mask */
TMMK51 = 1; /* Set INTTM51 interrupt mask */
/* Set timer 5 */
TCL50 = 0b00000101; /* Count clock is fx/2%6 */
CR50 = interval & Oxff; /* Set lower compare register to CR50 */
CR51 = interval >> 8; /* Set higher compare register to CR51 */
TMC50 = 0b00000111; /* Inverted on match, initial value L */
TMC51 = 0b00010000; /* Cascade mode */
TCE51 = 1;
TCE50 = 1; /* Timer starts */
EI();
while (1) ;

}

/* Timer 5 interrupt function */
void ppgint ()

unsigned int work;
work = ppgdata[0]+ppgdata[l] *0x100;
if (work != 0)
{
TCE50 =0;
CR51 = work >> 8;
CR50 = work & Oxff;

ppgdata[0] = 0;
ppgdatal[l] = 0;
if (work != Oxffff)
{
TCE50 = 1; /* Timer resumes */

}
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9.6 Cautions for 8-Bit Timer/Event Counters 50, 51
(1) 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 8-bit timer counter 5n (TM5n) is started asynchronously to the count pulse.

Figure 9-16. Start Timing of 8-Bit Timer Counter 5n (TM5n)

Count pulse [ S I B

TM5n count value 00H X otH X 02H X 03H X O04H

Timer start

(2) Setting STOP mode or main system clock stop mode
Except when T15n input is selected, always set TCE5n = 0 before setting the STOP mode or main system clock
stop mode.
The timer may malfunction when the main system clock starts oscillating.

(8) TM5n (n = 0, 1) reading during timer operation
When reading TM5n during operation, the count clock stops temporarily, so select a count clock with a high/low-
level waveform longer than two cycles of the CPU clock. For example, in the case where the CPU clock (fcru)

is fx, when the selected count clock is fx/4 or below, it can be read.

Remark n=0, 1
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10.1 Watch Timer Functions
The watch timer has the following functions.
(1) Watch timer
When the main system clock or subsystem clock is used, interrupt requests (INTWT) are generated at 214/fw
second or 25/fw second intervals.
(2) Interval timer
Interrupt requests (INTWTI) are generated at the preset time interval.

For the interval time, refer to Table 10-2.

The watch timer and the interval timer can be used simultaneously.
Figure 10-1 shows the watch timer block diagram.

Figure 10-1. Watch Timer Block Diagram

S
8 fuox 5-bit counter INTWT
Clear K
fx/27 5 9-bit prescaler Clear
5 | fw
3 fw | fw| fw | fw | fw | fw i
fxr—— » 24| 05| 96| 27| o8 29
S
3 INTWTI
[0
n
[wrmz|wrme | wrms| wrma wrms|wmt | wrimol
Watch timer operation
mode register (WTM) H
( Internal bus )

Remark fw: Watch timer clock frequency (fx/27 or fxt)
fx:  Main system clock oscillation frequency
fx1: Subsystem clock oscillation frequency
fwx: fw or fw/29
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10.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 10-1. Watch Timer Configuration

Iltem Configuration
Counter 5 bits x 1
Prescaler 9 bits x 1

Control register Watch timer operation mode register (WTM)

10.3 Register to Control Watch Timer
The watch timer is controlled by the watch timer operation mode register (WTM).

e Watch timer operation mode register (WTM)
This register sets the watch timer count clock, enables/disables operation, sets the prescaler interval time,
controls the 5-bit counter operation, and sets the watch timer interrupt request time.
WTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WTM to 00H.
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Figure 10-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF41H  After reset: O0H R/W

Symbol 7 6 5 4 3 2 [o]
WTM WTM7 | WTM6 | WTM5 | WTM4 | WTM3 o | wimt | wimo |
WTM7 Watch timer count clock selection
0 fx/27 (65.4 kHz: fx = 8.38 MHz, 93.7 kHz: fx = 12 MHzNote)
1 fxr (32.768 kHz: fxr = 32.768 kHz)
WTM6 WTM5 WTM4 Prescaler interval time selection
0 0 0 24/fw
0 0 1 25/fw
0 1 0 26/fw
0 1 1 27/fw
1 0 0 28/fw
1 0 1 29/fw
Other than above Setting prohibited
WTM3 Interrupt request time of watch timer
0 214/fw
1 25/fw
WTM1 5-bit counter operation control
0 Clear after operation stop
1 Start
WTMO Watch timer operation enable
0 Operation stopped (both prescaler and timer cleared)
1 Operation enabled

Note Expanded-specification products of uyPD780078 Subseries only.

Caution Do not change the count clock, interval time, and interrupt request time (by using bits 3 to 7
(WTM3 to WTM7) of WTM) while the watch timer is operating.

Remarks 1. fw: Watch timer clock frequency (fx/27 or fxT)

2. fx: Main system clock oscillation frequency
3. fx1: Subsystem clock oscillation frequency
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10.4 Watch Timer Operations

10.4.1 Watch timer operation

The watch timer generates an interrupt request (INTWT) at specific time intervals (214/fw seconds or 25 /fw seconds)
by using the main system clock or subsystem clock. The interrupt request is generated at the following time intervals
(where WTMS3 = 0).

e |If main system clock (8.38 MHz) is selected: 0.25 seconds

* If subsystem clock (32.768 kHz) is selected: 0.5 seconds

When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer operation mode register (WTM) are set to 1, the count
operation starts, and 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, a zero-second start can be achieved for the watch timer by
setting WTM1 to 1 after clearing itto 0. In this case, however, the 9-bit prescaler is not cleared. Therefore, an error
up to 2%fw seconds occurs in the first overflow (INTWT) after the zero-second start.

Remark fw: Watch timer clock frequency (fx/27 or fxt)

10.4.2 Interval timer operation

The watch timer operates as interval timer that 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 WTM is set to 1, the count operation starts. When this bit is cleared to 0, the count
operation stops.

Table 10-2. Interval Timer Interval Time

s | | | | e e e e e | v
0 0 0 2%/fw 170 us 244 us 488 us 488 us
0 0 1 25 /fw 341 us 488 us 977 us 976 us
0 1 0 26 /fw 682 us 977 us 1.95 ms 1.95 ms
0 1 1 27/fw 1.36 ms 1.95 ms 3.91 ms 3.90 ms
1 0 0 28/fw 2.73 ms 3.91 ms 7.82 ms 7.81 ms
1 0 1 29/fw 5.46 ms 7.82 ms 15.6 ms 15.6 ms
Other than above Setting prohibited

Note Expanded-specification products of uPD780078 Subseries only.
Remark fw: Watch timer clock frequency (fx/27 or fxT)

fx: Main system clock oscillation frequency
fx1: Subsystem clock oscillation frequency
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Figure 10-3. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH
Overflow Overflow
Start | :
| |
Count clock B pipipginpiSpipipgigipipiigEginl
| | |
Watch timer l | ‘
interrupt INTWT ‘ === !_I -—— !_I
l Interrupt time og watch timer Interrupt time 02 watch timer |
|
Interval timer | (2"/fw or 2°/fw sec.) ‘l_l (2"/fw or 2%/fw sec.) -
interrupt INTWTI } I L--- | L. |
[ | | |
| Interval time | ! T ! |
1 M l |
: nxT ! nxT |

Remark fw: Watch timer clock frequency (fx/27 or fxt)
n: The number of interval timer operations

*x 10.5 Cautions for Watch Timer

When operation of the watch timer and 5-bit counter is enabled by the watch timer operation mode register (WTM)
(by setting bits 0 (WTMO) 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 bit 3 (WTM3) of WTM. This is because
there is a delay of one 11-bit prescaler output cycle until the 5-bit counter starts counting. 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 for the first INTWT to be generated (29 x 1/32768 = 0.015625 s longer). INTWT is
then generated every 0.5 seconds.

WTMO, WTM1

0.515625 s 05s 05s

INTWT
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11.1 Watchdog Timer Functions
The watchdog timer has the following functions.
(1) Watchdog timer
The watchdog timer detects a program loop. Upon detection of a program loop, a non-maskable interrupt request
or RESET can be generated.
For the loop detection time, refer to Table 11-2.
(2) Interval timer
Interrupt requests are generated at the preset time intervals.

For the interval time, refer to Table 11-3.

Caution Select the watchdog timer mode or the interval timer mode using the watchdog timer mode
register (WDTM). (The watchdog timer and the interval timer cannot be used simultaneously.)

Figure 11-1 shows a block diagram of the watchdog timer.

Figure 11-1. Watchdog Timer Block Diagram

fx ¢

Clock L Divided
) Divider INTWDT
f/2° 'nplit " circuit clock Output
controller selector controller
T RESET
RUN Division mode
selector 3
= WDT mode signal
I —
[wpcsz2|wpcs1wpeso| [ RUN [WDTM4WDTM3)|
Watchdog timer clock Watchdog timer mode
select register (WDCS) register (WDTM)
Internal bus
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11.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 11-1. Watchdog Timer Configuration

Iltem Configuration

Control registers | Watchdog timer clock select register (WDCS)
Watchdog timer mode register (WDTM)

11.3 Registers to Control Watchdog Timer
The following two registers are used to control the watchdog timer.

e Watchdog timer clock select register (WDCS)
e Watchdog timer mode register (WDTM)

(1) Watchdog timer clock select register (WDCS)
This register sets the overflow time of the watchdog timer and the interval timer.
WDCS is set by an 8-bit memory manipulation instruction.
RESET input clears WDCS to 00H.

Figure 11-2. Format of Watchdog Timer Clock Select Register (WDCS)

Address: FF42H  After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
WDCS 0 0 0 0 0 WDCS2 WDCS1 WDCSO0
WDCS2 WDCS1 WDCSO0 Overflow time of watchdog timer/interval timer
fx = 8.38 MHz fx = 12 MHzNote

0 0 0 212/fx 488 us 341 us

0 0 1 213/fx 977 us 682 us

0 1 0 214/8x 1.95 ms 1.36 ms

0 1 1 215/fx 3.91 ms 2.73 ms

1 0 0 216/fx 7.82 ms 5.46 ms

1 0 1 217/8x 15.6 ms 10.9 ms

1 1 0 218/fx 31.2ms 21.8 ms

1 1 1 220/fx 125 ms 87.3 ms

Note Expanded-specification products of uPD780078 Subseries only.

Remark fx: Main system clock oscillation frequency
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(2) Watchdog timer mode register (WDTM)
This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears WDTM to 00H.

Figure 11-3. Format of Watchdog Timer Mode Register (WDTM)

Address: FFF9H  After reset: O0OH R/W

Symbol
WDTM

Notes 1.

Caution

Remark

6 5 4 3 2 1
RUN | 0 0 WDTM4 WDTM3 0 0
RUN Watchdog timer operation mode selectionNote 1
0 Count stop
1 Counter is cleared and counting starts
WDTM4 WDTM3 Watchdog timer operation mode selectionNote 2
0 x Interval timer modeNote 3

(Maskable interrupt request occurs upon generation of overflow)

1 0 Watchdog timer mode 1
(Non-maskable interrupt request occurs upon generation of overflow)

1 1 Watchdog timer mode 2
(Reset operation is activated upon generation of overflow)

Once set to 1, RUN cannot be cleared to 0 by software.
Thus, once counting starts, it can only be stopped by RESET input.

. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
. The watchdog timer starts operation as an interval timer when RUN is set to 1.

When RUN is set to 1 so that the watchdog timer is cleared, the actual overflow time is up to
28/fx seconds shorter than the time set by the watchdog timer clock select register (WDCS).

x: Don’t care
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11.4 Watchdog Timer Operations

11.4.1 Watchdog timer operation

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer is operated to
detect a program loop.

The loop detection time interval is selected with bits 0 to 2 (WDCSO0 to WDCS2) of the watchdog timer clock select
register (WDCS). The watchdog timer starts by setting bit 7 (RUN) of WDTM to 1. After the watchdog timer is started,
set RUN to 1 within the set loop time interval. The watchdog timer can be cleared and counting started by setting
RUN to 1.

If RUN is not set to 1 and the loop detection time is exceeded, system reset or a non-maskable interrupt request
is generated according to the value of bit 3 (WDTM3) of WDTM.

The watchdog timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN to 1
before the STOP mode is set, clear the watchdog timer and then execute the STOP instruction.

Cautions 1. The actual loop detection time may be shorter than the set time by up to 2%/fx seconds.
2. Whenthe subsystem clock s selected for the CPU clock, the watchdog timer count operation

is stopped.

Table 11-2. Watchdog Timer Loop Detection Time

Loop Detection Time When Operated at When Operated at
fx = 8.38 MHz fx = 12 MHzNote
212/t 488 us 341 us
213/t 977 us 682 us
214/fx 1.95 ms 1.36 ms
215/fx 3.91 ms 2.73 ms
216/tx 7.82 ms 5.46 ms
217/fx 15.6 ms 10.9 ms
218/fy 31.2ms 21.8 ms
220/tx 125 ms 87.3 ms

Note Expanded-specification products of uPD780078 Subseries only.

Remark fx: Main system clock oscillation frequency
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11.4.2 Interval timer operation

The watchdog timer operates as an interval timer that generates interrupt requests repeatedly at an interval of the
preset count value when bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to O.

The interval time of the interval timer is selected with bits 0 to 2 (WDCSO0 to WDCSZ2) of the watchdog timer clock
select register (WDCS). When bit 7 (RUN) of WDTM is set to 1, the watchdog timer operates as an interval timer.

When the watchdog timer operates as an interval timer, the interrupt mask flag (WDTMK) and priority specification
flag (WDTPR) are validated and the maskable interrupt request (INTWDT) can be generated. Among the maskable
interrupts, INTWDT has the highest priority at default.

The interval timer continues operating in the HALT mode but it stops in STOP mode. Thus, set RUN to 1 before
the STOP mode is set, clear the interval timer and then execute the STOP instruction.

Cautions 1. Once bit 4 (WDTM4) of WDTM is set to 1 (this selects the watchdog timer mode), the interval
timer mode is not set unless RESET is input.
2. The interval time just after setting WDTM may be shorter than the set time by up to 2%/fx

seconds.
3. Whenthe subsystem clock is selected for the CPU clock, the watchdog timer count operation
is stopped.
Table 11-3. Interval Timer Interval Time
Interval Time When Operated at When Operated at
fx = 8.38 MHz fx = 12 MHzNote
212/t 488 us 341 us
213/t 977 us 682 us
214/tx 1.95 ms 1.36 ms
215/t 3.91 ms 2.73 ms
216/t 7.82 ms 5.46 ms
217/« 15.6 ms 10.9 ms
218ty 31.2 ms 21.8 ms
220/t 125 ms 87.3 ms

Note Expanded-specification products of uPD780078 Subseries only.

Remark fx: Main system clock oscillation frequency

User's Manual U14260EJ3V1UD 219



CHAPTER 12 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

12.1 Clock Output/Buzzer Output Controller Functions

Clock output is used for carrier output during remote controlled transmission and clock output for supply to
peripheral ICs. The clock selected by the clock output select register (CKS) is output.

In addition, buzzer output is used for square-wave output of the buzzer frequency selected by CKS.

Figure 12-1 shows the block diagram of the clock output/buzzer output controller.

Figure 12-1. Block Diagram of Clock Output/Buzzer Output Controller

fX —— Prescaler
8 A4 t2Vtof2®| 8
< BUZ/TI001/
@ TO01/P75
T t BCS0, BCS1
BZOE
Output latch
ftofu2” | (P75) [Pw7s)]
[e]
© Clock
3 controller ’ > © PCLTIO11/
fxT » ? & P74
CLOE

*—

Output latch
(P74) PM74

TFHTTT

BZOE | BCS1 | BCSO | CLOE | CCS3 | CCS2 | CCS1 | CCSoO

H

Clock output select register (CKS)

g Internal bus g
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12.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller consists of the following hardware.

Table 12-1. Configuration of Clock Output/Buzzer Output Controller

Iltem Configuration

Control registers Clock output select register (CKS)
Port mode register (PM7)
Port register 7 (P7)

12.3 Registers to Control Clock Output/Buzzer Output Controller

The following three registers are used to control the clock output/buzzer output controller.
e Clock output select register (CKS)

* Port mode register (PM7)

* Port register 7 (P7)

(1) Clock output select 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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Figure 12-2. Format of Clock Output Select Register (CKS)

Address: FF40H After reset: 00H R/W

Symbol 6 5 3 2 0
cks | BzoE | BOst | Boso | cloE | coss | ocs2 | cest | coso
BZOE BUZ output enable/disable specification
0 Stop clock divider operation. BUZ fixed to low level.
1 Enable clock divider operation. BUZ output enabled.
BCS1 BCSO BUZ output clock selection
fx = 8.38 MHz fx = 12 MHzNote
0 0 fx/210 8.18 kHz 11.7 kHz
0 1 fx/211 4.09 kHz 5.85 kHz
1 0 fx/212 2.04 kHz 2.92 kHz
1 1 fx/213 1.02 kHz 1.46 kHz
CLOE PCL output enable/disable specification
0 Stop clock divider operation. PCL fixed to low level.
1 Enable clock divider operation. PCL output enabled.
CCS3 CCSs2 CCsHt CCSo0 PCL output clock selection
fx = 8.38 MHz | fx = 12 MHzNote
0 0 0 0 fx 8.38 MHz 12 MHz
0 0 0 1 fx/2 4.19 MHz 6 MHz
0 0 1 0 fx/22 2.09 MHz 3 MHz
0 0 1 1 fx/23 1.04 MHz 1.5 MHz
0 1 0 0 fx/24 523 kHz 750 kHz
0 1 0 1 fx/25 261 kHz 375 kHz
0 1 1 0 fx/26 130 kHz 187 kHz
0 1 1 1 fx/27 65.4 kHz 93.7 kHz
1 0 0 0 fxr (32.768 kHz)
Other than above Setting prohibited

Note Expanded-specification products of yPD780078 Subseries only.
Remarks 1. fx: Main system clock oscillation frequency

2. fx1: Subsystem clock oscillation frequency
3. Figures in parentheses are for operation with fxt = 32.768 kHz.
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(2) Port mode register 7 (PM7)
This register sets port 7 input/output in 1-bit units.
When using the P74/PCL/T1011 pin for clock output and the P75/BUZ/T1001/TO01 pin for buzzer output, set PM74
and PM75, and the output latches of P74 and P75 to 0.
PM?7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM7 to FFH.

Figure 12-3. Format of Port Mode Register 7 (PM7)

Address: FF27H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM7 | 1 | 1 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 |
PM7n P7n pin I/O mode selection (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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12.4 Operation of Clock Output/Buzzer Output Controller

12.4.1 Operation as clock output
The clock pulse is output using the following procedure.

<1> Select the clock pulse output frequency using bits 0 to 3 (CCS0 to CCS3) of the clock output select register

(CKS) (clock pulse output in disabled state).

<2> Set bit 4 (CLOE) of CKS to 1, and enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output enable/

Clock output

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 the high level of
the clock.

Figure 12-4. Remote Control Output Application Example

oLoe __ | I [ S AR I

*

|
|
|
S
[

12.4.2 Operation as buzzer output
The buzzer frequency is output using the following procedure.

<1> Select the buzzer output frequency using bits 5 and 6 (BCS0, BCS1) of the clock output select register (CKS)

(buzzer output in disabled state).

<2> Set bit 7 (BZOE) of CKS to 1 to enable buzzer output.

224
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CHAPTER 13 A/D CONVERTER

13.1 A/D Converter Functions

The A/D converter is a 10-bit resolution converter that converts analog inputs into digital signals. It can control
up to 8 analog input channels (ANIO to ANI7).

(1) Hardware start
Conversion is started by trigger input (ADTRG: rising edge, falling edge, or both rising and falling edges can
be specified).

(2) Software start
Conversion is started by setting A/D converter mode register 0 (ADMO).

Select one channel for analog input from ANIO to ANI7 to start A/D conversion. In the case of hardware start, the
A/D converter stops when A/D conversion is completed, and an interrupt request (INTADO) is generated. In the case
of software start, A/D conversion is repeated. Each time an A/D conversion operation ends, an interrupt request
(INTADO) is generated.

Figure 13-1. Block Diagram of 10-Bit A/D Converter

AVRer
ADCS bit —

Sample & hold circuit
ANIO/P10 ©— CoT T mmmm s
ANI1/P11 ©— !
ANI2/P12 6 LN
ANI3/P13 ©—
ANI4/P14 ©—
ANI5/P15 ©—
ANI6/P16 ©—
ANI7ZPI7QO— | T TTTETETEEETS Successive
approximation

T (SAQ- -
ADTRG/INTP3/P03 © Edge
detector Controller] INTADO

Voltage comparator !

Tap selector

Selector
-

INTP3
Edge ‘ AV
3 detector A/D conversion result
. ] register 0 (ADCRO)
Trigger Note

enable
I M ] I ]

|AD802‘ADSO1 ‘ADSOOl |ADCSO‘TRGO ‘ FRO2 ‘ FRO1| FROO ‘ EGAO01 ‘EGAOO ‘ADCEOl

Analog input channel A/D converter
specification register 0 (ADS0) mode register 0 (ADMO)

S Internal bus S

Note The valid edge of an external interrupt is specified by bit 3 of the EGP and EGN registers (see Figure 19-
5 Format of External Interrupt Rising Edge Enable Register (EGP), External Interrupt Falling Edge
Enable Register (EGN)).
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13.2 A/D Converter Configuration

The A/D converter consists of the following hardware.

(1

()

(3

226

Table 13-1. Registers of A/D Converter Used on Software

Iltem Configuration

Registers Successive approximation register (SAR)

A/D conversion result register 0 (ADCRO)

A/D converter mode register 0 (ADMO)

Analog input channel specification register 0 (ADSO0)

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 0 (ADSO0) can be used as input port pins.

Cautions 1. Use ANIO to ANI7 input voltages within the specification range. If a voltage higher than or
equal to AVreror lower than or equal to AVssis applied (even if within the absolute maximum
rating range), the conversion value of that or equal to channel will be undefined and the
conversion values of other channels may also be affected.

2. Analog input (ANIO to ANI7) pins are alternate-function pins that can also be used as input
port pins (P10 to P17). When A/D conversion is performed by selecting any one of ANIO
to ANI7, do not access port 1 during conversion, as this may cause a lower conversion
resolution.

3. When adigital pulse is applied to a pin adjacent to the pin in the process of A/D conversion,
A/D conversion values may not be obtained as expected due to coupling noise. Thus, do
not apply a pulse to a pin adjacent to the pin in the process of A/D conversion.

Sample & hold circuit
The sample & hold circuit samples the input signal of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled analog input voltage value during A/D conversion.

Series resistor string
The series resistor string is connected between AVRer and AVss, and generates a voltage to be compared with

the analog input signal.

Figure 13-2. Circuit Configuration Diagram of Series Resistor String

AVRer

P-ch =] | o<} ADCS0

Series resistor string

AVss
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4

®)

(6)

)

(8)

©)

Voltage comparator
The voltage comparator compares the sampled analog input voltage and the output voltage of the series resistor
string.

Successive approximation register (SAR)

This register compares the sampled analog voltage and the voltage of the series resistor string, and converts
the result, starting from the most significant bit (MSB).

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D
conversion), the contents of the SAR register are transferred to A/D conversion result register 0 (ADCRO).

A/D conversion result register 0 (ADCRO)

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 ADCRO register holds the result of A/D conversion in its higher 10
bits (the lower 6 bits are fixed to 0).

Controller
After A/D conversion has been completed, INTADO is generated.

AVREF pin

This pin inputs an analog power/reference voltage to the A/D converter. When using the A/D converter, supply
the power. Connect directly to Vsso or Vss1 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.

Caution A series resistor string is connected between the AVrer and AVss pins. Therefore, when the
output impedance of the reference voltage is too high, it seems as if the AVrer pin and the
series resistor string are connected in series. This may cause a greater reference voltage
error.

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) ADTRG pin

This pin is used to start the A/D converter by hardware.

(11) A/D converter mode register 0 (ADMO)

This register is used to set the conversion time of the analog input signal to be converted, and to start or stop
the conversion operation.

(12) Analog input channel specification register 0 (ADS0)

This register is used to specify the port that inputs the analog voltage to be converted into a digital signal.
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13.3 Registers Used in A/D Converter
The A/D converter uses the following three registers.

e A/D converter mode register 0 (ADMO)
* Analog input channel specification register 0 (ADSO)
* e A/D conversion result register 0 (ADCRO)

(1) A/D converter mode register 0 (ADMO)

This register sets the conversion time for the analog input to be A/D converted, conversion start/stop, and the
external trigger.

ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADMO to O0H.
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Figure 13-3. Format of A/D Converter Mode Register 0 (ADMO0)

Address: FF80H After reset: 00H R/W

Symbol (6] 5 4 3 2 1 (0]
ADMO | ADCSO0 | TRGO | FRO2 FRO1 FROO EGAO1 EGAO00 | ADCEO |
ADCSO0 A/D conversion operation control
0 Stop conversion operation.
1 Enable conversion operation.
TRGO Software start/hardware start selection
0 Software start
1 Hardware start
FR02 FRO1 FROO Conversion time selectionNote 1
fx = 8.38 MHz fx = 12 MHzNote 2
0 0 0 144/fx 17.1 us 12.0 us
0 0 1 120/fx 14.3 us 10.0 usNote 4
0 1 0 96/fx 11.4 pysNote 3 8.0 usNote 4
1 0 0 72/fx 8.5 usNote 3 6.0 usNote 4
1 0 1 60/fx 7.1 usNote 3 5.0 usNote 4
1 1 0 48/fx 5.7 usNote 3 4.0 usNote 4
Other than above Setting prohibited
EGAO1 EGAO00 Edge specification of external trigger signal
0 0 No edge detection
0 1 Falling edge detection
1 0 Rising edge detection
1 1 Both falling and rising edge detection
ADCEO Boost reference voltage generator for A/D converter circuit contro/Note 5
0 Stop operation of boost reference voltage generator.
1 Enable operation of boost reference voltage generator.

Notes 1.

Set the A/D conversion time as follows.
* When operated at fx = 12 MHz (Vop = 4.5 t0 5.5 V):

12 us or more

* When operated at fx = 8.38 MHz (Vop = 4.0 to 5.5 V): 14 us or more
2. Expanded-specification products of uPD780078 Subseries only.
3. Setting is prohibited because the A/D conversion time is less than 14 pus.
4. Setting is prohibited because the A/D conversion time is less than 12 us.

5. The on-chip booster is provided to realize low-voltage operation.

The circuit that generates the

reference voltage for boosting is controlled by ADCEO and it takes 14 us for operation to stabilize after
it is started. Therefore, by waiting for at least 14 us to elapse before setting ADCSO0 to 1 after ADCEO
has been set to 1, the conversion results are valid from the first result.

Remark fx: Main system clock oscillation frequency
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Table 13-2. ADCS0 and ADCEO Settings

ADCSO0 ADCEO A/D Conversion Operation
0 0 Stop (DC power consumption path does not exist)
0 1 Conversion wait mode (only the reference voltage generator consumes power)
1 0 Conversion mode (the reference voltage generator stops operationNote)

Conversion mode (the reference voltage generator operates)

Note The first data immediately after A/D conversion has started must not be used.

Boost reference

voltage '( ;

Figure 13-4. Timing Chart When Boost Reference Voltage Generator Is Used

~— Boost reference voltage generator: Operates —=

Conversion . Conversion . Conversion

operation wait i operation

, Conversion
i stop

Note The time from the rising of the ADCEO bit to the rising of the ADCSO bit must be 14 us or longer to stabilize
the reference voltage.

Cautions 1. When rewriting FR0O0 to FR02 to other than the same data, stop A/D conversion once
beforehand.

2. Before clearing ADCEO, clear ADCSO.
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(2) Analog input channel specification register 0 (ADS0)

This register specifies the analog voltage input port for A/D conversion.

ADSO is set by an 8-bit memory manipulation instruction.

RESET input clears ADSO to 00H.

Figure 13-5. Format of Analog Input Channel Specification Register 0 (ADSO0)

Address: FF81H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADSO 0 0 0 0 0 ADS02 ADSO1 ADSO00
ADS02 ADSO1 ADS00 Analog input channel specification

0 0 0 ANIO

0 0 1 ANI1

0 1 0 ANI2

0 1 1 ANI3

1 0 0 ANI4

1 0 1 ANI5

1 1 0 ANI6

1 1 1 ANI7

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

(3) A/D conversion result register 0 (ADCRO0)

This is a 16-bit register that stores the A/D conversion results. The lower 6 bits are fixed to 0. Each time A/D
conversion ends, the conversion result is loaded from the successive approximation register (SAR) and held by
this register. The most significant bit (MSB) is stored in ADCRO first. The higher 8 bits of the conversion results
are stored in FF17H. The lower 2 bits of the conversion results are stored in FF16H.

ADCRO is read by a 16-bit memory manipulation instruction.

RESET input sets ADCRO to 0000H.

Figure 13-6. Format of A/D Conversion Result Register 0 (ADCRO)

Address: FF16H, FF17H After reset: 0000H R

FF17H

N

FF16H

Symbol -

ADCRO

Caution When A/D converter mode register 0 (ADMO0) and analog input channel specification register
0 (ADSO0) are written, the contents of ADCR0 may become undefined. Read the conversion
result following conversion completion before writing to ADM0 and ADSO0. Using a timing other
than the above may cause an incorrect conversion result to be read.
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13.4 A/D Converter Operation

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 analog input channel specification register 0 (ADS0).

Set bit 0 (ADCEOQ) of A/D converter mode register 0 (ADMO) to 1 and wait for 14 us or longer.

Set bit 7 (ADCSO0) of the ADMO register to 1 to start the A/D 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 is finished.

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. If the analog
input is smaller than (1/2) AVrer, the MSB is reset.

Next, bit 8 of SAR is automatically set, 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) AVReF

e Bit 9 = 0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 8 of SAR is manipulated as follows.

* Analog input voltage > Voltage tap: Bit 8 =1

e Analog input voltage < Voltage tap: Bit8 =0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to and latched in A/D conversion result register 0 (ADCRO).

At the same time, the A/D conversion end interrupt request (INTADO) can also be generated.

Repeat steps <4> to <10>, until ADCSO0 is cleared to 0.

To stop the A/D converter, clear ADCSO to 0.

To restart A/D conversion from the status of ADCEOQ = 1, start from <3>. To restart A/D conversion from
the status of ADCEO = 0, however, start from <2>.

Cautions 1. If bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is set to 1 without setting bit 0

232

(ADCEO) to 1, the first A/D conversion value immediately after A/D conversion has been
started may not satisfy the rated value. Take measures such as polling the A/D conversion
end interrupt request (INTADO) and removing the first conversion results.
The same may apply if ADCSO0 is set to 1 without the lapse of a wait time of 14 us (MIN.) after
ADCEO has been set to 1. Make sure that the specified wait time elapses.

2. The A/D converter stops operation in standby mode.
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Figure 13-7. Basic Operation of A/D Converter

Setting ADCSO0 to 1, external trigger,
or overwriting ADSO

—— A/D conversion start delay time

Conversion time
Sampling time

A/D converter

; Sampling A/D conversion
operation

. 300H Conversion
SAR Undefined 2°0H><135H>< >< >< >< >< >< >< >< >< resul

ADCRO Conversion
result

INTADO | |

ADCSO0

A/D conversion operations are performed continuously until bit 7 (ADCS0) of A/D converter mode register 0 (ADMO)
is reset (0) by software.

If a write operation is performed to ADMO or analog input channel specification register 0 (ADSO0) during an A/D
conversion operation, the conversion operation is initialized, and if ADCSO is set (1), conversion starts again from
the beginning.

RESET input sets A/D conversion result register 0 (ADCRO) to 0000H.

Confirm the conversion results by referring to the A/D conversion end interrupt request flag (ADIFO0).
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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 logical
A/D conversion result (stored in A/D conversion result register 0 (ADCRO)) is shown by the following expression.

VaiN

AVREF

SAR = INT ( x 1024 + 0.5)

ADCRO = SAR x 64

or

AVRer < Van < (ADCRO + 0.5) x AVrer
4 1024

(ADCRO - 0.5) x

where, INT():  Function that returns integer part of value in parentheses
VaIN: Analog input voltage
AVRer:  AVReF pin voltage
ADCRO: A/D conversion result register 0 (ADCRO0) value
SAR: Successive approximation register

Figure 13-8 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 13-8. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCRO

1023—+—F— T+~~~ FFCOH

102 ——4—F+—F+——F+—F—+-—---- FF80H

1021 === FF40H
| 1
A/D conversion result | .
(ADCRO) ! :

3 e 00COH

2——F—F—TT— T~~~ - 0080H

1 — 0040H

o 0000H

1 1 3 2 5 8 2043 1022 204510232047 1

2048 1024204810242048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer
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13.4.3 A/D converter operation mode

Select one analog input channel from among ANIO to ANI7 using analog input channel specification register 0
(ADSO) to start A/D conversion.

A/D conversion can be started in either of the following two ways.

e Hardware start: Conversion is started by trigger input (rising edge, falling edge, or both rising and falling edges
enabled).
» Software start: Conversion is started by setting A/D converter mode register 0 (ADMO).

When A/D conversion is complete, the interrupt request signal (INTADO) is generated.

(1) A/D conversion by hardware start
When bit 6 (TRGO) and bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) are set to 1 after bit 0 (ADCEO)
is set to 1, the A/D conversion standby state is set. When the external trigger signal (ADTRG) is input, A/D
conversion of the voltage applied to the analog input pin specified by analog input channel specification register
0 (ADSO) starts.
Upon the end of A/D conversion, the conversion result is stored in A/D conversion result register 0 (ADCRO0),
and the interrupt request signal (INTADO) is generated. After one A/D conversion operation is started and
finished, the A/D conversion operation is not started until a new external trigger signal is input.
If ADMO and ADSO are rewritten during A/D conversion, the converter suspends A/D conversion and waits for
a new external trigger signal to be input. When the external trigger input signal is reinput, A/D conversion is
restarted from the beginning. If ADSO is rewritten during A/D conversion standby, A/D conversion restarts from
the beginning when the following external trigger input signal is input.
If 1 is written to ADCSO0 again during A/D conversion, the A/D conversion in progress is discontinued and the
A/D conversion is restarted from the beginning when the next external trigger input signal is input.
If 0 is written to ADCSO0 during A/D conversion, the A/D conversion operation stops immediately. At this time,
the conversion result is undefined.

Caution When PO3/INTP3/ADTRG is used as the external trigger input (ADTRG), specify the valid edge

using bits 1 and 2 (EGA00, EGA01) of A/D converter mode register 0 (ADMO0) and set the
interrupt mask flag (PMK3) to 1.
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Figure 13-9. A/D Conversion by Hardware Start (When Falling Edge Is Specified)

J UL I

ADMO set )
ADCEO = 1, ADCS0 = 1, TRGO = 1 ADSO rewrite
. Standbyj|
A/D conversion Standby state] ANIn ANIn | gote ANIn Standby state | ANIm ANIm ANIm
ADCRO ANIn ANIn ANIn Undefined) ANIm ANIm
INTADO —| —| —| —| —|
Remarks 1. n=0, 1, ...... , 7
2. m=0,1, ... , 7
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(2) A/D conversion by software start
When bit 6 (TRGO) and bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) are set to 0 and 1, respectively,
after bit 0 (ADCEDQ) is set to 1, A/D conversion of the voltage applied to the analog input pin specified by analog
input channel specification register 0 (ADSO) starts.
Upon the end of A/D conversion, the conversion result is stored in A/D conversion result register 0 (ADCRO0),
and the interrupt request signal (INTADO) is generated. After one A/D conversion operation is started and
finished, the next conversion operation is immediately started. A/D conversion operations are repeated until new
data is written to ADSO.
If ADMO and ADSO are rewritten during A/D conversion, the converter suspends A/D conversion and A/D
conversion of the selected analog input channel restarts from the beginning.
If 1 is written to ADCSO0 again during A/D conversion, the A/D conversion in progress is discontinued and the
A/D conversion is restarted from the beginning.
If 0 is written to ADCSO0 during A/D conversion, the A/D conversion operation stops immediately. At this time,
the conversion result is undefined.

Figure 13-10. A/D Conversion by Software Start

ADMO set .
ADCEO = 1, ADCSO0 = 1, TRGO = 0 ADSO rewrite ADCSO = 0
A/D conversion ANIn ANIn ANIn ANIm ANIm
—
Conversion suspended;
Conversion results are not stored Stop
ADCRO ANIn ANIn Undefined ANIm
INTADO —| —| —|
Remarks 1. n=0, 1, ...... , 7
2. m=0,1, ... .7
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13.5 How to Read A/D Converter Characteristics Table
Here, special terms unique to the A/D converters are explained.

(1) Resolution
This is the minimum analog input voltage that can be identified. Thatis, the percentage of the analog input voltage
per 1 bit of digital output is called 1 LSB (Least Significant Bit). The percentage of 1 LSB with respect to the
full scale is expressed by %FSR (Full Scale Range).

When the resolution is 10 bits,

1 LSB= 1/210 = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

(2) 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, differential linearity error and 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.

(3) Quantization error
When analog values are converted to digital values, a +1/2 LSB error naturally occurs. In an A/D converter, an
analog input voltage in a range of £1/2 LSB 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 13-11. Overall Error Figure 13-12. Quantization Error
1o 1 L P 1
Ideal line
=] 5
Q. Q.
=] 5
° = o =
s Overall s .
g g error g’ 1/2 LSB—=1 : Quantization error
! 1=-1/2LSB
0------ 0 0 0-.---. 0 )
0 AVRer 0 AVRer
Analog input Analog input
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4

(5

(6)

)

Zero-scale error

This shows the difference between the actual measured value of the analog input voltage and the theoretical
value (1/2 LSB) when the digital output changes from 0...... 000 to O...... 001. If the actual measured value is
greater than the theoretical value, it shows the difference between the actual measured value of the analog input
voltage and the theoretical value (3/2 LSB) when the digital output changes from 0...... 001 to O...... 010.

Full-scale error
This shows the difference between the actual measured value of the analog input voltage and the theoretical
value (full scale — 3/2 LSB) when the digital output changes from 1...... 110to 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 measured value and the ideal straight line
when the zero-scale error and full-scale error are 0.

Differential linearity error
Although the ideal output width for a given code is 1 LSB, this value shows the difference between the actual
measured value and the ideal value of the width when outputting a particular code.

Figure 13-13. Zero-Scale Error Figure 13-14. Full-Scale Error

111L
s | o Full-scale error
= e}
: : s
c') —
= g 111r A j j
g ot} 3 5 KA-» :
5 010 3 ; : :
o 2 ! i 1
= 5] : i Lo
£ % E 101 3?'J7:—"" Ideal line |
2 S L N =) L -+ '
g o0t - Zero-scale error =~ '
— L 000 ( | | | '
000 ) | ) )y 0 AVRer—3 AVeer-2 AVRer—1  AVRer
0 1 2 3 " AVrer

Analog input (LSB)

Figure 13-15. Integral Linearity Error

Analog input (LSB)

Figure 13-16. Differential Linearity Error

Juneeen 1
| T 1 ”L
Ideal line Ideal width of 1 LSB
- WA 5 \ .
> ! g i !
o 5
5 J o
S : 5 | .
© / k=) i —
> e ! ‘
o '
— Differential
I.ntegr.al linearity error
linearity T
0...... ((__error 00 |
' AVRer 0 AVRer

Analog input
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(8) Conversion time
This expresses the time from when sampling is started to the time when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time
This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

|l Sampling ___|
time

Conversion time —»
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13.6 Cautions for A/D Converter

1

)]

3)

4

®)

(6)

Power consumption in standby mode
The A/D converter stops operating in the standby mode. At this time, power consumption can be reduced by
setting bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) to O (see Figure 13-2).

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the rated range. In particular, if a voltage of AVRer or higher
or AVss or lower is input (even if within the absolute maximum rating range), the conversion value of that channel
will be undefined and the conversion values of other channels may also be affected.

Conflicting operations

<1> Conflict between A/D conversion result register 0 (ADCRO0) write and ADCRO read by instruction upon the
end of conversion
ADCRO read is given priority. After the read operation, the new conversion result is written to ADCRO.

<2> Conflict between ADCRO write and external trigger signal input upon the end of conversion
The external trigger signal is not acknowledged during A/D conversion. Therefore, the external trigger
signal is not acknowledged during ADCRO write.

<3> Conflict between ADCRO write and A/D converter mode register 0 (ADMO) write or analog input channel
specification register 0 (ADS0) write
ADMO or ADSO write is given priority. ADCRO write is not performed, nor is the conversion end interrupt
request signal (INTADO) generated.

ANIO/P10 to ANI7/P17

<1> The analog input pins (ANIO to ANI7) also function as input port pins (P10 to P17).
When A/D conversion is performed with any of pins ANIO to ANI7 selected, do not access port 1 while
conversion is in progress, as this may reduce the conversion resolution.

<2> If digital pulses are applied to the pin adjacent to a pin in the process of A/D conversion, the expected
A/D conversion value may not be obtainable due to coupling noise. Therefore, avoid applying pulses to
the pin adjacent to a pin undergoing A/D conversion.

Input impedance of ANIO to ANI7 pins

This A/D converter executes sampling by charging the internal sampling capacitor for approximately 1/8 of the
conversion time.

Therefore, only the leakage current flows during other than sampling, and the current for charging the capacitor
flows during sampling. The input impedance therefore varies and has no meaning.

To achieve sufficient sampling, it is recommended that the output impedance of the analog input source be 10
kQ or less, or attach a capacitor of around 100 pF to the ANIO to ANI7 pins (see Figure 13-22).

AVREeF pin input impedance

A series resistor string of several tens of kQ is connected between the AVrer pin and the AVss pin.
Therefore, when the output impedance of the reference voltage is too high, it seems as if the AVRreF pin and the
series resistor string are connected in series. This may cause a greater reference voltage error.
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)

(8)

©)

Interrupt request flag (ADIFO0)

The interrupt request flag (ADIFO0) is not cleared even if analog input channel specification register 0 (ADSO) is
changed.

Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIFO for the
pre-change analog input may be set just before the ADSO rewrite. Caution is therefore required since, at this
time, when ADIFO is read immediately just after the ADSO rewrite, ADIFO is set despite the fact that the A/D
conversion for the post-change analog input has not finished.

When A/D conversion is restarted after it is stopped, clear ADIFO before restart.

Figure 13-17. A/D Conversion End Interrupt Request Generation Timing

ADMO rewrite ADSO rewrite ADIF is set but ANIm
(start of ANIn conversion) (start of ANIm conversi% conversion has not finished.
A/D conversion ANIn ANIn ANIm ANIm

ADCRO >< ANIn Undefined >< ANIm >< ANIm

U R SR
W

ADIFO
Remarks 1. n=0, 1, ...... , 7
2. m=0,1, ... , 7

Conversion results just after A/D conversion start

If bit 7 (ADCSO0) of A/D converter mode register 0 (ADMO) is set to 1 without setting bit 0 (ADCEO) to 1, the
A/D conversion value immediately after A/D conversion has been started may not satisfy the rated value. Take
measures such as polling the A/D conversion end interrupt request (INTADO) and removing the first conversion
results.

The same may apply if ADCSO is set to 1 without a lapse of a wait time of 14 us (MIN.) after ADCEO has been
set to 1. Make sure that the specified wait time elapses.

A/D conversion result register 0 (ADCRO) read operation

When A/D converter mode register 0 (ADMO) and analog input channel specification register 0 (ADSO) are written,
the contents of ADCRO may become undefined. Read the conversion result following conversion completion
before writing to ADMO and ADSO0. Using a timing other than the above may cause an incorrect conversion result
to be read.
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(10) Timing at which A/D conversion result is undefined
The A/D conversion value may be undefined if the timing of completion of A/D conversion and the timing of
stopping the A/D conversion conflict. Therefore, read the A/D conversion result before stopping the A/D
operation.
Figure 13-18 shows the timing of reading the conversion result.

Figure 13-18. Timing of Reading Conversion Result (When Conversion Result Is Undefined)

A/D conversion complete A/D conversion complete
ADCRO >< Normal conversion result >< Undefined value
INTADO
ADCSO0
Normal conversion result is read. A/D conversion  Undefined value
is stopped. is read.

(11) Notes on board design
Locate analog circuits as far away from digital circuits as possible on the board because the analog circuits may
be affected by the noise of the digital circuits. In particular, do not cross an analog signal line with a digital signal
line, or wire an analog signal line in the vicinity of a digital signal line. Otherwise, the A/D conversion
characteristics may be affected by the noise of the digital line.
Connect AVsso and Vsso at one location on the board where the voltages are stable.
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(12) AVRer pin
Connect a capacitor to the AVRrer pin to minimize conversion errors due to noise. If an A/D conversion operation
has been stopped and is then started, the voltage applied to the AVrer pin becomes unstable, causing the

accuracy of the A/D conversion to drop. To prevent this, also connect a capacitor to the AVRer pin.
Figure 13-19 shows an example of connecting a capacitor.

Figure 13-19. Example of Connecting Capacitor to AVrer Pin

Clamp using a diode with a low
VF (0.3 V or lower).

O , / Vbpo

O ’ AVREr
Ci C. ——

O y y AVss

Remark C1: 4.7 uF to 10 uF (reference value)
C2: 0.01 uF to 0.1 uF (reference value)
Connect C2 as close to the pin as possible.
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(13) A/D converter sampling time and A/D conversion start delay time

The sampling time of the A/D converter varies depending on the values set in A/D converter mode register 0
(ADMO). There is a delay time from when the A/D converter is enabled for operation until sampling is actually

performed.

For the sets in which a strict A/D conversion time is required, note the contents described in Figure 13-20 and

Table 13-3.

Figure 13-20. Timing of A/D Converter Sampling and A/D Conversion Start Delay

ADCSO « 1, external trigger, or ADSO rewrite

ADCSO0

Sampling timing

INTADO

|

A/D Sampling Sampling
conversion time time
start delay (

time )

Conversion time

Conversion time

Table 13-3. Sampling Time and A/D Conversion Start Delay Time of A/D Converter

FRO2 FRO1 FROO [Conversion TimeNote 1 Sampling Time A/D Conversion Start Delay Time
MIN. MAX.

0 0 0 144/fx 20/fx 0.5/fcpu + 6/fx 0.5/fcpu + 8/fx
0 0 1 120/fx 16/fx

0 1 0 96/fx 12/fx

1 0 0 72/fx 10/fx 0.5/fcpu + 3/fx 0.5/fcpu + 4/fx
1 0 1 60/fx 8/fx

1 1 0 48/fx 6/fx

Other than above Setting prohibited - - -

Notes 1. Set the A/D conversion time as follows.
» When operated at fx = 12 MHzNote 2 (Vpp = 4.5 to 5.5 V): 12 us or more
* When operated at fx = 8.38 MHz (Vop = 4.0 to 5.5 V): 14 us or more
2. Expanded-specification products of uPD780078 Subseries only.

Remark fx: Main system clock oscillation frequency
fcpu: CPU clock frequency
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(14)

246

Internal equivalent circuit of ANIO to ANI7 pins and permissible signal source impedance

To complete sampling within the sampling time with sufficient A/D conversion accuracy, the impedance of the
signal source such as a sensor must be sufficiently low. Figure 13-21 shows the internal equivalent circuit of
the ANIO to ANI7 pins.

If the impedance of the signal source is high, connect capacitors with a high capacitance to the ANIO to ANI7
pins. An example of this is shown in Figure 13-22. In this case, however, the microcontroller cannot follow an
analog signal with a high differential coefficient because a lowpass filter is created.

To convert a high-speed analog signal or to convert an analog signal in the scan mode, insert a low-impedance
buffer.

Figure 13-21. Internal Equivalent Circuit of Pins ANIO to ANI7

R1 R2
ANIn

C1 c2 C3

I I ’

Table 13-4. Resistances and Capacitances of Equivalent Circuit (Reference Values)

AVrer R1 R2 (o} c2 c3
27V 12 kQ 8 kQ 8 pF 3 pF 2 pF
45V 4KQ 2.7 kQ 8 pF 1.4 pF 2 pF

Caution The resistances and capacitances in Table 13-4 are not guaranteed values.

Figure 13-22. Example of Connection When Signal Source Impedance Is High

If a noise of AVrer or higher or AVss or lower
may be generated, clamp using a diode with
a low VF (0.3 V or lower).

Reference

voltage input <Microcontroller internal circuit>

Output impedancg// R1 R2

of sensor /

C1 c2 C3

\ CO<0.1uF

\\‘ Lowpass filter
\_ is created.
\\

— -

Remark n=0to7
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14.1 Functions of Serial Interface UARTO
Serial interface UARTO has the following three modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption.
For details, see 14.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode (fixed to LSB first)
This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted and received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates. The communication range is between 1.2 kbps and 131 kbps (when operated at fx = 8.38 MHz).
In addition, a baud rate (39 kbps max. (when operated at fx = 1.25 MHz)) can also be defined by dividing the
clock input to the ASCKO pin.
The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).
For details, see 14.4.2 Asynchronous serial interface (UART) mode.

(3) Infrared data transfer mode
For details, see 14.4.3 Infrared data transfer mode.

Figure 14-1 shows a block diagram of serial interface UARTO.
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Figure 14-1. Block Diagram of Serial Interface UARTO

S Internal bus S

A Asynchronous serial interface
mode register 0 (ASIMO)
E&?give |TXEO ‘ RXEO ‘ PSO01 ‘ PSOO‘ CLO ‘ SLO ‘ISRMO‘IHDAMO'
register 0 ‘
(RXBO)
Asynchronous serial
interface status v
Sp— register 0 (ASIS0) 'Srrz?f?smit
. shift )
RxD0/P23 © Togster 0 |PEO‘FEO‘OVEO| register 0
(RX0) (TXS0)
TXDO/P24 O 4 ‘
e,
Receive \
L] E:ont.roller D INTSERO
PM24 Output latch parity [
|_| ("Pz 2 check) INTSRO Transmi
controller|
(parity [~ INTSTO
addition)

Baud rate <O ASKO0/P25
generator®'® [« x/2 to fx/27

Note For the configuration of the baud rate generator, refer to Figure 14-2.

Figure 14-2. Block Diagram of Baud Rate Generator

Start bit
TXEO sampling clock
5 ~——O ASCKO/P25
5-bit counter L i
[0
i} Match @ fx/2 to fx/27
Transmit clock 1/2
Encoder
Match
Receive clock 1/2 X ale
5-bit counter
3 4
RXEO TPS02|TPS01| TPS00 |MDLO3|MDL02|{MDL01|{MDL00
Start bit detection
Baud rate generator
control register 0 (BRGCO)
g Internal bus 8

Remark TXEO: Bit 7 of asynchronous serial interface mode register 0 (ASIMO)
RXEO: Bit 6 of asynchronous serial interface mode register 0 (ASIMO)
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14.2 Configuration of Serial Interface UARTO

Serial interface UARTO includes the following hardware.

Table 14-1. Configuration of Serial Interface UARTO

Iltem Configuration

Registers Transmit shift register 0 (TXSO0)
Receive shift register 0 (RX0)
Receive buffer register 0 (RXBO)

Control registers Asynchronous serial interface mode register 0 (ASIMO)
Asynchronous serial interface status register 0 (ASISO0)
Baud rate generator control register 0 (BRGCO)

Port mode register 2 (PM2)

Port register 2 (P2)

(1) Transmit shift register 0 (TXSO0)

&)

(3)

This is a register for setting transmit data. Data written to TXSO0 is transmitted as serial data.

When the data length is set as 7 bits, bits 0 to 6 of the data written to TXSO0 are transferred as transmit data.
Writing data to TXSO starts the transmit operation.

TXSO0 can be written by an 8-bit memory manipulation instruction. It cannot be read.

RESET input sets TXS0 to FFH.

Caution Do not write to TXS0 during a transmit operation.
The same address is assigned to TXS0 and receive buffer register 0 (RXB0), so aread operation
reads values from RXBO.

Receive shift register 0 (RX0)

This register converts serial data input via the RxDO pin to parallel data. When one byte of data is received at
this register, the receive data is transferred to receive buffer register 0 (RXBO0).

RX0 cannot be manipulated directly by a program.

Receive buffer register 0 (RXBO0)

This register is used to hold receive data. When one byte of data is received, one byte of new receive data is
transferred from the receive shift register (RXO0).

When the data length is set as 7 bits, receive data is sent to bits 0 to 6 of RXBO. In this case, the MSB of RXB0O
is always 0.

RXBO can be read by an 8-bit memory manipulation instruction. It cannot be written.

RESET input sets RXBO to FFH.

Caution The same address is assigned to RXB0 and transmit shift register 0 (TXS0), so during a write
operation, values are written to TXSO0.
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(4) Transmission controller
The transmission controller controls transmit operations, such as adding a start bit, parity bit, and stop bit to data
that is written to transmit shift register 0 (TXSO0), based on the values set to asynchronous serial interface mode
register 0 (ASIMO).

(5) Reception controller
The reception controller controls receive operations based on the values set to asynchronous serial interface
mode register 0 (ASIMO0). During a receive operation, it performs error checking, such as for parity errors, and
sets various values to asynchronous serial interface status register 0 (ASIS0) according to the type of error that
is detected.

14.3 Registers to Control Serial Interface UARTO
Serial interface UARTO uses the following five registers for control functions.

e Asynchronous serial interface mode register 0 (ASIMO)
e Asynchronous serial interface status register 0 (ASIS0)
e Baud rate generator control register 0 (BRGCO)

e Port mode register 2 (PM2)

e Port register 2 (P2)

(1) Asynchronous serial interface mode register 0 (ASIMO)
This is an 8-bit register that controls serial interface UARTO’s serial transfer operations.
ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIMO to O0H.
Figure 14-3 shows the format of ASIMO.
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Symbol
ASIMO

Figure 14-3. Format of Asynchronous Serial Interface Mode Register 0 (ASIMO)

Address: FFAOH After reset: 00H R/W
(6] 5 4 3 2 1 0
| TXEO | RXEO | PSO01 PS00 CLO SLO ISRMO IRDAMO
TXEO RXEO Operation mode RxDO0/P23 pin function | TxDO0/P24 pin function
0 0 Operation stop Port function (P23) Port function (P24)
0 1 UART mode Serial function (RxDO0)
(receive only)
1 0 UART mode Port function (P23) Serial function (TxDO)
(transmit only)
1 1 UART mode Serial function (RxDO0)
(transmit and receive)
PS01 PS00 Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmission
No parity detection during reception (parity errors do not occur)
1 0 Odd parity
1 1 Even parity
CLo Character length specification
0 7 bits
1 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt request is issued when an error occurs
1 Receive completion interrupt request is not issued when an error occurs
IRDAMO Mode specificationNote 1
0 UART (transmit/receive) mode
1 Infrared data transfer (transmit/receive) modeNote 2

Notes 1. The UART/infrared data transfer mode operation is controlled by TXEO and RXEO.
2. Whenusinginfrared data transfer mode, be sure to set baud rate generator control register 0 (BRGCO)

Caution

to 10H.

Before writing different data to ASIMO, stop operation.
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(2) Asynchronous serial interface status register 0 (ASIS0)
When a receive error occurs in UART mode, this register indicates the type of error.
ASISO can be read by an 8-bit memory manipulation instruction.
RESET input clears ASISO to 00H.

Figure 14-4. Format of Asynchronous Serial Interface Status Register 0 (ASIS0)

Address: FFA1H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
1 Parity error

(Parity of transmit data does not match)

FEO Framing error flag
0 No framing error
1 Framing errorNote 1

(Stop bit not detected)

OVEO Overrun error flag
0 No overrun error
1 Overrun errorNote 2
(Next receive operation was completed before data was read from receive buffer register
0 (RXBO0))

Notes 1. Evenifthe stop bitlength is set to two bits by setting bit 2 (SL0) of asynchronous serial interface mode
register 0 (ASIMO), stop bit detection during a receive operation only applies to a stop bit length of
1 bit.
2. When an overrun error has occurred, further overrun errors will continue to occur until the contents
of receive buffer register 0 (RXBO0) are read.

(3) Baud rate generator control register 0 (BRGCO0)
This register sets the serial clock for the serial interface.
BRGCO is set by an 8-bit memory manipulation instruction.
RESET input clears BRGCO to 00H.
Figure 14-5 shows the format of BRGCO.
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Figure 14-5. Format of Baud Rate Generator Control Register 0 (BRGCO0)

Address: FFA2H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1
BRGCO 0 TPS02 TPSO1 TPS00 MDLO3 MDL02 MDLO1 MDLO0
TPS02 TPSO1 TPS00 Source clock selection for 5-bit counter n
0 0 0 External clock input to ASCKO 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/25 5
1 1 0 fx/26 6
1 1 1 fx/27 7
MDLO03 MDLO02 MDLO1 MDLOO Output clock selection for baud rate generator k
0 0 0 0 fscko/16 0
0 0 0 1 fscko/17 1
0 0 1 0 fscko/18 2
0 0 1 1 fscko/19 3
0 1 0 0 fscko/20 4
0 1 0 1 fscko/21 5
0 1 1 0 fscko/22 6
0 1 1 1 fscko/23 7
1 0 0 0 fscko/24 8
1 0 0 1 fscko/25 9
1 0 1 0 fscko/26 10
1 0 1 1 fscko/27 11
1 1 0 0 fscko/28 12
1 1 0 1 fscko/29 13
1 1 1 0 fscko/30 14
1 1 1 1 Setting prohibited —
Cautions 1. Writing to BRGCO during a communication operation may cause abnormal output from the
baud rate generator and disable further communication operations. Therefore, do not write
to BRGCO during a communication operation.
2. Set BRGCO to 10H when using in infrared data transfer mode.
Remarks 1. fx:  Main system clock oscillation frequency
2. fscko: Source clock for 5-bit counter
3. n: Value set via TPS00 to TPS02 (0 <n <7)
4. k: Value set via MDL0OO to MDLO3 (0 < k < 14)
5. The equation for the baud rate is as follows.

[Baud rate] =

271(k + 16)

[Hz
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(4) Port mode register 2 (PM2)
Port mode register 2 is used to set input/output of port 2 in 1-bit units.
To use the P24/TxD0 pin as a serial data output, set PM24 and the output latch of P24 to 0.
To use the P23/RxD0 pin as a serial data input, and the P25/ASCKO pin as a clock input, set PM23 and PM25
to 1. At this time, the output latches of P23 and P25 can be either 0 or 1.
PM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM2 to FFH.

Figure 14-6. Format of Port Mode Register 2 (PM2)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
PM2n 1/0 mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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14.4 Operation of Serial Interface UARTO
This section explains the three modes of serial interface UARTO.

14.4.1 Operation stop mode

Because serial transfer is not performed in this mode, the power consumption can be reduced.

In addition, pins can be used as ordinary ports. To set the operation stop mode, clear bits 7 and 6 (TXEO and
RXEO0) of ASIMO to 0.

(1) Register to be used
Operation stop mode is set by asynchronous serial interface mode register 0 (ASIMO).
ASIMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIMO to 00H.

Address: FFAOH After reset: 00H R/W

Symbol (6] 5 4 3 2 1 0
ASIMO | TXEO | RXEO | PSO01 PS00 CLO SLO ISRMO IRDAMO
TXEO RXEO Operation mode RxDO0/P23 pin function | TxDO0/P24 pin function

0 0 Operation stop Port function (P23) Port function (P24)

14.4.2 Asynchronous serial interface (UART) mode

This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted or received.

The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates. The communication range is between 1.2 kbps and 131 kbps (when operated at fx = 8.38 MHz). The
baud rate (39 kbps max. (when operated at fx = 1.25 MHz)) can be defined by dividing the input clock to the ASCKO
pin.

The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

(1) Registers to be used
¢ Asynchronous serial interface mode register 0 (ASIMO)
¢ Asynchronous serial interface status register 0 (ASIS0)
¢ Baud rate generator control register 0 (BRGCO)
* Port mode register 2 (PM2)
* Port register 2 (P2)

The basic procedure of setting an operation in the UART mode is as follows.

<1> Set the BRGCO register (see Figure 14-5).

<2> Set bits 5 to 1 (PS01, PS00, CLO, SLO, and ISRMO0) of the ASIMO register and clear bit 0 (IRDAMO) to 0
(see Figure 14-3).

<3> Set bit 7 (TXEO) of the ASIMO register to 1. — Transmission is enabled.

<4> Set bit 6 (RXEO0) of the ASIMO register to 1. — Reception is enabled.

<5> Write data to the TXSO register. — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register
and port register.
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The relationship between the register settings and pins is shown below.

Table 14-2. Relationship Between Register Settings and Pins (UART Mode)

ASIMO PM23| P23 |PM24| P24 | Operation Mode | Pin Function

TXEO | RXEO | PSO1 | PS00 | CLO | SLO [ISRMO IRDAMO P23/ | P24/
RxDO0O | TxDO

0 1 0/1 0/1 0/1 X 0/1 0 1 x | xNote | Note Reception RxDO | P24

1 0 0/1 0/1 0/1 0/1 x 0 |xNote|,Note| g 0 Transmission P23 | TxDO

1 1 0/1 0/1 0/1 0/1 0/1 0 1 X 0 0 [Transmission/reception| RxDO | TxDO

Note Can be set as port function.

Remark x: don’t care, ASIMO: Asynchronous serial interface mode register 0,

PMxx: Port mode register, Pxx: Port output latch

The transmit/receive clock that is used to generate the baud rate is obtained by dividing the main system clock.

256

Transmit/receive clock generation for baud rate by using main system clock
The main system clock is divided to generate the transmit/receive clock. The baud rate generated from the
main system clock is determined according to the following formula.

[Baud rate] = S S [Hz]
2n1(k + 16)

fx:  Main system clock oscillation frequency
When ASCKO is selected as the source clock of the 5-bit counter, substitute the input clock frequency
to the ASCKO pin for fx in the above expression.
Value set via TPS00 to TPS02 (0 < n £ 7, see Figure 14-5)
Value set via MDL0OO to MDLO3 (0 < k < 14, see Figure 14-5)
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Table 14-3. Relationship Between Main System Clock and Baud Rate Error

Baud Rate | fx = 8.3886 MHz fx = 8.000 MHz fx = 7.3728 MHz fx = 5.000 MHz fx = 4.1943 MHz
(bps) BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%)

600 - - - - - - - - 7BH 1.14
1200 7BH 1.10 7AH 0.16 78H 0 70H 1.73 6BH 1.14
2400 6BH 1.10 6AH 0.16 68H 0 60H 1.73 5BH 1.14
4800 5BH 1.10 5AH 0.16 58H 0 50H 1.73 4BH 1.14
9600 4BH 1.10 4AH 0.16 48H 0 40H 1.73 3BH 1.14
19200 3BH 1.10 3AH 0.16 38H 0 30H 1.73 2BH 1.14
31250 31H -1.3 30H 0 2DH 1.70 24H 0 21H -1.3
38400 2BH 1.10 2AH 0.16 28H 0 20H 1.73 1BH 1.14
76800 1BH 1.10 1AH 0.16 18H 0 10H 1.73 - -
115200 12H 1.10 11H 2.12 10H 0 - - - -

Remark fx: Main system clock oscillation frequency

Baud rate error tolerance (when k = 0) =

Caution

Error tolerance range for baud rate

The error for the baud rate depends on the number of bits per frame and the 5-bit counter’s division ratio

[1/(16 + k)].
Figure 14-7 shows an example of the baud rate error tolerance range.

Figure 14-7. Error Tolerance (When k = 0), Including Sampling Errors

Ideal
sampling
point
32T 64T 256T 288T + 320T 352T
304T 336T
Basic timing Y Y
\ START po_ | ?CX oz \ P sToP
15.5T
High-speed limit timing —\ - ‘ 5o Xj/ o7 X 5 YSTOP
o o A Sampling error
30.45T 60.9T 304.5T —~=-0.5T
15.5T
Low-speed limit timing —\ START '( o0 Xj/ X o7 X 5 e
A A A A
33.55T 67.1T 301.95T 335.5T

+15.5

x 100 = 4.8438 (%)

The above error tolerance value is the value calculated based on the ideal sample point. In

the actual design, allow margins that include errors of timing for detecting a start bit.

Remark T: 5-bit counter’s source clock cycle
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(2) Communication operations

258

(a) Data format and waveform example
Figures 14-8 and 14-9 show the format and waveform example of the transmit/receive data.

Figure 14-8. Example of Transmit/Receive Data Format in Asynchronous Serial Interface

1 data frame

Start
bit

DO

D1

D2

D3

D4

D5

D6

D7

Parity
bit

1 data frame consists of the following bits.

e Start bit ..........

* Character bits ... 7 bits or 8 bits (LSB first)

e Parity bit
e Stop bit(s)

Character bits

Even parity, odd parity, zero parity, or no parity

1 bit or 2 bits

Stop bit

Asynchronous serial interface mode register 0 (ASIMO) is used to set the character bit length, parity selection,
and stop bit length within each data frame.

When “7 bits” is selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid, so that
during a transmission the highest bit (bit 7) is ignored and during reception the highest bit (bit 7) must be

set to 0.
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Figure 14-9. Example of UART Transmit/Receive Data Waveform

1. Character bit: 8 bits, Parity bit: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame
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2. Character bit: 7 bits, Parity bit: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame
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3. Character bit: 8 bits, Parity bit: None, Stop bit: 1 bit, Communication data: 87H

1 data frame

r...---
Q
o
|w]
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N
|w)
&
Q
&
O
N
@
3

°

Baud rate generator control register 0 (BRGCO) is used to set the serial transfer rate.
If a receive error occurs, information about the receive error can be ascertained by reading asynchronous
serial interface status register 0 (ASISO0).
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(b) Parity types and operations
The parity bit is used to detect bit errors in communication data. Usually, the same type of parity bit is used

by the transmitting and receiving sides. When odd parity or even parity is set, errors in the parity bit (the

odd-number bit) can be detected. When zero parity or no parity is set, errors are not detected.

(i) Even parity

During transmission
The number of bits in transmit data that includes a parity bit is controlled so that there are an even
number of character bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “1”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “0”

During reception
The number of character bits whose value is 1 is counted in the receive data that includes a parity
bit, and a parity error occurs when the counted result is an odd number.

(ii) Odd parity

During transmission
The number of bits in transmit data that includes a parity bitis controlled so that there is an odd number
of character bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “0”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “1”

During reception
The number of character bits whose value is 1 is counted in the receive data that includes a parity
bit, and a parity error occurs when the counted result is an even number.

(iii) Zero parity
During transmission, the parity bit is set to “0” regardless of the transmit data.

During reception, the parity bit is not checked. Therefore, no parity errors will occur regardless of

whether the parity bit is a “0” or a “1”.

(iv) No parity
No parity bit is added to the transmit data.

During reception, receive data is regarded as having no parity bit. Since there is no parity bit, no parity

errors will occur.

User’'s Manual U14260EJ3V1UD



CHAPTER 14 SERIAL INTERFACE UARTO

(c) Transmission
The transmit operation is enabled if bit 7 (TXEO) of asynchronous serial interface mode register 0 (ASIMO)
issetto 1, and the transmit operation is started when transmit data is written to transmit shift register 0 (TXS0).
A start bit, parity bit, and stop bit(s) are automatically added to the data.
Starting the transmit operation shifts out the data in TXSO0, thereby emptying TXSO0, after which a transmit
completion interrupt request (INTSTO) is issued.
Transmission is stopped until the data to be transmitted next is written to TXSO0.
The timing of the transmit completion interrupt request is shown in Figure 14-10. INTSTO occurs as soon
as the last stop bit has been output.

Figure 14-10. Timing of Asynchronous Serial Interface Transmit Completion Interrupt Request

(i) Stop bit length: 1 bit

TxDO (output) \ Start/ DO X D1 X D2 X?gx D6 X D7 XParity/Stopl

INTSTO |_|

(ii) Stop bit length: 2 bits

TxDO (output) \ Start/ DO X D1 X D2 X?gx D6 X D7 Xparity/ Stbp |

INTSTO |_|

Caution Do not rewrite asynchronous serial interface mode register 0 (ASIMO) during a transmit
operation. Rewriting the ASIMO register during a transmit operation may disable further
transmit operations (in such cases, enter a RESET to restore normal operation).
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(d) Reception

The receive operation performs level detection.

The receive operation is enabled when 1 is set to bit 6 (RXEO) of asynchronous serial interface mode register
0 (ASIMO0), and the input via the RxDO pin is sampled.

The serial clock specified by baud rate generator control register 0 (BRGCO) is used to sample the RxD0O
pin.

When the RxDO pin goes low, the 5-bit counter of the baud rate generator begins counting and the start timing
signal for data sampling is output when half of the specified baud rate time has elapsed. If sampling the
RxDO pin input at this start timing signal yields a low-level result, a start bit is recognized, after which the
5-bit counter is initialized and starts counting and data sampling begins. After the start bit is recognized,
the character data, parity bit, and one-bit stop bit are detected, at which point reception of one data frame
is completed.

Once reception of one data frame is completed, the receive data in the shift register is transferred to receive
buffer register 0 (RXB0) and INTSRO (receive completion interrupt request) occurs.

If the RXEO bit is reset (to 0) during a receive operation, the receive operation is stopped immediately. At
this time, the contents of RXBO and ASISO do not change, nor does INTSRO or INTSERO (receive error
interrupt request) occur.

Figure 14-11 shows the timing of the asynchronous serial interface receive completion interrupt request.

Figure 14-11. Timing of Asynchronous Serial Interface Receive Completion Interrupt Request

IR B 6 i
INTSRO {]

Caution If the receive operation is enabled with the RxDO0 pin input at the low level, the receive
operation is immediately started. Make sure the RxDO pin input is at the high level before
enabling the receive operation.
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(e) Receive errors
Three types of errors can occur during a receive operation: a parity error, framing error, or overrun error.
If, as the result of data reception, an error flag is set in asynchronous serial interface status register 0 (ASI1S0),
a receive error interrupt request (INTSERO) will occur. Receive error interrupts are generated before the
receive completion interrupt request (INTSRO0). Table 14-4 lists the causes behind receive errors.
As partof receive errorinterrupt request (INTSERO) servicing, the contents of ASISO can be read to determine
which type of error occurred during the receive operation (see Table 14-4 and Figure 14-12).
The contents of ASISO are reset (to 0) when receive buffer register 0 (RXBO0) is read or when the next data
is received (if the next data contains an error, its error flag will be set).

Table 14-4. Causes of Receive Errors

Receive Error Cause
Parity error Parity specified does not match parity of receive data
Framing error Stop bit was not detected
Overrun error Reception of the next data was completed before data was read from receive buffer
register 0 (RXBO0)

Figure 14-12. Receive Error Timing

oo\ sen [0 Y o1 Y 02 >Q@< oo [ o7 ras [ s

INTSROQNete ”

INTSERO ”
(When framing/overrun error occurs)

INTSERO |_|
(When parity error occurs)

Note Even if a receive error occurs when the ISRMO bit has been set (1), INTSRO does not occur.

Cautions 1. The contents of asynchronous serial interface status register 0 (ASISO0) are reset (to
0) when receive buffer register 0 (RXBO) is read or when the next data is received. To
obtain information about the error, be sure to read the contents of ASIS0 before reading
RXBO.

2. Be sure to read the contents of receive buffer register 0 (RXBO0) after the receive
completion interrupt request has occurred even when a receive error has occurred. If
RXBO is not read after the receive completion interrupt request has occurred, overrun
errors will occur during the next data receive operations and the receive error status
will remain until the contents of RXBO0 are read.

User's Manual U14260EJ3V1UD 263



CHAPTER 14 SERIAL INTERFACE UARTO

14.4.3 Infrared data transfer mode
In infrared data transfer mode, pulses can be output and received in the data format shown in (2).

Q)]

Registers to be used

¢ Asynchronous serial interface mode register 0 (ASIMO)
¢ Asynchronous serial interface status register 0 (ASIS0)
* Baud rate generator control register 0 (BRGCO)

* Port mode register 2 (PM2)

* Port register 2 (P2)

The relationship between the register settings and pins is shown below.

Table 14-5. Relationship Between Register Settings and Pins (Infrared Data Transfer Mode)

ASIMO PM23| P23 |PM24| P24 | Operation Mode | Pin Function

TXEO | RXEO | PSO1 | PSO0 | CLO | SLO |ISRMO [IRDAMO P23/ | P24/
RxDO | TxDO

1 0/1 0/1 0/1 X 0/1 0 1 x  |xNote |, Note Reception RxDO | P24

0 0/1 0/1 0/1 0/1 x 0 |xNote|,Note| g 0 Transmission P23 | TxDO

1 0N 0N 01 0N 0N 0 1 X 0 0 |Transmission/reception| RxDO | TxDO

(2

264

Note Can be set as port function.

Caution When using infrared data transfer mode, set baud rate generator control register 0 (BRGCO) to
10H.

Remark x: don’t care, ASIMO: Asynchronous serial interface mode register 0,
PMxx: Port mode register, Pxx: Port output latch

Data format

Figure 14-13 compares the data format used in UART mode with that used in infrared data transfer mode.
The IR (infrared) frame corresponds to the bit string of the UART frame, which consists of pulses that include
a start bit, eight data bits, and a stop bit.

The length of the electrical pulses that are used to transmit and receive in an IR frame is 3/16 the length of the
cycle time for one bit (i.e., the “bit time”). This pulse (whose width is 3/16 the length of one bit time) rises from
the middle of the bit time (see the figure below).

Bit time

‘ ‘

Pulse width = 3/16 bit time
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Figure 14-13. Data Format Comparison Between Infrared Data Transfer Mode and UART Mode

UART frame
Data bits
777777777777 B T -r———————r——
0 1 0 1 0 ! 0 1 ! 1 0 1 |
Start bit DO D1 D2 D3 | D4 D5 | Deé D7 Stop bit |
| | |
| | |
IR frame
Start bit | Data bits i Stop bit
f 77777 T T T 77 I | T T T I | | |
0 ! 1 ! 0 ! 1 ! 0 ! 0 ! 1 ! 1 ! 0 | 1
|
! | | | | | | | !
| | | | | | | | |
| | | | | | | | |
! l l l l l l l !
| | | | | | | | }
Bit time Pulse width =
3/16 bit time

(3) Relationship between main system clock and baud rate
Table 14-6 shows the relationship between the main system clock and the baud rate.

Table 14-6. Relationship Between Main System Clock and Baud Rate

fx = 8.3886 MHz fx = 8.000 MHz fx = 7.3728 MHz fx = 5.000 MHz fx = 4.1943 MHz

Baud rate 131031 bps 125000 bps 115200 bps 78125 bps 65536 bps

(4) Bit rate and pulse width
Table 14-7 lists the bit rate, bit rate error tolerance, and pulse width values.

Table 14-7. Bit Rate and Pulse Width Values

3/16 Pulse Width
Bit Rate | Bit Rate Error Tolerance | Pulse Width Minimum Value uise Wi Maximum Pulse Width
] <Nominal Value>
(kbps) (% of Bit Rate) (us)Note 2 (us)
(us)
115.2Note 1 +/—0.87 1.41 1.63 2.71

Notes 1. Operation with fx = 7.3728 MHz
2. When a digital noise eliminator is used in a microcontroller operating at 1.41 MHz or above.

Caution When using in infrared data transfer mode, set baud rate generator control register 0 (BRGCO0)
to 10H.

Remark fx: Main system clock oscillation frequency
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(5) Input data and internal signals

* Transmit operation timing

UART . / .
output data —\m Stop bit

UART
(Inverted data)

Infrared data transfer
enable signal

(N

TxDO pin
output signal

* Receive operation timing

Data reception is delayed for one-half of the specified baud rate.

UART s b
transfer data tart bit

RxDO input —|

1

~A

/ Stop bit

Edge detection —|
Sampling clock |_
............ -
\Y)
Receive rate [

Conversion data \

Sampling timing 4

266
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(1) Operation stop mode

Table 14-8. Register Settings

ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation
TXEO | RXEO | PSO1 | PS00 CLO SLO | ISRMO |IRDAMO | TPS02 | TPS01 | TPS00 | MDLO3 | MDL0O2 | MDLO1 | MDL0OO P23/RxD0 | P24/TxD0 Mode
0 0 x X X X X X X X X X X x x xote | Note | (Note |, Note P23 P24 Stop
Other than above Setting prohibited
(2) Asynchronous serial interface (UART) mode
ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation
TXEO | RXEO | PSO1 | PS00 CLO SLO | ISRMO |IRDAMO | TPS02 | TPS01 | TPS00 | MDLO3 | MDL0O2 | MDLO1 | MDL0OO P23/RxD0 | P24/TxD0O Mode
0 1 0N 01 0N X 01 0 01 on 01 0/ 01 o 0N 1 X xNote xote RxDO P24 Receive
1 0 (3 01 01 0/ X 0 01 (] 01 o 01 0 01 xNote | Nt P23 TxDO | Transmit
3 1 1 0/1 o1 | on 01 0/1 0 o1 | on o1 | on 0/1 0/1 01 1 x RxDO TxDO | Jransmit
g Other than above Setting prohibited
c (3) Infrared data transfer mode
% ASIMO BRGCO PM23 | P23 | PM24 | P24 Pin Function Operation
% TXEO | RXEO | PSO1 | PS00 CLO SLO | ISRMO |IRDAMO | TPS02 | TPS01 | TPS00 | MDLO3 | MDL0O2 | MDLO1 | MDL0OO P23/RxD0 | P24/TxD0O Mode
% 0 1 0/1 0/1 0/1 x 0/1 1 0 0 1 0 0 0 0 1 X xNote | Note RxDO P24 Receive
5 1 0 on 0/1 o1 0/1 X 1 0 0 1 0 0 0 0 sciote | ylote 0 0 P23 TxDO | Transmit
1 1 o1 | o1 | on | o1 | ot | 1 0 0 1 0 0 0 0 1 x 0 0 RxDO TxDO | jransmit

Other than above

Setting prohibited

* Note Can be set as port function.

Caution

When using the infrared data transfer mode, set the BRGCO register to 10H.

Remark x: Don’t care, ASIMO: Asynchronous serial interface mode register 0

192

BRGCO: Baud rate generator control register 0, PMxx: Port mode register, Pxx: Output latch of port
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Serial interface UART2/SIO3 can be used in asynchronous serial interface (UART) mode or 3-wire serial /O mode.
Caution Do not enable UART2 and SIO3 at the same time.

15.1 Functions of Serial Interface UART2
Serial interface UART2 has the following four modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption.
For details, see 15.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode (fixed to LSB first)
This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted and received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates. In addition, a baud rate can also be defined by dividing the clock input to the ASCKO pin.
The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).
For details, see 15.4.2 Asynchronous serial interface (UART) mode.

(38) Multi-processor transfer mode (fixed to LSB first)
In this mode data can be transferred to or received from two or more processors.
For details, see 15.4.3 Multi-processor transfer mode.

(4) Infrared data transfer (IrDA) mode (fixed to LSB first)
In this mode, pulses can be output or received in the data format of IrDA specification. This mode can be used
to transfer data with another digital device such as a personal computer.

For details, see 15.4.4 Infrared data transfer (IrDA) mode.

Figure 15-1 shows a block diagram of serial interface UART2.
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Figure 15-1. Block Diagram of Serial Interface UART2

S Internal bus S
/\ Asynchronous serial
interface mode
register 2 (ASIM2)
Receive Transmit
RXB2 |buffer TXB2 [outer | powere| TXE2|RXE2] PS21|Ps20| cL2 | si2 |isewe)
register 2 register 2
Asynchronous serial
interface status
— register 2 (ASIS2) Tvt
DA Rl | o] Xl
RxD2/S0O3/P35 © II/ register 2 MPR2| PE2|FE2 |OVE2 register 2
" Transmit
TxD2/SI3/P34 © .4 C | (cggrtigller . INTST?2
- addition)
|PM34| Output latch Re(:tenﬁe )
—|controller
(PM34) (parity D INTSER2
check) [ INTSR2
Baud rate  [+=© ASCK2/SCK3/P36
generator™® L /o to fy/27
Note For the configuration of the baud rate generator, refer to Figure 15-2.
Figure 15-2. Block Diagram of Baud Rate Generator
Start bit
TXE2 sampling clock
5 -——O ASCK2/SCK3/P36
8-bit counter E
[0}
n 7
. {} Match fx/2 to fx/2
Transmit clock 1/2 ﬂ
Encoder
Match
Receive clock 1/2 X ale
8-bit counter
8
RXE2 MDL27|MDL26 | MDL25|MDL24 [MDL23 |MDL22 |MDL21|{MDL20
Start bit detection

Baud rate generator
control register 2 (BRGC2)

g Internal bus

Remark TXE2: Bit 7 of asynchronous serial interface mode register 2 (ASIM2)
RXE2: Bit 6 of asynchronous serial interface mode register 2 (ASIM2)
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15.2 Configuration of Serial Interface UART2

Serial interface UART2 includes the following hardware.

M

(2

3)

4

270

Table 15-1. Configuration of Serial Interface UART2

Iltem Configuration

Registers Transmit shift register 2 (TXS2)
Receive shift register 2 (RX2)
Transmit buffer register 2 (TXB2)
Receive buffer register 2 (RXB2)

Control registers Asynchronous serial interface mode register 2 (ASIM2)
Asynchronous serial interface status register 2 (ASIS2)
Asynchronous serial interface transmit status register 2 (ASIF2)
Baud rate generator control register 2 (BRGC2)

Clock select register 2 (CKSEL2)

Transfer mode specification register 2 (TRMC2)

Port mode register 3 (PM3)

Port register 3 (P3)

Transmit shift register 2 (TXS2)

This register transmits the data transferred from transmit buffer register 2 (TXB2), as serial data from the TxD2
pin.

The value of this register is set to FFH if bits 7 and 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) are cleared to 0.

TXS2 cannot be manipulated directly by a program.

Receive shift register 2 (RX2)

This register converts serial data input via the RxD2 pin to parallel data. When one byte of data is received at
this register, the receive data is transferred to receive buffer register 2 (RXB2).

RX2 cannot be manipulated directly by a program.

Transmit buffer register 2 (TXB2)

This register sets data to be transmitted. The data written to TXB2 is transferred to transmit shift register 2 (RX2)
and transmitted from the TxD2 pin as serial data.

No data can be written to TXB2 if bit 1 (TXBF) of transmit status register 2 (ASIF2) is 1.

TXB2 is set by an 8-bit memory manipulation instruction.

'RESET input sets TXB2 to FFH.

Receive buffer register 2 (RXB2)

This register holds receive data. When one byte of data is received, one byte of new receive data is transferred
from the receive shift register (RX2).

When the data length is set as 7 bits, receive data is transferred to bits 0 to 6 of RXB2. In this case, the MSB
of RXB2 is always 0.

If an overrun error (OVE2) occurs, however, the receive data is not transferred to RXB2 but is discarded.
RXB2 can be read by an 8-bit memory manipulation instruction. It cannot be written.

The value of this register is also initialized to FFH at RESET input or by clearing bit 7 (POWER2) of asynchronous
serial interface mode register 2 (ASIM2) to 0.
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(5

(6)

Transmission controller

The transmission controller controls transmit operations, such as adding a start bit, parity bit, and stop bit to data
that is written to transmit shift register 2 (TXS2), based on the values set to asynchronous serial interface mode
register 2 (ASIM2).

Reception controller

The reception controller controls receive operations based on the values set to asynchronous serial interface
mode register 2 (ASIM2). During a receive operation, it performs error checking, such as for parity errors, and
sets various values to asynchronous serial interface status register 2 (ASIS2) according to the type of error that
is detected.
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15.3 Registers to Control Serial Interface UART2

Serial interface UART2 uses the following eight registers for control functions.

)

272

Asynchronous serial interface mode register 2 (ASIM2)
Asynchronous serial interface status register 2 (ASIS2)
Asynchronous serial interface transmit status register 2 (ASIF2)
Baud rate generator control register 2 (BRGC2)

Clock select register 2 (CKSEL2)

Transfer mode specification register 2 (TRMC2)

Port mode register 3 (PM3)

Port register 3 (P3)

Asynchronous serial interface mode register 2 (ASIM2)

This is an 8-bit register that controls serial interface UART2’s serial transfer operations.
ASIM2 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears ASIM2 to O0H.

Figure 15-3. Format of Asynchronous Serial Interface Mode Register 2 (ASIM2) (1/2)

Address: FFOOH After reset: 00H R/W

Symbol (6] 4 3 2 1 0
ASM2 | POWER2 | TXE2 | RxEz | Pse1 PS20 cL2 sL2 ISEM2
POWER2 Clock operation enable/stop
0 Stop clock operation. Power consumption decreases and latch in UART2 is
asynchronously reset (TxD2 pin is low).
1 Enable clock operation (TxD2 pin is high).Note 1
TXE2Note 2 Transmission enable/stop
0 Stop transmission (transmission circuit is synchronously reset).
1 Enable transmission.
RXE2Note 3 Reception enable/stop
0 Stop reception (reception circuit is synchronously reset).
1 Enable reception.

Notes 1. In the infrared data transfer (IrDA) mode, the TxD2 pin is at the low level.

2. To transmit data with UARTZ2, first specify the clock operation (set POWER2 to 1 and then TXE2 to
1), wait for the duration of 2 clocksNote 4 and then write the transmit data to transmit buffer register
2 (TXB2). To stop transmission by UART2, specify stopping transmission (TXE2 = 0), wait for the

duration of 2 clocksNote 4, and then stop the clock operation (POWER2 = 0).

3. To receive data with UARTZ2, first specify the clock operation (set POWER2 to 1 and then RXE2 to
1), wait for the duration of 2 clocksNot€4 and then start reception. To stop reception by UART2, specify
stopping reception (RXE2 = 0), wait for the duration of 2 clocksN°t¢ 4 and then stop the clock operation

(POWER?2 = 0).

4. The clock is the output clock of the 8-bit counter or the output clock of the baud rate generator.
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Figure 15-3. Format of Asynchronous Serial Interface Mode Register 2 (ASIM2) (2/2)

Notes 1.

ps21Note 1 | pgpgNote 1 Parity bit specification
Transmission Reception

0 0 Do not output parity bit. Reception without parity
0 1 Output 0 parity. Reception as 0 parityNote 2
1 0 Output odd parity. Identified as odd parity.
1 1 Output even parity. Identified as even parity.

ClL2oNote 3 Data character length specification
0 7 bits
1 8 bits

SlL2oNote 4 Specification of number of stop bits for transmission
0 1 bit
1 2 bits

ISEMm2Note 5 Reception error interrupt signal control

0 INTSR2 is generated

1

INTSER2 is generated

To specify a parity bit, stop transmission and reception (TXE2 = 0 and RXE2 = 0) before rewriting
PS21 and PS20.
The parity is not identified with this setting. Therefore, bit 2 (PE2) of asynchronous serial interface
status register 2 (ASIS2) is not set and the error interrupt does not occur.
To specify a data character length, stop transmission and reception (TXE2 = 0 and RXE2 = 0) before
rewriting CL2.
To specify the number of stop bits, stop transmission (TXE2 = 0) before rewriting SL2. Reception
is always performed on the assumption that the number of stop bits is 1.
To specify an interrupt that occurs in case of an error, stop reception (RXE2 = 0) before rewriting

ISEM2.

User's Manual U14260EJ3V1UD

273



CHAPTER 15 SERIAL INTERFACE UART2

(2
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Asynchronous serial interface status register 2 (ASIS2)

ASIS2 is a register used to display the error type when a reception error occurs in UART mode.
ASIS2 is read by an 8-bit memory manipulation instruction.

RESET input clears ASIS2 to 00H.

Figure 15-4. Format of Asynchronous Serial Interface Status Register 2 (ASIS2)

Address: FF94H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS2 0 0 0 0 MPR2Note 1| pgoNote 1 | FEoNote 1| gyEpNote 1
MPR2 ID reception status flag (during reception in multi-processor transfer mode)Note 2
0 Multi-processor appended bit “1” is not received.
1 Multi-processor appended bit “1” is received.
PE2 Parity error flag
0 No parity error
1 Parity error

(Parity of transmit data does not matchNote 3)

FE2 Framing error flag
0 No framing error
1 Framing errorNote 4

(Stop bit not detected)

OVE2 Overrun error flag
0 No overrun error
1 Overrun errorNote 5

(Next receive operation was completed before data was read from receive buffer register
2 (RXB2))

Notes 1. These bits are reset to 0 if bit 7 (POWER2) of asynchronous serial interface mode register 2 (ASIM2)

is reset to 0.

2. Thisflagis affected only if the multi-processor transfer mode is selected by using bits 6 and 7 (TRM02
and TRM12) of transfer mode specification register 2 (TRMC2).

3. The operation of the parity error flag is affected by the set values of bits 3 and 4 (PS20 and PS21)
of ASIM2.

4. Even if the stop bit length is set to two bits by setting bit 2 (SL2) of ASIM2, stop bit detection during
a receive operation only applies to a stop bit length of 1 bit.

5. Be sure to read the contents of receive buffer register 2 (RXB2) when an overrun error has occurred.
Until the contents of RXB2 are read, further overrun errors will occur when receiving data. The next
receive data is not written to receive buffer register 2 (RXB2) and is discarded.

User's Manual U14260EJ3V1UD



CHAPTER 15 SERIAL INTERFACE UART2

(8) Asynchronous serial interface transmit status register 2 (ASIF2)
This register indicates the status of transmission.

ASIF2 is set by an 8-bit memory manipulation instruction.
RESET input clears ASIF2 to 00H.

Figure 15-5. Format of Asynchronous Serial Interface Transmit Status Register 2 (ASIF2)

Address: FF95H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF2 0 0 0 0 0 0 TXBF TXSF
TXBF Transmit buffer data flag
0  If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
¢ If data is transferred to transmit shift register 2 (TXS2)
1 If data is written to transmit buffer register 2 (TXB2) (if data exists in TXB2)
TXSF Transmit shift register data flag
0  If bit 7 (POWER2) or bit 6 (TXE2) of asynchronous serial interface mode register 2
(ASIM2) is cleared to 0
* If no more data is transferred from transmit buffer register 2 (TXB2) after completion
of transfer.
1 If data is transferred from transmit buffer register 2 (TXB2) (during transmission)

Cautions 1. To start successive transmission, be sure to check that TXBF is 0 after the first byte of data
has been written to transmit buffer register 2 (TXB2), then write the second byte of data to

TXB2.

2. When successive transmission is in progress, the processing of writing to TXB2 can be
confirmed by checking the value of TXSF after the transmit completion interrupt.
* TXSF = 1: Successive transmission in progress. One-byte data can be written.
e TXSF = 0: Successive transmission is complete. Two-byte data can be written.

When writing, note Caution 1 above.

3. To initialize (to set TXE2 to 0 or POWER2 to 0) during successive transmission, make sure
that TXSF is 0 after the transmit completion interrupt, then initialize.
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(4) Baud rate generator control register 2 (BRGC2)

This register sets the serial clock for the serial interface.
BRGC2 is set by an 8-bit memory manipulation instruction.
RESET input clears BRGC2 to 00H.

276

Figure 15-6. Format of Baud Rate Generator Control Register 2 (BRGC2)

Address: FF93H After reset: 00H R/W

Symbol 7

6 5 4 3 2

1

0

BRGC2 | MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 |

Output clock
MDL27 | MDL26 | MDL25 | MDL24 | MDL23 | MDL22 | MDL21 | MDL20 | selection for baud | k
rate generator

0 0 0 0 0 X X X Setting prohibited| —
0 0 0 0 1 0 0 0 fscke/8 8
0 0 0 0 1 0 0 1 fscke/9 9
0 0 0 0 1 0 1 0 fsck2/10 10
0 0 0 0 1 0 1 1 fscke/11 11
0 0 0 0 1 1 0 0 fscke/12 12
0 0 0 0 1 1 0 1 fscka/13 13
0 0 0 0 1 1 1 0 fscko/14 14
0 0 0 0 1 1 1 1 fscke/15 15
0 0 0 1 0 0 0 0 fscke/16 16
1 1 1 1 1 1 1 1 fscke/255 255

Caution  Writing to BRGC2 during a communication operation may cause abnormal output from the
baud rate generator and disable further communication operations. Therefore, do not write

to BRGC2 during a communication operation.

Before rewriting BRGC2, clear bits 5 and 6 (RXE2 and TXE2) of asynchronous serial interface

mode register 2 (ASIM2) to 0.

Remarks 1. fscke:

2. k:
3. n:

Source clock for 8-bit counter

Set by bits 4 to 6 (TPS20 to TPS22) of clock select register 2 (CKSEL2)

Value set via MDL27 to MDL20 (8 < k < 255)
Value set via TPS22 to TPS20 (0 < n <7)

4. The equation for the baud rate is as follows.

[Baud rate] =

_fx [Hz]
2n+1 X k
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(5) Clock select register 2 (CKSEL2)

This 8-bit register is used to select the input clock for the baud rate of UART2 and the transmit pulse width of

IrDA.

CKSEL2 is set by an 8-bit memory manipulation instruction.
RESET input clears CKSEL2 to 00H.

Figure 15-7. Format of Clock Select Register 2 (CKSEL2)

Address: FF92H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
CKSEL2 0 TPS22Note | Tpg21Note | TpgpQNote | TPWw23 TPW22 TPW21 TPW20
TPS22 TPS21 TPS20 Source clock of 8-bit counter n
0 0 0 External clock input to ASCK2 0
0 0 1 fx/2 1
0 1 0 fx/22 2
0 1 1 fx/23 3
1 0 0 fx/24 4
1 0 1 fx/25 5
1 1 0 fx/28 6
1 1 1 fx/27 7
TPW23 TPW22 TPW21 TPW20 |Selection of IrDA transmit pulse width of 1-bit data
0 0 1 0 Width of two fscka clocks
0 0 1 1 Width of three fsck2 clocks
0 1 0 0 Width of four fsck2 clocks
0 1 0 1 Width of five fscka clocks
0 1 1 0 Width of six fsck2 clocks
0 1 1 1 Width of seven fscka clocks
1 0 0 0 Width of eight fscka clocks
1 0 0 1 Width of nine fscka clocks
1 0 1 0 Width of ten fscka clocks
1 0 1 1 Width of 11 fsckz clocks
1 1 0 0 Width of 12 fscka clocks
1 1 0 1 Width of 13 fscka clocks
1 1 1 0 Width of 14 fsckz clocks
1 1 1 1 Width of 15 fsck clocks
0 0 0 0 Width of 16 fsckz clocks
Other than above Setting prohibited

Note To rewrite TPS20 to TPS22, clear bit 7 (POWER2) of asynchronous serial interface mode register 2

(ASIM2) to 0.
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Cautions 1. If datais written to CKSEL2 during a communication operation, the output of the baud rate
generator is disturbed and the communication cannot be performed correctly. Therefore,
do not rewrite CKSEL2 during communication.

2. Totransfer data in the infrared data transfer (IrDA) mode, the following conditions must be
satisfied when the transmit pulse width is specified.

(Condition)
1.41us < Transmit pulse width < Transfer rate
Set values of bits 0 to 3 Set values of bits 0 to 7
(TPW20 to TPW23) of CKSEL2 (MDL20 to MDL27) of BRGC2
Example If the transmit pulse width is set to the width of three fsckz clocks (TPW23 to TPW20
= Ol 0! 1! 1)

r———————— 1-bit cycle ——————=

TxD2 pin 5

—_—
'
'
L — e |

3-clock width '

~— Pulse output starts from
the center of the 1-bit cycle.

Remark fx:  Main system clock oscillation frequency
fscke: Source clock of 8-bit counter
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(6) Transfer mode specification register 2 (TRMC2)
This 8-bit register is used to specify the transfer mode, switch the interrupt source of INTST2, enable or disable
occurrence of the receive completion interrupt in the multi-processor transfer mode, and specify the multi-
processor transfer appended bit.
TRMC2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TRMC2 to 02H.

Figure 15-8. Format of Transfer Mode Specification Register 2 (TRMC2)

Address: FF91H After reset: 02H R/W

Symbol 7 6 5 4 3 2 [0]
TRMC2  [TRM12Note 1/TRMoNote 1) @ 0 ISMD2 0 | MPIEN2 |MPs2Note2|
TRM12 TRMO02 Transfer mode
0 0 UART transfer modeNote 3
0 1 Multi-processor transfer modeNote 3
1 0 Infrared data transfer (IrDA) modeNote 3
1 1
MPIEN2 Receive completion interrupt enable/disable in multi-processor transfer modeNote 4
Condition INTSR2 enable/disable Note 5
oNotes 6,7 | |f “0” js written to this bit Disabled
1 e If bit 7 (POWER2) or bit 6 (TXE2) of Enabled
asynchronous serial interface mode
register 2 (ASIM2) is cleared to 0
* If bit data has been received with multi-
processor appended bit of “1”
ISMD2Note 8 Switching interrupt source of INTST2
0 INTST2 occurs when transmission completed
1 INTST2 occurs when data transfer completed
MPS2 Setting of multi-processor transmission appended bitNote 4
0 Appends “0” as and transmits multi-processor appended bit (during data transmission).
1 Appends “1” as and transmits multi-processor appended bit (during ID transmission).

Notes 1. Beforerewriting TRM12 and TRMO02, clear bits 6 (TXE2) and 5 (RXE2) of asynchronous serial interface

mode register 2 (ASIM2) to 0.

2. Before setting a value to MPS2, confirm that bit 1 (TXBF) of asynchronous serial interface transmit
status register 2 (ASIF2) is cleared to 0. Before writing transmit data to transmit buffer register 2
(TXB2), specify whether “0” or “1” is appended as the multi-processor appended bit.

3. Thesettingofbits0to4 (ISEM2, SL2,CL2, PS20, and PS21) of ASIM2 s valid in all the transfer modes.

4. The specification by MPIEN2 and MPS2 is valid only when bit 7 (TRM12) is cleared to 0 and bit 6
(TRMO2) is set to 1 (i.e., when the multi-processor transfer mode is set).
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Notes 5.

Remark

Enabling or disabling the occurrence of the receive completion interrupt (INTSR2) in the case of an
error is affected by the setting of bit 0 (ISEM2) of ASIM2.

Even if MPIEN is cleared to O, reception is started when the start bit is detected, in order to detect
address (ID) reception. At this time, an error in the receive data is not detected if the multi-processor
appended bit is “0”. If data “1” is received by mistake, due to bit slip or other cause, when the multi-
processor appended bit is detected, however, ID reception is detected. Consequently, the error in
the receive data is identified, and the error interrupt signal may be generated and the error flag set.

. When bit 7 (POWER2) and bit 5 (RXE2) of ASIM2 have not been set to 1, MPIEN2 cannot be cleared

to 0 (remain 1) even if 0 is written to it.
Before setting ISMD2, clear bit 6 (TXEZ2) of asynchronous serial interface mode register 2 (ASIM2)
to 0.

When receiving data in the multi-processor transfer mode, the receive completion interrupt (INTSR2)
occurs, regardless of the value of MPIEN2, if data with the multi-processor appended bit set to “1” is
received. Usually, this receive data is an address (ID) that indicates the other party of communication.
The subsequent receive data can be ignored and the occurrence of an unnecessary receive completion
interrupt (INTSR2) can be disabled by comparing this received ID with the ID of the microcontroller
(for which software processing is necessary) and clearing MPIENZ if the two IDs do not match.

Port mode register 3 (PM3)

PMS3 is a register that sets the input/output of port 3 in 1-bit units.

To use the P34/TxD2/SI3 pin as a serial data output, set PM34 and the output latch of P34 to 0.

To use the P35/RxD2/SO3 pin as a serial data input, and the P36/ASCK2/SCK3 pin as a clock input, set PM35
and PM36 to 1. At this time, the output latches of P35 and P36 can be either 0 or 1.

PM3 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Figure 15-9. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: FFH R/W

Symbol
PM3

7 6 5 4 3 2 1 0

1 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n 1/0 mode selection of P3n pin (n = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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15.4 Operation of Serial Interface UART2
This section explains the four modes of serial interface UART2.

15.4.1 Operation stop mode

Because serial transfer is not performed in this mode, the power consumption can be reduced.

In addition, pins can be used as ordinary ports. To set the operation stop mode, clear bits 7, 6, and 5 (POWERZ2,
TXE2, and RXE2) of ASIM2 to 0.

(1) Register to be used
Operation stop mode is set by asynchronous serial interface mode register 2 (ASIM2).
ASIM2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears ASIM2 to 00H.

Address: FFOOH After reset: 00H R/W

Symbol (6] 4 3 2 1 0
ASIM2 | POWER2 | TXE2 | RXE2 | PS21 PS20 CL2 SL2 ISEM2
POWER2 Clock operation enable/stop
0 Stop clock operation. Power consumption decreases and latch in UART2 is

asynchronously reset (TxD2 pin is low).

TXE2Note 1 Transmission enable/stop

0 Stop transmission (transmission circuit is synchronously reset).
RXE2Note 1 Reception enable/stop

0 Stop reception (reception circuit is synchronously reset).

Notes 1. To stop serial transmission/reception, wait for the duration of 2 clocksN°te2 after specifying stopping
the transmission/reception (TXE2 = 0 or RXE2 = 0), and then stop the clock operation (POWER2
= 0).
2. The clock is the output clock of the 8-bit counter or the output clock of the baud rate generator.
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15.4.2 Asynchronous serial interface (UART) mode
This mode enables full-duplex operation wherein one byte of data after the start bit is transmitted or received.
The on-chip baud rate generator dedicated to UART enables communications using a wide range of selectable
baud rates.
The UART baud rate generator can also be used to generate a MIDI-standard baud rate (31.25 kbps).

(1) Registers to be used
* Asynchronous serial interface mode register 2 (ASIM2)
¢ Asynchronous serial interface status register 2 (ASIS2)
¢ Baud rate generator control register 2 (BRGC2)
* Asynchronous serial interface transmit status register 2 (ASIF2)
* Clock select register 2 (CKSEL2)
* Transfer mode specification register 2 (TRMC2)
¢ Port mode register 3 (PM3)
¢ Port register 3 (P3)

The basic procedure of setting an operation in the UART mode is as follows.

<1> Set the CKSEL2 register (see Figure 15-7).

<2> Set the BRGC2 register (see Figure 15-6).

<3> Clear bits 7 and 6 (TRM12 and TRMO02) of the TRMC2 register to 0 and set bit 3 (ISMD2) (see Figure 15-8).
<4> Set bits 4 to 0 (PS21, PS20, CL2, SL2, and ISEM2) of the ASIM2 register (see Figure 15-3).

<5> Set bit 7 (POWER2) of the ASIM2 register to 1.

<6> Set bit 6 (TXE2) of the ASIM2 register to 1. — Transmission is enabled.

<7> Set bit 5 (RXE2) of the ASIM2 register to 1. — Reception is enabled.

<8> Write data to TXB2. — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register
and port register.

The relationship between the register settings and pins is shown below.

Table 15-2. Relationship Between Register Settings and Pins (UART Mode)

ASIM2 TRMC2 PM34| P34 |PM35| P35 |Operation| Pin Function

POW | TXE2 [RXE2|PS21 |PS20 | CL2 | SL2 [ISEM2|TRM12[TRMO02(ISMD2 [MPIEN2[MPS2 Mode | p34/ | P35/
ER2 SI3/ | S03/
TxD2 | RxD2

1 0 1 01 | o1 | on x on 0 0 x x x | xNote | Note| 4 x |Reception| P34 | RxD2
1 1 0 o1 | o1 | o1 | on x 0 0 0N x x 0 0 | xNote | Note | Transmission | TxD2 | P35
1 1 1 on 0/1 on 0/1 on 0 0 0/1 X X 0 0 1 x| Transmission/| TxD2 | RxD2

reception

Note Can be set as port function.

Caution When using UART2, stop the operation of SIO3 (bit 7 (CSIE3) of serial operation mode register 3
(CSIM3) = 0).

Remark x: don’t care, ASIM2: Asynchronous serial interface mode register 2,
TRMC2: Transfer mode specification register 2, PMxx: Port mode register,
Pxx: Port output latch
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The transmit/receive clock that is used to generate the baud rate is obtained by dividing the main system

clock.

e Transmit/receive clock generation for baud rate by using main system clock
The main system clock is divided to generate the transmit/receive clock. The baud rate generated from
the main system clock is determined according to the following formula.

[Baud rate] =

fx: Main system clock oscillation frequency

X
on+l o k [HZ]

When ASCK2 is selected as the source clock of the 8-bit counter, substitute the input clock frequency

to ASCK2 pin for fx in the above expression.

n: Value set via TPS20 to TPS22 (0 < n <7, see Figure 15-7)

k: Value set via MDL27 to MDL20 (8 < k < 255, see Figure 15-6)

e Baud rate error
The baud rate error can be calculated by the following expression.

[Baud rate error] =

Baud rate [bps]

Targeted baud rate [bps]

x 100 — 100 [%]

Table 15-3 shows an example of the relationship between the main system clock and a baud rate.

Table 15-3. Relationship Between Main System Clock and Baud Rate

Baud Rate [bps] fx = 7.37 MHz fx = 5.0 MHz fx = 4.19 MHz
n k Error (%) n k Error (%) n k Error (%)

300 7 96 —-0.04 7 65 0.16 6 109 0.11
600 7 48 —-0.04 6 65 0.16 5 109 0.11
1200 7 24 —-0.04 5 65 0.16 4 109 0.11
2400 6 24 —-0.04 4 65 0.16 3 109 0.11
4800 5 24 —-0.04 3 65 0.16 2 109 0.11
9600 4 24 —-0.04 2 65 0.16 1 109 0.11
19200 3 24 —-0.04 1 65 0.16 - - -
31250 1 59 —-0.07 1 40 0 - - -
38400 2 24 —-0.04 - - - - - -
76800 1 24 -0.04 - - - - - -

Remark fx: Main system clock oscillation frequency
n: Value set by TPS20 to TPS22 (0 <n <7)

k: Value set by MDL27 to MDL20 (8 < k < 255)
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e Permissible baud rate range for reception

Figure 15-10. Minimum Permissible Data Frame Length and Maximum Permissible Data Frame Length

VooV VAR VARV
cl?fa&:f;a}l_n;e length \ Start /< DO X D1 >< // D7 X P >/ Stap \

FL
l 1 data frame (11 x FL)

SR N> S

Minimum permissible L
data frame length \Start/< DO X D1 X / P >/ Stop \

l FLmin

Maximum permissible ]
data frame length Start /< DO >< D1 >< / D7 >< P >/. Stop \

| FLmax |

As shown in the timing chart in Figure 15-10, the latch timing of the receive data is determined by the
counter set by using baud rate generator control register 2 (BRGC2) after the start bit has been detected.
If the last data (stop bit) is received within this latch timing, the data can be correctly received.

This latch timing has a margin of two clocks.

Take reception of 11-bit data as an example.

1 bit data length of UART2: FL = (Brate)™'

k —
Minimum permissible data frame length: FLmin = 11 x FL — oK x FL
21k + 2
=——xFL
2k

Therefore, the maximum receivable baud rate of the transmission destination is as follows.

22k
BRmax = (FLmin/11)"' = ——— Brate
21k + 2
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Similarly, the maximum permissible data frame length is as follows.

10 k+2
— FLmax = 11 xFL - x FL
11 2k

21k - 2

= — xFL
2k
21k - 2
FLmax = — xFLx 11
20k

Therefore, the minimum receivable baud rate of the transmission destination is as follows.

20k
BRmin = (FLmax/11)"' = ———— Brate
21k -2

Remark Brate: Baud rate of UART2
k: Value set by MDL27 to MDL20 (8 < k < 255)
FL: 1 bit data length

From the above expressions for the maximum and minimum baud rates, the permissible error of the baud
rate between UART2 and the transmission destination can be calculated as follows.

Table 15-4. Maximum Permissible Baud Rate Error and Minimum Permissible Baud Rate Error

k Maximum Permissible Baud Rate Error (%) | Minimum Permissible Baud Rate Error (%)
8 +3.53 -3.61

20 +4.26 —4.31

50 +4.56 —4.58

100 +4.66 —4.67

255 +4.72 -4.73

Caution The above error tolerance value is the value calculated based on the ideal sample point.
In the actual design, allow margins that include errors of timing for detecting a start
bit.

Remark k: Value set by MDL27 to MDL20 (8 < k < 255)
The accuracy of reception is dependent upon 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
accuracy).
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(2) Communication operations

286

(a) Data format and waveform example
Figures 15-11 and 15-12 show the format and waveform example of the transmit/receive data.

Figure 15-11. Example of Transmit/Receive Data Format in Asynchronous Serial Interface

1 data frame

Start
bit

DO

D1

D2

D3

D4

D5

D6

D7

Parity
bit

1 data frame consists of the following bits.

e Start bit

‘<— Character bits

e Character bits ... 7 bits or 8 bits (LSB first)

e Parity bit

e Stop bit(s) ....

Even parity, odd parity, zero parity, or no parity
1 bit or 2 bits

Stop bit

Asynchronous serial interface mode register 2 (ASIM2) is used to set the character bit length, parity selection,

and stop bit length within each data frame.
When “7 bits” is selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid, so that
during a transmission the highest bit (bit 7) is ignored and during reception the highest bit (bit 7) must be

set to 0.

User's Manual U14260EJ3V1UD



CHAPTER 15 SERIAL INTERFACE UART2

Figure 15-12. Example of UART Transmit/Receive Data Waveform

1. Character bit: 8 bits, Parity bit: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame
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2. Character bit: 7 bits, Parity bit: Odd parity, Stop bit: 2 bits, Communication data: 36H

1 data frame
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3. Character bit: 8 bits, Parity bit: None, Stop bit: 1 bit, Communication data: 87H

1 data frame
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Baud rate generator control register 2 (BRGC2) and clock select register 2 (CKSEL2) are used to set the
serial transfer rate.

If a receive error occurs, information about the receive error can be ascertained by reading asynchronous
serial interface status register 2 (ASIS2).
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(b) Parity types and operations
The parity bit is used to detect bit errors in communication data. Usually, the same type of parity bit is used

by the transmitting and receiving sides. When odd parity or even parity is set, errors in the parity bit (the
odd-number bit) can be detected. When zero parity or no parity is set, errors are not detected.

(i) Even parity

During transmission
The number of character bits in transmit data that includes a parity bit is controlled so that there are
an even number of bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “1”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “0”

During reception
The number of character bits whose value is 1 is counted in the receive data that includes a parity
bit, and a parity error occurs when the counted result is an odd number.

(ii) Odd parity

During transmission
The number of character bits in transmit data that includes a parity bit is controlled so that there is
an odd number of bits whose value is 1. The value of the parity bit is as follows.

If the transmit data contains an odd number of character bits whose value is 1: the parity bit is “0”
If the transmit data contains an even number of character bits whose value is 1: the parity bit is “1”

During reception
The number of character bits whose value is 1 is counted in the receive data that includes a parity
bit, and a parity error occurs when the counted result is an even number.

(iii) Zero parity
During transmission, the parity bit is set to “0” regardless of the transmit data.
During reception, the parity bit is not checked. Therefore, no parity errors will occur regardless of
whether the parity bit is a “0” or a “1”.

(iv) No parity
No parity bit is added to the transmit data.
During reception, receive data is regarded as having no parity bit. Since there is no parity bit, no parity

errors will occur.
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(c) Transmission
If the UART transfer mode is selected by using transfer mode specification register 2 (TRMC2) and bit 7
(POWER?2) of asynchronous serial interface mode register 2 (ASIM2) is set to 1, the TxD2 pin outputs a high
level. If bit 6 (TXE2) of ASIM2 is set to 1 next, transmission is enabled. Transmission can be started by
writing transmit data to transmit buffer register 2 (TXB2). The start bit, parity bit, and stop bit are automatically
appended to the transmit data.
When transmission has been started, the data in TXB2 is transferred to transmit shift register 2 (TXS2) and
is sequentially output to the TxD2 pin, starting from the LSB. If the data to be transmitted next has been
written to TXB2 by the time transmission is complete, transmitting the next data is started. If no more data
has been written to TXB2, transmission is stopped until the next data is written.
Figure 15-13 illustrates the timing of the transmit interrupt.

Figure 15-13. Timing of Asynchronous Serial Interface Transmit Completion Interrupt Request

(i) Stop bit length: 1 bit, TRMC2: ISMD2 = 0

Tmmm_qumemezmemwmﬁ@

INTST2 |_|

(i) Stop bit length: 2 bits, TRMC2: ISMD2 = 0

1MWM_W%4meXm[zX%mem |
INTST2 —|

(iii) Successive transmission, Stop bit length: 2 bits, TRMC2: ISMD2 = 1

If next transmit data is
written to TXB2

TxD2 (output) \ Start/ DO X D1 ngx D7 XParity/ Stop Start/ DO x
INTST2 —|

Remark TRMC2: Transfer mode specification register 2
ISMD2: Bit 3 of TRMC2
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(d)

Caution Do not rewrite asynchronous serial interface mode register 2 (ASIM2) during a transmit
operation. Rewriting the ASIM2 register during a transmit operation may disable further
transmit operations (in such cases, input a RESET to restore normal operation).

Successive transmission

The next transmit data can be written to transmit buffer register 2 (TXB2) as soon as transmit shift register
2 (TXB2) has started its shift operation. Consequently, even while an interrupt is being serviced after one
data frame has been transmitted, data can be successively transmitted.

To successively transmit data, be sure to check, by using asynchronous serial interface transmit status
register 2 (ASIF2), the transmission status and whether writing to TXB2 is enabled or disabled, and then
write the data to TXB2.

The following table shows the relationship between the transmission status and writing to TXB2.

Table 15-5. Writing to TXBF and TXB2 (When Successive Transmission Is Started)

TXBF Writing to TXB2 When Successive Transmission Is Started
0 Enabled
1 Disabled

Caution When starting successive transmission, write the first byte of data to transmit buffer
register 2 (TXB2), and then make sure to write data to TXB2 again.

Remark TXBF: Bit 1 of ASIF2

Table 15-6. Writing to TXSF and TXB2 (When Successive Transmission Is in Progress)

TXSF Writing to TXB2 When Successive Transmission Is in Progress
0 Two-byte writing or transmit completion processing enabled
1 One-byte writing enabled

Cautions 1. When successive transmission is in progress, the processing of writing to TXB2 can
be confirmed by checking the value of TXSF after the transmit completion interrupt.
e TXSF = 1: Successive transmission in progress. One-byte data can be written.
e TXSF = 0: Successive transmission is complete. Two-byte data can be written.
When writing, note the Caution in Table 15-5.
2. To initialize (to set TXE2 to 0 or POWER2 to 0) during successive transmission, make
sure that TXSF is 0 after the transmit completion interrupt, then initialize.
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Figure 15-14 shows the processing flow of successive transmission.

Figure 15-14. Processing Flow of Successive Transmission

( START

)

Set various registers

No

Write data to TXB2

Read ASIF2
No
Yes
( Interrupt occurred )
No Required number
of writes performed?
Read ASIF2 Read ASIF2
No
Yes Yes

Write data to TXB2

Wait for occurrence
of interrupt
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The following figures and tables show the timing of starting and completing successive transmission.

Figure 15-15. Timing of Starting Successive Transmission

TxD2 (output) | Start: Data(l) iParity| Stop |Stat i  Data(1) :Parity| Stop [Start :
<> <2> <3> <4> <5>
INTST2 —| —|
TXB2 FF >< Data (1) Data (2) Data (3) X
Data transferi L Data transferi L Data transferi L
TXS2  FF Data (1) ‘ Data (2) X Data (3)
|

TXBF

v

\/

l
\/

TXSF

_J

Table 15-7. Timing of Starting Successive Transmission

Transmission Procedure Internal Operation TXBF TXSF
Set transmission mode. <1> Starts transmission unit. 0 0
Write data (1). 1 0
<2> Generates start bit and starts 0 1
transmitting data (1).
Read ASIF2 (to confirm TXBF = 0) 1 1
and write data (2).
(during transmission)
<3> Interrupt (INTST2) occurs. 0 1
Read ASIF2 (to confirm TXBF = 0) 1 1
and write data (3).
<4> Generates start bit and starts
transmitting data (2).
(during transmission)
<5> Interrupt (INTST2) occurs. 0 1
Read ASIF2 (to confirm TXBF = 0) 1 1
and write data (3).

Remarks 1. <1> to <5> in this table correspond to <1> to <5> in Figure 15-15.

2. TXBF: Bit1 (transmitbuffer data flag) of asynchronous serial interface transmit status register

2 (ASIF2)
TXSF: Bit 0 of ASIF2

(transmit shift register data flag)
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Figure 15-16. Timing of Completing Successive Transmission

TxD2 (output)  iParity| Stop |Start: Data (n — 1) :Parity| Stop |Start! Data (n— 1) iParity|  Stop
<1> <2> <3> <4> <5> <6>
~ POWER2 or
TXE2 is cleared.
INTST2 —l —l —l

TXB2 Data (n- 1)X Data (n) \

Data iL Data iL

transfer transfer
TXS2 X‘ Data (n—-1) X ‘ Data (n) FF
TXBF \_/ \
TXSF \’/

Table 15-8. Timing of Completing Successive Transmission

Transmission Procedure Internal Operation TXBF TXSF
<1> Data (n—2) is transmitted. 1 1
<2> Interrupt (INTST2) occurs. 0 1
Read ASIF2 (to confirm TXBF = 0) 1 1
and write data (n).
<3> Generates start bit and starts
transmitting data (n—1).
(during transmission)
<4> Interrupt (INTST2) occurs. 0 1
Read ASIF2 (to confirm TXBF = 0). 1 1
No data to be written.
<5> Generates start bit and starts
transmitting data (n).
(during transmission)
<6> Interrupt (INTST2) occurs. 0 0
Read ASIF2 (to confirm TXBF = 0) Initializes internal circuit.
and clear POWER2 or TXE2.

Remarks 1. <1> to <6> in this table correspond to <1> to <6> in Figure 15-16.

Bit 0 of ASIF2 (transmit shift register data flag)

2. TXBF:
register 2 (ASIF2)
TXSF:
POWER2:
TXE2: Bit 6 of ASIM2
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(d) Reception

The interface enters the reception wait status if the UART transfer mode is specified by using transfer mode
specification register 2 (TRMC2) and bit 5 (RXE2) of asynchronous serial interface mode register 2 (ASIM2)
is set to 1 after bit 7 (POWER2) has been set to 1. In this status, the RxD2 pin is monitored to detect the
start bit. When the start bit is detected, reception is started, and serial data is sequentially stored in receive
shift register 2 (RX2) at the specified baud rate.

When the stop bit is received, a receive completion interrupt (INTSR2) occurs and, at the same time, the
data in RX2 is written to receive buffer register 2 (RXB2). If an overrun error (OVE2) occurs, however, the
receive data is not written to RXB2 but discarded. Even if a parity error (PE2) or framing error (FE2) occurs
during reception, reception continues up to the position at which the stop bitis received, and an error interrupt
(INTSR2/INTSER2) occurs after completion of reception.

Figure 15-17. Timing of Asynchronous Serial Interface Receive Completion Interrupt Request

RxD2 (input) \ Start/ DO X D1 X D2 X?gx D6 X D7 XParity Stop
INTSR2 |_|

RXB2 X

Caution During reception, the number of stop bits is always 1. A second stop bit is ignored.
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(e) Receive errors

Three types of errors can occur during a receive operation: a parity error, framing error, or overrun error.
If, as the result of data reception, an error flag is set in asynchronous serial interface status register 2 (AS1S2),
a receive error interrupt request (INTSR2/INTSER2) will occur. Table 15-9 lists the causes behind receive
errors.

As part of receive error interrupt request (INTSR2/INTSER2) servicing, the contents of ASIS2 can be read
to determine which type of error occurred during the receive operation (see Table 15-9 and Figure 15-18).
The contents of ASIS2 are reset (to 0) when receive buffer register 2 (RXB2) is read or when the next data
is received (if the next data contains an error, its error flag will be set).

Table 15-9. Causes of Receive Errors

Receive Error Cause
Parity error Specified parity does not match parity of receive data
Framing error Stop bit was not detected
Overrun error Reception of the next data was completed before data was read from receive buffer
register 2 (RXB2)

Caution Even if data is written to TXB2 when data remains in transmit buffer register 2 (TXB2), an
overrun error will not occur.

Figure 15-18. Receive Error Timing

RxDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 XParity STOP

INTSR2 or INTSER2Nete ”

Cautions 1. The contents of asynchronous serial interface status register 2 (ASIS2) are reset (to
0) when receive buffer register 2 (RXB2) is read or when the next data is received. To
obtain information about the error, be sure to read the contents of ASIS2 before reading
RXB2.

2. Be sure to read the contents of receive buffer register 2 (RXB2) even when a receive
error has occurred. Overrun errors will occur during the next data receive operations
and the receive error status will remain until the contents of RXB2 are read.

Note The interrupts can be divided into INTSR2 and INTSER2 by setting bit 0 (ISEM2) of asynchronous
serial interface mode register 2 (ASIM2) to 1.
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Figure 15-19. INTSR2 and INTSER2

(1) If ISEM2 is cleared to 0 (error interrupt is included in INTSR2)

(@) No error at reception (b) Error at reception
INTSR2 | | INTSR2 | |
INTSER2 INTSER2

(2) If ISEM2 is set to 1 (to separate INTSR2 and INTSER2)
(a) No error at reception (b) Error at reception

INTSR2 | | INTSR2

INTSER2 INTSER2 | |
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15.4.3 Multi-processor transfer mode
In this mode, data can be transferred to or received from two or more processors.

(1) Registers to be used
* Asynchronous serial interface mode register 2 (ASIM2)
e Asynchronous serial interface status register 2 (ASI1S2)
* Baud rate generator control register 2 (BRGC2)
* Asynchronous serial interface transmit status register 2 (ASIF2)
* Clock select register 2 (CKSEL2)
* Transfer mode specification register 2 (TRMC2)
e Port mode register 3 (PM3)
e Port register 3 (P3)

The basic procedure of setting an operation in the multi-processor transfer mode is as follows.

<1> Set the CKSEL2 register (see Figure 15-7).

<2> Set the BRGC2 register (see Figure 15-6).

<3> Set bits 7 and 6 (TRM12 and TRM02) of the TRMC2 register to 0 and 1, and set bits 3, 1, and 0 (ISMD2,
MPIEN2, and MPS2) (see Figure 15-8).

<4> Set bits 4 to 0 (PS21, PS20, CL2, SL2, and ISEM2) of the ASIM2 register (see Figure 15-3).

<5> Set bit 7 (POWER2) of the ASIM2 register to 1.

<6> Set bit 6 (TXE2) of the ASIM2 register to 1. — Transmission is enabled.

<7> Set bit 5 (RXE2) of the ASIM2 register to 1. — Reception is enabled.

<8> Write data to TXB2. — Data transmission is started.

Caution Take relationship with the other party of communication when setting the port mode register
and port register.

The relationship between the register settings and pins is shown below.

Table 15-10. Relationship Between Register Settings and Pins (Multi-Processor Transfer Mode)

ASIM2 TRMC2 PM34| P34 |PM35| P35 [Operation| Pin Function

POW | TXE2 |[RXE2|PS21 |PS20| CL2 | SL2 (ISEM2|{TRM12[TRMO02({ISMD2|MPIEN2|MPS2 Mode | p34/ | P35/
ER2 SI3/ | SO3/
TxD2 | RxD2

1 0 1 lon jot ot | x |o1] o 1 x | 01 | 0/1 |xNote|yNote| 4 x |Reception| P34 | RxD2
1 1 0 o1 | 01 | o/1 | 0/ X 0 1 01 | 01 | oA 0 0 | xNote | Note [ Trangmission | TxD2 | P35

1 1 1 on 0/1 on 0/1 on 0 1 0/1 on 0/1 0 0 1 x| Transmission/| TxD2 | RxD2
reception

Note Can be set as port function.

Caution When using UART2, stop the operation of SIO3 (bit 7 (CSIE3) of serial operation mode register 3
(CSIM3) = 0).

Remark x: don’t care, ASIM2: Asynchronous serial interface mode register 2,
TRMC2: Transfer mode specification register 2, PMxx: Port mode register,
Pxx: Port output latch
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For an explanation how to generate the transmit/receive clock for the baud rate and details of the permissible error
range of the baud rate, refer to (1) Registers to be used in 15.4.2 Asynchronous serial interface (UART) mode.

(2) Communication operations

(a) Data format
Figure 15-20 shows an example of the transmit/receive data format.

Figure 15-20. Example of Transmit/Receive Data Format in Multi-Processor Transfer Mode
(1) ID transfer (multi-processor appended bit = 1) format

Character bit: 8 bits, No parity, Stop bit: 1 bit,
Communication data: 55H

1 data frame ‘

bit bit & bit

Start [ py | pt | p2 | D3 | Da | D5 | D6 | D7 |Awended; Stop .

Character bit

(2) Data transfer (multi-processor appended bit = 0) format
Character bit: 8 bits, Parity bit: odd parity,
Stop bit: 1 bit, Communication data: 55H

1 data frame ‘

Start EAppended Parityi Stop :
bit DO D1 D2 D3 D4 D5 D6 D7 ™ bit  bit

Character bit

Caution If parity is specified, the parity bit is output after the multi-processor appended bit.
In this case, the multi-processor appended bit is subject to parity calculation during
both transmission and reception.
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One data frame consists of the following bits:

o Start bit .o 1 bit

e Character bit.......cccoevceriiiiiiienn 7/8 bits (LSB first)
e Multi-processor appended bit ........ 1 bit (setto 1 or 0)
e Parity bit...oooeeeee Even/odd/0/none

® Stop it eeeieiii 1/2 bits

The character bit length, parity, and stop bit length in one data frame are selected by asynchronous interface
mode register 2 (ASIM2). Data is transferred starting from the LSB.

The multi-processor appended bit of transmit data is specified by transfer mode specification register 2
(TRMC2).

The serial transfer rate is selected by baud rate generator control register 2 (BRGC2) and clock select register
2 (CKSEL2).

If an error occurs when receiving serial data, the error can be determined by reading the status of
asynchronous serial interface status register 2 (ASIS2).
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(b) Transmission
If the multi-processor transfer mode is set by using transfer mode specification register 2 (TRMC2) and bit
7 (POWER2) of asynchronous serial interface mode register 2 (ASIM2) is set to 1, the TxD2 pin outputs a
high level. If bit 6 (TXE2) of ASIM2 is set to 1 next, transmission is enabled. Transmission (ID transmission)
can be started by setting bit 0 (MPS2) of TRMC2 to 1 and writing transmit data to transmit buffer register
2 (TXB2).
Next, confirm that bit 1 (TXBF) of asynchronous serial interface transmit status register 2 (ASIF2) is 0. Then
clear MPS and write transmit data to TXB2 (data transmission). The start bit, multi-processor transfer
appended bit, parity bit, and stop bit are automatically appended to the data.
When transmission is started, the data in TXB2 is transferred to transmit shift register 2 (TXS2) and
sequentially output to the TxD2 pin, starting from the LSB. If the data to be transmitted next has been written
to TXB2 by the time transmission is complete, transmitting the next data is started. If no more data has been
written to TXB2, transmission is stopped until new transmit data is written.
Figure 15-21 shows the timing of a transmit interrupt.

Figure 15-21. Timing of Transmit Completion Interrupt Request in Multi-Processor Transfer Mode

|«~—— ID transmit frame ——=|=—— Data transmit frame ——=]

TxD2 (output) Start: DO :--: D7 |MPS2: Stop |Start: DO i--i D7 [MPS2: Stop [Start :
INTST2 |_|

TXB2 FF X | Data 1 (ID) X i Data 2 (data) X | Data 3 (data)

/ iLData transfer / iLData transfer/

| I

TXS2 FF / X Data 1 (II? data) Dlata 2 (data)

T T T

CPU x MPS2 « 1Xdz(aB12(E)XMPSZ « OX TXB2 « data 2 (data) X TXB2 « data 3 (data)
\ \

MPS2

Caution Before writing transmit data to TXB2, confirm that TXBF = 0 and set or clear the MPS bit.
If the MPS bit is set or cleared with TXBF = 1, the set data of the MPS bit may be appended
to the transmit data currently in TXB2 and transferred.
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(c) Reception
The interface enters the reception wait status if the multi-processor transfer mode is specified by using
transfer mode specification register 2 (TRMC2) and bit 7 (POWER2) of asynchronous serial interface mode
register 2 (ASIM2) is set to 1 and then bit 5 (RXE2) is set to 1. In this status, the RxD2 pin is monitored
to detect the start bit. When the start bit is detected, reception is started, and serial data is sequentially
stored in receive shift register 2 (RX2) at the specified baud rate.
If data with the multi-processor appended bit set to “1” is received (ID reception), a receive completion
interrupt (INTSR2) occurs after the stop bit has been detected and, at the same time, the data in RX2 is written
to receive buffer register 2 (RXB2). At this time, bit 3 (MPR2) of asynchronous serial interface register 2
(ASIS2) is set to 1. After it has been confirmed that MPR2 is 1, the ID of the receive data and the ID of
the microprocessor are compared (for which software processing is necessary). If the two IDs match, the
interface prepares for the next reception and waits for the next receive completion interrupt (INTSR2). If
the IDs do not match, clear bit 1 (MPIENZ2) of transfer mode specification register 2 (TRMC2) to 0. This makes
receive data other than ID invalid and prevents occurrence of an unwanted receive completion interrupt
(INTSR2).

Figure 15-22. Timing of Receive Completion Interrupt Request in Multi-Processor Transfer Mode (1/2)

(1) If receive data matches ID

|~—— ID receive frame ———~}~—— Data receive frame —=]

RxD2 (input) Start: DO :--i D7 [MPR2: Stop [Start: DO :--: D7 |MPR2: Stop | Start: DO
INTSR2 |_| |_|
RXB2 FF \ X Data 1 (ID) X Data 2 (data)
1 \
MPIEN2 \
MPR2 RXB2
CPU \ X e X RXB2 — data 1 (ID) Xdataz(d:ta)

IDs match. Prepares for reception and
waits for INTSR2.

MPR2
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Figure 15-22. Timing of Receive Completion Interrupt Request in Multi-Processor Transfer Mode (2/2)

(2) If receive data does not match ID

RxD2 (input)

INTSR2

RXB2

MPIEN2

CPU

MPR2

302

|«~——— ID receive frame ——=|=<—— Data receive frame ——=]

Start! DO :--: D7 |MPR2:Stop | Start: DO it D7 |MPR2: Stop [ Start: Do
1 1 1 e mmdem--- 1 1 memeede ... R
FF \ X Data 1 (ID)

\ XMEE\Z RXB2 s data 1 (ID) A Clears MPIEN2

?/ IDs do not match
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15.4.4 Infrared data transfer (IrDA) mode
In this mode, pulses can be output, transmitted, or received in the data format of the IrDA specifications. This
mode can be used to transmit or receive data to or from a digital device such as a personal computer.

(1) Registers to be used
* Asynchronous serial interface mode register 2 (ASIM2)
* Asynchronous serial interface status register 2 (ASIS2)
» Baud rate generator control register 2 (BRGC2)
* Asynchronous serial interface transmit status register 2 (ASIF2)
* Clock select register 2 (CKSEL2)
e Transfer mode specification register 2 (TRMC2)
e Port mode register 3 (PM3)
e Port register 3 (P3)

The relationship between the register settings and pins is shown below.

Table 15-11. Relationship Between Register Settings and Pins (Infrared Data Transfer (IrDA) Mode)

ASIM2 TRMC2 PM34| P34 |PM35| P35 [Operation| Pin Function

POW | TXE2 |[RXE2|PS21 |PS20| CL2 | SL2 (ISEM2|{TRM12[TRMO02({ISMD2|MPIEN2|MPS2 Mode | p34/ | P35/

ER2 SI3/ | SO3/

TxD2 | RxD2

1 0 1 01 | o/1 | oA X 0/1 1 X X X x | xNote | \Note | 4 x |Reception| P34 | RxD2

1 1 o [ o1 |01 |01 | 01 x 1 x | o/ x x 0 0 | xNote | xNote | Transmission | TxD2 | P35

1 1 1 0N 0/1 on 0/1 on 1 X 0/1 X X 0 0 1 x| Transmission/| TxD2 | RxD2
reception

Note Can be set as port function.

Cautions 1. When using UART2, stop the operation of SIO3 (bit 7 (CSIE3) of serial operation mode register
3 (CSIM3) = 0).
2. To transfer data in the infrared data transfer (IrDA) mode, the following conditional expression
must be satisfied for the transmit pulse width.
(Conditional expression)
1.41 us < Transmit pulse width (set values of TPW20 to TPW23) < Transfer rate (set values of
MDL20 to MDL27)

Remark x: don’t care, ASIM2: Asynchronous serial interface mode register 2,
TRMC2: Transfer mode specification register 2, PMxx: Port mode register,
Pxx: Port output latch, TPW20 to TPW23: Bits 0 to 3 of clock select register 2 (CKSEL2),
MDL20 to MDL27: Bits 0 to 7 of baud rate generator control register 2 (BRGC2)
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(2) Communication operation

(a) Data format
Figure 15-23 shows the format of transmit/receive data.

Figure 15-23. Example of Transmit/Receive Data Format in Infrared Data Transfer (IrDA) Mode

(1) IrDA standard format
(Character bit: 8 bits, Parity bit: None, Stop bit: 1 bit, Communication data: 55H)

1 data frame

‘ Character bit |

L

Bit time Pulse width

T

(2) Other format
(Character bit: 7 bits, Parity bit: Even parity, Stop bit: 2 bits, Communication data: 55H)

1 data frame

‘ Character bit ‘

L

Bit time Pulse width

T
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One data frame consists of the following bits:

e Start bit .............. 1 bit

e Character bit...... 7/8 bits (LSB first)
e Parity bit............. Odd/even/0/None
e Stop bit e, 1/2 bits

The character bit length, parity, and stop bit length in one data frame are specified by using asynchronous
serial interface mode register 2 (ASIM2). Data is transferred starting from the LSB.

The length of the electric pulse transmitted or received in one data frame can be specified by using bits 0
to 3 (TPW20 to TPW23) of clock select register 2 (CKSEL2). Usually, the pulse length is 1.41 us (rated
minimum pulse width) to lower the power consumption. The pulse bit rises at the center of a bit cycle.
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(b) Transmission
If the infrared data transfer (IrDA) mode is set by using transfer mode specification register 2 (TRMC2) and
bit 7 (POWER2) of asynchronous serial interface mode register 2 (ASIM2) is set to 1, clock operation is
enabled, and the TxD2 pin outputs a low level. If bit 6 (TXE2) of ASIM2 is set to 1 next, transmission is
enabled. Transmission can be started by writing transmit data to transmit buffer register 2 (TXB2). The start
bit, parity bit, and stop bit are automatically appended to the data.
When transmission is started, the data in TXB2 is transferred to transmit shift register 2 (TXS2) and
sequentially output to the TxD2 pin, starting from the LSB. If the data to be transmitted next has been written
to TXB2 by the time transmission is complete, transmitting the next data is started. If no more data has been
written to TXB2, transmission is stopped until new transmit data is written.
Figure 15-24 shows the timing of a transmit interrupt.

Figure 15-24. Timing of Transmit Completion Interrupt Request in Infrared Data Transfer (IrDA) Mode

(1) Character bit: 8 bits, Parity bit: Odd parity, Stop bit: 1 bit,
Communication data: 7DH, TRMC2: ISMD2 = 0

TxD2 (output) : |‘|

INTST2 | |

(2) Character bit: 8 bits, Parity bit: Even parity, Stop bit: 2 bits,
Communication data: 9BH, TRMC2: ISMD2 = 0

TxD2 (output)

INTST2 | |

Remark TRMC2: Transfer mode specification register 2
ISMD2: Bit 3 of TRMC2
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(c) Reception

The interface enters the reception wait status if the infrared data transfer (IrDA) mode is specified by using
transfer mode specification register 2 (TRMC2) and bit 7 (POWER2) of asynchronous serial interface mode
register 2 (ASIM2) is set to 1 and then bit 5 (RXE2) is set to 1. In this status, the RxD2 pin is monitored

to detect the start bit.

stored in receive shift register 2 (RX2) at the specified baud rate.
When the stop bit is received, the data in RX2 is written to receive buffer register 2 (RXB2). If an overrun
error (OVE2) occurs, however, the receive data is not written to RXB2 but discarded. Even if a parity error

When the start bit is detected, reception is started, and serial data is sequentially

(PE2) or framing error (FE2) occurs during reception, reception continues up to the position at which the
stop bit is received, and an error interrupt (INTSR2/INTSER2) occurs after completion of reception.

Figure 15-25. Timing of Receive Completion Interrupt Request in Infrared Data Transfer (IrDA) Mode

RxD2 (input)

INTSR2

RXB2

Cautions 1.

ﬂ

X76H

Be sure to read receive buffer register 2 (RXB2) even if a reception error has occurred.

Otherwise, an overrun error will occur when the next datais received, and the reception
error status will persist.
. The number of stop bits is always 1 during reception. A second stop bit is ignored.

(d) Bit rate and pulse width
Table 15-12 shows the bit rate and pulse width in the infrared data transfer (IrDA) mode.
The rated minimum pulse width is 1.41 us, and the maximum pulse width is the sum of 3/16 of the bit rate
and 2.5% of the bit cycle or 1.08 us, whichever is greater.

Table 15-12. Bit Rate and Pulse Width

Bit Rate (bps) Allowable Bit Rate Error | Minimum Pulse Width Nominal Value of Maximum Pulse Width
(% of Bit Rate) (us) 3/16 of Pulse Width (us)
(us)

2400 +/-0.87 1.41 78.13 88.55
9600 19.53 22.183
19200 9.77 11.07
38400 4.88 5.96
57600 3.26 4.34
115200 1.63 2.71
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(1) Operation stop mode

Table 15-13. Register Settings (1/2)

CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 | P35 Pin Function Operation
CSIE3 |[POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 |ISEM2 |TRM12|TRMO02 | ISMD2 |MPIEN2| MPS2 P34/SI3/TxD2 | P35/SO3/RxD2 Mode
QNote 0 0 0 x X x x X X X X X X xNote2 | yNote2 | Note2 | ,Note2 P34 P35 Stop
Other than above Setting prohibited

(2) Asynchronous serial interface (UART) mode

CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 | P35 Pin Function Operation
CSIE3 |[POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 | ISEM2 |TRM12|TRMO02 | ISMD2 |MPIEN2| MPS2 P34/SI3/TxD2 | P35/SO3/RxD2 Mode
QNetet 1 0 1 01 0/1 0/1 X 0/1 0 0 X X X xNote2 | 5 (Note 2 1 X P34 RxD2 Receive
QNote 1 1 0 01 0/1 0/1 0/1 X 0 0 0/1 X X 0 0 xNote2 | Note 2 TxD2 P35 Transmit
QNotet 1 1 1 0/1 01 0/1 0/1 0/1 0 0 0/1 X X 0 0 1 X TxD2 RxD2 Transmit/receive|

Other than above

Setting prohibited

Notes 1. When using UART2, stop the SIO3 operation.

2. Can be set as port function.

Remark x: Don’t care, CSIM3: Serial operation mode register 3, ASIM2: Asynchronous serial interface mode register 2,

TRMC2: Transfer mode specification register 2, PMxx: Port mode register, Pxx: Output latch of port
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Table 15-13. Register Settings (2/2)

(3) Multi-processor transfer mode

CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 | P35 Pin Function Operation

CSIE3 |POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 | ISEM2 |TRM12|TRMO02 | ISMD2 |MPIEN2| MPS2 P34/SI3/TxD2 | P35/SO3/RxD2 Mode

QNetet 1 0 1 01 0/1 0/1 X 0/1 0 1 X 0/1 0/1 xNote2 | 5 (Note 2 1 X P34 RxD2 Receive

QNete 1 1 0 0/1 0/1 0/1 0/1 X 0 1 0/1 0/1 0/1 0 0 xote2 |y Note 2 TxD2 P35 Transmit

QNotet 1 1 1 01 0/1 01 (Va1 0N 0 1 on 01 o 0 0 1 X TxD2 RxD2 Transmit/receive
Other than above Setting prohibited

(4) Infrared data transfer (IrDA) mode

CSIM3 ASIM2 TRMC2 PM34 | P34 | PM35 | P35 Pin Function Operation

CSIE3 |[POWER2| TXE2 | RXE2 | PS21 | PS20 | CL2 SL2 |ISEM2 |[TRM12|TRMO02 | ISMD2 |MPIEN2| MPS2 P34/S13/TxD2 | P35/SO3/RxD2 Mode

QNetet 1 0 1 0/1 0/ 0N X 0/ 1 x x X X xNote2 | Note 2 1 X P34 RxD2 Receive

QNotet 1 1 0 on 0/1 o/ 0N X 1 X (V] X X 0 0 xNote2 | Note 2 TxD2 P35 Transmit

QNote ! 1 1 1 on 0/1 01 0N on 1 X (V] X X 0 0 1 X TxD2 RxD2 Transmit/receive|
Other than above Setting prohibited

Notes 1. When using UART2, stop the SIO3 operation.
2. Can be set as port function.

Caution When transferring in infrared data transfer (IrDA) mode, the following conditional expression must be satisfied for specification of the transmit
pulse width.
(Conditional expression) 1.41 us < Transmit pulse width (set values of TPW20 to TPW23 in CKSEL2 register) < Transfer rate (set values of MDL20
to MDL27 in BRGC2 register)

Remark x: Don’t care, CSIM3: Serial operation mode register 3, ASIM2: Asynchronous serial interface mode register 2,
TRMC2: Transfer mode specification register 2, CKSEL2: Clock select register 2, BRGC2: Baud rate generator control register 2,
PMxx: Port mode register, Pxx: Output latch of port
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CHAPTER 16 SERIAL INTERFACE SIO3

Serial interface UART2/SIO3 can be used in the asynchronous serial interface (UART) mode or 3-wire serial I/O
mode.

Caution Do not enable UART2 and SIO3 at the same time.

16.1

Functions of Serial Interface SIO3

The serial interface SIO3 has the following two modes.

(1

()

Operation stop mode
This mode is used when serial transfers are not performed to reduce power consumption. For details, see 16.4.1
Operation stop mode.

3-wire serial /0 mode (fixed as MSB first)

This is an 8-bit data transfer mode using three lines: a serial clock line (SCK3), serial output line (SO3), and
serial input line (SI3).

Since simultaneous transmit and receive operations are enabled in 3-wire serial I/O mode, the processing time
for data transfers is reduced.

The first bit of the serially transferred 8-bit data is fixed as the MSB.

3-wire serial I/O mode can be used when connecting an IC incorporating a clocked serial interface, or a display
controller, etc. For details, see 16.4.2 3-wire serial /0 mode.

Figure 16-1 shows a block diagram of serial interface S103.

Figure 16-1. Block Diagram of Serial Interface SIO3

2 Internal bus 2

SI3TxD2/P34 O Iﬂ gigil)g)o shift register
SO3/RxD2/P35 O I Qutput latch
— : Interrupt
SCK3/ASCK2/P36 O Iﬁ Serial clock request signal| = INTCSI3
| counter generator
Serial clock < K//Si
I controller Selector [~ f2°
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16.2 Configuration of Serial Interface SIO3
Serial interface SIO3 includes the following hardware.

Table 16-1. Configuration of Serial Interface SIO3

Iltem Configuration

Register Serial 1/0O shift register 3 (SIO3)
Interrupt request signal generator
Serial clock controller

Control registers Serial operation mode register 3 (CSIM3)
Port mode register 3 (PM3)
Port register 3 (P3)

(1) Serial I/0O shift register 3 (SIO3)
This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift operations)
synchronized with the serial clock.
When bit 7 (CSIE3) of serial operation mode register 3 (CSIM3) is set to 1, a serial operation can be started by
writing data to or reading data from SIO3.
When transmitting, data written to SIO3 is output to the serial output (SO3).
When receiving, data is read from the serial input (SI3) and written to SIOS.
SI03 is set by an 8-bit memory manipulation instruction.
RESET input makes SIO3 undefined.

Caution Do not access SIO3 during a transfer operation unless the access is triggered by a transfer
start (read operations are disabled when MODES3 = 0 and write operations are disabled when
MODES3 = 1).

16.3 Registers to Control Serial Interface SIO3
Serial interface SIO3 is controlled by the following three registers.
* Serial operation mode register 3 (CSIM3)
e Port mode register 3 (PM3)
e Port register 3 (P3)
(1) Serial operation mode register 3 (CSIM3)
This register is used to set SIO3'’s serial clock and operation modes, and to enable/disable operation of SIOS.

CSIM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM3 to 00H.
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Figure 16-2. Format of Serial Operation Mode Register 3 (CSIM3)

Address: FFB8H After reset: 00H R/W
Symbol 6 5 4 3 2 1 0
csiM3 | CSIE3 | 0 0 0 0 MODE3 | SCL31 | SCL30
Enable/disable specification for SIO3
CSIE3
Shift register operation Serial counter Port
0 Operation disabled Clear Port functionNote 1
1 Operation enabled Count operation enabled Serial function + port functionNote 2
MODES Transfer operation modes and flags
Operation mode Transfer start trigger SO3/P35/RxD2 pin function
0 Transmit/transmit and receive mode | Write to SIO3 SO3
1 Receive-only mode Read from SIO3 p3sNote 3
SCL31 SCL30 Clock selection
fx = 8.38 MHz | fx = 12 MHzNote 4
0 0 External clock input to SCK3 - -
0 1 fx/23 1.04 MHz 1.50 MHz
1 0 fx/2% 523 kHz 750 kHz
1 1 fx/2% 261 kHz 375 kHz
Notes 1. When CSIE3 =0 (SIO3operation stopped status), the SI3, SO3, and SCK3 pins can be used as UART2

or for port functions.

2. When CSIE3 = 1 (SIO3 operation enabled status), the SI3 pin can be used as a port pin if only the
transmit function is used, and the SO3 pin can be used as a port pin if only the receive-only mode

is used.

3. When MODES3 = 1 (receive-only mode), the SO3 pin can be used for port functions.

Caution

Expanded-specification products of uPD780078 Subseries only.

1-bit memory manipulation instruction.

Remark fx: Main system clock oscillation frequency
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(2) Port mode register 3 (PM3)
PMS3 is a register that sets the input/output of port 3 in 1-bit units.
To use the P35/SO3/RxD2 pin as a serial data output, set PM35 and the output latch of P35 to 0.
To use the P34/SI3/TxD2 pin as a serial data input, and the P36/ASCK2/SCK3 pin as a clock input, set PM34

to 1.

At this time, the output latches of P34 and P36 can be either O or 1.
PM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 16-3. 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 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n 1/0 mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)

Input mode (output buffer off)
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16.4 Operation of Serial Interface SIO3
This section explains the two modes of serial interface SIO3.

16.4.1 Operation stop mode
Because serial transfer is not performed during this mode, the power consumption can be reduced.
* In addition, pins can be used as normal I/O ports. To set the operation stop mode, clear bit 7 (CSIE3) of CSIM3

to 0.

(1) Register to be used
Operation stop mode is set by serial operation mode register 3 (CSIM3).
CSIM3 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM3 to 00H.

Address: FFB8H After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
csM3 | CSIE3 | o0 0 0 0 MODE3 | scL3t | scL30
S103 operation enable/disable specification
CSIE3
Shift register operation Serial counter Port
0 Operation disabled Clear Port functionNote

Note When CSIE3 = 0 (SIO3 operation stopped status), the SI3, SO3, and SCK3 pins can be used as UART2
or for port functions.
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16.4.2 3-wire serial /0 mode

The 3-wire serial I/0O mode can be used when connecting a peripheral IC incorporating a clocked serial interface,

a display controller, etc.

This mode executes communication via three lines: a serial clock line (SCKS3), serial output line (SO3), and serial

input line (SI3).

(1) Registers to be used

e Serial operation mode register 3 (CSIM3)
e Port mode register 3 (PM3)

e Port register 3 (P3)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1> Set bits 2 to 0 (MODES, SCL31, and SCL30) of the CSIMS register (see Figure 16-2).

<2> Set bit 7 (CSIE3) of the CSIMS register to 1. — Transmission/reception is enabled.

<3> Write data to the SIO3 register. — Data transmission/reception is started.

Read data from the SIO3 register. — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register
and port register.

The relationship between the register settings and pins is shown below.

Table 16-2. Relationship Between Register Settings and Pins (3-Wire Serial /0 Mode)

CSIM3 PM34 | P34 | PM35 | P35 | PM36 | P36 Operation Mode Pin Function
CSIE3 [MODE3|SCL31 | SCL30 P34/ | P35/ | P36/
SI3/ | SO3/ | SCK3/
TxD2 | RxD2 |ASCK2
1 1 0 0 1 X xNote |, Note 1 X Slave reception SI3 | P35 | SCK3
input
1 0 0 0 | xNote | \Note | g 0 1 x | Slave transmission | P34 | SO3 | SCK3
input
1 0 0 0 1 X 0 0 1 X Slave transmission/ | SI3 SO3 | SCK3
reception input
1 1 Other 1 X xNote |, Note 0 0 Master reception SI3 | P35 | SCK3
than above output
1 0 xNote |, Note 0 0 0 0 |Master transmission| P34 | SO3 | SCK3
output
1 0 1 X 0 0 0 0 |Master transmission/| SI3 SO3 | SCK3
reception output

Note Can be set as port function.

Caution When using SIO3, stop the operation of UART2 (bit 7 (POWER2) of asynchronous serial interface
mode register 2 (ASIM2) = 0).

Remark x: don’t care, CSIM3: Serial operation mode register 3, PMxx: Port mode register,

Pxx: Port output latch
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(2) Transfer start
A serial transfer starts when the following two conditions have been satisfied and transfer data has been set (or
read) to serial I/O shift register 3 (S103).

<Transfer start conditions>
e SIO3 operation control bit (CSIE3) = 1
e After an 8-bit serial transfer, either the internal serial clock is stopped or SCK3 is set to high level.
<Transfer start timing>
e Transmit/transmit and receive mode (MODES3 = 0)
Transfer starts when writing to SIO3.
¢ Receive-only mode (MODES = 1)
Transfer starts when reading from S103.

Caution After data has been written to SIO3, transfer will not start even if the CSIE3 bit value is set
to 1.

(3) Communication operations
In the 3-wire serial I/O mode, data is transmitted and received in 8-bit units. Each bit of data is transmitted or
received in synchronization with the serial clock.
Serial I/O shift register 3 (S103) is shifted in synchronization with the falling edge of the serial clock. Transmission
datais held in the SO3 latch and is output from the SO3 pin. Data thatis received via the SI3 pinin synchronization
with the rising edge of the serial clock is latched to SIO3.

Figure 16-4. Timing of 3-Wire Serial 1/0 Mode

Latched to SIO3 at the SCK3 rising edge

SCK3
SI3 X S|7 X DiI6 X DI5 X DI4 X DI3 { DI2 X DI1 | |j3|o
SO3 :X DO7 § DO6 ) DO5 X DO4 J DO3 f DO2 ) DO1 | I:j)OO
CSIIF3 ; i—
T Transfer completion

Transfer starts in synchronization with the SCK3 falling edge

(4) Transfer completion
Completion of an 8-bit transfer automatically stops the serial transfer operation and the interrupt request flag
(CSIIF3) is set.
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*
Table 16-3. Register Settings

(1) Operation stop mode

ASIM2 CSIM3 PM34 P34 PM35 P35 PM36 P36 Pin Function Operation
POWER2 | CSIE3 MODE3 SCL31 SCL30 P34/S13/TxD2 |P35/SO3/RxD2|P36/SCK3/ASCK2 Mode
ONote 1 0 x X X XNole 2 ><N0te 2 ><N0te 2 XNole 2 XNole 2 XNate 2 P34 P35 P36 Stop
Other than above Setting prohibited
(2) 3-wire serial /0 mode
ASIM2 CSIM3 PM34 P34 PM35 P35 PM36 P36 Pin Function Operation
POWER2 | CSIE3 MODE3 SCL31 SCL30 P34/SI13/TxD2 |P35/SO3/RxD2|P36/SCK3/ASCK2 Mode
Qote ! 1 1 0 0 1 x xNote 2 xNote 2 1 x SI3 P35 SCK3 input Slave receive
QNetet 1 0 0 0 xNote 2 xNote 2 0 0 1 X P34 SO3 SCK3 input Slave transmit
QNote? 1 0 0 0 1 X 0 0 1 X SI3 S03 SCK3input | Slave transmit/receive
QNotet 1 1 Other than above 1 X X X 0 0 SI3 P35 SCK3 output Master receive
QNetet 1 0 xNote 2 xNote 2 0 0 0 0 P34 SO3 SCK3 output Master transmit
QNote ! 1 0 1 x 0 0 SI3 S03 SCK3 output | Master transmit/receive

Other than above

Setting prohibited

Notes 1. When using SIOS3, stop the UART2 operation.
2. Can be set as port function.

Remark x: Don’t care, ASIM2: Asynchronous serial interface mode register 2, CSIM3: Serial operation mode register 3,

PMxx: Port mode register, Pxx: Output latch of port
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CHAPTER 17 SERIAL INTERFACE CSI1

17.1 Functions of Serial Interface CSI1

Serial interface CSI1 has the following two modes.

M

()

Operation stop mode
This mode is used when serial transfer is not performed. In this mode, the power consumption can be reduced.
For details, see 17.4.1 Operation stop mode.

3-wire serial /0 mode (MSB/LSB-first selectable)

This mode is used to transfer 8-bit data by using three lines: a serial clock line (SCK1) and two serial data lines
(SI1 and SO1).

The processing time of data transfer 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 transferred with the MSB or LSB
first can be specified, so this interface can be connected to any device.

The 3-wire serial 1/0 mode can be used when connecting ICs and display controllers having a clocked serial
interface. For details, see 17.4.2 3-wire serial I/O mode.

17.2 Configuration of Serial Interface CSI1

Serial interface CSI1 includes the following hardware.

318

Table 17-1. Configuration of Serial Interface CSI1

Iltem Configuration

Registers Transmit buffer register 1 (SOTB1)

Serial 1/O shift register 1 (SIO1)

Transmit controller

Clock start/stop controller & clock phase controller

Control registers Serial operation mode register 1 (CSIM1)
Serial clock select register 1 (CSIC1)
Port mode register 2 (PM2)

Port register 2 (P2)
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Figure 17-1. Block Diagram of Serial Interface CSI1

2 Internal bus 2

SI11/P20 ® | H Serial I/O shift /? Transmit buffer Output |:
|'U : register 1 (SI01) \’7 register 1 (SOTB1) selector | SO1/P21
1 Transmit data Output latch :
woontoler e i | Output latch
f (P21)
Transmit controller
fx/2 —

2 JE—
o i s
2t —| £ Clock start/stop controller &
fx/25 — ;:’j clock phase controller INTCSIH PM21
x/26 — »
fx/27 ——

SCK1/P22 ©—

(1) Transmit buffer register 1 (SOTB1)
This register sets transmit data.
Transmission is started by writing data to SOTB1 when bit 7 (CSIE1) and bit 6 (TRMD1) of serial operation mode
register 1 (CSIM1) are 1.
The data written to SOTB1 is converted from parallel data into serial data by serial I/O shift register 1, and output
to the serial output (SO1) pin.
SOTB1 can be written or read by an 8-bit memory manipulation instruction.
RESET input makes SOTB1 undefined.

Cautions 1. Do not access SOTB1 when CSOT1 = 1 (during serial communication).
2. The SS1 pin can be used in the slave mode. For details of the transmission/reception
operation, see 17.4.2 (2) Communication operation.

(2) Serial I/O shift register 1 (SI01)
This is an 8-bit register that converts data from parallel into serial or vice versa.
The reception status is entered by reading data from SIO1 if bit 7 (CSIE1) of serial operation mode register 1
(CSIM1) is 1.
During reception, data is read from the serial input pin (SI1) to SIO1.
SIO1 can be read by an 8-bit memory manipulation instruction.
RESET input makes SIO1 undefined.

Cautions 1. Do not access SIO1 when CSOT1 = 1 (during serial communication).
2. The SS1 pin can be used in the slave mode. For details of the transmission/reception
operation, see 17.4.2 (2) Communication operation.
17.3 Registers to Control Serial Interface CSI1
Serial interface CSI1 is controlled by the following four registers.
e Serial operation mode register 1 (CSIM1)
e Serial clock select register 1 (CSIC1)
e Port mode register 2 (PM2)

e Port register 2 (P2)

User's Manual U14260EJ3V1UD 319



CHAPTER 17 SERIAL INTERFACE CSI1

(1

Serial operation mode register 1 (CSIM1)

This register is used to select the operation mode and enable or disable operation.
CSIM1 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears CSIM1 to O0H.

Figure 17-2. Format of Serial Operation Mode Register 1 (CSIM1)

Address: FFBOH After reset: 00H R/wNote1

Symbol 6 5 4 3 2 0
csmt | csEr | TRMDT SSET DIRT 0 0 CSOT1
CSIEA Control of operation in 3-wire serial /0 mode
0 Operation disabledNote 2 and internal circuit is asynchronously resetNote 3,
1 Operation enabled.
TRMD1Note 4 Selection of transmit/receive mode
QNote 5 Receive-only mode (transmission disabled).
1 Transmit/receive mode
SSE1Notes 6,7 Specification of whether SS1 pin is used
0 Do not use SS1 pin.
1 Use SS1 pin.
DIR1Note 6 Specification of first bit
0 MSB
1 LSB
CSOT1 Communication status flag
0 Communication is stopped.
1 Communication is in progress.

320

Notes 1. Bit 0 is a read-only bit.

2. When using the SI1/P20, SO1/P21, SCK1/P22, and SS1/P80 pins as general-purpose port pins, see

Caution 2 in Figure 17-3 and Table 17-2.
3. Bit 0 (CSOT1) of CSIM1 and serial I/O shift register 1 (SIO1) are reset.
4. Do not rewrite TRMD1 when CSOT1 = 1 (during serial communication).

5. The SO1 output is fixed to the low level when TRMD1 is 0. Reception is started when data is read

from SI101.
6. Do not rewrite these bits when CSOT1 = 1 (during serial communication).
7. Before setting this bit to 1, fix the input level of the SS1 pin to 0 or 1.

User's Manual U14260EJ3V1UD




CHAPTER 17 SERIAL INTERFACE CSI1

(2) Serial clock select register 1 (CSIC1)

This register is used to specify the data transmission/reception timing and set a serial clock.

CSIC1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIC1 to 10H.

Figure 17-3. Format of Serial Clock Select Register 1 (CSIC1)

Address: FFB1H After reset: 10H R/W
Symbol 7 6 5 4 3 2 1 0
CSIC1 0 0 0 CKP1 DAP1 CKS12 CKS11 CKS10
CKP1 DAP1 Specification of data transmission/reception timing Type
0 0 1
sokt L TLILITLILILI LI
SO1 _XD7XD6XD5XD4XD3XD2XD1XD0
SI1 input timing | | | | | | | |
0 1 2
sokt L TLILITLILILI LI
SO1 XD7XD6XD5XD4XD3XD2XD1XDO
SI1 input timing | | | | | | | |
1 0 3
skt _[1T1LITLITLIT LI L
SO1 __XD7XD6XD5XD4XD3XD2XD1X DO
SI1 input timing | | | | | | | |
1 1 4
sext LI LTI
SO1 XD7XD6XD5XD4XD3XD2XD1XDO
SI1 input timing | | | | | | | |
CKS12 CKS11 CKS10 CSI1 serial clock selection Mode
fx = 8.38 MHz | fx = 12 MHzNote
0 0 0 fx/2 4.19 MHz 6 MHz Master mode
0 0 1 fx/22 2.09 MHz 3 MHz
0 1 0 fx/23 1.04 MHz 1.5 MHz
0 1 1 fx/24 523.75 kHz 750 kHz
1 0 0 fx/25 261.87 kHz 375 kHz
1 0 1 fx/28 130.94 kHz 187.5 kHz
1 1 0 fx/27 65.47 kHz 93.75 kHz
1 1 1 External clock Slave mode
Note Expanded-specification products of uPD780078 Subseries only.
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* Cautions 1. Do not write to CSIC1 when CSIE1 = 1 (operation enabled).
* 2. When using the P22/SCK1 pin as a general-purpose port pin, set CKP1 to 1.
3. The phase type of the data clock is type 3 after reset.

Remark fx: Main system clock oscillation frequency

(3) Port mode registers 2 and 8 (PM2, PM8)
PM2 and PM8 are registers that set input/output of ports 2 and 8 in 1-bit units.
When using the P21/SO1 pin as a serial data output, set PM21 and the output latch of P21 to 0.
When using the P20/SI1 pin as a serial data input, the P22/SCK1 pin as a clock input, and the P80/SS1 pin as
a chip select input, set PM20, PM22, and PM80 to 1.
At this time, the output latches of P20, P22, and P80 can be either 0 or 1.
PM2 and PM8 are set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM2 and PM8 to FFH.

Figure 17-4. Format of Port Mode Register 2 (PM2)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 PM25 PM24 PM23 PM22 PM21 PM20
PM2n 1/0 mode selection of P2n pin (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Figure 17-5. Format of Port Mode Register 8 (PM8)

Address: FF28H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM8 1 1 1 1 1 1 1 PM80
PM80 1/0 mode selection of P80 pin
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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17.4 Operation of Serial Interface CSI1
The following describes the two modes of serial interface CSI1.

17.4.1 Operation stop mode
Serial communication is not executed in this mode, so the power consumption can be reduced.
In addition, the P20/SI1, P21/SO1, P22/SCK1, and P80/SS1 pins can be used as ordinary I/O port pins in this mode.
To set the operation stop mode, clear bit 7 (CSIE1) of CSIM1 to 0.

(1) Register to be used
The operation stop mode is set by serial operation mode register 1 (CSIM1).
CSIM1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM1 to O0H.

Address: FFBOH After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
csiMt [ CSIEt | TRMDI SSET DIR1 0 0 0 CSOT1
CSIE1 Control of operation in 3-wire serial 1/O mode
0 Operation disabledNote 1 and internal circuit is asynchronously resetNote 2,

Notes 1. When using the SI1/P20, SO1/P21, SCK1/P22, and SS1/P80 pins as general-purpose port pins, see
Caution 2 in Figure 17-3 and Table 17-2.
2. Bit 0 (CSOT1) of CSIM1 and serial I/O shift register 1 (SIO1) are reset.

17.4.2 3-wire serial /0 mode

The 3-wire serial I/O mode can be used when connecting ICs and display controllers having a conventional clocked
serial interface.

In this mode, communication is executed by using three lines: serial clock (SCK1), serial output (SO1), and serial
input (SI1) lines.

(1) Registers to be used
e Serial operation mode register 1 (CSIM1)
e Serial clock select register 1 (CSIC1)
e Port mode register 2 (PM2)
e Port register 2 (P2)
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The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1> Set the CSIC1 register (see Figure 17-3).

<2> Set bits 6 to 4 and 0 (TRMD1, SSE1, DIR1, and CSOT1) of the CSIM1 register (see Figure 17-2).

<3> Set bit 7 (CSIE1) of the CSIM1 register to 1. — Transmission/reception is enabled.

<4> Write data to the SOTB1 register. — Data transmission/reception is started.
Read data from the SIO1 register. — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register

and port register.

The relationship between the register settings and pins is shown below.

Table 17-2. Relationship Between Register Settings and Pins (3-Wire Serial /0 Mode)

CSIM1 PM20| P20 |PM21| P21 |PM22| P22 [PM80| P80 Operation Pin Function
CSIE1|TRMD1[SSE1 | DIR1 Mode P20/ | P21/ | P22/ | P80/
S | SO1 | SCK1 | SS1
1 0 0 0/1 1 X |xNote1|yNote 1] 4 X |xNote 1|y Note 1 Slave S P21 | SCK1 | P80
1 1 « | receptionNete2 inputhete2| ST
1 1 0 0/1 |xNote1|xNote1/ —( 0 1 X |xNote 1|5 Note 1 Slave P20 | SO1 | SCK1 | P80
1 1 « | transmissionNete2 inputtee2 | SS7
1 1 0 0N 1 X 0 0 1 X |xNote 1|y Note 1 Slave SH SO1 | SCK1 P80
1 1 « | transmission/ inputee2| SS1
receptionNote 2
1 0 0 0N 1 X |xNote1|yNote1| 4 X |xNote 1|y Note 1 Master SH P21 SCKA1 P80
reception output
1 1 0 0/1 |xNotel|yNote1| 0 1 X |xNote1|yNote1 Master P20 SO1 | SCK1 P80
transmission output
1 1 0 0N 1 X 0 0 1 X |xNote 1|5 Note 1 Master S SO1 | SCK1 | P80
transmission/ output
reception

Notes 1. Can be set as port function.
2. To use the slave mode, set CKS12, CKS11, and CKS10to 1, 1, 1.

Remark x: don’t care, CSIM1: Serial operation mode register 1,
CKS12, CKS11, CKS10: Bits 2 to 0 of serial clock select register 1 (CSIC1)

324 User's Manual U14260EJ3V1UD




CHAPTER 17 SERIAL INTERFACE CSI1

(2) Communication operation
In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of data is transmitted or
received in synchronization with the serial clock.
Data can be transmitted or received if bit 6 (TRMD1) of serial operation mode register 1 (CSIM1) is 1.
Transmission/reception is started when a value is written to transmit buffer register 1 (SOTB1). Data can be
received when bit 6 (TRMD1) of serial operation mode register 1 (CSIM1) is 0. Reception is started when data
is read from serial I/O shift register 1 (SIO1).
However, if bit 5 (SSE1) of CSIM1 is set to 1 in slave mode, the operation is as follows.

<1> Low level input to the SS1 pin
— Transmission/reception is started when SOTB1 is written, or reception is started when SIO1 is read.
<2> High level input to the SS1 pin
— Transmission/reception or reception is held, therefore, even if SOTB1 is written or SIO1 is read,
transmission/reception or reception will not be started.
<3> Data is written to SOTB1 or data is read from SIO1 while a high level is input to the SSH1 pin, then a low
level is input to the SSs1 pin
— Transmission/reception or reception is started.
<4> A high level is input to the SS1 pin during transmission/reception or transmission
— Transmission/reception or reception is suspended.

After communication has been started, bit 0 (CSOT1) of CSIM1 is set to 1. When communication of 8-bit data
has been completed, a communication completion interrupt request flag (CSIIF1) is set, and CSOT1 is cleared
to 0. Then the next communication is enabled.

Cautions 1. Do not access the control register and data register when CSOT1 = 1 (during serial
communication).
2. When bit 5 (SSE1) of CSIM1 is set to 1 in slave mode, input a low level to the SS1 pin one
clock or more before the clock operation starts.
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Figure 17-6. Timing of 3-Wire Serial 1/0 Mode (1/2)

(1) Transmission/reception timing (Type 1; TRMD1 =1, DIR1 = 0, CKP1 = 0, DAP1 = 0, SSE1 = 1Nt)

SCK1

Read/write trigger

55H (communication data)

:X A:BH 1 s6H X ADH § 5:AH X B:5H X 6:AH X D:5H :XAAH

SIO1

CSIIF1

T S
: ]
(%]
[
=
Q
[
2
s
%)

55H is written to SOTB1.

Note The SSE1 flag and SS1 pin are used in the slave mode.

*
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Figure 17-6. Timing of 3-Wire Serial 1/0 Mode (2/2)

(2) Transmission/reception timing (Type 2; TRMD1 = 1, DIR1 = 0, CKP1 = 0, DAP1 = 1, SSE1 = 1Nt)

SCK1

Read/write trigger

55H (communication data) :

AH

:X A:BH Y s6H X ADH X 5:AH X B:5H X 6:AH X D:5H :XA

SIO1

CSIIF1

SO1

S (inputs AAH)

55H is written to SOTB1.

Note The SSE1 flag and SS1 pin are used in the slave mode.
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Figure 17-7. Timing of Clock/Data Phase

(a) Type 1; CKP1 =0, DAP1 =0

SCKA1
S capture

SO1

Writing to SOTB1 or
reading from SI101
CSIIF1

CSOT1

X D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0

I

_I E

—

(b) Type 2; CKP1 =0, DAP1 =1

S—

SI1 capture

SO1

Writing to SOTB1 or
reading from SIO1
CSIIF1

CSOTH1

X
I

D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do X

_I E

—

(c) Type 3; CKP1 =1, DAP1 =0

SCKA1
SI1 capture

SO1

Writing to SOTB1 or
reading from SI101
CSIIF1

CSOT1

.
—

i

X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do

_I E

—

(d) Type 4; CKP1 =1, DAP1 =1

SCK1
S capture

SO1

Writing to SOTB1 or
reading from SIO1
CSIIF1

CSOT1

S—

):( D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 X

—

—
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(8) Timing of output to SO1 pin (first bit)
When communication is started, the value of transmit buffer register 1 (SOTB1) is output from the SO1 pin. The
following describes the output operation of the first bit at this time.

Figure 17-8. Output Operation of First Bit

(1) CKP1 =0, DAP1 =0 (or CKP1 =1, DAP1 = 0)

SCK1
R [ 5

SOTBH X \
siof ; ; X X
Output latch ' \I X \\:

SO1 l X First bit X 2nd bit

The first bit is directly latched to the output latch from the SOTB1 register at the falling (or rising) edge of SCK1,
passed through the output selector and output from the SO1 pin. The value of the SOTB1 register is transferred
to the SIO1 register at the next rising (or falling) edge of SCK1 and the data shifts by one bit. Simultaneously,
the first bit of the received data is passed through the SI1 pin and stored in the SIO1 register.

The second and subsequent bits are latched to the output latch at the next falling (or rising) edge of SCK1 and
the respective data is output from the SO1 pin.

(2) CKP1 =0, DAP1 =1 (or CKP1 =1, DAP1 = 1)

SCK1
I 0T i
SOTB1 X : ! : :
Slo1 E X N X :
Output latch ' ' X \' X

SOt X Firs‘tlbit X 2nd bit X 3rd bit

The first bit is output from the SO1 pin directly from the SOTB1 register through the output selector at the falling
edge of the write signal of SOTB1 or the read signal of the SIO1 register. The value of the SOTB1 register is
transferred to the SIO1 register at the next falling (or rising) edge of SCK1 and shifts by one bit. Simultaneously,
the first bit of the received data is stored in the SIO1 register through the SI1 pin.

The second and subsequent bits are latched to the output latch from SIO1 at the next rising (or falling) edge of
SCK1 and the data is output from the SO1 pin.
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(4) Output value of SO1 pin (last bit)

After communication has been completed, the SO1 pin holds the output value of the last bit.

Figure 17-9. Output Value of SO1 Pin (Last Bit)

(1) Type 1; CKP1 =0 and DAP1 = 0 (or CKP1 = 1, DAP1 = 0)

SCK1

Writing to SOTB1 or
reading from SI101

SOTB1

SIO1
SO1

Qutput latch

SCK1

Writing to SOTB1 or
reading from SIO1

SOTB1

SIO1
SO1

Output latch

330

| ( « Next request is issued.)

A

Last bit

| ( « Next request is issued.)
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(5) SO1 output

The status of the SO1 output is as follows if bit 7 (CSIE1) of serial operation mode register 1 (CSIM1) is cleared

to 0.

Table 17-3. SO1 Output Status

TRMD1 DAP1 DIR1 SO1 OutputNote 1
TRMD1 = QNote 2 - - Low-level outputNote 2
TRMD1 =1 DAP1 =0 - SO1 latch value (low-level output)
DAP1 =1 DIR1 =0 Bit 7 value of SOTB1
DIR1 =1 Bit 0 value of SOTB1

Notes 1. The PM21, P21, and SSE1 bits and the SS1 pin must also be set to actually produce an output from
the SO1/P21 pin.
2. Status after reset

Caution If a value is written to the TRMD1, DAP1, and DIR1 bits, the output value of the SO1 bit changes.
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(1) Operation stop mode

Table 17-4. Register Settings

CSIM1 CsIc1 PM20 P20 PM21 P21 PM22 P22 Pin Function Operation
CSIE1 | TRMD1 | SSE1 DIR1 CKP1 DAP1 | CKS12 | CKS11 | CKS10 P20/SI1 P21/SO1 | P22/SCK1 Mode
0 0 x x 1 0 0 0 0 scote | pote | yote oy ote ) Note ) Note P20 P21 P22 Stop
Other than above Setting prohibited
(2) 3-wire serial /0 mode
CSIM1 CSIC1 PM20 P20 PM21 P21 PM22 P22 Pin Function Operation
CSIE1 |TRMD1 | SSE1 DIR1 CKP1 | DAP1 | CKS12 | CKS11 | CKS10 P20/SI1 P21/SO1 | P22/SCK1 Mode
1 0 X 0/ 0/ 0/1 1 1 1 1 X xNote xNote 1 X Si P21 SCK1 input | Slave receive
1 1 X 0/ 0N 0/1 1 1 1 xote xNote 0 0 1 X P20 SO1 SCK1 input | Slave transmit
1 1 X 01 01 0/1 1 1 1 1 X 0 0 1 X S SO1 SCK1 input [Slave transmitireceive
1 0 X 0/1 0/1 0/1 Other than above 1 X xNote xNote 0 0 Si P21 SCK1 output|Master receive
1 1 X 0/1 0/1 0/1 xote xNote 0 0 0 0 P20 SO1 SCK1 output|Master transmit
1 1 X 01 01 0/1 1 X 0 0 0 0 S SO1 SCK1 output [Master transmitireceive

Other than above

Setting prohibited

* Note Can be set as port function.

Remark x: Don’t care, CSIM1: Serial operation mode register 1, CSIC1: Serial clock select register 1,

PMxx: Port mode register, Pxx: Output latch of port
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18.1 Functions of Serial Interface 11C0
Serial interface [ICO has the following two modes.

(1) Operation stop mode
This mode is used when serial transfers are not performed. It can therefore be used to reduce power consumption.

(2) 12C bus mode (multimaster supported)
This mode is used for 8-bit data transfers with several devices via two lines: a serial clock (SCLO) line and a
serial data bus (SDAO) line.
The transfer rate is as follows.
e 97.5 kHz (standard mode) or 350 kHz (high-speed mode): When operated at fx = 8.38 MHz
This mode complies with the 12C bus format and can output “start condition”, “data”, and “stop condition” data
segments when transmitting via the serial data bus. These data segments are automatically detected by hardware
during reception.
Since SCLO and SDAO are open-drain outputs, the 11CO requires pull-up resistors for the serial clock line (SCLO)
and the serial data bus line (SDAO).

Figure 18-1 shows a block diagram of serial interface 11CO.
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Figure 18-1. Block Diagram of Serial Interface 11CO
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Figure 18-2 shows a serial bus configuration example.

Master CPU1
Slave CPU1

Address 0

SDAO

SCLO

+Vooo +Vooo

Serial data bus

Figure 18-2. Serial Bus Configuration Example Using I?°C Bus

Serial clock

SDAO

SCLO

SDAO

SCLO

SDAO

SCLO
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Master CPU2
Slave CPU2

Address 1
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Address 2

Slave IC

Address 3

Slave IC

Address N
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18.2 Configuration of Serial Interface 11ICO
Serial interface IICO includes the following hardware.

Table 18-1. Configuration of Serial Interface 11CO

Iltem Configuration

Registers IIC shift register 0 (11C0)
Slave address register 0 (SVAQ)

Control registers 1IC control register 0 (1ICCO)
1IC status register 0 (IICS0)
IIC transfer clock select register 0 (IICCLO)

Port mode register 3 (PM3)
Port register 3 (P3)

(1) 1IC shift register 0 (1IC0)
IICO is used to convert 8-bit serial data to 8-bit parallel data and vice versa in synchronization with the serial clock.
IICO can be used for both transmission and reception.
Write and read operations to 1ICO are used to control the actual transmit and receive operations.
IICO is set by an 8-bit memory manipulation instruction.
RESET input clears 11CO to 00H.

Figure 18-3. Format of IIC Shift Register 0 (1IC0)

Address: FF1FH After reset: O0OH R/W
Symbol 7 6 5 4 3 2 1 0

lIco

Caution Do not write data to IICO during data transfer.

(2) Slave address register 0 (SVAO)
This register sets local addresses when in slave mode.
SVAO is set by an 8-bit memory manipulation instruction.
RESET input clears SVAO to 00H.

Figure 18-4. Format of Slave Address Register 0 (SVAO0)

Address: FFABH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
oNole

SVAO

Note Bit 0 is fixed to 0.
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(3

4

®)

(6)

)

(8)

9

SO0 latch
The SOO latch is used to retain the SDAO pin’s output level.

Wake-up controller

This circuit generates an interrupt request when the address received by this register matches the address value

set to slave address register 0 (SVAOQ) or when an extension code is received.

Prescaler
This selects the sampling clock to be used.

Serial clock counter

This counter counts the serial clocks that are output or input during transmit/receive operations and is used to

verify that 8-bit data was transmitted or received.

Interrupt request signal generator
This circuit controls the generation of interrupt request signals (INTIICO).
An 12C interrupt request is generated by the following two triggers.

* Falling edge of eighth or ninth clock of the serial clock (set by WTIMO bitNote)
* Interrupt request generated when a stop condition is detected (set by SPIEQ bitNote)

Note WTIMO bit: Bit 3 of IIC control register 0 (IICCO0)
SPIEO bit: Bit 4 of 1IC control register 0 (IICCO0)

Serial clock controller
In master mode, this circuit generates the clock output via the SCLO pin from a sampling clock.

Serial clock wait controller
This circuit controls the wait timing.

(10) ACK output circuit, stop condition detector, start condition detector, and ACK detector

These circuits are used to output and detect various control signals.

(11) Data hold time correction circuit

This circuit generates the hold time for data corresponding to the falling edge of the serial clock.
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18.3 Registers to Control Serial Interface 1ICO
Serial interface IICO is controlled by the following five registers.

e |IC control register 0 (IICCO0)

e |IC status register 0 (IICSO0)

e |IC transfer clock select register 0 (IICCLO)
e Port mode register 3 (PM3)

e Port register 3 (P3)

(1) IIC control register 0 (11CCO0)
This register is used to enable/stop 12C operations, set wait timing, and set other 12C operations.
IICCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears [ICCO to 00H.
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Figure 18-5. Format of IIC Control Register 0 (IICCO0) (1/4)

Address: FFA8H After reset: 00H R/W

Symbol (6] [0]

IICCO | IICEO | LRELO | WRELO | SPIEO | WTIMO | ACKEO | STTO | SPTO |
IICEQ I2C operation enable
0 Stop operation. Reset IIC status register 0 (IICS0). Stop internal operation.
1 Enable operation.
Condition for clearing (IICEO = 0) Condition for setting (IICEO = 1)
o CIeareMstruction ¢ Set by instruction
e When RESET is input

LRELO Exit from communications
0 Normal operation
1 This exits from the current communications operation and sets standby mode. This setting is

automatically cleared after being executed. Its uses include cases in which a locally irrelevant
extension code has been received.

The SCLO and SDAO lines go into the high impedance state.

The following flags of IIC status register 0 (1ICS0) and IIC control register 0 (IICCO) are cleared.
e STDO ¢ ACKDO ¢ TRCO ¢ COI0 «EXCO ¢MSTSO «STTO e SPTO

The standby mode following exit from communications remains in effect until the following communications entry
conditions are met.

* After a stop condition is detected, restart is in master mode.

* An address match or extension code reception occurs after the start condition.

Condition for clearing (LRELO = 0)Note Condition for setting (LRELO = 1)

¢ Automatically cleared after execution e Set by instruction
* When RESET is input

WRELO Cancel wait
0 Do not cancel wait.
1 Cancel wait. This setting is automatically cleared after wait is canceled.

When WRELO is set (wait canceled) during the wait period at the ninth clock pulse in the transmission status
(TRCO = 1), the SDAO line goes into the high impedance state (TRCO = 0).

Condition for clearing (WRELOQ = 0)Note Condition for setting (WRELO = 1)

* Automatically cleared after execution ¢ Set by instruction
e When RESET is input

SPIEO Enable/disable generation of interrupt request when stop condition is detected
0 Disable
1 Enable
Condition for clearing (SPIEQ = 0)Note Condition for setting (SPIEO = 1)
¢ Cleared by instruction ¢ Set by instruction
e When RESET is input

Note This flag’s signal is invalid when IICEO = 0.
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340

Figure 18-5. Format of IIC Control Register 0 (IICCO0) (2/4)

WTIMO Control of wait and interrupt request generation

0 Interrupt request is generated at the eighth clock’s falling edge.
Master mode:  After output of eight clocks, clock output is set to low level and wait is set.
Slave mode:  After input of eight clocks, the clock is set to low level and wait is set for master device.

1 Interrupt request is generated at the ninth clock’s falling edge.
Master mode: After output of nine clocks, clock output is set to low level and wait is set.
Slave mode:  After input of nine clocks, the clock is set to low level and wait is set for master device.

This bit’s setting is invalid during an address transfer and is valid after the transfer is completed. When in master
mode, a wait is inserted at the falling edge of the ninth clock during address transfers. For a slave device that
has received a local address, a wait is inserted at the falling edge of the ninth clock after an ACK signal is issued.
When the slave device has received an extension code, a wait is inserted at the falling edge of the eighth clock.

Condition for clearing (WTIMO = 0)Note Condition for setting (WTIMO = 1)

¢ Cleared by instruction ¢ Set by instruction
e When RESET is input

ACKEO Acknowledgment control
0 Disable acknowledgment.
1 Enable acknowledgment. During the ninth clock period, the SDAO line is set to low level. However,
the ACK is invalid during address transfers and is valid when EXCO = 1.

Condition for clearing (ACKEO = 0)Note Condition for setting (ACKEO = 1)

¢ Cleared by instruction e Set by instruction
* When RESET is input

Note This flag’s signal is invalid when IICEO = 0.
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Figure 18-5. Format of IIC Control Register 0 (IICCO0) (3/4)

STTO

Start condition trigger

Do not generate a start condition.

When bus is released (during STOP mode):

Generate a start condition (for starting as master). The SDAO line is changed from high level to low
level and then the start condition is generated. Next, after the rated amount of time has elapsed,
SCLO is changed to low level.

When bus is not used:

This trigger functions as a start condition reservation flag. When set, it releases the bus and then
automatically generates a start condition.

Wait status (during master mode):

Generate a restart condition after wait is released.

Cautions concerning set timing
* For master reception: Cannot be set during transfer. Can be set only in the waiting period when ACKEO

¢ For master transmission: A start condition may not be generated normally during the ACK period.

e Cannot be set at the same time as SPTO.

has been set to 0 and slave has been notified of final reception.

Therefore, set it during the waiting period.

Condition for clearing (STTO = 0) Condition for setting (STTO = 1)

* Cleared by loss in arbitration ¢ Set by instruction
Cleared after start condition is generated by master
device

Cleared by LRELO = 1 (exit from communications)
When IICEO = 0 (operation stop)

When RESET is input

Remark Bit 1 (STTO) is 0 when read after data has been set.
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Figure 18-5. Format of IIC Control Register 0 (IICCO0) (4/4)

SPTO

Stop condition trigger

Stop condition is not generated.

Stop condition is generated (termination of master device’s transfer).

After the SDAO line goes to low level, either set the SCLO line to high level or wait until it goes to
high level. Next, after the rated amount of time has elapsed, the SDAO line changes from low level
to high level and a stop condition is generated.

Cautions concerning set timing
e For master reception: Cannot be set during transfer.

¢ For master transmission: A stop condition cannot be generated normally during the ACKO period. Therefore,

* Cannot be set at the same time as STTO.

e SPTO can be set only when in master mode.Note

* When WTIMO has been set to 0, if SPTO is set during the wait period that follows output of eight clocks, note
that a stop condition will be generated during the high level period of the ninth clock.
When a ninth clock must be output, WTIMO should be changed from 0 to 1 during the wait period following
output of eight clocks, and SPTO should be set during the wait period that follows output of the ninth clock.

Can be set only in the waiting period when ACKEO has been set to 0 and slave has
been notified of final reception.

set it during the waiting period.

Condition for clearing (SPTO = 0) Condition for setting (SPTO = 1)

* Cleared by loss in arbitration ¢ Set by instruction
¢ Automatically cleared after stop condition is detected

e Cleared by LRELO = 1 (exit from communications)
* When IICEO = 0 (operation stop)
e When RESET is input

Note Set SPTO only in master mode. However, SPTO must be set and a stop condition generated before the

first stop condition is detected following the switch to the operation enabled status. For details, see 18.5.14

Other cautions.

Caution  When bit 3 (TRCO) of lIC status register 0 (IICS0) is set to 1, WRELO is set during the ninth clock
and wait is canceled, after which TRCO is cleared and the SDAO line is set to high impedance.

Remark Bit 0 (SPT0) becomes 0 when it is read after data setting.
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(2) IIC status register 0 (IICS0)
This register indicates the status of 12C.
IICSO0 is read by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears 11ICS0 to 00H.

Figure 18-6. Format of IIC Status Register 0 (IICS0) (1/3)

Address: FFA9H After reset: 00H R

Symbol (6] [o]

[ICSO | MSTSO0 | ALDO | EXCO | COlo | TRCO | ACKDO | STDO | SPDO |
MSTSO0 Master device status
0 Slave device status or communication standby status
1 Master device communication status
Condition for clearing (MSTSO = 0) Condition for setting (MSTSO = 1)
* When a stop condition is detected e When a start condition is generated

e When ALDO = 1 (arbitration loss)

e Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to 0 (operation stop)
e When RESET is input

ALDO Detection of arbitration loss

0 This status means either that there was no arbitration or that the arbitration result was a “win”.

1 This status indicates the arbitration result was a “loss”. MSTSO is cleared.

Condition for clearing (ALDO = 0) Condition for setting (ALDO = 1)

 Automatically cleared after [ICSO is readNote ¢ When the arbitration result is a “loss”.
e When IICEO changes from 1 to O (operation stop)
e When RESET is input

EXCO Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.
Condition for clearing (EXCO = 0) Condition for setting (EXCO = 1)
* When a start condition is detected * When the higher 4 bits of the received
* When a stop condition is detected address data are either “0000” or “1111”
e Cleared by LRELO = 1 (exit from communications) (set at the rising edge of the eighth clock).
e When IICEO changes from 1 to O (operation stop)
e When RESET is input

Note This register is also cleared when a bit manipulation instruction is executed for bits other than 11CSO0.

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)
IICEO: Bit 7 of IIC control register 0 (IICCO0)
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Figure 18-6. Format of IIC Status Register 0 (IICS0) (2/3)

COIO0 Detection of matching addresses
0 Addresses do not match.
1 Addresses match.

Condition for clearing (COIO = 0)

Condition for setting (COIO = 1)

* When a start condition is detected

* When a stop condition is detected

e Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to O (operation stop)
o When RESET is input

* When the received address matches the local
address (slave address register 0 (SVA0))
(set at the rising edge of the eighth clock).

TRCO Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAO line is set to high impedance.
1 Transmit status. The value in the SOO latch is enabled for output to the SDAO line (valid starting at
the falling edge of the first byte’s ninth clock).

Condition for clearing (TRCO = 0)

Condition for setting (TRCO = 1)

<Both master and slave>

* When a stop condition is detected

e Cleared by LRELO = 1 (exit from communications)

e When IICEO changes from 1 to O (operation stop)

 Cleared by WRELO = 1Note (wait cancel)

e When ALDO changes from 0 to 1 (arbitration loss)

e When RESET is input

<Master>

e When “1” is output to the first byte’s LSB
(transfer direction specification bit)

<Slave>

* When a start condition is detected

* When “0” is input to the first byte’s LSB
(transfer direction specification bit)

<When not used for communication>

Master

* When a start condition is generated

e When “0” is output to the first byte’s LSB
(transfer direction specification bit)

Slave

e When “1” is input to the first byte’s LSB
(transfer direction specification bit)

Note

If the wait status is canceled by setting bit 5 (WRELO) of IIC control register 0 (IICCO) to 1 at the ninth
clock when bit 3 (TRCO) of IIC status register 0 (IICS0) is 1, TRCO is cleared, and the SDAO line goes

into a high-impedance state.

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)

IICEO: Bit 7 of IIC control register 0 (IICCO0)
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Figure 18-6. Format of IIC Status Register 0 (IICS0) (3/3)

ACKDO Detection of ACK
0 ACK was not detected.
1 ACK was detected.
Condition for clearing (ACKDO = 0) Condition for setting (ACKDO = 1)
* When a stop condition is detected ¢ After the SDAO line is set to low level at the
* At the rising edge of the next byte’s first clock rising edge of the SCLO’s ninth clock

e Cleared by LRELO = 1 (exit from communications)
e When IICEO changes from 1 to O (operation stop)
¢ When RESET is input

STDO Detection of start condition
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect.
Condition for clearing (STDO = 0) Condition for setting (STDO = 1)
* When a stop condition is detected * When a start condition is detected

* At the rising edge of the next byte’s first clock
following address transfer

e Cleared by LRELO = 1 (exit from communications)

* When IICEO changes from 1 to O (operation stop)

e When RESET is input

SPDO Detection of stop condition

0 Stop condition was not detected.

1 Stop condition was detected. The master device’s communication was terminated and the bus was
released.

Condition for clearing (SPDO = 0) Condition for setting (SPDO = 1)

¢ At the rising edge of the address transfer byte’s * When a stop condition is detected
first clock following setting of this bit and
detection of a start condition

* When IICEO changes from 1 to 0 (operation stop)

o When RESET is input

Remark LRELO: Bit 6 of IIC control register 0 (IICCO0)
IICEOQ: Bit 7 of 1IC control register 0 (IICCO0)
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(3) IIC transfer clock select register 0 (IICCLO)
This register is used to set the transfer clock for the 12C bus.
IICCLO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears [ICCLO to 00H.

Figure 18-7. Format of IIC Transfer Clock Select Register 0 (IICCLO) (1/2)

Address: FFAAH After reset: 00H  R/wNote

Symbol 7 6 3 2 1 0
ICCLO 0 o | cbo | pApbo | swmco DFCO 0 CLO0O
CLDO Detection of SCLO line level (valid only when [ICEO = 1)
0 SCLO line was detected at low level.
1 SCLO line was detected at high level.
Condition for clearing (CLDO = 0) Condition for setting (CLDO = 1)
¢ When the SCLO line is at low level ¢ When the SCLO line is at high level

e When IICEO = 0 (operation stop)
* When RESET is input

DADO Detection of SDAO line level (valid only when IICEOQ = 1)
0 SDAO line was detected at low level.
1 SDAO line was detected at high level.
Condition for clearing (DADO = 0) Condition for setting (DADO = 1)
e When the SDAQO line is at low level ¢ When the SDAO line is at high level

¢ When IICEO = 0 (operation stop)
e When RESET is input

SMCO Operation mode switching
0 Operation in standard mode
1 Operation in high-speed mode
Condition for clearing (SMCO = 0) Condition for setting (SMCO = 1)
¢ Cleared by instruction ¢ Set by instruction
e When RESET is input

Note Bits 4 and 5 are read-only bits.

Remark [ICEO: Bit 7 of 1IC control register 0 (IICCO0)
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4)

Figure 18-7. Format of IIC Transfer Clock Select Register 0 (IICCLO0) (2/2)

DFCO Control of digital filter operationNote 1
0 Digital filter off
1 Digital filter on
CL0O Selection of transfer rate
Standard mode High-speed mode
fx = 8.38 MHz fx = 8.38 MHz
0 fx/44 190.4 kHzNote 2 fx/24 350 kHz
1 x/86 97.5 kHz

Notes 1. The digital filter can be used when in high-speed mode. The response time is slower when the digital
filter is used.
2. The transfer rate in standard mode must not be set when fx is more than 100 kHz.

Caution  Stop serial transfer once before rewriting CL0O to other than the same value.

Remarks 1. fx: Main system clock oscillation frequency
2. The transfer clock does not change in the high-speed mode even if DFCO is turned on and off.

Port mode register 3 (PM3)

PMS3 is a register that set the input/output of port 3 in 1-bit units.

To use the P32/SDAO pin as serial data I/0O and the P33/SCLO pin as clock I/O, set PM32 and PM33, and the
output latches of P32 and P33 to 0.

PM3 is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Figure 18-8. 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 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PM3n 1/0 mode selection of P3n pin (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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18.4 I°C Bus Mode Functions

18.4.1 Pin configuration
The serial clock pin (SCLO) and serial data bus pin (SDAQ) are configured as follows.

(1) SCLO ----eeeee This pin is used for serial clock input and output.
This pin is an N-ch open-drain output for both master and slave devices. Inputis Schmitt input.
(2) SDAQ -------e- This pin is used for serial data input and output.

This pin is an N-ch open-drain output for both master and slave devices. Inputis Schmitt input.

Since outputs from the serial clock line and the serial data bus line are N-ch open-drain outputs, an external pull-
up resistor is required.

Figure 18-9. Pin Configuration Diagram

Vboo Slave device
Master device |
SCLO SCLO
Clock output —»l —» |<— (Clock output)
Vsso Vooo Vsso
(Clock input) <—<]7 4[>—> Clock input
SDAO SDAO
Data output _>| — - |<_ Data output
Vsso Vsso
Data input <—<]— Ab—» Data input
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18.5 12C Bus Definitions and Control Methods
The following section describes the 12C bus’s serial data communication format and the signals used by the 12C
bus. Figure 18-10 shows the transfer timing for the “start condition”, “data”, and “stop condition” output via the 12C

bus’s serial data bus.

Figure 18-10. I12C Bus Serial Data Transfer Timing

Start Address R/W ACK Data ACK Data ACK  Stop
condition condition

The master device outputs the start condition, slave address, and stop condition.

The acknowledge signal (ACK) can be output by either the master or slave device (normally, it is output by the
device that receives 8-bit data).

The serial clock (SCLO) is continuously output by the master device. However, in the slave device, the SCLO’s

low level period can be extended and a wait can be inserted.

18.5.1 Start conditions

A start condition is met when the SCLO pin is at high level and the SDAO pin changes from high level to low level.
The start conditions for the SCLO pin and SDAO pin are signals that the master device outputs to the slave device
when starting a serial transfer. When the device is used as a slave, start conditions can be detected.

Figure 18-11. Start Conditions

SCLO

SDAO

A start condition is output when bit 1 (STTO) of IIC control register 0 (IICCO) is set (to 1) after a stop condition has
been detected (SPDO: Bit 0 = 1 in IIC status register 0 (IICS0)). When a start condition is detected, bit 1 (STDO) of
IICSO is set (to 1).
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18.5.2 Addresses

The address is defined by the 7 bits of data that follow the start condition.

An address is a 7-bit data segment that is output in order to select one of the slave devices that are connected
to the master device via the bus lines. Therefore, each slave device connected via the bus lines must have a unique
address.

The slave devices include hardware that detects the start condition and checks whether or not the 7-bit address
data matches the data values stored in slave address register 0 (SVAQ). If the address data matches the SVAQ values,
the slave device is selected and communicates with the master device until the master device transmits a start
condition or stop condition.

Figure 18-12. Address

SCLO 1 2 3 4 5 6 7 8 9
SDAO \ /AeXAsXA4XA3XA2XA1XAOXR/WX
Address Note
INTIICO

Note INTIICO is not issued if data other than a local address or extension code is received during slave device
operation.

The slave address and the eighth bit, which specifies the transfer direction as described in 18.5.3 Transfer
direction specification below, are together written to 1IC shift register 0 (1IC0) and are then output. Received
addresses are written to 11CO.

The slave address is assigned to the higher 7 bits of 11CO.

18.5.3 Transfer direction specification

In addition to the 7-bit address data, the master device sends 1 bit that specifies the transfer direction. When this
transfer direction specification bit has a value of “0”, it indicates that the master device is transmitting data to a slave
device. When the transfer direction specification bit has a value of “1”, it indicates that the master device is receiving
data from a slave device.

Figure 18-13. Transfer Direction Specification

SCLo 1 2 3 4 5 6 7 8 9

SDAO _\‘ /A6XA5XA4XA3XA2XA1XAOX@X

Transfer direction specification
Note

INTIICO

Note INTIICO is not issued if data other than a local address or extension code is received during slave device

operation.
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18.5.4 Acknowledge (ACK) signal

The acknowledge (AC_K) signal is used by the transmitting and receiving devices to confirm serial data reception.

The receiving device returns one ACK signal for each 8 bits of data it receives. The transmitting device normally
receives an ACK signal after transmitting 8 bits of data. However, when the master device is the receiving device,
itdoes not output anACK signal after receiving the final data to be transmitted. The transmitting device detects whether
or notan ACK signal is returned after it transmits 8 bits of data. When an ACK signal is returned, the reception is
judged as normal and processing continues. If the slave device does not return an ACK signal, the master device
outputs either a stop condition or a restart condition and then stops the current transmission. Failure to return an
ACK signal may be caused by the following two factors.

(a) Reception was not performed normally.
(b) The final data was received.

When the receiving device sets the SDAO line to low level during the ninth clock, the ACK signal becomes active
(normal receive response).

When bit 2 (ACKEOQ) of 1IC control register 0 (IICCO) is set to 1, automatic ACK signal generation is enabled.

Transmission of the eighth bit following the 7 address data bits causes bit 3 (TRCO) of IIC status register 0 (1ICS0)
to be set. When this TRCO bit’s value is “0”, it indicates receive mode. Therefore, ACKEO should be set to 1.

When the slave device is receiving (when TRCO = 0), if the slave devices does not need to receive any more data
after receiving several bytes, setting ACKEO to 0 will prevent the master device from starting transmission of the
subsequent data.

Similarly, when the master device is receiving (when TRCO = 0) and the subsequent data is not needed and when
either a restart condition or a stop condition should therefore be output, setting ACKEO to 0 will prevent the ACK signal
from being returned. This prevents the MSB data from being output via the SDAO line (i.e., stops transmission) during
transmission from the slave device.

Figure 18-14. ACK Signal

SCLO 11 |2 3] |4| |5 [6] |7| |8]| |9

SDAO _\ /A6XA5XA4XA3XA2XA1XAOXR/W\W(F

When the local address is received, an ACK signal is automatically output in sync with the falling edge of the SCLO’s
eighth clock regardless of the ACKEO value. No ACK signal is output if the received address is not a local address.
The ACK signal output method during data reception is based on the wait timing setting, as described below.

* When 8-clock wait is selected: ACK signal is output when ACKEQO is set to 1 before wait cancellation.

(WTIMO = 0)
* When 9-clock wait is selected: ACK signalis automatically output at the falling edge of the SCLO’s eighth clock
(WTIMO = 1) if ACKEO has already been set to 1.
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18.5.5 Stop condition
When the SCLO pin is at high level, changing the SDAO pin from low level to high level generates a stop condition.
A stop condition is a signal that the master device outputs to the slave device when serial transfer has been
completed. When the device is used as a slave, stop conditions can be detected.

Figure 18-15. Stop Condition

SCLO

SDAO

A stop condition is generated when bit 0 (SPTO) of 1IC control register 0 (IICCO) is set (to 1). When the stop condition
is detected, bit 0 (SPDO) of IIC status register 0 (IICSO0) is set (to 1) and INTIICO is generated when bit 4 (SPIEQ)
of 1ICCO is set (to 1).
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18.5.6 Wait signal (WAIT)

The wait signal (WAIT) is used to notify the communication partner that a device (master or slave) is preparing
to transmit or receive data (i.e., is in a wait state).

Setting the SCLO pin to low level notifies the communication partner of the wait status. When wait status has been

canceled for both the master and slave devices, the next data transfer can begin.
Figure 18-16. Wait Signal (1/2)

(1) When master device has a nine-clock wait and slave device has an eight-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master
Master returns to high
impedance but slave Wait after output
is in wait state (low level). of ninth clock
| 11ICO data write (cancel wait)
1ICO i
SCLO 6 7 8 9 1 2 3
Slave
Wait after output
of eighth clock
FFH is written to IICO or WRELO is set to 1
lIco |
SCLO
ACKEO H
Transfer lines Wait signal Wait signal
from slave from master
SCLO 6 7 8 / M / 1 2 3
SDAO D2 A Di DO ACK / D7 \ D6 A D5
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Figure 18-16. Wait Signal (2/2)

(2) When master and slave devices both have a nine-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master Master and slave both wait
after output of ninth clock

Transfer lines|

wo \FLFLRLFLS / FLFLRL

SDAO WAC_K/ X D7 X D6 X D5 X

Output according to previously set ACKEO value

| IICO data write (cancel wait)
lICO |
SCLO 6 7 8 9 1 2 3
Slave
E : | FFH is written to [ICO or WRELO is set to 1
IICO . T
SCLO :
ACKEO  H 5
Wait signal from | Wait signal
master and slavei from slave

Remark ACKEO: Bit 2 of IIC control register 0 (11CCO0)
WRELO: Bit 5 of IIC control register 0 (11CC0)

A wait may be automatically generated depending on the setting of bit 3 (WTIMO) of I1IC control register 0 (1ICCO).

Normally, the receiving side cancels the wait status when bit 5 (WRELO) of IICCO is set to 1 or when FFH is written
to 1IC shift register 0 (1IC0), and the transmitting side cancels the wait status when data is written to 11CO.

The master device can also cancel the wait status via either of the following methods.

* By setting bit 1 (STTO) of 1ICCO to 1

e By setting bit 0 (SPTO) of 1ICCO to 1
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18.5.7 Interrupt request (INTIICO) generation timing and wait control
The setting of bit 3 (WTIMO) of IIC control register 0 (IICCO0) determines the timing by which INTIICO is generated
and the corresponding wait control, as shown in Table 18-2.

Table 18-2. INTIICO Generation Timing and Wait Control

During Slave Device Operation During Master Device Operation
Wrimo Address Data Reception |Data Transmission Address Data Reception |Data Transmission
0 9Notes 1,2 8Note 2 8Note 2 9 8 8
1 gNotes 1,2 gNote 2 gNote 2 9 9 9

Notes 1. The slave device’s INTIICO signal and wait period occurs at the falling edge of the ninth clock only when
there is a match with the address set to slave address register 0 (SVAO).
At this point, ACK is output regardless of the value set to ICCO’s bit 2 (ACKEOQ). For a slave device
that has received an extension code, INTIICO occurs at the falling edge of the eighth clock.
However, if the address does not match after restart, INTIICO is generated at the falling edge of the
9th clock, but wait does not occur.

2. If the received address does not match the contents of slave address register 0 (SVAO) and extension

code is not received, neither INTIICO nor a wait occurs.

Remark The numbers in the table indicate the number of the serial clock’s clock signals. Interrupt requests and
wait control are both synchronized with the falling edge of these clock signals.

(1) During address transmission/reception
e Slave device operation: Interrupt and wait timing are determined depending on the conditions described in

Notes 1 and 2 above, regardless of the WTIMO bit.

e Master device operation: Interrupt and wait timing occur at the falling edge of the ninth clock regardless of

the WTIMO bit.

(2) During data reception
* Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(3) During data transmission
* Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(4) Wait cancellation method
The four wait cancellation methods are as follows.

e By setting bit 5 (WRELO) of 1IC control register 0 (IICCO0) to 1

e By writing to IIC shift register 0 (1IC0)

e By setting a start condition (setting bit 1 (STTO) of ICCO to 1)Nete
e By setting a stop condition (setting bit 0 (SPTO) of 1ICCO to 1)Nete

Note Master only.

When an 8-clock wait has been selected (WTIMO = 0), the output level of ACK must be determined prior to wait
cancellation.
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(5) Stop condition detection
INTIICO is generated when a stop condition is detected (only when SPIEO = 1).

18.5.8 Address match detection method

In I12C bus mode, the master device can select a particular slave device by transmitting the corresponding slave
address.

Address match can be detected automatically by hardware. An interrupt request (INTIICO) occurs when a local
address has been set to slave address register 0 (SVAQ) and when the address setto SVAO matches the slave address
sent by the master device, or when an extension code has been received.

18.5.9 Error detection

In I2C bus mode, the status of the serial data bus (SDAO) during data transmission is captured by IIC shift register
0 (11C0) of the transmitting device, so the 1ICO data prior to transmission can be compared with the transmitted 11CO
data to enable detection of transmission errors. Atransmission error is judged as having occurred when the compared
data values do not match.

18.5.10 Extension code

(1) When the higher 4 bits of the receive address are either “0000” or “1111”, the extension code reception flag
(EXCO) is set for extension code reception and an interrupt request (INTIICO) is issued at the falling edge of
the eighth clock. The local address stored in slave address register 0 (SVAO) is not affected.

(2) 1f“111110xx”is setto SVAO by a 10-bit address transfer and “111110xx” is transferred from the master device,
the results are as follows. Note that INTIICO occurs at the falling edge of the eighth clock.

 Higher four bits of data match: EXCOQ = 1Note
e Seven bits of data match: COIQ = 1Note

Note EXCO: Bit 5 of IIC status register 0 (11CS0)
COI0: Bit 4 of IIC status register 0 (IICS0)

(8) Since the processing after the interrupt request occurs differs according to the data that follows the extension
code, such processing is performed by software.
For example, after the extension code is received, if you do not wish to operate the target device as a slave
device, you can set bit 6 (LRELO) of 1IC control register 0 (IICCO) to 1 to set the standby mode for the ne