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NOTES FOR CMOS DEVICES

(D PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

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

HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

FIP is a registered trademark of NEC Corporation.

IEBus and QTOP are trademarks of NEC Corporation.

MS-DOS and Windows are trademarks of Microsoft Corporation.
PC DOS and PC/AT are trademarks of IBM Corporation.

HP9000 series 300, HP9000 series 700, and HP-UX are trademarks of Hewlett-Packard Company.

SPARCstation is a trademark of SPARC International, Inc.
SunOS is a trademark of Sun Microsystems, Inc.
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The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from

a country other than Japan may also be prohibited without a license from that country. Please cali an NEC sales
representative.

License not needed: uPD78P024DW
The customer must judge
the need for license: pPD78023CW-xxx, uPD78023GF-xxx-3BE

pPD78024CW-xxx, uPD78024GF-xxx-3BE
HPD78P024CW, uPD78P024GF-3BE

The application circuits and their parameters are for references only and are not intended for use in actual design-in's.

The information in this document is subject to change without notice.

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

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customer must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard”, “Special”, and “Specific”. The Specific quality grade applies only to devices developed based on
a customer designated "quality assurance program” for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device 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 (automoabiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment {not specifically designed
for life support)

Specific. Aircrafts, aerospace eguipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices in “Standard” unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact NEC Sales Representative in advance.
Anti-radioactive design is not implemented in this product.
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Major changes (1/2)

Page Description
Throughout * The following have been developed:
HPD78023CW-xxx, pPD78024CW-xxx, uPD78024GF-xxx-3BE

e uPD78022CW-xxx, pPD78022GF-xxx-3BE, and uPD78P024KL-R have been deleted.
* Series name: The name uPD78024 series has been changed to #PD78024 subseries.
¢ Main system clock oscillation frequency: 4.19 MHz has been changed to 5.0 MHz.

p.8 uPD78018F, 78018FY, 78078, 78078Y, 78083, 78098, and 780208 subseries have been added
to 1.6 78K/0 Series Development.

p.12 1.9 Mask Option has been added.

p.24, 26 The P110/FIP18-P117/FIP25 pins /O circuits in Mask ROM products in Table 2-1 Pin Input Output
Circuit Types and Fig. 2-1 Pin Input/Output Circuit List have been changed from 15-A to 15-
C.

p.23 The description of Vee in 2.2.16 has been changed from ‘it should be connected to Vss * to It should
be directly connected to Vss".

p.23 2.2.17 IC (Mask ROM Product Only) has been modified.

p.63 The caution in 4.2.3 Port 2 has been changed.

p.70 Table 4-3 Setting of Port Mode Registers and Output Latches When Shared Functions of
Port Are Used has been added.

p.93 Tabie 5-2 Maximum Time Required for CPU Clock Switchover has been modified.

p.94 A caution concerning main system clock switching has been added t0 5.6.2 System Clock
and CPU Clock Switching Procedure.

p.105 A caution concerning the case of settings for starting/stopping the 16-bit timer register
operation has been added to 6.3 (2} 16-bit timer mode control register (TMCO).

p.132 x/2 has been added to the 8-bit Timer Register 1, 2 Count Clock Selection Columnns of Fig. 7-4
Timer Clock Select Register 1 Format.

p.147, 152 The interval time when operated at fx = 5.0 MHz has been added to Tables 8-1, 8-3 Interval

Timer Interval Time.

p.150, 157, 167

The count clocks in Figs. 8-2, 9-2, 11-2 Timer Clock Select Register 2 Format have been
changed from x/2" to 2% to fx/23t0 fx/2'2.

p.172 The description concerning the case that an A/D converter is not used has been added to 12.2
(8) AVss pin. ’

p.182 | 12.5 (6) A/D conversion end interrupt request flag (INTAD) in the previous edition has been
changed to 12.5 (6) Interrupt request flag (ADIF). 12.5 {7) A/D conversion interrupt
request flag (ADIF) has been deleted.

p.194 The clear conditions of acknowledge detection of bit 6 (ACKD) in 13.3 (3) Serial Bus Interface
Control Register Format has been modified.

p.232 The note concerning the wake-up function (C} interrupt timing specify register in 13.4.4 2-wire
Serial 1/0 Mode Operation has been modified.

p.255 The description has been changed to indicate that all segment signals and digit signals in Fig.15-8
Pin Layout for 14-Segment Display have been requested to be ORed.

p.261 CHAPTER 16 INTERRUPT FUNCTIONS in the previcus edition has been changed to CHAPTER

p.282 16 INTERRUPT FUNCTIONS. 16.5 Test Functions has been added.

p.287 Operating Status in HALT mode in Table 17-1 has been described for 2 cases: during main system

clock operation and subsystem clock operation.
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Major changes (2/2)

Page Description

p.290 Operating Status in STOP mode in Table 17-3 has been described for 2 cases. when subsystem
clock is used and when subsystem clock is not used.

p.297 Cautions 2 has been added to 19.1 Memory Size Switching Register.

p.298 The R/W setting has been changed from W to R/W in Fig. 19-1 Memory Size Switching Register
Format.

p.299 A caution for when writing program has been added to 19.2 PROM Programming.

p.321 to 406 ~20.2 Instruction Codes and 20.3 Instruction Description in the previous edition have been

(previous edition) deleted.

p.324 10 327 APPENDIX A DEVELOPMENT TOOLS and APPENDIX B BUILT-IN SOFTWARE have been
modified as follows:

p.333 * PC DOS version: From Ver, 3.1 to Ver. 3.3-Ver. 5.0
s 3.5-inch 2HC added to IBM PC/AT supply medium
¢  HP9000 series 700 added

p.417, 418 APPENDIX C INSTRUCTION INDEX (in Alphabetical Order) has been deleted.

{previous edition)

p.373 APPENDIX D REVISION HISTORY has been added.

Major changes in this revision are indicated by stars(%) in the margins.
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Intended Readership

Purpose

Organization

How to Read This Manual

Legend

PREFACE

This manual has been prepared for user engineers who want to understand the
functions of the uPD78024 subseries and design and develop its application systems
and programs.

This manual is intended for the users to understand the functions described in the
Organization below.

Two volumes of the uPD78024 subseries User's Manuals are available: this manual
and Instruction Manual (common to the 78K/0 series).

‘ ‘IJP_078024 sg_bseries-;;f_ 78K/0 series

User's Manual -
Instruction
o CPU function
e Internal block function ® Instruction set
@ Interrupt ® Instruction description

e Other internal peripheral functions

Before reading this manual, you must have general knowledge of electric and logic
circuits and microcomputer.

C when you want to understand the functions in general:
— Read this manual in the order of the contents.
O Explanation of register format
~» For items with the bit number enclosed in a circle, that bit name is already
defined as a reserved word in RA78K/0, and in a headr file named sfrbit.h in
CC78K/0.
O For the pPD78024 subseries electrical specifications
— See the separate uPD78023 and 78024 Data Sheets {in planning stage).
O Tounderstand the details of the instruction function of the uPD78023, and 78024
subseries
- Refer to the 78K/0 Series User's Manual - Instruction {IEU-1372).
0 To learn the details of functions and a register whose names are known
— Refer to APPENDIX C REGISTER INDEX.

Data representation weight : High digits on the teft and low digits on the right
Active low representations  : RxX (line over the pin and signal names)
Note Description of Note in the text.

Caution

Information requiring particular attention
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Remarks . Additional explanatory material
Numeric representation 1 Binary ... xxxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH

Related Documents
Some of the related documents listed below are preliminary versions but are not so specified here.

¢ Device-related Documents

Document Number
Document Name
Japanese English
uPD78023, 78024 Preliminary Product Information 1P-8827 IP-3318
uPD78P024 Preliminary Product information 1P-8833 IP-3289
uPD78024 Subseries User's Manual This manuat IEU-1373
78K/0 Series User's Manual - Instruction IEU-849 1EU-1372

¢ Development Tool-related Documents {User's Manuals)

Docurment Name Document Number
Japanese English

RA78K Series Assembler Package Operation EEU-809 EEU-1399

Language EEU-815 EEU-1404
RA78K Series Structured Assembier EEU-817 EEU-1402
CC78K Series C Compiler Operation EEU-656 EEU-1280

Language EEU-655 EEU-1284
PG-1500 PROM Programmer EEU-651 EEU-1335
PG-1500 Controller EEU-704 EEU-1291
IE-78000-R EEU-810 EEU-1398
|E-78000-R-BK . EEU-867 EEU-1427
IE-78044-R-EM EEU-833 EEU-1424
EP-78024CW-R EEU-947 EEU-1476
EP-78024GF-R EEU-948 EEU-1477
SD78K/0 Screen Debugger Beginner's Guidd EEU-852 EEU-1414

Reference EEU-816 EEU-1427

Caution The contents of the above related documents are subject to change without notice. Be sure to
use the latest version of a document for designing your system.
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© Built-in Software Documents (User's Manuals)

Document Number
Document Name

Japanese English
Fuzzy Knowledge Data Creation Tool EEU-829 EEU-1438
78K/0, 78K/, 87AD Series Fuzzy Inference Development EEU-862 EEU-1444
Support System - Translator

¢ Other Documents

Document Number
Document Name
Japanese English
Package Manual IEL-635 IEI-1213
Semiconductor Device Mounting Technology Manual IEI-616 |IEL-1207
Quality Grade on NEC Semiconductor Devices IE1-620 1E}-1209
Semiconductor Device Quality Guarantee Guide MEI-603 MEI-1202

Caution The contents of the above related documents are subject to change without notice. Be sure to
use the latest version of a document for designing your system.
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CHAPTER 1 GENERAL DESCRIPTION

11
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9

CHAPTER 2 PIN FUNCTIONS.....

2.1

2.2

23

CHAPTER 3 CPU ARCHITECTURE

3.1

2213

TABLE OF CONTENTS

Features
Applications eremmesansreesssresas
Ordering Information
Quality Grade
Pin Configuration (TOP VIEW) ...ccccccverrncenrennerorerernserseesisssssemssmsesssssosssssssssssesssessennse
78K/0 Series Development
Block Diagram
Outline of Function
Mask Option

Pin Function List
2.1.1 Normal operation MOGE PINS ....ccceveeeeieriececireereestsreeiseeresseesaeesseeesseeressseseenssssnsesssns
2.1.2  PROM programming mode pins (PD78P024 ONIY) ......vcveeeeeereeeeeeeeereeeeeseriseesseeessesesenens
Description of Pin Functions
221 POO 10 P04 (PO 0) ..o ceceernreesecrenstesenssenissssssssssssmens ertett et e et rta et ea e e bans
222 PUO O P17 (PO 1) ot ceersusssisnsscsssisnsesesets s anssess s s eseasnseseneasaesesnssesasassasssmn sessns
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2.2.4 P30 10 P36 (POM 3) ...cecvcvererrrseresineetienssssssiescsseessessemsssssssseesssnsasesentssnsassessmssamesssssessesssssne
2.2.5  PBO @NA PBT {POM 8} ..cvoecurereeceeiieeieeeecieectese e emeessemssssesssssssasssastssonestnssesenessesassssssassessoness
2.2.6  PO0 10 PO7 (PO 9) c.ocvirerienriereerensinnissasitnasiesesmesensssssessmesesssssessasesssossessesestsnsessessessesessssessas
227

228

229

2.2.10
221
2.2.12

2.2.14
2.2.18
2,216 VPP (UPDT78PO28 ONIY) ..oveieeteesieteceeeeeeeeeeetesee oottt eeeseeenessessesemsssessassessseseessmsesemeaesseeennn
2217 IC {(Mask ROM products only}
Input/Qutput Circuit and Recommended Connection of Unused Pins.........coeceneu..

Memory Space

3.1.1 INternal Program MEMOTY SPACE .....cccceuierererieiseemereemrresssesessesaseessseesesessesssessenessesassasens
3.1.2  Internal datd MEMOTY SPACE ....cccceeriuiereriiieteeteeireeeeeeececessestenesseesseetetsbesssnmsors e senansemese
3.1.3  Special funCtion reGIStEr {SFR) BIE ...u.oveeieecreiieeeteeereeeeeeeeeeeree s e eseseseesasereeseessesesssmneseas
3.1.4  Data MemMOrY GOUMNESSING ...coeeeeieeieeieietee et eer e eresesas s s esee s st s stteeneeeenanns
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3.2 Processor Registers
Control registers
General registers
Special function register (SFR}
Instruction Address Addressing...
Relative addressing

3.3

3.4

CHAPTER 4 PORT FUNCTIONS

4.1
4.2

4.3
4.4

45

CHAPTER 56 CLOCK GENERATOR

5.1
5.2
5.3
5.4

3.21
322
3.23

3.3.1
3.3.2
3.33
3.34

34.1
3.42
343
344
345
3.4.6
34.7
3.4.8
349

Port Functions
Port Configuration

4.2.1
422
4.2.3
4.2.4
425
4.2.6
4.2.7
4.2.8

Port Function-Control Registers
Port Function Operations
4.4.1 . Writing to input/output port ............

442
443

Mask Option Selection

Clock Generator Functions
Clock Generator Configuration ....
Clock Generator Control Register
System Clock Oscillation

54.1
54.2
543
544

Register addressing
Operand Address Addressing

Port 11 .

Reading from input/output port
Operation on input/output port

Main system clock oscillation
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5.6 Changing System Clock and CPU CIOCK Settigs ........cecveerererrurssmemrecsesensecsesessssrsesens 93
56.1  Time required for switchover between system clock and CPU €lOCK .ove.vvevevvevoseeo 93
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CHAPTER 1 GENERAL DESCRIPTION

1.1 Features

¢ Built-in large-capacity ROM and RAM

item Program Data Memory
Memary internal .
Product Name (ROM) High-Speed RAM FIP display RAM
PD78023 24K byt 32 bytes
= Y= s12bytes Y
©PD78024 32K bytes
uPD78P024 32K bytesNote 512 bytes

Note 24K or 32K bytes selectable by means of the memoy size switching register.

* Instruction execution time changeabie from high speed (0.4us: at main system clock 5.0 MHz operation} to
ultra-low speed (122 us: at subsystem clock 32.768 kHz operation)
* |/O ports: 54
» FIP® controtler/driver: Total of 26 display outputs
« Number of segments: 8 to 16
« Number of digits :2t016
* B-bit resolution A/D converter: 8 channels
« Operating power supply voitage range (Voo = 4.5 to 5.5 V)
* Serial interface: 2 channels
« 3-wire/SBi/2-wire mode: 1 channel
+ 3-wire mode : 1 channel
¢ Timer: 5 channels
« 16-bit timer/event counter: 1 channel
» 8-bit timer/event counter : 2 channels
+ Watch timer : 1 channel
+ Watchdog timer : 1 channel
s 15 vectored interrupts
e 1 test input
* 2 types of built-in clock oscillator circuits (main system clock and subsystem clock)
¢ QOperating power supply voltage range: 2.7 to 6.0V

* Ml by27525 0092119 273 W



CHAPTER 1 GENERAL DESCRIPTION

1.2 Applications
VCRs, audio equipment, ete.

1.3 Ordering Information

Ordering Code Package Internal ROM
#PD78023CW-xxx 64-pin plastic shrink DIP (750 mil) Mask ROM
UPD78023GF-xxx-3BENote 64-pin plastic QFP {14 x 20 mm) Mask ROM
uPD78024CW-xxx 64-pin plastic shrink DIP (750 mil} Mask ROM
#PD78024GF-xxx-3BE 64-pin plastic QFP (14 x 20 mm) Mask ROM
uPD78P024CVVNote 64-pin plastic shrink DIP (750 mil) One-time PROM
1PD78P024DWWNote 64-pin ceramic shrink DIP (750 mil) EPROM
HPD78P024GF-3BENote 64-pin plastic QFP (14 x 20 mm) One-time PROM

Note Under development

Remark xxx indicates a ROM code number.

1.4 Quality Grade

Standard

Please refer to “Quality grade on NEC Semiconductor Devices® {Document number IEI-1209) published by

NEC Corporation to know the specification of quality grade on the devices and its recommended applications.

" Ml LY27?525 0092120 T95 Em



CHAPTER 1 GENERAL DESCRIPTION

1.5 Pin Configuration (Top View)

{1} Normal operation mode

64-pin plastic shrink DIP (750 mil)
64-pin ceramic shrink DIP {750 mil)

P112/FIP20 O=—ei 1 ~ 84 [=—=O P111/FIP19
P113/FIP21 Ot 2 63 }—=O P110/FIP18
P114/FIP22 Ol 3 62 —=0O P107/FIP17
P115/FIP23 O=—=l 4 61 —Q P106/FIP16
P116/FIP24 O=—=i 5 60 }—=O P105/FIP15
P117/FIP25 Ol 6 59 —=0 P104/FiP14
Vicao O—— 7 58 }——O P103/FIP13
P27/SCK0 O=—+{ 8 57 —0O P102/FiP12
P26/SO0/SB1 O=—=1 9 56 }——=0 P101/FIP11
P25/S10/SB0 O~—+{ 10 55 |—O P100/FIP10
P24 Ol 11 54 ——=0 P97/FiP9
P23 O+ 12 53 ——0O Po6/FiPS
P22/SCK1 O~ 13 13333 §2 ——=O P95/FIP7
P21/SO1 O~—=114 QU U O 51 —=OPFIPE
P20/SI1 O=—=] 15 §§ § § 50 |—=O PI3/FIPS
ICv) O——16 X258 49 |—=OPo2FP4
RESET O—={ 17 %%f f 48 ——0O voo
X2 O— 18 : ; § 47 —O POVFIP3
X1 O—={19 46 |—=O PYO/FiP2
Vss O—— 20 45 |——0 P81/FIP1
XT2 O—— 21 44 |——=0 PBOFIPQ
PO4/XT1 O— 22 43 f=—=0 P30/TO0
AVrer O—{ 23 42 |+—=0 P3YTO1
P17/ANI7 O~—-=] 24 41 p—e0Q P32/TO2
P16/ANIE O=—=] 25 40 —=0O P33T
P15/ANIS O] 26 39 f—e0 P34/T12
P14/ANI4 O—=] 27 38 —=0O P35/PCL
P13/ANI3 O] 28 37 f—=O P36/BUZ
P12/ANI2 O~—=] 29 36 p~——0 POO/INTPO/TIO
P11/ANI1 O~— 30 35 f=—=O PO1/INTP1
P10/ANIO O=—=] 31 34 —=0 PO2/INTP2
Avss O— 32 33 f>—=0 PO3/INTP3

Note Under Development

Remarks 1.

3. Connects of (

IC (Internally Connected) should be connected to Vss directly.
2. AVss should be connected to Vss.
) apply to the uPD78P024.

" El bu27525 0092121 921 N



CHAPTER 1 GENERAL DESCRIPTION

64-pin plastic QFP (14 x 20 mm)

SEffcfeicgeEzd
S5 3IS5S:558583%3
RRARARARAA
64 63 62 61 60 59 58 57 56 55 54 53 52
Viso O 1O 51 —O P102/FIP12
P27/5CK0 O 2 50 }—=0O P101/FIPT
P26/SO0/SB1 O 3 49 }—=0O P100/FIP10
P25/SI0/SBO O 4 48 —=O PO7/FIPY
P24 O 5 47 —O PIG/FIPE
P23 O 6 46 =0 PI5FIP7
P22/SCKi O=—+7 T 45 —=O PS4/FIP6
P21/S01 O=—n{8 §§ § 44 |—=O PI3/FIPS
P20/SI1 O=—n] 8 g%’ § 43 [—=O P92/FIP4
(Ver) IC O 10 a4a 8 42 —0 Vo
RESET O—f 11 ég 2 a1 |—~0 PIIFIP3
X2 O— 12 o w 40 [—=O PYOFIP2
x1 0—13 m 39 —=O PBIFIP1
Vss O—] 14 38 ——=O PBOFIPO
XT2 O—— 15 37 —=O P30/TO0
PO4/XT1 O——e] 16 36 f—O P31TO1
AVrgr O——={ 17 35 [—=O P32/TO2
P17/ANI7 O=—+ 18 34 f~—=O P33MN
P16/ANIE O] 19 33 —=0O P3a4TI2
20 21 22 23 24 25 26 27 28 29 30 31 32
© T 2 8 2 49 S - © N
SIEIEICEEERES
saacEs BFPpZ g o
&

Note Under Development
Remarks 1. IC (Internally Connected) should be connected to Vss directly.

2. AVss should be connected to Vss.
3. Connects of ( ) apply to the uPD78P024.
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CHAPTER 1 GENERAL DESCRIPTION

P00 to P04
P10 to P17
P20 to P27
P30 to P36
P80 and P81
P90 to P97
P100 to P107
P110 to P117
INTPO to INTP3;
TIO to TI2
TO0 to TO2
SBO, SB1
SI0, Sit
SO0, SO1
SCKO, SCK1

: Port 0 PCL

:Port 1 BUZ

: Port 2 FIPO to FIP25 :

1 Port 3 Vioao

: Port 8 X1, X2

:Port 9 XT1, XT2

1 Port 10 RESET

: Port 11 ANIO to ANI7 :
Interrupt From Peripherals AVss

: Timer Input AVREer

: Timer Qutput Voo

: Serial Bus Vep

: Serial Input Vss

: Serial Qutput IC

: Serial Clock

: Programmabile Clock
: Buzzer Clock

Fiuorescent Indicator Panel

: Negative Power Supply

: Crystal (Main System clock}
: Crystal (Subsystem Clock)

: Reset

Analog input

: Analog Ground

: Analog Reference Voitage

. Power Supply

: Programming Power Supply
: Ground

. Internally Connected

B Lu427525 0092123 7T 1N



CHAPTER 1 GENERAL DESCRIPTION

{2) PROM programming mode

64-pin plastic shrink DIP (750 mil)
64-pin ceramic shrink DIP (750 mil)

./
A10 O——=f 1 64 ~——O A16 (D)
A1l O——=f2 63 ——0O A8 (D)
A12 O——{3 62 ——0
O a13 0——4 61 |—o0
A14 O—=5 60 -0
A15 O—=16 88 0O
L Oo——7 58 ——CO
[ A7 O—i8 57 0
A6 O—=19 56 —O
AS O—={ 10 85 ——0 L
. A4 O——= 11 54 —O
A3 O——=f 12 53 [~——0C
A2 O—i13 52 ——0
Al O——= 14 EE 51 ——0O
A0 O—-={15 99 50 —0
Ver O——] 16 33 ©l—o
RESET O——] 17 g g 48 ——O Voo
Open O——— 18 2{5‘ 47 ——0
L O——119 st 46 ——0
Vss O——— 20 a5 ——O
Open O——{ 21 a4 0
L O— 22 al——o (Y
Vss O~—— 23 42 ——O
([ D7 O—=24 M —0
D6 O—ei25 40 —0
05 O~—-=i26 39 —OCE D)
o D4 Q== 27 38 O CE (D)
D3 O—-"f 28 370w
D2 O=—=129 36 p—0O A9
D1 O=—=130 35 0L
DO O~—={31 34 +——OPGM (D)
Vss O— 32 BI—0Wn
Note Under development
Cautions 1. (L) : Connect to Vss individually with a pull-down resistor.

(D) : Connect it via the driver.

Vss : Connect to ground.

RESET: Drive low.

Open : Do not make any connection.

moawN
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CHAPTER 1 GENERAL DESCRIPTION

64-pin plastic QFP {14 x 20 mm)

'(L)

ol oals
ale oA
al— oA
al—o0A12

| Vss O— 1

| A7 O—-|2
| 26 O—{3
A5 O—=14
A4 O—1i5
O o oe
A2 O—ei7
‘ A1 O——={8
i | A0 O——19
; Ver Or———
l RESET O—
Open O——
| ) O—
} Vss O—
|

‘

Open O—

L O—

Vss O—

i D) D7 O=—
! D) D6 O

-] G YNT!
ale—OA10
al—0A16
ol 0OA8
g—->0

(4]
w
(4]
N

e JEE-20V20d48LQd 7

HL)

Lbbadll)

——CO Voo

HL)

Lhbbbbbl

. OE (D)

vwo—y
wo—i8
A3 O—-8
Lvo—%

Note Under development

Cautions 1.

(D) PGM O——+R

: Reset

: Power Supply
: Programming Power Supply
: Ground

(L) : Connect to Vss individually with a pull-down resistor.
2, (D) : Connect it via the driver.
3. Vss : Connect to ground.
4. RESET: Drive low.
5. Open : Do not make any connection.
AQ to A16 : Address Bus RESET
D0 to D7 : Data Bus Voo
CE : Chip Enable Vep
Ot : Output Enable Vss
PGM

B k42?525
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CHAPTER 1 GENERAL DESCRIPTION

1.6 78K/0 Series Development
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CHAPTER 1 GENERAL DESCRIPTION

1.7 Block Diagram
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CHAPTER 1 GENERAL DESCRIPTION

1.8 Outline of Function

Product Name
uPD78023 uPD78024 uPD78P024Note 1
Item
Internal memory | ROM Structure Mask ROM One-time PROM/EPROM

Capacity 24K bytes 32K bytes 32K bytesNote 2
Internal high- .

Capaci 512 bytes 512 bytes
speed RAM pacity Y Y
FIP display .

Capaci 32 bytes
RAM pacity Y

General register

8 bits x 8 registers x 4 banks

Instruction cycle

with main system clock selected

0.4 us/0.8 us/1.6 us/3.2 us/6.4 us {(when operated at 5.0 MHz)

with subsystem clock selected

122 us (when operated at 32,768 kHz)

Instruction set

8-bit operation, transfer

16-bit transfer

Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)
Bit manipulation (set, reset, test, and Boolean operation)

BCD adjustment, etc.

1O ports

(including FIP dual-function pins)

Total .54
CMOS input 12
CMQOS input/output 126

P-ch open-drain input/output : 8
N-ch open-drain output ;18

FIP controller/driver

Total display outputs  : 26
191016
121016

Number of segments

Number of digits

A/D Converter

8-bit resolution x 8 channels
Operating power supply voltage range : Voo=4.5t0 5.5 V

Serial interface

Timer

L]

3-wire/SBIf2-wire mode selection possible : 1 channel
3-wire.mode : 1 channel
16-bit timer/event counter : 1 channel

8-bit timer/event counter  : 2 channels

Watch timer : 1 channel

Watchdog timer : 1 channel

Timer output

3 outputs (14-bit PWM generation possible from one output)

Notes 1. Under development
2. 24K or 32K bytes selectable by means of the memory size switching register.

10
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CHAPTER 1 GENERAL DESCRIPTION

Product Name

Item

1PD78023

pPD78024

uPD78PO24Note

Clock output

19.5 kHz, 39.1 kHz, 78.1 kHz, 156 kHz, 313 kHz, 625 kHz (when operated at
6.0 MHz with main system clock)
32.768 kHz (when operated at 32.768 kHz with subsystem clock)

Buzzer output

1.2kHz, 2.4 kHz, 4.9 kHz (when operated at 5.0 MHz with main system clock)

Vector interrupt | Maskable interrupt

Internal: 9, external: 4

Non-maskable interrupt Internal: 1
Software interrupt Internal: 1
Test input Internal: 1

Operating power supply voltage range

Voo=2.7 to 6.0 V

Package

* 64-pin piastic shrink DIP (750 mit)

* 64-pin plastic QFP (14 x 20 mm)
* B4-pin ceramic shrink DIP (750 mil): uPD78P024Note o)y

Note Under development

B Lu427525 0092129 1l2 IM
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CHAPTER 1 GENERAL DESCRIPTION

1.9 Mask Option

The mask ROM models (uPD78023 and 78024) are provided with mask options. By specifying a mask option when
placing your order, pull-up resistors or pull-down resistors can be internally connected in these models as shown
in Table 1-1. If these mask options are used when pull-up or pull-down resistors are necessary, the number of external
components can be decreased and therefore, the mounting area on a printed wiring board can be reduced.

Table 1-1 lists the mask options available for the uPD78024 subseries.

Table 1-1 Mask Options for Mask ROM Models

Pin Name Mask Option

P30/TO0-P32/TO2, P33/TIN, P34/TI12, P35/PCL, Pull-down resistor can be connected in 1-bit units.

P36/BUZ, P37

P80/FIPO, P81/FIP1 Pull-down resistor can be connected in 1-bit units.
Pull-down resistor can be connected in 2-bit units
from P80 to Vioap or Vss.

PSO/FIP2-PS7/FIPY, P100/FIP10-P107/FIP17, Pull-down resistor can be connected in 1-bit units .

P110/FIP18-P117/FIP25 Pull-down resistor can be connected in 4-bit units
from P90 to Vioap or Vss.

12
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

2.1.1 Normal operation mode pins

{1) Port pins (1/2)

Pin Name  jinput/Output Function After Reset |Dual-Function Pin
POO Input Port 0. Input only Input INTPO/TIO
PO1 input/ | 5-bit input/output port input/output s.pecifiable bit-wise. Input INTP1
Pa3 software. INTP3

PO4Notet Input Input only Input XT1

P10t P17 | inputy | Port1. input ANIO to ANI7

OUIPUL | g hit input/output port.
Input/output can be specified bit-wise.
If used as an input port, a pull-up resistor can be connected
by softwareNote 2,
P20 Input/ | Port 2. input S
P21 output | g hit input/output port. SO1
P22 Input/output specifiable bit-wise. SCK1
P23 If used as an input port, a pull-up resistor can be connected by -—
P24 software. —
P2s S10/s80
P26 SO0/SB1
P27 SCKO
P30 Input/ Port 3. input TOO
P31 output | 7-bit inputfoutput port. TO1
P32 Direct LED drive capability. 102
P33 Input/output s-pecifiable bit-wise. - ™
if used as an input port, a pull-up resistor can be connected by
P34 software. T2
P35 Mask ROM products only: bit-wise incorporation of pull-down PCL
P36 resistor possible by mask option. BUZ
Notes 1. When using the P04/XT1 pin a's an input port pin, set the bit 6 (FRC) of the processor clock control
register should be set 10 1 (do not use one-chip feedback resistor of the subsystem clock oscillator
circuit).
2. When using the P10/ANIO to P17/ANI7 pins as an analog input of the A/D converter, port 1 should

be set in input mode. The pull-up resistor cannot be used automatically.

B b427525 0092131 470 W
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CHAPTER 2 PIN FUNCTIONS

(1) Port pins (2/2)

Pin Name

InpuOutput]

Function

After Reset

Dual-Function Pinl

PBO, P81

Output

Port 8.
P-ch open-drain 2-bit high-voltage output port.
Direct LED drive capability.

Mask ROM products only: bit-wise incorporation of pull-down resistor

possible by mask option (connection to Vioan or Vss specifiable in 2-bit units).

uPD78P024: pull-down resistor incorporated {connected to Vioao).

Qutput

FIPQ, FIP1

P90 to P97

Qutput

Port 9.
P-ch open-drain 8-bit high-voltage output port.
Direct LED drive capability.

Mask ROM products only: bit-wise incorporation of pull-<down resistor
Vwoao or Vss specifiable in 4-bit units).

uPD78P024: pull-down resistor incorporated {connected to Vioso).

Output

FIP2 to
FIPS

P100 to P107

Output

Port 10.
P-ch apen-drain 8-bit high-voltage output port.
Direct LED drive capability.

Mask ROM products only: bit-wise incorporation of pull-down resistor
possible by mask option (connection to Viosp or Vss specifiable in 4-bit units).

pPD78P024: pull-down resistor incorporated in P100 to P105 (connected to Vioao).

Output

FiP10 to0
FIP17

P110 to P117

Input/
output

Port 11.

P-ch open-drain 8-bit high-voltage input/output port.
Direct LED drive capability.

Input/output specifiable bit-wise.

Mask ROM products only: bit-wise incorporation of pull-down resistor
possible by mask option {connection to Vioap or Vss specifiable in 4-bit units).

input

FiP18 to
FIP25

14
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CHAPTER 2 PIN FUNCTIONS

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

Pin Name finput/Output Function After Reset |DualFunction Pin
INTPO tnput | Valid edges {rising edge, falling edge and both rising and falling edges) Input POO/TIO
INTPY specifiable POt
INTP2 External interrupt input P02
INTP3 Falling edge detected external interrupt input Input P03

SI0 Input | Serial interface serial data input Input P25/S80
Sh P20
SO0 Output | Serial interface serial data output Input P26/SB1
SO1 P21
SBO Input/ | Serial interface serial data input/output Input P25/S10
SB1 output P26/SO0
SCKo Input/ | Serial interface serial clock input/output lnput P27
SCK1 | output P22
Tio input | External count clock input to 16-bit timer {TMO) Input POO/INTPO
™ External count clock input to 8-bit timer (TM1) P33
Ti2 External count clock input to 8-bit timer {TM2) P34
TOO Output | 16-bit timer output (Dual-function for 14-bit PWM output) Input P30
TO1 B-bit timer output P31
702 P32
PCL Gutput | Clock output (for main system clock and subsystem clock timing) Input P35
BUZ Output | Buzzer output Input P36
FIPQ, FIP1 | Output | High-voltage, high-current output for FIP controller/driver digit output. Output P80, P81
FIP2 to FIP9 P390 to P97
FIP10 to FIP15| Output | High-voltage, high-current outputs for FiP controller/driver digit/segment Output  |P100 10 P105,
output.

FIP16, FIP17 | Output | High-voltage outputs for FIP controller/driver segment output. OQutput | P106, P107
FIP18 to FIP25 Input P100-P117
Vioap — FiP controller/driver pull-down resistor connection. — —_
ANIO to ANI7| Input | A/D converter analog input Input P10 to P17
AVrer input | A/D converter reference voltage input — _—
AVss — A/D converter ground potential connected to Vss —_— —_—

RESET Input | System reset input —_ —

X1 Input | Crystal connection for main system clock oscillation —_— —

X2 — ) —_— —

XT1 Input | Crystal connection for subsystem clock oscillation input PO4

XT2 —_ — —
15
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CHAPTER 2 PIN FUNCTIONS

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

Pin Name nputhutpqu Function After Reset |DuakFunction Pin
Voo —_ Positive power supply —_ —
Ver — Connected directly to Vss. —_— —_—
Vss —_— Ground potential —_ —
IC —_— Internally connection connected to Vss directly —_— —_

2.1.2 PROM programming mode pins (uPD78P024 only)

Pin Name [Input/Output Function
RESET Input | PROM programming mode setting.
When +5 V or +12.5 V is applied to the Ver pin or a low level voltage is applied to the RESET pin,
the PROM programming mode is set.
Vep Input | High-voltage application for PROM programming mode setting and program write/verify.
AQ to A16 | Input | Address bus
DO to D7 |inputioutput| Data bus
CE Input | PROM enable input/program pulse input
Ot input | Read strobe input to PROM
PGM Input | Program/program inhibit input in PROM programming mode
Voo — Positive power supply
Vss -_— Ground potential
16
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| CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P00 to P04 (Port 0}

These ports are 5-bit input/output ports. Besides serving as input/output ports, they function for an external
interrupt input, a external count clock input to the timer, a capture trigger signal input and crystal connection for
subsystem clock osciliation.

The following operating modes can be specified bit-wise.

{1) Port mode
PQ0 and P04 function as input-only ports and PQ1 to P03 function as input/output ports.
P01 to P03 can be specified for input or output ports bit-wise with port mode register 0. When they are used
as input ports, a pull-up resistor can be connected to them with a pull-up resistor option register.

(2) Control mode
In this mode, these ports function for an external count clock input to the timer and crystal function for
subsystem clock oscillation.

{a) INTPO to INTP3
INTPQ to INTP2 are external interrupt input pins which can specify valid edges {rising edge, falling edge
and both rising and falling edges). INTPO becomes a 16-bit timer/event counter capture trigger signal
input pin with a valid edge input. INTP3 serves as a falling edge-detected external interrupt input pin.

{b) TiO .
TIO is a pin for external count clock input to 16-bit timer/event counter.

(e} XT1
Crystal connect pin for subsystem clock oscillation

17
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2.2.2 P10 to P17 (Port 1)
8-bit input-only ports. Besides serving as input ports, they function for A/D converter analog input.
The following operating modes can be specified bit-wise.

{1) Port mode
These ports function as 8-bit input-only ports. By port mode register 1, these ports can be specified as input
port or output port. When these are used as input port, a pull-up resistor can be connected to these ports
with a pull-up resistor option register.

(2) Control mode

These ports function as A/D converter analog input pins (ANI0-ANI7). The pull-up resistor is not automatically
used for the pins specified for analog input.

18
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2.2.3 P20 to P27 (Port 2)

8-bit input/output ports. Besides serving as input/output ports, they function for data input/output toffrom the
serial interface and clock input/output.
The following operating modes can be specified bit-wise.

{1) Port mode
These ports function as 8-bit input/output ports. They can be specified for input or output ports bit- wise with
port mode register 2. When they are used as input ports, a pull-up resistor can be connected to them with
a pull-up resistor option register.

(2) Control mode
These ports function for serial interface data input/output and clock input/output.

(a} SI0, SI1, SO0 and SO1
Serial interface serial data input/output pins

{b) SCKO0 and SCK1
Serial interface serial clock input/foutput pins

(c} SBO and SB1
NEC standard serial bus interface input/output pins

Caution When the P22/SCK1 and P27/SCKD pins are used for serial clock output, set PM22 and PM27
to 0 and the output latch to 1.

19
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2.2.4 P30 to P36 (Port 3)

7-bit input/output ports. Beside serving as input/output ports, they function for timer input/output, clock output
and buzzer output.

The mask ROM products can incorporate a pull-down resistor by mask option.

It can also drive LEDs directly.

The following operating modes can be specified bit-wise.

(1)

(2)

20

Port mode

These ports function as 7-bit input/output ports. They can be specified bit-wise for input or output ports with
port mode register 3. When they are used as input ports, a pull-up resistor can be connected to them with
a pull-up resistor option register.

Control mode
These ports function for timer input/output, clock output and buzzer output.

(a) TI1, TI2
Pin for external clock input to 8-bit timer/event counter

(b) TOO-TO2
Timer output pins

{c} PCL
Clock output pin

(d) BUZ
Buzzer output pin
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2.2.5 P80 and P81 (Port 8)

2-bit dedicated output port. In addition to the output port function, also has an FIP controller/driver digit output
function.

Direct LED drive capability.

The following operating modes can be specified bit-wise.

{1) Port mode
Functions as a 2-bit dedicated output port.
P80 and P81 function as P-ch open-drain outputs. On mask ROM products, incorporation of a pull-down
resistor is possible with a mask option. The uPD78P024 incorporates a pull-down resistor.

(2) Control mode
P80 and P81 function as FIP controller/driver digit. output pins (FIPQ, FIP1).

2.2.6 P90 to P97 (Port 9)

8-bit dedicated output port. In addition to the output port function, also has an FIP controller/driver digit output
function.

Direct LED drive capability.

The following operating modes can be specified bit-wise.

(1) Port mode
Functions as 8-bit dedicated output port.
P30 to P97 function as P-ch open-drain outputs. On mask ROM products, incorporation of a pull-down resistor
is possible with a mask option. The uPD78P024 incorporates a pull-down resistor.

{2) Control mode
P90 to P97 function as FIP controller/driver digit output pins (FIP2-FIP9).

21
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2.2.7 P100 to P107 (Port10}

8-bit dedicated output port. In addition to the output port function, also has an FIP controller/driver digit/segment
output function.

P100 to P105 have direct LED drive capability.

The following operating modes can be specified bit-wise.

(1} Port mode
Functions as an 8-bit dedicated output port.
P100 to P107 function as P-ch open-drain outputs. On mask ROM products, incorporation of a puli-down
resistor is possible with a mask option. The uPD78P024 incorporates a pull-down resistor in P100 to P105.

{2) Control mode
P100 to P105 function as FIP controller/driver digit/segment dual-function output pins (FIP10-FIP15). P106
and P107 function as FIP controller/driver segment output pins (FIP16, FIP17).

2.2.8 P110 to P117 (Port 11)

8-bit input/output port. In addition to the input/output port function, also has an FIP controlier/driver segment
output function.

P110 to P117 have direct LED drive capability.

The following operating modes can be specified bit-wise.

(1) Port mode
Functions as an 8-bit input/output port.
P110 to P117 function as P-ch open-drain pins. On mask ROM products, incorporation of a pull-down resistor
is possible with 2 mask option.

(2} Control mode
P110 to P117 function as FIP controller/driver segment output pins (FIP18-FIP25).

2.2.9 AVrer
A/D converter reference voltage input pin.

2.2.10 AVss
A/D converter ground potential pin.
This pin should always be used at the same potential as the Vss pin even when the A/D converter is not used.

22
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2.2.11 RESET
Low-level active system reset input pin.

2.2.12 X1 and X2
Crystal resonator connect pins for main system clock.
For external clock supply, input it to X1 and the reverse signal to X2.

2.2.13 XT1 and XT2
Crystal resonator connect pins for subsystem clock oscillation.
For external clock supply, input it to X1 and the reverse signal to X2.

2.2.14 Voo
Positive power supply pin.

2.2.15 Vss
Ground potential pin.

2.2.16 Ver (uPD78P024 only)

High-voltage apply pin for PROM programming mode setting and program writefverify.
it should be directly connected to Vss in normal operating mode.

2.2.17 IC (Mask ROM products only)
The IC {Internally Connected) pin sets a test mode when the uPD78023 or 78024 is tested before shipment.

Directly connect this pin to the Vss pin in the ordinary operation mode. At that time, keep the wiring length as short
as possible,

If the wiring length between the IC and Vss pins is too long, or if external noise is superimposed on the IC pin,
a voltage difference occurs between the IC and Vss pins. [f this happens, your program may not run cofrectly.

* Directly connect the IC pin to the Vss pin.

Vss IC

Short wiring

23
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CHAPTER 2 PIN FUNCTIONS

2.3 Input/Output Circuit and Recommended Connection of Unused Pins

Table 2-1 shows the inputfoutput circuit types of pins and the recommended connection of unused pins.
Refer to Fig. 2-1 for the configuration of the input/output circuit of each type.

Table 2-1 Pin Input/Output Circuit Types (1/2)

Pin Name Input/Output Circuit Type|input/Output| Recommended Connection of Unused Pins
POO/INTPO/TIO 2 Input Connect to Vss.
PO1/INTP1 8-A Input/output| Input : Connect to Vss.
PO2/INTP2 Output: Leave open
PO3/INTP3
PQ4/XT1 H: Input Connect to Vss.
P10/ANIO to P17/ANI7 1 input/output| Input : Connect to Voo or Vss,

Qutput: Leave Open

P20/Si11 8-A Input/output] input : Connect to Voo or Vss.
P21/SO1 §-A Output: Leave Open
P22/5CK1 8-A
P23, P24 5-A
P25/S10/SB0 10-A
P26/S00/SB1
P27/SCK0
Mask ROM product
P30/TO0 5-C Inputfoutput| Input : Connect to Voo or Vss.
P31/TO1 Qutput: Leave Open
P32/T02
P33/T11 8-B
P34/T12
P35/PCL 5C
P36/BUZ
uPD78P024
P30/TO0 5-A input/output| Input : Connect to Voo or Vss.
P31/TO1 Output: Leave Open
P32/TO2
P33/ 8-A
P34/TI2
P3s5/PCL 5-A
P36/BUZ
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Table 2-1 Pin Input/Output Circuit Types (2/2)

Pin Name

Input/Qutput Circuit Type |input/Qutput

Recommended Connection of Unused Pins

Mask ROM products

P8O/FIPO, P81/FiP1 14-A Output | Leave Open
PS0/FIP2 to PS7/FIP9
P100/FIP10 to P1Q7/FIP17
P110/FIP18 to P117/FIP25 15-C Input/output| Input : Connect to Voo or Vss.
QOutput: Leave open
IC —_— —_ Connect to Vss directly.
uPD78P024
P8O/FIPQ, P81/FiP1 14 Output Leave open
P90/FIP2 to PO7/FIP9
P100/FIP10 1o P105/FIP1S
P106/FIP16, P107/FIP17 14-B Output Leave open
P110/FIP18 to P117/FIP25 15 Input/output] Input : Connect to Voo or Vss.
Output: Leave open
Vee —_— —_— Connect directly to Vss.
ﬁ?sﬁ Input —_
XT2 16 —_ Leave open
AVrer —_ Connect to Vss.
AVss
Vioap
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Fig. 2-1 Pin Input/Qutput Circuit List (1/3)

Type 2

Type 8-A l

Voo
pullup P-ch
enable % s
IN Voo
data —T —|[-p<n
INJOUT
Schmitt-triggered input with hysteresis characteristics
output N-ch
disable
9@
Type 5-A i Voo Type 8-8 Voo
pullup Do_l h pullup M
enable Pe enable Pch
Voo
data _—" data '———-—:Do—l P-ch
% INOUT . IN/OUT
output :
output N-ch} !
disable disable § [l(\)ﬁa:l;n]
. i
input “/ﬂl ;
enable '\I -
Type 5-C Voo Type 10-A l Voo
pullup Do_l P-ch D l
enable © z::‘;f; P-ch
Voo
data
data :‘ b—l P-ch
¢ INJOUT NOUT
output E open drain
disable § Mask output disable N-ch
: Option
input v 7
enable
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Fig. 2-1 Pin Input/Qutput Circuit List (2/3)

Type 11

Type 14-8 '

M Lu27525 0092145 365 W

pullup D I
enable
Voo Voo
data P-ch
—I Pch —‘I P-ch
-0 IN/OUT -G
output data Q0UT
disable Pchl
Comparator ! ———| N-ch
7-7FN-ch—l-
VReg (Threshold Voitagel
e G =
enable
Type 14 Type 15 |
Voo Voo
Voo Voo
——F=r<n ——-Ig;-ch
r——l P<h —l Pch
data OOouUT
data O0UT
s —I N-ch
——-l N<ch 1
QO ViL0aD :4
Type 14-A I Type 15-C* l Voo Voo
Voo ——F=p-h ——'g;-ch
__l P-ch _,I data QOouUT
data ouT ——-I N-ch
Mask
_l N-<h Optlon HQ
? --------- OViocap i [Mask
; [gﬁa:k] ? Option
ion .
77 P $ooomemees O Vioao
+ [Mask
77:7 Option
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Fig. 2-1 Pin Input/Output Circuit List {3/3)

Type 16 I

feedback
cut-off

P-ch
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space
Figs. 3-1 to 3-3 show memory maps.

Fig. 3-1 Memory Map (uPD78023)

4}

\

44

5 FFFFH
Special Function
Register (SFR)
256 x 8 Bits
FFOOH
FEFFH General
Register
FEEOH 32 x 8 Bits
FEDFH
ot internal =
High-Speed RAM
512 x 8 Bits
FDOOH SFFFH
FCRFH ' = Program Area b=
Data Memory Space 1000H
OFFFH
Unusable
i CALLF Entry Area
0800H
FAB0H : 07FFH
FATFH FIP Display RAM L
FABOH 32 x 8 Bits o Program Area
FASFH
0080H
- Unusable fd Q07FH
6000H CALLT Tabie Area
SFFFH
. 0040H
Program Memory L intemal ROM L. 003FH
Space 245768 Bits Vector Table Area
. 0000H 0000H
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Fig. 3-2 Memory Map (uPD78024)

)
[§

«

FFFFH
Special Function
Register {SFR)
256 x 8 Bits
FFOOH
FEFFH
General Register
32 x 8 Bits
FEEOH
FEDFH
~ Internal -
High-Speed RAM
512 x 8 Bits
FDOOH 7FFFH
FCFFH _— Program Area
Data Memory Space éggg:
Unusable
et CALLF Entry Area
0800H
FA7FH FIP Display RAM 1
FAGOH 32 x 8 Bits ¢ Program Area
FASFH 0080H
fnerd Unusable =~ 007FH
8000H CALLT Table Area
7FFFH :
0040H
FH
Program Memory L. Internal ROM o~ 003
Space 32768 x 8 Bits Vector Table Area
1 C000H 0000H
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Fig. 3-3 Memory Map (uPD78P024)

44

u

u

FFFFH
Special Function
Register (SFR)
256 x 8 Bits
FFOOH
FEFFH ]
General Register
32 x 8 Bits
FEEOH
FEDFH
T Internal T
High-Speed RAM
512 x 8 Bits
FDOOH 7FFFH
FCFFd > Program Area b=
Data Memory Space 8222:
Unusable
o=  CALLFEntryArea 5
0BOOH
FASOH 07FFH
FA7FH FIP Display RAM ]
FABOH 32 x 8 Bits P Program Area pom
FASFH 0080H
=5 Unusable = 007FH
8000H CALLT Table Area
FFFFH
0040H
ProgamMemory L Internal PROM L 003FH
spee 32788 x 8 Bits Vector Table Area
1 _1 _ 00coH 0000H
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3.1.1 Internal program memory space

The pPD78023 is a mask ROM with a configuration of 16384 x 8 bits, and PROMs with configurations of 24576
x 8 bits and 32768 x 8 bits, respectively. The uPD78P024 is a PROM with a configuration of 32768 x 8 bits. They
store programs and table data. Normally, théy are addressed with a program counter {PC).

The foliowing areas are allocated in the internal program memory space.

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as vector table area. The RESET input and program start
addresses for branch upan generation of each interrupt request are stored in the vector table area. Of the
16-bitaddress, low-order 8 bits are stored at even addresses and high-order 8 bits are stored at odd addresses.

Table 3-1 Vector Table

Vector Table Address Interrupt Request Vector Table Address Interrupt Request

0000H RESET input 0010H INTCSH
0004H INTWDT 0012H INTTM3
0006H INTPQ 00144 INTTMO
0008H INTP1 0016H INTTM1
000AH INTP2 0018H INTTM2
000CH INTP3 001AH INTAD

000EH INTCSIO 001CH INTKS

- —— 003EH BRK instruction

{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).

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

32
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3.1.2 Internal data memory space
The uPD78024 subseries units incorporate the following RAMs.

(1) Internal high-speed RAM
The uPD78024 subseries units have a 512 x 8-bit configuration. 4 banks of general registers, each bank
consisting of eight 8-bit registers are allocated in the 32-byte area FEEOH to FEFFH.
The internal high-speed RAM is also used as a stack.

(2) FIP display RAM
FIP display RAM is allocated to the 32-byte area from FABOH to FA7FH. The FIP display RAM can also be
used as ordinary RAM.
3.1.3 Special function register (SFR) area
An on-chip peripheral hardware special-function register {SFR} is allocated in the area FFOOH to FFFFH. (Refer

to Table 3-2).

Caution Do not access addresses where the SFR is not assigned.
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3.1.4 Data memory addressing

The uPD78024 subseries units are equipped with a variety of addressing modes considering memory maneuverability.
Specific addressing operations are possible in accordance with the functions of the special function register (SFR)
and general registers. The data memory space is an entire 64K-byte space of the 0000H to FFFFH. Figs. 3-4to
3-6 show data memory addressing.

For details of each addressing. refer to 3.4 Operand Address Addressing.

Fig. 3-4 Data Memory Addressing (uPD78023)

FFFFH
Special Function
Register (SFR) SFR Addressing
256 x 8 Bits
FROH| .
FF1FH
FFOOH
FEFFH
G | Regist
eraa;r: 8 E‘gtl: er Register Addressing

FEEOH f Short Direct
FEDFH * Addressing

L Internal High-Speed RAM AL

-~ 512 x 8 Bits -
":Efg: R Ll T T TSR Direct Addressing
FDOOH . Register Indirect
FCFFH Address

Based Addressing
Unusable Based Indexed
Addressing

FABOH
FA7FH FIP Display RAM
FABOH 32 x 8 Bits
FASFH

- Unusable -~
6000H
S5FFFH

,'J_, Internal ROM A

T 24576 x 8 Bits T
0000H

34

B Ly27525 Q092152 5T5 |



CHAPTER 3 CPU ARCHITECTURE

Fig. 3-5 Data Memory Addressing (uPD78024)

FFFFH
Special Function Regi
pecia uzn&_’c(;n?(n8 l;?slster (SFR) SFR Addressing
FR20HY ]
31571 I A o
FFOOH
FEFFH
General Register . .
32 x 8 Bits Register Addressing

FEEOH l Short Direct
FEDFH Addressing

£ Internal High-Speed RAM A

512 x 8 Bits T
FE20HY ]
FE1FH
+DOoOH
FCFFH
Unusable

FA80H
FA7FH FIP Display RAM
FABOH 32 x 8 Bits
FASFH

= Unusable =
8000H
7FFFH

A Internal ROM .

T 32768 x 8 Bits T
0000H

Direct Addressing

Register Indirect
Address

Based Addressing

Based Indexed
Addressing
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Fig. 3-6 Data Memory Addressing (uPD78P024)

FFFFH
Special Function Register {(SFR) .
256 x 8 Bits SFR Addressing
FEOH | e .
FF1FH
FFOOH
FEFFH
| Regi .
Geggr: 8 g?tl: ter Register Addressing

FEEOH Short Direct
FEDFH Addressing

L Internal High-Speed RAM B

- 512 x 8 Bits -
;gfg: ................................... Direct Addressing
FDOOH Register Indirect
ECFFH Address

Based Addressing
Unusable Based indexed
Addressing

FA80H
FA7FH FIP Display RAM
FABOH 32 x 8 Bits
FASFH

AZ Unusable =
8000H
7FFFH

pa internal ROM —

T 32768 x 8 Bits T
0000H
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3.2 Processor Registers
The uPD78024 subseries units incorporate the following processor registers.

3.2.1 Control registers
The control registers control the program sequence, statuses and stack memory. A program counter, a program
status word and a stack pointer are control registers.

{1) Program counter {PC)
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,

Fig. 3-7 Program Counter Configuration

15 0

L PC

{2) Program status word (PSW)
The program status word is an B-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.

Fig. 3-8 Program Status Word Configuration

7 0
L | z [resi] ac Jreso] o [sp | cv |
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(a)

(b)

(e}

{d)

(e}

{f)

Interrupt enabie flag (IE)

This flag controls interrupt request acknowledge operations of CPU.

When 0, the IE is set to DI, and only non-maskable interrupt request becomes acknowledgeable other
interrupt requests are all disabled.

When 1, the IE is set to El and interrupt request acknowledge enable is controlled with an in-service
priority flag (ISP), an interrupt mask flag for various interrupt sources and a priority specification flag.

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

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

Register bank select flags (RBSO, RBS1)

These are 2-bit flags to select one of the four register banks.

In these flags, the 2-bit information which indicates the register bank selected by SBL RBn instruction
execution is stored.

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable, maskable vectored interrupts.

When this flag is 0, low-level vectored interrupts specified with a priority specify flag register (PR) are
disabled for acknowledgment. Whenitis 1, allinterrupts are acknowledgeable regardless of the interrupt
priority order. Actual acknowledgment is controlled with interrupt enable flag (IE).

Carry flag (CY)

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

B b427525 0092156 140 WA



CHAPTER 3 CPU ARCHITECTURE

(3} Stack pointer (SP)

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

area {(FDOOH to FEFFH) can be set as the stack area.

The SPis decremented ahead of write (save} to the stack memory and is incremented after read (reset) from

15

Fig. 3-9 Stack Pointer Configuration

SP

the stack memory.
Each stack operation saves/resets data as shown in Figs. 3-10 and 3-11.

Caution Since RESET input makes SP contents indeterminate, be sure to initialize the SP before

SPeSP-2

SP-2

SP-1

SP =

sP—

SP+1

SPSP+2

instruction execution.

Fig. 3-10 Data to be Saved to Stack Memory

PUSH rp Instruction

Lower Half
Register Pairs

Upper Half
Register Pairs

SPeSP-2
T
SP-2
T
sP-1
T

SP —

CALL, CALLF and
CALLT Instructions

PC7-PCO

PC15-PC8

Fig. 3-11 Data to be Reset from Stack Memory

POP rp Instruction

Lower Half
Register Pairs

Upper Half
Register Pairs
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SP—
{
SP+1
i
SP«SP+2

RET Instruction

PC7-PCO

PC15-PC8

Interrupt
BRK Instructions
SPeSP-3
T
SP-3 PC7-PCO
T
SP-2 PC15-PC8
T
SP-1 PSW
T
SP—
RET! and RETB
Instructions
SP= PC7-PCO
1 y
SP+1 PC15-PC8
d
SP+2 PSwW
4
SPSP+3
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3.2.2 General registers

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

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

They can be described in terms of functions 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 with 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 interruption for each bank.

Fig. 3-12 General Register Configuration

(a) Absolute Names

16-Bit Processing 8-Bit Processing
FEFFH
R7
BANKO RP3
FEF8H R6
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1i
FEESH R2
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Functional Names
16-Bit Processing 8-Bit Processing
FEFFH
H
- BANKO HL
FEFBH -
D
BANK1 DE
FEFOH E
B
BANK2 ' BC
C
FEE8BH
A
BANK3 AX
. X
FEEQH
15 0 7 0
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3.2.3 Special function register (SFR)

Unlike a general register, each special-function register has special functions. It is allocated in the FFOOH to
FFFFH area.

The special-function register can be manipulated, like the general register, with the operation, transfer and bit
manipulation instructions. 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

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

* 8-hit manipulation

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

* 16-bit manipulation

Describes a symbol reserved with assembler for the 16-bit manipulation instruction operand (sfrp). When
addressing an address, describe an event address.

Table 3-2 gives a list of special-function registers.

¢ Symbol

This is a8 symbo! to use in the assembler (RA78K/0) which indicates an address of the built-in special- function
register. [t can be described as an instruction operand.

* RW

Indicates whether the corresponding special-function register can be read or written.
R/W : Read/write enable
R  : Read only
W : Write only
* Manipulatable bit units
Manipulatable bit units, 1, 8 and 186, are indicated.
* After reset
Indicates each register status upon RESET input.
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Table 3-2 Special-Function Register List {1/2)

Manipulatable Bit Unit

Address Speciak-Function Register {SFR) Name Symbol R/W After Reset
1 bit 8 bits | 16 bits

FFOOH Port 0 PO RW O @] - 00H
FFOTH Port 1 P1 6] O -

FFO2H Port 2 P2 O O -

FFO3H Port 3 P3 O O -

FFOSH Port 8 P8 W o] 0O -

FFOSH Port 9 P9 o O -

FFOAH Port 10 P10 O o -

FFOBH Port 11 P RW o] o -

FF10H 16-bit compare register CROO - - O Undefined
FF11H

FF12H 16-bit capture register CRO1 R - - o]

FF13H

FF14H 16-bit timer register TMO - - o] 00H
FF15H

FF16H B-bit compare register CR10 R/W - o} - Undefined
FF17H 8-bit compare register CR20 - o} -

FF18H 8-bit timer register 1 TMS | TM1 R - o] o] 00H
FF19H 8-bit timer register 2 TM2 - O

FF1AH Serial /O shift register 0 SIOo0 RW - @] - Undefined
FF1BH Serial I/O shift register 1 Sion - O -

FF1FH A/D conversion result register ADCR R - 0 -

FF20H Port mode register 0 PMO R/W O o] - 1FH
FF21H Port made register 1 PM1 (o] o] - FFH
FF22H Port mode register 2 PM2 O O -

FF23H Port mode register 3 PM3 o] O -

FF28H Port mode register 11 PM11 O O -

FF40H Timer clock select register 0 TCLO 0 o} - O00H
FF41H Timer clock select register 1 TCLY - e} -

FF42H Timer clock select register 2 TCL2 - Q -

FF43H Timer clock select register 3 TCL3 - O - 88H
FF47H Sampling clock select register SCS - O - 00H
FF48H 16-bit timer mode control register TMCO (o] o] -

FFagH 8-bit timer mode control register TMC1 Q Q -

FF4AH Watch timer mode control register T™C2 @] o] -
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Table 3-2 Special-Function Register List {2/2)

Manipulatable Bit Unit

Address Special-Function Register (SFR) Name Symbol R/W After Reset
1 bit 8 bits | 16 bits

FF4EH 16-bit timer output contral register TOCO RW e} O - 00H
FF4FH 8-bit timer output control register TOC1 O Q -

FF60H Serial operating mode register 0 CSIMO O O -

FFE1H Serial bus interface control register SBIC Q O -

FF62H Slave address register SVA - o} - Undefined
FF63H Interrupt timing specify register SINT 0 @] - 00H
FFe8H Serial operating mode register 1 CSIM1 e} O -

FF80H A/D converter mode register ADM O O - 01H
FF84H A/D converter input select register ADIS - e} - 00H
FFAQH Display mode register 0 DSPMO ANote O -

FFATH Display mode register 1 DSPM1 - e} -

FFEOH Interrupt request flag register L IFO IFOL @] o] O

FFE1H Interrupt request flag register H tFOH (e} O

FFE4H Interrupt mask fiag register L MKO | MKOL o} o} (@] FFH
FFESH Interrupt mask flag register H MKOH (e} o]

FFESH Priority order specify flag register L PRO | PROL ] o] o]

FFEQH Priority order specify flag register H PROH O Q

FFECH External interrupt mode register INTMO - (@] - 00H
FFFOH Memory size switch registerNote 2 IMS - O - 48H
FFF7H Pull-up resistor optian register PUO O O - 00H
FFFOH Watchdog timer mode register WDTM o} O -

FFFAH Oscillation stabilizing time select register QOSTS - O - 04H
FFFBH Processor clock controf register PCC (o] O -

Notes 1. Bit 7 only can be manipulated as a read-only bit.

2. The uPD78P024 only is incorporated.
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3.3 Instruction Address Addressing

An instruction address is determined by program counter {PC) contents and is normally incremented {+1 for each
byte} autormatically 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 each instruction, refer to 78K/0 Series User's Manual - In-
struction (IEU-1372).

3.3.1 Relative addressing

[Function]

The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the start
address of the following instruction is transferred to the program counter {PC) and branched. The displacement value
is treated as signed two's complement data (128 to +127) and bit 7 becomes a sign bit.

This function is carried out when the “BR $addr16” instruction or a conditional branch instruction is executed.

[Mustration]

15 Q

I PC .-+ PCis a start address of
the next instruction of a
BR instruction

-+
15 8 7 6 0
P [s]
jdisp8
15 0
pC |

When S = 0, a indicates all bits are "0".
When S = 1, a indicates all bits are *1".
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3.3.2 Immediate addressing

{Function]
Immediate data in the instruction word is transferred to the program counter (PC} and branched.
This function is carried out when the “CALL laddr16* or “BR taddr16" or “CALLF laddr11" instruction is executed.

[lflustration)
In case of CALL taddr16, BR laddr16 instruction

7 0
CALL or BR
Low Addr. —————————
High Addr.
15 8 7 0
PC |

In case of CALLF laddr11 instruction

7 6 43 0
— fows | CALLF
fare
15 1 101 8 7 0
Pclo o 0 0 1| | |
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3.3.3 Table indirect addressing

[Function]

Table contents (branch destination address) of the particular location to be addressed by the low-order-5-bit
immediate data of an instruction code from bit 1 to bit 5 are transferred to the program counter {PC) and branched.

This function is carried out when the “CALLT [addr5]" instruction is executed.

[Hlustration]

7 6 5 1 0
Operation Code 11 1 l taso | 1 I
Effct_15 87651 10
eclive
AddressL0 0 00000O0]j0 1] lol
J/
7 Memory (Table) 0
Low Addr. —
Effective High Addr.
Address+1
15 8 7 0
Pc | |
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3.3.4 Register addressing

[Function]

Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)
and branched.

This function is carried out when the “BR AX” instruction is executed.

[Ilustration]

7 0 7 0
rpL A I X

15 8 7 0
PC | |
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing
[Function]

The register which functions as an accumulator (A and AX} in the general register is automatically addressed.
Of the uPD78024 subseries instruction words, the following instructions employs implied addressing.

Instruction Register to be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
Divuw AX register for divided and quotient storage

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

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

[Operand format}

Because'implied addressing can be automatically employed with an instruction, no particuiar operand format is
necessary.

[Description example]
In the case of MULU X

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

[Function}

The general 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 with the register bank select flag {(RBSO to 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 instruction code.

[Operand format)

Identifier Description
r X ACBEDLH
s AX, BC, DE, HL

't and 'rp’ can be described with function names (X, A, C, B, E, D, L, H, AX, BC, DE and HL) as well as absolute
names (RO to R7 and RPO to RP3).

[Description example)
When selecting the C register for MOV A, Cir

Instructioncode [0 1 1 0 0 0 1 o0

When selecting the DE register pair for INCW DE:rp

Instruction code U 0 0 0 0 1 0 O
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3.4.3 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}
When setting MOV A, IFEQOH;laddr16 1o FEQOH

Instructioncode {1 0 0 0 1 1 1 0

[o 0 0o 0o 0o 0 0 o]

(11 1 1 1 1 1 0
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3.4.4 Short direct addressing

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.

This addressing is applied to the 256-byte space FE20H to FF1FH. An internal high-speed RAM and a special-

function register (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 a compare register of the timer/event counter and a capture register of the timer/event counter
and a capture register 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 valid address is set to 0. When it is at 00H to 1FH, bit
8issetto 1.

[Operand format}

Identifier Description
saddr Label or FE20H to FF1FH immediate data
saddrp Label or FE20H to FF1FH immediate data (even address only}
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[Description example]

When setting MOV FE30H, #50H;saddr to FE30H and the immediate data to 50H

Instruction code [0 0 0 1 0 0 O 1|

[0 01 1 0 0 0o o]

lo 1 0 1 0 0 0 o]

[IMlustration]
7 0
OP code
Saddr-offset _—]
Short Direct Memory
15 8 0
Effective

Address [1_1 1 1 1 1 1|“l I

8-bit immediate data is 20H to FFH, a = 0.
8-bit immediate data is 00H to 1FH, a = 1.
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3.45 Special-function register {SFR) addressing

[Function}

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

[Operand format]

Identifier Description

sfr Special-function register name

sfrp 16-bit manipulatabie special-function register name {even function only}

[Description exampie]
When selecting PMO for MOV PMO, A;sfr

Instructioncode |1 1 1 1 0 1 1 0]

[0 0o 1 0 0 0 0 o]

[llustration]}
7 0
OP code
sfr-offset [~
15 8 7 0 SFR

Effective
Address11111111 }—-——-I
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3.4.6 Register indirect addressing

[Function]

Register pair contents specified with a register pair specify code in an instruction word of the register bank
specified with a register bank select flag (RBSO 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]
When selecting [DE] for MOV A, [DE]: register pair.

Instructioncode |1 0 0 0 0 1 0 1

[Hlustration]

15
DE [ D E
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3.4.7 Based addressing

[Function]

8-bit immediate data is added as offset data to the contents of the base re that is, the HL register pair in an
instruction word of the register bank specified with the register bank select flag {RBSO 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]

ldentifier Description
— [HL+byte]

[Description example}
When setting byte to 10H: MOV A, [HL+10H}

Instructioncode [1 0 1 0 1 1 1 0]

[o 0o 0 1 0 0 o of
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3.4.8 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 with the register bank select flag (RBS0 to
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 memaory spaces.

[Operand format)

Identifier Description
— [HL+B], {HL+C]

[Description examplie)
In the case of MOV A, [HL+B]

Instructioncode [1 0 1 0 1 0 1 1]

3.4.9 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) contents.

This addressing method is automatically employed when the PUSH, POP, subroutine call and RETURN instructions
are executed or the register is saved/reset upon generation of an interrupt.request.

Stack addressing enables to address the internal high-speed RAM area only.

[Description example)
In the case of PUSH DE

Istructioncode |1 0 1 1 0 1 0 1}
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4.1 Port Functions
The uPD78024 subseries units incorporate 2 input ports, 18 output ports, and 34 input/output ports. Fig. 4-1 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 built-in hardware input/output pins.

Fig. 4-1 Port Types

~—— P8O POO fo————r
Port 8 U
Pa1 ~——= ! Port 0
Pgo P04 fo—
P10 fo——em
Port 9 s
—] " ~ 4 Port 1
[ ~——— P100 P17
) P20 [—
Port 10 DEEE—
ot e .
——] X ~ } Port 2
~—— p107 .
- P110
P27 fe———
P30 je——a )
Port 11 e
e
e
— = } Port 3
—= P117 D
P36 [—
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Table 4-1 Port Functions (1/2)

Pin Name Function Dual-Function Pin
P00 Port 0. Input only INTPO/TIO
PO1 5-bit input/output port Input/output specifiable bit-wise. INTP1
P02 if used as an input port, a pull-up resistor INTP2
P03 can be specified by software. INTP3
P04 Input only XT1

P10to P17 | Port 1. ANIO to ANI7

8-bit input/output port.

Input/output specifiable bit-wise.

If used as an input port, a pull-up resistor can be specified by software.
P20 Port 2. Sit
P21 8-bit input/output port. SO
P22 Input/output specifiable bit-wise. SCK1
P23 If used as an input port, a pull-up resistor can be specified by software. -
P24 —
P25 SI0/SBO
P26 S00/SB1
P27 SCKo
P30 Port 3. TO0
P31 7-bit input/output port. TO1
P32 Input/output specifiable bit-wise. TO2
P33 Direct LED drive capability. ™
P34 If used as an input port, a pull-up resistor can be specified by software. Ti2
P35 Mask ROM products only: bit—Wise incorporation of pull-up resistor possible by mask PCL
P36 option. BUZ

P80 and P81 | Port 8. FIPO, FIP1

P-ch open-drain 2-bit high-voltage output port.

Direct LED drive capability.

Mask ROM products only: bit-wise incorporation of pull-down resistor possible by mask

option (connection 1o Vioao or Vss specifiable as 2-bit unit).

#PD78P024: pull-down resistor incorporated {connected to Vioao).
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Table 4-1 Port Functions (2/2)

Pin Name

Function

Duai-Function Pin

P90 to P97

Port 9.

P-ch epen-drain 8-bit high-voltage output port.

Directly LED drive capability.

Mask ROM products only: bit-wise incorporation of pull-down resistor possible by mask
option {connection to Viosao or Vss specifiable in 4-bit units).

u#PD78P024: pull-down resistor incorporated {connected to Vioao).

FIP2 to FIP9

P100 to P107

Port 10.

P-¢ch open-drain 8-bit high-voltage output port.

Directly LED drive capability.

Mask ROM products anly: bit-wise incorporation of pull-down resistor possible by mask
option {connection to Vioao or Vss specifiable in 4-bit units).

uPD78P024: pull-down resistor incorporated in P100 to P105 {connected to Vioso).

FiP10 to FIP17

P110 to P117

Port 11.

P-ch open-drain 8-bit high-voltage input/output port.

Directly LED drive capability.

Input/output specifiable bit-wise.

Mask ROM products only: bit-wise incorporation of pull-down resistor possible by mask

option (connection to Vioao or Vss specifiable in 4-bit units).

FIP18 to FIP25

B Lu2?525 0092177 975 IR
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4.2 Port Configuration
A port consists of the following hardware.

Table 4-2 Port Configuration

Item Configuration

Control registers Port mode registers (PMm: m =0, 1,2, 3. 11)

Pull-up resistor option register (PUQ)

Ports Total: 54 (input: 2, output: 18, input/output; 34}

Pull-up resistors * Mask ROM product
total: 26 (software control: 26)
o uPD78P024 total: 26

Puli-down resistor * Mask ROM product total: 33 (mask option control: 33}
s uPD78P024 total: 16

4.2.1 Port0

Port 0 is a 5-bit input/output port with output latch. P01 to P03 pins can specify the input mode/output mode
in 1-bit units with port mode register 0. POO to P04 pins are input-only ports. When P01 to P03 pins are used as
input ports, a pull-up resistor can be connected to them in 3-bit units with a pull-up resistor option register.

Dual-functions include external interrupt input, external count clock input to the timer and crystal connection for
subsystem clock oscillation.

RESET input sets port 0 to the input mode.

Figs. 4-2 and 4-3 show block diagrams of port 0.

Caution Because port 0 also serves for external interrupt input, when the port function output mode is
specified and the output level is changed, the interruptrequest flagis set. Thus, when the output
mode is used, set the interrupt mask flag to 1.
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Fig. 4-2 P00 and P04 Configurations

~A
RD

[2]

pel

s |

S N

£ >~ ———————© P00, P04
I~

Fig. 4-3 P01 to P03 Configurations

Voo

WReruo
Y
& PUOD DD__| bt
RD '
| |
Selector
é WReorT
T
@ Output Latch N ]
4 & (PO1-PO3) © P01-PO3
WRem
\’L PM0O1-PMO03
N/
PUQ : Pull-up resistor option register
PM : Port mode register
RD : Read signal of port 0
WR : Write signal of port 0
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4.2.2 Port 1
Thisis an 8-bit /O port with an output latch. Thepins P10to P17 canbe specified to the input mode/output modebit-

wise by port mode register 1. When pins P10 to P17 are used as input port pins, the pull-up register can be connected
in 8-bit units by the puli-up resistor option register.

Dual-functions include an A/D converter analog input.

RESET input sets port 1 to the input mode.

Fig. 4-4 shows a block diagram of port 1.

Caution On-chip pull-up register cannot be used for the pin used as an A/D converter analog input.

Fig. 4-4 P10 to P17 Configurations

Voo
WReuo
Y
& PUO1 b I Pch
RD ‘
) |
= O<_CC Selector
2
3] WRerorT
5
£
Q
z b Output Latch N !
= (P10-P17) O P1oP17
WRem
\J) PM10-PM17
Y

PUO - Pull-up resistor option register
PM : Port mode register

RD : Read signal of port 1

WR : Write signal of port 1
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423 Port2

Port 2 is an 8-bit inputfoutput port with output latch. P20 to P27 pins can specify the input modefoutput mode
in 1-bit units with port mode register 2. When P20 to P27 pins are used as input ports, a pull-up resistor can be
connected to them in 8-bit units with a pull-up resistor option register.

Dual-functions include serial interface data input/output and clock input/output.

RESET input sets port 2 to the input mode.

Fig. 4-5 and 4-6 show block diagrams of port 2.

Caution When using port 2 as the serial interface, the input/output mode and output latch must be set
according to the function required. For details, refer to Fig. 13-4 Format of Serial Operation Mode

Register 0, and Fig. 14-3 Format of Serial Operation Mode Register 1.

Fig. 4-5 P20, P21, and P23 to P26 Configurations

Voo

PUO2 b I Pch
OQ—'CC Selector

Output Latch l P20, P21
~ (P20. P21, P23-P26)f _D_ © p3p26

WReuo

&

¢

WRrort

Internal Bus
9___

3

PM20, PM21,
PM23-PM26

Dual
Function

PUO : Pull-up resistor option register
PM : Port mode register

RD : Read signal of port 2

WR : Write signal of port 2
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Fig. 4-6 P22 and P27 Configurations

Voo

[ —

Selector

P-ch

-

WRr0
& PUO2
RD
—a
g WRrort
@
!
o Output Latch
= ~ {P22, P27}
WRemM
& PM22, PM27
B Dual
Function

PUO : Pull-up resistor option register
PM : Port mode register

RD : Read signal of port 2

WR : Write signal of port 2

I BY427525 0092182 232 M
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4.2.4 Port3

Port 3 is an 7-bit input/output port with output latch. P30 to P36 pins can specify the input mode/output mode
in 1-bit units with port mode register 3. When P30 to P36 pins are used as input ports, a pull-up resistor can be
connected to them in 7-bit units with a pull-up resistor option register.

In mask ROM products, bit-wise incorporation of a pull-down resistor is possible by means of a mask option. The
#PD78P024 does not incorporate pull-down resistors.

Port 3 has direct LED drive capability.

Dual-functions include timer input/output, clock output and buzzer output.

RESET input sets port 3 to the input mode.

Fig. 4-7 shows a block diagram of port 3.

Fig. 4-7 P30 to P36 Configurations

Voo
WReuo
A
D PUO3 ﬁ | Pch
RD ‘
L 1
~ C><_CC Selector
g WReont
o
I
§ Output Latch
T ° (P30-P36) j_—>_ O P30P36
Mask Option
2 (Mask ROM product only.
WRem £PD78P024 has no
l pull-up resistor.)
& PM30-PM36
Dual
Function

PUO : Puil-up resistor option register
- PM : Port mode register

RD : Read signal of port 3

WR : Write signal of port 3
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425 Port8

2-bit dedicated output port. In mask ROM products, bit-wise incorporation of a pull-down resistor is possible
by means of a mask option. The pull-down resistor can be specified for connection to Vioao or Vss as a 2-bit unit.
The uPD78P024 incorporates pull-down resistors connected to Vioap.

Port 8 has direct LED drive capability.

These pins have 3 dual function as FIP controller/driver digit outputs.

RESET input sets port 8 to the output mode.

The block diagram of port 8 is shown in Fig. 4-8.

Fig. 4-8 P80 and P81 Configurations

2]
g | WReom P-ch Open
g é Qutput Latch | Drain 5
z (P80, P81) —Q P80, P81
Mask Option
Dual {Mask ROM product only.
Function Connected to Vioao 0—0 Vioap
via puli-down resistor
it in uPD78P024.) ’

WR : Write signal of port 8
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4.2.6 Port9

8-bit dedicated output port. In mask ROM products, bit-wise incorporation of a pull-down resistor is possible by
means of a mask option. The pull-down resistor can be specified for connection to Vioap or Vss in 4-bit units. The
uPD78P024 incorporates pull-down resistors connected to Vioa.

Port 9 has direct LED drive capability.

These pins have a dual function as FIP controller/driver digit outputs.

RESET input sets port 9 to the output mode.

The block diagram of port 9 is shown in Fig. 4-9.

Fig. 4-9 P90 to P97 Configurations

M\
0
3 | WReoar P-ch Open
B AL Output Latch Drain
s ° (P90-P37) ; -O P9o-P97
Mask Option
Dual
Function (Mask ROM productonly.]  6-—0 Viaun
Connected to V Loao
A via pull-down resistor
in uPD78P024.)

WR : Write signal of port 9
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4.2.7 Port 10

8-bit dedicated output port. In mask ROM products, bit-wise incorporation of a pull-down resistor is possible by
means of a mask option. The pull-down resistor ¢an be specified for connection to Vioao or Vss in 4-bit units. The
uPD78P024 incorporates pull-down resistors connected to V00D in pins P100 to P105.

Port 10 has direct LED drive capability.

Port 10 pins have a dual function as FIP controller/driver segment/digit outputs.

RESET input sets port 10 to the output mode.

The block diagram of port 10 is shown in Fig. 4-10.

Fig. 4-10 P100 to P107 Configurations

A
g
@ W*j[oaf P-ch Open
2 Drain
o Output Latch
[3)
-2 I {P100-P107) © P1oopi07
Doat Mask Option
Function {Mask ROM product only. O—0 Vioap
I Connected to Vicao
via pull-down resistor
in uPD78P024 (P100 to
P105). )

WR : Write signal of port 10
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4.2.8 Port 11

8-bit input/output port with an output latch. Input mode or output mode can be specified bit-wise for pins P110
to P117 by means of port mode register 11. In mask ROM products, bit-wise incorporation of a pull-down resistor
is possible by means of a mask option. The puil-down resistor can be specified for connection to VLoap or Vss in
4-bit units. The uPD78P024 does not incorporate pull-down resistors.

Port 11 has direct LED drive capability.

Port 11 pins have a dual function as FIP controlier/driver segment outputs.

RESET input sets port 11 to the input mode.

The block diagram of port 11 is shown in Fig. 4-11.

(A Fig. 4-11 P110 to P117 Configurations
RD
s |
Selector
2| WReonr
[«3]
I
e Output Latch
b5 © P110-P117) D © P110-P117
$
WhReu O—0 Vioan
/L . —o—
< PM110-PM117 0;7_
'\J Dual Mask Option
Function Mask ROM product
only.
#PD78P024 has no
PM : Port mode register putl-down
resistor.

RD : Read signal of port 11
WR : Write signal of port 11
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4.3 Port Function Control Registers

The following two types of registers control the ports.

* Port mode registers (PMO, PM1, PM2, PM3, PM11)
* Pull-up resistor option register (PUO)

(1) Port mode registers {(PM0, PM1, PM2, PM3, PM11)

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

PMO, PM1, PM2, PM3 and PM11 each are set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets PMO to 1FH and all other port mode registers to FFH.

When using the shared function of each port, set the corresponding port mode register and output latch as
shown in Table 4-3.

Cautions 1.
2.
3.

4,

P00 and P04 pins are input-only pins.

Pins P80, P81, P90 to P97, and P100 to P107 are dedicated output pins.

As port 0 has a dual function as an external interruptinput, when the port function output
mode is specified and the output level is changed, the interruptrequest flag is set. When
the output mode is used, therefore, the interrupt mask flag should be set to 1 beforehand.
in case of byte access to PM3 (FF23H), be sure to set 1 in the most significant bit.

Table 4-3 Setting of Port Mode Registers and Output Latches When Shared Functions of Ports Are Used

Pin Name Shared Function PMxx | Pxx Pin Name Shared Function PMxx | Pxx
Name e] Name je]
POO INTPO Input | 1 {fixed)| None ||P35 PCL Output 0 L¢]
TIO Input | 1 (fixed){ None [|P36 BUZ Output 0 0
P01 to P03 INTP1-INTP3 Input 1 X P80, P81 FIPQ, FIP1 Output 0 0
PQgNote XT1 Input |1 (fixed)| None ||PS0 to P97 FIP2-FIP9 Output 0 0
P10-P17Note | AN|O-ANI7 Input 1 P100 to P107 | FIP10-FiP17 Qutput 0 A
P30-P32 TOO0-TO2 Output 0 P110 to P117 | FIP18-FIP25 Output 0 0
P33, P34 -T2 input 1 x \

Note Becomgs undefined when the shared function is used.
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CHAPTER 4 PORT FUNCTIONS

Caution When using port 2 as the serial interface, the input/output mode and output latch must be set
according to the function required. For details, refer to Fig. 13-4 Format of Serial Operation Mode
Register 0 and Fig. 14-3 Format of Serial Operation Mode Register 1.

Remarks x . Don’t care (needs not to be set}
PMxx : Port mode register

Pxx : Qutput latch of port

Fig. 4-12 Port Mode Register Format

Symbol 7 6 5 4 3 2 1 o Address  After Reset  R/W

Pmo | o [ o o] |Pmos|pmoz|pvior] 1| Frzow FH RW

PM1 @17'PM16lPM15|PM14|PM13]PM12IPM11'PMIOI FF21H FFH AW

PM2 [PM27|PM:e[PM25|PM24]PM23|PM22|PM21|9Mﬂ FF22H FFH AW

PM3 | 1 R S e e R e FFH  RW

PM11 tminlpmlnelPMlns]pM]m]PMIna|PM1112]PM111]PMlnol FF2BH FFH RAW
1

Pmn Pin Input/Output Mode Selection
m=0,1,231:n=07

PMmn

0 | Output mode (Output buffer ON)

0 | Input mode (Output buffer OFF)

n
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CHAPTER 4 PORT FUNCTIONS

(2) Pull-up resistor option register (PUO)

72

This register is used to set connection of a on-chip pull-up resistor at each port. A pull-up resistor internally
can be used only for bits which are set to the input mode at a port where the use of pull-up resistor has been
specified with PUO. No pull-up resistors can be used at bits set to the output mode or bits used for analog
input pins, irrespective of PUQ setting.

PUO is set with a 1-bit or 8-bit memory manipulate instruction.

RESET input sets this register to 00H.

Cautions 1. P00 and P04 pins do not incorporate a pull-up resistor.
2. When using port 1 as A/D converter analog input, pull-up resistor cannot be connected

if set PUO1in 1.

Fig. 4-13 Pull-up Resistor Option Register Format

Symbol 7 6 5 s ® @ @ ©® Address  After Reset RW

PUO | o | o | o | o [Pu03|Pu02]Pu01|Puoo| FFF7H O0H RIW
-

PUOM Pm Pull-Up Resistor Connection Selection
i m=0, 1, 2, 3)

0 Pull-up resistor disconnected

1 Pull-up resistor connected
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to input/output port

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

(2} Input port
Avalueis written to the output latch by a transfer instruction, but since the output bufferis 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.

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

4.4.2 Reading from input/output port

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

{2) Input port
The pin status is read by a transfer instruction. The output latch contents do not change.
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CHAPTER 4 PORT FUNCTIONS

4.4.3 Operation on input/output port

74

{1) Output port

(2)

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.

input port
The output latch contents are undefined, but since the output buffer is OFF, the pin status does not change.

Caution in the case of 1-bit memory manipulation instruction, although a single bit is manipulated
the port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input and output

pins, the output latch contents for pins specified as input are undefined except for the
manipulated bit.
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4.5 Mask Option Selection

The following mask options are provided for mask ROM products. The uPD78P024 has no mask options.

Table 4-4 Comparison of Mask ROM Product Mask Options and ;PD78P024

Pin Name

Mask Option of Mask ROM Model

uPD78P024

P30/TO0-P32/T02, P33/T
P34/T12, P35/PCL, P36/BUZ

Pull-down resistor can be incorporated bit-

wise.

Pull-down resistor is not

incorporated.

PBO/FIPO, P81/FIP1

Pull-down resistor can be incorporated bit-wise
{connection to Vioan or Vss can be specified

as 2-bit unit).

Pull-down resistor is incorporated

(connected 1o Vioap).

PSO/FIP2-P97/FIP9

Pull-down resistor can be incorporated bit-wise
(connection to Vieao or Vss can be specified

as 4-bit unit).

Pull-down resistor is incorporated

{connected to Vioao).

P100/FIP10-P107/FIP17

Pull-down resistor can be incorporated bit-wise
(connection to Vioao or Vss can be specified

as 4-bit unit).

Pull-down resistor is incorporated
(connected to Vioao) in pins P100
FIP10-P105/FIP18.

Pull-down resistor is incorporated
{connected to Vioap) in P106/
FIP16, P107/FIP17.

P110/FIP1B-P117/FIP25

Pull-down resistor can be incorporated bit-wise
{connection to Vioao or Vss can be specified

as 4-bit unit).

Pull-down resistor is not

incorporated.

M Luy27525 0092193 018 N
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[MEMO]

PAGE (S) INTENTIONALLY BLANK
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CHAPTER 5 CLOCK GENERATOR

5.1 Clock Generator Functions

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

{1) Main system clock oscillation
This circuit oscillates a frequency of 1 to 5.0 MHz. Oscillation can be stopped by executing the STOP
instruction or setting the processor clock control register.

{2) Subsystem clock oscillation
The circuit generates a 32.768 kHz signal. Oscillation cannot be stopped. If the subsystem clock oscillator
is not used, non-use of the feedback resistance can be set the processor clock control register. This enables
to decrease power consumption in the STOP mode. \
During FIP display the noise elimination circuit functions automatically, and the effect of switching noise is
reduced.

5.2 Clock Generator Configuration
The clock generator consists of the following hardware.

Table 5-1 Clock Generator Configuration

Item Configuration

Control register Processor clock control register (PCC)
Display mode register 0 (DSPMO)
Dispiay mode register 1 (DSPM1}

Oscillator Main system clock oscillator

Subsystem clock oscillator

77
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CHAPTER 5 CLOCK GENERATOR

5.3 Clock Generator Control Register
The clock generator is controlled by the following 3 registers:

¢ Processor clock control register (PCC)
¢ Display mode register 0 {DSPMO)
* Display mode register 1 (DSPM1)

{1) Processor clock control register (PCC)
The PCC sets CPU clock selection, the ratio of division, main system clock oscillator operation/stop and
whether subsystem clock oscillator feedback resistor is used or not.
The PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the PCC to 04H.

Fig. 5-2 Subsystem Clock Feedback Resistor

FRC

Peh |

- p=

S e W
—
XT1 XT2
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CHAPTER 5 CLOCK GENERATOR

Fig. 5-3 Processor Clock Control Register Format

Symbd @ ® ® @ 3 2 1 0 Address  After Reset R/W
PCC hncc] FRC | CLS | Css [ 0 [PCC2|PCC1 ]Pcco| FFFBH 04H R
L1 1
RW —
css | pec2{pect |pecol cpu Clock ttem Selection

0 0 0 0 | fx (0.4us)

0 1 | t%2 (0.8 us)

0
0 1 0 | f21.6us)
0 1 1 fx/23(3.2 us)

1 0 0 | fx/246.4 us)
1 0 0 0
0 0 1
0 1 0 | fa(122us)
0 1 1
1 0 0
Other than the above Setting prohibited
R CLS | CPU Clock Status
0 | Main system clock )
1 Subsystem clock
AW FRC | Subsystem Clock Feedback Resistor Selection
0 | Feedback resistor connected
1 | Feedback resistor disconnected
RW

MCC | Main System Clock Oscillation Control™*?

0 | Oscillation possible

1 Oscillation stop

Notes 1. Bit 5 is Read Only.
2. FiP display is possible only when CSS is 0 and PCC2 through PCCO are 000 or 001.

3. When stopping main system clock oscillation while the CPU is in operation with subsystem clocks, use

the MCC. Do not use the STOP instruction.

Caution Be sure to set bit 3 to 0.

Remarks 1. fx : Main system clock osciliation frequency

2. fxr: Subsystem clock oscillation frequency execution time operating at fx=5.0 MHz and fxr = 32.768

kHz : 2/fcpy

3. Figs. in parentheses denote the instruction execution time operating at fx = 5.0 MHz and fxr = 32.768

kHz : 2/fceu
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(2) Display mode register 0 {DSPMO)
This register sets the mode for the subsystem clock noise elimination circuit.
DSPMQ is set by an 8-bit memory manipulation instruction. Bit 7 (KSF) only can be read by a 1-bit memory
manipulation instruction.
RESET input sets DSPMO to O0H.

Remark In addition to setting the mode for the subsystem clock noise elimination circuit, DSPMO has the
additional functions of setting the number of display segments and indicating the key scan timing.

81
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Fig. 5-4 Display Mode Register 0 Format

Symbod @ 6 5 4 3 2 1 g Address  After Reset RW
DSPMo | KSF [osruos] 0 | o |seass|seas2|sees1[seaso]  rraom 00H R
! | | J

SEGS3 | SEGS2 | SEGST| SEGS0| Number of Display Segments
0 4] 0 0 | 9 Segments
0 0 0 1 10 Segments
0 0 1 0 | 11 Segments
0 0 1 1 12 Segments
0 1 0 0 13 Segments
0 1 0 1 14 Segments
0 1 1 0 15 Segments
0 1 1 1 16 Segments
Other than above Setting prohibited

Subsystem Clock Noise Elimination
DSPMOBY Circuit Mode Setting™?

0 | 25MHz<fx<5.0MHz

1 1.25 MHz < x< 2.5 MHz

KSF | Timing Status

0 | Display timing

1 Key scan timing

Notes 1. Bit 7 (KSF} is Read Only.
2. Avalue should be set to match the main system clock frequency (fx) used. The naise elimination circuit
is effective during an FIP display operation.

Remark fx : Main system clock oscillation frequency
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{3) Display mode register 1 (DSPM1)
This register sets display operation/display stoppage.
DSPM1 is set by an 8-bit memory manipulation instruction.
RESET input sets DSPM1 to O0H.

Remark |naddition to setting display operation/display stoppage, DSPM1 has the additional functions of setting
the number of display digits, the digit signal cut width and the display cycle.
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Fig. 5-5 Display Mode Register 1 Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset RW

DsPM1 | 0iGs3 | Diss2 oisst [DiGso [omsa]omsz [omsi [omso]  FraH 00w RW
T T |

DIMSO0§ Display Cycle Selection

0 1024/fxused as display cycle
(1 display cycle = 204.8 s : 5.0 MHz operation)

1 2048/fx used as display cycle
{1 display cycle = 409.6 us : 5.0 MHz operation}

OIMS3 | DIMS2 | DIMS1 | Digit Signal Cut Width

0 0 0 |16

0 0 1 }2/18
0 1 0 14/16
0 1 1 }6N16

0 |81s6

0
1 0 1 10/16

1 1 0 [12/16

1 1 1 14/16

DIGS3 | DIGS2 | DIGS1 | DIGS0 | Number of Display Digits

0 0 ] 0 | Display stopped (Static display™™

o {0 | o 1 |2digis
0] 0 1 0 | 3 digits
o | o | 1 1 | 4 digits
0| 1 0 | o |sadigits
0| 1 0 1| 6 digits
0 | 1 1 0 | 7 digits
0

1 1 1 8 digits

9 digits

o|o
o

1 10 digits

(¢}
4]
1 0 1 0 11 digits
Note When the display stoppage is set, the static 0

1 1 12 digits

display is possible by operating the port

0 13 digits
output latch. 'g

0
1 1 0 1 14 digits

Remark fx : Main system clock oscillation frequency 1 1 1 0 | 15 digits

1 1 1 1 18 digits
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5.4 System Clock Oscillation

5.4.1 Main system clock oscillation

The main system clock oscillator oscillates with a crystal resonator (standard: 5.0 MHz) or a ceramic resonator
connected to the X1 and X2 pins.

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

Fig. 5-6 shows an external circuit of the main system clack oscillator.

Fig. 5-6 External Circuit of Main System Clock Oscillator

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

............. External
V
': J Xis Clock X1
1]
- &5 #PD74HCU04
7T
ST X2

Crystal Resonator
or Ceramic Oscillaor

Caution The STOP mode cannotbe set while an external clock isinput. Thisisbecause the X1 pinisshort-
circuited to Vss in the STOP mode.

5.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the X1 and
X2 pins.

External clocks can also be input to the main system clock oscillator. In this case, input a clock signal to the XT1
pin and an inverted clock signal to the XT2 pin.

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

Fig. 5-7 External Circuit of Subsystem Clock Oscillator

(a} Crystal oscillation (b) External clock
External  XT1
Clock
HPD74HCUO4
XT2

Refer to the next page for Caution.
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Caution When using a main system clock oscillator and a subsystem clock oscillator, carry out wiring

inthe dotted-line area in Figs. 5-6 and 5-7 as follows to prevent a ny effects from wiring capacities.

« Minimize the wiring length.

+ Do not aliow wiring to intersect with other signal conductors. Do not allow wiring to come
near abruptly changing high current.

* Set the potential of the grounding position of the oscillator capacitor to that of Vss. Do not
ground to any ground pattern where high current is present.

+ Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with Jow-level
amplification so that current consumption is maintained at low levels.
Fig. 5-8 shows examples of oscillator having bad connection.

Fig. 5-8 Examples of Resonator with Bad Connection (1/2)

(a) Wiring or connection {b)} Signal conductors
circuits is too long intersect with each other

v

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert

86

resistors in series on the side of XT2.
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Fig. 5-8 Examples of Resonator with Bad Connection (1/2)

{c) Changing high current is too
near a signal conductor

{b} Current flows through the grounding
line of the oscillator
{Potential at points A, B and C fluctuate)

(High Current

() Signal conductors of the
main and subsystem clocks
are parallel and near each other

XT2 and X1 are wired
in parallel.

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert

resistors in series on the side of XT2.
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5.4.3 Frequency divider :
The frequency divider divides the main system clock oscillator output (fx) and generate various clocks.

5.4.4 When no subsystem clock are used

i itis not necessary touse subsystem clocks for fow power consumption operations and clock operations, connect
the XT1 and XT2 pins as follows.

XT1: Connect to Vss
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 suppress this, the above on-chip feedback resistor can be removed with bit
6 (FRC) of the processor clock control register. In this case also, connect the XT1 and XT?2 pins as described above.
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5.6 Clock Generator Operations

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

* Main system clock fx

* Subsystem clock fxr

* CPU clock fcey

¢ Clock to peripheral hardware

The following clock generator functions and operations are determined with the processor clock control register

(PCC).

(a)

{b}

{c)

(d)

(e)

)

Upon generation of RESET signal, the lowest speed of the main system clock (6.4 s when operated at
5.0 MHz} is selected (PCC = 04H). The main system clock oscillation is halted while low level signal is
input at RESET pin.

With the main system clock selected, one of the five CPU clocks {0.4 ps, 0.8 s, 1.6 us, 3.2 ps and 6.4 us
when operated at 5.0 MHz) can be selected by setting the PCC.

With the main system clock selected, two standby modes, the STOP and HALT modes, are available. To
decrease current consurnption in the STOP mode, it can be specified that the internal feedback resistor
of the subsystem clock is not used, and the subsystem clock can be stopped.

The PCC can be used to select the subsystem clock and to operate the system with low current
censumption {minimum instruction execution time of 122 us when operated at 32.768 kHz.)

With the subsystem clock selected, main system clock oscillation can be stopped with the 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.clock timer and clock output functions only. Thus, the clock function and the clock output function
can also be continued in the standby state. However, since ali other peripheral hardware operate with

-the main system clock, the peripheral hardware also stops if the main system clock is stopped (except

for external clock input).

.
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5.5.1 Main system clock operations
When operated 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 guarantee instruction execution speed depends on the power supply voltage, the
instruction execution time can be changed by bits 0 to 2 {(PCCO to PCC2) of the PCC.

(b} 1f bit 7 (MCC) of the PCC is set to 1 when operated with the main system clock, the main system clock
oscillation does not stop. When bit 4 (CSS) of the PCCis setto 1 and the operation is switched to subsystem
clock operation (CLS = 1) after that, the main system clock oscillation stops (see Fig. 5-9).

Fig. 5-9 Main System Clock Stop Function (1/2)

{a) Operation to be carried out when MCC is set after CSS
setting with the main system clock in operation

Jr————————

MCC

Fay

Vo

Css ¢

cLs i 7 .
e UL "L’L"LL

Subsystem Clock
Oscillation

|
o _[LMLMLMLML
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Fig. 5-9 Main System Clock Stop Function (2/2)

(b) Operation to be carried out when MCC is set with the main system clock

MCC g

css Lt

cLS / L

Oscillation does not stop.

Main System Clock
Oscillation

Subsystem Clock
Oscillation

snnnhnhhhGnnnl

{c) Operation to be carried out when CSS is set after MCC is set
with the main system clock in operation

MCC

Css q

CLs }

Main Systern Clock
Oscillation

Oscillation

CPU Clock

Subsystem Clock J

J
LY
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5.5.2 Subsystem clock operations
When operated 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) The instruction execution time remains constant (122 us when operated at 32.768 kHz) irrespective of bits
0 to 2 (PCCO to PCC2) of the PCC.

{b) Watchdog timer counting stops.

Caution Do not execute the STOP instruction while he subsystem clock is in operation.
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5.6 Changing System Clock and CPU Clock Settings

5.6.1 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 (PCCO to PCC2) and {CSS) of the
processor clock control register (PCC).
The actual switchover operation is not performed directly after writing to the PCC, and operation continues on
the pre-switchover clock for a number of clock cycles (see Table 5-2).
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 §5-2 Maximum Time Required for CPU Clock Switchover

Set Value Belore Switchover Set Value after Switchover
€SS [PCC2|PCCT|PCCO; €SS |PCC2IPCCTIPCCO| €SS [PCC2IPCCTIPCCO| €SS [PCC2PCCIiPCCo] €SS Peczlpccipeco] css PCC2{PCC1]PCCO|
CSS [PCC2|PcCiiPCCo
Ojojofojojoyoftrjojoflrjojofolr|vtolrfolofi]x|x]|x
fx/2fxr instructi
0 clo|o 16 instructions 16 instructions 16 instructions 16 instryctions /2hr instructions
(84 instructions)
o]0 1 8 instructions 8 instructions 8 instructions 8 instructions habar instructions
{32 instructions)
fu/8f
0 t 0 4 instructions 4 instructions 4 instructions 4 instructions /Bt instructions
{16 instructions)
. . . . . ) . ) f/16fx instructions
[ 1 2 instructions 2 instructions 2 instructions 2 instructions .
{8 instructions)
/326« instructions
1 0 [¢] 1 instruction 1 instruction 1 instruction 1 instruction . .
{4 instructions)
1 x I x | x 1 instruction 1 instruction 1 instruction 1 instruction 1 instruction-
Caution Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from the main

system clock to the subsystem clock {changing CSS from 0 to 1) should not be performed
simultaneously. Simultaneous setting is possible, however, for selection of the CPU clock cycle
scaling factor (PCCO to PCC2) and switchover from the subsystem clock to the main system clock
{changing CSS from 1 to 0).

Remarks 1. 1 instruction is the minimum instruction execution time with the pre-switchover CPU clock.
2. Figs. in parentheses apply to operation with fx =5.0 MMz and fxt = 32.768 MHz.
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5.6.2 System clock and CPU clock switching procedure
This section describes switching procedure between system clock and CPU clock.

Reguest Signal

@)

System Clock | L fx | fx | Fxr I fx

Fig. 5-10 System Clock and CPU Clock Switching

Voo _/
RESET U

Interrupt j}, 3

CPU Clock | | I Lowest l Highest | Subsystem clock High-Speed

-Speed -Speed Operation
Operation Operation

Wait (26.2 ms : Operating on 5.0 MHz)
Internal Reset Operation

The CPU is reset by setting the RESET pin to low after power-on. After that, when the RESET pin is set
to high, reset is released and the main system clock starts oscillating. Then, automatically the oscillation
stabilization time {217/ is secured.

After that, the CPU starts executing the instruction at the lowest speed of the main system clock (6.4 s
when operated at 5.0 MHz).

After the lapse of a sufficient time for the Voo voitage to increase to enable operation at highest speeds,
the PCC is rewritten and the highest-speed operation is carried out.

Upon detection of a decrease of the Vop voltage due to an interrupt, the main system clock is switched to
the subsystem clock {(which must be in an oscillation stabilization state).

Upon detection of Voo voltage reset due to an interrupt, Ois set to the MCC and oscillation of the main system
clock is started. After the lapse of time required for stabilization of oscillation, the PCC is rewritten and the
highest-speed operation is resumed.

* Caution After the system clock has been changed to the subsystem clock from the main system clock,
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before returning to the main system clock again be sure that the program ensures elapsing of
the oscillation stabilization time of the main system clock.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

The times incorporated into the uPD78024 subseries units arened below.

{1

(2)

(3)

(4)

(5)

{6

16-bit timer/event counter (TMO0)
The TMO can be used to serve as an interval timer and an external event counter, to output PWM and square
waves with any selected frequency and to measure pulse widths (infrared remote controlted receive function).

8-bit timer/event counters (TM1 and TM2)

TM1 and TM2 can be used to serve as an interval timer and an external event counter and to output square
waves with any selected frequency. Two 8-bit timer/even: counters can be used as one 16-bit timer/event
counter {see CHAPTER 7 8-BIT TIMER/EVENT COUNTER).

Watch timer (TM3)
This timer can set a flag every 0.5 sec and simultaneously generates interrupts at the preset time intervals
(see CHAPTER 8 WATCH TIMER).

Watchdog timer (WDTM)
WDTM can performs the watchdog timer function or generate non-maskable interrupts, maskable interrupts
and RESET at the preset time intervals (see CHAPTER 9 WATCHDOG TIMER).

Clock output control circuit
This circuit supplies other devices with the divided main system clock and the subsystem clock {see
CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT).

Buzzer output control circuit
This circuitoutputs the buzzer frequency obtained by dividingthe main system clock {see CHAPTER 11 BUZZER
OUTPUT CONTROL CIRCUIT).
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

Table 6-1 Timer/Event Counter Types and Functions

16-Bit Timer/Event | 8-Bit Timer/Event Watch Timer Watchdog
Counter Counter Timer

o | Interval timer 1 channel 2 channels 1 channe| Note 1 1 channel Note 2
S External event counter (o) o) - -
Timer output O @) - -
g PWM output e} - - -
S | Pulse width measurement o} - - -
&z Square wave output O O - -
Interrupt request O O ) o

Notes 1. TM3 can perform both watch timer and interval timer functions at the same time.

2. WDTM can perform either the watchdog timer function or the interval timer function.

6.1 16-Bit Timer/Event Counter Functions

The 16-bit timer/event counter {TMO) has the following functions.

96

Interval timer
PWM output

Puise width measurement
External event counter

Square-wave output
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

(1} Interval timer
TMO generates an interrupt at the preset time intervals.

Table 6-2 16-Bit Timer/Event Counter Interval Times

Minimum Interval Time | Maximum Interval Time Resolution
2 x TI0 input Cycle 216 x TI0 Input Cycle | TIO Input Edge Cycle
2 x 1/ix (400 ns} 216 1/fx (13.1 ms) 1/x {200 ns)
22 1/ix (800 ns} 217 x 1/fx  (26.2 ms) 2 x 1/fx_ (400 ns)
2%'% 1/ix (1.6 us) 2'8x 1/ix  (52.4 ms) 22x 1/fx (800 ns}
24 x 1/fx (3.2 us) 219% 1/ix (1049 ms)| 23x 1/fx (1.6 us)

Remarks 1. fx: Main system clock oscillation frequency

2. () :Values in parentheses when operating at fx = 5.0 MHz

{2} PWM output
TMO can g14 bits.

(3) Pulse width measurement
TMO can measure the pulse width of an externaily input signal.

{4) External event counter i
TMO can measure the number of pulses of an externally input signal.

{5} Square-wave output
TMO can output a square wave with any frequency.

Table 6-3 16-Bit Timer/Event Counter Square-Wave Output Range

Minimum Pulse Time | Maximum Pulse Time Resolution

2 x TI0 Input Cycle 216 x TI0 Input Cycle TI0 Input Edge Cycle
2 x 1/fx {400 ns) 216x 14x_ (13.1 ms) 1/ {200 ns)
22 x 1/fx_{800 ns) 27 x 1/fx  (26.2 ms) 2 x 1/ix_ (400 ns)
22 x 1/fx (1.6 ps) 2'8x 1/fx (52.4 ms) 22 x 1/fx (800 ns)
2%x 1ffx (3.2 ps) 29% 1ffx (1049 ms)| 29x Hfx (1.6 us)

Remarks 1. fx: Main system clock oscillation frequency

2. ():Values in parentheses when operated at fx = 5.0 MHz

B L427?525 0092215 509 M
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.2 16-Bit Timer/Event Counter Configuration
The 16-bit timer/event counter consists of the following hardware:

Table 6-4 16-Bit Timer/Event Counter Configuration

Item Configuration

Timer register 16 bits x 1 (TMQ)

Register 16-bit compare register : 1 {CR0Q}
16-bit capture register : 1 {CRO1)

Timer output 1 (TO0)

Contro! register Timer clock select register 0 {TCLO)

16-bit timer mode control register (TMCOQ)
16-bit timer output control register (TOCQ)
Port mode register 3 (PM3)

External interrupt mode register (INTMO)

Sampling clock select register {(SCS)

98
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

{n

(2)

(3)

102

16-bit compare register (CR00)

This is a 16-bit register which compares the values set to CR0O0 and the count value of the 16-bit timer register
{TMQ) and, when the two values match, it generates an interrupt request (INTTMO).

When TMO is set for interval timer operation, CROO can also be used to hold the interval times and to set
the pulse widths the PWM operation mode.

CROO is set with a 16-bit memory manipulate instruction. 0001H to FFFFH values can be set.

RESET input makes CROO undefined. '

Caution Set PWM data (14 bits) to the high-order 14 bits of CR00. Set 00 to the low-order 2 bits.

16-bit capture register (CR01)

This is a 16-bit register which captures the contents of 16-bit timers (TMO).

Capture trigger is an valid edge input of the INTPO/TIO pin. The INTPO valid edge is set with the external
interrupt mode register.

CRO1 is read with a 16-bit memory manipulate instruction.

RESET input makes CRO1 undefined.

16-bit timer register (TM0)
This is a 16-bit register which counts count pulses.
TMO is read with a 16-bit memory manipulate instruction.

RESET input sets TMO to 0000H.

Caution When the TMO value is read, the CR01 value is destroyed.

B Ly27?525 0092220 97



CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.3 16-Bit Timer/Event Counter Control Registers

The following six types of registers are used to control the 16-bit timer/event counter.

Timer clock select register 0 (TCLO)
16-bit timer mode control register (TMCO)
16-bit timer output control register {TOCO)
¢ Port mode register 3 (PM3)

¢ External interrupt mode register (INTMO)
Sampling clock select register (SCS)

(1) Timer clock select register 0 (TCLO)
This register is used to set the count clock of the 16-bit timer register.
TCLO is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets TCLO to 00H.

Remark TCLO has the function of setting the PCL output clock in addition to that of setting the count clock
of the 16-bit timer register.

103
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

Fig. 6-4 Timer Clock Select Register 0 Format

After
Symbol @ 6 5 4 3 2 1 0 Address Reset R/W

TeLo {cLoE | TcLos|TeLos | TcLo4| TcL3 | TcLo2 | TeLor |rcoo|  FRaoH  ooH A

PCL Output Clock
TCLO3|TCLOZ | TCLOT [ TCLOO Selection

0 0 0 0 ]fa (32.768kHz)

0 1 1 1 | f/23(625 kHaz)

0 | x/24(313 kHz}

=3 o)

1 /25156 kHz)

0
0

1 0 1 0 | f4/28(78.1 kHz)
0 1 1 fx/27 (39.1 kH2)

1 1 0 0 | f/28(19.5 kH2)

Other than the above Sefting prohibited

TCL06 | TCLO5 | TCLoa| 1Bt Timer Register Count

0 0 0 TIO ({valid edge specifiable}

0 1 fx (5.0 MH2)

0
0 1 0 /2 (2.5 MH2)
0 1 1 %/22(1.25 MHz)

1 o] 0 1x/23(6.25 kHz2)

Other than the above| Setting prohibited

CLOE | PCL Output Control

0 | Output disabled

1 Output enabled

Cautions 1. Set the effective edge of the TIO/INTPO pin with an external interrupt mode register. The

sampling clock frequency is selected with a sampling clock select register.

2. When enabling PCL output, first set TCLO0 to TCL03 and then set CLOE to 1 with a 1-bit

memory manipulate instruction.

3. When reading the count value with TMO count clock set ti TI0, do so from TMO instead of

CRO1 capture register.
4. To write different data to TCLO, stop the timer operation once.

Remarks 1. fx :Main system clock oscillation frequency
2. fixr : Subsystem clock oscillation frequency
TI0 : 16-bit timer/event counter input pin
TMO: 16-bit timer register
Values in parentheses when operated at fx = 5.0 MHz and fxr = 32.768 kHz.
Refer to CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT for details of PCL.

L
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

(2) 16-bit timer mode control register (TMCO0)
This register sets the 16-bit timer operating mode, the 16-bit timer register clear mode and output timing,
and detects an overflow.
TMCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO to 00H.

Caution The 16-bit timer register starts operating when a value other than 0, 0, 0 {operation stop
mode) is set to TMC01-TMC03. To stop the operation, set 0, 0, 0 to TMC01-TMCO03.

105
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

Fig. 6-5 16-Bit Timer Mode Control Register Format

Symbol 7 6 5 4 3 2 1 © Address  After Reset R/W
™co | 0 | o | o | o [vcoalrmcoz|rmeor| ovro|  FrasH O0H RIW
OVFo | 16-Bit Timer Register Overflow Detection
0 Overflow not detected
1 Overflow detected
Operation Mode Clear TOO0 Qutput Interrupt Occurrence

TMCO3{TMC02| TMCO1 )
Mode Selection

Timing Selection

Operation stop

No change

No interrupt

0 0 0
(TMO cleared to 0)
0 0 1 PWM mode PWM pulse output Interrupt generation upon
{free running) TMO and CROO match
0 1 0 Free running mode TMO and CRO0O match
0 1 1 TMO and CROO match or TIO
valid edge
1 0 0 | Clear and start at TIQ valid | TMO and CROO match
edge :
1 0 ] TMO and CROO match or TIO

valid edge
TMO and CROO match

0 Clear and start upon TMO
and CROO match

TMQ and CROO match or TI0
valid edge

Cautions 1. Switch the clear mode and the TOO output timing after stoppping the timer operation

(by setting TMC01 to TMCO03 to 0, 0, 0).

2. Setthe valid edge of the TIO/INTPO pin with an external interrupt mode register and select
the sampling clock frequency with a sampling clock select register.

3. When using the PWM mode, set the PWM and then set data to CR0O.

Remarks 1. TOO : 16-bit timer/event counter output pin
2. TI0O : 16-bit timer/event counter input pin
3. TMO : 16-bit timer register

4. CROO: Compare register 00

106
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

(3) 16-bit timer output control register (TOCO)
This register controls operations of the 16-bit timer/event counter output control circuit. It sets/resets the
R-S flip-flop (LVO), sets the active level in the PWM mode, enables/disables output inversion except in the
PWM mode and sets the data cutput mode.
TOCO is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets TOCO to OCH.

Fig. 6-6 16-Bit Timer Output Control Register Format

Symbol 7 6 5 4 @ @ i © Address RA;Z: AW
Toco[ 0 | o | o | o ]LvsolLvao [Tocm[ToEo] FFAEH  00H  RW

| I—

TOEQ | 16-Bit Timer/Event Counter Output Control

0 | Output disabled (Port mode}

1 Output enabled

PWM Mode Gther than PWM Mode
TOCO1 -
Active Level Sefection Elg;grro?utput F/F
0 |High sctive Inversion operation
. Inversion operation
1 Low active enabled

16-Bit Timer/Event Counter limer
LVSO | LVRO | Oyput F/F Status Set

0 0 | No change

0 1 Timer output F/F reset (0)
1 0 | Timer output F/F set (1)
1 1 Setting prohibited

Cautions 1. Be sure to set TOCO after stopping timer operation.
2. After data has been set, 0 can be read from LVSO0 and LVRO.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

(4) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P30/TOO0 pin for timer output, set PM30 and the P30 output latch to 0. PM3 is set with a
1-bit or 8-bit memory manipulate instruction.
RESET input sets PM3 to FFH.

Symbol

7 6 5 4

Fig. 6-7 Port Mode Register 3 Format

After

3 2 1 0 Address Reset RW

M3 | 1 |PM36[PM35|PM34[PM33|PM32|PM31|PM30| FF23H  FFH AW

108

Caution Set1inbit7.

PM3n

P3n Pin Input/Output Mode Selection (n=0 to 6}

Output mode (output buffer ON})

Input mode (output buffer OFF)
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

{5) External interrupt mode register (INTMO)
This register is used to set INTPO to INTP2 valid edges.
INTMO is set with an 8-bit memory manipulate instruction.
RESET input sets INTMO to 00H.

Remarks 1. INTPO pin and TI0/P00 serve dual functions.
2. INTP3 is fixed to the falling edge.

Fig. 6-8 External Interrupt Mode Register Format

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

INTMO |5331|Eszoissz1leszo|Esn|Es1o[ o | o| frecH  on AW
|

ES11 | ES10 | INTPO Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 [¢} Setting prohibited

1 1 Both rising and falling edges

ES21 | £S20 | INTP1 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

K 0 Setting prohibited

1 1 Both rising and falling edges

ES31 | ES30 | INTP2 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both rising and falling edges

B Luy27525 0092227 20 W
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{6) Sampling clock select register (SCS)

This register sets clocks which undergo clock sampling of valid edges to be input to INTPO. When remote
controiled reception is carried out using INTPO, digital noise is removed with sampling clock.

SCS is set with an 8-bit memory manipulate instruction.
RESET input sets SCS to 00H.

Fig. 6-9 Sampling Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address
scs{ o [ o] o o] o o|scsiscso] Frarm
|

After
Reset RW
00H RW

SCS1 | SCSO § INTPO Sampling Clock Selection
0 0 | fw/an+
0 1 Setting prohibited

x/29(78.1 kHz)

x/27 (39.1 kHz)

Caution fx/2MN*isa clock to besupplied to CPU. fx/25, fx/27 are clocks to be supplied to the peripheral
hardware. fx/2N*1 remains at reset in the HALT mode.

Remarks 1. N : Value set to bits 0 to 2 (PCCO to PCC2) of the processor lock control register (N = 0 to 4)

2. fx: Main system clock oscillation frequency

3. Values in parentheses when operated at fx = 5.0 MHz.

110

M Ly2?525 0092228 167 M
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‘ 6.4 16-Bit Timer/Event Counter Operation

6.4.1 Interval timer operations
When bits 2 and 3 (TMC02 and TMCO03) of the 16-bit timer mode control register {TMCQ) are set to 1 and 1,

respectively, the 16-bit timer/event counter operates as interval timer. Interrupts are repeatedly generated at
intervals of the count value preset to the 16-bit compare register (CR0O).
When the count value of the 16-bit timer register (TM0) matches the value set to CROQ, counting continues with

the TMO value cleared to 0 and the interrupt request signal (INTTMO) is generated.
Count clock of the 16-bit timer/event counter can be selected with bits 4 to 6 (TCLO4 to TCLOB) of the timer clock

select register (TCLO).

fx ——et

fxf2 ——t

322 —

fx/23 ——
TIO/PQO/INTPO O

Selector

Fig. 6-10 Interval Timer Configuration

16-Bit Compare Register
{CR0O)

NE
PN

16-Bit Timer Register

(TMO)

OVFO

B Luy27525 0092229 073 1N

Clear
Circuit

INTTMO
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

Count Clock

TMO Count Value

CROO

INTTMO

TOO

Fig. 6-11 Interval Timer Operation Timings
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1 Interrupt
| Acknowledge

J3

u

Interval Time Interval Time Interval Time
Remark Interval time = (N + 1) x t: N = 0001H to FFFFH
Table 6-5 16-Bit Timer/Event Counter Interval Times
TCLOE { TCLOS | TCLO4 | Minimum Interval Time | Maximum Interval Time Resolution
0 0 0 2 x TI0 input cycle 218 x TI0 input cycle TI0 input edge cycle
0 0 1 2 x 1/ix (400 ns) 28 x 1/fx (13.1 ms) 1/fx (200 ns)
0 1 0 22 x 1fix_(800 ns) 2V7 x 1fix_(26.2 ms) 2x 1/fx (400 ns)
0 1 1 23 % 1/ix (1.6 us) 218 x 1fix (52.4 ms) 22 x 1/fx (800 ns)
1 0 0 24 x 1/fx (3.2 us) 295 1fx (104.9ms) | 28 x 1/ix (1.6 us)
Other than the above Setting prohibited

Remarks

112

1.

fx: Main system clock oscillation frequency
2. Values in parentheses when operated at 5.0 MHz
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

6.4.2 PWM output operation

When bits 1 to 3 {TMCO1 10 03) of the 16-bit timer mode control register {TMCO) are setto 1, 0and 1. respectively,
the 16-bit timer/event counter operates as PWM output. Pulses with a duty ratio to be determined with the value
set to the 16-bit compare register {CRO0) are output from the TOO/P30 pin.

Set the active level width of the PWM pulse to the high-order 14 bits of CR00. Select the active leve! with bit
1 (TOCO1) of the 16-bit timer output control register (TOCO).

This PWM pulse has a 14-bit resolution. The pulse can be converted to an analog voltage by integrating it with
an external low pulse filter (LPF). The PWM pulse has a combination of the basic cycle determined by 28/® and the
sub cycle determined by 214/ so that the time constant of the external LPF can be shortened. Count clock can
be selected with bits 4 to 6 (TCLO4 to TCLOB) of the timer clock select register (TCLO).

PWM output enable/disable can be selected with bit 0 (TOEO) of TOCO.

Cautions 1. Setting to CROO should be performed after PWN operating mode selection.
2. Be sure to write 0 to bits 0 and 1 of CR00.
3. Do not select the PWM operation mode for external clock input form the TI0/P00 pin.

113
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By integrating 14-bit resolution PWM pulses with an external low-pass filter, they can be converted to an analog
voltage and used for electronic tuning and D/A converter applications, etc.
The analog output voltage (Van) used for D/A conversion with the configuration shown in Fig. 6-12 is as follows.

Compare register (CR0Q0) value
216

VaN = Vaer x

Vrer: External switching circuit reference voltage

Fig. 6-12 Example of D/A Converter Configuration Using PWM Output

1PD78024
Vrer
PWM
Signal itchi Analog Output
T00/P30 2 Switching Low-Pass Filter 2109 Output Merd

Fig. 6-13 shows an example in which PWM output is converted to an analog voltage and used in a voltage
synthesizer type TV tuner.

Fig. 6-13 Example of TV Tuner Application Circuit

+110V
uPD78024 T
22kQ
47KQ 47KQ  47kQ
100 pF
[_* o L~ 25C 1022 4F 022 yF |0.22 pF _
TOO/P30 ~ - - et Electronic
8.2kQ 2352\ uPC5749 | Tuner
8.2kQ
Vss ¢ GND
7
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6.4.3 Pulse width measurement operation

The width of an external pulse to be input to the TI0/PO0 pin is measured.

Two measurement methods are available. One is to measure the pulse width while free-running the 16-bit timer
register (TMO) and the other is to measure the pulse width after restarting the timer at the effective edge of a signal

to be input to the TI0/P00 pin.

(1) Puise width measurement by means of free-running

If the edge specified with the external interrupt mode register (INTMO) is input to the TI0/P00 pin while TMO
is in operation, the TMO value is fetched into the capture register (CRO1) and the external interrupt request

signal (INTPO) is set.

The rising edge, the falling edge or both edges can be selected with bits 2 and 3 (ES10 and ES11} of INTMO.
Because capture operation is carried out only after the valid edge is detected twice by sampling at the cycle
selected with the sampling clock select register {SCS), noise with short puise widths can be removed.

Fig. 6-14 Configuration of Pulse Width Measurement by Way of Free Running

OVFO

fx —
w2 — 3
2 16-Bit Timer Register (TMO0)
fxf2? —el &
fX/23 ]
TIO/POO/INTPO © 16-Bit Capture Register (CRO1)

N4

g internal Bus

B b4y27?525 0092233 524

INTPO
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

Fig. 6-15 Pulse Width Measurement Timings in Free Running {with Both Edges Specified)
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{2) Pulse width measurement by restart
Upon detection of a valid edge to the TIO/POO pin, the pulse width of a signal input to the TIO/PQD pin is
measured by first fetching the count value of the 16-bittimer register (TMO) into the capture register (CRO1),
then clearing TMO and restarting counting. .
The rising edge, the falling edge or both edges can be selected with bits 2 and 3 (ES10 and ES11) of INTMO.
Because capture operation is carried out only after the valid edge is detected twice by sampling at the cycle
selected with the sampling clock select register {(SCS}, noise with short pulse widths can be removed.

Fig. 6-16 Timings of Pulse Width Measurement by Restart (with Both Edges Specified)
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6.4.4 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TI0/P0O pin with the
16-bit timer register (TMO).

TMOis incremented each time the valid edge specified with the external interrupt mode register (INTMQ} is input.

When the TMO counted value matches the 16-bit compare register (CR0O0) value, TMO is cleared to 0 and the
interrupt request signal (INTTMO) is generated.

The rising edge, the falling edge or both edges can be selected with bits 2 and 3 (ES10 and ES11) of INTMO.

Because operation is carried out only after the valid edge is detected twice by sampling at the cycie selected with
the sampling clock select register {SCS), noise with short pulse widths can be removed.

Fig. 6-17 External Event Counter Configuration
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Fig. 6-18 External Event Counter Operation Timings (with Rising Edge Specified)
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6.4.5 Square wave output operation

A square wave with any selected frequency is output at intervals of the count value preset to the 16-bit compare
register (CROQ}.

The TO0/P0Q pin output status is reversed at intervals of the count value preset to CRO0 by setting bit 0 {TOEQ)
and bit 1 {TOCO01) of the 16-bit timer output control register to 1. This enables a square with any selected frequency
to be output.

Table 6-6 16-Bit Timer/Event Counter Square-Wave Qutput Ranges

TCLO6 | TCLO5S | TCLO4 | Minimum Puise Time | Maximum Pulse Time Resolution
0 0 0 2 x TI0 input cycle 218 x TI0 input cycle TIO input edge cycle
0 0 1 2 x Yix {400 ns) 218 x 1/ {13.1 ms) 1/fx {200 ns}
0 1 0 22 x 1/x {800 ns) 27 x 1/fx  (26.2 ms) 2x 1/fx (400 ns)
0 1 1 23 x 1/fx (1.6 ps) 28 x 1/ix (524 ms) | 22x 1/ (800 ns)
1 0 0 24 x 1fx__ (3.2 ps) 29 x 1/fx _{104.9ms)] 23 x 1/ (1.6 ps)

Remarks 1. fx Main system clock oscillation frequency
* 2. Values in parentheses when operated at fx = 5.0 MHz

Fig. 6-19 Timing of Square Wave Output Operation
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Note The initial value of TOO output can be set with LVSO and LVRO.
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6.5 16-Bit Timer/Event Counter Operating Precautions
(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for 3 match signal to be
generated after timer start. This is because the 16-bit timer register (TMO) is started asynchronously with

the count pulse.

Fig. 6-20 16-Bit Timer Register Start Timings

Count Pulse _/_\_/__\___/_\_/—\___/_\__

TMO Count Value 0000H X oooin X ooo2H X oo03H Iooom

Timer Start

{2) 16-bit compare register set
Set a value other than 0000H to the 16-bit compare register {CR00).
Thus, when using the 16-bit compare register as event counter, one-pulse count operation cannot be carried
out.

(3) Operation after compare register change during timer count operation
if the value after the 16-bit compare register (CR0Q) is changed is smaller than that of the 16-bit timer register
{TMO0), TMO continues counting, overflows and then restarts counting from 0. Thus, if the value (M) after
CROO change is smaller than that {N) before change, it is necessary to restart the timer after changing CROOQ.

Fig. 6-21 Timings after Compare Register Change during Timer Count Operation

CountPuse N\ L

a\

CROD Fetch Value N X 1/\/ M

T™OCountvae %1 X x X /D( FrrrH X ooood X 0oo1H X 0002H
A\

Remark N>X>M
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(4) Capture register data hold timings

If the valid edge of the TI0/P00 pin is input during 16-bit capture register (CR0O1) read, CRO1 holds data without

carrying out capture operation. However, the interrupt request fiag (PIFQ) is set upon detection of the valid
edge.

Fig. 6-22 Capture Register Data Hold Timings

i/ N/ N/ N\

TMO Count Value NoOX N X one2 X/ Mo X Ma X M2
\
Edge Input ———————\ /——
)L .

(s :
Interrupt l I 1 I I
Request Flag s
Capture Read 1 /_———\__.
Signal

11

—

CRO1 Fetch Value X X VYRS v

”»n

) |

Capture operation ignored

(5) Valid edge set .

Set the valid edge of the TIO/INTPO pin after setting bits 1 to 3 (TMC01 to TMCO03) of the 16-bit timer mode
control register to 0, 0 and 0, respectively, and then stopping timer operation. Valid edge setting is carried
out with bits 2 and 3 (ES10 and ES11) of the external interrupt mode register.
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7.1 8-Bit Timer/Event Counter Functions

The 8-bit timers/event counters provided in the uPD78024 subseries have the following two modes:

* 8-bit timer/event counter mode:

In this mode, the 8-bit timers/event counters for two channels are separately used.
* 16-bit timer/event counter mode:

The two channels of the B-bit timers/event counters are used in combination as a 16-bit timer/event counter.

7.1.1 8-bit timer/event counter mode
The 8-bit timer/event counters 1 and 2 {TM1 and TM2) have the following functions.

® |nterval timer
* External event counter
* Sguare-wave output
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{1) 8-bit interval timer
When TM1 or TM2 is used as an interval timer, it generates an interrupt at preset time intervals.

Table 7-1 Interval Time of the 8-Bit Timer/Event Counter

Minimum Interval Time | Maximum Interval Time Resolution

2 x 1/fx (400 ns) | 29x 1/fix (1024 us) | 2 x 1/fx {400 ns)
22x 1/ (800 ns) | 20x 1ffx (2048 ps) | 22 x 1/fx {800 ns)
B x1/fx (1.6 ps) 2" x 1/fx (4096 pus) | 23x 1fix (1.6 us)
22 x 1 (3.2 ps) 212x i (819.2ps) | 24 x V/fx (3.2 ps)
2% 1/ix (6.4 ps) 28 x i (1.64ms) | 25x 1fx (8.4 ps)
Bx1fx (128us) | 2 x1ix (3.28ms) | 25x 1/x  (12.8 us)
27 x1fix (256 ps) | 28 x1fx  (6.55ms) | 27 x 1/ix  (25.6 ps)
Bxifix  B12ps) | 28 x 1 (131 ms) | 28x 1/4x (51.2 ps)
29x 1/fx (1024 us) | 27 x 1fx (262ms) | 29x 14x  (102.4 ps)
210 x 1/fx  (204.8 ps) | 28 x 1fx (524 ms) | 2'9x 1/fx  (204.8 ps)
22x1/fx  (819.2 us) | 20 x 1fix  (209.7 ms)| 212 x 1/fix  (819.2 ps)

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz.
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(2) External event counter
The number of pulses of an externally input signal can be measured.

{3} Square-wave output
A square wave with any selected frequency can be output.

Table 7-2 8-Bit Timer/Event Counter Square-Wave Output Ranges

Minimum Interval Time | Maximum Interval Time Resolution

2 x 1/ {400 ns) | 29x 1/fix  (102.4 ps) | 2 x Vix {400 ns) *
22x 1fx __ (800ns) | 2¥0x1/x (2048 us) | 22x 1/fx {800 ns)
Px1x (1.6 us) 21 x 1/ 409.6 us) | 23x Uix (1.6 ps)
2% x s (3.2 ps) 22 x 1/x  (819.2 ) | 29x 1fx (3.2 us)
25x 1/ix (6.4 ps) 28 x 1 (1.64ms) | B5x1ix (6.4 ps)
Bx Uk (128Bps) | 2¥x1fx  (3.28ms) | 26x 1k (128 ps)
27x 1 (2568us) | 2 x1/ix  {6.55mst | 2Tx 1k (25.6 us)
Bxiix  (512ps) | 2'6x 1/ (131 ms) | 28x 1 (51.2 ps)
Vxix (1024 ps) | 27 x 1 (262ms) | 29x 1l (102.4 ps)
210 1/ix (2048 us) | 28x1/ix (524 ms) | 20x 1/x (2048 us)
2'2x 1ix_ 819.2 ps) | 220x 1ix  {209.7 ms) | 22 x 1/x  (819.2 ps)

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz. *
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7.1.2 16-bit timer/event counter mode

{1) 16-bit interval timer
Interrupts can be generated at the preset time intervals.

Table 7-3 Interval Times when 8-Bit Timer/Event Counter is Used as.a 16-Bit Timer/Event Counter

Minimum Interval Time | Maximum interval Time Resolution

* 2 x 1/fx (400 ns) 27 x 1/ix (262 ms) | 2 x 1/ix {400 ns)
22x 1/ix  (800ns) | 28 x1/fx  (52.4ms) | 22x 1/fx (800 ns)
2 x 1fx (1.6 us) 219 x1/ix {1049 ms)| 22 x 1fix (1.6 us)
2% 1x (3.2 ps) 20 x 1 (209.7 ms}| 24 x 1/ix (3.2 us)
25x 1/fx (6.4 us) 22V x 1/fx (4194 ms)| B x 1fx (6.4 us)
2%t (128us) | 222x1/ix (8389 ms)| 26x 1/fx (128 ps)

27x1fix (25.6 us) | 2B x1ix (1.7 s) 27x i« (256 ps)
28xiffx  (51.2us) | 22 x1/ix (34 s} 2B x 1/fx  (51.2 us)
29x1/ix (1024 ps) | 285 x1/ix (6.7 s) 29x1/ix  (102.4 ps)

20 x 14 (2048 us) | 288 x 1/fx  (13.45) 20 x 1/fx  (204.8 ps)
2'2x 1fx (8192 us) | 228 x 1/fx  (53.7 s) 212 1/ix  (819.2 ps)

Remarks 1. fx: Main system clock oscillation frequency
* 2. Values in parentheses when operated at fx = 5.0 MHz.
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{2) External event counter
The number of pulses of an externally input signal can be measured.

(3) Square-wave output
A square wave with any selected freguency can be output.

Table 7-4 Square-Wave Output Ranges When 8-Bit Timer/Event
Counter is Used as 16-Bit Timer/Event Counter

Minimum Interval Time | Maximum Interval Time Resolution

2 x 1fix {400 ns) | 27 x1fix (262 ms) | 2 x /i {400 ns)
2x1fx_ 1800ns) | 28 x 1t  (524ms) | 22x 1x (800 ns)
2 x1ix (1.6 us) 29 x 1 (1049 ms)| Bx 1/fx (1.6 ps)
24 x W (3.2 us) 20 x 1/ix (2097 ms)| 24x 1fx (3.2 us)
25x1/fix (6.4 ps) 22 x 1/fx 14194 ms)| 25x 1fx (6.4 ps)
x1ix  (12.8pus) | 22x1fx (8389 ms)| Bx 1/ix  (12.8 ps)

x1fix (256ps) | 2Bx 1k (1.7 9) 27 x 1/fx (256 ps)
Bx 1 (51.2ps) | 2% x1x  (3.49) 28x 1fx  (51.2 us)
29 1ffx  (102.4 ps) | 2B x 1/fix (6.7 s) 2% 1 (102.4 us)

29 x 1/fx (2048 us) | 2B x ix (1345 | 20x 1/fx  (204.8 ps)
22x 1/t (819.2ps) | 2B x 1ix  (63.78) | 22x fx (8192 us)

Remarks 1. fx. Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz.
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7.2 8-Bit Timer/Event Counter Configuration
The 8-bit timer/event counter consists of the following hardware.

Table 7-5 8-Bit Timer/Event Counter Configuration

Itern Configuration
Timer register 8 bits x 2 (TM1, TM2)
Register 8-bit compare register: 2 (CR10, CR20}
Timer output 2 (TO1, TO2)
Control registers Timer clock select register 1 (TCL1)

8-bit timer mode control register {TMC1)

8-bit timer output control register (TOC1)

Port mode register 3 (PM3)
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

Fig. 7-2 Block Diagram of 8-Bit Timer/Event Counter Output Control Circuit 1

E Level F/F |
: (A%)) )
' t

LVR1 — R !
; Q '

LVS1 — s 1 TO1/P31
¢

Toc1 — F—] v P31 PM31

) Output Latch
i
t
l

Remark The section in the broken line is an output contral circuit.

Fig. 7-3 Block Diagram of 8-Bit Timer/Event Counter Output Control Circuit 2

Output Latch

) 13
E Level FFF i
: Lv2) X
) ; fsex

LVR2 — R X
! Q :

Lvs2 — s TO02/P32
1
3

Toc1s — — v P32 PM32

1
[
1
1

Remarks 1. The section in the broken line is an output control circuit.
2. fscx: Serial clock frequency
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(1) 8-bit compare registers (CR10, CR20)

This is an B-bit register to compare the value set to CR10 to the 8-bit timer register 1 (TM1) count value, and
the value set to CR20 to the 8-bit timer register 2 {TM2) count value, and, if they match, generates aninterrupt
request (INTTM1 and INTTMZ, respectively).

CR10and CR20 are set with an 8-bit memory manipulate instruction. They cannot be setwith a 16-bit memory
manipulate instruction. When the compare register is used as 8-bittimer/event counter, the 00H to FFH values
can be set. When the compare register is used as 16-bit timer/event counter, the 0000H to FFFFH values
can be set.

RESET input makes CR10 and CR20 undefined.

Caution Whenusingthe compare registeras 1 6-bit timer/event counter, be sure toset data after stopping

timer operation.

(2) 8-bit timer registers 1 and 2 (TM1, TM2)

These are 8-bit registers to count count pulses.

When TM1 and TM2 are used in the 8-bit timer x 2-channel mode, they are read with an 8-bit memory
manipulate instruction. When TM1 and TM2 are used as 16-bit timer x 1-channel mode, they are read with
a 16-bit memory manipulate instruction.

RESET input sets TM1 and TM2 to 00H.

7.3 8-Bit Timer/Event Counter Control Registers

The following four types of registers are used to contral the 8-bit timer/event counter.

Timer clock select register 1 (TCL1)
8-bit timer mode control register (TMC1)
8-bit timer output control register (TOC1)
Port mode register 3 (PM3)

{1) Timer clock select register 1 (TCL1)

This register sets count clocks of 8-bit timer registers 1 and 2.
TCL1 is set with an 8-bit memory manipulate instruction.
RESET input sets TCL1 to O0OH.
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Fig. 7-4 Timer Clock Select Register 1 Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset W

TeLt {reuz|teus|teus|teua | teuis| ez e [euio] PR ooH aw
L ! | ]

TeL13 [ TCL12 | Teun | TeLao & BR Timer Register 1 Count

0 0 0 0 | T falling edge

0 0 0 1 | Tl rising edge
0 1 0 1 W2 (2.5 MH2)
0 1 1 0 | /22 {1.25 MHz2)
0 1 1 1 /2% {625 kHz}
1 0 0 0 | fv2* (313 kHz)
1 0 0 1 x/2% (156 kHz)
1 0 1 0 |28 (78.1 kH2)
1 0 1 1 |27 (39.1 kH2)
1 1 0 | w22 (19.5 kHa2)

o | o

1] /2% (9.8 kHz)

1 1 1 0 }fx2'9{4.9 kH2)

1 1 1 1 | #/2'2(1.2 kH2)

Other than the above Setting prohibited

8-Bit Timer Régister 2 Count
TCL17{TCL16 | TCL15 | TCL14 Clockiejemion

0 0 0 0 | TI2falling edge

0 0 1 Ti2 rising edge

1 0 1 /2 (25 MH2)

0

0

0 1 1 0 |22 (1.25 MH2)
0 /2% (625 kHz)

pury
-
p—y

0 |24 313 kH2)

1 | /2% {156 kHz}

1 0 | w28 (78.1 kHz}

1 1 | 427 {39.1 kHz)

Caution Before rewriting the data of TCL1, stop the 0 |28 (19.5 kH2)

¢}
timer once.
1 1 0 1 %29 (9.8 kHz)
Remarks1. fx : Main system clock oscillation frequency | ! 1 1 0 | t2'°4.9 kHz)
2. TI1 : 8-bit timer register 1 input pin 1 1 1 1 | f%2'2(1.2 kH2)
3. TI2 : 8-bit timer register 2 input pin Other than the above Setting prohibited

4. Valuesinparentheses operated at fx=5.0 MHz.
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{2) 8-bit timer mode control register (TMC1)
This register enables/halts operation of 8-bit timer registers 1 and 2 and sets the operating mode of 8-bit timer
register 2.
TMC1 is set with a 1-bit or B-bit memory manipulate instruction.
RESET input sets TMC1 to O0H.

Fig. 7-5 8-Bit Timer Mode Control Register Format

After
Symbol 7 6 5 4 3 2 ® © Address  Reset  RW

TMC1[ 0 [ o] oo | 0 [TMCIZ[TCEZ]TCE‘II FF49H 00H  RW

TCE1 | 8-Bit Timer Register 1 Operation Control

0 | Operation Stop (TM1 is cleared to 0)

1 Operation enabled

TCE2 | 8-Bit Timer Register 2 Operation Control

0 | Operation Stop {TM2 is cleared to 0)

1 Operation enabled

TMC12| Operating Mode Selection

0 | 8-bit timer register x 2-channel mode (TM1, TM2)

1 16-bit timer register x 1-channel mode (TMS)

Cautions 1. Switch the operation mode after stopping timer operation.
2. Operation enable/hailt should be performed by TCE1 when used as 16-bit timer register.
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(3) 8-bit timer output control register (TOC1)}
This register controls operation of 8-bit timer/event counter output control circuits 1 and 2.

lts sets/resets the R-S flip-flops (LV1 and LV2) and enables/disables inversion and 8-bit timer output of 8-bit

timer registers 1 and 2.
TOCH1 is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets TOC1 to 00H.

Fig. 7-6 8-Bit Timer Output Control Register Format

After
Symbd @ ® 5 @ @ @ 1 @  Address Reset RW

TOCH h.vsz]waz]mms]mez[LVS1[Lvm [rocu|Toe1| FRarH 00 RW
I

TOE1 } 8-Bit Timer/Event Counter 1 Qutput Control

0 § Output disabled {Port mode}

1 Output enabled

TOC11 8-Bit Timer/Event Counter 1 Timer Qutput
F/F Control

0 inversion operation disabled

1 Inversion operation enabled

8-Bit Timer/Event Counter 1 Timer
LVS? | LVRY 4 Qutput F/F Status Set

0 0 3Nochange

0 1 Timer output F/F reset (0}
1 0 | Timer output F/F set (1)
1 1 Setting prohibited

TOE2| 8-Bit 'i'imer/Event Counter 2 Output Control

0 | Output disabled (Port mode)

1 Output enabled

8-Bit Timer/Event Counter 2 Timer Output
T0C15 F/F Control

0 Inversion operation disabled

1 Inversion operation enabled

8-Bit Timer/kvent Counter 2 Timer
LvS2 | LVR2 Qutput F/F Status Set

0 0 1 Nochange

0 1 Timer output F/F reset (0}

1 0 | Timer output F/F set (1)

1 1 Setting prohibited

Cautions 1. Be sure to set TOC1 after stopping timer operation.
2. After data setting, 0 can be read fronvLVS1, LVS2, LVR1 and LVR2,
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(4) Port mode register 3 (PM3)
This register sets port 3 in the input or output mode in 1-bit units.

When using the P31/TO1 and P32/TO?2 pins for timer output, set PM31, PM32 output latches to 0.

PM3 is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets PM3 to FFH.

Fig. 7-7 Format of Port Mode Register 3

After
Symbol 7 6 5 4 3 2 1 0 Address Reset

PM3 | 1 ]PM36|PM35|PM34|PM33]PM32]PM31]PM30] FF23H FFH
| !

W
R/W

PM3n{ P3n Pin Input/Output Mode Selection in=0 to 6)

0 | Output mode {output buffer ON)

1 Input mode {output buffer OFF)

Caution Set 1 in bit 7.

M Lu2?525 0092253 312 IR
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7.4 8-Bit Timer/Event Counter Operations

7.4.1 8-bit timer/event counter mode

(1} Interval timer operations

ISR €3 A €3 €3 CF /8 £3 3 C3 A T8
A v A Y v

The 8-bit timer/event counter operates as interval timer which generates interrupts repeatedly at intervals
of the count value preset to 8-bit compare registers (CR10 and CR20). :
When the count values of the 8-bit timer registers 1 and 2 (TM1 and TM2) match the values set to CR10 and
CR20, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt requestsignals (INTTM1
and INTTM2) are generated.

Count clock of the 8-bit timer register 1 (TM1) can be selected with bits 0 to 3 (TCL10 to TCL13) of the timer
clock select register 1 (TCL1). Count clock of the 8-bit timer register 2 (TM2) can be selected with bits 4 to
7 (TCL14 to TCL17) of the 8-bit timer register 2 (TM2).

Fig. 7-8 Interval Timer Operation Timings
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Remark Interval time = (N + 1) x t: N = 00H to FFH
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

Table 7-6 8-Bit Timer/Event Counters 1 Interval Times

TCL13 | TCL12 | TCL11 | TCL10 | Minimum Interval Time | Maximum Interval Time Resolution
0 0 0 0 TI1 input cycle 28 x T input cycle TH input edge cycle
0 0 0 1 TH input cycle 28 x TI1 input cycle Ti1 input edge cycle
0 1 0 1 2 x 1/ix {400 ns) 29 x /i (102.4 gs) 2x 1/fix {400 ns)
0 1 1 0 22 x 1/ix (800 ns) 210 % 1/fx  (204.8 ps) 22x 1/fx (800 ns)
0 1 1 1 23 x 1ffx  {1.6 us) 2"V x 1/fx  {409.6 ps) % 1/fx (1.6 ps)
1 0 0 0 24 x 1ix (3.2 us) 212 1/ix {819.2 us) 24 x 1/fx (3.2 ps)
1 0 0 1 25x 1/ix (6.4 us) 213 x 1/x_(1.64 ms) 25x 1/fx (6.4 ps)
1 0 1 0 28 x 1/fx  (12.8 us) 2" x iffx (3.28 ms) 25 1/fx  (12.8 ps)
1 0 1 1 27 x 1ffx  {25.6 ps) 2'5x 1/fx {6.55 ms) 27 x 1/fix  (25.6 us)
1 1 0 0 28 x 1/fx  (51.2 ps) 216 x 1/fx {13.1 ms) 28 x 1/fx  (51.2 us)
1 1 0 1 2% 1/f (1024 ps) | 217 x 1/ix (26.2 ms) 29% 1/fx  (102.4 ps)
1 1 1 0 219 x 1/fx_(204.8 us) | 2'8x 1/ix (52.4 ms) 20 % 1/ix  {204.8 ps)
1 1 1 1 2'2x 1/x (819.2 ps) | 20 x 1/ix {2097 ms) | 2'2x /i (819.2 us)
Other than the above Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

Table 7-7 8-Bit Timer/Event Counters 2 Interval Times

TCL17 | TCL16 | TCL15 | TCL14 | Minimum Interval Time | Maximum Interval Time Resolution
0 0 0 0 T12 input cycle 28 x Ti2 input cycle TI2 input edge cycle
0 0 0 1 T12 input cycle 28 x TI2 input cycle Ti2 input edge cycle
* 0 1 0 1 2 x 1ffx {400 ns) 29 x 1/ix  (102.4 ps) 2x 1/fx {400 ns)
0 1 1 0 22x1/ix {800 ns) 210 1/fx  (204.8 ps) 22 x 1/ (800 ns)
0 1 1 1 23x 1fix  {1.6 us) 21" x 1/fx  {409.6 ps) B x 1/ (1.6 us)
1 0 0 0 2% x 1fix (3.2 ps) 2'2x 1/fx (819.2 ps) 24 x /& (3.2 ps)
1 0 0 1 25 x 1/fx (6.4 ps) 2'3x 1/fx (164 ms) B x 1/ (6.4 us)
1 0 1 0 28 x 1/ix  (12.8 ps) 2% x 1/fx {3.28 ms) 26 x 1/ix  (12.8 ps)
1 0 1 1 27 x /i {25.6 ps) 215 x 1/fx (.55 ms) 27 x 1/fx  {25.6 ps)
1 1 0 0 28 x 1/fx  {51.2 us) 218 x 1/fx {13.1 ms) Bx /i (51.2 ps)
1 1 0 1 29x 1ffix (1024 us) | 27 x 1/fx (26.2 ms) 29 x 1/fx {102.4 ps)
1 1 1 0 210 x 1/fx (2048 us) | 2'8x 1/fx (52.4 ms) 210 x 1/ix  (204.8 us)
1 1 1 1 22 x 1/fx (819.2 ps) | 220x 1/fx (209.7 ms) | 212 x Uix (819.2 us)
Other than the above Setting prohibited
Remarks 1. fx: Main system clock oscillation frequency
* 2. Values in parentheses when operated at fx = 5.0 MHz
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CHAPTER 7  8-BIT TIMER/EVENT COUNTER

{2) External event counter operation
The external event counter counts the number of external clock pulses to be input to the T11/P33 and T12/
P34 pins with 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 and TM2 are incremented each time the valid edge specified with the timer clock select register (TCL1)
is input. Either the rising or falling edge can be selected.
When the TM1 and TM2 counted values match the values of 8-bit compare registers (CR10 and CR20), TM1
and TM2 are cleared to 0 and the interrupt request signals (INTTM1 and INTTM2) are generated.

Fig. 7-9 External Event Counter Operation Timings (with Rising Edge Specified)
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

(3) Square-wave output
A square wave with any selected frequency is output at intervals of the value preset to 8-bit compare registers
(CR10 and CR20).
The TO1/P31 or TO2/P32 pin output status is reserved at intervals of the count value preset to CR10 or CR20
by setting bit 0 (TOE1) or bit 4 {TOE2) of the 8-bit timer output control register {TOC1) to 1. This enables
a square with any selected frequency to be output.

Table 7-8 8-Bit Timer/Event Counter Square-Wave Output Ranges

TCL13 | TCL1Z2 | TCL11 { TCL10 | Minimum Pulse Width | Maximum Pulse Width Resolution

0 1 0 1 2x 1/fix {400 ns) 29 x 1ffx  {102.4 ps) 2x 1fx (400 ns)
0 1 1 0 22 x 1/ix (800 ns) 210 x 1/fx (204.8 ps) 22 x 1ffx (800 ns)
0 1 1 1 23 x 1/fx (1.6 ps) 21 x 1/fx  (409.6 us) 22 x 1ix (1.6 us)

1 0 0 0 24 x 1/fx (3.2 us) 212 x 1/ix (819.2 us) 24 x 1/ix (3.2 us)

1 0 0 1 25x 1/ix (6.4 ps) 213 x 1/fx  (1.64 ms) 25x 1/ix (6.4 ps)

1 0 1 0 26x 1/x  (12.8 us) 214 x 1/fx  {3.28 ms) 26 x 1/fx  (12.8 us)
1 0 1 1 27 x 1/ix  (25.6 ps) 25 x 1/x_{6.55 ms) 27 x 1/fx  {25.6 ps)
1 ] 0 0 28x 1/fx  (51.2 ps) 216 % 1/fx  (13.1 ms) 28 % 1/fx  (51.2 us)
1 1 0 1 29 % 1/ (102.4 us) 217 x 1/x  (26.2 ms) 29 % 1/fx  {102.4 ps)
1 1 1 0 210 x 1/fx _(204.8 ps) | 2'8 x 1/fx_(52.4 ms) 210 x 1/fx  {204.8 ps)
1 1 1 1 22x 1ffix (819.2 us) | 220 x 1fix (2097 ms) | 2'2x 1/ix (819.2 ps)

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

7.4.2 16-bit timer/event counter mode

When bit 2 (TMC12) of 8-bit timer mode control register (TMC1) is set to 1 and the 16-bit timer/counter mode
is selected, the overflow signal of 8-bit timer/event counter 1 (TM1) becomes a count clock of 8-bit timer/event

counter 2 (TM2).

When a 2-channel 8-bit timer/event counter is used in the 16-bit timer/event counter mode, the count clock is
selected with bits 0 to 3 (TCL10 to TCL13) of TCL1. Count operation enable/disable is selected with bits 1 and 2

{TCE1 and TCE2) of TMC1.

(1) Interval timer

The 8-bit timer/event counter operates as interval timer which generates interrupts repeatedly at intervals

of the count value preset to 2-channel 8-bit compare registers (CR10 and CR20).

When the 8-bit timer register (TM1) and CR10 values match and the 8-bit timer register 2 (TM2) and CR20
values match, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt request signal

(INTTMZ2} is generated.

Count clock can be selected with bits 0 to 3 (TCL10 to TCL13) of the timer clock select register 1 (TCL1).
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Fig. 7-10 Interval Timer Operation Timings
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

Caution

Even if the 16-bit timer/event counter mode is used, when the TM1 count value matches the CR10
value, interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event counter output
control circuit 1is reversed. Thus, when using 8-bit timer/event counter as 16-bit internal timer,
set the INTTM1 acknowledge inhibit mask flag TMMK1 to 1 to disable INTTM1 acknowledgment.
In the case of reading the timer count value, the 16-bit timer (TMS) should be read by the 16-
bit memory manipulation instruction.

Table 7-9 Interval Times when 2-Channel 8-Bit Timer/Event Counters
{TM1 and TM2) are Used as 16-Bit Timer/Event Counter

TCL13 | TCL12 | TCL11 | TCL10 | Minimum Interval Time | Maximum interval Time Resolution
0 0 0 0 TH input cycle 28 x TH input cycle T input edge cycle
0 0 0 i Ti1 input cycle 28 % Ti1 input cycle T11 input edge cycle
0 1 0 i 2x 1/fx (400 ns) 217 x 1/fx_(26.2 ms) 2x 1/fx (400 ns)
0 1 1 0 22 x 1/f (800 ns) 218 x 1/fx (52.4 ms) 22 x 1//x {800 ns)
0 1 1 1 23x 1/ (1.6 ps) 2% 1fix_(104.9ms) | 28x 1/x (1.6 ps)
1 0 0 0 24 x 1/ix (3.2 ps) 220 x 1/fx  (209.7 ms) 22 x 1/fx (3.2 us)
1 0 0 1 25 x 1/fx (6.4 us) 22 x 1ffx (4194 ms) | Bx 1/ (6.4 ps)
1 0 1 0 26 x 1/ix  (12.8 ps) 222 x 1/ix_(838.9ms) | 26x 1/fx  (12.8 ps)
1 0 1 1 27 x 1/fix  {25.6 us) 2B x 1/fx (1.7 s) 27 x 1k (25.6 ps)
1 1 0 0 28 x 1/fx- (51.2 us) 22 x 1/fx (3.4 s) 1 28x 1/ (51.2 us)
1 1 0 1 29% 1/ (1024 us) | 25 x 1/ix (6.7 5) 29x 1/fix (1024 ps)
1 1 1 0 20 x 1/fx (2048 us) | 2% x 1/fx (134 9) 2'0 % 1/fx  {204.8 ps)
1 1 1 1 212 x 1/tx (819.2 us) | 28 x 1/ix (53.7 s) 22 x 1/fx {819.2 ps)
Other than the above Setting prohibited

Remarks 1. fx: Main system clock oscillation frequency
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

{2} External event counter operation
The external event counter counts the number of external clock pulses to be input to the TI1/P33 pin with
2-channel 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 and TM2 are incremented each time the valid edge specified with the timer ciock select register (TCL1).
Either the rising or falling edge can be selected. When the TM1 and TM2 counted values match the values
of 8-bit compare registers (CR10 and CR20), TM1 and TM2 are cleared to 0 and the interrupt request signal
{(INTTM2) is generated.

Fig. 7-11 External Event Counter Operation Timings (with Rising Edge Specified)
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Caution Evenifthe 16-bittimer/event counter mode is used, when the TM1 count value matches the CR10
value, interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event counter output
control circuit 1is reversed. Thus, when using 8-bit timer/event counter as 16-bit interval timer,
setthe INTTM1 acknowledge inhibit mask flag TMMK1 to 1to disable INTTM1 acknowledgment.
When the timer count value is read, the 16-bit timer (TMS) should be read by the 16-bit memory
manipulation instruction.
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

{3) Square-wave output operation
A square wave with any selected frequency is output at intervals of the count value preset to 8-bit compare

registers (CR10 and CR20).

The TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 and CR20 by setting
bit4 (TOE2) of the 8-bit timer output control register (TOC1) to 1. This enables a square with any selected
frequency to be output.

Timer/Event Counter

Table 7-10 Square Wave Output Range When 2 Channels of 8-Bit
Timers/Event Counters (TM1 and TM2) are Used as a 16-Bit

TCL13 | TCL12 | TCL11 | TCL10 | Minimum Pulse Width | Maximum Puise Width Resoiution

0 1 0 1 2 x 1/fix (400 ns) 2V7 x 1/tx_{26.2 ms) 2 x 1/fx (400 ns)
0 1 1 0 22x 1/ix (800 ns) 2'8 x 1/fx  (52.4 ms) 22x 1/fix (800 ns)
0 1 1 1 23 x 1/ (1.6 us) 29 x 1/fx_(104.9ms) | 23 x 1/x (1.6 ps)

1 0 0 0 2% 1ix (3.2 ps) 220 x 1/fx (209.7 ms) | 24 x 1 (3.2 ps)

1 0 0 1 25x 1/fx (6.4 ps) 221 x 1fx_(419.4ms) | 25x 1/fx (6.4 ps)

1 0 1 0 25 x 1/fx  (12.8 us) 22 x 1/fix_(838.9 ms) | 26x 1/fix  (12.8 ps)
1 0 1 1 27 x 1/fx  (25.6 ps) 2B x 1x (1.7s) 27 x 1fix  {25.6 ps)
1 1 0 0 28 x 1/fx  (51.2 ps) 224 % 1ffx_ (3.4 s) 286x 1/x  (51.2 us)
1. 1 0 1 29x 1/fix (1024 ps) | 225 x 1ffx (6.7 s) 29x 1/ix  {102.4 ps)
1 1 1 0 210 x 1/fx (2048 us) | 2% x 1/fx (134 9) 210 x 1/fx  (204.8 ps)
1 1 1 1 212 1/fx (819.2 us) | 228 x 1/ix (53.7 s) 22 1/fx  (819.2 ps)

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

7.5 8-Bit Timer/Event Counter Operating Precautions
(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be generated
after timer start. This is because 8-bit timer registers 1 and 2 (TM1 and TM2) are started asynchronously with

the count pulse.

Fig. 7-12 8-Bit Timer Register Start Timing
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(2) 8-bit compare registers 1 and 2 setting
The 8-bit compare registers (CR10 and CR20) can be set to 00H.
Thus, when the 8-bit compare register is used as event counter, one-pulse count operation can be carried
out.
When the 8-bit compare register is used as 16-bit timer/event counter, write data to CR10 and CR20 should
be performed after first setting bits 0 (TCE1) of 8-bit timer mode control register to 0, and stopping timer
operation.

Fig. 7-13 External Event Counter Operation Timings
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CHAPTER 7 8-BIT TIMER/EVENT COUNTER

{3) Operation after compare register change during timer count operation
If the values after the 8-bit compare registers (CR10 and CR20) are changed are smaller than those of 8-bit
timer registers (TM1 and TM2), TM1 and TM2 continue counting, overflow and then restarts counting from
0. Thus, if the value (M) after CR10 and CR20 change is smaller than that {N) before change, it is necessary
to restart the timer after changing CR10 and CR20.

Fig. 7-14 Timing after Compare Register Change during Timer Count Operation
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CHAPTER 8 WATCH TIMER

8.1 Watch Timer Functions

The watch timer has the following functions.

* Watch timer
* Interval timer

The watch timer and interval timer can be used simultaneously.

(1) Watch timer
Flags (WTIF) are set at a timer interval of 0.5 or 0.25 sec by using a 32.768 kHz subsystem clock.
Flags (WTIF) are also at a time interval of 0.5 or 1 sec by using 2 4.19 MHz (4.194304 MHz typ.) main system

clock.

Caution The time interval of 0.5 second cannot be created with a main system clock of 5.0 MHz.

Change the system clock to a subsystem clock of 32.768 kHz to create the time interval of
0.5 second.

(2) interval timer -
Interrupt requests (INTTM3) are generated at the preset time interval.

Table 8-1 Interval Timer Interval Time

Interval Time When Operated at fx = 5,0 MHz | When Operated at fx = 4.19 MHz | When Operated at fxr = 32.768 kHz
272 x 1/ 819 us 978 us 488 us
2'3 x 1/fx 1.64 ms 1.96 ms 978 us
214 x 1/ix 3.28 ms 391 ms 1.96 ms
218 % 1/ix 6.55 ms 7.82 ms 391 ms
218 x 1/fx 13.1 ms 15.6 ms 7.82 ms
27 x 1/fx 26.2ms 31.3ms 15.6 ms

Remarks 1. fx

: Main system clock oscillation frequency
2. fxr : Subsystem clock oscillation frequency

B Lu27525 0092265 034
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CHAPTER 8 WATCH TIMER

8.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 8-2 Watch Timer Configuration

Item Configuration
Counter 5 bits x 1

Control register | Timer clock select register 2 (TCL2)

Watch timer mode control register (TMC2)

8.3 Watch Timer Control Registers

The following two types of registers are used to control the watch timer.

* Timer clock select register 2 (TCL2)
* Watch timer mode control register (TMC2)

{1) Timer clock select register 2 (TCL2)
This register sets the watch timer count clock.
TCL2 is set with an 8-bit memory manipulate instruction.
RESET inputs sets TCL2 to 00H.

Remark Besides setting the watch timer countclock, TCL2 sets the watchdog timer count clock and buzzer
output frequency.
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CHAPTER 8 WATCH TIMER
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CHAPTER 8 WATCH TIMER

Fig. 8-2 Timer Clock Select Register 2 Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RW

TCL2 [rowzr|Teus|Tols|tcee] o [teizeftear|ToLao| FRa2H ooH AW

Count Ciock Selection

TCL22 | TCL21|TCL20

XAVgé?dog Timer mtoeé\e/al Timer
0 0 0 | /23625 kHz) | fx/2¢(313 kHz)
0 0 T |24 {313 kHz}) | fx/25({156 kHz2)
0 1 0 jf/25(156 kMH2) [ fx/28(78.1 kH2)
0 1 1 | f/25(78.1 kH2) |fx/27(39.1 kH2)
1 0 0 | #/27(39.1 kHz) |1x/29(19.5 kHz)
1 0 1 28 (19.5 kHz) | f/29(9.8 kH2)
1 1 0 [fw2°(9.8kHz) |fx/2'°(4.9 kH2)

1 1 1 | 1/2V1(2.4 kH2)

14/2'2(1.2 kHz}

TCL24 | Watch Timer Count Clock Selection

0 [1x/28(19.5 kH2)

1 & (32.768 kH2)

TCL27 [TCL26 | TCL25| Buzzer Qutput Frequency Selection

0 x x | Buzzer output disabled
1 0 0 }2'0(4.9 kHz)
1 0 1 | /2" (2.4 kH2)

1 1 0 [f/22(1.2 kH2)

1 1 1 Setting prohibited

Caution Before rewriting the data of TCL1, stop the timer once.

Remarks 1. fx : Main system clock oscillation frequency
2. fxr : Subsystem clock osciflation frequency
3. x : Don'tcare
4. Values in parentheses when operated at fx = 5.0 MHz and fxr = 32.768 kHz.
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CHAPTER 8 WATCH TIMER

{2) Watch timer mode control register (TMC2)
This register sets the watch timer operation mode, clock flag set time and prescaler interval time and
enables/disables prescaler and 5-bit counter operations.
TMC2 is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets TMC2 to O0H.

Fig. 8-3 Watch Timer Mode Control Register Format

After
Symbol 7 6 5 4 3 2 1 0  Address  Reset RW

™cz | o ]TMczslTMczs|TMc24|TMc23[TMczz[rMcz1lrmczo] FFAAH  00H AW

L1 7
TMC23(TMC20] Watch Flag Set Time Selection
0 24w {0.5 s}
1 o 2'3/fw (0.25 s)
0 25/w {977 ps)
1 ! 24/fw (488 us)

TMC21| Prescaler Operation Controi™*

0 | Clear after Operation stop

1 Operation enabled

TMC22] 5-Bit Counter Operation Control

0 | Clear after Operation stop

1 Operation enabled

TMC26|TMC25]TMC24| Prescaler interval Time Selection
0 0 0 | 24/fw(489 us)

0 1 | 25/wi978 us)

1 0 | 2%/w(1.96 ms)

1 1 12/w(3.91 ms)

1 0 0 | 28/w(7.82 ms)

1 0 1 2%fw (15.6 ms)

Other than
the above

(=1 =1 o)

Setting prohibited

Note When using a watch timer, do not clear the prescaler frequently.

Remarks 1. fw: Watch timer clock frequéncy (fx/28 or fx1)
2. Values in parentheses when operated at fw = 32.768 kHz
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CHAPTER 8 WATCH TIMER

8.4 Watch Timer Operations

8.4.1 Watch timer operation

The watch timer operates at a time interval of 0.5 or 0.25 sec with a 32.768 kHz subsystem clock. It can also
operate at a time interval of 0.5 or 1 sec with a 4.19 MHz main system clock.

The watch timer sets the test input flag (WTIF} to 1 at the constant time interval. The standby state (STOP mode/
HALT mode} can be cleared by setting WTIF to 1.

When bit 2 (TMC22) of the watch timer mode control register is set to 0, the 5-bit counter is cleared and the count
operation stops.

For simultaneous operation of the interval timer, zero-second start can be achieved by setting TMC22 to 0
(maximum error: 31.3 ms when operated at fx = 4.19 MHz).

8.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupts repeatedly at an interval of the preset count
value.

The interval time can be selected with bits 4 to 6 (TMC24 to TMC26) of the watch timer made control register.

Table 8-3 Interval Timer Interval Time

T™C26 TMC25 T™MC24 Interval Time When QOperated at When Operated at When Operated at
fx = 5.0 MHz fx = 419 MHz fxr = 32.768 kHz
0 0 24 % 1fiw 819 us 978 ps 489 us
0 0 1 25 x 14w 1.64 ms 1.96 ms 978 us
0 1 0 28 x 1fiw 3.28 ms 391 ms 1.96 ms
0 1 1 27 x 1w 6.55 ms 7.82 ms 3.91 ms
1 0 0 28 x 1/fw 13.1 ms 15.6 ms 7.82 ms
1 0 1 29 x 1w 26.2 ms 313 ms 15.6 ms
Othrer than the above Setting prohibited

Remarks 1. fx : Main system clock oscillation frequency
2. fxr : Subsystem clock oscillation frequency
3 fw : Watch timer clock frequency
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CHAPTER 9 WATCHDOG TIMER

9.1 Watchdog Timer Functions

The watchdog timer has the following functions.

* Watchdog timer
* Interval timer

Caution Select the watchdog timer mode or the interval timer mode with the watchdog timer mode
register (WDTM).

(1) Watchdog timer mode

An inadvertent program loop is detected. Upon detection of the inadvertent program loop, a non-maskable
interrupt or RESET can be generated.

Table 9-1 Watchdog Timer Inadvertent Program Overrun Detection Times

. When Operated at Inadvertent Program Overrun When Operated at
Inadvertent Detected Time
fx = 5.0 MHz Detected Time fx = 5.0 MHz
21 x 1fix 410 ps 215 % 1/ 6.55 ms
212 x 1/4x 819 us 218 % 176x 13.1 ms
2'3 x 1fix 1.64 ms 2%7 x 1/fx 26.2 ms
214 x 1ffx 3.28 ms 219 x 1/fx 104.9 ms

Remark fx Main system clock oscillation frequency

(2) Interval timer mode

Interrupts are generated at the preset time intervals.

Table 9-2 Interval Time

Anterval Time When Operated at fx = 5.0 MHz Interval Time When Operated at fx = §.0 MHz
21 x 1/x 410 ps 215 % 1/fx 6.55 ms
212 x 1/t 819 us 216 x 1/ 13.1 ms
213 x 1/fx 1.64 ms 2'7 x 1/fx 26.2 ms
214 % 1/x 3.28 ms 219 x 14fx 104.9 ms
Remark fx: Main system clock oscillation frequency

B Lu27525 0092271 335 1N
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CHAPTER 9 WATCHDOG TIMER

8.2 Watchdog Timer Configuration

The watchdog timer consists of the following hardware.

Table 9-3 Watchdog Timer Configuration

Item

Configuration

Control register | Timer clock select register 2 (TCL2)

Watchdog timer mode register (WDTM)
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CHAPTER 9 WATCHDOG TIMER

9.3 Watchdog Timer Contro! Registers

The following two types of registers are used to control the watchdog timer.

» Timer clock select register 2 (TCL2)
* Watchdog timer mode register {(WDTM)

(1) Timer clock select register 2 (TCL2)
This register sets the watchdog timer count clock.
TCL2 is set with a 1-bit or 8-bit memory manipulate instruction.
RESET inputs sets TCL2 to O0H.

Remark Besides setting the watchdog timer count clock, TCL2 sets the watch timer count clock and buzzer
output frequency.
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CHAPTER 9 WATCHDOG TIMER

Symbal 7

Fig. 9-2 Timer Clock Select Register 2 Format

After
6 5 4 3 2 1 0 Address Reset R/W
ToL2 [ToLzr|ewas|teias|Toas] 0 [recze It tcuo] Fraze oon AW
Count Clock Sefection
TCL22| TCL21 | TCL20 Watchdog Timer Interval Timer
Mode Mode

0 0 0 122 (625 kHz) | fx/24 {313 kHz)
0 0 1 /24 (313 kHz) | fx/25 (156 kHz)
0 1 0 |25 (186 kHz) |fx/26 (78.1 kHz)
o 1 1 |28 (78.1 kHz} | fw27 (39.1 kHz)
1 0 0 |fx/27 (39.1 kHz) | fy28 (19.5 kH2)
1 0 1 /28 (19.5 kHz) |{x/2% (9.8 kHz)
1 1 0 |fv2° {9.8kHz) |fx/2'0(4.9 kHz)
1 1 1 [f2"(2.4kHz) | f42'2{1.2 kHz)

TCL24| Watch Timer Count Clock Selection
0 | fx/28(19.5 kHz2)
1 fr (32.768 kH2)

TCL27 { TCL26 | TCL25 | Buzzer Output Frequency Selection
0 x x| Buzzer output disabled
1 0 0 /2 (4.9 kHz)
1 0 1 x/271 (2.4 kH2)
1 1 0 | $/2'2(1.2 kHz)
1 1 1 Setting prohibited

Caution Before rewriting the data of TCL1, stop the timer once.

Remarks 1.
T2

3.

4.

fx : Main system clock oscillation frequency

fxr : Subsystem clock oscillation frequency

x : Don’t care

Values in parentheses when operated at fx = 5.0 MHz and fxt = 32.768 kHz

B buy27525 0092275 T4l MM
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CHAPTER 9 WATCHDOG TIMER

(2) Watchdog timer mode register (WDTM)
This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets WDTM to O0H.

Fig. 9-3 Watchdog Timer Mode Register Format

After
Symbod @ 6 5 4 3 2 1 Address  Reset RW

0
worM | RUN | O | o [wmw[wuma] o] o o R o AW

Watchdog Timer Operating Mode
WDTM4 | WDTM3 Selectionfote1

0 0 | Operation stop

Interval timer mode
0 1 {When overfiow occurs, maskable
interrupt is generated)

Watchdog timer mode 1
1 0 | (When overflow occurs, non-maskable
interrupt is generated)

Watchdog timer mode 2
1 1 {When overflow occurs, reset operation is
activated)

RUN Watchdog Timer Operation Mode
SelectionNota2

0 | Count stop

1 | Counter cleared, and counting starts

Notes 1. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.
2. Once set to 1, RUN cannot be cleared to 0 by software. Thus, once counting starts, it can only be
stopped by RESET input.

Caution When RUN is set to 1 and the watchdog timer is cleared, the actual overflow time is shorter a
maximum of 0.5% than the time set by timer clock selection register 2.
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CHAPTER 9 WATCHDOG TIMER

9.4 Watchdog Timer Operations

9.4.1 Watchdog timer operation
When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is setto 1, the watchdog timeris operated
to detect any inadvertent program loop.
The watchdog timer count clock (inadvertent program loop detection time interval) can be selected with bits
0 to 2 (TCL20 to TCL22) of the timer clock select register 2 (TCL2). Setting 1 in bit 7 (RUN) of WDTM starts
the watchdog timer. After the watchdog timer starts, 1 should be set in RUN within the set runaway time
interval. Setting 1 in RUN clears the watchdog timer and enables the count to be started. If bit 7 (RUN) is
not set to 1 and the inadvertent program loop detection time is past, system reset or a non-maskable interrupt
is generated according to the WDTM bit 3 (WDTM3) value.
The watchdog timer continues operating in the HALT mode bus 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 overrun detection time may be shorter than the set time by a maximum of 0.5%.
2. When the subsystem clock is selected for CPU clock, watchdog timer count operation is

stopped.

Table 9-4 Watchdog Timer Overrun Detection Time

TCL22 | TCL21 TCL20 Overrun Detection Time When Operated at fx = 5.0 MHz

0 0 0 21 x 1/ix 410 ps

0 0 1 212 % 18 819 us

0 i 0 213 x 1fix 1.64 ms

0 1 1 2 % 1fix 3.28 ms

1 0 0 215 x 1/ix 6.35 ms

1 0 1 218 x 1/fx 13.1 ms

1 1 0 27 x 1/« 26.2 ms

1 1 1 219 5 1/x 104.9 ms

Remark fx: Main system clock oscillation frequency
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CHAPTER9 WATCHDOG TIMER

9.4.2 Interval timer operation

The watchdog timer 6perates as interval timer which generates interrupts repeatedly at an interval of the preset
count value when bit 3 (WDTM3} of the watchdog timer mode register (WDTM) is set to 1.

When the watchdog timer operated as interval timer, the interrupt mask flag {TMMK4) and priority specify flag
{TMPR4) are valided and the maskable interrupt (INTWDT) can be generated. Among maskable interrupts, the
INTWDT default has the highest priority.

The interval 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 interval timer and then execute the STOP instruction.

Cautions 1. Once bit 4 (WDTM4) of WDTM is set to 1 (with the watchdog timer mode selected), the
interval timer mode is not set unless RESET input is applied.
2. The interval time just after setting with WDTM may be shorter than the set time by a
maximum of 0.5%. »
3. When the subsystem clock is selected for CPU clock, watchdog timer count operation is

stopped.
Table 9-5 Interval Timer Interval Time
TCL22 | TCL21 | TCL20 Interval Time fx = 5.0 MHz

0 0 0 212 x 1/fx 819 ps

0 0 1 213 x 1/ix 1.64 ms
0 1 0 24 x 1/fx 3.28 ms
0 1 1 215 x 1/fx 6.55 ms
1 0 0 218 x 1/fx 13.1 ms
1 0 1 2'7 x 1ffx 26.2 ms
1 1 0 218 x 1/fx 52.4 ms
1 1 1 220 x 1/fx 208.7 ms

Remark fx: Main system clock oscillation frequency
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CHAPTER 10 CLOCK OUTPUT CONTROL CIRCIT

10.1 Clock Output Control Circuit Functions

The clock output control circuit is intended for carrier output during remote controlled transmission and clock
output for supply to peripheral LSI. Clocks selected with the timer clock select register 0 (TCLO) are output from
the PCL/P35 pin.

Follow the procedure below to output clock pulses.

@

@
©)
&)

Select the clock pulse output frequency (with clock pulse output disabled) with bits 0 to 3 of TCLO
(TCLOO to TCLO3).

Set the P35 output latch to 0.

Set bit 5 (PM35) of port mode register 3 to 0 (Set in output mode).

Set bit 7 (CLOE) of timer clock select register 0 to 1.

Caution When setting the P35 output latch to 1, the clock output cannot be used.

Remark

CLOE

PCL/P35
Pin Qutput

When clock output enable/disable is switched, the clock output control circuit does not output pulses
with small widths {Refer to * in Fig. 10-1).

Fig. 10-1 Remote Controlled Output Application Example
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CHAPTER 10 CLOCK QUTPUT CONTROL CIRCUIT

10.2 Clock Output Control Circuit Configuration

The clock output control circuit consists of the following hardware.

Table 10-1 Ciock Qutput Control Circuit Configuration

Item

Configuration

Control register

Timer clock select register 0 (TCLO)

Port mode register 3 (PM3)

Fig. 10-2 Clock Output Control Circuit Block Diagram

W p—
1, JEE .
2> ————
= Synchro-
28— § nization ——_—D [\ © PCLP35
W ——] & Circuit l/<
fx/28 —
B ——— o
44
I e
o]
CLOE | TCL03 | TeLo2 | TeLor | ToLoo Pas Ut PM35
Timer Clock Selection Port Mode
Register 0 Register 3
i Internal Bus S

10.3 Clock Output Function Control Registers

The following two types of registers are used to control the clock output function.

¢ Timer clock select register 0 (TCLO)
¢ Port mode register 3 (PM3)

(1) Timer clock select register 0 (TCLO)
This register sets PCL output clock.
TCLO is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets TCLO to O0H.

Remark Besides setting PCL output clock, TCLO sets the 16-bit timer register count clock.
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CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT

Symbol @

Fig. 10-3 Timer Clock Select Register 0 Format

After
6 5 4 3 2 1 0 Address Reset RW

TCLO |CLOE|TCL06]TCL05]TCL04[TCL03]TCL02|TCLm[TCLoo] FFAOH  OOH  RW
]

Cautions 1.

Remarks

TCLO3 | TCLO2 | TCLO1 | TCLOO| PCL Output Clock Selection
0 0 0 0 fxr (32.768 kHz)

0 1 1 1 x/23(625 kHz)
0 0 | f424(313 kHz)
0 1 x/25(156 kHz)

1 0 | 1/28{78.1 kH2)
1 1 x/27(39.1 kH2)

0
1 0
0
0

1 1 0 0 | x/28(19.5kH2)

Other than the above Setting prohibited

16-Bit Timer Register Count Clock
TCLO6| TCLOS | TCLO4| oot T

0 1} 0 TIO (effective edge specifiabie}
0 0 1 fx (5.0 MH2)

0 1 0 | /2 (2.5 MH2)

0 1 1 22(1.25 MHz)

1 0 0 | f23(625 kHz)

Other than the
above

Setting prohibited

CLOE | PCL Qutput Control
0 | Output disabled

1 QOutput enabled

Set the valid edge of the TI0O/INTPO pin with an external interrupt mode register and select
the sampling clock frequency with a sampling clock select register.

When enabling PCL output, set TCLOO to TCLO3 and then set CLOE to 1 with a 1-bit memory
manipulate instruction.

When reading the count value with TMO count value set to TI0, read it from TMO instead of
CRO1 capture register.

Before rewriting the data of TCL1, stop the timer once.

fx : Main system clock oscillation frequency

. fxr : Subsystem clock oscillation frequency
. TIO : 16-bit timer/event counter input pin

TMO: 16-bit timer register

. Values in parentheses when operated at fx = 5.0 MHz and fxr = 32.768 kHz
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CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT

{2} Port mode register 3 (PM3)
This register set port 3 input/output in 1-bit units.
When using the P35/PCL pin for clock output function, set PM35 and P35 output latches to 0.
PM3 is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets PM3 to FFH.

Fig. 10-4 Port Mode Register 3 Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RW

M3 [ 1 |PM36[PM35[PM34JPM33[PM32[PM31‘Pmsol FF23H  FFH  RW
|

PM3n| P3n Pin Input/Output Mode Selection in=0 to 6)

0 Output mode (output buffer ON})

1 Input mode (output buffer OFF)

Caution Set 1in bit 7.
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CHAPTER 11 BUZZER OUTPUT CONTROL CIRCUIT

11.1 Buzzer Output Control Circuit Functions

The buzzer output control circuit outputs 1.2 kHz, 2.4 kHz and 4.9 kHz divided signais. The buzzer frequency
selected with timer clock select register 2 (TCL2) is output from the BUZ/P36 pin.
Follow the procedure below to output the buzzer frequency.

@D Select the buzzer output frequency with bits 5 to 7 (TCL25 to TCL27) of TCL2.

@ Setthe P36 output Iatch to 0.
@ Set bit 6 (PM36) of port mode register 3 to 0.

Caution When set 1 in P36 output latch, the buzzer output cannot be used.
11.2 Buzzer Output Control Circuit Configuration
The buzzer output control circuit consists of the following hardware.

Table 11-1 Buzzer Output Control Circuit Block Diagram

item Configuration

Control register Timer clock select register 2 (TCL2)

Port mode register 3 (PM3)

Fig. 11-1 Buzzer Output Control Circuit Block Diagram

210 —— 5
b2 g TN N
2 Q BUZ/P36
/212 a — [/< @
/’3
1T
P36 Output
TCL27 | TCL26 | TCL2S Latch PM36
Timer Clock Selection Port Mode
Register 2 Register 3

S . Internal Bus 3

165

B Luy27525 0092283 05T W



CHAPTER 11 BUZZER OUTPUT CONTROL CIRCUIT

11.3 Buzzer Output Function Control Registers

The following two types of registers are used to control the buzzer output function.

¢ Timer clock select register 2 {TCL2)
* Port mode register 3 (PM3}

{1) Timer clock select register 2 (TCL2)
This register sets the buzzer output frequency.
TCL2 is set with an 8-bit memory manipulate instruction,
@ input sets TCL2 to 00H.

_Remark Besides setting the buzzer output frequency, TCL2 set the clock timer count clock and the watchdog
timer count clock. ’
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CHAPTER 11 BUZZER OUTPUT CONTROL CIRCUIT

Fig. 11-2 Timer Clock Select Register 2 Format

After
Symbo!l 7 6 5 4 3 2 1 0 Address Reset RW
TeL2 [rewzr{teus|azs otz o I i L
L T
Count Clock Selection
TCL22TCL21 | TCL20 Watchdog Timer | Interval Timer
Mode Mode

0 0 0 |22 (625kHz) |fx/2¢ (313 kH2)
0 0 1 1#/2¢ (313kH2) |25 {156 kHz)
0 1 0 /25 (156 kHz) |28 (78.1 kH2)
0 1 1| 1425(78.1 kH2) | /27 (39.1 kHz)
1 0 0 |fx/27 (39.1 kHz) |fx/28 (19.5 kHz}
1 0 T |28 (195 kH2) | /29 (9.8 kHz)
1 1 0 |fW2° (9.8 kHz) |fx/2'9(4.9 kH2)
1 1 1 /21424 kHz) | fx/2'2(1.2 kH2)

TCL24 | Watch Timer Count Clock Selection
0 | £/28(19.5 kHz)
1 | (32.768 kHz)

TCL27| TCL26 | TCL25 | Buzzer Output Frequency Selection
¢] x x ] Buzzer output disabled
1 0 0 [fx/2'°(4.9 kH2)
1 0 1 |2 (2.4 kH2)
1 1 0 |fx212(1.2 kHz)
1 1 1 | Setting prohibited

Caution Before rewriting the data of TCL1, stop the timer once.

Remarks 1. fx : Main system clock oscillation frequency
" 2. fxr : Subsystem clock oscillation frequency
3. x : Don't care
4. Values in parentheses when operated at fx = 5.0 MHz and fxr = 32.768 kHz

B Ly2?7525 00922485 922 M
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CHAPTER 11 BUZZER OUTPUT CONTROL CIRCUIT

(2} Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.

When using the P36/BUZ pin for buzzer output function, set PM36 and P36 output latches to 0.

PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Fig. 11-3 Port Mode Register 3 Format

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

M3 | 1 lPM36|PM35!PM34‘PM33'PM32IPM31IPM30J FF23H  FFH  RW
L .

PM3n | P3n Pin Input/Output Mode Selection {n=0 to 6}

0 | Output mode {output buffer ON)

1 | Input mode {output buffer OFF)

Caution Set 1in bit 7.

168

B by2?525 009228L 8L9 WA



CHAPTER 12 A/D CONVERTER

12.1 A/D Converter Functions

‘ The A/D converter converts an analog input into a digital value. It consists of 8 channels {ANIO to ANI7) with an
8-bit resolution.
The conversion method is based on successive approximation and the conversion result is held in the 8-bit
A/D conversion result register (ADCR).
The following two ways are available to start A/D conversion.

(1) Hardware start
Conversion is started by trigger input (INTP3).

(2) Software start
Conversion is started by setting the A/D converter mode register.

One channel of analog input is selected from among ANIO to ANI7 and A/D conversion is carried out. In the case
of hardware start, A/D conversion operation stops when it terminates. In the case of software start, the A/D
conversion operation repeats. Each time A/D conversion is terminated, the interrupt request {INTAD) is generated.
12.2 A/D Converter Configuration

The A/D converter consists of the following hardware.

Table 12-1 A/D Converter Configuration

ltem Configuration

Analog input 8 channels (ANIO to ANI7)

Control register A/D converter mode register {ADM)

A/D converter input select register (ADIS)

Register Successive approximation register {SAR)

A/D conversion result register (ADCR)
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CHAPTER 12 A/D CONVERTER

{0

(2)

{3)

(4)

{5}

{6)

{(7)

Successive approximation register {SAR)

This register compares the analog input voltage value to the voltage tap {compare voltage) value applied from
the series resistance string and holds the result from the most significant bit (MSB).

When up to the least significant bit {LSB) is set {termination of AJ/D conversion), the SAR contents are
transferred to the A/D conversion result register.

A/D conversion result register {ADCR)

This register holds the A/D conversion result. Each time A/D conversion terminates, the conversion result
is loaded from the successive approximation register.

ADCR is read with an 8-bit memory manipulate instruction.

RESET input makes ADCR indeterminate.

Sample & hold circuit
The sample & hold circuit samples each analog input sequentially applied from the input circuit and sends
it to the voltage comparator. This circuit holds the sampled analog input voltage value during A/D conversion.

Volitage comparator
The voltage comparator compares the analog input to the series resistance string output voltage.

Series resistance string ,
The series resistance string which is inserted between AVrer and AVss generates a voltage to be compared
to the analog input.

ANIO to ANI7 pins

These are 8-channel analog input pins to input analog signals to undergo A/D conversion to the A/D converter.
These pins, other than the one selected by the A/D converter input select register (AD!S) as an analog input
pin, can be used as input/output port pins.

Caution  Use ANIO to ANI7 input voltages within the specified range. If a voltage higher than AVeer
or lower than AVss is applied (even if within the absolute maximum ratings), the converted
value of the corresponding channel becomes indeterminate and may adversely affect the
converted values of other channels.

AVeer pin

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVaer
and AVss.
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CHAPTER 12 A/D CONVERTER

(8) AVss pin

This is an A/D converter grounding pin. Make sure that this pin is always at the same potential as the Voo
pin, even when the A/D converter is not used.

12.3 A/D Converter Control Registers

The following two types of registers are used to control the A/D converter.

* A/D converter mode register (ADM)
* AJ/D converter input select register {ADIS)

{1) A/D converter mode register (ADM)

This register sets the analog input channel for A/D conversion, conversion start/stop and external trigger.
ADM is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets ADM to 01H.
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CHAPTER 12 A/D CONVERTER

Fig. 12-2 A/D Converter Mode Register Format

Symbol @ ® 5 4 3 2 1 ) Address  After Reset R/W

apM | cs [TRG | FAI | FRO | aom3 [aomz[aomi [ 1] Freon 0tH RW
ADM3 |ADM2 |ADM1 | Analag Input Channel Selection
0 0 0 ANIQ
0 0 1 ANI{1
¢} 1 0 ANI2
0 1 1 ANI3
1 0 0 ANi4
1 0 1 ANIS
1 1 1} ANI6
1 1 1 ANI?

FR1 FRO AJD Conversion Time SelectionNote 1

When operated at fx = 5.0 MHz When operated at fx = 4.19 MHz
[ 0 160/fx (32.0 us} 160/x (38.1 us)
0 1 80/fx {Setting prohibitegNote2) 80/t (19.1 us)
1 0 200/fx {40.0 ps) 200/fx {47.7 us)
1 [+] Setting prohibited

TRG | External Trigger Selection

0 No external trigger (Software start mode}

1 Conversion started by external trigger (Hardware start mode)

CS | A/D Conversion Operation Control

0 Operation stop

1 Operation start

Notes 1. Set A/D conversion time 19.1 us or more.
2. This setting is prohibited because the A/D conversion time is set to less than 19.1 us.

Cautions 1. Set 1 to bit 0.
2. Before executing the STOP instruction, clear the CS bit to 0 to stop A/D conversion
operation.
3. To resume an A/D conversion operation that has once been stopped, clear interrupt

request flag (ADIF), and then start the operation.

Remark fx : Main system clock oscillation frequency
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(2) A/D converter input select register (ADIS)

This register determines whether the ANIO/P10 to ANI7/P17 should be used for analog input channeis or ports.
* These pins, other than the one that is selected as an analog input channel, can be used as I/O port pins.

ADIS is set with an 8-bit memory manipulation instruction.

RESET input sets ADIS to 00H.

Cautions 1. Set the analog input channel in the following order.
@ Set the number of analog input channels with ADIS.
@ Using ADM, select one channel to undergo A/D conversion from among the channels

set for analog input with ADIS.

2. Internal pull-up resistor is not used for the channels set for analog input with ADIS,
irrespective of the value of bit 1 (PUO1) of the pull-up resistor option register.

Fig. 12-3 A/D Convertor Input Select Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RW
sois{ o | o [ o [ o [soiss[ansz]aoisifaviso] Frean oo AW
( ]
ADIS3 | ADIS2 | ADIS1 | ADISO{ Analog Input Channel Number Selection

0 0 0 0 No analog input channel (P10 to P17)
0 0 0 1 1 channel (ANIO, P11 10 P17)
0 0 1 0 | 2 channels (ANIO, ANI1, P12 10 P17)
0 0 1 1 3 channels (ANIO to ANIZ, P13 10 P17)
0 1 0 0 | 4channels (ANIO to ANI3, P14 10 P17)
0 1 0 1 5 channels (ANIO to ANI4, P15 to P17)
0 1 1 0 | 6channels (ANIO to ANIS, P16 to P17)
0 1 1 1 7 channels (ANIO to AN16, P17)
1 0 0 0 | Bchannels (ANIO to ANI7)
Other than the above Setting prohibited
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CHAPTER 12 A/D CONVERTER

12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

®© © 660 6o

Q

Set the number of analog input channels with A/D converter input select register (ADIS).

From among the analog input channels set with ADIS, select one channel for A/D conversion with A/D
converter mode register (ADM).

Sample the voltage input to the selected analog input channel with the sample & hold circuit.

Sampling for the specified period of time sets the sample & hold circuit to the hold state so that the circuit
hold the input analog voltage until termination of A/D conversion.

Bit 7 of successive approximation register (SAR} is set and the tap selector sets the series resistance string
voltage tap to {1/2) AVrer.

The voltage difference between the series input string voltage tap and analog input s compared with a voltage
comparator. If the analoginputis greater than (1/2) AVaer, the MSB of SAR remains set. If the input is smaller
than (1/2) AVaer, the MSB is reset.

Next, bit 6 of SAR is automatically set and the operation proceeds to the next comparison. in this case, the
series resistance string voltage tap is selected according to the preset value of bit 7 as described below.

® Bit7 =1: (3/4) AVrer

* Bit7=0: (1/4) AVrer

The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated with the result as follows.

®
®

* Analog input voltage = Voltage tap: Bit6 = 1

* Analog input voltage < Voltage tap: Bit6 = 0

Comparison of this sort continues up to bit 0 of SAR.

Upon completion of the comparison of 8 bits, any effective digital resultant value remains in SAR and the
resultant value is transferred to and fatched in the A/D conversion result register (ADCRY).

Simultaneously, the A/D conversion end interrupt request (INTAD) can be generated.
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B Ly27525 0092293 TT9 1



CHAPTER 12 A/D CONVERTER

Fig. 12-4 A/D Converter Basic Operation

Conversion Time

Sampling

Time
AD
Converter Sampling AJD Conversion
Operation

] COH Conversion
R OHO 000t

\

Conversion
ADCR ><Hfsult
INTAD _|

The A/D conversion is performed consecutively until the CS bit is reset (0) by software.

During A/D conversion, if write operation to the ADM register is performed, the conversion is initialized, and if
the CS bit has been set (1), the conversion starts from the beginning.

The ADCR register becomes undefined by RESET input.
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CHAPTER 12 A/D CONVERTER

12.4.2 Input voltage and conversion results
The relation between the analog input voltage input to the analog input pins (ANO to AN7) and the A/D conversion
results (value stored in the ADCR) is described in the following expression.

Vin
Al =1 .
DCR = INT( v 256 + 0.5)

or

AVRer AVHEF
(ADCR - 0.5) x 555 <Vin < {(ADCR + 0.5) x s

Remark INT () : Function which returns integer parts of value in parentheses.
Vin . Analog input voltage
AVrer 1 AVrer pin voltage
ADCR : ADCR register value

Fig. 12-56 shows the relation between the analog input voltage and the A/D conversion result.

Fig. 12-5 Relation between Analog Input Voltage and A/D Conversion Result

255 +—t—t—t—t L.
254 T————t—F—1—+—+-----
AD
Conversion .
Result 53 ) ' ' ' ' t ' : ' ' ' 1 ' 1
{ADCR) T
' ] 1 ' -+ 1 ) ] 1 1 i 1 1 +
' t 1 b 1 1 ' I 1 1 1 1 | '
3 ——
2 ------
1 T p——t—— e e e =
T 3 2 5 3 507 754 s 25 811,
512 256 512 256 512 256 512 256 512 256 512

Input Voltage/AVeer
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CHAPTER 12 A/D CONVERTER

12.4.3 A/D converter operating mode
The operating mode is a select mode. One analog input channel is selected from among ANIQ to ANI7 with the
AJD converter input select register (ADIS) and A/D converter mode register {ADM) and A/D conversion is executed.
The following two ways are available to start A/D conversion.

* Hardware start : Conversion is started by trigger input {INTP3).
* Software start : Conversion is started by setting ADM.

The A/D conversion result is stored in the A/D conversion result register (ADCR) and the interrupt request signal
(INTAD) is simultaneously generated.

(1) A/D conversion by hardware start
When bit 6 {TRG) and bit 7 (CS)} of ADM are set to 1, the A/D conversion standby state is generated. When
the external trigger signal (INTP3) is input, the A/D conversion starts on the voltage applied to the analog input
pins specified with bits 1 to 3 (ADM1 to ADM3) of ADM.
Upon termination of the A/D conversion, the conversion resuit is stored in the A/D conversion result register
(ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started
and terminated, another operation is not started until a new external trigger signal is input.
If data with CS set to 1 is written again during A/D conversion, the converter suspends its A/D conversion
operation and waits for a new external trigger signal to be input. When the external trigger input signal is
reinput, A/D conversion is carried out from the beginning.
if data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops
immediately.

Fig. 12-6 A/D Conversion by Hardware Start

e o u LU

ADM Rewrite ADM Rewrite
CS =1, TRG =1 CS =1, TRG =1
Standby State
AD Standby * Standby
Conversion State ANIn ANIn ANIn State ANIm ANIm ANIm

L L RN
3 R IR

}
ADCR ‘ ‘ )(_;Aﬂl:_)( ANin )( ANIn ( ANIrL)( ANIm
[ |

N

INTAD

Remarks 1. n=0,1,...7
2. m=01,..7
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(2) A/D conversion by software start
When bit & (TRG) and bit 7 (CS) of A/D converter mode register {ADM) are set to 0 and 1, respectively, the
A/D conversion starts on the voitage applied to the analoginput pins specified with bits 1 to 3 (ADM1 to ADM3)
of ADM.
Upon termination of the A/D conversion, the conversion result is stored in the A/D conversion result register
(ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation is started
and terminated, the next A/D conversion operation starts immediately. The A/D conversion operation
continues repeatedly until new data is written to ADM.
If data with CS set to 1 is written again during A/D conversion, the converter suspends its A/D conversion
operation and starts A/D conversion on the newly written data.
If data with CS set to 0 is written to AMD during A/D conversion, the A/D conversion operation stops

immediately.
Fig. 12-7 A/D Conversion by Software Start
Conversion Start ADM Rewrite ADM Rewrite
CS=1, TRG=0 CS =1, TRG =0 CS =0, TRG =0
AD ANIn ANIn ANIn ANiIm ANIm
Conversion
| t
L L Stop
ADCR >( ANIn > ANIn —>‘ ANIm

Conversion Operation Suspended
Conversion resuit does not remain.

slE B

Remarks 1. n=0,1,...7
2. m=0,1 .7
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12.5 A/D Converter Cautions

(1) Note on consumption current in standby mode
The A/D converter operates on the main system clock. Therefore, its operation stops in STOP mode or in
HALT mode with the subsystem clock. As a current still flows in the AVrer pin at this time, this current must
be cut in order to minimize the overall system power dissipation. In Fig. 12-8, in standby mode, the power
dissipation can be reduced by outputting a low-level signal to the output port. However, there is no precision
to the actual AVrer voltage, and therefore the conversion values themselves lack precision and can only be
used for relative comparison. '

Fig. 12-8 Example of Method of Reducing Power Dissipation in Standby Mode

Qutput Port
AVrer
AVreryVoD
Series
Resistance String
AVss
uPD78024
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{2)

{3)

(4)

{5)

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage above
AVrer or below AVss is input {even if within the absolute maximum rating range), the conversion value for
that channe! will be indeterminate and the conversion values of the other channels may also be affected.

Noise countermeasures

In order to maintain 8-bit resolution, attention must be paid to noise on pins AVaer and ANIO to ANI7. Since
the effect increases in proportion to the output impedance of the analog input source, it is recommended
that C be connected externally as shown in Fig. 12-9 in order to reduce noise.

Fig. 12-9 Analog Input Pin Disposition

If there is a possibility of noise above AVeer or below

Reference AVrer AVss enterin ith a di
g, clamp with a diode smaller than Ve (0.3 V
Voitage Y/ or less).
Input
AVrer
ANIO-ANI7
C = 100- .]. Voo

1000 pF 71- I Voo

AVss

Vss

v

Pins ANIO/P10 to ANI7/P17

The analog input pins ANIO to ANI7 also function as input/output port (PORT1) pins.

A pin used as an analog input should be specified in input mode.

When A/D conversion is performed with any of pins ANIO to ANI7 selected, be sure not to execute a PORT1
input instruction while conversion is in progress, as this may reduce the conversion resolution.

Also, if digital puises are applied to a pin adjacent to the 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 pins
adjacent to the pin undergoing A/D conversion.

AVrer pin input high-impedance

The series resistor string of approx. 10 kQ2 is connected between the AVaer pin and AVss pin.

Therefore, when the output impedance of the reference voltage source is high, it is regarded as being
connected in parallel with the series resistor string between the AVrer pin and AVss pin, resulting in a greater
reference voltage error. '
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{6) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the A/D converter mode register (ADM) is changed.
Therefore, when the analog input pin is changed during the A/D conversion, the result of AID conversion
on the analog input before changing and the conversion end interrupt request flag may be set immediately
before the ADM rewrite, and if ADIF is read immediately after ADM write, ADIF may be set even if the
A/D conversion is not complete. Thus, care is needed (see Fig. 12-10}.

When the A/D conversion is once stopped and restarts, the A/D conversion interrupt request flag (ADIF) should
be cleared before the restart.

AD
Conversion

ADCR

INTAD
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Fig. 12-10 A/D Conversion End Interrupt Generation Timing

ADM Rewrite ADM Rewrite In spite of ADIF setting,
(ANIn Conversion Start) (ANIn Conversion Start) ANIm conversion has not
{// finished yet.
ANIn ANIn ' ANIm ANIm

X ANIn X ANin X ANIm X ANIm

B L427525 0092300 Te9 M



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

The pPD78024 subseries incorporates two channels of clock synchronous serial interfaces. Differences between
channels 0 and 1 are as follows. For the details of the serial interface channel 1, refer to CHAPTER 14 SERIAL

INTERFACE CHANNEL 1).

Table 13-1 Differences between Channels 0 and 1

Serial Transfer Mode

Channel 0

Channel 1

3-wire serial /O | Clock selection

tx/22, $x/23, fx/22, £x/25, tx/28, /27,
fx/28, £x/2°, external clock,
TO2 output

/22, 1x/23, 1x/2%, 1x/25, f/28, t27,
£x/28, 1x/29, external clock,
TO2 output

Transfer method

MSB/LSB switchable as the start
bit

MSB/LSB switchabie as the start
bit

Transfer end flag

Serial transfer end interrupt
request flag (INTCSIO)

Serial transfer end interrupt
request flag (INTCSI1)

SBI (serial bus interface)

2-wire serial /0O

Can be used

Not provided

B L427525 0092301 975 1N
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

13.1 Serial Interface Channel 0 Functions

Serial interface channel 0 employs the following four modes.

L]

Operation stop mode

* 3-wire serial I/0 mode

SBI (serial bus interface) mode

* 2-wire serial 1/O mode

n

(2)

{3

184

Operation stop mode
This mode is used serial transfer is not carried out. Power consumption can be reduced.

3-wire serial 1/0 mode

This mode is used for 8-bit data transfer using three lines, each for serial clock (SCKD), serial output (SOO0)
and serial input (S10).

The 3-wire serial I/0 mode enables simultaneous transmission/reception and so decreases the data transfer
processing time.

Since the start bit of 8-bit data to undergo serial transfer is switchable between MSB and LSB, connection
is enabled with either start bit device.

The 3-wire serial /O mode is valid for connection of peripheral IfO units and display controllers which
incorporate a conventional synchronous serial interface as is the case with the 75X, 78K and 17X series.

SBl{serial bus interface) mode

This mode is used for B-bit data transfer with two or more devices using two lines of serial clock (SCKO)
and serial data bus (SBO or SB1).

The SBI mode is in compliance with the NEC serial bus format. In the SBi mode, the transmitter can output
"addresses” for serial communication target device selection, “commands” to give instructions to the target
devices and actual "data”, all onto the serial data bus. The receiver can automatically distinguish the received
data into “address”, "command” or “data”, by hardware.

This function enables the input/output ports to be used effectively and the application program control portions
to be simplified. .

In this mode, the wake-up function for handshake and the acknowledge signal and busy signal output function
can also be used.
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(4) 2-wire serial 1/0 mode
This mode is used for 8-bit data transfer using two lines of serial clock (SCKO) and serial data bus (SBO or
SB1).
This mode enables to cope with any data transfer format by controliing SCKO and the SBO or SB1 outputievel.
Thus, the handshake lines previously necessary for connection of two or more devices can be removed and
the input/outputs can be used effectively.

Fig. 13-1 Serial Bus Interface (SBI) System Configuration Example

Voo
Master CPU ‘g Slave CPU1
SCKo SCKO
SBO SBO
Slave CPU2
5CKO
SBO
1
) ) ]
1 : t
1 ] ]
v |
] ] 1
Slave CPUn
SCKO
SBO
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

13.2 Serial Interface Channel 0 Configuration

Serial interface channel O consists of the following hardware.

Table 13-2 Serial Interface Channel 0 Configuration

ltem

Configuration

Register

Serial I/O shift register 0 (SIQ0)
Slave address register (SVA)

Control register

Timer clock select register 3 (TCL3}
Serial operating mode register 0 (CSIMO)

Serial bus interface control register (SBIC)

Interrupt timing specify register (SINT)
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(1

(2)

188

Serial 170 shift register 0 (S100)

This is an 8-bit register to carry out parallel/serial conversion and to carry out serial transmission/reception
(shift operation} in synchronization with the serial clock.

S100 is set with an 8-bit memory manipulate instruction.

When bit 7 (CSIEQ) of serial operating mode register 0 (CSIMQ) is 1, writing data to SIQ0 starts serial operation.
In transmission, data written to SI00 is output to the serial output (SOO) or serial data bus (SB0/SB1). In
reception, data is read from the serial input {SIO) or SB0O/SB1 to SIOO0.

The SBI mode and 2-wire serial I/O mode bus configurations enables the pin to serve for both input and output.
Thus, in the case of a device for reception, write FFH to SIO0 in advance (except when address reception
is carried out by setting bit 5 (WUP) of CSIMO to 1).

in the SBI mode, the busy state can be cleared by writing data to SIQO0. In this case, bit 7 (BSYE) of the serial
bus interface control register (SBIC) is not cleared to 0.

RESET input makes SI00 undefined.

Slave address register (SVA)

This is an 8-bit register to set the slave address value for connection of a slave device to the serial bus.
SVA is set with an 8-bit memory manipulate instruction.

The master device outputs a slave address for selection of a particular slave device to the connected slave
device. These two data (the slave address output from the master device and the SVA value) are compared
with an address comparator. {f they match, the slave device has been selected. In that case, bit 6 (COI) of
serial operating mode register 0 (CSIMO0) becomes 1.

Address comparison can also be executed on the data of LSB-masked high-order 7 bits with bit 4 (SVAM)
of the interrupt timing specify register (SINT).

If no matching is detected in address reception, bit 2 {(RELD) of the serial bus interface control register (SBIC)
is cleared to 0. When bit 5 (WUP) of CSIMO is 1, the interrupt request signal (CSIIFQ) is generated only if
the matching is detected. This interrupt request enables 10 recognize the generation of the communication
request from the master device.

Further, when SVA transmits data as master or slave device in the SBI or 2-wire serial /O mode, errors are
detected if any.

RESET.input makes SVA undefined.
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{3)

{4)

{5)

(6}

)]

8

$00 latch
This latch holds SI0/SB0/P25 and SO0/SB1/P26 pin levels. It can be directly controlled by software. In the
SBi mode, this latch is set upon termination of the 8th serial clock.

Serial ciock counter
This counter counts the serial clocks to be output and input during transmission/reception and to check
whether 8-bit data has been transmitted/received.

Serial clock control circuit
This circuit controls serial clock supply to the serial I/Q shift register 0 (SI00). When the internal system clock
is used, the circuit also controls clock output to the SCKO/P27 pin.

Interrupt signal generator
This circuit control interrupt request signal generation. It generates the interrupt request signalin the following
cases.

* In the 3-wire serial /O mode and 2-wire serial /O mode
This circuit generates an interrupt request signal every eight serial clocks.
* In the SBI mode
When WUpNote i 0.
Generates an interrupt request signal every eight serial clocks.
When WypNote j5 1.
Generates an interrupt request signal when the serial /O shift register 0 {SIO0) value matches the slave
address register (SVA) value after address reception.

Note WUP is a wake-up function specify bit. Itis bit 5 of serial operation mode register 0 (CSIMO).
Busy/acknowledge output circuit and bus release/command/acknowledge detector
These two circuits output and detect various control signals in the SB! mode.

These do not operate in the 3-wire serial /O mode and 2-wire serial /O mode.

P27 output latch

This latch generates a serial clock by software after termination of eight serial clocks.
When using serial interface channel 0, set the P27 output latch to 1.

RESET input sets the latch to 0.
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13.3 Serial Interface Channel 0 Control Registers

The following four types of registers are used to control serial interface channel 0.

¢ Timer clock select register 3 (TCL3}

¢ Serial operating mode register 0 {CSIMO)
Serial bus interface control register (SBIC)
¢ Interrupt timing specify register {SINT)

{1) Timer clock select register 3 (TCL3)
This register sets the serial clock of serial interface channel 0.
TCL3 is set with an 8-bit memory manipulate instruction.
RESET input sets TCL3 to 88H.

Remark Besides setting the serial clock of serial interface channel 0, TCL3 sets the serial clock of serial
interface channel 1.
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

Fig. 13-3 Timer Clock Select Register 3 Format

A
Symbol 7 6 5 4 3 2 1 9 Address R:;'t RAW

TCL3 [Tcm|TCL35|TC|.35]TCL34|TCL33[TCL32|rc1.31|TCL30| FFA3H  88H AW
C T T T T T ]

Serial Interface Channel 0

TCL33|TCL32 | TCL31 | TCL30
Serial Clock Selection

0 1 1 0 | V22 {1.25 MH2)
0 1 1 1 | 4/2% (625 kH2)
0 0 0 [f/2¢ 313 kHz)
0 0 1 f)z{25 {156 kHz)
1 0 1 0 [fv2® (78.1kHz)
0 1 b § 27 (39.1 kHz)
1 1 0 0 | /2% {19.5 kHz)
1 1 0 1 | f/2° (9.8kHz)

Other than the above Setting prohibited

Serial Interface Channel 1

TCL37 | TCL36 | TCL35 | TCL34
Serial Clock Selection

0 1 1 0 122 (1.25 MHz)
0 1 1 1 | /23 (625 kHz)
0 | fx/2¢ (313 kHz)

olo

0

0 V| 425 (156 kHz)
1 0 1 0 | fx/28 (78.1 kH2)

0 1 1T | 27 {39.1 kHz)
1 1 0 0 | /2 (19.5kH2)
1 1 0 1 | 14/2% (8.8 kH2)

Other than the above Setting prohibited

Caution Before rewriting the data of TCL3, stop the timer once.

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz

{2) Serial operating mode register 0 (CSIMO)
This register sets serial interface channel O serial clock, operating mode operation enable/stop, wake-up
function and displays the address comparator match signal.
CSIMO is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets CSIMO to O0H.
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CsIMo

RW

RW

RW

192

Fig. 13-4 Serial Operating Mode Register 0 Format (1/2)}

Symbol D ® ® 4 3 2 1 0

Address  After reset R/W
CSIM [CSIM|CSIM{CSIM | CSIM to 1
ICSIE0} COL |Wup 04 |03 | 02 | 01 OO] FF60H 00H R/WNo
CSIM
81 CS};" Serial Interface Channel 0 Clack Selection
0 | x | Clock externally input to SCKO pin
1 | O | 8-bit timer register 2 output
1 | 1 | Clock specified with bits 0 to 3 of timer clock select register 3
CSIM|CSIM ICSIM omtzs| P25 [ewze! p2s vz | P27 Operating Start Bit Si0/P25 Pin | SOO/P26 Pin | SCKO/P27 Pin
04 | 03 | 0z [V25|P25 PM26) P26 (PMITIP2T ) e [STOREBIY e ction Function Function
0 0 S-wire | MSB | gjgNote 2 SO0 SCKo
X — i
" R el L R IR I Il P (nput)  |(CMOS output)| (CMOS 1/0)
0 Note 3|Note 3 . P25 N im
x| x]10§0}0 (CMOS 1/O) { -c. open-
drain /O) SCKO
110 SBl mode | MSB
SBO {CMOS 11O}
Note 3{Nots 3 P26
100 xix|0}1 {N-ch open- CMOS
drain O} ¢ vol
0 Note 3[Note 3 0 o 0 . P25 N i81
x | x -ch open- -—
(CMOS 1/0) . P SCKo
2-wire drain 1/O)
111 ial 4O MSB {N-ch open-
. |Note3(Note3 seria 80 P26 drain 1/O)
110(0x{x|of1 mode (N-ch open- CMOS
drain 1/O) (CMOS 1/0)
WUP| WUP Weke-Up Function Control
0 | Interrupt request signal generation with each serial transfer in any mode
1 Interrupt request signal generation when the address received after bus release {when CMDD = RELD = 1)
matches the slave address register data in SBI mode
Notes 1. Bit 6 {COl) is a Read-Only bit.
" 2. Can be used as P25 (CMOS input/output) when using transmission only.
3. Can be used freely as port function.
Remark x: Don't care
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(3)

Fig. 13-4 Serial Operating Mode Register 0 Format {2/2)

CO! | Slave Address Comparison Resuit FlagNote

0 Slave address register not equal to serial /O shift register 0 data

1 Slave address register equal to serial /O shift register 0 data

CSIEQ| Serial Interface 0 Operation Control

0 Operation disabled

1 Operation enabled

Note When CSIE = 0, COI becomes 0.

Remark x: Don't care
Serial bus interface control register (SBIC)
This register sets serial bus interface operation and displays statuses.
SBIC is set with a 1-bit or 8-bit memory manipulate instruction.

RESET input sets SBIC to 00H.

Fig. 13-5 Serial Bus Interface Control Register Format (1 12}

Symbodk @ ® ® @ @ @ ® @ Address  After reset R/W
SBIC [BSYE |ACKD|ACKE [ACKT [cMDD[RELD [cMDT]RELT]  FFe1H 00H  RAwNote

RW

Use for bus reiease signal output.
RELT | When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEQ = 0.

Use for command signal output.
CMDT| When CMDT = 1, SO latch is set to (0). After SO latch setting, automatically cleared to (0). Also
cleared to 0 when CSIEQ = 0.

RELD| Bus Release Detection

Clear Conditions (RELD = 0) ) Set Conditions {RELD = 1)
.* When transfer start instruction is executed * When bus release signal {(REL) is detected
¢ If SIO0 and SVA values do not match in address

reception

* When CSIEQ = 0
* When RESET input is applied

Note Bits 2, 3, and 6 (RELD, CMDD, ACKD) are Read-Only bits.
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194

Fig. 13-5 Serial Bus Interface Control Register Format (2/2)

CMDD{ Command Detection

Clear Conditions {CMDD = 0)

Set Conditions (CMDD = 1)

* When transfer start instruction is executed
* When bus release signal (REL) is detected
® When CSIEQ = 0

e When RESET input is applied

* When command signal (CMD) is detected (CMD)

Acknowledge signal is output in synchronization with the falling edge of SCKO clock just after execution

ACKT | of the instruction to be set to 1 and, after acknowledge signal output, automatically cleared to 0.

Also cleared to 0 upon start of serial interface transfer or when CSIEQ = 0.

ACKE| Acknowledge Signal Output Control

0 Acknowledge signal automatic output disable {output with ACKT enable)

tion of transfer

Before comple- | Acknowledge signal is output in synchronization with the falling edge of 9th SCKO
clock (automatically output when ACKE = 1).

After comple-
tion of transfer

Acknowledge signal is output in synchronization with the falling edge of SCKO clock just
after execution of the instruction to be set to 1 {automatically output when ACKE = 1).
However, not automatically cleared to 0 after acknowiedge signal output.

ACKD| Acknowledge Detection

Clear Conditions (ACKD = 0)

Set Conditions (ACKD = 1)

¢ When SCKO falls after busy mode has been
released after execution of transfer start
instruction

* When CSIE0 = 0

¢ When RESET input is applied

* When acknowledge signal {ACK) is detected at the _

rising edge of SCKO clock after completion of
transfer

Not
BSYE. Synchronizing Busy Signal Output Control

to be cleared to 0.

Busy signal in output is disabled at the faliing edge of SCKO clock just after execution of the instruction

1 Busy signal is output at the falling edge of SCKO clock following the acknowledge signal.

Note The serial interface transfer start or the address signal reception release a busy mode. However,

the BSYE flag is not cleared to 0.
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{4} Interrupt timing specify register (SINT)

This register sets the bus release interrupt and address mask functions and displays the P27 pin level status.
SINT is set with a 1-bit or 8-bit memory manipulate instruction.

RESET input sets SINT to O0H.

Fig. 13-6 Interrupt Timing Specify Register Format

A
Symbol 7 ® ® @@ 3 2 1 0 Addiess AT g
snT | o |cw | sic svam] o [o oo | FreaH 00H RNt 1
RW A
SVAM| SVA Bit to be Used as Slave Address
0 BitsOto 7
1 Bits1t0 7
RW
SIC | INTCSIO interruput Source Selection™'*?
0 | CSHFO is set upon termination of serial interface
channel 0 transfer,
1 CSIIFO is set upon termination of serial interface
channel O transfer or upon bus release detection.
R

CLD | SCKO Pin Levei™™?

0 Low level

1 High level

Notes 1. Bit 6 (CLD) is a Read-Only bit.
2. When the wake-up function is used, set 0 to SIC.
3. When CSIEO = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.

Remark SVA: Slave address register
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13.4 Serial Interface Channel 0 Operations
The following four operating modes are avaitable to the serial interface channel 0.

* Operation stop mode

* 3-wire serial I/O mode
SBI mode

* 2-wire serial /O mode

13.4.1 Operation stop mode
Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The serial
IO shift register 0 (SIO0) does not carry out shift operation either and thus it can be used as ordinary 8-bit register.
In the operation stop mode, the P25/SI0/SB0, P26/SO0/SB1 and P27/5CK0 pins can be used as ordinary input/
output ports.

{1) Register set
The operation stop mode is set with the serial operation mode register 0 {CSIMO0).
CSIMO is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets CSIMO to 00H.
The shaded area is used in the operation stop mode.

Symbol @ ® G 4 3 2 1 ] Address  After Reset R/W
csimo s cor | wur [esimosfcsivoslcsivozlcsimorlcsivod P 0H AW

R/W ICSIEQ| Serial Interface Channel 0 Operation Control

0 Operation stop

1 Operation enabied
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13.4.2 3-wire serial I/0 mode operation

The 3-wire seriat I/O mode is valid for connection of peripheral /O units and display controliers which incorporate
a conventional synchronous serial interface as is the case with the 75X, 78K and 17K series.

Communication is carried out with three lines of serial clock {SCKO), serial output (SO0} and serial input (SI0).

{1) Register set

The 3-wire serial /O mode is set with the serial operating mode register 0 (CSIMO) and serial bus interface
control register {SBIC).

{a) Serial operating mode register 0 (CSIM0)

CSIMO is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets CSIMO to 00H.
The shaded area is used in the 3-wire serial I/0 mode.
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Symbol @D ® ® 4 3 2 1 o0

R/W

198

Address  Afterreset R/W
FF60H Q0H R/viNote 1
C3'1M Cgl(;d Serial Interface Channel 0 Clock Selection
0 | x ] Clock externally input to SCKO pin
1 | 0 | 8-bit timer register 2 output
1 [ 1 | Clock specified with bits 0 to 3 of timer clock select register 3
CSIMCSIM JCSIM ewzs| P25 [pvizs| P26 Iowar| P27 Operation S Bi SI0/P25 Pin SO0/P26 Pin | SCKO/P27 Pin
04 |03 02 5|P2 % 271\P2 Mode tart Bit Function Function Function
o | x 0 11xlolololy |3inesera MSB SlQNote 2 S00 SCKo
1 /O mode | 58 (input) {CMOS output)| {CMOS 1/0)
1 | 0 | SBI mode (Refer to 13.4.3 SBl mode operation.)
1 | 0 | 2-wire serial YO mode (Refer to 13.4.4 2-wire serial I/O mode operation.)
WUP| Wake-Up Function Control

0 | Interrupt request signal generation with each serial transfer in any mode

1) matches the slave address register data in SBI mode

1 Interrupt request signal generation when the address received after bus release {when CMDD = RELD =

COt| Slave Address Compare Result Flag Note 3

0 | Slave address register not equal to serial /O shift register O data

1 | Slave address register equal to serial /O shift register O data

Serial interface Channel 0 Operation Control

0 | Operation disable

1 | Operation enable

Notes 1. Bit 6 (COIl) is a Read-Only bit.
2. Can be used as P25 (CMOS input/output) when using transmission only.
3. When CSIEO = 0, COl becomes 0.

Remark x: Don't care

M Ly2?525 009231k 326 W



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(b) Serial bus interface control register (SBIC)

SBIC is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets SBIC to O0H.
The shaded area is used in the 3-wire serial I/C mode.

Symbod @ ® ® @ @ @ @ ©@ Address  After Reset RW

FF61H QOH R/W
RW RELT When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleated to 0 when CSIEQ = 0.
RW cMDT When CMDT = 1, SO lateh is set to 0. After SO iatch setting, automatically cleared to 0.
Also cleared to 0 when CSIEQ = 0.

B Ly27525 0092317 2b2 W
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(2) Communication operation

SCKo D 1 2 3 4 5 6 7 8

The 3-wire serial /O mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization of the serial clock.

Shift operation of the serial I/O shift register 0 (SIO0) is carried out at the falling edge of the serial clock (SCKO).
The transmitted data is held in the SOQ latch and is output from the SOQ pin. The received data input to the
SI0 pin is latched in SIOO at the rising edge of SCKO.

Upon termination of 8-bit transfer, SIOQ0 operation stops automatically and the interrupt request flag (CSIIF0)
is set.

Fig. 13-7 3-Wire Serial [/O Mode Timings

Si0 | X SB’W X o6 X o5 X o X oz X o2 X on X oo
500 X o7 X pos X pos X oos X pos X poz X oor X oo

CSIIFo

200

L End of Transfer
Transfer Start at the

Falling Edge of SCKO

The SOQ pin serves for CMOS output and generates the SO0 latch status. Thus, the SO0 pin output status
can be manipulated by setting the RELT and CMDT bits.
However, do not carry out this manipulation during serial transfer.

Control the SCKQ pin output level in the output mode (internal system clock mode) by manipulating the P27
output latch (refer to 13.4.5 SCKO pin output manipulation).
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(3) Various signals

Fig. 13-8 shows RELT and CMDT operations.

Fig. 13-8 RELT and CMDT Operations

SOQ Lateh 74)\

RELT /

CMDT tﬁ ]

{4) MSB/LSB switching as the start bit

The 3-wire serial YO mode enables to select transfer to start at MSB or LSB.

Fig. 13-9 shows the configuration of the serial I/O shift register 0 (SI00) and internal bus. As shown in the

figure, MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified with bit 2 {CSIMO2) of the serial operating mode register

0 (CSIMO).
Fig. 13-9 Circuit of Switching in Transfer Bit Order
7
6
Internal Bus == =<----====-- -t~ r-1~-"-""-"""--11-- T T T
1
0
LSB Start
MSB Start Read/Write Gate | LL Read/Write Gate
]

SO0 Latch

SI0 ———  Shift Register (SIO0) D Q—]

LI f

SO0

SCKo

Start bit switching is realized by switching the bit order for data write to SI00. The SIOO0 shift order remains

unchanged. .
Thus, switch the MSB/LSB start bit before writing data to the shift register.
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(5) Transfer start
Serial transfer is started by setting transfer data to the serial /O shift register 0 {SIO0) when the following
two conditions are satisfied.

¢ Serial interface 0 operation control bit (CSIEQ) = 1
* Internal serial clock is stopped or SCKO is a high level after 8-bit serial transfer.

Caution If CSIED is set to “1” after data write to SI00, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFQ)
is set. ’

13.4.3 SBI mode operation

SBI (Serial Bus Interface) is a high-speed serial interface in compliance with the NEC serial bus format.

SBI has a format with the bus configuration function added to the clocked serial I/O method so that it can carry
out communication with two or more devices with two signal conductors on the single-master high-speed serial bus.
Thus, when making up a serial bus with two or more microcomputers and peripheral ICs, the number of ports to
be used and the number of wires on the board can be decreased.

The master device can output to the serial data bus of the slave device "addresses” for selection of the serial
communication target device, “commands” to instruct the target device and actual "data”. The slave device can
identify the received datainto “address ", "command" or "data”, by hardware. This function enables the application
program serial interface (channel 0) contro! portions to be simplified.

The SBI function is incorporated into various devices including 75X-series devices and 78K-series 8-bit and
16-bit single-chip microcomputers.

Fig. 13-10 shows a serial bus configuration example when a CPU having a serial interface compliant with SBI and
peripheral ICs are used.

In SBI, the SBO (SB1) serial data bus pin serves for open-drain output and so the serial data bus line is in wired-
OR state. A pull-up resistor is necessary for the serial data bus line. '

When using the SBI mode, refer to {d) under {10) SBI mode precautions later in the text.
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Fig. 13-10 Example of Serial Bus Configuration with SBI

Voo
SCKo Serial Clook 5CKO Stave CPU
Master CPU .

$80 (SB1) [—22rial Data Bus SBO (SB1) Address 1
§Cko Slave CPU
SBO (SB1) Address 2

5o Slave IC
SBO (SB1) Address N

Caution When replacing the master CPU/slave CPU, a pull-up resistor is necessary for the serial clock
line (SCKO) as well because serial clock line {SCKD) input/output switching is carried out
asynchronously between the master and slave CPUs.
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{1) SBI functions

In the conventional serial /O method, when a serial bus is constructed by connecting two or more devices,
many ports and wiring are necessary to distinguish chip select signals and command/data and to judge the
busy state because only the data transfer function is available. If these operations are to be controlled by
software, the software must be heavily loaded. _

in SBI, a serial bus can be constructed with two signal conductors of serial clock SCKO and serial data bus
SBO (SB1). Thus, SBI is effective to decrease the number of microcomputer ports and that of wirings and
routings on the board.

The SBI functions are described below.

204

(a)

(b)

(c)

(d)

(e)

Address/command/data identify function
Serial data is distinguished into addresses, commands and data.

Chip select function by address transmission
The master executes slave chip selection by address transmission.

Wake-up function

The slave can easily judge address reception {chip select judgment) with the wake-up function {which
can be set/reset by software).

When the wake-up function is set, the interrupt request signal (CSIIFQ} is generated upon reception of
a match address. Thus, when communication is executed with two or more devices, the CPU except
the selected slave devices can operate regardiess of serial communication.

Acknowledge (ACK) control function
The acknowledge signal 1o check serial data reception is controlled.

Busy signal (BUSY) control function
The busy signal to report the slave busy state is controlled.
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(2) SBI definition
The SBI serial data format and the signals to be used are defined as follows.

Serial data to be transferred with SB! is distinguished into three types, "address”, "command” and "data”.
Fig. 13-11 shows the address, command and data transfer timings.

Fig. 13-11 SBI Transfer Timings

Address Transfer

SCKo : |||||||||||||||8|]9|||||||||||
SBO/SB1 \ A7 ACK!  BUSY

\
Bus Release
Signal

Command Transfer

Command Signal

SCKo ARNREENRERRREREREREpipin
$BO/SB1 7 [al T XX Yco\ax! “80sv [ resov

Data Transfer

SEKO ||||||||||l||”8||9HIIHHI
SBO/SB1 W T Y Yoo\ax! "sus¥ [reany

The bus release signal and the command signal are output by the master device. BUSY is output by the slave
signal. ACK can be output by either the masteor siave device (normally, the 8-bit data receiver outputs).
Serial clocks continue to be output by the master device from 8-bit data transfer start to BUSY reset.
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206

{a) Bus release signal (REL)
The bus release signal is a signal with the SB0 {SB1) line which has changed from the low level to the
high level when the SCKO line is at the high level (without serial clock output).
This signal is output by the master device.

Fig. 13-12 Bus Release Signal

The bus release signal indicates that the master device is going to transmit an address to the slave device.
The slave device incorporates hardware to detect the bus release signal.

(b) Command signal ({CMD)}
The command signal is a signal with the SBO (SB1) line which has changed from the high level to the
low level when the STKO line is at the high level (without serial clock output).
This signal is output by the master device.

Fig. 13-13 Command Signal

The slave device incorporates hardware to detect the command signal.
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{c) Address

An address is 8-bit data which the master device outputs to the slave device connected to the bus line
in order to select a particular slave device.

Fig. 13-14 Addresses

SCKa 1 2] 3] {4 5| |6] {7} |8

SBO (SB1)

Address
Bus Release Signal

Command Signal

8-bit data following bus release and command signals is defined as an “address”.

in the slave device, this condition is detected by hardware and whether or not 8-bit data matches the
own specification number (slave address) is checked by hardware. If the 8-bit data matches the slave
address, the slave device has been selected. After that, communication with the master device continues
until a release instruction is received from the master device.

Fig. 13-15 Slave Selection with Address

Master _‘ Slave 1 Not Selected
is;at::nz;?g;ss L Slave 2 Selected

Slave 3 Not Selected

Slave 4 Not Selected
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(d} Command and data

The master device transmits commands to and transmits and receives data to and from the slave device
selected by address transmission.

Fig. 13-16 Commands

SCKO 12134 M s s M7 s
SBO (SB1)
Command Signal Command
Fig. 13-17 Data
SCKO 1 2 3 4 5 6 7 8
$80(5B1) O €3 63 6 62 670 €8

Data

8-bit data following a command signal is defined as a “command”. 8-bit data without command signal

is defined as "data”. Command and data operation procedures can be determined arbitrarily according
to communication specifications.
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(e) Acknowledge signal (ACK)
The acknowledge signal is used to check serial data reception between transmitter and receiver.

Fig. 13-18 Acknowledge Signal

(When output in synchronization with 11th clock SCKO0}

SCKO g la| ho[ fn
SBO (SB1) ACK/

[{When output in synchronization with 9th clock SCK0]

SCKO ]||]||||||||||s|]9|[||]||

The acknowledge signal is one-shot pulse to be generated at the falling edge of SCKO after 8-bit data
transfer. It can be positioned anywhere and can be synchronized with any clock SCKO.

After 8-bit data transmission, the transmitter checks whether the receiver has returned the acknowledge
signal. If the acknowledge signal is not returned for the preset period of time after data transmission,
it can be judged that data reception has not been carried out correctly.
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{f} Busy signal (WSY) and ready signal (READY)
The BUSY signal is intended to report to the master device that the slave device is preparing for data
transmission/reception.
The READY signal is intended to report to the master device that the slave device is ready for data
transmission/reception.

Fig. 13-19 BUSY and READY Signals

sco o] o] LI LT L1
sosBn X \ACK/ BUSY / READY

In SBI, the slave device notifies the master device of the busy state by setting SBO (SB1) to the low level.
The BUSY signal is output in the wake of the acknowledge signal output from the master or slave signal.
Itis set/reset at the falling edge of SCKO. When the BUSY signal is reset, the master device automatically
terminates the output of SCKO serial clock.

When the BUSY signal is reset and the READY signal is set, the master device can start the next transfer.

(3} Register set

The SBImode is set with the serial operating mode register 0 (CSIMO), the serial bus interface control register
{SBIC} and the interrupt timing specify register (SINT).

(a) Serial operating mode register 0 (CSIMO)}
CSIMQ is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets CSIMO to O0H.
The shaded area is used in the SBI mode.
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Symbol Q) ® ® 4 3 2 1 0 Address  After reset R/W
CSIMo FF60H 00H R/wNoate 1
R Cg%M ng” Serial Interface Channel 0 Clock Selection
0 { x | Clock externally input to SCKD pin
1 | 0 | 8-bit timer register 2 output
1 1 | Clock specified with bits 0 to 3 of timer clock select register 3
R/W  JCSIM]CSIM [CSIM ow2s| P25 [owzs| P26 [pviza | P27 Operating Start Bit SI0/P25 Pin | SOO/P26 Pin | SCKO/P27 Pin
04 |03 {02 Mode an = Function Function Function
0 | x | 3-wire serial IfO mode (Refer 10 13.4.2 3-wire serial /0 mode operation.)
1 Note 2] Note 2 P25 $B1/P26
O x| xjopojoln {CMOS I/O) | (N-ch open- —
drain 1/O) SCKo
- SBl mode | MSB {CMOS 10)
Nota 2{Note 2 $80 P26
P10 x| xjo {N<h open- | (CMOS 1O)
drain 1/O)
1§ 1 | 2-wire serial /O mode (Refer to 13.4.4 2-wire serial 1/0 mode operation.)
R/W  |WUP| Wake-up Function Control
0 | Interrupt request signal generation with each serial transfer in any mode
3 Interrupt request signal generation when the address received after bus release (when CMDD = RELD = 1)
matches the slave address register data in SBI mode
R |CO!] Slave Address Compare Result FlagNote 3
0 | Slave address register not equal to serial /O shift register 0 data
1 | Slave address register equat to serial /O shift register 0 data
R/W  [CSIEO] Serial Interface Channel 0 Operation Control
0 | Operation disabled
1 | Operation enabled

Notes 1. Bit 6 (COIl) is a Read-Only bit.
2. Can be used freely as port function.
3. When CSIEQ = 0, COl becomes 0.

Remark x:

Don’t care
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Symbdd @ ® ® @® ® @ O® ©
SBIC

RW

212

{b) Serial bus interface control register (SBIC)

SBIC is set with a 1-bit or 8-bit memory manipulate instruction.

RESET input sets SBIC to 00H.
The shaded area is used in the SBI mode.

Address
FF61H

After Reset
00H

R/W
RNVN°'°

Used for bus release signal output.
RELT
Also cleared to 0 when CSIED = 0.

When RELT = 1, SO latch is set to 1. After SO latch setting, this bit is automaticaily cleared to 0.

Used for command signal output.
CMDT

Also cleared to 0 when CSIEQ = 0.

When CMDT = 1, SO latch is set to {1). After SO latch setting, automatically cleared to {0).

RELD | Bus Release Detection

Clear Conditions (RELD = Q)

Set Conditions (RELD = 1)

* When transfer start instruction is executed

» If SIO0 and SVA values do not match in address
reception

¢ When CSIED = 0

* When RESET input is applied

* When bus release signal (REL) is detected

CMDD} Command Detection

Clear Conditions (CMDD = Q)

Set Conditions (CMDD = 1)

* When transfer start instruction is executed
* When bus release signal (REL) is detected
* When CSIE0 = 0

* When RESET input is applied

* When command signal (CMD) is detected

ACKT

Acknowledge signal is output in synchronization with the falling edge of SCKO clock just after execution
of the instruction to be set to (1) and, after acknowledge signal output, automatically cleared to (0).
Also cleared to (0) upon start of serial interface transfer or when CSIEQ = 0.

Note Bits 2, 3, and 6 (RELD, CMDD, ACKD) are Read-Only bits.
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RW |ACKE| Acknowledge Signal Output Control

0 Acknowledge signal automatic output disable (output with ACKT enable)

¥ | Before comple- | Acknowledge signal is output in synchronization with the falling edge of 9th SCKO

tion of transfer | o {automatically output when ACKE = 1),

After comple- Acknowledge signal is output in synchronization with the falling edge of SCKO clock just
tion of transfer | after execution of the instruction to be set to 1 {automatically output when ACKE = 1}.
However, not automatically cleared to O after acknowledge signal output.

R ACKD] Acknowledge Detection

Clear Conditions {ACKD = 0) Set Conditions (ACKD = 1)

¢ When SCKO falls after busy mode has been ' * When acknowledge signal (ACK) is detected at the
released after execution of transfer start rising edge of SCKQ clock after completion of
instryction transfer

* When CSIE0 = 0
¢ When RESET input is applied

N
RIW BSYNE. Synchronizing Busy Signal Qutput Control

0 Busy signal output is disabled at the falling edge of SCKO clock just after execution of the instruction to
be cleared to 0.

1 Busy signal is output at the failing edge of SCKO clock following the acknowledge signal.

Note The serial interface transfer start or the address signal reception release a busy mode. However,
the BSYE flag is not cleared to 0.
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(¢} Interrupt timing specify register (SINT)

SINT is set with 3 1-bit or 8-bit memory manipulate instruction.

RESET input sets SINT to 0QH.

The shaded area is used in the SBI mode.

After

Address Reset RW
FF63H 00H Rphote !
SVAM| SVA Bit to be Used as Slave Address

Notes 1. Bit 6 (CLD) is a Read-Only bit.

0 |BitsOto?
1 Bits1to7
AW SIC | INTCSIO Interrupt Source Selection™**?

0 | CSIIFQ is set upon termination of serial interface
channel O transfer.

1 CSIIFO is set upon termination of serial interface
channel O transfer or upon bus release detection.

R CLD | SCKO Pin LevelMt?
0 | Lowievel
1 High level

2. When using wake-up function, set 0 in SIC.

3. When CSIEQ = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.

Remark SVA: Slave address register
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(4) Various signals
Figs. 13-20 to 13-25 show various signals and flag operations in SBI. Table 13-3 lists various signals in SBI.

Fig. 13-20 RELT, CMDT, RELD and CMDD Operations (Master)

Write slave address to SIO0
{ (Transfer Start Instruction}

SI00

—

/ T
- — )
| -

RELD \T\/ \\L
cMoD \ . 3

[42)
Fad
o

1

Fig. 13-21 RELD and CMDD Operations (Slave)

Transfer Start Write FFH to SIO0
Instruction (Transfer Mode Instruction}

!

f X

SCKo m ARONE \
READY
SO0 Latch A7 X A6 Al A0 ACK
\
Slave Address
‘— When ‘A{ddresses Match

o

)y
|
RELD ' \ < /
When Addresses do not Match
! -
CMDD 3
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Fig. 13-22 ACKT Operation

SCKO 6 7 8l |9 | | q
B 3 ©8 CY AR _— _—

SBO/SB1 D2 D1 Do o ACK ACK signal is output for a

period of one clock just
after setting.

—— b—

When set during this period

Caution Do not set ACKT before termination of transfer.
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Fig. 13-23 ACKE Operations
{a) When ACKE = 1 before completion of transfer
SBO/S81 \ Yo7 \os XZ D1 Y D0 4\ ACK [ ACK signal is output

at 9th clock
\CKE /l / \
—

L \When ACKE = 1 at this point

(b} When set after completion of transfer

o e LML L

})
SBO/SB1 {02 Yor Yoo / ACK ASK signal is output for 2
period of one clock just

sriod of
ACKE /. e

119

If set during this period
and ACKE = 1 at the falling
edge of the next SCKO

{(¢) When ACKE = 0 upon completion of transfer

SCKO I1I IZI l I l7| ISI 9l l l
SBO/SB1 \ 07 { o6 XZ)DZX b1 X Do ACK signal is not output
\
1}

ACKE Vi
\"

L When ACKE = 0 at this point

{d) When ACKE = 1 period is short

s e[ e L L L

}1
SB0/SB1 N D2 x D1 XEO / A ACK ASK signal is not output
/) A

if set during this period
and ACKE = 1 at the falling
edge of SCKO

ACKE

)
1
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SBO/SB1

ACKD

S100
SCKo
SBO/SB1

ACKD

SCKo
SBO/SB1

BSYE

218

Fig. 13-24 ACKD Operations

{a} When ACK signal is output at 9th clock of SCK0
. Transfer Start instruction

slo0 o

\ {— Transfer Start

e ﬁu—
SBO/SB1 k \
ACKD [

{b) When ACK signal is output after 9th clock of SCKO
i Transfer Start instruction

__________________ [}
.................. (! X
A \ I Transfer Start

€3 CB CY s

6[ 17[ 18 ]s W \74;]_‘
kL
.

{c) Clear timing when transfer is instructed in BUSY

' Transfer Start instruction

Fig. 13-25 BSYE Operation
e o w7 Y\
I T

BUSY

B ™2

o} If set during this period and
When BSYE = 1 st this point BSYE = 0 at the falling

edge of SCKD
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(S) Pin configuration
The serial clock pin (SCKO) and serial data bus pin SBO (SB1) have the following configurations.

(a) SCKO: Serial clock input/output pin
@ Master: CMOS and push-pull output
@ Siave:  Schmitt input
(o) SBO (SB1) : Serial data input/output dual- function pin
Both master and slave devices have an N-ch open-drain output and a Schmitt input.

Because the serial data bus line has an N-ch open-drain output, an external pull-up resistor is necessary.

Fig. 13-26 Pin Configuration

Slave Device

|

Master Device I

sece WL L s {Clock Output)

Clock Output —& +—C) — Clock Input
Serial Cloke
{Clock Input)
Voo
N-ch Open-Drain | seose1 ‘%}F‘L S$BO {SB1) | N-ch Open-Drain
— — C
50 ____'i Serial Data Bus —— 560

sio XXX S0

Caution Because the N-ch open-drain must be turned OFF for data reception, write FFH to S100 in
advance. The N-ch open-drain can be turned OFF during transfer. However, when wake-up
function specify bit (WUP) = 1, the N-ch transistor is always turned OFF. Thus, it is not
necessary to write FFH to SI100.
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(6)

7

222

Address match detection methaod

In the SBI mode, a particular slave device is selected by address communication from the master device and
communication is started.

Address match detection is executed by hardware. With the slave address register {SVA), CSIIFQ is set in
the wake-up state (WUP = 1) only when the address transmitted from the master device matches the value
set to SVA.

Cautions 1. Slave selection/non-selection is detected by match detection of the slave address
received after bus release (RELD = 1).
For this match detection, match interrupt (INTCSIO) of the address to be generated with
WUP = 1is normally used. Thus, execute selection/non-selection detection by slave
address when WUP = 1.

2. When detecting selection/non-selection without the use of interrupt with WUP = 0, do
so by means of transmission/reception of the command preset by program instead of
using the address match detection method.

Error detection
In the SBI mode, the serial bus SBQ/SB1 status being transmitted is fetched into the destination device, that
is, the serial I/O shift register 0 (SI00). Thus, transmit errors can be detected in the following way.

{a) Method of comparing S100 data before transmission to that after transmission.
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Method of using the slave address register {SVA)
Transmit data is set to both SI00 and SVA and is transmitted. After termination of transmission, COI
bit (match signal coming from the address comparator) of the serial operating mode register 0 (CSIMO)
is tested. If 1", normal transmission is judged to have been carried out. If “0", a transmit error is judged
to have occurred.
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

{8) Communication operation
In the SBI mode, the master device selects normally one slave device as communication target from among
two or more devices by outputting an "address” to the serial bus.
After the communication target device has been determined, commands and data are transmitted/received
and serial communication is realized between the master and slave devices.
Figs. 13-27 to 13-30 show data communication timing charts.
Shift operation of the shift register is carried out at the falling edge of serial clock (SCKO). Transmit data is
latched into the SOQ latch and is output with MSB set as the first bit from the SBO/P25 or SB1/P26 pin.
Receive data input to the SBO (or SB1) input at the rising edge of SCKO is latched into the shift register.

223
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

{9) Transfer start
Serial transfer is started by setting transfer data to the serial /O shift register 0 {SI00) when the following
two conditions are satisfied.

¢ Seriat interface 0 operation control bit {CSIEQ) = 1
* Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions 1. If CSIEO is set to “1” after data write to SIQ0, transfer does not start.

2. Because the N-ch open-drain must be turned OFF for data reception, write FFH to SI00
in advance. However, when make-up function specify bit (WUP)} = 1, the N-ch transistor
is always turned OFF. Thus, it is not necessary to write FFH to SI00.

3. If data is written to SIO0 when the slave is busy, the data is not lost.

When the busy state is cleared and SBO (or SB1) input is set to the high level (READY)
state, transfer starts.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request fiag (CSIIFO)
is set.

(10) SBI mode precautions

228

(a) Slave selection/non-selection is detected by match detection of the slave address received after bus

(o)

(c)

release (RELD = 1).
For this match detection, match interrupt (CSIIFQ) of the address to be generated with WUP = 1 is normally
used. Thus, execute selection/non-selection detection by slave address when WUP = 1.

When detecting selection/non-selection without the use of interrupt with WUP = 0, do so by means of
transmission/reception of the command preset by program instead of using the address match detection
method.

if WUP is set to 1 during BUSY signal output, BUSY is not cleared. in SBI, the BUSY signal continues
to be output after BUSY clear instruction generation to the falling edge of the next serial clock {SCKO).
Before setting WUP to 1, be sure to clear BUSY and then check that the SBO (SB1) has become high-
level.
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{d} For pins which are to be used for data input/output, be sure to carry out the following settings before
serial transfer of the 1st byte after RESET input.

@ Set the P25 and P26 output latches to 1.
@ Set bit 0 (RELT) of the serial bus control register to 1.
(@ Reset the P25 and P26 output latches from 1 to 0.

(e) When a device is set in the master mode, whether or not a siave is in the state of busy should be
determined by the following procedure.

@ aAn acknowledge signal {ACK} or an interrupt signal generation is detected.
@ Set port mode register PM25 {or PM26) of SBO/P25 {or SB1/P26) pin to the input mode.
® Read the pin status (when a high level, the pin status is ready).

After detection of the ready status, set 0 in the port mode register and return to the output mode.

13.4.4 2-wire serial I/O mode operation
The 2-wire serial I/O mode can cope with any communication format by program.

Communication is basically carried out with two lines of serial clock (SCKO) and serial data inputfoutput (SBO or
SB1}.

{1) Register set

The 2-wire serial I/O mode is set with the serial operating mode register 0 (CSIMQ), the serial bus interface
control register (SBIC) and the interrupt timing specify register {SINT).

(a) Serial operating mode register 0 {CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets CSIMO to 00H.
The shaded area is used in the 2-wire serial /O mode.

229

B Lu2?525 0092347 TTT MR



CHAPTER 13 SERIAL INTERFACE CHANNEL 0

Symbol

@@ E® G 4 3 2 1 0

Address  After Reset R/W
CSIMO 00H Rywhote 1
RIW ngM ng” Serial Interface Channel 0 Clock Selection
0 | x | Clock externally input to SCKO pin
1 | 0 | 8-bit timer register 2 output
1 1 | Clock specified with bits 0 to 3 of timer clock select register 3
R/W  [CSIM{CSIM [CSIM omzs| P25 lpwzs| pos vz | Py Operation Start bit SI0/P25 Pin | SOO0/P26 Pin | SCKO/P27 Pin
04 103 |02 5 2 Mode tart b Function Function Function
0 | x | 3-wire serial /O mode (Refer to 13.4.2 3-wire serial I/0 mode operation.)
1 | 0 | SBI mode {Refer to 13.4.3 SBI mode operation.)
i, Mo)t:z'mz ololol; 2w MSB P25 SB1/P26 $Cro
X
serial /O {CMOS 110} {N-ch open- {N-ch open-
mode drain I/O) drain 1/O)
Note 2[Note 2 SBO P26
VOO fxixq0]1 {N-ch open- ({CMOS 1/0}
drain I/Q)
R/W |WUP| Wake-up Function Control
0 | Interrupt request signal generation with each serial transfer in any mode
1 Interrupt request signal generation when the address received after bus release {when CMDD = RELD = 1)
matches the slave address register data in SBI mode
R |CO!| Slave Address Compare Resuit FiagNote 3
0 | Slave address register not equal to serial I/O shift register 0 data
1 | Slave address register equal to serial I/O shift register 0 data
R/W [CSIE0} Serial Interface Channel 0 Operation Control
0 | Operation disable
1 | Operation enable

Notes 1. Bit 6 (COI) is a Read-Oniy bit.
2. Can be used freely as port function.
3. When CSIEQ = 0, COI becomes 0.

Remark x: Don't care
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CHAPTER 13 SERIAL INTERFACE CHANNEL 0

(b) Serial bus interface control register (SBIC)

SBIC is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets SBIC to 00H.

The shaded area is used in the 2-wire serial |/O mode.

symbod @ ® ® @ @ & @ ©® Address  After Reset RMW

seic {Bsve [ack]acke |ackT[cmoo[ReLD

FF61H 00H R/W
R/W | RELT| When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0. Also cleared
to 0 when CSIED = 0.
R/W ICMDT| When CMDT = 1, SO latch is set to 0. After SO latch setting, automatically cleared to 0. Also cleared
to O when CSIED = 0.
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{c} Interrupt timing specify register (SINT}
SINT is set with a 1-bit or B-bit memory manipulate instruction.
RESET input sets SINT to 00H.
The shaded area is used in the 2-wire serial I/O mode.

Symbol 7 ® ® @ 3 2 1 0 Addless  pr= mw
SINT o | oo o]  Fem oo Rwe

AW SVAM| SVA Bit to be Used as Slave Address
0 |BitsOto7
1 Bits1to7

AW SIC | INTCSIO Interrupt Source Selection
0 | CSIIFQ is set upon termination of serial interface

channel O transfer.
1 | CSIFQ is set upon bus release detection.
R CLD | SCKO pin Level™t*?

0 | Lowlevel
1 High level

Notes 1. Bit 6 (CLD) is a Read-Only bit.
2. When CSIEQ = 0, CLD becomes 0.

Caution Be sure to set bits 0 to 3 to 0.

Remark SVA: Slave address register
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(2) Communication operation
The 2-wire serial YO mode is used for data transmission/reception in 8-bit units. Data transmission/reception
is carried out bit-wise in synchronization with the serial clock.
Shift operation of the serial /O shift register 0 (SIO0) is carried out at the falling edge of the serial clock (SCKO).
The transmit data is held in the SOO latch and is output from the SBO/P25 (or SB1/P26) pin with MSB set
at start. The receive data input from the SBO (or SB1) pin is latched into the shift register at the rising edge
of SCKO.
Upon termination of 8-bit transfer, the shift register operation stops automatically and the interrupt request
flag (CSIIFQ) is set.

Fig. 13-31 2-Wire Serial 1/0 Mode Timings

SCKo 1 2 3| ]a s| ]e 7 8
X o X o) D CHE
$81 Ko7 X os X os X os X 03 X 02 X o1 Do
CSiiFg I

1 . End of Transfer

Transfer Start at the_
Falling Edge of SCKO
The SBO (or SB1) pin specified for the serial data bus serves for N-ch open-drain input/foutput and thus it must
be externally pulled up. Because it is necessary to turn OFF the N-ch transistor, write FFH to SIQ0 in advance.
The SBO {or SB1) pin generates the SO0 latch status and thus the SBO (or SB1) pin output status can be manipulated
by setting the RELT and CMDT bits.
However, do not carry out this manipulation during serial transfer.

Controf the SCKO pin output level in the output mode {internal system clock mode) by manipulating the P27 output
latch (refer t0 13.4.5 SCKO pin output manipulation).

233
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(3) Various signals
Fig. 13-32 shows RELT and CMDT operations.

Fig. 13-32 RELT and CMDT Operations

SO0 Latch ‘h

RELT /
cMDT kiq

(4) Transfer start

Serial transfer is started by setting transfer data to the serial I/O shift register 0 {SI00) when the following
two conditions are satisfied.

* Serial interface 0 operation control bit {CSIEQ) = 1
¢ Internal serial clock is stopped or SCKOU is at high level after 8-bit serial transfer.

Cautions 1. If CSIEQ is set to “1” after data write to SI00, transfer does not start.
2. Because the N-ch open-drain must be turned OFF for data reception, write FFH to SI00

in advance.

Upon termination of 8-bit transfer, serial transfer automatically stops. and the interrupt request flag (CSIIFO)
is set.
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{5) Error detection
in the 2-wire serial IO mode, the serial bus SBO/SB1 status being transmitted is fetched into the destination
device, that is, SIQ0. Thus, transmit error can be detected in the following way.

{a) Method of comparing SI00 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

{b} Method of using the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, COI
bit {match signal coming from the address comparator) of the serial operating mode register 0 (CSIMOQ)
is tested. If “1”, normal transmission is judged to have been carried out. If “0", a transmit error is judged
to have occurred.

13.4.5 SCKO pin output manipulation

Because the SCKO/P27 pin incorporates an output latch, static output is also possible by software in addition to
normal serial clock output.

P27 output latch manipulation enables any number of SCKO to be set by software (S10/SBO and SO0/SB1 pin to
be controlled with the RELT and CMDT bits of SBIC).

SCKO/P27 pin output manipulating procedure is described below.
@ Set the serial operating mode register 0 {CSIMO) (SCKO pin enabled for serial operation in the output mode).
SCKO = 1 with serial transfer suspended.

@ Manipulate the P27 output latch with a bit manipulate instruction.

Fig. 13-33 SCKO0/P27 Pin Configuration

P27/5CK O {b To Internal P27

Bus Output
l Latch

{ X
w\] \ From Serial Clock

SCKo Control Circuit

When CSIEQ = 1
and CSIMO1, 00 = 00
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CHAPTER 14 SERIAL INTERFACE CHANNEL 1

14.1 Serial Interface Channel 1 Functions
Serial interface channel 1 employs the following two modes.

* Operation stop mode
¢ 3-wire serial [/O mode

(1) Operation stop mode
This mode is used when serial transfer is not carried out. Power consumption can be reduced.

(2) 3-wire serial 1/0 mode

This mode is used for 8-bit data transfer using three lines, each for serial clock (SCK1), serial output (SO1)
and serial input (SI1).

The 3-wire serial I/O mode enables simultaneous transmission/reception and so decreases the data transfer
processing time.

Since the start bit of 8-bit data to undergo serial transfer is switchable between MSB and LSB, connection
is enabled with either start bit device.

The 3-wire serial /O mode is valid for connection of peripheral /O units and display controliers which
incorporate a conventional synchronous serial interface as is the case with the 75X, 78K and 17K series.

14.2 Serial Interface Channel 1 Configuration
Serial interface channe! 1 consists of the following hardware.

Table 14-1 Serial Interface Channel 1 Configuration

ltem Configuration

Register Serial YO shift register 1 (SIO1)

Control register | Timer clock select register 3 (TCL3)
Serial operation mode register 1 (CSIM1)
Port mode register 2 (PM2)

237

B Lu427525 0092354 13T MW



CHAPTER 14 SERIAL INTERFACE CHANNEL 1

sng |eussiuy

¢ 1a1s16ay
109195 ¥20|) Jowj

[

vETDL | SET04 |9€7104 | LETOL

LISOUNI

yaeindinQ zzd ZZNd
L1 1 | s
v ZoL o
L. Y
i | iowejes v TTI/INADS
s [ iowejes g s
g | |A
Je3))
121UN0Y) [el1ag ‘h
yare Inding 1zd
v ’ © 12d/t0S
LZWNd
{L0IS)
| { 1915168} IPYS |.A|l||©o~n_:_m
O/1 [euag
OLNISO[LLNISO] HIa | L3ISD

:Sm_mwmwuos_
BunesadQ jeuag

|

SIIM LOIS .
Hig ——

weibeiq yo0ig | [duuey) aseialu) jeuas |-yl ‘Bid

238

M L427525 0092355 07k IN



CHAPTER 14 SERIAL INTERFACE CHANNEL 1

(1) Serial 1/0 shift register 1 (SI01)
This is an 8-bit register to carry out parallel/serial conversion and to carry out serial transmission/reception
(shift operation} in synchronization with the serial clock.
S101 is set with an 8-bit memory manipulate instruction.
When bit 7 (CSIE1) of serial operating mode register 1 (CSIM1)is 1, writing data to SIO1 status serial operation.
In transmission, data written to SI01 is output to the serial output (SO1). In reception, data is read from the
serial input (S11) to SIO1.
RESET input sets SIO1 undefined.

(2) Serial clock counter

This counter counts the serial clocks to be output and input during transmission/reception and to check
whether 8-bit data has been transmitted/received.

14.3 Serial interface Channel 1 Control Registers
The following four types of registers are used to control serial interface channel 1.

* Timer clock select register 3 (TCL3)
* Serial operating mode register 1 (CSIM1)

(1) Timer clock select register 3 (TCL3)
This register sets the serial clock of serial interface channel 1.
TCL3 is set with an 8-bit memory manipulate instruction.

RESET input sets TCL3 to 88H.

Remark Besides setting the serial clock of serial interface channel 1, TCL3 sets the serial clock of seriai
interface channel 0.
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CHAPTER 14 SERIAL INTERFACE CHANNEL 1

Fig. 14-2 Timer Clock Select Register 3 Format

Symbol 7 6 5 4 3 2 1 0 Addiess gt
T fTeL | cL36| eL3s | TCL3a |Tcss |tcua2|Tout|Teuo|  FrasH 88H

f

R/W
RW

Serial Interface Channel 0

TCL33 | TCL32 { TCL31{ TCL30
Serial Clock Selection

0 1 1 0 | fx2% (1.05 MHz)

0 1 1 1 | f42% (524 kH2)

1 0 0 0 |fx/2¢ (262 kHz)

1 0 0 1| /25 {131 kHz)

1 0 1 0 | 42° {65.5 kHz)

1 0 1 1 | /27 {32.7 kH2)

1 1 0 0 |fv28 (16.4 kH2)

1 1 0 1 x/2° (8.2 kHz)
Other than the above Setting prohibited
Tc137 | ToLas | Tess | Tetaa Serial Interface Channel 1

Serial Clock Selection

-0 1 1 0 |22 {1.056 MHz)

0 1 1 1| 2% (624 kHz)

1 0.f{ O 0 | x/2¢ (262 kHz)

1 0 0 1 ] #28 (131 kHz)

1 0 1 0 | fv2¢ (65.5 kH2)

1 0 1 1 xf27 {32.7 kHz)

1 1 0 0 | fx28 (16.4 kH2)

1 1 0 1 | f42° (8.2 kH2)

Other than the above

Setting prohibited

Caution Before rewriting the data of TCL3, stop the timer once.

Remarks 1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz
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CHAPTER 14 SERIAL INTERFACE CHANNEL 1

{2) Serial operating mode register 1 {CSIM1}
This register sets serial interface channel 1 serial clock and operation enable/stopped.
CSIM1 is set with a 1-bit or 8-bit memory manipulate instruction.
RESET input sets CSIM1 to 00H.

Fig. 14-3 Serial Operation Mode Register 1 Format

| Symbol @ 6 5 4 3 2 1 0  Address After Reset RW
Note1
; csiMt fesiet DIR[0 | 0 [ o [ o [FMICM  Fresn 00H RW
C1S|1M C'Sgw Serial Interface Channel 1 Clock Selection
0 | x | Clock externally input to SCK1 pin
1t | 0 | 8-bit timer register 2 output
1 1 | Clock specified with bits 4 to 7 of timer clock select register 3
DIR Start Bit Si1 Pin Function SO1 Pin Function
0 MsB $11/20 sol
1 LSB {lnput) {CMOS output)
CSIM Operation of | Controls Operation | §11/P20 pin 1/P21 pi 1/P
Csier| . [pM20{ P20 jpmz1 | P21 [pmaz{ P22 ] P on O 1 of Serial Clock /P20 pin | SO1/P21 pin | SCK1/P22
11 Shift Register 1 Counter Function Function | Pin Function
0| x N°;<'2 No)t:! No::z Na:z m:z u.;: Y Operation Clear P20 P21 P22
stops {CMOS 1/0) | (CMOS I/0) | (CMOS I/0)
1]0 Nv;ﬂ Nv;-s olof 1] x| Operation Count S|qNote 3 SO1 SCK1
enabled operation {input) {CMOS output) {input)
1 011 SCK1
{CMOS output)

Notes 1. Be sure to set 0 in bit 5.
2. -Can be used freely as port function.
3. Can be used as P20 when only transmitter is used.

Remark x: Don't care

B Lu2?525 0092358 445 M
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CHAPTER 14 SERIAL INTERFACE CHANNEL 1

14.4 Serial Interface Channel 1 Operations
The following two operating modes are available to the serial interface channel 1.

¢ Operation stop mode
* 3-wire serial /O mode

14.4.1 Operation stop mode
Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The serial
I/O shift register 1 (S101} does not carry out shift operation either and thus it can be used as ordinary 8-bit register.
In the operation stop mode, the P20/S11, P21/S01 and P22/SCK1 pins can be used as ordinary input/output ports.

(1) Register set

The operation stop mode is set with the serial operating mode register 1 {CSIM1}).
CSiM1 is set with a 1-bit or 8-bit memory manipulate instruction.

RESET input sets CSIM1 to O0H.

The shaded area is used in the operation stop mode.

Symbot @D 6 5 4 3 2 1 0 Address  After Reset R/W
0o |o|[SMcM  FregH 00H R/W
CSIM Shift Register | . Sefial Clock | g11/P20 Pin | SO1/P21 Pin | SCK1/P22
CSIET PM20| P20 [PM21] P21 [PM22| P22 ) Counter Operation . : ) )
11 1 Operation Control Function Function | Pin Function
Nate 2|Nate 21Note 2[Note 2[Nate 2|Note 2| Operation Clear P20 P21 P22
O x| x|ix|x]|x]|x]|x
stops {CMOS I/O} | {CMOS 1/0) | (CMOS 1/0)
1[0 [Newdtendi 9| 0| 1| x| Operation Count SiNote3 SO1 SCK1
enabled operation {input) (CMOS output) {input)
1 0|1 SCK1
({CMOS output)

Notes 1. Be sure to set O in bit 5.

2. Can be used freely as port function.
3. Can be used as P20 (CMOS input/output) when using transmission only.

Remark x: Don’t care
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CHAPTER 14 SERIAL INTERFACE CHANNEL 1

14.4.2 3-wire serial /O mode operation
The 3-wire serial I/O mode is valid for connection of peripheral /O units and display controllers which incorporate
a conventional synchronous serial interface as is the case with the 75X, 78K and 17K series.
Communication is carried out with three lines of serial clock (SCK1), serial output {SO1) and serial input {SI1}.

(1) Register s

et

The 3-wire serial I/O mode is set with the serial operating mode register 1 (CSIM1).

CSIM1 is set with a 1-bit or 8-bit memory manipulate instruction.

RESET input sets CSIM1 to 00H.
The shaded area is used in the 3-wire serial /O mode

Symbot @) 6 5 4 3 2 1 0 Address  After Reset R/W
CSim1 01010 FF68H 00H R/W
C1SI1M Cfg” Serial Interface Channel 1 Clock Selection
0 | x | Clock externally input to SCK1 pinNote 1
1 0 | 8-bit timer register 2 output
1 1 | Clock specified with bits 4 to 7 of timer clock select register 3
DIR Start Bit Si1 Pin Function SO1 Pin Function
0 MSB S11/20 SOl
1 L.S8 {input) (CMOS output)
csiM Shift Register | __ Seri#él Clock | $11/P20 Pin | SO1/P21 Pin | SCK1/P22
CSIET PM20} P20 |PM21| P21 |PM22| P22 ) Counter Operation ” ) : -
11 1 Operation Control Function Function Pin Function
Note 2iNote 2iNote 2|Nota 2 |Nate 2iNete 2 Operation Clear P20 P21 P22
0| x|{x|x|xix]x]|x
stops {CMOS 1/O) | (CMOS 1/O} | (CMOS 1/0)
110 "°.'l'3 "';(" 010|111 | x| Operation Count SliNote 3 sSO1 SCK1
enabled operation {input) {CMOS output) {input)
1 01 SCK1
{CMOS output)
Notes 1. Be sure to set 0 in bit 5.
2. Can be used freely as port function.
3. Can be used as P20 when only transmitter is used.
Remark x: Don't care
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CHAPTER 14 SERIAL INTERFACE CHANNEL 1

(2) Communication operation
The 3-wire serial I/O mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization with the serial clock.
Shift operation of the serial I/O shift register 1 {SIO1} is carried out at the falling edge of the serial clock {SCK1).
The transmit data is held in the SO1 latch and is output from the SO1 pin. The receive data input to the SI1
pin is latched into SIO1 at the rising edge of SCK1.
Upon termination of 8-bit transfer, the SIO1 operation stops automatically and the serial transfer end flag
(CSIIF1) is set.

Fig. 14-4 3-Wire Serial 1/0 Mode Timings

SCK1

s

SOt x

!

Write to SIO1

DO7 X DO6 X DOSX DO4 X D03 X D02 X DO1 X DOO0

b
[
1
}
[
1
[
t
'
t
[
'
]
U
[
)
i
1
H
'
]
[}

CSIIF1

L Transfer start at the End of Transfer
falling edge of SCK1

Caution Do not set CSIE1 to 0 during transfer. If CSIE is set to 1, an undefined value will be output.
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15.1

CHAPTER 15 FIP CONTROLLER/DRIVER

Fip Controller/Driver Functions

The functions of the FIP controller/driver incorporated in the uPD78024 subseries are shown below.

{1)

{2)

3)

(4)

(5)

{6)

{7}

Segment signal output {DMA operation} and automatic digit signal output can be performed by automatic
reading of display data.

9 10 16 segment and 2 to 16 digit FIP (fluorescent indicator panel) control is possible by means of display
mode registers 0 and 1 {DSPMOQ, DSPM1).

Pins which are not used for FIP display can be used as output port or input/output port pins.
8-level brightness adjustment is possible by means of display mode register 1 (DSPM1).

Hardware is incorporated which takes key scanning applications into consideration.

* Generation of interrupt (INTKS) indicates key scan timing.

* A key scan signal is output from the segment output pins by setting key scan data in port 11.
* The timing of key scan data output can be detected by means of the key scan flag (KSF).

A high-voltage output buffer is incorporated which allows the FIP to be driven directly.
The display output pins can incorporate a pull-down resistor by means of a mask option.

Cautions 1. The FIP controller/driver is operable when selecting fx or fx/2 CPU clock. For FIP display,
set CSS to 0 and PCC2 to PCCO to 000 or 001. With other clocks (including the subsystem
clock), normal display can not be performed. Before stopping the main oscillation, be sure
to stop the display. (Set DIGSO to DIGS3 to 000.)

2. When using the FIP controller/driver, the 11 and 12 port pins used as segment output
should be set to the output mode (set 0 in bits corresponding to port mode registers 11
and 12).
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CHAPTER 15 FIP CONTROLLER/DRIVER

Fig. 15-1 FIP Controller Operation Timing

Tevr

Tose

=

Digit Signat ' I
FIPO

Txs

™ ]

v
+
1
b
v
3
)
S
-~
'
t

Tow
[

FiPn

Key Scan Flag (KSF)

Can be changed
p at any time
L

Ly X L)

4

One Display Cycle Key Scan Timing

n : Number of display digits -1
{2 10 16 segments selectable by means of display mode register 1 (DSPM1))
Tose : 1 display cycle
{1024/fx (204.8 ps: at 5.0 MHz operation) or (2048/fx (409.6 us: at 5.0 MHz operation)
Tks : Key scan timing
(Txs = Tose)
Tevtr : Display cycle
(Tcyt = Tosp x (display digits + 1))
Toic : Digital signal pulse width
(8 .widths selectable by means of display mode register 1 {DSPM1})
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CHAPTER 15 FIP CONTROLLER/DRIVER

All 26 display output pins have a dual function as port pins. When "display stopped” is set by bits 4 to 7 (DIGSQ
to DIGS3) of display mode register 1 (DSPM1), the 26 display output pins can be used as port pins.

Also, display output pins which are not used for digit signal output or segment signal output can be used as port
pins even if the display enabled state is set.

Table 15-1 Correspondence between Display Output Pins and Dual-Function Pins

| Display Pin Dual-Function Pin Input/Output
| FIPO, FIP1 P80, P81 Dedicated output port
' FIP2 P30 Dedicated output port
' to 1o

FiP9 P97
| FiP10 P100 Dedicated output port
| to to

FIP17 P107

FIP18 P110 Input/output port

to to
FiP25 P117

15.2 FIP Controlier/Driver Configuration
The FIP controller/driver comprises the following hardware.

Table 15-2 FIP Controller/Driver Configuration

Item Configuration

Display outputs | 26 (number of segments: S to 16, number of digits: 2 to 16)

Control registers | Display mode register 0 {DSPMO)
Display mode register 1 (DSPM1)
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CHAPTER 15 FIP CONTROLLER/DRIVER
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CHAPTER 15 FIP CONTROLLER/DRIVER

15.3 FIP Controller/Driver Control Registers
The FIP controller/driver is controlled by the following two registers.

* Display mode register 0 (DSPMO)
* Display mode register 1 (DSPM1)

(1) Display mode register 0 {DSPMO0){see Fig. 15-3)
This register shows the number of display segments, the subsystem clock noise elimination circuit mode
setting, and the key scan timing.
DSPMO is set by an 8-bit memory manipulation instruction. Bit 7 (KSF) only can be read by a 1-bit memory
manipulation instruction.
RESET input sets DSPMO to 00H.

{2) Display mode register 1 (DSPM1)(see Fig. 15-4)
This register selects the number of display digits and digit signal cut width setting, and the display cycle (Tos?).
When bit 0 (DIMSQ) is set to 1, selecting 2048/fx (409.6 us: 5.0 MHz operation) as the display cycle, leakage
emission is small. However, as the number of display digits increases, the display cycle approaches the
commercial power supply frequency, causing flickering of the display, and therefore 1024/fx (204.8 us:
5.0 MHz operation) should be selected. If there is leakage emission in this case, the digit signal cut width
should be adjusted by means of bits 1 to 3 (DIMS1 to DIMS3).
DSPM1 is set by an 8-bit memory manipulation instruction.
RESET input sets DSPM1 to 00H.
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CHAPTER 15 FIP CONTROLLER/DRIVER

Fig. 15-3 Display Mode Register 0 Format

Symbodl @ 6 5 4 3 2 1 0 Address gt W

DSPMO | KSF |osmos[ o | o | secs3 | seesz}s&e&|seeso| FFAOH 00H RNt
L L

SEGS3 | SEGS2 | SEGS1 | SEGS0 | Number of Display Segments
0 0 0 0 9 Segments

0 1 10 Segments

0
0 1 0 11 Segments
0

1 1 12 Segments

1 1 14 Segments

0

(¢

0

0 1 0 0 13 Segments
0 0

0

1 1 0 15 Segments

0 1 1 1 16 Segments

Other than the above Setting prohibited

DSPMOG | Subsystem Clock Noise Elimination Circuit Mode Setting™™® 2
0 {2.5 MHz<x$5.0 MHz
1 }1.25 MHz<x<2.5 MHz

KSF | Timing Status

0 | Display timing

1 Key scan timing

Notes 1. Bit 7 (KSF) is Read Only.
2. Avalue should be set to match the main system clock frequency (fx) used. The noise elimination circuit
is effective during an FIP display operation.

Caution When using both a main system clock of 1.25 MHz or less and the FIP controller/driver, be sure
to use the watch timer count on the main system clock
{TCL24 = 0).
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CHAPTER 15 FiP CONTROLLER/DRIVER

Fig. 15-4 Display Mode Register 1 Format

Symbol 7 6 5 4 3 2 1 0 Address :;Zt RAW
DSPMO [mes:[oeesz[omm|D|Gso[oumss|olmsz|oums1|ouwso| FFATH O0H RW

DIMS0| Display Cycle Selection

0 | 1024/fx used as display cycle
(1 display cycle = 204.8 us: 5.0MHz operation)

1 2048/fx used as display cycle
{1 display cycle = 409.6 us: 5.0MHz operation)

DIMS3 | DIMS2 | DIMS1 | Digit Signal Cut Width
o]l o] o |ws

0 0 1 2/16
0 1 0 | 4/16
0 1 1 6/16
1 0 0 |8n1e
1 0 1 10/16

1 1 0 112/16
1 1 1 14/16

DIGS3 | DIGS2 | DIGS1 | DIGSO | Number of Display Digits

0 o} 0 0 | Display stopped (Static display)™*™*®

0 0 o 1 |2 digits
0 0 1 0 |3 digits
0 0 1 1 |4 digits
0 1 0 0 |5 digits
0 1 0 t |6 digits
0 1 1 0 |7 digits
0 1 1 1 |8 digits
1 0 0 0 |9 digits
1 0 0 1 |10 digits
1 0 1 0 |11 digits
1 0 1 1 12 digits
1 1 o 0 |13 digits
1 1 0 1 14 digits

1 1 1 0 | 15 digits
1 1 1 1 | 16 digits

Note Display stopped (static display): If the display halt state has been set, static display is possible by operating
the port output latch. '

Remark fx: Main system clock oscillation frequency
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CHAPTER 15 FIP CONTROLLER/DRIVER

The digit signal is cut by half at the beginning and end of the dispaly pericd, if so specified by DIMS1-DIMS3
of DSPM1.

Fig. 15-5 Digit Signal Cut Width

One Display Cycle = Tose

Segment Signals )( )(

o 116 1116 —\
. m m
onecuwan LU U

I /8 1/8 \
u T
ohodawan L L]

/'—" 1/4 To1/4 -—-\
T —
whechwan L | L[
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CHAPTER 15 FIP CONTROLLER/DRIVER

When display is started from the display halt state, FIP0 is output twice.

Fig. 15-6 FIP Controller Display Start Timing

Digit Signal Tose l l Tes
FPO l | I I
FIP1 1 L
FIP2 1 [
FiPn l l
Key Scan Fiag (KSF)
— Can be changed
’ 7 l at any time
Segment Signal X X \\ X X X
7/ l
Display 1 Display Key Scan Timing
Start Cycle
n . Number of display digits -1

Tose :

Tks

Tos :

2 to 16 digits can be selected by display mode register 1 {DSPM).

One Display Cycle

(1024/fx (204.8 pus: at 5.0 MHz operation) or (2048/fx (409.6 us: at 5.0 MHz operation)

. Key scan timing

(Txs = Tose}
Digit signal puise width

(8 widths can be selected by display mode register 1 (DSPM1)}
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CHAPTER 15 FIP CONTROLLER/DRIVER

15.4 Display Mode Selection

The number of segments and digits that can be displayed by the FIP controller/driver is determined by the display
mode.

Fig. 15-7 Display Mode Selection Diagram

L Selection of Number of Digits y
1
00 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
i ] ] 1 1] i { | t I 1 I 1 l} 1
T °F O—0—0—0—0—"0—0-"0"0-"0-FC
.| 10k O—O—OO—O0—0O0—0O0—0O0—0O0—O0—0O0—0O0—0—0O0—0—0
2| np O—O0—O0—O0—O0—O0—0—0—0—0—0—0—0—=0
[~
_5&3 12} o—0—0—0—00—O0—0O0—LO0—0—0O0—0O0—0—0
5
S| BF O—O0—O0—O0—0—0—0—0—0—0—0—>0
[o]
35| 1l OO e e e e e e O—O——O
15| O—O—O0—0O0—0O—0O0—0O0—0O—0—0
—‘-1sr o—0O0—O0O—O0O0—0—0—0—0O0—0

Caution When setting a total of digits and segments to more than 26, specification of digits takes priority
over that of segments.
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CHAPTER 15 FIP CONTROLLER/DRIVER

15.5 Display Mode and Dispaly Outputs

The on-chip FiP controller assigns pins FIPQ/P80 to FIP25/P117 to digit signals and segment signals in that order
up to the number set by display mode registers 0 and 1 (DISPMO, DISPM1), and assigns the remaining pins as general-
purpase port pins.

The pin layout for a 14-segment display is shown below as an example. -

Fig. 15-8 Pin Layout for 14-Segment Display

Pin Name Selection of Number of Dispaly Digits
Stomped 2 3 | 8 9 10 1 12
FIPO/PS0 P80 :
FiP1/P81 P81
FIP2/P20 P90
FIP3/P91 P91 P91 P91
FiP4/P92 P92 P92 P32
FIP5/PY3 P93 Pg3 P93-
FiP6/P94 P94 P94 P94
FIP7/P95 P95 P36 Pas5
FIPg/PY6 P96 P36 P96
FIP9/P97 P97 P97 P97
FIP10/P100 P100
FIP11/P101 P101
FIP12/P102 P102
FIP13/P103 P103
FiP14/P104 P104
FIP15/P105 P105
FIP16/P106 : P108
FIP17/P107 P107
FIP18/P110 P110
FIP19/P111 P111
FiP20/P112 P112
FIP21/P113 P113
FIP122/P114 P114
FIP23/P115 P115
FiP24/P116 P118 P116 P116
FiP25/P117 P117 P117 P117
Remark V : Logical sum (OR)

T0-T11 : Digit pin
S0-S13: Segment pin
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CHAPTER 15 FIP CONTROLLER/DRIVER

15.6 Display Data Memory

The display data memory is an area which stores the segment data to be displayed.

The display data memory is mapped onto addresses FA60H to FAZFH. The FIP controller reads the data stored
in the dispiay data memory for the FIP display without regard to the operation of the CPU {DMA operation).

Any area which is not used for display purposes can be used as ordinary RAM.

At the key scan timing (Tks), all the segment outputs are set to “0” outputs and the output latch data of port 11
is output to FIP18/P110 to FIP25/P117.

Fig. 15-9 Relation between Display Data Memory Contents and Segment Output

Bit 7 07 0 [
¥ 1 t 1 L} 1} 1 1 13 ] L3 1 T 1]
FABOH FA70H 'Ilo
FA61H FA71H Tl1
FA62H FA72H 1;2
FAG3H FA73H TLS
FAG4H FA74H Tf
FAG5H FA75H Tls
g FAB6H FA76H Tls
E -
g FAS7H FA77H T7 2
s . g
g FAGEH FA78H T8 e
=) ) €
z FAB9H FA79H 9 E
8 ) =
2 FAGAH FATAH T10
FAGBH FA7BH T
FABCH FA7CH 'TZ
FASDH FA7DH TL13
FAGEH FA7EH ‘514
FAGFH FA7FH TL‘IS
0 000O0OOO|00O0OOO OO0 0fTes
§16 =x-rmmemememannnaanas S8 §7 --eemmmoemeocannons S0
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15.7 Key Scan Flag and Key Scan Data

15.7.1 Key scan flag

The key scan flag (KSF) is set to 1 during key scanning and reset to 0 automatically during display.

KSF is mapped onto bit 7 of display mode register 0 (DSPMO), and can be tested as a bit unit. It cannot be written
to.

By testing KSF it is possible to determine whether or not key scanning is in progress and whether key-input data
is correct.

15.7.2 Key scan data
The data stored in port 11 is output to pins FIP18 through FIP25 during key scanning.

Changing the port 11 output data enables key scanning to be performed using pins FIP18 through FIP25,

Caution The output latch of port 11 must be set to 0 when the key scan timing is complete.
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15.8 Fluorescent Indicator Panel Leakage Emission

When a fluorescent indicator panel is driven using a pPD78024 subseries device, leakage emission may occur.
There are two probable causes of this as described below.

(1) Leakage emission due to short blanking time
Fig. 15-10 shows the signal waveform when the first digit of a 2-digit display is lit and the second is not lit.
If the blanking time is short as shown in this figure, the T1 signal rises before the segment signals have
disappeared, resultingin leakage emission. In general, a blanking time of around 20 us is required, and therefore
the value set in display mode register 1 (DSPM1) must be considered.

Fig. 15-10 Schematic Diagram of Leakage Emission Due to Short Blanking Time

‘ Blanking Time
TO
T
Leakage emission
is generated S
SO \
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CHAPTER 15 FIP CONTROLLER/DRIVER

(2) Leakage emission due to capacitance between fluorescent indicator panel segments and grid

Leakage emission may still occur even if the blanking time is adequate, as shown in Fig. 15-12. This is because
there is capacitance between the fiuorescent indicator panel grid and segments as indicated as Csg in Fig.
15-11, and when a segment signal is turned on, the timing signal pin is raised via Cse. If this voltage reaches
or exceeds the level of the cut-off voltage (Ex) as shown in Fig. 15-12, leakage emission occurs.

This spike voltage varies according to the size of Csc and the value of the internal pull-down resistor (R.). The
larger the value of Csc and the larger the value of R, the higher the voltage, and the more likely the occurrence
of leakage emission.

The value of Csc depends on the display area of the fluorescent indicator panel: the larger the ares, the larger
the value of Cse. Therefore, the value of the pull-down resistor required to prevent the occurrence of leakage
emission depends on the size of the fluorescent indicator panel.

On the other hand, since the pull-down resistor value which can be incorporated by a mask option is
comparatively large, it may not be possible to suppress leakage emission with this internal pull-down resistor
alone.

If adequate display quality cannot be obtained, various countermeasures should be considered such as deep-
ening the back bias {raising Ex), adding a filter to the fluorescent indicator panel, or externally connecting a
pull-down resistor of several 10k to the timing signal pin.

The likelihood of occurrence of leakage emission due to Csc depends on the duty cycle of the spike voltage
included in the overall display cycle, and thus the likelihood of occurrence is greater the smaller the number
of display digits.

This is still effective even if the brightness of the display is reduced.
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CHAPTER 15 FIP CONTROLLER/DRIVER

Fig. 15-11 Explanatory Diagram of Leakage Emission Due to Csg
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L /\ Filament
>
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Remarks 1. Ex: Cut-off voltage
2. Ru: Internal pull-down resistor

Fig. 15-12 Schematic Diagram of Leakage Emission Due fo Csg
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CHAPTER 16 INTERRUPT FUNCTIONS AND TEST FUNCTIONS

16.1 Interrupt Function Types

The following three types of interrupt functions are used.

(1)

{2)

(3)

Non-maskable interrupt

This interrupt is acknowledged unconditionally. It does not undergo interrupt priority control and is given top
priority over all other interrupt requests.

It generates a standby release signal.

One interrupt from the watchdog timer is incorporated as a non-maskable interrupt.

Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specify flag register (PR}.

Muiltiple high priority interrupts can be applied to low priority interrupts. If two or more interrupts with the
same priority are simultaneously generated, each interrupt has a predetermined priority (see Table 16-1).
A standby release signal is generated.

Four external interrupts and nine internal interrupts are incorporated as maskable interrupts.

Software interrupt
This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even in
a disabled state. The software interrupt does not undergo interrupt priority control.

16.2 Interrupt Sources and Configuration

A total of 15 non-maskable, maskable and software interrupts are incorporated in the interrupt sources (see Table

16-1).
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Table 16-1 Interrupt Source List

Interrupt Default Interrupt Source Internal/ | Vector Basic
. .. Note 1 Table | Configuration
Type | PriorityNote Name Trigger External | Address | TypeNote 2
Non- —_ INTWDT | Watchdog timer overflow {with Internal | 0004H A
maskable watchdog timer mode 1 selected)
Maskable 0 INTWDT | Watchdog timer overflow {with B
) interval timer mode selected)
1 INTPQ | Pin input edge detection - External | 0006H
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTCSI0 | End of serial interface channel 0 internal | OOOEH B
transfer
6 INTCSI11 | End of serial interface channel 1 0010H
transfer
7 INTTM3 | Reference time interval signal from 0012H
watch timer
8 INTTMO | Generation of 16-bit timer/event 0014H
counter match signal
9 INTTM1 | Generation of 8-bit timer/counter 1 0016H
match signal
10 INTTM2 | Generation of 8-bit timer/counter 2 . 0018H
match signal
11 INTAD | End of A/D converter conversion 001AH
12 INTKS Kejy scan timings from FIP controlier/ 001CH
driver
Software —_ BRK BRK instruction execution Internal | 003EH E

Notes 1. Def_ahlt priorities are intended for two or more simultaneously generated non-maskable interrupts. 0
is the highest priority and 12 is the lowest priority.
2. Basic configuration types A to E correspond to A to E in Fig. 16-1.
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Fig. 16-1 Basic Configuration of interrupt Function {1/2)

{A) Internal non-maskable interrupt

S Internal Bus S
- Vector Table
Interrupt Z'."m'.ty Control Address Generation
Request ircurt Circuit
Standby Release
Signal
(B) Internal maskable interrupt
S Internal Bus S
MK IE PR 1P
. Vector Table
P{IOHFY Control Address Generation
Interrupt __ ] ¢ Circuit Circuit
Request
Standby Release
Signal
{C) External maskable interrupt (INTPO)
Internat Bus

Sampiing Clock

Selection Register | | EXternal Interrupt Mode MK IE PR ISP
{5CS) Register (INTMO)

U

interrupt___| Sampling

Request Clock

U

Edge

Detector

L_l

(_l

Priority Control

Circuit

Vector Tabie .
Address Generation
Circuit

Standby Release
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Fig. 16-1 Basic Configuration of Interrupt Function (2/2)

{D) External maskable interrupt {except INTPO)

i Internal Bus
External Interrupt Mode
Register {INTMO) MK IE PR ISP

Interrupt Edge

;

!

O

Request Detector

{E) Software interrupt

Interrupt

L. Vector Table
PF’°”FV Control Address Generation
Circuit

Cireuit

Signal

S Internal Bus S

Priority Control

Request

IF : interrupt request flag

IE : interrupt enable flag
ISP : in-service priority flag
MK : interrupt mask flag

PR : priority specification flag
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CHAPTER 16 INTERRUPT FUNCTIONS AND TEST FUNCTIONS

16.3 Interrupt Function Control Registers
The following six types of registers are used to control the interrupt functions.

* Interrupt request flag register (IF0)

¢ Interrupt mask flag register (MKO}

* Priority specify flag register (PRQ)

¢ External interrupt mode register (INTMO)
Sampling clock selection register (SCS)
¢ Program status word (PSW)

Table 16-2 gives a listing of interrupt request flags, interrupt mask flags and priority specify flag names corre-
sponding to interrupt request sources.

Table 16-2 Various Flags Corresponding to Interrupt Request Sources

Interrupt Request Signal Name | Interrupt Request Flag | Interrupt Mask Flag Priority Specify Flag
INTPQ PIFO PMKO PPRO
INTP? PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTTMO TMIFQ TMMKO TMPRO
INTTM1 TMIF1 TMMK1 TMPR1
INTTM2 TMIF2 TMMK2 TMPR2
INTTM3 TMIF3 TMMK3 TMPR3
INTWDT TMIF4 TMMK4 TMPR4
INTCSIO CSHFO CSIMKOD CSIPRO
INTCSI1 CSlIF1 CSIMK1 CSIPR1
INTAD ADIF ADMK ADPR
INTKS KSIF KSMK KSPR
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{1) Interrupt request flag register (IF0)
The interrupt request is set to 1 when the corresponding interrupt request is generated or an instruction is
executed. It is cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request
or upon application of RESET input.
IFO is set with a 1-bit, 8-bit or 18-bit memory manipulate instruction.
RESET input sets IF0 to 00H.

Fig. 16-2 Interrupt Request Flag Register Format

Symbod @ ® ® ©® ® @ @ © Address  After Reset RW

IFoL [TMIF3|CsiFt [CSiFo| PIFS | PIF2 | PIF1 | PIFO [TMIFa]  FFEOH 00H RAW
7 s ® @ ® @ 0 ©
FoH | o | o |wnF|ksiF|ADIF |TM|F§TM|F1[TMIF0| FFETH 00H RW

xx!{F | Interrupt Request Flag

0 Interrupt request signal is not generated.

1 Interrupt request signal is generated, interrupt
request state is entered into.

Cautions 1. TMIF4 flag is R/W enabled only when a watchdog timer is used as interval timer. If a
watchdog timer is used as non-maskable interrupt, set TMIF4 flag to 0.

2. Asport 0 has a dual function as an external interrupt input, when the port function output

mode is specified and the output level is changed, the interrupt request flag is set. When

the output mode is used, therefore, the interrupt mask flag should be set to 1 beforehand.
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(2) Interrupt mask flag register (MKO0)
The interrupt mask flag is used to enable/disable the corresponding maskable interrupt service and to set
standby clear enable/disable.
MKO is set with a 1-bit, 8-bit or 16-bit memory manipulate instruction,
RESET input sets MKO to FFH.

Fig. 16-3 Format of Interrupt Mask Flag Register
Ssymbod @ ® ® @ & @ @ © Address  After Reset RW

MKOL ITMMK3|CSIMK1[CSIMKO[ PMK3 | P2 | PMKT | PrKo [TMMK4| FFF4H FFH RW
7 8 ® @ @ @ O ©@
MKOH L1 | 1w | ksmx | aomk |TMMK2JTMMK1]TMMKO| FFESH FFH RIW

xxMK ] Interrupt Serving and Standby Mode Control

Interrupt serving enabled and standby mode
release enabled

Interrupt serving disabled and standby mode
release disabled

Cautions 1. If TMMK4 flag is read when a watchdog timer is used as non-maskable interrupt, MKO
becomes undefined.

2. As port 0 has a dual function as an external interrupt input, when the port function output

mode is specified and the output ievel is changed, the interrupt request flag is set. When

the output mode is used, therefore, the interrupt mask flag should be set to 1 beforehand.
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(3) Priority specify flag register (PRO)
The priority specify flag is used to set the corresponding maskable interrupt priority orders.
PRO is set with a 1-bit, 8-bit or 16-bit memory manipulate instruction.
RESET input sets PRO to FFH.

Fig. 16-4 Priority Specify Flag Register Format
Symbdd @ ® ® @ @ @ @©® © Address  After Reset RMW

PROL lTMPR:ilCSIPmICSIPROlPPR3IPPHZIPPFH |PPRO|TMPRS|  FFFBH FFH RW
7 & 5 @ ©® @ @O ©

PROH | 1 | 1 | 1 |xsPr|aDPR|TMpaz|TMPRI|TMPRO|  FFESH FFH RW
l i

I ! I f [

xxPR | Priority Level Selection

0 | High priority level

1 Low priority level

Caution When a watchdog timer is used as non-maskable interrupt, set TMPR4 flag to 1.
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{4) External interrupt mode register (INTM0)

This register is used to set the valid edges of INTPQO to INTP2.

INTMO is set with an 8-bit memory manipuiate instruction.
RESET input sets INTMO to O0H.

Remarks 1. INTPO pin also serves as TI0/P0Q.
2. INTP3 is fixed to the falling edge.

Fig. 16-5 External Interrupt Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset RW
INTMO [ €s31 | ES30 | Es21 |ES20 {ESt1 [Es0] o | o | FrreH 00H RW
I
ES11 | ES10 | INTPOn Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 | Setting prohibited
1 1 Both rising and falling edges
ES21 | ES20 | INTP1 Valid Edge Selection
0 0 ] Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
£S531 | ES30 | INTP2 Valid Edge Selection
0 0 | Falling edge
0 1 Rising edge
1 0 | Setting prohibited
1 1 Both rising and falling edges
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{5) Sampling clock select register {SCS)
This register is used to set the valid edge clock sampling clock to be input to INTP0. When remote controlled
data reception is carried out using INTPQ, digital noise is removed with sampling clocks.
SCS is set with an 8-bit memory manipulate instruction.
RESET input sets SCS to O0H.

Fig. 16-6 Sampling Clock Select Register Format
Symbot 7 6 5 4 3 2 1 0 Address  After Reset R/MW
scs| ojojo]lolo | o |[scst|scso|  erarH 00H RIW

SCS1 | SCSO | INTPO Sampling Clock Selection
0 0 fx/28+

0 1 Setting prohibited
1 0 | x/28(78.1 kHz2)

1 1 1x/27(39.1 kH2)

Caution fx/2N*1 is a clock to be supplied to the CPU and fx/28 and fx/27 are clocks to be supplied to
the peripheral hardware. fx/2N*1 stops in the HALT mode.

Remark 1. N : Value (N = 0 to 4} at bits 0 to 2 (PCCO to PCC2) of processor clock control register
2. fx : Main system clock oscillation frequency
3. Values in parentheses when operated at fx = 5.0 MHz
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When the INTPO input level is high twice in succession, a noise elimination circuit sets the PIFQ flag to 1.
Fig. 16-7 Noise Elimination Circuit Input/Output Timing {When Rising Edge is Detected)

{a} When input is less than the sampling cycle {tsmp)

Sampling Clock

S B |

'
Because INTPQ level is not high twice in succession,
PIFO output remains at low level.

PIFO

{b) When input is equal to or twice the sampling cycle {tswp)

Sampling Clock

INTPO @ @

@

PIFO

Because INTPO level is high twice in succession in D,
the PIFQ flag is set to 1.

{c) When input is twice or more than the sampling cycle (tsmp)

Sampling Clock

INTPO

PIFO

Because INTPO level is high more than twice in succession,
the PIFO flag is set to 1.
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{6) Prograrn status word {PSW}
The program status word is a register to hold the instruction execution result and the current status for
interrupt request. The IE fiag to set maskable interrupt enable/disable and the ISP flag to control multiple
processing are mapped.
Besides 8-bit unit read/write, this register can carry out operations with a bit manipulate instruction and
dedicated instructions {E! and DI). When a vectored interrupt is acknowledged, if the BRK instruction is
executed, the interrupt is saved into a stack and the IE flag is reset to 0. If a maskable interrupt is acknowl-
edged, the contents of the priority specify flag of the acknowledged interrupt are transferred to the ISP flag.
The acknowledged interrupt is also saved into the stack with the PUSH PSW instruction. it is reset from the
stack with the RETI, RETB and POP PSW instructions.
RESET input sets PSW to 02H.

Fig. 16-8 Program Status Word Format

@ ® ® @ ® 2 @® o After Reset

PSW | E | Z |res1| ac {reso| o | isp [cr| o

Used when normal instruction execution
l——— ISP | Currently Servicing Interrupt Priority Order

High priority order interrupt servicing
(Low priority order interrupt disabled).

‘| Interrupt is acknowledged, or low priority
order interrupt is servicing.

IE | Interrupt Enabled/Disabled
0 | Disabled

1 Enabled
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16.4 Interrupt Servicing Operations

16.4.1 Non-maskable interrupt acknowledge operation

A non-maskable interrupt is unconditionally acknowledged if in an interrupt disable state. It does not undergo
interrupt priority control and has highest priority over all other interrupts.

If a non-maskable interrupt request is acknowledged, the acknowledged interrupt is saved in the stacks, PSW
and PC, in that order, the |E and ISP flags are reset to 0, and the vector table contents are loaded into PC and branched.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing program
is acknowledged after the current execution of the non- maskable interrupt servicing program is terminated ({following
RET! instruction execution) and one main routine instruction is executed. !f a new non-maskable interrupt request
is generated twice or more during non- maskable interrupt service program execution, only one non-maskable
interrupt request is acknowledged after termination of the non-maskable interrupt service program execution.
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Fig. 16-9 Non-Maskable Interrupt Acknowledge Flowchart

WDTM4 =1
{Watchdog timer mode
selected)

No

)
( Interval Timer )

Overflow occurs
in WDT -

WDTM3 =1
{Non-maskable interrupt
selected)

No

C Reset Processing )

Interrupt request occurs

No servicing
of WDT
interrupt

No

Q’ending interrupt request)

No access of
interrupt control
register

No

( Interrupt servicing start)

Remarks 1. WDTM : Watchdog timer mode register
2. WDT : Watchdog timer

Fig. 16-10 Non-Maskable Interrupt Acknowledge Timing

: . . PSW and PC Save, Jump | Interrupt Servicing
CPU Processing Instruction Instruction 1o Interrupt Servicing Program

TMIF4 NEENNEENEREN \
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Fig. 16-11 Non-Maskable Interrupt Request Acknowledge Operation

{a} If a new non-maskable interrupt request is generated during
non-maskable interrupt servicing program execution

|

Main Routine

NMI Request
I NMI
1 Instruction Request
Execution

\

A

—| NMI Request Pending

Pending NM! Request
Servicing

{b} If two non-maskable interrupt requests are generated during
non-maskable interrupt servicing program execution

Main Routine

|

NMI Request NMI o | Pending
Request

1 Instruction NMI Pending
Execution Reques

More than two NMI requests
occur, but only one of them can
be acknowledged.

.
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16.4.2 Maskable interrupt acknowledge operation

A maskable interrupt becomes acknowledgeable when an interrupt request is set to 1 and the interrupt MK flag
is cleared to 0. A vectored interrupt is acknowledged in an interrupt enable state {with IE flag set to 1). However,
a low-priority interrupt is not acknowledged during high-priority interrupt service {with ISP flag reset to 0).

Wait times from maskable interrupt request generation to interrupt servicing are as follows.

Table 16-3 Times from Maskable Interrupt Request Generation to Interrupt Service

Minimum Time Maximum TimeNote
When xxPR = 0 7 clocks 32 clocks
When xxPR = 1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time is
maximized.

Remark 1 clock: 2
fceu

If two or more maskable interrupt requests are generated simultaneously, the request specified for higher priority
with the priority specify flag is acknowledged first. Two or more requests specified for the same priority, the default
priorities apply.

Any pending interrupts are acknowledged when they become acknowledgeable.

Fig. 16-12 shows interrupt acknowledge algorithms.

If a maskable interrupt request is acknowledged, the acknowledged interrupt is saved in the stacks, PSW and
PC, in that order, the |E flag is reset to 0, and the acknowledged interrupt priority specify fiag contents are transferred
to the ISP flag. Further, the vector table data determined for each interrupt request is loaded into a branched to PC.

Return from the interrupt is possible with the RETI instruction.
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Fig. 16-12 Interrupt Acknowledge Processing Algorithm

No
Yes (Interrupt request occurs.)

No

xxMK = 0?

Pending interrupt Yes

request
Yes {High Priority Order}
gn Priofty x<PR = 0?

No {Low Pricrity Order)
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. Does any
occur at the same time, does any ? Y
high priority interrupt xPR = 0f mtiuupt which es
Pending interrupt exist? occurs at the 5’3"‘9
request ime exist’ -l
Pending interrupt
No reguest
Does any
high priority interrupt which Yes
Pending interrupt occurs at the same
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Yes Pending interrupt
request
No

Yes Pending interrupt
- regue
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Fig. 16-13 Interrupt Acknowledge Timing (Minimum Time)

6 Clocks

CPU Processing

Instruction

Division Instruction

PSW and PC Save, Jump| Interrupt Servicing

to Interrupt Servicing
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{(xxPR = 1)
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i
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Fig. 16-14 Interrupt Acknowledge Timing (Maximum Time)
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16.4.3 Software interrupt acknowledge operation

A software interrupt is acknowledged by BRK instruction execution. It cannot be disabled.

If a software interrupt is acknowledged, it is saved in the stacks, PSW and PC, in that order, the IE flag is reset
to 0 and the contents of the vector tables (003EH and 003FH) are loaded into PC and branched.

Reset from the software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for resetting from the software interrupt.

16.4.4 Multiple interrupt service

Multiple interrupt, in which another interrupt is acknowledged during execution of an interrupt, can be controlled
by priorities.

Tweo types of priority control are available; control in the order of default priority and programmable priority control
by setting the priority specify flag register (PRO). In the former, if two or more interrupts are generated simultaneously,
interrupt servicing is carried out in accordance with the priority {default priority) preassigned to each interrupt request
{see Table 16-1). In the iater, interrupt requests are divided into a high-priority group and a low-priority group by
setting the bits corresponding to PRO. The following are the interrupt requests enabled for multipie interrupts.

Table 16-4 Interrupt Requests Enabled for Muitiple Interrupt during Interrupt Service

Muitipie Interrupt Request Maskable Interrupt Request
Non-Maskable xxPR = 0 xPR = 1
Interrupt Request

Interrupt being Acknowledged IE=1|IE=0]IE=1]|IE=0
Non-maskable interrupt processing x x X x x
Maskable interrupt ISP =0 O ) X x x
servicing ISP =1 o) 0 X o) x
Software interrupt servicing ®) O x O X

Remarks 1. O : Muitiple interrupt enable

x : Multiple interrupt disable

2. ISP and IE are fiags of PSW.
ISP = 0 : Interrupt with higher priority is processed.
ISP = 1 : No interrupt is accepted, or interrupt with low priority is processed.
IE =0 : Interrupt disabled
IE=1 : Interrupt enabled

3. xxPR is a flag of PRO.
xxPR = 0 : High priority level
xxPR = 1: Low priority level
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Fig. 16-15 Multiple Interrupt Example

Example 1

Main Processing INTxx Servicing INTyy Servicing INTzz Servicing

Example 2
Main Processing INTxx Servicing INTyy Servicing

INTxx
(PR=1) PR=0)

E=1
{

1 Instruction
Execution

Example 3 Main Processing INTxx Sevicing INTyy Sevicing

L |

INTxx
{PR =0}

1 instruction
Execution
L—
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16.4.5 Interrupt pending

Interrupt acknowledge is temporarily made pending between one of the following instructions and the next instruc-
tion to be executed.

* MOV PSW, #byte
. ¢ MOV A, PSW
* MOV PSW, A
¢ MOV1 PSW. bit, CY
* MOV1/AND1/OR1/XOR1 CY, PSW. bit
e SET1/CLR1 PSW. bit
e RETB
* RET!
* PUSH PSW
e POP PSW
s BT/BF/BTCLR PSW. bit, $addr16
* EI
e DI
e Manipulate instructions for IFQ, MKO, PRO and INTMO registers

Caution The IE flag is cleared to 0 with a software interrupt (by BRK instruction executioﬁ). Thus, if a
maskable interrupt request is generated during BRK instruction execution, only non-maskable

interrupt requests are acknowledged.

Fig. 16-16 Pending Interrupt Request

. . - PSW and PC Save, Jump | Interrupt Servicing
CPU Processing Instruction N Instruction M 10 Interrupt Servicing Program

xxIF __/ 1

Remarks 1. instruction N : Interrupt request reserve instruction
2. Instruction M : Instruction except interrupt reserve instructions
3. xxIF operation is not affected by xxPR values.
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* 16.5 Test Functions

The test input flag is set to 1 without vector processing performed.
A standby release signal is generated.
The following one test input source is provided. The basic configuration is as shown in Fig. 16-17.

Test Input Source
Internal/External
Name Trigger
INTWT Overflow of watch timer Internal

Fig. 16-17 Basic Configuration of Test Function

f Internal bus g

MK

Test input source I —d Standby release
INTWT signal

IF : Test input flag
MK : Test mask flag

16.5.1 Registers controlling test function
The following two registers control the test function:

¢ interrupt request flag register OH (IFOH)
* |nterrupt mask flag register OH (MKQOH)

The names of the test input flag and test mask flag corresponding to the test input signal are as follows:

Test Input Signal Name | Test Input Flag | Test Mask Flag
INTWT WTIF WTMK
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{1) Interrupt request flag register {IFOH}
This register indicates whether an overflow of the watch timer is detected.
IFOH is set by using a 1-, 8-, or 16-bit memory manipulation instruction.
The contents of this register are cleared to 00H when the RESET signal has been input.

Fig. 16-18 Format of Interrupt Request Flag Register OH

Symbol 7 6 [ 4 3 2 1 0 Address  Afterreset RW
FoH | 0 | o [WTiF | ksiF | ADIF [TMiFZ[TMIF1|TMiFO|  FRETH 00H RIW

WTIF | Watch timer overflow detection flag

0 Not detected

1 Detected

(2) Interrupt mask flag register (MKOH) ‘
This register enables or disables releasing the standby mode by the watch timer.
MKOH is set by using a 1-, 8-, or 16-bit memory manipulation instruction.
The contents of this register are set to FFH when the RESET signal has been input.

Fig. 16-19 Format of Interrupt Mask Flag Register 0H

Symbo! 7 6 5 4 3 2 1 0 Address  After reset RW
MKoH | 1 | 1 | WTMK | KsMK | ADMK [TMMK2|TMMK1|TMMKo]  FFESH FFH RW

WTMK | Controls standby mode by watch timer

0 Enables releasing of standby mode

1 Disables releasing of standby mode

16.5.2 Accepting test input signal .
The INTWT flag is set when an overflow occurs in the watch timer. By checking the INTWT flag in a cycle shorter
than the overflow cycle of the watch timer, a watch function can be realized.
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(MEMO]

PAGE (S) INTENTIONALLY BLANK
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CHAPTER 17 STANDBY FUNCTION

17.1 Standby Function and Configuration

17.1.1 Standby function

The standby function is intended to decrease power consumption of the system. The following two modes are
available.

(1

(2)

HALT mode

HALT instruction execution sets the HALT mode. The HALT mode is intended to stop the CPU operation
clock. In this mode, current consumption cannot be decreased as in the STOP mode. The HALT mode is
valid to restart immediately upon interrupt request and to carry out intermittent operations like clock
operations.

STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the main system clock oscillator stops
and the whole system stops. CPU current consumption can be considerably decreased.

Data memory low-voltage hold (down to Voo = 2 V) is possible. Thus, the STOP mode is effective to hold
data memory contents with ultra-low current consumption. Because this mode can be cleared upon interrupt
request, it enables intermittent operations to be carried out.

However, because a wait time is necessary to secure an oscillation stabilization time after the STOP mode
is cleared, select the HALT mode if it is necessary to start processing immediately upon interrupt request.
However, because a wait time is necessary to secure an oscillation stabilization time after the STOP mode
is cleared, select the HALT mode if it is necessary to start processing immediately upon interrupt request.

In any mode, all the contents of the register, flag and data memory just before standby mode setting are held.
The input/output port output latch and output buffer statuses are also heid.

Cautions 1. The STOP mode can be used only when the system operates with the main system clock

(subsystem clock oscillation cannot be stopped). The HALT mode can be used with either the
main system clock or the subsystem clock.

2. When proceeding to the STOP mode, be sure to stop the peripheral hardware operation and
execute the STOP instruction.
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CHAPTER 17 STANDBY FUNCTION

17.1.2 Standby function control register

A wait time after the STOP mode is cleared upon interrupt request till the oscillation stabilizes is controlled with
the oscillation stabilization time select register (OSTS).

QSTS is set with an 8-bit memory manipulate instruction.

RESET input sets OSTS to 04H. Thus, it takes 217/fx till to clear the STOP mode by RESET input.

Fig. 17-1 Oscillation Stabilization Time Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address  Afterreset RW
osts{ o | o | o | o | o [osts2fostsijostso]  FeraH 04H RW

0STS2 [0STS1{0STS0! Oscillation Stabilization Time Selection
0 0 0 | 2'%4x(819.2 us)

0 0 1 2'4/fx (3.28 ms)
0 1 0 2'5/fx (6.55 ms)
0 1 1 2'8/fx (13.1 ms)

1 0 0 | 27/x(26.2 ms)

Other than the above | Setting prohibited

Remarks 1. fx : Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 5.0 MHz

Caution The wait time after STOP mode clear does not include a time (see a below) from STOP mode
clear to clock oscillation start whether by RESET input or interrupt generation.

STOP Made Clear

X1 Pin Voltage

Waveform |
P a
Vss =] ‘
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CHAPTER 17 STANDBY FUNCTION

17.2 Standby Function Operations

17.2.1 HALT mode

{1) HALT mode set and operating status
The HALT mode is set by executing the HALT instruction. it can be set with the main system clock or the

subsystem clock.

The operating status in the HALT mode is described below.

Table 17-1 Operation Status in HALT Mode

tem

Setting of HALT Mode

Execution of HALT Instruction during
Main Systermn Clock Operation

Execution of HALT Instruction during
Subsystem Clock Operation

When subsystem When subsystemn
clock is not used clock is used

When main system
clock continues
oscillation

When main system
clock stops oscillation

Clock generator circuit

Both main system clock and subsystem clock can oscillate.

Clock supply to CPU is stopped.

CrPU

Stops operation

Port {output latch)

Retains status immediately before execution of HALT instruction

16-bit timer/event counter

8-bit timers/fevent counters

Watchdog timer

AJ/D converter

Can operate

Stops operation

Can operate when Ti1
and TI2 are selected
as count clocks

Stops operation

Stops operation

Watch timer

Can operate when Can operate
w27 are selected as
as count clocks

Can operate when
fxr are selected as
count clocks

FIP controlier/driver

Operation disabled

Serial interface

Can operate

Can operate when
external SCK is used

External |INTPO
interrupt

Can aperate when clock to peripheral hardware (f/25, fx/27) Stops operation

is selected as sampling clock

[ iNTPIANTP3

Can operate
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CHAPTER 17 STANDBY FUNCTION

(2) HALT mode clear

288

The HALT mode can be cleared with the following four types of sources.
{a) Clear upon unmasked interrupt request
An unmasked interrupt request is used to clear the HALT mode. If interrupt acknowledge is enabled,

vectored interrupt service is carried out. If disabled, the next address instruction is executed.

Fig. 17-2 HALT Mode Clear upon Interrupt Generation

HALT ,

Instruction Wait
Standby Release '
Signal !

Operating Mode HALT Mode Wait l Operating Mode
|
Oscillation
Ciock rato

Remarks 1. The broken line indicates the case when the request which has cleared the standby status
is acknowledged.
2. Wait time is described as follows
¢ Branch to vector : 8109 clocks
¢ No branch to vector : 2 to 3 clocks

{b) Clear upon non-maskable interrupt request
The HALT mode is cleared and vectored interrupt service is carried out whether intefrupt acknowledge
is enabled or disabled.

{c) Clear by unmasked test input

The HALT mode is cleared by unmasked test input and the next address instruction of the HALT
instruction is executed.
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CHAPTER 17 STANDBY FUNCTION

{d) Clear by RESET input
As is the case with normal reset operation, a program is executed after branch to the reset vector address.

Fig. 17-3 Ciear by HALT Mode RESET Input

HALT Wiit
Instruction {2'7/fx : 26.2 ms) l

l !

13}

RESET
Signal
Operating Mode HALT Made ggrsigé Oscillz:li:ir: g::tt:‘i‘gzation Operating Mode
i Oscillation ‘
Clock Oscillation Stopped Oscillation
Remark fx = 5.0 MHz
Table 17-2 Operation after HALT Mode Clear
Clear Source MKxx | PRxx IE ISP Operation
Maskable interrupt request 0 0 0 x Next address instruction execution
0 0 1 X interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 X X X HALT mode hold
Non-maskable interrupt request - - x X Interrupt service execution
Test input ) 0 - X X Next address instruction execution
1 - X x HALT mode hold
RESET input - - X x Reset processing

Remark x: Don’t care
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CHAPTER 17 STANDBY FUNCTION

17.2.2 STOP mode

(1) STOP mode set and operating state
The STOP mode is set by executing the STOP instruction. It can be set only with the main system clock.

Cautions 1. When the STOP modeis set, X1inputisinternally short-circuited to Vss (ground potential)
to prevent the crystal resonator from leaking. Thus, do notuse the STOP mode in a system
where an external clock is used for the main system clock.

2. Because the interrupt request signal is used to clear the standby mode, if there is an
interrupt source with the interrupt request flag set and the interrupt mask flag reset, the
standby mode is immediately cleared if set. Thus, the STOP mode is reset to the HALT
mode immediately after execution of the STOP instruction. After the wait set using the
oscillation stabilization time select register (OSTS), the operating mode is set.

The operating status in the STOP mode is described below.

Table 17-3 Operating Status in STOP Mode

Setting of STOP
Mode When Subsystemn Clock Is Used When Subsystem Clock Is Not Used

Item

Clock Generator Only main system clock stops oscillation

CPU Operation stop

Output port {output latch) Status immediately before STOP instruction execution is held
16-bit timer/event counter Qperation stop

8-bit timers/event counters Operable only when TI1 and TI2 are selected for the count clock

Watchdog timer Operation stop

A/D converter

Watch timer Operate only when fxt is selected for | Operation stop

the count clock
FiP controller/driver Operation disabled
Serial interface Operable only when an external input clock is selected for serial clock
External | INTPO Not operable
Intertupt | |NTP1INTP3 Operable
290
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CHAPTER 17 STANDBY FUNCTION

{2) STOP mode clear
The STOP mode can be cleared with the following three types of sources.

{(a8) Clear upon unmasked interrupt request
An unmasked interrupt request is used to clear the STOP mode. If interrupt acknowledge is enabled
after the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt
acknowledge is disabled, the next address instruction is executed.

Fig. 17-4 STOP Mode Clear upon Interrupt Generation

STOP . .
Instruction ! Wait (OSTS Set Time) |
| ,
Standby I it T
Rel Signal L
Oscillation
Operating Mode| STOP Mode Stabilization Wait Status I Operating Mode
Clock Oscillation Oscillation Stop Oscillation

Remark The broken line indicates the case when the request which has cleared the standby status is
acknowledged.

(b} Clear by unmasked test input
The STOP mode is cleared by unmasked test input. After the lapse of oscillation stabilization time, the
next address instruction of the STOP instruction is executed.
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CHAPTER 17 STANDBY FUNCTION

{c) Clear by RESET input

The STOP mode is cleared and after the lapse of oscillation stabilization time, reset operation is carried
out.

Fig. 17-5 Clear by STOP Mode RESET Input
Wait

STOP | (27x:26.2ms) |
Instryction I '
RESET l I v
Signal

. Reset | Oscillation Stabilization .
Operating Mode STOP Mode Period Wait Status Operating Mode
Oscillation )
Clock  Oscillation Oscillation Stopped Oscillation

Remark fx=5.0 MHz

Table 17-4 Operation after STOP Mode Clear

Clear Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 x Next address instruction execution
0 0 1 X Interrupt service execution
0 1 0 1 Next address instruction execution
0 1 X 0
0 1 1 1 Interrupt service execution
1 x X X STOP mode hold

Test input ' 0 - x x Next address instruction execution
1 - x X STOP mode hold

RESET input - - x x Reset processing

Remark x: Don't care
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CHAPTER 18 RESET FUNCTION

18.1 Reset Function

The following two operations are available to generate the reset function.

(1) External reset input with RESET pin
(2) Internal reset by watchdog timer overrun time detection

External reset and internal reset have no functional differences. In both cases, program execution starts at the
address at 0000H and 0001H by RESET input.

When a low level is input to the RESET pin or the watchdog timer overflows, a reset is applied and each hardware
is set to the status as shown in Table 18-1. Each pin has high impedance during reset input or during oscillation
stabilization time just after reset clear.

When a high level is input to the RESET input, the reset is cleared and program execution starts after the lapse
of oscillation stabilization time (2'7/fx). The reset applied by watchdog timer overflow is automatically cleared after

a reset and program execution starts after the lapse of oscillation stabilization time (2'7/fx} {see Figs. 18-2 to
18-4).

Cautions 1. For an external reset, input a iow level for 10 us or more to the RESET pin.
2. During reset input, main system clock oscillation remains stopped but subsystem clock
oscillation continues.
3. When the STOP mode is cleared by reset, the STOP mode contents are held during reset input.
However, the port pin becomes high-impedance.

Fig. 18-1 Block Diagram of Reset Function

Reset Control
RESET © esgircuit Reset Signal
Over-
Count Clock Watchdog Timer flow Interrupt
Function
Stop
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CHAPTER 18 RESET FUNCTION

Fig. 18-2 Timing of Reset by RESET Input

AVAVAVA NAVAVAWAES

in Normal Oscillation )
) s —==— Stabilization —-—1-— Normal Operation
Qperation {Oscillation stop) Time Wait (Reset Processing]

Reset Period

1

|

RESET N [

: :

1 )

Internal j ' 4
Reset Signal : '\ , it

High Impedance
Port Pin >- -----------------------------------------------

Fig. 18-3 Timing of Reset due to Watchdog Timer Overflow

AVAVAVA I VAVAVAN

in Normal Reset Period QOscillation

D el 1OOEL et Stabilization—-l———- Normal Operation
Operation I {Oscillation stop} Time Wait {Reset Processing)

[}
)
Watchdog : :
Timer ) '
Qverflow : .
‘ '
Internal .
Reset Signal : \ /

Port Pin

Fig. 18-4 Timing of Reset Input in STOP Mode by RESET input

)
STOP Instruction Execution Oscillation
in Normal STOP Status__, . Reset Period ___. | ilizath e poberation
Ip Normal Dsclston ST~ Toscilation stofy™ Stabilization ——!—(Resex Processing)

Time Wait
1 ™
RESET N\ [
] ]
]

Internal 1
Reset Signal ! "\ /!
1 LN 1 v

Dalay Dalay
> High Impedance

Port Pin
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CHAPTER 18 RESET FUNCTION

Table 18-1 Hardware Status after Reset {1/2)

Hardware

Status after Reset

Program counter (PC)Note 1

The contents of reset vector
tables (0000H, 0001H) are set

Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2
General register UndefinegNote 2
Port (output latch) Ports O to 3, ports 8 to 11 {PO to P3, P8 to P11) 00H
Port mode register {(PMO) 1FH
{PM1, PM2, PM3, PM11) FFH
Pull-up resistor option register (PUO) 00H
Processor clock control register (PCC) 04H
Memory size switching register {IMS)Note 3 48H
Oscillation stabilization time select register (OSTS) 04H
16-bit timer/event counter Timer register (TMOQ) 00H
Compare register (CROQ} Undefined
Capture register (CRO1) Undefined
Clock select register (TCLO) 00H
Mode control register (TMCO) 00H
Output control register (TOCO) 00H
8-bit timers/event counters | Timer registers (TM1, TM2) 00H
Compare registers (CR10, CR20) Undefined
Clock select register (TCL1} 00H
Mode control registers (TMC1, TMC2) 00H
Output control register (TOC1) O0H
Watch timer Clock select register {TCL2) 0C0H
Watchdog timer
Mode register (WDTM) 00H

Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remains unchanged after reset.
2. The post-reset status is held in the standby mode.
3. Only the uPD78P024 incorporates IMS.
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CHAPTER 18 RESET FUNCTION

Table 18-1 Hardware Status after Reset (2/2)

Hardware Status after Reset
Serial interface Clock select register (TCL3) 88H
Shift registers (SIO0 and SIO1) Undefined
Mode registers (CSIMO and CSIMt} 00H
Serial bus interface control register {SBIC) 00H
Slave address register (SVA) Undefined
A/D converter Mode register (ADM} 01H
Conversion result register (ADCR) Undefined
Input select register (ADIS) 00H
FIP controlier/driver Display mode register 0 (DSPMOQ) O0H
Display mode register 1 (DSPM1) 00H
Interrupt Request flag register {IFO} 00H
Mask flag register (MKO} FFH
Priority specification flag register (PRO) FFH
External interrupt mode register {INTMO} 00H
Sampling clock select register (SCS) 00H
296
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The uPD78P024 is a product which incorporates a one-time PROM enabied for read only in one time or EPROM
enabled for program write, erase and rewrite. Table 19-1 lists differences between uPD78P024 and mask ROM

CHAPTER 19 uPD78P024

product.
Table 19-1 Difference between uPD78P044 and Mask ROM Product
ftem Mask ROM Product
IC pin None Available
Vep pin Available None
Memory size switching Available None

register

Mask option for FIPO to
FIP15

Pull-down resistor is incorporated.

Mask option for FIP18 to
FiP25

Pull-down resistor is not incorpo-
rated.

Mask option for port 3

Pull-down resistor is not incorpo-
rated.

Pull-down resistor can be incorpo-
rated by mask option.

19.1 Memory Size Switching Register

The uPD78P024 can select the internal memory with the memory size switching register (IMS). The same memory

mapping as that of a mask ROM product with a different internal memory is possible.
IMS is set with an 8-bit memory manipulation instruction.
RESET input sets IMS to 48H.

Cautions 1. Only the yPD78P024 incorporates IMS. Mask ROM products do not incorporate it.

2. When using a mask ROM model (uPD78023, 78024), do not set a value other than that shown

in Table 19-2 to IMS.

B Lu27525 0092414 434 WE
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CHAPTER 19 uPD78P024

Fig. 19-1 Memory Size Switching Register Format

Symbot 7 6 5 4 3 2 1 o] Address  After Reset R/W
Ms [Ramz|rami|ramol o [RomalROM2iROMIjROMO|  FFFOH o RIW
1 ]

ROM3{ROM2Z|ROM1|ROMO] internal

ROM Capacity Selection

0 1 1 0 | 24Kbytes

1 0 0 0 | 32Kbytes

Other than the above Setting prohibited

RAM2{RAM1{RAMO| Internal High-Speed RAM Capacity Selection

0 1 0 |512Kbytes

Other than the above | Setting prohibited

The IMS set values which set the same memory map as the mask ROM product a

Table 19-2 Memory Size Switching Register Set Value

Target Mask ROM Product IMS Set Value
uPD78023 46H
uPD78024 48H
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CHAPTER 19 uPD78P024

19.2 PROM Programming

The uPD78P024 incorporates a 32K-byte PROM as program memory. When programming, set the PROM
programming mode with the V pp and RESET pins. Refer to 1.5 Pin Configuration (2) PROM programming mode
for details of the recommended conditions for unused pins.

Caution Write program in an address range of 000H to 7FFFH {specify the last address 7FFFFH). Program
cannot be written to the PROM with a PROM programmer that cannot specify a write address.

19.2.1 Operating mode

When a voltage of +5 V or +12.5 V is applied to the Vee pin and a low Jevel is input to the RESET pin, the PROM
programming mode is set. When the CE, OF and PGM pins are set, the PROM programming mode is set to the
operating mode shown in Table 19-3.

The PROM contents can be read by setting the read mode.

Table 19-3 Operating Modes for PROM Programming

Operating mods Pin RESET Vep Voo CE | OF |PGM DO-D7

Page data latch L +125V +6.5V H L H Data input

Page write H H L High impedance

Byte write L H L Data input

Program verify L L H Data output

Program inhibit x H H High impedance
X L L

Read +5V +5V L L H Data output

Output disable L H x High impedance

Standby H X X High impedance

Remark x: LorH

{1) Read mode
The read mode is entered by setting CE = L, OF = L.

{2) Output disable mode
Data output becomes high impedance and the output disable mode is entered by setting OF = H.

Therefore, when two or more uPD78P024s are connected to the data bus, controlling the OE pir) allows data
to be read from one arbitrary device.
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(3)

{4)

{8)

{6)

)]

(8

300

Standby mode
The standby mode is entered by setting CE =H.
In this mode, data output becomes high imped ance irrespective of the OE state.

Page data latch mode
The page data latch mode is entered by setting CE = H, PGM = H and OE = L early in the page write mode.
In this mode, data of 4 bytes/page is latched in the address/data latch circuit

Page write mode

After address and data of 4 byte/page are latched in the page data latch mode, applying 0.1 ms program pulse
{active low) to the PGM pin with CE = H and OF = H executes a page write. Then program verify can be
performed by setting CE = L and OF = L.

If programming is not possible by one program pulse, write and verify should be repeated X times (X < 10).

Byte write mode

Applying 0.1 ms program pulse (active low) to the PGM pin with CE = L and OE = H executes a byte write.
Then program verify can be performed by setting OF = L.

If programming is not possible by one program pulse, write and verify should be repeated X times (X < 10).

Program verify mode
The program verify mode is entered by setting CE = L, PGM = H and OE = L. After the write, whether or
not the write has been performed correctly should be checked in this mode.

Program inhibit mode

The program inhibit mode is used when pins OE, Ver and DO to D7 of two or more uPD78P024s are connected
in parallel and a write is performed to one of those devices.

When performing a write, the above page write mode or byte write mode is used. At this time, no write
is performed to a device in which the PGM pin has been driven high.
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19.2.2 PROM programming procedure

Fig. 19-2 Page Program Mode Flowchart

L Start ]

|
Address = G
|

Voo =6.5V, Ver = 125V

X=0
[

| Latch J
I

| Address = address + 1 l
[

I Latch |
|

I Address = address + 1 |

|

I Latch I
|
I Address = address + 1 I
Address = address + 1 l T
| Latch I
T
!
X = X1 | No

| Yes
0.1 ms program pulse J :

—— ——

I Voo = 4.5-5.5V, Ver = Voo

Verify all Fail

bytes

All Pass

( End of write J L Defect }

Remarks 1. G = Start address
2. N = Last address of program
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Fig. 19-3 Page Program Mode Timing

| Page Data Latch | Page Program | Program Verify |

I I I !

ans X _ X

n X XX XXX XX OO
o7 — XX X O——O-O-O-C—

Data Input Data Output

Ver

Ver -/
Voo

Voo + 1.5

Vop _/
Voo

—_ Vin

CE \ /
Vi -
Vin

PGM \—/
Vi
Vin ,

OE \ / \/ \/ \ / \ / \ / \/ \ /
ViL
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Fig. 19-4 Byte Program Mode Fiowchart

T

Address = G
|
Voo =65V, Vee= 125V

Yes
Address = address + 1 0.1 ms program pulse

Fail
Addrdess = N?
{ Yes
Voo = 4.5-5.5V, Vee = Voo
Pass Verify Fail

all bytes

All Pass

[ End of write ]

Remarks 1. G = Start address
2. N = Last address of program
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Fig. 19-5 Byte Program Mode Timing

Program | Program Verify |

AG-A16

D0-D7

|
Data Input >———< Data Output >——

Ver

Voo

Voo + 1.5
Voo

Voo

Vin

20 NN G

Vi

ViH

o
@
<

Vi

Vin

| \ /

Cautions 1. Voo should be applied before Vee and cut after Ver.
2. Ensure that Ver, including overshoot, does not exceed +13.5 V,

3. Removing and reinserting while +12.5 V is being applied to Ver may cause an adverse effect
on reliability.
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19.2.3 PROM reading procedure
The PROM contents can be read to the external data bus (DO to D7) using the following procedure.

(1} Fix the RESET pin low, supply +5 V to the Vep pin and handie the other unused pins as shown in 1.5 Pin
Configuration (Top View) (2) PROM programming mode.

{2) Supply +5 V to the Voo and Vee pins.

{3) Input the address of the data to be read to pins A0 to A16.

{4) Read mode.

(5) Output data to pins DO to D7.

The timings of the above steps (2) to (5) are as shown in Fig. 19-6.

Fig. 19-6 PROM Read Timing

A0-A16 X Address Input X

CE (input) \ /
OE {Input) \ /
DOD7  =----mee-d M e -< Data Output > Ly
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19.3 Erasure Method (uPD78P024DW Only)

In the uPD78P024DW, the data contents written in the program memory can be erased (FFH) and rewritten.

The data contents can be erased by exposure to rays with wavelength shorter than approximately 400 nm via the
erasure window. Normally, ultra-violet rays with wave length of 254 nm are irradiated. The irradiation amount
required for complete erasure is as follows.

* UV intensity x erasure time: 15Wes/cm? or more .
* Erasure time: 15 to 20 minutes (when a 12,000 pW/cm?2 UV lamp is used. However, the erasure time may be
increased due to deterioration of the UV lamp, dirt or stains on the package window surface).

When performing erasure, ensure that the UV lamp should be placed 2.5 ¢cm or more from the erasure window.
If a fiiter is provided with the UV lamp, remove it before irradiation.

19.4 Erasure Window Seal (uPD78P024DW Only)

To protect from miserasure by rays other than that of the lamp for erasing EPROM contents, or to protect internal
circuit other than EPROM from misoperating by rays, stick a protection seal on the erasure window when EPROM
contents erasure is not performed.

19.5 One-Time PROM Products Screening

The one-time PROM product (uPD78P024CW, 78P024GF-3BE) cannot be tested completely by NEC before it is
shipped, because of its structure.

It is recommended to perform screening to verify PROM after writing necessary data and performing high-
temperature storage under the condition below.

Storage Temperature | Storage Time

125°C 24 hours

Under the trademark QTOP™™ Microcomputer, NEC will write in stamp, screen, and verify your One-Time PROM
on a fee-service basis. We are currently developing this service for the uPD78P024. For further information, please
contact your dealer.
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CHAPTER 20 INSTRUCTION SET OVERVIEW

This chapter presents a list of the instructions of the uPD78024 subseries. For the detailed operation and machine
language code (op code) of each instruction, refer to 78K/0 SERIES USER’S MANUAL - INSTRUCTION (IEU-1372).
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CHAPTER 20 INSTRUCTION SET OVERVIEW

20.1 Legend

20.1.1 Operand identifiers and description methods

Operands are described in "Operand" column of each instruction in accordance with the description method of
the instruction operand identifier {refer to the assembler specifications for detaill. When there are two or more
description methods, select one of them. Alphabetic letters in capitals and symbols, #, !, $ and { ] are key words
and are described as they are. Each symbol has the foliowing meaning.

* # . Immediate data specification * $ : Relative address specification
e 1 : Absolute address specification s [ 1: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to
describe the #, 1, $ and { | symboals.

For operand register identifiers, r and rp, either function names (X, A, C, etc.} or absolute names (names in
parentheses in the table below, RO, R1, R2 etc.) can be used for description.

Table 20-1 Operand ldentifiers and Description Methods

Identifier Description Method
r X (R0O), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RPO), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbolNote
sfrp Special-function register symbols (16 bit manipulatable register even addresses only)Note
saddr FE20H-FF1FH Immediate data or labels
saddrp FE20H-FF1FH Immediate data or labels (even address only)
addr16 0000H-FFFFH Immediate data or labels

(Only even address for 16-bit data transfer instructions)

addr11 0800H-0OFFFH Immediate data or labels
addrS 0040H-007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO-RB3

Note FFDOH-FFDFH are not addressable.

Remark Refer to Table 3-2 List of Special Function Registers for symbols of special function registers.
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CHAPTER 20 INSTRUCTION SET OVERVIEW

20.1.2 Description of “operation”" column

A register; 8-bit accumulator

: Xregister

: B register

: Cregister

. D register

. E register

¢ Hregister

: L register

1 AX register pair; 16-bit accumulator

: BC register pair

. DE register pair

: HL register pair

: Program counter

: Stack pointer

: Program status word

: Carry flag

: Auxiliary carry flag

. Zero flag

: Register bank select flag

: Interrupt request enable flag

: Flag indicating non-maskable interrupt servicing in progress

: Memory contents indicated by address or register contents in parentheses
: Higher 8 bits or lower 8 bits of 16-bit register

: Logical product (AND)

: Logical sum (OR)

: Exclusive logical sum (exclusive OR)

: Inverted data

addr16 :
jdisp8 :

(n'UIUUD?f‘ImDOmX:D
TOcmO

N v
523
b3

RBS
IE
NMIS
()
Xu, X
A

\

o

16-bit immediate data or label
Signed 8-bit data (displacement value}

20.1.3 Description of “flag operation" column

(Blank}

0

1
x
R

Unchanged

: Cleared to 0

: Setto1
: Set/cleared according to the resuit
: Previously saved value is restored

B Lu2?525 009242k 156 W

309



CHAPTER 20 INSTRUCTION SET OVERVIEW

20.2 Operation List

lnsé:gﬁ:;m Mnemonic Operands Byte No::c::“ ” Operation 7 F:? o
r, #byte 2 4 - | 1 e byte
saddr, #byte 3 6 7 (saddr} « byte
sfr, #byte 3 - 7 sfr « byte
At Note3| 1 2 | - |Aer
rA Note3| 4 2 - |reA
A, saddr 2 4 5 | A« (saddr)
saddr, A 2 4 5 | (saddr) « A
A, sfr 2 - 5 | Aesfr
sfr, A 2 - 5 {sfreA
A, laddr16 3 8 9 | A« (addri6}
laddri16, A 3 8 9 {addr16) « A
MOV PSW, #byte 3 - 7 PSW ¢ byte X X X
A, PSW 2 - 5 A « PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5 | A« (DE)
8-bit data [DEL, A 1] 4|5 |0OBeA
transfer
A, [HU 1 4 5 | Ae(HD
(HLL A 1 4 5 | (HUe«A
A, {HL + byte} 2 8 9 | A« {HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B} 1 6 7 | A« (HL+B)
[HL + B), A 1 6 7 (HL+ B) e A
A HL+Cl 1 6 7 A« (HL+C)
[HL + Cl, A 1 6 7 jHL+C A
Ar Note3| 2 | - Ao
A, saddr 2 4 6 | A& (saddr)
A, sfr 2 - A & (sfr)
A, laddri6 3 8 10 | A & (addr16)
XCH A, [DE] 1 4 A & (DE)
A, [HL] 1 4 A e (HL)
A, [HL + byte} 2 8 10 | A e (HL + byte)
A, [HL + B) 2 8 10 | Ao (HL + B)
A [HL + C) 2 8 10 | A (HL+ Q)

Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A

Remark 1 instruction clock cycle is 1 CPU clock cycle (fcru) selected by PCC.
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lns(;rrgit;on Mnemonic Operands Byte NO:LO;E“ 2 Operation > !:acg o
rp, #word 3 6 - rp « word
saddrp, #word 4 8 10 | (saddrp} « word
sfrp, #word 4 - 10 | sfrp « word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 6 8 {saddrp) « AX
16-bit data
transfer Movw AX, sfrp 2 - 8 | AX & sfrp
sfrp, AX 2 - 8 | sfrp — AX
AX, rp Note3| - | AXerp
P, AX Note3| - | rpe AX
AX, laddr16 3 10 | 12 | AX & (addr16)
Yaddr16, AX 3 10 | 12 | (addri6) « AX
XCHW AX, rp Note3; 1 4 -~ | MXormp
A, #byte 2 4 - | A CY e« A +byte X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
At Note 4| - 4 - |ACYeA+r X X X
A 2 4 - jlYer+A x X X
ADD A, saddr 2 4 5 | A CY « A + (saddr) X %X X
A, laddr16 3 8 9 | A CY « A+ (addr16} X X X
A, [HL 1 4 5 | ACYe A+ (HL X X X
A, [HL + bytel 2 8 9 | A CY « A+ (HL + byte) x x X
A, [HL + B] 2 8 9 | ACYe A+ (HL+ B) X X X
8-bit A, [HL + C] 2 8 9 |ACYeA+(HL+C) X X X
operation A, #byte 2 4 -~ | A CY « A +byte+ CY X X X
saddr, #byte 3 <] 8 {saddr), CY « {saddr) + byte + CY X X X
AT Noted| 2 4 - JACYeA+r+CY X X %
r, A 2 4 - | nCYer+A+CY X X X
ADDC A, saddr 2 4 5 | A CY ¢« A+ (saddr) + CY X X X
A, laddr16 3 8 9 | A CY « A+ (addri6) + CY X X X
A, [HL] 1 4 5§ | ACYe—A+HL+CY X X x
A, [HL + bytel 2 8 9 | A, CY & A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 9 |ACYe«A+(HL+B)+CY X X X
A, [HL + C} 2 8 9 [ACY«A+HL+C+CY X x X

Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE, or HL

4. Exceptr=A

Remark 1 instruction clock cycle is 1 CPU clock (feru) selected by PCC.

B L4y27525 0092428 T29

31



CHAPTER 20 [INSTRUCTION SET OVERVIEW
Ing’éxﬁ?n Mnemonic Operands Byte NO::O::" P Operation 7 TCQCY
A, #byte 2 4 - A, CY &« A - byte X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) - byte X X X
A Note3} 2 | 4 | - |ACYeA- x x x
r, A 2 4 - | CYer-A X X X
A, saddr 2 4 5 | A CY « A~ (saddr) X X X
SuB A, laddr16 3 8 9 [ A CY « A - (addri6) X X X
A, [HL} 1 4 5 | ACYeA-(HL X X X
A, [HL + byte] 2 8 9 A, CY & A - (HL + byte) X X X
A, [HL + B} 2 8 9 |ACY—A-(HL+B) X X X
A HL+C] 2 8 9 |ACY—A-HL+C X X x
A, #byte 2 4 - A CYe—A-byte-CY X X X
saddr, #byte 3 6 8 | (saddr), CY « (saddr) -~ byte - CY X X X
A Note3| 2 | 4 | - |ACYeA-r-CY X X x
r, A 2 4 - Y er-A-CY X X x
8-bit . SUBC A, saddr 2 4 5 | A CY & A~ (saddr) - CY X X X
operation A, Yaddr16 3 8 9 A, CY « A - (addr16) - CY X X X
A, [HL] 1 4 5 | ACYe«A-(HL -CY X X X
A, [HL + byte] 2 8 9 | A CY e A-(HL + byte}) - CY X X X
A, [HL + BI 2 8 9 | ACYeA-(HL+B)-CY X X x
A [HL+Cl 2 8 9 |ACYe«A-(HL+C)-CY X X X
A, #byte 2 4 - A « AAbyte X
saddr, #byte 3 [ 8 {saddr) « {(saddr) Abyte x
Ar Note3| 2 | 4 | - | AeAAr x
r, A 2 4 - | rerAA x
AND A, saddr 2 4 5 | A& AA(saddr) x
A, laddr16 3 8 9 A « AA(addr16) X
A, [HLI 1 4 5 A« AA(HL] X
A, [HL + bytel 2 8 9 | A e« AAIHL + byte] X
A, {HL + B] 2 8 9 | Ae AA[HL + B] X
A, HL + C] 2 8 9 | A= AAHL + Q) x

Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

3. Exceptr= A

Remark 1 instruction clock cycle is 1 CPU clock (fcru) selected by PCC.
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Insér;z?n Mnemonic Operands Byte " :lolit“ 3 Operation Z i:acg v
A, #byte 2 4 - A « AVbyte x
saddr, #byte 3 6 8 (saddr) « {saddr)Vbyte b
Ar Note3| 3 4 - | Ae=Avr x
r, A 2 4 - rervA x
A, saddr 2 4 5 | A e AVisaddr) X
OR A, laddr16 3 8 9 | A&« AV{addri6} X
A, [HL) 1 4 5 | Ae AVHL) x
A, [HL + byte} 2 8 9 A « AV(HL + byte) X
A, [HL + B} 2 8 9 | A—AV(HL +B) X
A, [HL + C} 2 8 9 | Ae AV(HL +C) X
A, #byte 2 4 - A« A¥byte x
saddr, #byte 3 6 8 | (saddr) « (saddr)*byte x
Ar Noted| 2 4 - | AeAwre x
r, A 2 4 - re 1A X
8-bit . XOR A, saddr 2 4 5 | A e A%t (saddr) X
operation A, laddr16 3 8 9 | A« A¥{addri6) x
A, [HL] 1 4 5 | A« A¥(HL) x
A, [HL + bytel 2 8 9 | A& AN ({HL + byte) x
A, [HL + B) 2 8 9 | A« AW(HL + B} x
A, [HL + C} 2 8 9 | A—AMHL+Q) x
A, #byte 2 4 - A - byte X X X
saddr, #byte 3 6 8 | (saddr) - byte X X x
A g Note3| 2 | a4 | - | A-r x %X x
rA 2 4 - r-A X X X
cMP A, saddr 2 4 § | A-(saddr) X X X
A, laddr16 3 8 9 | A-(addrig) - X x X
A, [HL] 1 4 5 | A-(HL) X X x
A, {HL + byte] 2 8 9 A - (HL + byte) X X X
A, [HL + B} 2 8 9 | A-(HL + B} x X X
A, [HL + C) 2 8 S | A-(HL+ Q) X X X

Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access

2. When an area except the internal high-speed RAM ares is accessed
3. Exceptr= A

Remark 1 instruction clock cycle is 1 CPU clock (fcpu) selected by PCC.
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Instruction . Clock . Flag
Group Mnemonic Operands Byte Note 1Note 2 Operation AC OV
ADDW AX, #word 3 6 - AX, CY « AX + word X X
16-bit
" IsuBw |AX, #word 3| 6 | - | AX CY — AX-word X x
operation
CMPW AX, #word 3 6 - AX - word X X
Muttiply/ | MULU X 2 16 - AX - AxX
divide Divuw C 2 25 - AX (Quotient), C (Remainder) « AX + C
r 1 2 - re—r+1 X
INC
saddr 2 4 6 {saddr) « {saddr) + 1 x
Increment/ r 1 2 - fe-r=-1 x
decrement DEC
saddr 2 4 6 {saddr) « {(saddr) -1 X
INCW p 1 4 - pe—rmp+1
DECW p 1 4 - p«rm-1
ROR A1 1 2 - (CY, A7 &« Ao, Am-1 &« Am) x 1 time X
ROL A 1 2 - {CY, Ao — A7, Am+1 &« Am) X 1 time x
RORC A1 1 2 - {CY & Ao, Ay —~ CY, Am-1 e Am) x 1 time x
Rotate ROLC A1l 1 2 - (CY & A7, Ao « CY, Am+1 « Am) x 1 time x
A3z-0 « (HLl3-0, (HL)7-4 & As.0
ROR4 HL ’
(HU 2 10 12 {HLl3-0 & (HL)1 -4
Az-0 & {HL)7-4, (HL)3-0 « Aa-0,
ROL4 H 1
tHU 2 10 2 (HL)7-4 e (HL)a-0
Decimal Adjust Accumuilator after X X
ADJBA 4 -
BCD 2 Addition
adjust- - -
ment ADJES 2 4 _ Decimal Adjust Accumuiator after X X
Subtract
CY, saddr. bit 3 6 7 CY & {saddr.bit} x
CY, sfr. bit 3 - 7 | CY « sfr. bit x
CY. A. bit 2 4 - | CY « A bit x
CY, PSW. bit 3 - 7 | CY « PSW. bit X
Bit CY, [HL]. bit 2 6 7 | CY & {HL). bit x
manipula- | MOV1 - :
tion saddr. bit, CY 3 6 8 {saddr. bit) « CY
sfr. bit, CY 3 - 8 sfr. bit & CY
A. bit, CY 2 4 - A. bit & CY
PSW. bit, CY 3 - 8 PSW. bit « CY x
[HL]. bit, CY 2 6 {HU) . bit « CY

Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark 1 instruction clock cycle is 1 CPU clock {fceu) selected by PCC.
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Ins(;:zﬁt;on Mnemonic Operands Byte No::o::m 3 Operation Z il::gCY
CY, saddr. bit 3 6 7 CY « CYA(saddr. bit) x
CY, sfr. bit 3 - 7 | CY « CYAstr. bit x
AND1 CY, A. bit 2 4 - CY « CYAA. bit x
CY, PSW. bit 3 - 7 CY « CYAPSW. bit X
CY, {HLL. bit 2 7 CY « CYA(HL). bit X
CY, saddr. bit 3 7 | CY « CYVisaddr. bit) X
CY, sfr. bit 3 - 7 | CY « CYvsfr. bit x
OR1 CY. A bit 2 4 - CY « CYVA. bit X
CY, PSW. bit 3 - 7 CY « CYVPSW. bit x
CY, {HL]. bit 2 6 7 CY « CYV(HL). bit x
CY, saddr. bit 3 6 7 | CY « CY ¥ (saddr. bit} x
CY, sfr. bit 3 - 7 CY « CY*sfr. bit x
Bit XOR1 CY, A. bit 2 4 - CY « CY>+ A, bit X
manipula- CY, PSW. hit 3 - 7 | CY « CY¥PSW. bit x
tion CY, 1L, bit 2 7 [ Y « CY¥HL). bit =
saddr. bit 2 4 6 {saddr. bit) « 1
sfr. bit 3 - 8 sfr. bit « 1
SET1 A. bit 2 4 - A bit e 1
PSW. bit 2 - 6 PSW. bit « 1 X X X
{HLI. bit 2 6 8 {HL). bit & 1
saddr. bit 2 4 6 | (saddr. bit) « 0O
sfr. bit 3 - 8 | sfr.bite0
CLR1 A. bit 2 4 - A.bit«0
PSW. bit 2 - 6 PSW. bit « 0 X x x
[HL]. bit 2 <] 8 (HL). bit < 0
SET1 cYy 1 2 - CY 1 1
CLR1 CcY 1 2 - CYeo0 0
NOT1 cY 1] 2] - |CreCY x
Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access
-2. When an area except the internal high-speed RAM area is accessed
Remark 1 instruction clock cycle is 1 CPU clock (fcpu) selected by PCC.
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Instruction . Clock . Flag
Group Mnemonic Operands Byte Nt 11Note 2 Operation > AC CY
{SP-1) «(PC + 3, (SP - 2) « (PC + 3N,
1 -
CALL tadaris 317 PC ¢ addr16, SP «— SP - 2
{SP= 1) « (PC + 2, (SP - 2) « (PC + 2\,
CALLF taddr1t 2 5 - PCis-11 - 00001, PCi0-0 ¢ addrtt,
SPeSP-2
(SP-1) « (PC + 1, (SP = 2) « {PC + 1),
CALLT [addrS] 1 5 _ PCH « (00000000, addr5 + 1),
PCL « {00000000, addrs},
SP e SP-2
Callfreturn
{SP = 1) « PSW, (SP - 2) « {PC + 1)n,
BRK 1 [ - {SP - 3) « (PC + 1), PCx « (O03FH),
PCL - (003EH), SP « SP -3, IE« 0
PCn « (SP + 1), PCL « (SP),
RET Vi8] - |spesps2
PCH « (SP + 1), PCL « (SP), R R R
RETI 1 6 - PSW « (SP + 2), SP « SP + 3,
NMIS « 0
PCh « {SP + 1}, PCL & (SP), R R R
RETB V8| = | PSWeI(SP+2),SPeSP+3
PSW 1 2 - {SP - 1) « PSW, SP & SP =~ 1
PUSH . ) 4 (SP - 1) & rpn, (SP - 2) « rpy,
P T | SPesSP-2
Stack PSW 1 2 - PSW « (SP), SP « 5P + 1 R R R
manipula- |POP . 1 4 rpr « (SP + 1), rp. « (SP),
tion P SP « SP + 2
SP, #woard 4 - 10 | SP & word
MOovw SP, AX 2 - SP « AX
AX, SP 2 - AX ¢« SP
Uncondi- laddri6 3 6 - PC « addr16
tional BR $addr16 2 6 - PC & PC + 2 + jdisp8
branch AX 2 | 8| - |PCheA PCL&X
BC $addr16 2 6 - PCe«~PC+2 +idisp8ifCY = 1
Conditional{ BNC $addr16 2 6 - PCe«PC+2+idisp8ifCY=0
branch BZ $addr16 2 | 6| - |PCe—PC+2+jdisp8ifZ=1
BNZ $addr16 2 6 - PCe~PC+2+idisp8ifZ=0

Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark 1 instruction clock cycle is 1 CPU clock (fcpu) selected by PCC.
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Instruction ) Clock i Fiag
Group Mnemonic Operand Byte Note 1]Note 2 Operation 7 ACCY
saddr. bit, $addr16 3 8 9 PC « PC + 3 + disp8 if (saddr. bit) = 1
sfr. bit, $addr16 4 - 11 | PC « PC + 4 + jdispBif sfr. bit = 1
BT A. bit, $addr16 3 8 - PC « PC + 3 + jdisp8if A. bit = 1
PSW. bit, Saddr16 3 - 9 PC « PC + 3 + disp8 if PSW. bit = 1
[HL] . bit, $addr16 3 10 1 PC « PC + 3 + jdisp8 if {ML). bit = 1
saddr. bit, $addr16 4 10 11 | PC « PC + 4 + jdisp8 if {saddr. bit) = 0
sfr. bit, $addr16 4 - 11 | PC &« PC + 4 + jdisp8 if sfr. bit =0
BF A. bit, $addr16 3 8 - PC « PC + 3 + jdisp8if A. bit = 0
PSW. bit, $addri16 4 - 1" PC « PC + 4 + jdisp8 if PSW. bit = 0
{HL]. bit, $addr16 3 10 11 PC « PC + 3 + jdisp8if (HL). bit= 0
i PC « PC + 4 + jdisp8
Condi- saddr. bit, $addr16 4 110 | 12 | if (saddr. bit) = 1
tional then reset {saddr. bit)
branch — - -
sfr. bit, $addr16 4 _ 12 PCe~PC+4+ !dnsp8 if sfr. bit = 1
then reset sfr. bit
BTCLR R PC « PC + 3 + jdisp8 if A. bit = 1
A. bit, Saddr16 3 8 - then reset A. bit
. PC « PC + 4 + jdisp8 if PSW. bit = 1 x x X
PSW. bit, $addr16 4 - 12 then reset PSW. bit
. . PC & PC «+ 3 «+ jdisp8 if (HL). bit = 1
[HL] . bit, $addr16 3 10 12 then reset (HL).bit
B « B ~ 1, then
B. $addri6 2 1 8 | = | PCePCr2+idisp8ifB=0
C &« C -1, then
DBNZ  |C. Saddn16 218 | - | PcePC+2+idisp8if C20
{saddr) « (saddr) - 1, then
sadar, $addr16 318 | 10 1 bc e PC+ 3 + jdispB if (saddr) = 0
SEL RBn 2 4 - RBS1, 0 «n
NOP 1 - No Operation
CPU El 2 - 6 | IE « 1 (Enable Interrupt)
control DI 2 - 6 IE « 0 {Disable interrupt)
HALT 2 6 - | Set HALT Mode
-| STOP 2 - | Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or in the instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

Remark 1 instruction clock cycle is 1 CPU clock (fepu) selected by PCC.
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20.3 Instruction List by Addressing Type

{1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC. ROR4, ROL4, PUSH, POP, DBNZ
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2nd Operand {HL + bytel
#byte| A |rNote | ofr |saddr|laddri6] PSW | [DE] [HL] [tHL + Bl |Saddr16] 1 None
1st Operand {HL + C]
A ADD MOV [MOV |MOV |MOV |MOV MOV MOV |MOV ROR
ADDC XCH |XCH [XCH [XCH XCH |XCH |XCH ROL
SuB ADD ADD [ADD ADD |ADD RORC
SuBC ADDC ADDC|ADDC ADDC|ADDC ROLC
AND sus sSuB |SuUB SUB |SUB
OR SuBC SUBC|SUBC SUBC|SUBC
XOR AND AND [AND AND jAND
Cmp OR OR |[OR OR [OR
XOR XOR |[XOR XOR [XOR
CcmMpP CMP {CMP CMP {CMP
r MOV {MOV INC
ADD DEC
ADDC
suB
SUBC
AND
OR
XOR
CMP
r1 . DBNZ
sfr MOV MOV
saddr MOV MOV DBNZ INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CcMmP
laddr16 MOV
PSW MOV | MOV PUSH
POP
IDE] MQV
[HL} MOV ROR4
ROL4
[HL + bytel MoV
[HL + B}
[HL + C]
X MULU
o Divuw
Note Exceptr=A
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW. CMPW, PUSH, POP, INCW, DECW

2nd Operand
#word AX rpNote sfrp saddrp | laddr16 sp None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
susw XCHW
CMPW
P MOVW | MOvwNote INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr18 MOvw
spP MOVW  {MOVW

Note Only when rp = BC, DE, or HL

(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR

2nd Operand
A.bit sfr.bit saddr.bit | PSW.bit [HLLbit CY $addr16 None
1st Operand :
A. bit MOWV1 BT SET1
BF "~ |CLR1
BTCLR
sfr. bit MOV1 BT SET1
BF CLR1
BTCLR
saddr. bit MOV1 BT SET1
BF CLR1
BTCLR
PSW. bit : MOV1 BT SET1
BF CLR1
BTCLR
{HLI]. bit MOV1 BT SET1
BF CLR1
BTCLR
cY MOV1 MOV1 MOV1 MOV MOWV1 SET
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instruction/branch instruction
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

2nd Operand
1st Operand

AX

laddr16

laddr11

{addr5]

$addri6

Basic instruction {BR

CALL
BR

CALLF

CALLT

BR
8C
BNC
BZ
BNZ

Compound
instruction

BT

BF
BTCLR
DBNZ

{5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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[MEMO]

PAGE (S) INTENTIONALLY BLANK
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APPENDIX A DEVELOPMENT TOOLS

This following development tools are available for the development of systems which employ the uPD78024
subseries.

323
B Luy2?525 0092440 526 M



APPENDIX A DEVELOPMENT TOOLS

Language Processing Software

RA78K/0 Relocatable Assembler This is a program to convert a program written in mnemaonics into an object
code executable with a microcomputer.

Further, this assembler is provided with functions capable of automatically
creating symbol tables and branch instruction optimization.

Order code: uSxxxxRA78K0

CC78K/0 C Compiler This is a program to convert a program written in C language into an object
code executable with a microcomputer.

Order code: uSxxxxCC78K0

CC78K/0-L C Library Source File This is a source program of functions comprising the object library which
is contained in the CC78K/0 C compiler package.

Order code: uSxxxxCC78K0-L

Remarks 1. When CC78K/0 compiler package, the RA78K/0 assembler package {separately sold) is required.
2. Purchase the CC78K/0-L C compiler library source file if you change the object library included in

the C compiler package according to your specifications.
3. Ordering code xxxx varies according to the host machine to be used. Refer to the following table.

Host Machine 0s Supply Medium xxxx in Ordering Code
™
PC-9800 series MS-DOS 3.5inch 2HD | 5A13
Ver.3.30 to
Ver.5.00ANote / | 5inch 2HD 5A10
PC DOS™
™ .
IBM PC/AT Ver.3.3 to 3.5-inch 2HC 7813
Ver.5.0 §-inch 2HC 7810
HP9000 series 300™ HP-UXTM Cartridge tape { 3H15
HP9000 series 700™ {rel.7.05B) (QIC-24) 3P15
SPARCstation™ SunOsS™ 3K15
rel.4.1.1)
EWS-4800 series {RISC) EWS-UXV 3M15
(rel.4.0)

Note The task swap function, which is provided with MS-DOS Ver. 5.00/5.00A and PC DOS Ver 5.0,
is not available with the software.
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PROM Programming Tools

Hardware

PG-1500

This is a PROM programmer capable of programming the single-chip
microcomputer built in the PROM by manipulating from the stand-alone
or host machine through connection of an accessory board and program
adapter separately purchasable.

it can also program representative PROMs ranging from 256K bits to 4M
bits.

PA-78P024CW
PA-78P024GFNotel

This is a PROM programmer adapter for the uPD78P024. it is connected
to the PG-1500 for use.

PA-78P024CW : For 64-pin plastic shrink DIP (750 mil)
PA-78P024GF  : For 64-pin plastic QFP {14 x 20 mm)

Software

PG-1500 controller

The PG-1500 is controlled in the host machine through connection with
the host machine via serial and parallel interfaces.

Ordering Code
{Product Name)

Host Machine oS Supply Medium

PC-9800 series MS-DOS
Ver.3.30

3.5-inch 2HD #S5A13PG1500

to 5-inch 2ZHD
Ver.5.00ANote2

HS5A10PG1500

IBM PC/AT PC DOS
Ver.3.3

3.5-inch 2HC uS7B13PG1500

to B-inch 2HC
Ver.5.0Note2

uS7B10PG1500

Notes 1.
2. The task swap function, which is provided with MS-DOS Ver. 5.00/5.00A and PC DOS Ver. 5.0, is not

Under development

available with this software.
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Debugging Tool
A circuit emulator (IE-78000-R) is available as uPD78024 subseries debugging tool. Its system configuration is
as follows.

Debugging Tool {1/2)

Hardware | |E-78000-R The IE-78000-R is an in-circuit emulator for use with the 78K/0 series. For
development of the uPD78024 subseries, use the IE-78000-R in combi-
nation with an emulation probe.

Debugging can be executed efficiently through connection with the host
machine and the PROM programmer.

1E-78044-R-EM The 1E-78044-R-EM is an emulation board common to the uPD78044
subseries.

EP-78024CW-R Emulation probe common to the uPD78024 subseries.
This is for 64-pin plastic shrink DIP {750 mil).

EP-78024GF-R Emulation probe for uPD78024 subseries.

This is for 64-pin plastic QFP {14 x 20 mm).
The EP-78024GFR is provided with one 64-pin conversion socket EV-
9200G-64 that makes it easier to develop user systems.

EV-9200G-64 A conversion socket mounted on the user system board created for 64-
pin plastic QFP (14 x 20 mm) use. Used together with the EP-78024GF-
R.

Remark The above tools can be used for any of the mPD78024 series products.

326
M 6427525 0092443 235 N



APPENDIX A DEVELOPMENT TOOLS

Debugging Too! {2/2)

Software

SD78K0 Screen debugger for the 78K/0 series.
Connects the IE-78000-R and host machine via a serial or parallel interface,
and controls the 1E-78000-R on the host machine.
Orderi d
Host Machine 0s Supply Medium raering code
{Product Name)
PC-9800 series| ~ MS-DOS 3.54nch 2HD | uS5A13SD78KO
Ver.3.30
to 5-inch 2HD 4S5A10SD78K0
Ver.5.00ANote
IBM PC/AT PC DOS 3.5-inch 2HC | uS7B13SD78KO0
Ver3.3
to 5-inch 2HC 4S7810SD78K0
Ver,5.0Note
DF78024 Device file for the uPD78024 subseries.

Used in conjunction with SD78K0.

Ordering Code

Host Machine 0S Supply Medium
{Product Name)
PC-9800 series MS-DOS 3.5-inch 2HD | uSS5A13DF78024
Ver.3.30
to 5-inch 2HD HSSA10DF78024
Ver.5.00ANote
IBM PC/AT PC DOS 3.5-inch 2HC uS7B10DF78024
Ver.3.3
to 5-inch 2HC uS7810DF78024
Ver.5.qNote

Note The task swap function, which is provided with Ver, 5.00/5.00A, is not available with this software.

Remark The above tools can be used for any of the uPD78024 subseries products.
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System upgrade from other in-circuit emulator to IE-78000-R
If you have 78K series or 75X series in-circuit emulator, you can use it as the equivalent of a 78K/0 in-circuit emulator
by replacing the break board in the unit with the 1E-78000-R-BK.

Series Name Your In-Circuit Emulator Board to be Purchased
75X Series |E-75000-R, IE-75001-R IE-78000-R-BK
78K/l Series IE-78130-R, IE-78140-R

78K/ Series IE-78230-R, IE-78230-R-A
IE-78240-R, |E-78240-R-A

78K/ Series IE-78320-R, IE-78327-R
IE-78330-R, IE-78350-R

78KV Series IE-78600-R
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Development Tool Configuration
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Conversion Socket (EV-9200G-64) Package Drawings and Recommended Pattern of Circuit Instaliation

Fig. A-1 EV-9200G-64 External View (Reference}

. N
B G 0 p -
/ [7]
\ )>>\  —
uugaug Juuuygul L
0 S -
5 P } g g——
=1 D B : E -
wl o| G . + = = ¥ 2l 4 s
E -____1___ E -
3 L (d ¢ =
ghnnnnnx_r?r%?l%nnr?nnnnrfg —
e T >>/ oa—
i
No.1 pin index / —fQ

T
N

EV-9200G-64-GO

ITEM|  MILLIMETERS INCHES

A 25.0 0.984

8 20.30 0.799

c 4.0 0.157

D 14.45 0.569

E 19.0 0.748

F 4C 2.8 4-C 0.1

G 0.8 0.031

H 11.0 0.433

I 22.0 0.866

J 24.7 0.972

K 5.0 0.197

L 16.2 0.638

M 18.9 0.744

o} 8.0 0.315

N 78 0.307

P 25 0.098

Q 2.0 0.079

R 1.35 0.053

S 0.350.1 0.014:33%8

T $2.3 $0.091

uigp. ..oes ...po058
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Fig. A-2 EV-9200G-64 Recommended Pattern of Circuit Board Installation {Reference)

G
H
_(0oopoooofooooopoon
= L g
= G}( =
o | [mem ]
= =
w w o —e—- + - -
| smomae § | e |
=] ; =
= N n
= M ‘=.°
Uﬂﬂﬂﬂﬂﬂﬂ$ﬂﬂﬂﬂﬂﬂﬂﬂ o
C l
B
A
EV-9200G-64-PQ
ITEM MILLIMETERS INCHES
25.7 1.012
B 21.0 0.827
C  |1.0£0.02 x 18=18.0+0.05 |-0.039:39%x 0.709=0.709:332
D |1.0£0.02 x 12=12.0£0.05{ 0.039*08%¢x 0.472=0.472:33%
E 15.2 0.598
F 10.9 0.783
G 11.00+0.08 0.433+3%%
H 5.50+0.03 0.217:33%
| 5.00+0.08 0.197:33%
J 2.50£0.03 0.098:38%2
K 0.6+0.02 0.02433%
L $2.36+0.03 $0.093:3%%;
M $1.57+0.03 $0.062:33%

Caution Dimensions of mount pad for EV-8200 and that for target

device (QFP) may be different in some parts. For the
recommended mount pad dimensions for QFP, refer to
*SEMICONDUCTOR DEVICE MOUNTING TECHNOLOGY
MANUAL" (IEI-1207).
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(MEMO)

PAGE (S) INTENTIONALLY BLANK
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APPENDIX B BUILT-IN SOFTWARE

Fuzzy Inference Development Support System

FE9000/FE9S200
Fuzzy Knowledge

Data Creation

Thisis a program to support fuzzy knowledge data (fuzzy rule and membership function) input/
edit and evaluation (simulation).

Ordering code: uSxxxxFE9000 (PC-3800 series)

Fuzzy Inference
Module

Tool uSxxxxFEI200 (IBM PC/AT)Notel
FT9080/FT9085 This is a program to convert fuzzy knowledge data obtained by the fuzzy knowledge data
Translator creation tool into an RA78K/0 assembler source program.
Ordering code: pSxxxxFT9080 (PC-9800 series)
pSxxxxFT9085 (IBM PC/AT)
FI78K0

This is a program to execute fuzzy inference. This program executes fuzzy inference by linking
with the fuzzy knowledge data translated by a transiator.

Ordering code: uSxxxxFI78K0 (PC-9800 series, iBM PC/AT)

Remark o in the ordering codes differ depending on the host machine to be used. See the tables below.

uSxxxxFES000
uSxxxxFT9080
#Sx0xxFI78K0
XXXX Host Machine oS Supply Medium
5A13 PC-9800 series MS-DOS 3.5-inch 2HD
Ver.3.30
5A10 to 5-inch 2HD
Ver.5.00ANote2
uSx00exFEQ200Note 1
USxxxxFT9085
uSxxxxF178K0
XXXX Host Machine 0s Supply Medium
7813 IBM PC/AT PC DOS 3.5-inch 2HC
) Ver.3.3
7810 to 5-inch 2HC
Ver.5.QNote2

Notes 1. Windows'™ (Ver.3.0 to Ver.3.1) is needed to operate the FE2000.
2. The task swap function, which is provided with Ver. 5.00/5.00A is not available with this software.
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