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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 1/0 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 and IEBus are trademarks of NEC Corporation.

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

IBM DOS, PC/AT, and PC DOS are trademarks of IBM Corporation.

HP9000 Series 300, HP9000 Series 700, and HP-UX are trademarks of Hewlett-Packard Company.
SPARCSstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

NEWS and NEWS-OS are trademarks of SONY Corporation.

OSF/Motif is a trademark of Open Software Foundation, Inc.

TRON is an abbreviation of The Real-time Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.



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 call an NEC sales
representative.

License not needed: = uPD78F0228GF-3BA
The customer must judge the need for license: uPD780226GF-xxx-3BA, 780228GF-xxx-3BA

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

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

The quality grade of NEC devices is "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 an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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Throughout

Change of uPD780226 and 780228 from “under development” to “developed”

p.16

2.3 1/0 Circuits of Pins and Connections of Unused Pins

Change of 1/O circuit types of ports 7, 8, 9, and 10 of mask ROM model as follows:
Ports 7, 8, and 9: type 15-D to type 15-F
Port 10 : type 14-D to type 14-F

p.33, 173, 175, 177

Addition of internal expansion RAM size select register (IXS)

p.59-62 Correction of block diagrams of ports 7, 8, 9, and 10

p.71 5.4.1 Main system clock oscillator
Change of notes on inputting external clock

p.78 Change of count clock value by setting of TCL2 and TCL1 in Figure 6-2 Timer Mode Control
Register 1 Format

p.103, 164 Change of oscillation stabilization time by setting of OSTS2-OSTSO0 in Format of Oscillation
Stabilization Time Select Register

p.130 Figure 11-2 Display Mode Register 0 Format
Change of setting of FOUT5-FOUTO, and addition of notes on FIP output pins
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p.173, 175, 202
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p.217
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PREFACE

Readers This manual has been prepared for user engineers who understand the functions of theuPD780228
subseries and design and develop its application systems and programs.

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

section below.

Organization The uPD780228 subseries manual is separated into two parts:

(common to the 78K/0 series)

uPD780228 Subseries
User's Manual
(This manual)

78K/0 Series
User's Manual
Instructions

e Pin functions « CPU functions
« Internal block functions « Instruction set
* Interrupts « Explanation of each instruction

* Miscellaneous on-chip peripheral functions

How to Read This Manual

this manual and Instructions

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

microcomputer.

O When you want to understand the functions in general:
— Read this manual in the order of the contents.
O How to interpret the register format:

— For the circled bit number, the bit name is defined as a reserved word in RA78K/0, and in
CC78K/0, already defined in the header file named sfrbit.h.

O When confirming the details of the register whose register name is known:

— Refer to APPENDIX D REGISTER INDEX.

[0 When you want to know the differences between the uPD78044H subseries and the uPD780208

subseries:

— Refer to APPENDIX A DIFFERENCES BETWEEN puPD78044H, 780228, AND 780208

SUBSERIES.

O When you want to know the details of the yPD780228 subseries instruction funcion:
— Refer to 78K/0 Series User’s Manual: Instruction. (U12326E)

[0 When you want to know the electrical characteristics of the uPD780288 subseries:
— Refer to uPD780226, 780228 Data Sheet (U11797E) separately available.

[0 When you want to know the application examples of each function of the yPD780228 subseries

— Refer to 78K/0 Series Application Note - Fundamental (ll) (U10121E)

available.

separately



Legend Data representation weight
Active low representations
Note
Caution
Remark
Numeral representations

Related Documents

High digits on the left and low digits on the right

. XXX (top bar over pin or signal name)

Description of Note in the text.
Information requiring particular attention

. Additional explanatory material

Binary .............. XXXX OF XXXXB
Decimal ........... XXXX
Hexadecimal ... xxxxH

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

e Documents related to devices

Document Name Document Number

English Japanese
uPD780228 Subseries User's Manual This manual uU12012J
uPD780226, 780228 Data Sheet U11797E U11797J
uPD78F0228 Preliminary Product Information U11971E U11971J
78K/0 Series Instruction Table — U10903J
78K/0 Series Instruction Set — uU10904J
78K/0 Series User’'s Manual: Instructions U12326E U12326J
78K/0 Series Application Note: Fundamental (I1) U10121E u10121J

Caution The contents of the above documents are subject to change without notice. Be sure to use the

latest edition for designing.




e Documents related to development tools (User’'s Manual)

Document Name

Document Number

English Japanese
RA78K Series Assembler Package Operation EEU-1399 EEU-809
Language EEU-1404 EEU-815
RA78K Series Structured Assembler Preprocessor EEU-1402 EEU-817
RA78K0 Assembler Package Operation U11802E U11802J
Assembly Language U11801E U11801J
Structured Assembly U11789E U11789J
Language
CC78K Series C Compiler Operation EEU-1280 EEU-656
Language EEU-1284 EEU-655
CC78K0 C Compiler Operation U11517E U11517J
Language U11518E U11518J
CC78K Series Library Source File — U12322J
CC78K Compiler Application Note Programming Know-how EEA-1208 EEA-618
IE-78001-R-A Planned Planned
|IE-78K0-SL-PO1 Planned Planned
|IE-780228-SL-EM4 Planned Planned
EP-100GF-SL Planned Planned
SM78K0 System Simulator Windows™ Base Reference U10181E U10181J
SM78K Series System Simulator External Components User U10092E u10092J
Open Interface Specifications
ID78KO0 Integrated Debugger EWS base Reference — U11151J
ID78KO0 Integrated Debugger PC base Reference U11539E U11539J
ID78KO0 Integrated Debugger Windows base Guide U11649E U11649J

Caution The contents of the above documents are subject to change without notice. Be sure to use the

latest edition for designing.




e Documents related to embedded software (User's Manual)

Document Name

Document Number

English Japanese

78K/0 Series Real-time OS Fundamental - U11537J
Installation — U11536J

78K/0 Series OS MX78K0 Fundamental — U12257J
Fuzzy Knowledge Data Creation Tool EEU-1438 EEU-829
78K/0, 78K/ll, 87AD Series Fuzzy Inference Development Support System Translator EEU-1444 EEU-862
78K/0 Series Fuzzy Inference Development Support System Fuzzy Inference Module EEU-1441 EEU-858
78K/0 Series Fuzzy Inference Development Support System Fuzzy Inference Debugger EEU-1458 EEU-921

e Other related documents

Document Name

Document Number

English Japanese
IC Package Manual C10943X
Semiconductor Device Mounting Technology Manual C10535E C10535J
Quality Grades on NEC Semiconductor Devices C11531E C11531J
NEC Semiconductor Device Reliability/Quality Control System C10983E C10983J
Electrostatic Discharge (ESD) Test — MEM-539
Guide to Quality Assurance for Semiconductor Devices MEI-1202 C11893J
Microcomputer Product Guide —By third party — U11416J

Caution The contents of the above documents are subject to change without notice. Be sure to use the

latest edition for designing.
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1.1 Features

CHAPTER 1 GENERAL

High-capacity ROM and RAM

Item Program Memory Data Memory
Mask ROM Flash memory Internal high- Internal FIP™ display
Part Number speed RAM expansion RAM RAM
uPD780226 48K bytes — 1024 bytes 512 bytes 96 bytes
1PD780228 60K bytes —
1PD78F0228 — 60K bytesNote

Note 48K or 60K bytes can be selected by the memory size select register (IMS).

e Minimum instruction execution time changeable from high speed (0.4 us) to low speed (6.4 us)
e |/O port 1 72 pins
e FIP controller/driver
« Display current 10 mA
« Display current 3 mA

. Total display output pins: 48 (universal grid compatible)
: 16 pins
: 32 pins
e 8-bit resolution A/D converter: 8 channels
« Supply voltage (AVop = 4.5t0 5.5 V)

e Serial interface . 1 channel
« 3-wire serial /0O mode . 1 channel
e Timer: 4 channels
« 8-bit remote control timer : 1 channel
¢ 8-bit PWM timer : 2 channels
* Watchdog timer : 1 channel

e Vectored interrupt source c 12
e Supply voltage : Vobp=45t055V

1.2 Application Fields

Combined mini-component audio systems, separate mini-component audio systems, tuners, cassette decks, CD
players, and audio amplifiers

1.3 Ordering Information

Part Number Package Internal ROM
uPD780226GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM
1PD780228GF-xxx-3BA 100-pin plastic QFP (14 x 20 mm) Mask ROM

uPD78F0228GF-3BANC® 100-pin plastic QFP (14 x 20 mm) Flash memory

Note Under development

Remark xxx indicates a ROM code number.
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1.4 Pin Configuration (Top View)

* 100-pin plastic QFP (14 x 20 mm)
HUPD780226GF-xxx-3BA, 780228GF-xxx-3BA, 78F0228GF-3BA Mot

S0 pruFIP17
§<—>O P72/FIP18
RF—C p73/FIP19

100999897 96 9594 939291908988 87 86 85

P60 O=—-—={1 80 ——O Vioap

P61 O=——{2 O 79 Vo2

P62 O=——+{3 78 |«——=0O P74/FIP20
P63 O=——+{4 77 f«—0O P75/FIP21
P64 O=—{5 76 fj«—0O P76/FIP22
P65 O=—6 75 f+—O P77/FIP23
P66 O=—7 74 |=—0O P80/FIP24
P67 O=—{8 73 |=—0O P81/FIP25
P50 O=——9 72 f«—0O P82/FIP26
P51 O=~—10 71 }=——>O P83/FIP27

e
a1
N
[
[
-~
o

[~—O P84/FIP28

P53 O=——={12 [~—O P85/FIP29

o
©

P54 O=—{13 68 |=~—O P86/FIP30
P55 O=——{14 67 |~—O P87/FIP31
P56 O=—{15 66 [«—O P90/FIP32

)
a1
J
[
o
<))
a1

[~—O P91/FIP33
[e—=O P92/FIP34
[=—=O P93/FIP35
[~—=O P94/FIP36
[~—=O P95/FIP37
[~—O P96/FIP38
[~—O P97/FIP39
—O P100/FIP40
—O P101/FIP41
—O P102/FIP42
—O P103/FIP43
—=O P104/FIP44
POO/INTPO O=—={28 [—O P105/FIP45
PO1/INTP1 O=—{29 —O P106/FIP46

RESET O—30 1[—O P107/FIP47
3132333435363738394041424344454647484950

IC(Vep) O———|17
Vsso O———18
Voo O———19
P40 O=—{20

TUTUUTDOD
SR SRR S
~NOoO O s WNRE
NNDNDNNNN
NOoO s WNRE
QO AR aaoDo oo D
WA OOONOWMOORLRNWAHA

g g
N

w
w
i
w
o0
w
w
w

X2 O——
X1 O——f

P20/SCK Oe——
P21/SO O=—»]
P22/S| O
P23/TI1 O=——r
P24/TIO50 O=——~
P25/TI051 O=—=
Vopr O———

Note Under development

Cautions 1. Directly connect the IC (Internally Connected) pin to V ss1 in the normal operation mode.
2. Connect the AV o pin to V pp1.
3. Connect the AV ss pin to V ss1.

Remarks 1. When usingthe microcontrollerinan application where the noise generated from the microcontroller
must be suppressed, it is recommended that power be supplied to Vooo and Voo: from separate
sources, and that Vsso and Vss1 be connected to separate ground lines, to improve the noise
immunity.

2. (): uPD78F0228
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ANIO-ANI7
AVbD

AVss
FIPO-FIP47
IC

P00, PO1
P10-P17
P20-P25
P40-P47
P50-P57
P60-P67
P70-P77
P80-P87

: Analog Input

. Analog Power Supply

. Analog Ground

. Fluorescent Indicator Panel
. Internally Connected
INTPO, INTP1 :
: Port0
: Portl
. Port2
. Port4
. Port5
. Porté
. Port7
. Port8

Interrupt from Peripherals

P90-P97
P100-P107
RESET
SCK

Sl

SO

TI1

TIO50, TIO51
Vbpo-Vbp2
VioAD

Vep

Vsso, Vssi
X1, X2

. Port9

. Port10

: Reset

. Serial Clock

: Serial Input

: Serial Output

: Timer Input

: Timer Input/Output

. Power Supply

. Negative Power Supply
: Programming Power Supply
: Ground

: Crystal
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* 1.5 78K/0 Series Expansion

The following shows the 78K/0 Series products development. Subseries name are shown inside frames.

78K/0
Series

Note

: Products in mass production

Products under development

Control

100-pin uPD78075B "'yPD78075BY ./ EMI-noise reduced version of uPD78078

100-pin uPD78078 ﬂ uPD78078Y A timer was added to the uPD78054 and external interface was enhanced

100-pin 8070A //yPD?BO?OAY _ ROM:-less version of the uPD78078
100-pin 0018”"“;’ ' uPD780018Y ,_"_ Serial I/0 of the uPD78078 was enhanced and the function is limited.
80-pin °'e." Serial I/0 of the uPD78054 was enhanced and EMI-noise was reduced.

!

~ —

80-pin EMI-noise reduced version of the uPD78054

80-pin /. UART and D/A converter were enhanced to the 4PD78014 and I/O was enhanced

7

64-pin . A/ID converter of the uPD780024 was enhanced
| 64-pin Serial I/0 of the uPD78018F was added and EMI-noise was reduced.
64-pin uPD78014H EMI-noise reduced version of uPD78018F
64-pin 1PD78018F uPD78018FY / Low-voltage (1.8 V) operation version of the 4PD78014, with larger selection of ROM and RAM capacities

64-pin / pPD78014 /yPD78014Y An A/D converter and 16-bit timer were added to the zPD78002

64-pin pPD780001 An A/D converter was added to the zPD78002
64-pin uPD78002 HPD78002Y Basic subseries for control
42/44-pin Z 1PD78083 / On-chip UART, capable of operating at low voltage (1.8 V)

Inverter control

64-pin AID converter of the uPD780924 was enhanced
64-pin On-chip inverter control circuit and UART. EMI-noise was reduced.
FIP™ drive
B 100-pin uPD780208 The 1/O and FIP C/D of the uPD78044F were enhanced, Display output total: 53
100-pin The I/0 and FIP C/D of the uPD78044H were enhanced, Display output total: 48
80-pin An N-ch open drain I/O was added to thes PD78044F, Display output total: 34
L 80-pin Basic subseries for driving FIP, Display output total: 34

LCD drive

100-pin / uPD780308 INPD780308Y / The SIO of the uPD78064 was enhanced, and ROM, RAM capacity increased
100-pin 1PD78064B EMI-noise reduced version of the uPD78064
| 100-pin 1PD78064  // uPD78064Y ; Basic subseries for driving LCDs, On-chip UART

IEBus™ supported

[ 80-pin HPD78098B EMI-noise reduced version of the zPD78098
| 80-pin HPD78098 An [EBus controller was added to the uPD78054

Meter control

U

[ 80-pin General purpose version of automobile meter driving controller of the s PD780805
| 100-pin On-chip automobile meter driving controller/driver
64-pin On-chip PWM output, LV digital code decoder, and Hsync counter

nder planning
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The following lists the main functional differences between subseries products.

Function ROM. Timer 8-bit [10-bit| 8-bit Serial Interface /o |Voo MIN. Extemg\
Subseries Name Capacity | g-bit | 16-bit | Watch | wpT | A/D | A/D | DIA Value  |Expansion
Control |uPD78075B |[32K-40K| 4ch | 1ch | 1ch |1ch | 8ch | — [2ch |[3ch (UART: 1ch) 88| 1.8V (@]
uPD78078 48K-60K
uPD78070A - 61| 2.7V
uPD780018 |48K-60K — | 2ch (time division 3-wire: 1ch) | 88
uPD780058 | 24K-60K| 2ch 2ch | 3ch (time division UART: 1ch) | 68 | 1.8 V
uPD78058F | 48K-60K 3ch (UART: 1ch) 69 | 2.7V
uPD78054 16K-60K 20V
uPD780034 | 8K-32K — | 8ch| — |3ch (UART: 1ch, 51| 18V
UPD780024 gch| — time division 3-wire: 1ch)
uPD78014H 2ch 53| 18V
uPD78018F | 8K-60K
uPD78014 8K-32K 27V
uPD780001 |8K - - 1ch 39 -
uPD78002 8K-16K 1ch - 53 o
uPD78083 - 8ch 1ch (UART: 1ch) 33|18V -
Inverter | uPD780964 |8K-32K | 3ch |Note| — |1ch| — |[8ch| — [2ch (UART: 2ch) 47 | 2.7V (@]
control | 780924 gch| -
FIP uPD780208 |32K-60K| 2ch | 1ch [ 1ch | 1ch | 8ch | — — |2ch 74| 27V -
drive | pp780228 |48K-60K|3ch| — | - 1ch 72| 45V
uPD78044H | 32K-48K| 2ch | 1ch | 1ch 68 | 2.7V
uPD78044F | 16K-40K 2ch
LCD 1PD780308B | 48K-60K| 2ch | 1ch [ 1ch | 1ch | 8ch | — — | 3ch (time division UART: 1ch) [ 57 | 2.0V -
dive | pp78064 |32K 2ch (UART: 1ch)
uPD78064 16K-32K
IEBus 1PD78098B |40K-60K| 2ch | 1ch [ 1ch [ 1ch [ 8ch | — |[2ch |3ch (UART: 1ch) 69 | 2.7V (e}
supported| 578098 | 32K-60K
Meter uPD780973 | 24K-32K| 3ch | 1ch | 1ch |1ch | 5¢ch | — — |2ch (UART: 1ch) 56 | 45V -
control | ,5p780805 | 40K-60K| 2ch 8ch 39 | 27V
LV uPD78P0914| 32K 6ch | — — |1ch|8ch| - - |2ch 54 | 45V (@]
Note 10-bit timer: 1 channel
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1.6 Block Diagram

8-bit REMOTE PORTO P00, PO1
CONTROLLER |4 \|
TIUP23 —= [oeo - ppm— el
(TM1)
PORT2 P20-P25
Tios0/P24 (TM50) N—/] PORT4 P40-P47
ROM
éi’}thCORE < FLASH ) PORTS P50-P57
TI051/P25 8-bit PWM TIMER [/ K| MEMORY,
(TM51) N—/] bORTE 06067
WATCHDOG TIMER|< p iﬁ iﬁ PORT7 P70-P77
SCKIP20 ~—+|SER|AL INTERFACE[ L | iﬁ PORTS P80-P87
SO/P21 - -
SIp22 — (SI03)
RAM PORT9 P90-P97
ANIO/P10- 1024 Bytes
PORT10 P100-P107
AVeo (AID1) N/
FIP
AVss > FIPO-FIP47
@ CONTROLLER/
DRIVER Vioao
INTPO/POO ——~{ INTERRUPT 1, | —
INTP1/P01 ——=| CONZE%" N—V] SYSTEM ~ 1
Voo, Vsso, IC CONTROL X2
Voo1, Vss1 (Ver)

Remarks 1.

2. ( ): uPD78F0228

Vob2

The internal ROM capacity differs depending on the model.
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1.7 Functional Outline

Part Number uPD780226 uPD780228 uPD78F0228
Item
Internal memory | ROM Mask ROM Flash memory
48K bytes 60K bytes 60K bytesNote
High-speed RAM | 1024 bytes
Expansion RAM | 512 bytes
FIP display RAM | 96 bytes

General-purpose register

8 bits x 8 x 4 banks

Minimum instruction execution time

0.4/0.8/1.6/3.2/6.4 us (main system clock: 5.0 MHz)

Instruction set

« 16-bit operation

« Multiplication/division (8 bits x 8 bits, 16 bits + 8 bits)
< Bit manipulation (set, reset, test, Boolean operation)
« BCD adjustment, etc.

1/0 port ¢ Total 1 72 pins

(including FIP-multiplexed pins) * CMOS input : 8 pin
« CMOS I/0 : 16 pins
« N-ch open-drain 1/0 : 16 pins
* P-ch open-drain 1/0 : 24 pins
« P-ch open-drain output  : 8 pins

FIP controller/driver « Total display output : 48 pins
« Display current 10 mA : 16 pins
« Display current: 3 mA : 32 pins

AID converter

« 8-bit resolution x 8 channels
« Supply voltage: AVoo = 4.5t0 5.5V

Serial interface

3-wire serial /O mode: 1 channel

Timer

« 8-bit remote control timer : 1 channel
* 8-bit PWM timer : 2 channels
« Watchdog timer : 1 channel

Timer output

2 pins (8-bit PWM output)

Vectored

interrupt source

Maskable Internal: 6, external: 4
Non-maskable Internal: 1
Software 1

Supply voltage

Voo =4.5t055V

Package

100-pin plastic QFP (14 x 20 mm)

Note 48K or 60K bytes can be selected by the memory size select register (IMS)
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1.8 Mask Option

The mask ROM models (uPD780226 and 780228) have mask options. By specifying the mask options when
placing an order for these models, the pull-up and pull-down resistors shown in Table 1-1 can be connected. If these
mask options are used when pull-up and pull-down resistors are necessary, the number of components can be
decreased and the mounting area can be reduced.

Table 1-1 shows the mask options available for the uPD780228 subseries.

Table 1-1. Mask Options of Mask ROM Models

Pin Name Mask Option
P50-P57, P60-P67 Pull-up resistors can be connected in 1-bit units.
P70/FIP16-P77/FIP23, Pull-down resistors can be connected in 1-bit units.

P80/FIP24-P87/FIP31,
P90/FIP32-P97/FIP39,
P100/FIP40-P107/FIP47




2.1 Pin Function List

(1) Port pins (1/2)

CHAPTER 2 PIN FUNCTIONS

P-ch open-drain 8-bit high-voltage 1/0 port.

Can be set in input or output mode in 1-bit units.

Internal pull-down resistor can be used by mask option in 1-bit units
(mask ROM models only). uPD78F0228 does

not have pull-down resistors, however.

Pin Name 110 Function At Reset Shared with:
P00 110 Port 0. Input INTPO
2-bit 1/O port.
Can be set in input or output mode in 1-bit units.
POl Internal pull-up resistor can be used via software when this port is INTP1
used as input port.
P10-P17 Input Port 1. Input ANIO-ANI7
8-bit input port.
P20 110 Port 2. Input SCK
p21 6-bit 1/0O port. SO
p22 Can be set in input or output mode in 1-bit units. S|
P23 Internal pull-up resistor can be used via software when this port is ™
used as input port.
P24 TIO50
P25 TIO51
P40-P47 110 Port 4. Input —
8-bit I/0 port.
Can be set in input or output mode in 1-bit units.
Can directly drive LED.
Internal pull-up resistor can be used via software when this port is
used as input port.
P50-P57 110 Port 5. Input —
N-ch open-drain 8-bit medium-voltage 1/0O port.
Can be set in input or output mode in 1-bit units.
Can directly drive LED.
Internal pull-up resistor can be used by mask option in 1-bit units
(mask ROM models only). uPD78F0228 does not have pull-up
resistors, however.
P60-P67 110 Port 6. Input —
N-ch open-drain 8-bit medium-voltage 1/O port.
Can be set in input or output mode in 1-bit units.
Can directly drive LED.
Internal pull-up resistor can be used by mask option in 1-bit units
(mask ROM models only). uPD78F0228 does not have pull-up
resistors, however.
P70-P77 110 Port 7. Input FIP16-FIP23
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(1) Port pins (2/2)

Pin Name

110

Function

At Reset

Shared with:

P80-P87

l{e}

Port 8.

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

Can be set in input or output mode in 1-bit units.

Internal pull-down resistor can be used by mask option in 1-bit units
(mask ROM models only). uPD78F0228 does not have pull-down
resistors, however.

Input

FIP24-FIP31

P90-P97

l{e}

Port 9.

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

Can be set in input or output mode in 1-bit units.

Internal pull-down resistor can be used by mask option in 1-bit units
(mask ROM models only). uPD78F0228 does not have pull-down
resistors, however.

Input

FIP32-FIP39

P100-P107

Output

Port 10.

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

Internal pull-down resistor can be used by mask option in 1-bit units
(mask ROM models only). uPD78F0228 does not have pull-down
resistors, however.

Output

FIP40-FIP47

10
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(2) Pins other than port pins

Pin Name 110 Function At Reset Shared with:
INTPO Input | Valid edge (rising, falling, or both rising and falling) can be specified. Input P00
INTP1 External interrupt request input. PO1
SCK 110 Serial clock input/output of serial interface. Input P20
SO Output | Serial data output of serial interface. Input P21
Sl Input Serial data input of serial interface. Input P22
Tl Input | Timer input of 8-bit remote control timer (TM1). Input P23
TIO50 110 Capture trigger input/timer output of 8-bit PWM timer (TM50). Input P24
TIO51 110 Capture trigger input/timer output of 8-bit PWM timer (TM51). Input P25
FIPO-FIP15 Output | High-voltage high-current output of FIP controller/driver. Output —
FIP16-FIP23 Input P70-P77
FIP24-FIP31 P80-P87
FIP32-FIP39 P90-P97
FIP40-FIP47 P100-P107
Vioap — Pull-down resistor connection of FIP controller/driver. — —
RESET Input System reset input. — —
X1 Input Crystal connection for main system clock oscillation. — —
X2 — — —
ANIO-ANI7 Input | Analog input for A/D converter. Input P10-P17
AVop — Analog power to A/D converter. Same potential as Vooa. — —
AVss — Ground potential for A/D converter. Same potential as Vssi. — —
Voo — Positive power supply to ports. — —
Vb1 — Positive power supply (except ports, analog block, and FIP controller/driver) — —
Vb2 — Positive power supply to FIP controller/driver. — —
Vsso — Ground potential for ports. — —
Vss1 — Ground potential (except ports and analog block). — —
VppNote — High voltage is applied to this pin when program is written/verified. — —

In the normal operation mode, directly connect this pin to Vssz.
IC — Internally connected. Directly connect this pin to Vssi. — —

Note Ve is provided to the uPD78F0228 only.

11
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2.2 Pin Functions

2.2.1 P00 and P01 (Port 0)

P00 and P01 are used as a 2-bit I/O port. These pins also have external interrupt request input functions in addition
to the 1/O port function.

Port 0 can be set in the following operation modes in 1-bit units.

(1) Port mode
P00 and P01 function as a 2-bit 1/0 port in this mode.
This 2-bit port can be set in the input or output mode in 1-bit units by the port mode register 0 (PM0). When
used as an input port, the internal pull-up resistor can be connected by using the pull-up resistor option register
0 (PUO).

(2) Control mode
P00 and P01 functions as external interrupt request input pins (INTPO and INTP1).
INTPO and INTP1 input external interrupt requests whose valid edge can be specified (to be the rising edge,
falling edge, or both the rising and falling edges).

2.2.2 P10 through P17 (Port 1)

P10 through P17 constitute an 8-bit input port, port 1. This port is also used to input analog signals to the internal
A/D converter.

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

(1) Port mode
Port 1 functions as an 8-bit input port in this mode.

(2) Control mode
P10 through P17 function as analog input pins (ANIO through ANI7) of the A/D converter.

2.2.3 P20 through P25 (Port 2)

P20 through P25 constitute a 6-bit I/O port, port 2. These pins also have functions to input/output data of the serial
interface, clock, and timer signals.

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

(1) Port mode
In this mode, P20 through P25 function as a 6-bit I/0 port. This port can be set in the input or output mode
in 1-bit units by using the port mode register 2 (PM2). When the portis used as an input port, the internal pull-
up resistor can be used if so specified by the pull-up resistor option register 2 (PU2).

(2) Control mode
In this mode, P20 through P25 are used to input/output serial interface data, clock, and timer signal, and input

timers’ capture trigger signals.

(a) SI, SO
These are 1/0 pins of the serial data of the serial interface.

(b) SCK
This is an I/O pin of the serial clock of the serial interface.

12
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(c) TIL
Timer input pin of the 8-bit remote control timer.

(d) TIO50 and TIO51
Capture trigger input pin of the 8-bit PWM timers and timer output pin.

2.2.4 P40 through P47 (Port 4)

P40 through 47 constitute an 8-bit I/O port. This port can be set in the input or output mode in 1-bit units by using
the port mode register 4 (PM4). When it is used as an input port, the internal pull-up resistor can be connected by
using the pull-up resistor option register 4 (PU4).

This port can directly drive an LED.

2.2.5 P50 through P57 (Port 5)

P50 through 57 constitute an 8-bit I/O port. This port can be set in the input or output mode in 1-bit units by using
the port mode register 5 (PM5).

P50 through P57 are N-ch open-drain pins. Pull-up resistors can be connected to these pins of the mask ROM
models by mask option. The yPD78F0228 does not have pull-up resistors.

This port can directly drive an LED.

2.2.6 P60 through P67 (Port 6)

P60 through 67 constitute an 8-bit I/O port. This port can be set in the input or output mode in 1-bit units by using
the port mode register 6 (PM6).

P60 through P67 are N-ch open-drain pins. Pull-up resistors can be connected to these pins of the mask ROM
models by mask option. The yPD78F0228 does not have pull-up resistors.

This port can directly drive an LED.

2.2.7 P70 through P77 (Port 7)
P70 through P77 constitute an 8-bit I/O port. These pins are also used as FIP controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P70 through P77 function as an 8-bit 1/0 port in this mode.
These pins are P-ch open-drain pins. Pull-down resistors can be connected to these pins of the mask ROM
models by mask option. The uPD78F0228 does not have pull-down resistors.

(2) Control mode
In this mode, P70 through P77 function as the output pins of the FIP controller/driver (FIP16 through FIP23).

2.2.8 P80 through P87 (Port 8)
P80 through P87 constitute an 8-bit I/O port. These pins are also used as FIP controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P80 through P87 function as an 8-bit I/0 port in this mode.
These pins are P-ch open-drain pins. Pull-down resistors can be connected to these pins of the mask ROM
models by mask option. The yPD78F0228 does not have pull-down resistors.

(2) Control mode
In this mode, P80 through P87 function as the output pins of the FIP controller/driver (FIP24 through FIP31).

13
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2.2.9 P90 through P97 (Port 9)
P90 through P97 constitute an 8-bit I/O port. These pins are also used as FIP controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P90 through P97 function as an 8-bit I/0 port in this mode.
These pins are P-ch open-drain pins. Pull-down resistors can be connected to these pins of the mask ROM
models by mask option. The yPD78F0228 does not have pull-down resistors.

(2) Control mode
In this mode, P90 through P97 function as the output pins of the FIP controller/driver (FIP32 through FIP39).

2.2.10 P100 through P107 (Port 10)
P100 through P107 constitute an 8-bit output port. These pins are also used as FIP controller/driver output pins.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P100 through P107 function as an 8-bit output port in this mode.
These pins are P-ch open-drain pins. Pull-down resistors can be connected to these pins of the mask ROM
models by mask option. The uPD78F0228 does not have pull-down resistors.

(2) Control mode
In this mode, P100 through P107 function as the output pins of the FIP controller/driver (FIP40 through FIP47).

2.2.11 FIPO through FIP15
These are the output pins of the FIP controller/driver.

2.2.12 Vioap
This pin connects a pull-down resistor to the FIP controller/driver.

2.2.13 AVop
This pin supply an analog voltage to the A/D converter.
Always keep this pin at the same potential as the Vob1 pin even when the A/D converter is not used.

2.2.14 AVss
This is the ground pin of the A/D converter.
Always keep this pin at the same potential as the Vssi pin even when the A/D converter is not used.

2.2.15 RESET
This pin inputs an active-low system reset signal.

2.2.16 X1 and X2

These pins connect a crystal resonator for main system clock oscillation.
To supply an external clock, input it to X1, and input a signal reverse to that input to X1, to X2.

14
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2.2.17 Vooo through V bp2

Vooo supplies a positive voltage to the ports.

Vopisupplies a positive voltage to the internal function blocks other than the ports, analog block, and FIP controller/
driver.

Voo2 supplies a positive voltage to the FIP controller/driver.

2.2.18 Vsso and Vss1
Vsso is the ground pin for the ports.
Vss1 is the ground pin for the internal function blocks other than the ports and analog block.

2.2.19 Vep (uPD78F0228 only)

A high voltage is applied to this pin when the flash memory programming mode is used and when a program is
written or verified.

Directly connect this pin to Vss1 in the normal operation mode.

2.2.20 IC (Mask ROM product only)

The IC (Internally Connected) pin sets a test mode in which theuPD780226 and 780228 are tested before shipment.
Usually, connect the IC pin directly to Vss1 with as short a wiring length as possible.

If there is a potential difference between the IC and Vss1 pins because the wiring length between the IC and Vss1
pin is too long, or external noise is superimposed on the IC pin, your program may not run correctly.

O Directly connect the IC pin to the V  ss1.

Vss1 IC

™~

Keep the wiring length as short as possible.

15



CHAPTER 2 PIN FUNCTIONS

2.3 1/0 Circuits of Pins and Connections of Unused Pins
Table 2-1 shows the 1/O circuit types of the respective pins, and the recommended connections of each pin when
it is not used.

For the configuration of each type of the I/O circuit, refer to Figure 2-1.

Table 2-1. 1/O Circuit Type of Each Pin

Pin Name 1/0 Circuit Type 110 Recommended Connections of Unused Pin
POO/INTPO 8-C 110 Individually connect to Vsso via resistor.
PO1/INTP1
P10/ANIO-P17/ANI7 9 Input
P20/SCK 8-C 1/0 Individually connect to Vooo or Vsso via resistor.
P21/SO 5-H
P22/SI 8-C
P23/TI1
P24/TIO50
P25/TIO51
P40-P47

Mask ROM model

P50-P57 13-J 110 Individually connect to Vooo via resistor.
P60-P67
P70/FIP16-P77/FIP23 15-F 110 Individually connect to Vooo or Vsso via resistor.

P80/FIP24-P87/FIP31

P90/FIP32-P97/FIP39

P100/FIP40-P107/FIP47 14-F Output
IC — — Directly connect to Vssi.
uPD78F0228
P50-P57 13-K 110 Individually connect to Vooo via resistor.
P60-P67
P70/FIP16-P77/FIP23 15-E 110 Individually connect to Vooo or Vsso via resistor.

P80/FIP24-P87/FIP31

P90/FIP32-P97/FIP39

P100/FIP40-P107/FIP47 14-E Output
Vep — — Directly connect to Vssi.
FIPO-FIP15 14-C Output | Individually connect to Vooo or Vsso via resistor.
RESET 2 Input —
AVop — — Connect to Vopi.
AVss Connect to Vssu.
Vioap
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Figure 2-1. Pin Input/Output Circuit List (1/2)

Type 2

IN O

7

Schmitt-Triggered Input with
Hysteresis Characteristics

Type 9

p-ch Comparator

N-ch

*
Vrer

(Threshold voltage)

input

Vsso

ad

enable
Type 5-H Voo Type 13-J
Vopo
-+
pull [Mask
ull-up D o p-ch Option
enable +—O IN/OUT
v Dae ) >~
o’ Output disable N-ch
Data 7:DO_| ~ Vsso
P-ch Vooo
IN/OUT
Output N-ch RD 4' p-ch
disable
Vsso OQ
Input ; Medium-voltage input buffer
enable
Type 8-C Vooo Type 13-K
Pull-up D pch +—O IN/OUT
enable data
output disable :):>O—| N-ch
Voo Vsso
Data 7:Do_| P-ch Vopo
INJOUT 7B P-ch
Output <—N-ch
disable o<}

Medium-voltage input buffer
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Figure 2-1. Pin Input/Output Circuit List (2/2)

Type 14-C

Type 15 F* Vooo Vboo

ép-ch r{ P-ch
Data ° O ouT
i [ Mask
N-ch % Option
Vsso |

P-ch
Vooo Vooo
Data O IN/OUT
P-ch
|-— N-ch
data ouT Vsso
L{ [Mask }
Option
Vioap
Vsso
Vsso
Type 14-F* Type 15 E Voo Vono
Vooo Voo

P-ch P-ch
data +——O IN/JOUT
-«— N-ch
Vsso

N-ch

[
i

ﬂfm

Vsso

I O Viono
RD ——| [—n-ch
Vsso
Type 14-E
Voo Vooo
P-ch
ouT
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Each model in the uPD780228 subseries can access a memory space of 64K bytes. Figures 3-1 through 3-3 show

the memory map.

Figure 3-1. Memory Map ( uPD780226)

FFFFH
Special function registers (SFR)
256 x 8 bits
FFOOH
FEFFH ’
General-purpose registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH BFFFH
Cannot be used
FA60H - Program area
FA5FH
Data memory .
space FIP display RAM 1000H
96 x 8 bits OFFFH
FAOOH
FOFFH - CALLF entry area
Cannot be used
F800H 0800H
FTFFH 07FFH
LU Internal expansion RAM L
T 512 x 8 bits T ~ Program area
F600H
F5FFH 0080H
Cannot be used 007FH
CO000H
T BFFFH CALLT table area
0040H
Program memory L Internal ROM L 003FH
space T 49152 x 8 bits a
Vector table area
0000H 0000H
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Figure 3-2. Memory Map ( uPD780228)

FFFFH
Special function registers (SFR)
256 x 8 bits
FFOOH
FEFFH .
General-purpose registers
FEEOH 32 x 8 hits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH EFFFH
Cannot be used
FAG6O0H Pt Program area
FASFH
Data memory .
space FIP display RAM 1000H
96 x 8 bits OFFFH
FAOOH
FOFFH - CALLF entry area
Cannot be used
F80O0H 0800H
FTFFH 07TFFH
L Internal expansion RAM L
512 x 8 bits B Pt Program area
F600H
F5FFH 0080H
Cannot be used 007FH
FOOOH
T EFFFH CALLT table area
0040H
Program memory L Internal ROM L 003FH
space T 61440 x 8 bits a
Vector table area
0000H 0000H
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Figure 3-3. Memory Map ( uPD78F0228)

FFFFH
Special function registers (SFR)
256 x 8 bits
FFOOH
FEFFH .
General-purpose registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH EFFFH
Cannot be used
FABO0H 3 Program area
FASFH
Data memory .
space FIP display _RAM 1000H
96 x 8 bits OFFFH
FAOOH
FOFFH 3 CALLF entry area
Cannot be used
F800H 0800H
F7FFH 07FFH
L Internal expansion RAM
T 512 x 8 bits 3 Program area
F600H
FSFFH 0080H
Cannot be used 007FH
FOOOH
T EFFFH CALLT table area
0040H
Program memory L Flash memory 003FH
space T 61440 x 8 bits
Vector table area
0000H 0000H
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3.1.1 Internal program memory space
The internal program memory space stores programs and table data. Usually, this space is accessed by program

counter (PC).

Each model in the uPD780228 subseries has an internal ROM (or flash memory) of the following capacity.

Table 3-1. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
uPD780226 Mask ROM 49152 x 8 bits
uPD780228 61440 x 8 bits
uPD78F0228 Flash memory

The following areas are allocated to the internal program memory space.

(1) Vector table area

A 64-byte area of addresses 0000H through 003FH is reserved as a vector table area. Program start addresses
to which execution is to branch when the RESET signal is input or when an interrupt request is generated are
stored in this area. Of a 16-bit address, the low-order 8 bits are stored to an even address, and the high-order

8 bits are stored to an odd address.

Table 3-2. Vector Table

Vector Table Address | Interrupt Request | Vector Table Address | Interrupt Request
0000H RESET Input 000EH INTKS

0004H INTWDT 0010H INTCSI3

0006H INTPO 0012H INTTM50

0008H INTP1 0014H INTTM51

000AH INTTM10 0016H INTAD

000CH INTTM11 003EH BRK

@

CALLT instruction table area

The 64-byte area 0040H through 007FH can be used to store the subroutine entry addresses of the 1-byte

call instruction (CALLT).

(3) CALLF instruction entry area

From an area of 0800H through OFFFH, a subroutine can be directly called by using the 2-byte call instruction

(CALLF).
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3.1.2 Internal data memory space
The uPD780228 subseries has the following RAM.

(1) Internal high-speed RAM
This RAM consists of addresses FBOOH through FEFFH, or 1024 x 8 bits.
Of these addresses, FEEOH through FEFFH constitute a 32-byte area to which four banks of general-purpose
registers, with each bank consisting of eight 8-bit registers, are allocated.
The internal high-speed RAM can be also used as a stack memory.

(2) Internal expansion RAM
An internal expansion RAM is allocated to a 512-byte area of F600H through F7FFH.

(3) FIP display RAM
An FIP display RAM is allocated to a 96-byte area of FAOOH through F5FH. This RAM can be also used as
a normal RAM.
3.1.3 Special function register (SFR) area
Special function registers (SFR) are allocated to the area FFOOH through FFFFH as on-chip peripheral hardware

(refer to Table 3-3 Special Function Registers in 3.2.3 Special function register (SFR))

Caution Do not access an address to which no SFR is allocated.
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3.1.4 Data memory addressing

Specifying the address of the instruction to be executed next, or specifying an address of the register or memory
to be manipulated when an instruction is executed is called addressing.

The address of the instruction to be executed next is addressed by the program counter (PC) (for details, refer to
3.3 Addressing of Instruction Address ).

The uPD780288 subseries has many addressing modes to improve the operability when a memory area to be
manipulated during instruction execution is addressed. The special function registers (SFR) and general-purpose
registers can be addressed in accordance with their functions. All the 64K bytes of the data memory, 0000H through
FFFFH, can be also addressed. Figures 3-4 through 3-6 illustrates how the data memory is addressed.

For details on each addressing mode, refer to 3.4 Addressing of Operand Address

24



CHAPTER 3 CPU ARCHITECTURE

FFFFH

FF20H
FFLFH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

FA60H
FASFH

FAOOH
FOFFH

F8OO0H
FTFFH

F600H
FEFFH

CO00H
BFFFH

0000H

Figure 3-4. Addressing of Data Memory (  uPD780226)

!

Special function registers (SFR) SFR addressing

256 x 8 bits

General-purpose registers
32 x 8 bits

Register addressing

Short d

Internal high-speed RAM L

1024 x 8 bits

irect addressing

Cannot be used

FIP display RAM
96 x 8 bits

Cannot be used

Internal expansion RAM

512 x 8 bits

Cannot be used

Internal ROM
49152 x 8 bits

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-5. Addressing of Data Memory (  uPD780228)

FFFFH T
Special function registers (SFR) SFR addressing
256 x 8 bits
FE2QHY{ L
FF1FH
FFOOH
FEFFH ] i
General-purposc_e registers Register addressing
FEEOH 328 bits ¢ Short direct addressing
FEDFH
e Internal high-speed RAM A
T 1024 x 8 bits T
FE20H|
FEL1FH
FBOOH
FAFFH Direct addressing
Cannot be used
Eﬁ g g : Register indirect addressing
FIP display RAM )
FAOOH 96 x 8 hits Based addressing
FOFFH ; ;
Cannot be used Based indexed addressing
F800H
F7FFH
1 Internal expansion RAM g
T 512 x 8 bits T
F600H
F5FFH
Cannot be used
FOOOH
EFFFH
L Internal ROM e
T 61440 x 8 bits T
0000H
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FFFFH

FF20H
FFL1FH

FFOOH
FEFFH

FEEOQH
FEDFH

FE20H
FELFH

FBOOH
FAFFH

FAG60H
FASFH

FAQOH
F9FFH

FBOOH
F7FFH

FG6O0H
F5FFH

FOOOH
EFFFH

0000H

Figure 3-6. Addressing of Data Memory ( uPD78F0228)

Special function registers (SFR)

256 x 8 bits

!

SFR addressing

General-purpose registers

32 x 8 bits

Register addressing

Internal high-speed RAM
1024 x 8 bits

Cannot be used

FIP display RAM
96 x 8 bits

Cannot be used

Internal expansion RAM
512 x 8 bits

Cannot be used

Flash memory
61440 x 8 bits

Shortd

irect addressing

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing
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3.2 Processor Registers
The uPD780228 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 (PC), a
program status word (PSW) and a stack pointer (SP) 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.

Figure 3-7. Program Counter Configuration

15 0
PC |PC15 ‘ PC14 ‘ PC13 ‘ PC12 ‘ PCll‘PClO‘ PC9 ‘ PC8 ‘ PC7 ‘ PC6 ‘ PC5 ‘ PC4 ‘ PC3 ‘ PC2 ‘ PC1 ‘ PCO |

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

Figure 3-8. Program Status Word Configuration

7 0

PSW| IE ‘ z ‘RBSI‘ AC ‘RBSO‘ 0 ‘ ISP‘ CY|

(a) Interrupt enable flag (IE)
This flag controls interrupt request acknowledge operations of CPU.
When IE = 0, all interrupts, except the non-maskable interrupt, are disabled (DI status).
When IE = 1, the interrupts are enabled (EI status). At this time, acknowledging interrupts is controlled
with an inservice priority flag (ISP) and an interrupt mask flag for various interrupt sources and a priority
specify flag.
The interrupt enable flag is also reset to 0 when the DI instruction or an interrupt request has been
acknowledged and is set to 1 when the El instruction has been executed.

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

28



CHAPTER 3 CPU ARCHITECTURE

®

SP

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

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

(e) In-service priority flag (ISP)
This flag manages the priority of acknowledgeable maskable vectored interrupts.
When ISP = 0, the vectored interrupt request specified by the priority specify flag registers (PROL and
PROH) (refer to 12.3 (3) Priority specify flag registers (PROL and PROH) ) to have a low priority is
disabled. Whether an interrupt request is actually acknowledged is controlled by the status of the interrupt
enable flag (IE).

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

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

Figure 3-9. Stack Pointer Configuration

15 0
|SP15‘SP14‘SP13 ‘ SP12 ‘ SPll‘SPlO‘ SP9 ‘ SP8 ‘ SP7 ‘ SP6 ‘ SP5 ‘ SP4 ‘ SP3 ‘ SP2 ‘ SP1 ‘ SPO |

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restore) from
the stack memory.
Each stack operation saves/restores data as shown in Figures 3-10 and 3-11.

Caution Since RESET input makes SP contents indeterminate, be sure to initialize the SP before
instruction execution.
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SP=<SP -2

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

PUSH rp Instruction

SP-2

Register Pair
Lower

SP-1

Register Pair
Upper

SP >

SP —

SP+1

SP=<-SP+2
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SP=-SP -2

SP-2

SP-1

SP—~

CALL, CALLF, and
CALLT Instruction

PC7to PCO

PC15to PC8

SP<SP-3

SP-3

Figure 3-11. Data to be Restored from Stack Memory

POP rp Instruction

Register Pair
Lower

Register Pair
Upper

SP —

SP+1

SP=SP+2

RET Instruction

PC7to PCO

PC15to PC8

SP —

SP+1

SP+2

|

SP=SP+3

Interrupt and
BRK Instruction

PC7 to PCO

PC15to PC8

PSW

RETI and RETB
Instruction

PC7to PCO

PC15to PC8

PSW
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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 function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and absolute names
(RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set 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.

Figure 3-12. General Register Configuration

(a) Absolute Name

16-Bit Processing 8-Bit Processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1
R2
FEE8H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function Name
16-Bit Processing 8-Bit Processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
o]
FEE8H
A
BANK3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFR: Special Function Register)

Unlike a general register, each special function register has special functions. Itis 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.

32

Each manipulation bit unit can be specified as follows.

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

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

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

Table 3-3 gives a list of special function registers. The meaning of items in the table is as follows.

e Symbol
This is a symbol to indicate an address of the special function register.
The symbols shown in this column are reserved words of the RA78K/0, and have already been defined in the
header file called “sfrbit.h” of the CC78K/0. These are describable as instruction operands if the RA78K/0,
ID78K0, or SD78K/0 is used.
¢ RIW
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
O indicates the bit unit (1, 8, or 16 bits) in which the register can be manipulated. — indicates that the register
cannot be manipulated in the indicated bit unit.
* Atreset
Indicates each register status upon RESET input.



CHAPTER 3 CPU ARCHITECTURE

Table 3-3. Special Function Registers (1/2)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable Bit Units [ At Reset
1 bit (8 bits|16 bits

FFOOH Port 0 PO RW| O | O | — | ooH

FFO1H Port 1 P1 R|lO|O| —

FFO2H Port 2 P2 RW| O | O | —

FFO4H Port 4 P4 010 | —

FFO5H Port 5 P5 olo | —

FFO6H Port 6 P6 O|O | —

FFO7H Port 7 P7 olo | —

FFO8H Port 8 P8 O|O | —

FFO9H Port 9 P9 O|O | —

FFOAH Port 10 P10 olo | —

FFOBH Port read 7 PLR7 R O | O | — | Undefined

FFOCH Port read 8 PLR8 O|O | —

FFODH Port read 9 PLR9 O|O | —

FFOEH 8-bit capture register 10 CP10 — | O | — |ooH

FFOFH 8-bit capture register 11 CP11 — | O | —

FF10H 8-bit compare register 50 CR50 RW | — O — | Undefined

FF11H 8-bit compare register 51 CR51 — O —

FF12H 8-bit counter 50 TM5 |TM50 | R — | O | O |o0oH

FF13H 8-bit counter 51 TM51 — | O

FF14H A/D conversion result register ADCRHO — O — | Undefined

FF18H Serial 1/0 shift register 3 SI03 RW | — O —

FF20H Port mode register 0 PMO O | O | — |FFH

FF22H Port mode register 2 PM2 O|O | —

FF24H Port mode register 4 PM4 O|O | —

FF25H Port mode register 5 PM5 O|O | —

FF26H Port mode register 6 PM6 O|O | —

FF30H Pull-up resistor option register 0 PUO O | O | — |ooH

FF32H Pull-up resistor option register 2 PU2 O | O | —

FF34H Pull-up resistor option register 4 PU4 O | O | —

FF42H Watchdog timer clock select register WDCS O | O | —

FF48H External interrupt rising edge enable register EGP O O —

FF49H External interrupt falling edge enable register EGN O O —

FF60H Timer mode control register 1 TMC1 O|O | —

FF70H 8-bit timer mode control register 50 TMC50 O | O | — |o04H

FF71H Timer clock select register 50 TCL50 O | O | — |ooH

FF78H 8-bit timer mode control register 51 TMC51 O | O | — |o04H

FF79H Timer clock select register 51 TCL51 O | O | — |ooH

FF80H A/D converter mode register ADMO O|O | —

FF81H Analog input channel specification register ADSO O O —

FF86H Serial operation mode register 3 CSIM3 O | O | —
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Table 3-3. Special Function Registers (2/2)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable Bit Units| At Reset
1 bit |8 bits|16 bits|

FF90H Display mode register 0 DSPMO RW| O | O| — | 10H
FF91H Display mode register 1 DSPM1 O| O| — | oH
FF92H Display mode register 2 DSPM2 O | O | — | ooH
FFEOH Interrupt request flag register OL IFO |IFOL O | O O | ooH
FFE1H Interrupt request flag register OH IFOH O | O
FFE4H Interrupt mask flag register OL MKO | MKOL O| O| O |FFH
FFES5H Interrupt mask flag register OH MKOH O | O
FFESH Priority specification flag register OL PRO |PROL Ol O] O
FFE9H Priority specification flag register OH PROH O | O
FFFOH Memory size select register IMS — | O | — | CCHNoel
FFF4H Internal expansion RAM size select register IXS — O — | OCHNoe2
FFFOH Watchdog timer mode register WDTM O | O | — | ooH
FFFAH Oscillation stabilization time select register OSTS O | O| — | 0saH
FFFBH Processor clock control register PCC O| O —

Notes 1. Be sure to set the value of this register to CFH when the uPD780228 is used.

2. After reset, be sure to set this bit to OBH.
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3.3 Addressing of Instruction Address

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

3.3.1 Relative addressing

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

[lllustration]

15 0
| PC | ...PC indicates the start address
of the instruction
+ after the BR instruction.
15 8 7 6 0
| « 5] |
jdisp8
15 0

e | |

When S = 0, all bits of a are 0.
When S =1, all bits of a 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 !addr16 or BR !addr16 or CALLF !addrl1 instruction is executed.
The CALL 'addr16 and BR 'addrl6 instruction can branch in the entire memory space. The CALLF !addrll
instruction branches to an area of addresses 0800H to OFFFH.

[lNustration]
In the case of CALL !addrl6 and BR !addr16 instructions

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

PC

In the case of CALLF !addrl1 instruction

7 6 4 3 0
4{ falots CALLF
fazwo
15 11 10 87 0

PCOOOOl‘
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.
Before the CALLT [addr5] instruction is executed, table indirect addressing is performed. This instruction
references an address stored in the memory table at addresses 40H to 7FH, and can branch in the entire memory

space.

[lNustration]

7 6 5 10
Operation Code | 1 1 ‘ tasto0 ‘ 1 |
15 8 7 6 5 1 10
Effective Address | 0O 0 0 0 00O O 0|0 1 ‘ ‘ 0 |
7 Memory (Table) 0
Low Addr.
Effective Address + 1 High Addr.
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.

[lNustration]

15 8 7 0

PC ‘
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3.4 Addressing of Operand Address

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 (tacitly)

addressed.

Of the uPD780228 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 dividend and quotient storage
ADJBA/ADJBS A register for storage of numeric values subject to decimal adjustment
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 particular operand format

is necessary.

[Description example]

In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,

the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]
This addressing accesses a general register as an operand. The general register accessed is specified by the
register bank select flags (RBS0 and RBS1) and register specify code (Rn or RPn) in an instruction code.
Register addressing is carried out when an instruction with the following operand format is executed. When
an 8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

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

‘r'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]
MOV A, C; when selecting C register as r

Operation code 01 1 0 0 0 1 0|

=

Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1 0 0 0 01 0 O

L]

. .
Register specify code
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3.4.3 Direct addressing

[Function]
This addressing directly addresses the memory indicated by the immediate data in an instruction word.

[Operand format]

Identifier Description

addrl6 Label or 16-bit immediate data

[Description example]
MOV A, I0FEOOH; when setting 'addr16 to FEOOH

Operation code |1 0O 0 0 1 1 1 0| OP code

|OOOOOOOO|OOH

|11111110|FFH

[llustration]

OP code

addr16 (lower)

addr16 (higher)

Memory
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3.4.4 Short direct addressing

42

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
The fixed space to which this addressing is applied is the 256-byte space of addresses FE20H to FF1FH.
Addresses FE20H to FEFFH constitute a part of the SFR area, and the internal high-speed RAM is mapped
to this area. The special function registers (SFRs) are mapped to the area from addresses FFOOH to FF1FH.
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
are mapped and these SFRs can be manipulated with a small number of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is setto 0. When itis at 00H to 1FH,
bit 8 is set to 1. Refer to [lllustration] on the next page.

[Operand format]

Identifier Description
saddr Label or FE20H to FF1FH immediate data
saddrp Label of FE20H to FF1FH immediate data (even address only)
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[Description example]
MOV OFE30H, #50H; when setting saddr to FE30H and immediate data to 50H

Operation code |0 00 1 0 0 0 l| OP code

|O 0 1 1 0 0 O 0| 30H (saddr to offset)

|O 1 01 0 0 O 0| 50H (immediate data)

[lustration]

OP code

saddr-offset

15 8 0

Short Direct Memory

Effectiveaddress [ 1 1 1 1 1 1 1 ‘a‘ |—>

When 8-bit immediate data is 20H to FFH, a =0
When 8-bit inmediate data is 00H to 1FH, a =1
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3.4.5 Special function register (SFR) addressing

[Function]

The memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction
word.

This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the 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 manipulatable special function register name (even address only)

[Description example]
MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code |1 11 1 0 1 1 0| OP code

|0 0 1 0 0 0 O 0| 20H (sfr to offset)

[llustration]

7 0
OP code
sfr-offset
15 8 7 0 SFR
Effectiveaddress [1 1 1 1 1 1 1 1 |—>|
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3.4.6 Register indirect addressing

[Function]
The addressing addresses the memory with the contents of a register pair specified as an operand. The register
pair to be accessed is specified by the register bank select flags (RBS0 and RBS1) and register pair specify
code in an instruction code. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

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

Operation code 1 0 0 0 0 1 0 1

[lllustration]

15 87 0

DE D E

Memory address specified

7 Memory o by register pair DE.

Contents of addressed
memory are transferred.

45



CHAPTER 3 CPU ARCHITECTURE

3.4.7 Based addressing

[Function]
This addressing addresses the memory by adding 8-bit immediate data to the contents of the HL register pair
which is used as a base register and by using the result of the addition. The HL register pair to be accessed
is in the register bank specified by the register bank select flags (RBS0 and RBS1). Addition is performed by
expanding the offset data as a positive number to 16 bits. A carry from the 16th bit is ignored. This addressing
can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- [HL+byte]

[Description example]
MOV A, [HL+10H]; When setting byte to 10H

Operation code |l 0O 1 0 1 1 1 O|

|00010000|

46



CHAPTER 3 CPU ARCHITECTURE

3.4.8 Based indexed addressing

[Function]
This addressing addresses the memory by adding the contents of the HL register pair, which is used as a base
register, to the contents of the B or C register specified in the instruction word, and by using the result of the
addition. The HL, B, and C registers to be accessed are registers in the register bank specified by the register
bank select flags (RBS0 and RBS1). The addition is performed by extending the contents of the B or C register
to 16 bits as a positive number. A carry from the 16th bit is ignored. This addressing can be carried out for
all the memory spaces.

[Operand format]

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

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

Operation code 1 01 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

Operation code 10 1 1 0 1 0 1
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions
The uPD780228 subseries incorporates eight input ports, eight output ports and 56 input/output ports. Figure 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.

Figure 4-1. Port Types

-~ P60 P00 <—>} Port 0
- POl |[«——>
-

Porté6 < ~ |
-

B —
-

L <—>| P67

(<~—> P70 P10 [~
-~ «~
-] |«
-~ D —

Port 7 - . Port 1
- «~—
-~ D —

L<——| P77 P17 je———J
(<—| P80 P20 |[«—— )
- -
- >
- -, ( Port2

Port 8
- >
- P25 |=——>
-

L<———| P87

(<~—> P90 P40 |=— )
- e »
R e |«
- |«
Port 9 - ] D Port 4
- e »
R e | «——

L <—— P97 P47 |e—>J
(<— P100 P50 |[«—)
- -~ >
B — -

Port10 4 _ | - Port 5
B s | I —
- -~ >
L <— P107 P57 |e———>

49



CHAPTER 4 PORT FUNCTIONS

Table 4-1. Port Function

Pin Name

Function

Shared with:

P00

PO1

Port 0.

2-bit 1/O port.

Can be set in input or output mode in 1-bit units.

Internal pull-up resistor can be used via software when this port is used as input port.

INTPO

INTP1

P10-P17

Port 1.
8-bit input port.

ANIO-ANI7

P20

P21

P22

P23

P24

P25

Port 2.

6-bit 1/0O port.

Can be set in input or output mode in 1-bit units.

Internal pull-up resistor can be used via software when this port is used as input port.

SCK

SO

SI

TI1

TIOS50

TIO51

P40-P47

Port 4.

8-bit 1/0O port.

Can be set in input or output mode in 1-bit units.

Can directly drive LED.

Internal pull-up resistor can be used via software when this port is used as input port.

P50-P57

Port 5.

N-ch open-drain 8-bit medium-voltage 1/O port.

Can be set in input or output mode in 1-bit units.

Can directly drive LED.

Internal pull-up resistor can be used by mask option in 1-bit units (mask ROM models only).
1PD78F0228 does not have pull-up resistors, however.

P60-P67

Port 6.

N-ch open-drain 8-bit medium-voltage 1/O port.

Can be set in input or output mode in 1-bit units.

Can directly drive LED.

Internal pull-up resistor can be used by mask option in 1-bit units (mask ROM models only).
1PD78F0228 does not have pull-up resistors, however.

P70-P77

Port 7.

P-ch open-drain 8-bit high-voltage 1/0 port.

Can be set in input or output mode in 1-bit units.

Internal pull-down resistor can be used by mask option in 1-bit units (mask ROM models
only). uPD78F0228 does not have pull-down resistors, however.

FIP16-FIP23

P80-P87

Port 8.

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

Can be set in input or output mode in 1-bit units.

Internal pull-down resistor can be used by mask option in 1-bit units (mask ROM models
only). uPD78F0228 does not have pull-down resistors, however.

FIP24-FIP31

P90-P97

Port 9.
P-ch open-drain 8-bit high-voltage /O port.
Can be set in input or output mode in 1-bit units.

Internal pull-down resistor can be used by mask option in 1-bit units (mask ROM models only).

uPD78F0228 does not have pull-down resistors, however.

FIP32-FIP39

P100-P107

Port 10.

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

Internal pull-down resistor can be used by mask option in 1-bit units (mask ROM models
only). uPD78F0228 does not have pull-down resistors, however.

FIP40-FIP47
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4.2 Port Configuration

A port consists of the following hardware.

Table 4-2. Port Configuration

Item

Configuration

Control register

Port mode register
Pull-up resistor option register (PUn: n =0, 2, 4)

(PMm: m =0, 2, 4-6)

Port

Total: 72 (8 inputs, 8 outputs, 56 inputs/outputs)

Pull-up resistor

Mask ROM model

Total: 32 (software control: 16, mask option control: 16)

« uPD78F0228 Total: 16
Pull-down resistor * Mask ROM product Total: 32 (mask option control: 32)
« uPD78F0228 None

4.2.1 Port0

Port 0 is a 2-bit input/output port with output latch. P00 and P01 pins can specify the input mode/output mode in
1-bit units with the port mode register 0 (PM0). When P00 and P01 pins are used as input ports, an on-chip pull-up
resistor can be connected to them in 1-bit units with a pull-up resistor option register 0 (PUO).

Alternate functions include external interrupt request input.

RESET input sets port 0 to input mode.

Figure 4-2 shows a block diagram of port 0.

Caution Because port 0 also serves for external interrupt request input, when the port function output
mode is specified and the output level is changed, the interrupt request flag is set. Thus, when

the output mode is used, set the interrupt mask flag to 1.
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Figure 4-2. P00 and P01 Block Diagram

Voo

[

Selector

P-ch

WRpu
N
PUOO, PUO1
RD
3
2 WRepoRT
©
c
5 Output Latch
IS (P00 and PO1)
WRpm
J\ PMO00 and PMO1
./

PU

PM
RD
WR

Pull-up resistor option register
Port mode register

Port 0 read signal

Port 0 write signal

)

POO/INTPO,
PO1/INTP1
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4.2.2 Portl
Port 1 is an 8-bit input only port.
A/D converter analog input is provided as an alternate function.

Figure 4-3 shows a block diagram of port 1.

Figure 4-3. P10 to P17 Block Diagram

N

Ei RD

=z

£

[}

£ & 4 ‘- © PLO/ANIO to

P17/ANI7

-/

RD : Port 1 read signal
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4.2.3 Port 2

Port 2 is a 6-bit input/output port with output latch. P20 to P25 pins can specify the input mode/output mode in
1-bit units with the port mode register 2 (PM2). When P20 to P25 pins are used as input ports, an on-chip pull-up
resistor can be connected to them in 1-bit units with a pull-up resistor option register 2 (PU2).

Alternate functions include serial interface data input/output, clock input/output, and timer input/output.

RESET input sets port 2 to input mode.

Figures 4-4 and 4-5 show block diagrams of port 2.

Figure 4-4. P20 Block Diagram

Vooo

WReu
N
PU20 ) poch
RD
OQ—GJ Selector
g
a WReorT
©
c
2 Output Latch
= (P20) O P20/SCK
WRpm
’J‘ PM20
—~—

Alternate Function

PU : Pull-up resistor option register
PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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Figure 4-5. P21 to P25 Block Diagram

Selector

)

Voo

WRpu
N
PU21-PU25
RD
£
a WRPpoRT
©
=
I} Output Latch
£ (P21-P25)
WRem
J\ PM21-PM25
./

PU
PM
RD
WR

Alternate Function

Pull-up resistor option register
Port mode register

Port 2 read signal

Port 2 write signal

;)

P21/S0,
P22/sl,
P23/TI1,
P24/TIO50,
P25/TIO51
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4.2.4 Port4

Port 4 is an 8-bit input/output port with output latch. P40 to P47 pins can specify the input mode/output mode in
1-bit units with the port mode register 4 (PM4). When P40 to P47 pins are used as input ports, an on-chip pull-up
resistor can be connected to them in 1-bit units with a pull-up resistor option register 4 (PU4).

Port 4 can drive LEDs directly.

RESET input sets port 4 to input mode.

Figure 4-6 shows a block diagram of port 4.

Figure 4-6. P40 to P47 Block Diagram

D=

Selector

Vooo

P-ch

N
WRpu
£ PU40-PU47
RD
oy pa— oq@
o
©
£
o] WRpoRT
£
,J‘ Output latch
~ (P40-P47)
WRewm
’JQ PM40-PM47
-/
PU Pull-up resistor option register
PM Port mode register
RD Port 4 read signal
WR Port 4 write signal
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4.2.5 Port5
Port 5 is an 8-bit input/output port with output latch. Pins from 50 to 57 can specify 1/0 mode in 1-bit units with

the port mode register 5 (PM5). On-chip pull-up resistors can be connected in 1-bit units with the mask option in case
of mask ROM model. The yPD78F0228 has no pull-up resistor.

Port 5 can drive LEDs directly.

RESET input sets port 5 to input mode.

Figure 4-7 shows a block diagram of port 5.

Caution Low-level input leak current in P50 to P57 pins differs depending on the following conditions:
[Mask ROM model]
O When pull-up resistors are contained :always -3 PA (Max.)
O When pull-up resistors are not contained
1 clock interval when read instruction is executed
to port 5 (P5) and port mode register 5 (PM5) : =200  pA (Max.)
¢ Other than above 1 =3 uA (Max.)

[Flash memory model]
« 1 clock interval when read instruction is executed
to port 5 (P5) and port mode register 5 (PM5) : —200  pA (Max.)

¢ Other than above : =3 uA (Max.)

Figure 4-7. P50 to P57 Block Diagram

Voo
RD
Mask Option
Mask ROM model only.
o<]—o uPD78F0228 has no
Selector pull-up resistor.
B WRpoRT
o
E o] latch N
= utput latcl
2 (P50-P57) P © P50-P57
WRpm
PM50 to PM57
.

PM : Port mode register
RD : Port 5 read signal
WR : Port 5 write signal
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4.2.6 Port6
Port 6 is an 8-bit input/output port with output latch. Pins from 60 to 67 can specify /0O mode in 1-bit units with

the port mode register 6 (PM6). On-chip pull-up resistors can be connected in 1-bit units with the mask option in case
of mask ROM model. The uPD78F0228 has no pull-up resistor.

Port 6 can drive LEDs directly.

RESET input sets port 6 to input mode.

Figure 4-8 shows a block diagram of port 6.

Caution Low-level input leak current in P60 to P67 pins differs depending on the following conditions:
[Mask ROM model]
O When pull-up resistors are contained :always -3 PA (Max.)
O When pull-up resistors are not contained
1 clock interval when read instruction is executed
to port 6 (P6) and port mode register 6 (PM6) : —200  pA (Max.)
¢ Other than above 1 =3 uA (Max.)

[Flash memory model]
¢ 1 clock interval when read instruction is executed
to port 6 (P6) and port mode register 6 (PM6) : —200  pA (Max.)
¢ Other than above : =3 uA (Max.)

Figure 4-8. P60 to P67 Block Diagram

[,
Vopo
RD
Mask Option
Mask ROM model only.
OQ—O HPD78F0228 has no
Selector pull-up resistor.

3 WRporT

o

E o] latch N

£ utput latc|

E (P60-P67) I/( © P60-P67

WRpm
PM60 to PM67

T

PM : Port mode register
RD : Port 6 read signal
WR : Port 6 write signal
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4.2.7 Port7

Port 7 is an 8-bit input/output port with output latch. When using this port as an output port, the value assigned
to the output latch (P70 through P77) is output. When it is used as an input port, set the output latch (P70 through
P77) to “0”, and read the port read (PLR70 through PLR77). On-chip pull-down resistors can be connected in 1-bit
units with the mask option. The uPD78F0228 has no pull-down resistor.

In addition, FIP controller/driver output is provided as an alternate function.

RESET input sets port 7 to input mode.

Figure 4-9 shows a block diagram of port 7.

Figure 4-9. P70 to P77 Block Diagram

[,
RD
OQ—O( Port read
(PLR70-PLR77)
4 WRporT
o
©
g Output latch P7O/FIP16
15 P70-P77 -
= ( ) © pr7FP23
Alternate function
O—0 Vioap
Mask Option
Mask ROM model only.
— uPD78F0228 has no
pull-down resistor.

RD : Port 7 read signal
WR : Port 7 write signal
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4.2.8 Port 8
Port 8 is an 8-bit input/output port with output latch. When using this port as an output port, the value assigned

to the output latch (P80 through P87) is output. When it is used as an input port, set the output latch (P80 through
P87) to “0”, and read the port read (PLR80 through PLR87). On-chip pull-down resistors can be connected in 1-bit
units with the mask option. The uPD78F0228 has no pull-down resistor.

In addition, FIP controller/driver output is provided as an alternate function.

RESET input sets port 8 to input mode.

Figure 4-10 shows a block diagram of port 8.

Figure 4-10. P80 to P87 Block Diagram

[
RD
OQ—O( Port read
(PLR80-PLR87)
4 WReorT
Qo
©
g Output latch PBOIFIP24
c P80-P87, -
£ ( ) © pgriFipaL
Alternate function
O—0 Vioap
Mask Option
Mask ROM model only.
- pPD78F0228 has no
pull-down resistor.

RD : Port 8 read signal
WR : Port 8 write signal
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4.2.9 Port9

Port 9 is an 8-bit input/output port with output latch. When using this port as an output port, the value assigned
to the output latch (P90 through P97) is output. When it is used as an input port, set the output latch (P90 through
P97) to “0”, and read the port read (PLR90 through PLR97). On-chip pull-down resistors can be connected in 1-bit

units with the mask option. The uPD78F0228 has no pull-down resistor.
In addition, FIP controller/driver output is provided as an alternate function.
RESET input sets port 9 to input mode.
Figure 4-11 shows a block diagram of port 9.

Figure 4-11. P90 to P97 Block Diagram

[
RD
OQ—O( Port read
(PLR90-PLR97)
a WRpoRT
o
©
5 Output latch POO/FIP32
£ P90-P97 .
£ ( ) © poriFipag
Alternate function i@/
O—>0 Vioap
Mask Option
Mask ROM model only.
— pPD78F0228 has no
pull-down resistor.

RD : Port 9 read signal
WR : Port 9 write signal
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4.2.10 Port 10
Port 10 is an 8-bit output only port. On-chip pull-down resistors can be connected in 1-bit units with the mask option

in case of mask ROM model. The uPD78F0228 has no pull-down resistor.
In addition, FIP controller/driver segment/digit output is provided as an alternate function.

Figure 4-12 shows a block diagram of port 10.

Figure 4-12. P100 to P107 Block Diagram

[ —
2 WRpoRT
o
£ Output latch P-ch open-drain
Q
£ P100 to P107 & P100/FIP40-
) : ) © P107/FIP47
Alternate function
e O—0 Vwioap
Mask Option

uPD78F0228 has no

Mask ROM model only.>
pull-down resistor.

WR: Port 10 write signal
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4.3 Port Function Control Registers

The following two types of registers control the ports.

Port mode registers (PM0O, PM2, PM4 to PM6)
Pull-up resistor option register (PUO, PU2, PU4)

(1) Port mode registers (PMO, PM2, PM4 to PM6)

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

PMO, PM2 and PM4 to PM6 are independently set with a 1-bit or 8-bit memory

manipulation instruction.

RESET input sets these registers to FFH.

When a port pin is used as its alternate function pin, set the port mode register and the output latch according
to Table 4-3.

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

2. Pins P100 to P107 are output-only pins.

3. As port 0 has an alternate function as external interrupt request 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.

Table 4-3. Port Mode Register and Output Latch Setting when Alternate Function is Used

Pin Name Alternate Function PMxx Pxx Pin Name Alternate Function PMxx Pxx
Function Name| Input/output Function Name | Input/output
P00 INTPO input 1 X P23 TI1 input 1 X
PO1 INTP1 input 1 X P24 TIO50 input 1 X
P20 SCK 110 Note 1 output 0 0
P21 SO Output 0 0 P25 TIO51 input 1 X
P22 Sl Input 1 0 output 0 0
Note The setting of PMxx varies depending on the clock selected by bits 1 and 0 (SCL31 and SCL30) of the serial

operation mode register (CSIM3).
Internal clock (SCL31, SCL30 « 00): O
External clock (SCL31, SCL30 = 00): 1

Remark x : Don'’t care

PMxx: Port mode register
Pxx : Port output latch
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Figure 4-13. Port Mode Register Format

At Reset R/IW
FFH RIW
FFH R/IW
FFH R/W
FFH R/W
FFH RIW

Symbol 7 6 5 4 3 2 1 0 Address
PMO| 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘PMOI‘PMOO| FF20H
PM2 | 1 ‘ 1 ‘ PM25 ‘ PM24 ‘ PM23 ‘ PM22 ‘ PM21 ‘ PM20 | FF22H
PM4 | PM47 ‘ PM46 ‘ PM45 ‘ PM44 ‘ PM43 ‘ PM42 ‘ PM41 ‘ PM40 | FF24H
PM5 | PM57 ‘ PM56‘ PMSS‘ PM54 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 | FF25H
PM6 | PM67 ‘ PM66 ‘ PM65 ‘ PM64 ‘ PM63 ‘ PM62 ‘ PM61 ‘ PM60| FF26H

\ [ [ [ [ [ [
PMmn

Pmn Pin Input/Output Mode Selection

(m=0:n=0,1)
(m=2:n=0-5)
(m =4-6:n=0-7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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(2) Pull-up resistor option registers (PUO, PU2, PU4)
This register is used to set whether or not to use an internal pull-up resistor of pins at ports 0, 2, 4 in 1-bit units.
A pull-up resistor is internally used at bits which are set to the input mode at a bit where on-chip pull-up resistor
use has been specified with PUO, PU2, and PU4. No on-chip pull-up resistors can be used to the bits set to
the output mode irrespective of PUO, PU2, PU4 setting.
PUO, PU2, and PU4 are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 00H.

Figure 4-14. Pull-Up Resistor Option Register Format

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

PUO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘PUOl‘PUOO| FF30H OO0H R/IW
PU2 | 0 ‘ 0 ‘PUZS‘PU24‘PUZB‘PUZZ‘PUZl‘PU20| FF32H OO0H R/W
PU4 | PU47 ‘ PU46 ‘ PU45 ‘ PU44 ‘ PU43 ‘ PU42 ‘ PU41 ‘ PU40 | FF34H 00H RW
\ [ [ [ [ [ [ \
Pmn Internal Pull-up Resistor Selection
(m=0:n=0,1)
PUMN =5 0= 0.5)
(m=4:n=0-7)
0 Internal pull-up resistor not used
1 Internal pull-up resistor used
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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 mode

A value is written to the output latch by a transfer instruction, and the output latch contents are output from
the pin.

Once data is written to the output latch, it is retained until data is written to the output latch again.

(2) Input mode

A value is written to the output latch by a transfer instruction, but since the output buffer is OFF, the pin status
does not change.

Once data is written to the output latch, it is retained until data is written to the output latch again.

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.

4.4.2 Reading from input/output port

(1) Output mode

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

(2) Input mode

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

4.4.3 Operations on input/output port

(1) Output mode

An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.

Once data is written to the output latch, it is retained until data is written to the output latch again.

(2) Input mode

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 Selecting Mask Option
The mask ROM models have the following mask options. The uPD78F0228 does not have mask options.

Table 4-4. Comparison between Mask Options of Mask ROM Models and uPD78F0228

Pin Name Mask Option of Mask ROM Model uPD78F0228
P50-P57, Pull-up resistor can be connected Pull-up resistor is not provided.
P60-P67 in 1-bit units.
P70/FIP16-P77/FIP23, Pull-down resistor can be connected | Pull-down resistor is not provided.
P80/FIP24-P87/FIP31, in 1-bit units.
P90/FIP32-P97/FIP39,
P100/FIP40-P107/FIP47
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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 type of

system clock oscillators is available.

* Main system clock oscillator
This circuit oscillates at frequencies of 5.0 MHz. Oscillation can be stopped by executing the STOP instruction.

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)

Oscillator Main system clock oscillator

Figure 5-1. Clock Generation Circuit Block Diagram

Prescaler
X1 O] Main system ‘ 5 5 Clock to peripheral
s hard
clogk . ] S Prescaler ardware
%2 oscillation ° fx
O - 3
circuit B | ] ] b
2 | 2] 2 2 5
5 Standby CPU clock (fory)
] control circuit
STOP (%]
3

PCC2|PCC1|PCCO

@ Processor clock control register

8 Internal bus 8
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5.3 Register Controlling Clock Generation Circuit
The clock generation circuit is controlled by the processor clock control register (PCC).
» Processor clock control register (PCC)
This register selects a CPU clock and selects a division ratio.
PCC is set by using a 1-bit or 8-bit memory manipulation instruction.

Its value is set to 04H at RESET.

Figure 5-2. Processor Clock Control Register Format

Symbol 7 6 5 4 3 2 1 0 Address At Reset R/W
PCC | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PCC2 ‘ PCC1 ‘ PCCoO | FFFBH 04H R/W
PCC2 | PCC1 | PCCO Selects CPU clock (fcpu)
0 0 0 fx
0 0 1 fx/2
0 1 0 fx/22
0 1 1 fx/23
1 0 0 fx/24
Others Setting prohibited

Caution Be sure to clear bits 3 through 7 to “0”.

Remark fx: Oscillation frequency of main system clock

* The shortest instruction of the uPD780228 subseries is executed in two CPU clocks. Therefore, the relation
between the CPU clock (fcpu) and minimum instruction execution time is as shown in Table 5-2.

Table 5-2. Relation between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcpu
fx 0.4 us
fx/2 0.8 us
fx/22 1.6 us
/2% 3.2 us
fx/2* 6.4 uis
fx = 5.0 MHz

fx: Main system clock oscillation frequency
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5.4 System Clock Oscillator

5.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (5.0 MHz TYP.)

connected to the X1 and X2 pins.

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

and an antiphase clock signal to the X2 pin.

Figure 5-3 shows an external circuit of the main system clock oscillator.

Figure 5-3. External Circuit of Main System Clock Oscillator

(a) Crystal or ceramic oscillation

Vss1

L
T

Crystal or
ceramic resonator

External clock

HPD74HCUO4

(b) External clock

X1

X2

Cautions 1. The STOP mode cannot be set when the external clock is input. This is because the X2 pin

is pulled up by V bpu.

2. When using a main system clock oscillator, carry out wiring in the broken line area in Figure

5-3 as follows to prevent any effects from wiring capacities.

¢ Minimize the wiring length.

« Do not allow 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 V ssi.

not ground to any ground pattern where high current is present.
« Do not fetch signals from the oscillator.

Figure 5-4 shows examples of resonator having bad connection.

Do
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Figure 5-4. Examples of Resonator with Bad Connection (1/2)

(a) Too long wiring of connected circuit (b) Crossed signal lines
PORTN
(n =0-2, 4-10)

S1 X1 X2/

7T
(c) High alternating current close to (d) Current flowing through ground line
signal lines of oscillator circuit (potentials at points

A, B, and C change)

— Vss1 X1
High current |:|
A Te
igh current
e
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Figure 5-4. Examples of Resonator with Bad Connection (2/2)

(e) Signal extracted

X1 X

5.4.2 Divider
The divider divides the main system clock oscillator output (fx) and generates various clocks.
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5.5 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
e CPU clock fcpu

* Clock to peripheral hardware

The function and operation of the clock generator circuit are determined by the processor clock control register
(PCC) as follows:

(a) Upon generation of RESET signal, the lowest speed mode of the main system clock (6.4 us when operated
at 5.0 MHz) is selected (PCC = 04H). Main system clock oscillation stops while low level is applied to RESET
pin.

(b) One of the five (0.4 us, 0.8 us, 1.6 us, 3.2 us, and 6.4 us: when operated at 5.0 MHz) CPU clock stages can
be selected by setting the PCC.

(c) Two standby modes, the STOP and HALT modes, are available.

(d) The main system clock is divided and supplied to the peripheral hardware. Therefore, the peripheral hardware
also stops if the main system clock is stopped. (Except external input clock operation)
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5.6 Changing CPU Clock
5.6.1 Time required to change CPU clock

The CPU clock can be changed by using bits 0 through 2 (PCCO through PCC2) of the processor clock control
register (PCC).

Actually, the clock is not changed immediately after PCC has been rewritten, and the CPU operates with the old

clock until the specified number of instructions (refer to Table 5-3) has been executed after PCC was changed.

Table 5-3. Maximum Time Required for Changing CPU Clock

Set Value after Change
PCC2 |PCC1 |PCCO|PCC2|PCC1 [PCCO[PCC2 |PCC1| PCCO|PCC2 [ PCC1|PCCO | PCC2|PCC1|PCCO
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0

Set Value before Change|
PCC2 |PCC1 |PCCO

16 instructions

16 instructions

16 instructions

16 instructions

8 instructions

8 instructions

8 instructions

8 instructions

4 instructions

4 instructions

4 instructions

4 instructions

2 instructions

2 instructions

2 instructions

2 instructions

r|lO|O|O|O
oO|lr|Fr,|O|O
O(r|[O|Fr|O

1 instruction

1 instruction

1 instruction

1 instruction

Remark The time required to execute one instruction is equal to the minimum instruction execution time with
the CPU clock before change.
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5.6.2 CPU clock changing procedure
The CPU clock is changed in the following procedure.

(€}

(2

76

Figure 5-5. Changing CPU Clock

Vob
RESET
CPU clock ‘ ‘
‘ Slowest ‘ Fastest
operation operation

Wait (13.1 ms at 5.0 MHz)

Internal reset operation

The CPU is reset if the RESET pin is made low after power application. The reset is cleared and the main
system clock starts oscillating if the RESET pin is later made high. At this time, it is automatically ensured
that oscillation stabilization time (21%/fx) elapses.

After that, the CPU starts executing instructions at the slowest speed of the main system clock (6.4 us at 5.0
MHz).

After sufficient time has elapsed during which the Voo voltage rises to the level at which the CPU can operate
at the highest speed, the contents of the processor clock control register (PCC) are rewritten, and the CPU
operates at the highest speed.



6.1 Function of 8-Bit Remote Control Timer

CHAPTER 6 8-BIT REMOTE CONTROL TIMER

The 8-bit remote control timer has a pulse width measurement function with a resolution of 8 bits.
Pulse width is measured from a difference in count value when the valid edge has been detected while the timer

operates in the free-running mode.

6.2 Configuration of 8-Bit Remote Control Timer

The 8-bit remote control timer consists of the following hardware:

Table 6-1. 8-Bit Remote Control Timer Configuration

Iltem Configuration
Timer register 8-bit timer (TM1)
Register 8-bit capture register: x 2 (CP10 and CP11)
Control register Timer mode control register 1 (TMC1)

Figure 6-1. Block Diagram of 8-Bit Remote Control Timer

2 Internal bus
@ INTTM10
Noise rejection 8-bit capture register
TI1/P23 © Rising edge (CP10)
detection
x/2? —=| TT
s .| 8 o
/2 g 1 8-bit timer OVF
/2 @ (TM1)
29— I Clear
INTTM11
Noise rejection 8-bit capture register
—{Falling edge (CP11) [ 1
detection [rced]ovri]Tcie]TeL |
Timer mode control
register 1
Internal bus 2
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6.3 Registers Controlling 8-Bit Remote Control Timer
The following three types of registers control the 8-bit remote control timer.

» Timer mode control register 1 (TMC1)
« 8-bit capture registers (CP10 and CP11)
e 8-bit timer register (TM1)

(1) Timer mode control register 1 (TMC1)
This register enables or disables the operation of the 8-bit timer (TM1), sets the count clock, and detects
overflow.
TMC1 is set by using a 1-bit or 8-bit memory manipulation instruction.
This register is initialized to 00H by RESET input.

Figure 6-2. Timer Mode Control Register 1 Format

Symbol <7> 6 5 4 3 <2> 1 0 Address At Reset R/W
TMC1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ OVF1 ‘ TCL2 ‘ TCL1 | FF60H 00H R/W
TCE1 Controls count operation of TM1
0 Clears count to 0 and stops operation
1 Starts count operation
OVF1 Detects overflow of TM1
0 No overflow
1 Overflow
TCL2 TCL1 Selects count clock
0 0 x/210 (4.9 kHz)
0 1 x/2° (9.8 kHz)
1 0 fx/2* (313 kHz)
1 1 x/2% (625 kHz)

Caution Be sure to clear bits 3 through 6 to “0”.

Remarks 1. fx: Main system clock oscillation frequency
2. ():fx=5.0 MHz
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(2

(©)

8-bit capture registers (CP10 and CP11)

These 8-bit registers capture the contents of the 8-bit timer (TM1).

The capture operation is performed in synchronization with the valid edge input to the TI1 pin (capture trigger).
The contents of CP10 are retained until the next rising edge of the TI1 pin is detected. The contents of CP11
are retained until the next falling edge of the TI1 pin is detected.

CP10 and CP11 can be read by using an 8-bit memory manipulation instruction.

The values of these registers are initialized to 00H by RESET input.

8-bit timer register (TM1)

This 8-bit register counts the count pulse.

It can be read by using an 8-bit memory manipulation instruction.

The value of this register is initialized to 00H by RESET input or by clearing the TCE1 bit.
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6.4 Operation of 8-Bit Remote Control Timer

The 8-bit remote control timer operates as a pulse width measuring circuit.

The width of a high-level or low-level external pulse input to the TI1 pin is measured by operating the 8-bit timer
(TM1) in the free-running mode.

Detection of the valid edge is sampled every 2 cycles of the count clock selected by TCL1 and TCL2, and the capture
operation is not performed until the valid level has been detected two times. Therefore, the pulse width input to the
TI1 pin must be 5 or more of the count clock set by TCL1 and TCL2, regardless of whether the level is high or low.
If the pulse width is less than 5 clocks, it cannot be detected, and the capture operation is not performed.

The value of timer register 1 (TM1) is loaded to and retained in the capture registers (CP10 and CP11) in
synchronization with the valid edge of the pulse input to the TI1 pin, as shown in Figure 6-3.

Figure 6-3 shows the timing of pulse width measurement.

Figure 6-3. Timing of Pulse Width Measurement (1/2)

(1) To measure pulse width in synchronization with rising edge

FFH FFH
Count value
of TM1
D3
D1
DO l D2 J
OH ! ‘ 1 ‘
Count starts Capture Capture Capture Capture:
|
TCE=1 | 1 ‘ 1

L L

i i
X

T f | |

1
Y

I
‘
!
I
I
|
I
Il
|
p2 X b3
I

I
INTTM10 r]

|

X

I

I

CP10 00H DO D1
I
OVF1 i
I I : !
\ ‘ |
! 0 ! t1 | Cleared by software

Remark t0 = (D1 - DO) x 1/fcount
tl = (100H — D1 + D2) x 1/fcount
fcount: Count clock frequency set by TCL1 and TCL2
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Figure 6-3. Timing of Pulse Width Measurement (2/2)

(2) Measure pulse width in synchronization with both rising and falling edges

FFH FFH
Count value
of TM1
D2 D3
D1
DO ‘ l
OH L ‘ |
Count starts Capture Cap‘ture Cap‘ture ! Cap‘ture !
TCE=1 ! | | ! ! :
| ! ! | ! i
TIL ; :
L .
I ! ! I I |
INTTM10 [ ! n ; |
‘ | ! ! ‘
! | ! | i !
! |
INTTM11 ! I ! ! M ;
! i | i T
crio ooH X DO X D2 1
! ! | | | |
L I L L | |
CcP11 00H X D1 Y o3
i ‘ ‘ / ;
| ! L
OVF1 ! ! | ! l_
1 i -
R t !

Remark t0 = (D1 - DO) x 1/fcount
t1 = (100H — D2 + D3) x 1/fcount
fcount: Count clock frequency set by TCL1 and TCL2

Cleared by software
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CHAPTER 7 8-BIT PWM TIMERS

7.1 Functions of 8-Bit PWM Timers

The 8-bit PWM timers have the following two operation modes:

* Mode in which only an 8-bit timer (TM5n: n = 0 or 1) is used (single mode)
¢ Mode in which the two 8-bit PWM timers are cascaded (16-bit resolution: cascade mode)

These two modes are explained next.

(1) Mode in which only a TM5n (n = 0 or 1) is used (single mode)
In this mode, the 8-bit PWM timer operates as an 8-bit timer/event counter. In this mode, the following functions
can be used.

* Interval timer

« External event counter
* Square wave output

« PWM output

(2) Mode in which two timers are cascaded (16-bit resolution: cascade mode)
When the two PWM timers are cascaded, they operate as a 16-bit timer/event counter. In this mode, the
following functions can be used.

« Interval timer with 16-bit resolution

« External event counter with 16-bit resolution
¢ Square output with 16-bit resolution
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7.2 Configuration of 8-Bit PWM Timers

The 8-bit PWM timers consist of the following hardware:

Table 7-1. Configuration of 8-Bit PWM Timers

Iltem Configuration

Timer register

8-bit counter 5n (TM5n)

Register

8-bit compare register 5n (CR5n)

Timer output

TIO5n

Control registers

Timer clock select register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)

n=0,1

Figure 7-1. 8-Bit PWM Timers Block Diagram

Internal bus

J

8-bit compare
ey E INTTMSn
fx — g
fx/22 —= é —
b2, & g TIO50/P24
fx/26 3] 8-bit counter 5n | OVF 3 )
o0 2 (TM5n) R g TIO51/P25
X — n
fx/210 Clear
TIO50/P24,0—»]
TIO51/P25
Selector

Timer clock select
register 5n

TCL5n0

[rcEsn[TMCsneTMCSNA] Lvssn | LvRSn [TMesni[TOESN]

8-bit timer mode
control register 5n

!

Internal bus

n=0orl
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CHAPTER 7 8-BIT PWM TIMERS

(1)

&)

8-bit counter 5n (TM5n: n =0 or 1)

TM5n is an 8-bit read-only register that counts the count pulse.

The value of this counter is incremented in synchronization with the rising edge of the count clock. When the
count value is read during operation, input of the count clock is temporarily stopped, and the count value at that
point is read. The count value is cleared to O0H in the following cases.

<1> RESET input

<2> Clearing TCE5n

<3> Coincidence between TM5n and CR5n in clear & start mode

Caution In the cascade mode, TCE5n of the low-order timer is OOH even if it is cleared.

Remark n=0or1

8-bit compare register 5n (CR5n: n =0 or 1)

The value setin this register is constantly compared with the count value of the 8-bit counter 5n (TM5n). When
the two values coincide, an interrupt request (INTTM5n) is generated (in the modes other than PWM mode).
The value of CR5n can be set in a range of O0OH to FFH, and can be rewritten during count operation.

Caution When setting data to this register in the cascade mode, be sure to stop the timer operation.

Remark n=0or1
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7.3 Registers Controlling 8-Bit PWM Timers
The following two types of registers control the 8-bit PWM timers.

» Timer clock select register 5n (TCL5n: n =0 or 1)
e 8-bit timer mode control register 5n (TMC5n: n = 0 or 1)

(1) Timer clock select register 5n (TCL5n: n = 0 or 1)
This register sets the count clock of the 8-bit counter 5n (TM5n: n =0 or 1).
TCL5n is set by using an 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 7-2. Format of Timer Clock Select Register

Symbol 7 6 5 4 3 2 1 0 Address  AtReset R/W
TCL5n | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘TCL5n2 ‘ TCL5n1‘ TCL5n0| FF71H(TCL50),  OOH RIW
FF79H(TCL51)
TCL5n2 | TCL5n1 | TCL5n0 Selects count clock

0 0 0 Falling edge of TIO5n

0 0 1 Rising edge of TIO5n

0 1 0 fx (5.0 MHz)

0 1 1 x/22  (1.25 MHz)

1 0 0 fx/24 (313 kHz)

1 0 1 x/26  (78.1 kHz)

1 1 0 /28 (19.5 kHz)

1 1 1 x/210 (4.9 kHz)

Cautions 1. When rewriting the data of TCL5n, once stop the timer operation.
2. Be sure to clear bits 3 through 7 to “0”.

Remarks 1. The setting by TCL5n2 through TCL5n0, except that for the low-order timer, is invalid in the
cascade mode.
2. n=0orl
3. fx: Main system clock oscillation frequency
( ): fx=5.0 MHz

>
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(2) 8-bit timer mode control register 5n (TMC5n: n =0 or 1)
TMC5n sets has the following six functions:

<1>
<2>
<3>
<4>
<5>

<6>

Controls count operation of 8-bit counter 5n (TM5n: n =0 or 1)
Selects operation mode of 8-bit counter 5n (TM5n: n =0 or 1)
Selects single or cascade mode

Sets status of timer output F/F (flip-flop)

Controls timer F/F or selects active level in PWM (free-running) mode
Controls timer output

TMCbn is set by using a 1-bit or 8-bit memory manipulation instruction.
This register is set to 04H by RESET input.

87



CHAPTER 7 8-BIT PWM TIMERS

Symbol <7>

Figure 7-3. Format of 8-Bit Timer Control Register 5n

6 5 4 <3> <2> 1 0 Address At Reset R/W

TMCSn| TCE5n ‘TMCSnG‘ 0 ‘TMC5n4‘ LVS5En ‘ LVR5n ‘TMCSnl‘ TOES5n | FF70H(TMC50), 04H RIW

88

FF78H(TMC51)
TCE5n Controls counting by TM5n

0 Clears counter to 0 and disables counting (prescaler disabled)
1 Starts counting

TMC5n6 Selects operation mode of TM5n
0 Clear & start on coincidence between TM5n and CR5n
1 PWM (free-running) mode

TMC5n4 Selects single or cascade mode
0 Single mode (used as low-order timer)
1 Cascade mode (connected to low-order timer)

LVS5n | LVR5n Sets status of timer output F/F
0 0 Does not affect
0 1 Resets timer output F/F to 0
1 0 Sets timer output F/F to 1
1 1 Setting prohibited

TMC5n1 Other than PWM mode (TMC5n6 = 0) PWM mode (TMC5n6 = 1)

Controls timer F/F Selects active level

0 Disables inversion High active
1 Enables inversion Low active

TOES5Nn Controls timer output
0 Disables output (port mode)
1 Enables output

Remarks 1. Inthe PWM mode, the PWM output is at the inactive level if TCE5n = 0.

2. When LVS5n and LVR5n are read after data has been set, they are 0.

3. n=0or1l
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7.4 Operations of 8-Bit PWM Timers

7.4.1 Operation as interval timer (8-bit operation)

An 8-bit PWM timer operates as an interval timer that generates an interrupt request at intervals specified by the
count value set to the 8-bit compare register 5n (CR5n) in advance.

When the count value of the 8-bit counter 5n (TM5n) coincides with the set value of CR5n, the value of TM5n is
cleared to 0 and TM5n continues counting. At the same time, an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected by using the bits 0 through 2 (TCL5n0 through TCL5n2) of the timer clock
select register 5n (TCL5n).

Remark n=0or1l

[Setting]
(1) Set the registers.
* TCL5n : Selects count clock.
¢ CR5n : Compare value
* TMC5n : Selects clear & start mode in which TM5n is cleared and started when its value coincides with
CR5n.
(TMCb5n = 0000xxx0B x = don't care)
(2) The count operation is started when TCE5n = 1.
(3) When the values of TM5n and CR5n coincide, INTTM5n is generated (TM5n is cleared to O0H).
(4) After that, INTTM5n is generated at fixed intervals. To stop the count operation, clear TCE5n = 0.

Remark n=0or1l
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Figure 7-4. Timing of Interval Timer Operation (1/3)

(a) Basic operation

[
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TM5n countvalue  00H X 01H X X N YooY o)X X ~N Xoon Y o)X X n X
T A o A o A o |
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INTTM5n | __ __ __
! . A | A |
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| Interval time ' Interval time ' Interval time '
Remarks 1. Interval time = (n + 1) xt: N = 00H to FFH
2. n=0or1l
(b) When CR5n = 00H
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Figure 7-4. Timing of Interval Timer Operation (2/3)
(c) When CR5n = FFH

ot
——
I I

Count clock I _ _

I I
[o1H | - EERE - EEIE

|
l

CR5n | FFH FFH! FFH |
i
|

INTTM5n [ [

A A

| Interrupt request accepted | Interru pt

} . | request
TIOSn - [ accepted

[

i

i

Interval time

n=0orl

(d) Operation when CR5n is changed (M < N)

Count clock

I
™5n NJ 00H | [ ™ ] [N ] [ FrH [ ooH | [ ™

‘ i 00H |
CRSN w N k ‘ M ‘
TCESn w : : :
INTTMSn [ | 1 1 [ 1
TIO5n J w* ; |

Change of CR5n TM5n overflows because M < N

n=0orl
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Figure 7-4. Timing of Interval Timer Operation (3/3)
(e) Operation when CR5n is changed (M > N)

Count clock

I
00H [ 01H | [ N ] [M—2] M JooH] o1H]
‘
‘
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I
‘
I
|
|

T™5n  [N-1] N

X M

CR5n N

TCE5n

INTTMSn [ | [

Tiosn _| ‘ | _

4

Change of CR5n

n=0or1l

7.4.2 Operation as external event counter

The external event counter counts the number of count clock pulses input to TIO5n from an external source.

Each time the valid edge specified by the timer clock select register 5n (TCL5n) has been input to TIO5n, the value
of TM5n is incremented. The edge can be selected from rising or falling.

If the measured value of TM5n coincides with the value of the 8-bit compare register 5n (CR5n), TM5n is cleared
to 0 and an interrupt request signal (INTTM5n) is generated.

After that, INTTM5n is generated each time the value of TM5n coincides with the value of CR5n.

Remark n=0or1

Figure 7-5. Timing of External Event Counter Operation (with rising edge specified)

rosn [ LT LI LTI LT L L
I
count vaen ~ X oon X o1+ X 02r X 031 X 04H X 05H X :: Xn-1X N Xoon Xo1n X 02r X 031 X
!

CR5n N

INTTM5n [ ]

n=0or1l
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7.4.3 Square wave (8-bit resolution) output operation

A square wave of any frequency can be output at intervals specified by the value setin advance to the 8-bit compare
register 5n (CR5n).

If the bit 0 (TOES5N) of the 8-bit timer mode control register 5n (TMCb5n) is set to 1, the output status of TIO5n is
inverted at intervals specified by the count value set in advance to CR5n. In this way, a square wave of any frequency
(duty = 50%) can be output.

Remark n=0or1

[Setting]
(1) Set each register.
* Set “0” to port latch and port mode register.
e TCL5n : Selects count clock.
¢ CR5n : Compare value
¢ TMC5n : Clear & start mode in which TM5n is cleared and started when its value coincides with that
of CR5n.

LVS5n | LVR5n Status setting of timer output F/F

1 0 High-level output

0 1 Low-level output

Inversion of the timer output F/F is enabled.
Timer output enable — TOE5n = 1

(2) The count operation is started when TCE5n = 1.
(3) The timer output F/F is inverted when the values of TM5n and CR5n coincide. Moreover, INTTM5n is
generated, and TM5n is cleared to O0H.

(4) After that, the timer output F/F is inverted at fixed intervals, and TIO5n outputs a square wave.

Remark n=0or1l
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7.4.4 8-bit PWM output operation
The PWM timer performs 8-bit PWM output operation when bit 6 of the 8-bit timer mode control register 5n (TMC5n)
is setto “1”, and outputs a pulse with a duty factor determined by the value set to the 8-bit compare register 5n (CR5n)

from the TIO5n pin.

Set the width of the active level of the PWM pulse to CR5n. The active level can be selected by bit 1 (TMC5n1)
of TMC5n.
The count clock can be selected by bits 0 through 2 (TCL5n0 through TCL5n2) of the timer clock select register

5n

94

(TCL5n).

PWM output can be enabled or disabled by bit 0 (TOE5n) of TMC5n.

Caution CR5n can be rewritten only once in one cycle in the PWM mode.

Remark n

=0orl

(1) Basic PWM output operation

[Setting]

(1)
(2
®
4
(5

Set “0” to the port latch and port mode register n.

Set the active level width by using 8-bit compare register 5n (CR5n).
Select the count clock by using timer clock select register 5n (TCL5n).
Select the active level by using bit 1 (TMC5n1) of TMC5n.

The timer starts counting when bit 7 (TCE5n) of TMC5n is set to “1”.
To stop the counting, set “0” to TCE5n.

Remark n=0or1

[PWM output operation]

(€}

&)

3

“
®)

When the timer starts counting, an inactive level is output from TIO5n as PWM output, until the timer
overflows.

When the overflow occurs, the active level set in (1) in [Setting] above is output. The active level is
continuously output until the CR5n and the count value of the 8-bit counter 5n (TM5n) coincide.
The inactive level is output after CR5n and the count value have coincided, until an overflow occurs
again.

After that, (2) and (3) are repeated, until the counting operation is stopped.

PWM output is deasserted inactive when the counting operation is stopped by clearing TCE5n to 0.

Remark n=0or1
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(a) Basic PWM output operation
Figure 7-6. PWM Output Operation Timing

(i) Basic operation (when active level = H)
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n=0or1l

(i) When CR5n =0
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n=0or1l

(iii) When CR5n = FFH
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(b) Operation when CR5n is changed

Figure 7-7. Operation Timing When CR5n Is Changed

(i) If CR5n value is changed from N to M before overflow of TM5n

TM5n_T N IN+1!N+2| IFFH!OOHIOlH!OZHI LI T[] ZZ- _TFFH]OORTOH02HT - - T ™ [Wei[Wiez]
S —— — 1 — 1
e R — — 3 — 3
INTTMS5n 1 ‘ 1 1 : [ 1 1
I I I I I
TIOSn

o—~|---

R5n changed (N - M)

n=0orl

(ii) If CR5n value is changed from N to M after overflow of TM5n

I
[N [N ]

I I I
[FFAT 00H [ 0TH [ 02H T 03H]
1 } T

TM5n __N |N+1iN+2I . . . |FFH!00HI01H!02HI 1™ |M+1!M+2I
I
. — :
TeESn T — 3 — 3
INTTMS5n 1 [ 1 ‘ 1 [1 1 1
I I I I I I
TIosn | 1 ————— 1L
éRSn changed (N - M)
n=0or1l

(iii) If CR5n value is changed from N to M for duration of 2 clocks (00H and 01H) immediately after
overflow of TM5n

I
[ M Tw1]we2]

TM5n TN |N+1iN+2I
|
CRSn N x ‘ N ‘ )‘( ‘ M ‘
TCESN T —— 3 — 3
INTTM5n 1 [ 1 1 [ 1 1
TIO5n —i 3 i—i "—i—
éRsn changed (N - M)
n=0orl
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(2) Cascade (16-bit timer) mode

Operation as interval timer (with 16-bit resolution)

The two PWM timers can be used as a 16-bit timer/counter by setting bit 4 (TMC5n4) of the 8-bit timer mode
control register 5n (TMC5n) to “1”.

In this case, the 16-bit timer/counter operates as an interval timer that repeatedly generates an interrupt
request at intervals specified by the count value set in advance to the 8-bit compare register 5n (CR5n).

Remark n=0or1

[Setting]
(1) Set each register.
e TCL5n : The low-order timer selects the count clock.
The setting of the high-order cascaded timer is not necessary.
¢ CR5n : Compare value (Each compare value can be set in a range of O0H to FFH.)
* TMC5n : Selects the clear & start mode in which the timers are cleared and started on
coincidence between TM5n and CR5n.
Low-order timer - TMC5n = 0000xxx0B x: don't care
[High-order timer - TMC5n = 0001xxx0B x: don't care)
(2) The counting is started when TCE5n of the high-order timer is set to 1 followed by setting of TCE5n
of the low-order timer to 1.
(3) When the values of TM5n and CR5n of the cascaded timers cascade coincide, INTTM5n is
generated by the low-order timer (all the TM5n’s are cleared to 00H).
(4) After that, INTTM5n is repeatedly generated at the same interval.

Cautions 1. Before setting the 8-bit compare register 5n (CR5n), be sure to stop the timer
operation.

2. Even when the timers are cascaded, if the count value of the high-order timer
coincides with the value of CR5n, INTT5n of the high-order timer is generated,
unless masked. Be sure to mask and disable the interrupt of the high-order timer.

3. Set TCE5n of the high-order timer first, and then that of the low-order timer.

4. The counting can be restarted or stopped by setting 1 or 0 to TCE5n of only the low-
order timer.

Remark n=0or1

97



CHAPTER 7 8-BIT PWM TIMERS

98

Figure 7-8 shows an example of the timing in the 16-bit resolution cascade mode.

Figure 7-8. 16-Bit Resolution Cascade Mode
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7.5 Notes on 8-Bit PWM Timers

(1) Error on starting timer
The time until the coincidence signal is generated after the timer has been started includes an error of up to
1 clock, because the 8-bit counter n (TM5n: n = 0 or 1) is started in asynchronization with the count pulse.

Figure 7-9. Start Timing of 8-Bit Counter 5n (TM5n)

Count pulse

TMS5n count value 00H X otn X o2H X o3H X o04H

R
Timer starts

n=0orl

(2) Operation after changing compare register during timer count operation
If the value to which the current value of the 8-bit compare register 5n (CR5n) is changed is less than the value

of the 8-bit timer register 5n, the timer continues counting, overflows, and restarts counting from 0. If the new
value of CR5n (M) is less than the old value (N), the timer must be restarted after CR5n has been changed.

Remark n=0or1

Figure 7-10. Timing after Changing Compare Register Value during Timer Count Operation

Count pulse L

CRS5n N X M

T™sncountvalue X x-1 X x_ X X e X oon X on X ozH

N>X>M
n=0orl

Caution Except when TIO5n input is selected, be sure to clear TCE5n to 0 to set the stop status (n
=0or1l).

(3) Reading TM5n during timer operation

Because the selected clock is temporarily stopped when TM5n (n = 0 or 1) is read during operation, select a

clock with a long high/low level.
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8.1 Function of Watchdog Timer

The watchdog timer has the following functions:

e Watchdog timer
e Interval timer

« Selection of oscillation stabilization time

Caution Select whether the watchdog timer is used in the watchdog timer mode or interval timer mode,

CHAPTER 8 WATCHDOG TIMER

by using the watchdog timer mode register (WDTM).

(1) Watchdog timer mode

In this mode, the watchdog timer detects a program hang-up. On detection of hang-up, the non-maskable
interrupt or RESET signal can be generated.

Table 8-1. Hang-up Detection Time of Watchdog Timer

Hang-up Detection Time fx = 5.0 MHz Hang-up Detection Time fx = 5.0 MHz
212 x 1/fx 819 us 216 % 1/fx 13.1 ms
213 x 1/ix 1.64 ms 217 % 1/fx 26.2 ms
2% x 1/ix 3.28 ms 218 x 1/fx 52.4 ms
215 x 1/ix 6.55 ms 220 1/fx 210 ms

fx: Main system clock oscillation frequency

(2) Interval timer mode

In this mode, the watchdog timer generates an interrupt request at fixed time intervals.

Table 8-2. Interval Time
Interval Time fx = 5.0 MHz Interval Time fx = 5.0 MHz
212 x 1/fx 819 us 216 % 1/fx 13.1ms
213 x 1/fx 1.64 ms 217 x 1/fx 26.2 ms
214 % 1/fx 3.28 ms 218 x 1/fx 52.4 ms
215 x 1/fx 6.55 ms 220 x 1/fx 210 ms

fx: Main system clock oscillation frequency
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8.2 Configuration of Watchdog Timer
The watchdog timer consists of the following hardware.

Table 8-3. Configuration of Watchdog Timer

Item Configuration

Control register Oscillation stabilization time select register (OSTS)
Watchdog timer clock select register (WDCS)
Watchdog timer mode register (WDTM)

Figure 8-1. Watchdog Timer Block Diagram

fx ‘

Clock Divided

fu2! input 1 pivider =] 90K L output INTWDT
control select
- N control
circuit circuit circuit
T —OoRESET
RUN Divided mode

select circuit

WDT mode signal

[osts2]ostsi]ostso]  [wpcs2lwoesiwoeso] [ RuN wotmalwots]
Oscillation stabilization Watchdog timer Watchdog timer
time select register clock select register mode register
Internal bus
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8.3 Registers Controlling Watchdog Timer

The following three types of registers control the watchdog timer.

» Oscillation stabilization time select register (OSTS)

« Watchdog timer clock select register (WDCS)
* Watchdog timer mode register (WDTM)

(1) Oscillation stabilization time select register (OSTS)
This register selects the oscillation stabilization time during which oscillation is stabilized after the RESET
signal has been deasserted or the STOP mode has been released.

This register is set by using a 1-bit or 8-bit memory manipulation instruction.
Its value is set to 04H by RESET input.

Figure 8-2. Oscillation Stabilization Time Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address At Reset R/W
OSTS | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ OSTS2 ‘ OSTsS1 ‘ OSTS0 | FFFAH 04H R/IW
OSTS2 | OSTS1 | OSTSO Selects oscillation stabilization time at STOP mode release
0 0 0 21%fx (410 us)
0 0 1 213fx  (1.64 ms)
0 1 0 214/fx  (3.28 ms)
0 1 1 215/fx  (6.55 ms)
1 0 0 218/fx  (13.1 ms)
Others Setting prohibited
Remarks 1. fx: Main system clock oscillation frequency
2. ( ):fx=5.0 MHz
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(2) Watchdog timer clock select register (WDCS)
This register selects the overflow time of the watchdog timer or interval timer.
It is set by using an 8-bit manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 8-3. Watchdog Timer Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address At Reset R/W
WDCS | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘WDCSZ ‘ WDCSl‘WDCSO| FF42H 00H R/IW
WDCS2 | WDCS1 | WDCS0 Overflow time of watchdog timer/interval timer

0 0 0 212ty (819 us)

0 0 1 213fx  (1.64 ms)

0 1 0 2%fx  (3.28 ms)

0 1 1 215/fx  (6.55 ms)

1 0 0 218/fx  (13.1 ms)

1 0 1 2fx  (26.2 ms)

1 1 0 218y (52.4 ms)

1 1 1 22%fx (210 ms)

Remarks 1. fx: Main system clock oscillation frequency
2. ():fx=5.0 MHz
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(3) Watchdog timer mode register (WDTM)
This register selects the operation mode of the watchdog timer, and enables or disables the counting operation.
It is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 8-4. Watchdog Timer Mode Register Format

Symbol <7> 6 5 4 3 2 1 0 Address At Reset R/W
WDTM | RUN ‘ 0 ‘ 0 ‘WDTM4‘ WDTMS‘ 0 ‘ 0 ‘ 0 | FFFOH 00H R/W
RUN Selects operation of watchdog timer\°t
0 Stops counting
1 Clears counter and starts counting
WDTM4 [ WDTM3 Selects operation mode of watchdog timerN°t 2
0 X Interval timer mode

(Maskable interrupt request occurs when overflow occurs.)

1 0 Watchdog timer mode 1
(Non-maskable interrupt request occurs when overflow occurs.)

1 1 Watchdog timer mode 2
(Reset operation is started when overflow occurs.)

Notes 1. The RUN bit cannot be cleared to 0 by software once it has been set. Therefore, counting cannot
be stopped, after it has been started, by any means other than RESET input.
2. The WDTM3 and WDTM4 bits cannot be cleared to 0 by software once they have been set.

Caution When the RUN bit is set to 1 and the watchdog timer is cleared, the actual overflow time is
up to 0.5% shorter than the set time.

Remark x: don't care
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8.4 Operation of Watchdog Timer

8.4.1 Operation as watchdog timer

The watchdog timer operates to detect a program hang-up when bit 4 (WDTM4) of the watchdog timer mode register
(WDTM) is set to 1.

The count clock of the watchdog timer (hang-up detection time interval) can be selected by bits 0 through 2 (WDCS0
through WDCS2) of the watchdog timer clock select register (WDCS). By setting bit 7 (RUN) of WDTM, the watchdog
timer starts the count operation. If RUN is set to 1 again within the specified hang-up detection time interval after
the counting operation has been started, the watchdog timer is cleared, and starts the count operation again.

IfRUN is not set to 1 and the hang-up detection time is exceeded, the system is reset or the non-maskable interrupt
request is generated, depending on the value of bit 3 (WDTM3) of WDTM.

The watchdog timer continues its operation in the HALT mode, but stops in the STOP mode. Therefore, set RUN
to 1 and clear the watchdog timer before executing the STOP instruction to set the STOP mode.

Caution The actual hang-up detection time may be up to 0.5% shorter than the set time.

Table 8-4. Hang-up Detection Time of Watchdog Timer

WDCS2 | WDCS1 |[WDCSO0 Hang-up Detection Time of Watchdog Timer

0 0 0 212/fx (819 pus)

0 0 1 213/fx (1.64 ms)
0 1 0 214/fx (3.28 ms)
0 1 1 215/fx (6.55 ms)
1 0 0 216/fx (13.1 ms)
1 0 1 217/fx (26.2 ms)
1 1 0 218/fx (52.4 ms)
1 1 1 220/fx (210 ms)

Remarks 1. fx: Main system clock oscillation frequency
2. ():fx=5.0 MHz
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8.4.2 Operation as interval timer

The watchdog timer operates as an interval timer that repeatedly generates an interrupt request at intervals
specified by the count value set in advance if bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is cleared
to 0.

The count clock (interval time) can be selected by bits 0 through 2 (WDCSO0 through WDCS2) of the watchdog timer
clock select register (WDCS). By setting bit 7 (RUN) of WDTM to 1, the watchdog timer starts interval timer operation.

While the watchdog timer is operating as an interval timer, the interrupt mask flag (TMMK4) and priority specification
flag (TMPRA4) are valid, and a maskable interrupt (INTWDT) can be generated. The default priority of INTWDT is the
highest of all the maskable interrupts.

The interval timer continues operating in the HALT mode, but stops in the STOP mode. Therefore, set RUN and
clear the interval timer before executing the STOP instruction to set the STOP mode.

Cautions 1. If bit 4 (WDTM4) of WDTM has been set to 1 once (to select the watchdog timer mode), the
interval timer mode cannot be set unless the RESET signal is input.
2. The interval time immediately after WDTM has been set may be up to 0.5% shorter than the

set time.
Table 8-5. Interval Time of Interval Timer
WDCS2 | WDCS1 | WDCS0 Interval Time
0 0 0 212/fx (819 us)
0 0 1 213/fx (1.64 ms)
0 1 0 214/fx (3.28 ms)
0 1 1 215/fx (6.55 ms)
1 0 0 216/fx (13.1 ms)
1 0 1 217/fx (26.2 ms)
1 1 0 218/fx (52.4 ms)
1 1 1 220/fx (210 ms)

Remarks 1. fx: Main system clock oscillation frequency
2. ():fx=5.0 MHz
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CHAPTER 9 A/D CONVERTER

9.1 Function of A/D Converter

The A/D converter converts analog input signals into digital values with a resolution of 8 bits. Eight analog input
channels (ANIO through ANI7) can be controlled.

The A/D conversion operation can be started only by software.

One of the analog input channels, ANIO through ANI7, is selected for A/D conversion. The A/D conversion operation

is repeatedly performed, and each time it has been completed once, an interrupt request (INTAD) is generated.

9.2 Configuration of A/D Converter

The A/D converter consists of the following hardware:

Table 9-1. A/D Converter Configuration

Item

Configuration

Analog input

8 channels (ANIO through ANI7)

Register

Successive approximation register (SAR)
A/D conversion result register (ADCRHO)

Control register

A/D converter mode register (ADMO)
Analog input channel specification register (ADSO0)
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Figure 9-1. A/D Converter Block Diagram
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Successive approximation register (SAR)

This register compares the voltage value of the input analog signal with the value of the voltage tap (compare
voltage) from the series resistor string, and holds the result of the comparison, starting from the most significant
bit (MSB).

When the comparison result has been retained to this register up to the least significant bit (LSB) (i.e., when
the A/D conversion has been completed), the contents of this register are transferred to the A/D conversion
result register (ADCRHO).

A/D conversion result register (ADCRHO)

This register holds the result of the A/D conversion. Each time the A/D conversion has been completed, the
conversion result is loaded to this register from the successive approximation register (SAR).

ADCRHO is read by using an 8-bit memory manipulation instruction.

The value of this register is initialized to 00H by RESET input.

Sample & hold circuit

The sample & hold circuit samples the analog input signals sent from the input circuit one by one, and sends
them to the voltage comparator. It also holds the voltage value of the sampled analog input signal during
A/D conversion.
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Voltage comparator
The voltage comparator compares the analog input signal with the output voltage of the series resistor string.

Series resistor string
The series resistor string is connected between the AVoo and AVss pins, and generates a voltage to be
compared with the input analog signal.

ANIO through ANI7 pins
These are 8 channels of analog input pins of the A/D converter, and input analog signals to be converted.

Caution Make sure thatthe input voltages of ANIO through ANI7 are within the rated range. If a voltage
greater than AV op or less than AV ss is input a channel (even if it is within the absolute
maximum rating range), the converted value of the channel is undefined, and, in the worst
case, the converted values of the other channels are affected.

AVss pin
This is the ground potential pin of the A/D converter. Make sure this pin is always at the same potential as the
Vss1 pin even when the A/D converter is not used.

AVop pin

This is the analog power supply pin of the A/D converter. Make sure that this pin is always at the same potential
as the Voo1 pin even when the A/D converter is not used.

In the standby mode, the current flowing to the series resistor string can be lowered by stopping the conversion
operation (by clearing bit 7 (CS0) of the A/D converter mode register (ADMO0)).
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9.3 Registers Controlling A/D Converter
The following two types of registers control the A/D converter.

» A/D converter mode register (ADMO)
* Analog input channel specification register (ADS0)

(1) A/D converter mode register (ADMO)
This register specifies the conversion time of the input analog signal to be converted, and starts or stops the
conversion operation.
It is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 9-2. A/D Converter Mode Register Format

Symbol <7> 6 5 4 3 2 1 0 Address AtReset R/W
ADMO | Cso ‘ 0 ‘ FR02 ‘ FRO1 ‘ FROO ‘ 0 ‘ 0 ‘ 0 | FF80H 00H RW
CSO0 Control A/D conversion operation
0 Stops conversion
1 Enables conversion
FRO2 FRO1 FR0OO Selects A/D conversion timeNote 1
fx = 5.0 MHz fx = 4.19 MHz
0 0 0 144/fx (28.8 us) 144/fx (34.4 us)
0 0 1 120/fx (24 us) 120/fx (28.6 us)
0 1 0 96/fx (19.2 s) 96/fx (22.9 us)
1 0 0 72/fx (14.4 us) 721 (17.2 us)
1 0 1 60/fx (setting prohibitedNote 2) 60/fx (14.3 us)
1 1 0 48/fx (setting prohibitedNot 2) 48/fx (setting prohibitedNote 2)
Others Setting prohibited
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Notes 1. Make sure that the A/D conversion time is 14 us or longer.
2. These settings are prohibited because the A/D conversion time is less than 14 us.

Caution The conversion result is undefined immediately after bit 7 (CS0) has been set.

Remark fx: Main system clock oscillation frequency
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(2) Analog input channel specification register (ADSO0)
This register specifies a port that inputs the analog voltage to be converted.
It is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 9-3. Analog Input Channel Specification Register Format

Symbol 7 6 5 4 3 2 1 0 Address At Reset R/W
ADSO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ ADS03 ‘ ADS02 ‘ ADSO01 ‘ ADS00 | FF81H 00H RIW
ADSO03 | ADS02 | ADS01 | ADS00 Specifies analog input channel

0 0 0 0 ANIO
0 0 0 1 ANI1
0 0 1 0 ANI2
0 0 1 1 ANI3
0 1 0 0 ANI4
0 1 0 1 ANI5
0 1 1 0 ANI6
0 1 1 1 ANI7
Others Setting prohibited
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9.4 Operation of A/D Converter

9.4.1 Basic operation of A/D converter

(€}
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Select one channel for A/D conversion by using the analog input channel specification register (ADSO).
The sample & hold circuit samples the voltage input to the selected analog input channel.
The sample & hold circuit enters the hold status after it has performed sampling for fixed time, and holds the
input analog voltage until the A/D conversion is completed.
Bit 7 of the successive approximation register (SAR) is set. The tap selector sets the voltage tap of the series
resistor string to (1/2) AVop.
The voltage comparator compares the voltage difference between the voltage of the series resistor string and
voltage tap. If the input analog voltage is greater than (1/2) AVop, the MSB of SAR remains set. If it is less
than (1/2) AVop, MSB is reset.
Bit 6 of SAR is automatically set, and the next comparison is performed. The voltage tap of the series resistor
string is selected as follows, depending on the value of bit 7 to which the result has been already set.
e Bit 7 = 1: (3/4) AVop
e Bit 7 =0: (1/4) AVop

This voltage tap is compared with the input analog voltage. Depending on this result, bit 6 of SAR is

manipulated as follows:
« If input analog voltage « voltage tap: Bit 6 = 1
« If input analog voltage - voltage tap: Bit 6 = 0
Comparison continues like this up to bit 0 of SAR.
When comparison of 8 bits has been completed, the valid digital result remains in SAR, and its value is
transferred and latched to the A/D conversion result register (ADCRHO).
At the same time, an A/D conversion end interrupt request (INTAD) is generated.



CHAPTER 9 A/D CONVERTER

Operation of
A/D converter

SAR

ADCRHO

INTAD

Figure 9-4. Basic Operation of A/D Converter
Conversion time
Sampling
time

Sampling A/D conversion

coH Conversion
Undefined 80H or result

40H

Conversion

result
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The A/D conversion operation is performed successively until bit 7 (CSO0) of the A/D converter mode register (ADMO)

is reset to O by software.
If an attempt is made to write data to ADMO or analog input channel specification register (ADSO0) during A/D
conversion operation, the conversion operation is initialized, and conversion is started from the beginning if CSO0 is

setto 1.

The value of the A/D conversion result register (ADCRHO) is undefined when the RESET signal is input.
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9.4.2 Input voltage and conversion result
The analog voltage input to an analog input pin (ANIO to ANI7) and the result of A/D conversion (A/D conversion
result register (ADCRHO)) have the following relation:

Vi
ADCRHO = INT (i X 256 + 0.5)
AVop

or,

AV AV
(ADCRHO — 0.5) x 22 _ \/iy < (ADCRHO + 0.5) x 20
256 256
INT() : Function that returns integer of value in ()
VIN . Analog input voltage
AVop : Supply voltage to A/D converter

ADCRHO: Value of A/D conversion result register (ADCRHO)
Figure 9-5 shows the relation between the input analog voltage and A/D conversion result.

Figure 9-5. Relation between Input Analog Voltage and A/D Conversion Result

25—+ 1 [ | | [~~~

284 -

253 —-an-

I
AID conversion result |
(ADCRHO) !

1 1 3 2 5 3 507 254 509 255 511 1

512 256 512 256 512 256 512 256 512 256 512

Input voltage/AVop
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9.4.3 Operation mode of A/D converter

Select one analog input channel from ANIO through ANI7 by the analog input channel specification register (ADS0)
to start A/D conversion.

The A/D conversion operation can be started only by software (by setting the A/D converter mode register (ADMO)).
The A/D conversion resultis stored in the A/D conversion result register (ADCRHO), and an interrupt request signal
(INTAD) is generated.

A/D conversion by software start

Converting the voltage applied to the analog input pin specified by the analog input channel specification register
(ADSO) is started when bit 7 (CS0) of the A/D converter mode register (ADMO) is set to 1.
When the A/D conversion has been completed, the result of the conversion is stored in the A/D conversion result
register (ADCRHO), and an interrupt request (INTAD) is generated. When the A/D conversion has been started
and completed once, the next conversion operation is immediately started. This is repeated until new data is

written to ADSO0.

If ADSO is rewritten during A/D conversion, the conversion under execution is stopped, and conversion of the
selected analog input channel is started.
If data with CSO being 0 is written to ADMO during A/D conversion, the conversion is immediately stopped.

Figure 9-6. A/D Conversion by Software Start

Rewriting ADSO Rewriting ADSO
Ccs0=1 Cs0=1 Cs0=0
A/D conversion ANIn ANIn ANIn ANIm ANIm

Conversion result

does not remain Stop
during A/D conversion
ADCRHO ANIn ANIn ANIm
INTAD —|

Remark n=0,1,..7
m=0,1,..7
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9.5 Notes on A/D Converter

(1)
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Current consumption in standby mode

The A/D converter is stopped in the standby mode. At this time, the current consumption can be reduced by
stopping the conversion (by clearing bit 7 (CS0) of the A/D converter mode register (ADMO) to 0).

Figure 9-7 shows how the current consumption can be reduced in the standby mode.

Figure 9-7. Example of Reducing Current Consumption in Standby Mode

AVop ©

P-ch |—o< li Cso

Series resistor string

AVss ©

Input range of ANIO to ANI7

Make sure that the input voltages of ANIO through ANI7 are within the rated range. If a voltage greater than
AVop or less than AVss is input to a channel (even if it is within the absolute maximum rating range), the
converted value of the channel is undefined, and, in the worst case, the converted values of the other channels

are affected.
Conflicting operation

<1> Conflict between writing and reading A/D conversion result register (ADCRHO) on completion of
conversion
Reading ADRCHO takes precedence. After ADCRHO has been read, a new conversion result is written
to ADCRHO.

<2> Conflict between writing ADCRHO and input of external trigger signal on completion of conversion
An external trigger signal is not accepted during A/D conversion. Therefore, the external trigger signal
is not accepted while ADCRHO is written.

<3> Conflict between writing ADCRHO and writing A/D converter mode register (ADMO) or writing analog
input channel specification register (ADS0) on completion of conversion
Writing ADMO or ADSO takes precedence. ADCRHO is not written. Nor is the conversion end interrupt
request signal (INTAD) generated.



CHAPTER 9 A/D CONVERTER

“

Reference voltage input O ’ / AVop
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Noise measures

To maintain the 8-bit resolution, care must be exercised that no noise is superimposed on the AVop and ANIO
through ANI7 pins. The higher the output impedance of the analog input source, the heavier the influence of
noise. To suppress noise, connecting external C as shown in Figure 9-8 is recommended.

Figure 9-8. Processing of Analog Input Pin

Clamp with diode with low Vr (0.3 V or less) if there is possibility that
noise greater than AVoo and less than AVss is superimposed.

Vb1

C =100-1000 pF

AVss
Vss1
ANIO through ANI7

The analog input pins (ANIO through ANI7) are multiplexed with port pins (P10 through P17).

When one of ANIO through ANI7 is selected for A/D conversion, do not execute an instruction that inputs data
to the port during the conversion. If such an instruction is executed, the conversion resolution may drop.
When a digital pulse is applied to a pin adjacent to the analog input pins during A/D conversion, the expected
A/D conversion value may not be obtained because of coupling noise. Therefore, do not apply a pulse to the
pins adjacent to the analog input pins during A/D conversion.

Input impedance of AV bp pin

A series resistor string with a resistance of about 24.7 kQ is connected between the AVop and AVss pins.
If the output impedance of the reference voltage source is high, therefore, the impedance is virtually connected
in parallel with the resistor string between the AVob and AVss pins, increasing the error of the reference voltage.

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the contents of the analog input channel specification
register (ADS0) are changed.

If the analog input pin is changed during A/D conversion, therefore, the A/D conversion result of the old analog
input may be written to ADSO immediately before ADSO is rewritten, and consequently, the conversion end
interrupt flag may be set. If ADIF is read immediately after ADSO has been rewritten, ADIF may be set despite
that the A/D conversion of the new analog input has not been completed.

Before resuming A/D conversion that has been stopped, clear ADIF.
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Figure 9-9. A/D Conversion End Interrupt Request Generation Timing

ADSO rewriting ADSO rewriting ADIF is set, but conversion of
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Remark n=0,1,..7
m=0,1,..7

(8) AVop pin
The AVop pin supplies power to the analog circuit. It also supplies power to the input circuit of ANIO through
ANI7. Therefore, apply the same potential as that of the Voo1 pin to this pin, as shown in Figure 9-10, in an
application where a backup power supply is used.

Figure 9-10. Processing of AV bb Pin

Vob1
AVop
Main power supply TBackup capacitor
T ‘ Vsst
AVss
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CHAPTER 10 SERIAL INTERFACE

10.1 Function of Serial Interface

The serial interface has the following two modes.

* Operation stop mode
* Three-wire serial /0 mode

(1) Operation stop mode

This mode is used when serial transfer is not performed.

(2) Three-wire serial I/0O mode (with MSB first)
In this mode, 8-bit data is transferred by using three lines: serial clock (SCK), serial output (SO), and serial input

(s).

Because simultaneous transmission/reception operation can be performed in the three-wire serial /O mode,

the processing time of data transfer can be shortened.
The first bit of the 8-bit data to be transferred is fixed to the MSB.
The three-wire serial I/O mode is useful when connecting peripheral I/Os or display controller having a clocked

serial interface.

10.2 Configuration of Serial Interface

The serial interface consists of the following hardware.

Table 10-1. Serial Interface Configuration

Item

Configuration

Register

Serial 1/0 shift register 3 (SIO3)

Control register

Serial operation mode register 3 (CSIM3)
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Figure 10-1. Serial Interface Block Diagram
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Serial 1/0O shift register 3 (SI03)

This 8-bit register converts parallel data to serial data to perform serial transmission/reception (shift operation)
in synchronization with the serial clock.

SI03 is set by using an 8-bit memory manipulation instruction.

The serial operation is started by writing data to or reading data from SIO3 when bit 7 (CSIE3) of the serial
operation mode register 3 (CSIM3) is 1.

During transmission, the data written to SIO3 is output to the serial output line (SO).

During reception, the data is read to SIO3 from the serial input line (SI).

The contents of this register are undefined when the ﬁsignal is input.

Caution Do not access SIO3 during transmission, except when triggering the transmission (reading
S103 is prohibited when bit 2 (MODEDO) of CSIM3 = 0, and writing is prohibited when MODEO
=1).

Serial clock counter
This counter counts the serial clock output or input during transmission/reception to check that 8-bit data has
been transmitted/received.
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10.3 Registers Controlling Serial Interface

The serial interface is controlled by the serial operation mode register 3 (CSIM3).

» Serial operation mode register 3 (CSIM3)

This register selects the serial clock and operation mode of the serial interface, and enables or disables the
operation.

It is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 10-2. Serial Operation Mode Register 3 Format

Symbol <7> 6 5 4 3 2 1 0 Address At Reset R/W
CSIM3 | CSIE3 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘MODEO‘ SCL31 ‘ SCL30 | FF86H 00H R/W
CSIE3 Enables or disables operation of SIO3
Shift register operation Serial counter Port
0 Disabled Cleared Port functionNot
1 Enabled Count operation enabled Serial function + port function
MODEO Transfer operation mode flag
Operation mode Transfer start trigger SO output
0 Transmission or transmission/ S103 write Normal output
reception mode
1 Reception mode SI03 read Fixed to low level
SCL31 | SCL30 Selects clock
0 0 External clock input to SCK pin
0 1 x/23 (625 kHz)
1 0 x/24 (313 kHz)
1 1 x/25 (156 kHz)
Note The pins connected to SI, SO, and SCK can be used as port pins when CSIE3 = 0 (when the SIO3
operation is stopped).
Remarks 1. fx: Main system clock oscillation frequency

2. ():fx=5.0 MHz
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10.4 Operation of Serial Interface

The serial interface operates in the following two modes:

e Operation stop mode
e Three-wire serial /0O mode

10.4.1 Operation stop mode

In the operation stop mode, the power consumption can be reduced because serial transfer is not executed.
Because the serial /O shift register 3 (SI03) does not perform the shift operation, this register can be used as a

normal 8-bit register.
In this mode, the P20/SCK, P21/SO, and P22/SI pins can be used as normal 1/O port pins.

(1) Register setting
The operation stop mode is set by the serial operation mode register 3 (CSIM3).
CSIM3 is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Symbol <7> 6 5 4 3 2 1 0 Address At Reset R/W
CSIM3 | CSIE3 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘MODEO‘ SCL31 ‘ SCL30 | FF86H 00H R/W
CSIE3 Enables or disables operation of SIO3
Shift register operation Serial counter Port
0 Disabled Cleared Port functionNot
1 Enabled Count operation enabled Serial function + port function

Note The pins connected to Sl, SO, and SCK can be used as port pins when CSIE3 = 0 (when the SIO3

operation is stopped).
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10.4.2 Three-wire serial I/O mode

The three-wire serial I/O mode is useful for connecting a peripheral 1/0 or display controller having a clocked serial

interface.

Communication is established by using three lines: serial clock (SCK), serial output (SO), and serial input (SI).

(€}

Register setting

The three-wire serial I/0 mode is set by the serial operation mode register 3 (CSIM3).
It is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Symbol <7> 6 5 4 3 2 1 0 Address At Reset R/W
CSIM3 | CSIE3 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘MODEO‘ SCL31 ‘ SCL30 | FF86H 00H RIW
CSIE3 Enables or disables operation of SIO3
Shift register operation Serial counter Port
0 Disabled Cleared Port functionNote
1 Enabled Count operation enabled Serial function + port function
MODEO Transfer operation mode flag
Operation mode Transfer start trigger SO output
0 Transmission or transmission/ SI103 write Normal output
reception mode
1 Reception mode SI103 read Fixed to low level
SCL31 | SCL30 Selects clock
0 0 External clock input to SCK pin
0 1 x/23 (625 kHz)
1 0 x/24 (313 kHz)
1 1 /25 (156 kHz)
Note The pins connected to Sl, SO, and SCK can be used as port pins when CSIE3 = 0 (when the SIO3

Remarks 1.

operation is stopped).

2. ():fx=50MHz

fx: Main system clock oscillation frequency
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(2) Communication operation

Inthe three-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted
or received in synchronization with the serial clock.

The shift operation of the serial I/O shift register 3 (SIO3) is performed in synchronization with the falling of the
serial clock (SCK). The transmit data is retained by the SO latch and output from the SO pin. Atthe rising edge
of ﬁ(, the receive data input to the Sl pin is latched to SIO3.

When transfer of 8-bit data has been completed, SIO3 automatically stops its operation, and an interrupt
request flag (CSIIF3) is set.

Figure 10-3. Timing in Three-Wire Serial /O Mode

SCK 1 2 3 4 5 6 7 8
si :X D:I7 Y pi6 Y bis Y p1a Y D13 { iz Y pin | D:IO
|
so :XD(‘Z)7 Y pos J bos { po4 { pos) poz) po1 | D:OO
CSIIF3 | |
T Transfer completed

Transfer is started at falling edge of SCK

(3) Transfer start
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Serial transfer is started when data is assigned to (or read from) the serial 1/O shift register 3 (SIO3) if the
following two conditions are satisfied.

« Operation control bit of SIO3 (CSIE3) = 1
« If the internal serial clock is stopped or SCK is high after 8-bit serial transfer
« Transmission or transmission/reception mode
Transfer is started if SIO3 is written when CSIE3 = 1 and MODEO = 0.
* Reception mode
Transfer is started if SIO3 is read when CSIE3 = 1 and MODEO = 1.

Caution Transfer is not started even if CSIE3 is set to “1” after data has been written to SIO3.

Serial transfer is automatically stopped and an interrupt request flag (CSIIF3) is set when 8-bit transfer has
been completed.
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11.1 Function of FIP Controller/Driver
The FIP controller/driver of the uPD780228 subseries has the following functions.

(1) Can output display signals (DMA operation) by automatically reading display data.
(2) The pins not used for FIP display can be used as 1/O port or output port pins (FIP16 through FIP47 pins only).
(3) Luminance can be adjusted in 8 steps by display mode register 1 (DSPM1).
(4) Hardware for key scan application
« Generates an interrupt signal (INTKS) indicating key scan timing
« Timing in which key scan data is output can be detected by key scan flag (KSF).
« Whether key scan timing is inserted or not can be selected.
(5) High-voltage output buffer that can directly drive FIP
(6) FIPO through FIP15 pins are connected to pull-down resistors. FIP16 through FIP47 pins can be connected
to pull-down resistors by mask option (mask ROM model only). The uPD78F0228 does not have pull-down
resistors).

Of the 48 FIP output pins of the uPD780228 subseries, FIP16 through FIP47 are multiplexed with port pins. FIPO
through FIP15 are dedicated output pins.

FIP16 through FIP47 can be used as port pins when FIP display is disabled by bit 7 (DSPEN) of the display mode
register 0 (DSPMO0). Even when FIP display is enabled, the FIP output pins not used for display signal output can
be used as port pins.

Table 11-1. FIP Output Pins and Multiplexed Port Pins

FIP Pin Name Multiplexed Port Name 1/0
FIP16-FIP23 P70-P77 1/0 port
FIP24-FIP31 P80-P87 1/0 port
FIP32-FIP39 P90-P97 1/0 port
FIP40-FIP47 P100-P107 Output port
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11.2 Configuration of FIP Controller/Driver
The FIP controller/driver consists of the following hardware.

Table 11-2. FIP Controller/Driver Configuration

Item Configuration

Display 48

Control register Display mode register 0 (DSPMO)
Display mode register 1 (DSPM1)
Display mode register 2 (DSPM2)

Figure 11-1. FIP Controller/Driver Block Diagram

s Internal bus

i

| Display data memory |

[

| Display data selector |

J

Display data latch

Port output latch

FIPO FIP16/P70 FIP47/P107
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11.3 Registers Controlling FIP Controller/Driver

11.3.1 Control registers
The following three types of registers control the FIP controller/driver.

« Display mode register 0 (DSPMO0)
« Display mode register 1 (DSPM1)
« Display mode register 2 (DSPM2)

(1) Display mode register 0 (DSPMO)
DSPMO performs the following setting.

« Enables or disables display
« Number of FIP output pins

DSPMO Is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is set to 10H by RESET input.
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Figure 11-2. Display Mode Register 0 Format

Symbol <7> 6 5 4 3 2 1 0 Address At Reset R/W

DSPMO| DSPEN‘ 0 ‘ FOUTS ‘ FOUT4‘ FOUT3 ‘ FOUT2 ‘ FOUT1 ‘ FOUTO | FF90H 10H R/W

DSPEN Enables or disables FIP
0 Disables
1 Enables
FOUTS5 | FOUT4 | FOUT3 | FOUT2 | FOUT1 | FOUTO Number of FIP output pins
0 1 0 1 1 1 17-24
0 1 1 1 1 1 25-32
1 0 0 1 1 1 33-40
1 0 1 1 1 1 41-48
Others Setting prohibited

Cautions 1. Be sure to set bit 6 to “0".
2. Do not write data to the bits other than DSPEN when bit 7 (DSPEN) = 1.
3. Be sure to set the output latch of the multiplexed port of a pin used for FIP output to “0”.
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(2) Display mode register 1 (DSPM1)
DSPM1 performs the following setting:

« Blanking width of FIP output signal
¢ Number of display patterns

DSPML1 is set by using an 8-bit memory manipulation instruction.
The value of this register is set to 01H by RESET input.

Symbol 7

6

5

Figure 11-3. Display Mode Register 1 Format

4

3

2

1 0 Address At Reset

DSPM1| FBLK2 ‘ FBLK1 ‘ FBLKO ‘ FPAT4‘ FPAT3 ‘ FPAT2 ‘ FPAT1 ‘ FPATO | FF91H 01H

R/W
R/W

FBLK2 | FBLK1 | FBLKO Blanking width of FIP output signal
0 0 0 1/16
0 0 1 2/16
0 1 0 4/16
0 1 1 6/16
1 0 0 8/16
1 0 1 10/16
1 1 0 12/16
1 1 1 14/16
FPAT4 | FPAT3 | FPAT2 | FPAT1 | FPATO Number of display patterns
0 0 0 0 1 2
0 0 0 1 0 3
0 0 0 1 1 4
0 0 1 0 0 5
0 0 1 0 1 6
0 0 1 1 0 7
0 0 1 1 1 8
0 1 0 0 0 9
0 1 0 0 1 10
0 1 0 1 0 11
0 1 0 1 1 12
0 1 1 0 0 13
0 1 1 0 1 14
0 1 1 1 0 15
0 1 1 1 1 16
Others Setting prohibited

Caution Do not write data to the display mode register 1 (DSPM1) when bit 7 (DSPEN) of the display

mode register 0 (DSPMO) is 1.
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(©)

Symbol
DSPM2
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Display mode register 2 (DSPM2)
DSPM2 performs the following setting. It also indicates the status of the display timing/key scan.

« Insertion of key scan timing
« Display cycle (TDSP)

DSPM2 is set by using a 1-bit or 8-bit memory manipulation instruction. However, only bit 7 (KSF) can be read
by a 1-bit memory manipulation instruction.

The value of this register is initialized to 00H by RESET input.

Figure 11-4. Display Mode Register Format

<7> 6 5 4 3 2 1 0 Address AtReset R/W
| KSF ‘ KSM ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ FCYC1 ‘ FCYCO | FF92H 00H R/W
KSF Status of key scan cycle
0 Other than key scan cycle
1 Key scan cycle
KSM Selects insertion of key scan cycle
0 Not inserted
1 Inserted
FCYCL1 | FCYCO Display cycle
0 0 212/fx (819.2 us)
0 1 21Yx (409.6 us)
1 0 2%y (204.8 us)
1 1 Setting prohibited

Cautions 1. Be sure to set bits 2 through 5 to “0”.
2. Do not write data to the display mode register 2 (DSPM2) when bit 7 (DSPEN) of the
display mode register 0 (DSPMO) is 1.

Remarks 1. fx: Main system clock oscillation frequency
2. ( ):fx=5.0 MHz
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11.3.2 One display period and blanking width
The FIP output signals are blanked equally at the beginning and end of the display period by the blanking width
set by bits 0 through 2 (FBLKO through FBLK2) of the display mode register 1 (DSPM1).

Figure 11-5. Blanking Width of FIP Output Signal

1 display period = Tosp

" /‘7 1/16 1/16 “\.‘
FIP output signal
(blanking width: 1/16) |_J |_J
b /T 1/8 1/8 —\ ‘
FIP output signal
(blanking width: 2/16) |_J |_J
S L4 14—

FIP output signal
(blanking width: 4/16) I_
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11.4 Display Data Memory

The display data memory is a 96-byte RAM area that stores data to be displayed, and is mapped to addresses
FAOQOH through FA5FH.

The FIP controller reads the data stored in the display data memory independently of the CPU operation for FIP
display (DMA operation).

The area of the display data memory not used for display can be used as a normal RAM area.

At key scan timing, all the FIP output pins are cleared to “0”, and the data of the output latches of ports 7 through
10 are output to FIP16/P70 through FIP47/P107.

The address location of the display data memory is as follows:

* With 48 FIP output pins and 16 patterns
The addresses of the display data memory corresponding to the data output at each display timing (TO through
T15) are as shown in Figure 11-6 (for example, TO = FAOOH through FAO5H, and T1 = FAO6H through FAOBH).
When 48 FIP output pins (FIPO through FIP47) are used, one block of display data consists of 6 bytes. FIP output
pins 0 (FIPO) through 47 (FIP47) correspond to one block of display data sequentially, starting from the least
significant bit toward the most significant bit.

Figure 11-6. Relation between Address Location of Display Data Memory and FIP Output
(with 48 FIP output pins and 16 patterns)

Display timing
Tks
Address T
FASAH-FASFH 5FH 5EH 5DH 5CH 5BH 5AH T15
FAS54H-FA59H 59H 58H 57H 56H 55H 54H T14

FAL2H-FALTH 17H 16H 15H 14H 13H 12H T3

FAOCH-FALLH 11H 10H 0FH 0EH 0DH 0CH T2

FAOGH-FAOBH 0BH 0AH 09H 08H 07H 06H T1

FAOOH-FAOS5H 05H 04H 03H 02H 01H 00H TO
47 - 40 7 )

(FIP output pins)
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11.5 Key Scan Flag and Key Scan Data

11.5.1 Key scan flag

The key scan flag (KSF) is set to 1 during key scan timing, and is automatically reset to 0 at display timing.

KSF is mapped to bit 7 of the display mode register 2 (DSPM2) and can be tested in 1-bit units. It cannot be written,
however.

By testing KSF, it can be determined whether key scan timing is in progress, and whether key input data is correct
can be checked.

Whether key scan timing is inserted or not can be selected by using the key scan timing insertion specification flag
(KSM) (bit 6 of the display mode register 2 (DSPM2)).

11.5.2 Key scan data
Data stored to ports 7 through 10 are output from the FIP16 through FIP47 pins during key scan timing.

Caution If scanning is performed in such a manner that both a segment and a digit turn ON during key
scan timing, the display may flicker.
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11.6 Leakage Emission of Fluorescent Indicator Panel

Leakage emission may take place when a fluorescent indicator panel is driven by the uPD780228 subseries. The

possible causes of this leakage emission are as follows:

(1) Short blanking time
Figure 11-7 shows the signal waveforms of a 2-digit display where the first digit TO lights and the second digit

remains dark. If the blanking time is too short as shown in this figure, the T1 signal rises before the segment
signal is deasserted, causing leakage emission. Generally, the blanking time must be about 20 us. Determine
the set value of the display mode register 1 (DSPM1), taking this into consideration.

Figure 11-7. Leakage Emission Because of Short Blanking Time

Blanking width

TO

T1

Leakage emission
occurs

C_ N
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(2) Segment-grid capacitance of fluorescent indicator panel
Even if a sufficiently long blanking time is ensured as shown in Figure 11-9, leakage emission may still occur.
This is because the fluorescent indicator panel has a capacitance between the grid and segment, as indicated
by Csc in the figure, and the timing signal pin is raised via Csc. If the voltage of the timing signal rises beyond
the cutoff voltage (Ex) as shown in Figure 11-9, leakage emission occurs.
This whisker-like voltage changes with the values of Csc and internal pull-down resistor (RL). The greater the
value of Csg, and the greater the value of Ri, the higher this voltage, increasing the possibility of the occurrence
of leakage emission.
The value of Csa differs depending on the display area of the fluorescent indicator panel. The larger the area,
the higher the Csc.
Therefore, the value of the pull-down resistor differs depending on the size of the fluorescent indicator panel,
in order to prevent leakage emission.
Because the value of the pull-down resistor that can be connected by mask option is relatively high, the leakage
emission may not be suppressed by the internal pull-down resistor alone.
In case sufficient display quality cannot be obtained, deepen the back bias (increase Ex), attach a filter to the
fluorescent indicator panel, or connect an external pull-down resistor of several 10 kQ to the timing signal pin.
Thelikelihood of leakage emission caused by Csc occuring changes depending on the duty cycle of the whisker
voltage vis-a-vis the total display cycle. The fewer the number of display digits, the less likelihood of occurrence
of leakage emission.
Lowering the display luminance also has an effect of suppressing the leakage emission.

Figure 11-8. Leakage Emission Caused by C s

uPD780228

Voo T v
1l
FIP

<| I:
Cse
TO- - Segment

e grid filament

Ru RL &
Ek T— p—

Vioo L -30V

Ek : Cutoff voltage

RL : Internal pull-down resistor
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Figure 11-9. Leakage Emission Caused by C sc

TO

T1

SO
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* 11.7 Calculation of Total Power Dissipation

The following three power dissipation are available for the uPD780208 subseries. The sum of the three power
dissipation should be less than the total power dissipation Pt (refer to Figure 11-10) (80 % or less of ratings is
recommended).

<1> CPU power dissipation: Calculate Voo (MAX.) x Iop (MAX.).
<2> Output pin power dissipation: Power dissipation when maximum current flows into each FIP output pin.

<3> Pull-down resistor power dissipation: Power dissipation by pull-down resistor incorporated in FIP output pin.

Figure 11-10. Total Power Dissipation P 1 (Ta = —40 to +85 °C)

800

600

400

200

Total power dissipation Pr[mW]

-40 0 +40 +80
Temperature [°C]

The following is how to calculate total power dissipation for the example in Figure 11-11.

Example Assume the following conditions:

Vobo = 5.5V, 5.0 MHz oscillation

Supply current (lop) = 21.0 mA

FIP output: 11 grids x 10 segments (Blanking width = 1/16: when FBLKO-FBLK2 = 000B)
Maximum current at the grid pin is 10 mA.
Maximum current at the segment pin is 3 mA.
At the key scan timing, FIP output pin is OFF.

FIP output voltage: grid Vop = Vop — 2 V (voltage drop of 2 V)

segments Vop = Vobo — 0.5 V (voltage drop of 0.5 V)
Fluorescant display control voltage (Vioap) = -35 V
Mask option pull-down resistor = 25 kQ
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By placing the above conditions in calculation <1> to <3>, the total dissipation can be worked out.

<1> CPU power dissipation: 5.5V x 21.0 mA = 115.5 mW
<2> Output pin power dissipation:

Total current value of each grid

The no. of grids + 1
10 mA x 11 Grids

X— X
11 Grids + 1

Total segment current value of illuminated dots <

The no. of grids + 1

3 mA x 31 Dots 1

- T T x(1- =

11 Grids + 1 16

Grid (Voo — Vob) x x (1 — Blanking width) =

2V a-1y =17.2mw
16

Segment (Voo — Vob) x (1 - Blanking width) =

05V x ) =36 mw

<3> Pull-down resistor power dissipation:

(Vob — Vioap)? y The no. of grids
Pull-down resistor value ~ The no. grids + 1
(55V -2V - (=35 V)y? « 11 Grids (1 1

25 kQ 11 Grids + 1 16

(Vop — Vioap)? « The no. of illuminated dots
Pull-down resistor value The no. of grids + 1
(5.5V-05V-(-35V)) “ 31 dots < (1- 1 ) - 155.0 mW

25 kQ 11 Grids + 1 16

Grid

x (1 — Blanking width) =

) =50.9 mW

Segment x (1 - Blanking width)=

Total power dissipation = <1> + <2> + <3> = 115.5 + 17.2 + 3.6 + 50.9 + 155.0 = 342.2 mW

In this example, the total power dissipation do not exceed the rating of the total power dissipation, so
there is no problem in power dissipation.

However, when the total power dissipation exceeds the rating of the total power dissipation, it is
necessary to lower the power dissipation. To reduce power dissipation, reduce the number of pull-down
resistor.
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Figure 11-11. Relationship between Display Data Memory and FIP Output with
10 Segments-11 Digits Displayed

Display data memory

FA20H, FA1FH, FAlEHfO0O 0 O 1 1)1 0 1 0 0 0 O 0|0 O 0O 0 0O O O 1]T0
FAlDH,FAlCH,FAlBH,0‘0‘0‘1‘0 1‘1‘0‘0‘0‘0‘0‘0 0‘0‘0‘0‘0‘0‘1‘0 T1
FAlAH,FAlQH‘FAISH,0‘0‘0‘1‘0 0 1111000000001 0 0]T2
FA17H,FA16H,FA15H,0‘0‘0‘0‘0 0‘0‘1‘1‘0‘0‘0‘0 0‘0‘0‘0‘1‘0‘0‘0 T3
FA14H,FA13H,FA12H,0‘0‘1‘0‘0 0‘0‘0‘0‘0‘0‘0‘0 0‘0‘0‘1‘0‘0‘0‘0 T4
FAllH,FAlOH,FAOFH,O‘O‘O‘l‘l 0‘1‘1‘0‘1‘0‘0‘0 0‘0‘1‘0‘0‘0‘0‘0 T5
FAOEH,FAODH,FAOCH,0‘0‘0‘1‘1 0‘0‘1‘1‘0‘0‘0‘0 0‘1‘0‘0‘0‘0‘0‘0 T6
FAOBH,FAOAH,FAOGH,1‘0‘0‘0‘0 0‘0‘0‘0‘0‘0‘0‘0 1‘0‘0‘0‘0‘0‘0‘0 T7
FAOBH,FA07H‘FA06H,0‘1‘0‘0‘0 0‘0‘1‘1‘0‘0‘0‘1 0‘0‘0‘0‘0‘0‘0‘0 T8
FAOSH,FA04H‘FA03H,O‘O‘O‘O‘O 0‘0‘1‘1‘0‘0‘1‘0 0‘0‘0‘0‘0‘0‘0‘0 T9
FAO2H, FAO1H, FAQOHf0O 1 0 0 0/O0 0O O O O 1 0 0|0 O 0O 0 O O O 0]T10
SRR RN
e ol e Ja e o)
j i |h|g |f Je |d jc |b Ja
i SUN MON TUE WED THU FRI SAT a
AL I N Y O O O 1 -
Pve e ) Jeld e
0 1 2 3 4 5 6 7 8 9 10h
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12.1 Interrupt Function Types

The following three types of interrupt functions are used.

(1)

2

-

(©)

Non-maskable interrupt

This interrupt is acknowledged unconditionally even in a disabled state. 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 request source 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 (PROL and PROH).

Multiple 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 12-1).

A standby release signal is generated.

Four external interrupt request sources and six internal interrupt request sources 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.

143



CHAPTER 12 INTERRUPT FUNCTIONS

12.2 Interrupt Sources and Configuration

A total of 12 non-maskable, maskable and software interrupts are incorporated in the interrupt sources (see Table

12-1).
Table 12-1. Interrupt Sources
Interrupt Default Interrupt Source Internal/ Vector Basic
Table Configuration
Type PriorityNote 1 | Name Trigger External Address | TypeN°e?2
Non- — INTWDT Overflow of watchdog timer Internal 0004H (A)
maskable (with watchdog timer mode 1 selected)
Maskable 0 INTWDT Overflow of watchdog timer (B)
(with internal timer mode selected)

1 INTPO Detection of pin input edge External 0006H ©)

2 INTP1 0008H

3 INTTM10 Detection of timer input edge 000AH (D)

4 INTTM11 000CH

5 INTKS Key scan timing from FIP controller/driver Internal 000EH (B)

6 INTCSI3 End of transfer of serial interface 0010H

7 INTTM50 | Coincidence of 8-bit timer (TM50) 0012H

8 INTTM51 Coincidence of 8-bit timer (TM51) 0014H

9 INTAD End of A/D conversion 0016H
Software — BRK Execution of BRK instruction — 003EH (E)

Notes 1. Iftwoor more maskable interrupt requests are simultaneously generated, they are controlled according
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to the default priority. 0 indicates the highest priority and 9 indicates the lowest.
(A) through (E) under the heading Basic Configuration Type correspond to (A) through (E) in Figure

12-1.
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Figure 12-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

S Internal Bus (

Interrupt Priority Control Vector Table
el Address
Request Circuit
Generator
Standby

Release Signal

(B) Internal maskable interrupt

S Internal Bus (
l Lo

==

Interrupt Priority Control Ve:;c:jrr;}l':sble
IF J Circuit
Request Generator
Standby

Release Signal

(C) External maskable interrupt (INTPO)

S Internal Bus (

< I R B

External interrupt
rise/fall edge enable MK IE PR ISP

register (EGP, EGN)

- Vector Table
Interrupt Edge = } Prlonct_y C(.’erI Address
Request Detector ireuit Generator
Standby

Release Signal
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Figure 12-1. Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (INTTM10, INTTM11)

Internal Bus

l

MK

IE

PR

ISP

Interrupt
Request

Edge
Detector

LL

H

(E) Software interrupt

Interrupt

Priority Control

Vector Table

- Address
- Cireuit Generator
Standby
Release Signal
Internal Bus (

Request

IF : Interrupt request flag
IE : Interrupt enabled flag
ISP: In-service priority flag

MK : Interrupt mask flag
PR : Priority specify flag
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12.3 Interrupt Function Control Registers

The following six types of registers are used to control the interrupt functions.

* Interrupt request flag register (IFOL and IFOH)
« Interrupt mask flag register (MKOL and MKOH)
« Priority specify flag register (PROL and PROH)

« External interrupt rising edge enable register (EGP)
« External interrupt falling edge enable register (EGN)

e Program status word (PSW)

Table 12-2 gives a listing of interrupt request flags, interrupt mask flags and priority specify flag names

corresponding to interrupt request sources.

Table 12-2. Various Flags Corresponding to Interrupt Request Sources

Interrupt Request Source Interrupt Request Flag Interrupt Mask Flag Priority Specify Flag
Register Register Register

INTWDT WDTIFNote IFOL WDTMKNete | MKOL WDTPRNete [ PROL

INTPO PIFO PMKO PPRO

INTP1 PIF1 PMK1 PPR1

INTTM10 TMIF10 TMMK10 TMPR10

INTTM11 TMIF11 TMMK11 TMPR11

INTKS KSIF KSMK KSPR

INTCSI3 CSIIF3 CSIMK3 CSIPR3

INTTM50 TMIF50 TMMK50 TMPR50

INTTM51 TMIF51 IFOH TMMK51 MKOH TMPR51 PROH

INTAD ADIF ADMK ADPR

Note The WDTIF, WDTMK, and WDTPR flags are interrupt control flags used when the watchdog timer is used

as an interval timer.
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(1) Interrupt request flag registers (IFOL and IFOH)

The interrupt request flag 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.

IFOL and IFOH are set with a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH are used
in combination as a 16-bit register IF0, they are set with a 16-bit memory operation instruction.

RESET input sets these registers to 00H.

Figure 12-2. Interrupt Request Flag Register Format

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address At Reset R/W
IFOL |TMIF50‘CSIIF3‘ KSIF ‘TMIFll‘TMIFlO‘ PIF1 ‘ PIFO ‘WDTIF| FFEOH 00H R/IW
7 6 5 4 3 2 <1> <0>
IFOH| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ADIF ‘TMIF51| FFE1H 00H R/W
‘ xxIF | Interrupt Request Flag
0 No interrupt request signal
1 Interrupt request signal is generated: Interrupt request state

Cautions 1. WDTIF flag is R/W enabled only when a watchdog timer is used as an interval timer. If
a watchdog timer is used in watchdog timer mode 1, set WDTIF flag to 0.
2. Be sure to set bits 2 through 7 of IFOH to 0.
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(2) Interrupt mask flag registers (MKOL and MKOH)

The interrupt mask flag is used to enable/disable the corresponding maskable interrupt service and to set

standby clear enable/disable.

MKOL and MKOH are set with a 1-bit or 8-bit memory manipulation instruction. When MKOL and MKOH are
used in combination as a 16-bit register MKO, they are set with a 16-bit memory operation instruction.

RESET input sets these registers to FFH.

Figure 12-3. Interrupt Mask Flag Register Format

Symbol <7> <6> <5> <4> <3> <2> <1> <0> Address At Reset
MKOL |TMMK50‘ CSIMKS‘ KSMK ‘TMMKIl‘TMMKlO‘ PMK1 ‘ PMKO ‘WDTMK| FFE4H FFH

7 6 5 4 3 2 <1> <0>
MKOH | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ADMK ‘TMMK51| FFE5H FFH

R/IW
R/IW

R/IW

xxMK [ Interrupt Serving and Standby Mode Control

0 Interrupt serving enabled, standby mode release enabled
1 Interrupt serving disabled, standby mode release disabled
Cautions 1. If WDTMK flag is read when a watchdog timer is used in watchdog timer mode 1, MKO
value becomes undefined.
2.

Because port 0 has a dual function as the external interrupt request input, when the

output level is changed by specifying the output mode of the port function, an interrupt

request flag is set.

Therefore, 1 should be set in the interrupt mask flag before using the output mode.

3. Be sure to set bits 2 through 7 of MKOH to 1.
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(3) Priority specify flag registers (PROL and PROH)
The priority specify flag is used to set the corresponding maskable interrupt priority orders.
PROL and PROH are set with a 1-bit or 8-bit memory manipulation instruction. When PROL and PROH are used
in combination as a 16-bit register PRO, they are set with a 16-bit memory operation instruction.
RESET input sets these registers to FFH.

Figure 12-4. Priority Specify Flag Register Format

Symbol <7>  <6> <5> <4> <3> <2> <1> <0> Address At Reset RIW

PROL |TMPR50‘CSIPR3‘ KSPR ‘TMPRII‘TMPRlO‘ PPR1 ‘ PPRO ‘WDTPR| FFESH FFH R/W
7 6 5 4 3 2 <1> <0>

PROH | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ADPR ‘TMPR51| FFESH FFH R/W

xxPR | Priority Level Selection

0 High priority level

1 Low priority level

Cautions 1.  When a watchdog timer is used in watchdog timer mode 1, set 1 in WDTPR flag.
2. Be sure to set bits 2 through 7 of PROH to 1.
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(4) External interrupt rising edge enable register (EGP)
This register specifies whether the valid edges of INTPO and INTP1 are specified to be the rising edge.

It is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 12-5. External Interrupt Rising Edge Enable Register Format

7 6 5 4 3 2 1 0 Address At Reset R/W
00H RIW

EGP| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘EGPl‘EGPO| FF48H
L]

EGPn| Enables or disables specification of rising edge
of INTPn as valid edge (n =0 or 1)
0 Disable
1 Enable

(5) External interrupt falling edge enable register (EGN)
This register specifies whether the valid edges of INTPO and INTP1 are specified to be the falling edge.

It is set by using a 1-bit or 8-bit memory manipulation instruction.
The value of this register is initialized to 00H by RESET input.

Figure 12-6. External Interrupt Falling Edge Enable Register Format

3 2 1 0 Address At Reset R/W

7 6 5 4
EGN| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘EGNl‘EGNO| FF49H 00H R/W
EGNn| Enables or disables specification of falling edge
of INTPn as valid edge (n =0 or 1)
0 | Disable
1 Enable
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(6) Program status word (PSW)

Symbol

The program status word is a register to hold the instruction execution result and the current status for interrupt
request. The IE flag to set maskable interrupt enable/disable and the ISP flag to control multiple interrupt
processing are mapped.

Besides 8-bit unit read/write, this register can carry out operations with a bit manipulation instruction and
dedicated instructions (El and DI). When a vectored interrupt request is acknowledged and the BRK instruction
is executed, the contents of the PSW is automatically saved into a stack and the IE flag is reset to (0). If a
maskable interrupt request is acknowledged, the contents of the priority specify flag of the acknowledged
interrupt are transferred to the ISP flag. The contents of the PSW 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.

Figure 12-7. Program Status Word Configuration

7 6 5 4 3 2 1 0 At Reset

PSW| IE ‘ z ‘RBSl‘ AC ‘RBSO‘ 0 ‘ ISP ‘ CYy | 02H
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‘ ‘ ‘ ‘ ‘ Used when Normal Instruction is Executed

ISP | Priority of Interrupt Currently Being Received

0 High-priority interrupt servicing
(low-priority interrupt disable)

1 Interrupt request not acknowledged or low-priority
interrupt servicing (all-maskable interrupts enable)

IE Interrupt Request Acknowledge Enable/Disable
0 Disable
1 Enable
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12.4 Interrupt Servicing Operations

12.4.1 Non-maskable interrupt request acknowledge operation

A non-maskable interrupt request is unconditionally acknowledged even if in an interrupt acknowledge 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 contents are saved in the stacks, PSW and PC, in that
order, the IE 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
RETI instruction execution) and one main routine instruction is executed. If 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.

Figure 12-8 shows the flowchart illustrating how the non-maskable interrupt request occurs and is acknowledged.
Figure 12-9 shows the acknowledge timing of the non-maskable interrupt. Figure 12-10 shows acknowledge operation
of multiple non-maskable interrupts.
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Figure 12-8. Flowchart of Occurrence and Acknowledge Non-Maskable Interrupt

WDTM4 =1
(with watchdog timer
mode selected)

Overflow in
WDT
?

WDTM3 =0
(with non-maskable
interrupt selected)

Interrupt request generation |

WDT interrupt
servicing

Interval timer

Reset processing

?

(interrupt request reserve )

Interrupt control
register unaccessed
2

( Interrupt service start )

WDTM : Watchdog timer mode register
WDT : Watchdog timer

Figure 12-9. Non-Maskable Interrupt Request Acknowledge Timing

CPU Processing Instruction

Instruction

PSW and PC Save, Jump to
Interrupt Servicing

Interrupt Servicing Program

woTiE [LT T A

An interrupt request generated during this period

is acknowledged at the timing indicated by 1.

WDTIF : Watchdog timer interrupt request flag
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Figure 12-10. 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 <1> —

1 Instruction
Execution

\

NMI Request <2>—=

/1

< NMI Request <1> Execution
NMI Request <2> Reserve

~— Reserved NMI Request <2> Processing

(b) If two non-maskable interrupt requests are generated during
non-maskable interrupt servicing program execution

( Main Routine )

NMI Request <1> —

1 Instruction
Execution

—

\

NMI Request <2> —=
NMI Request <3> —»

/)

NMI Request <1> Execution
~<— NMI Request <2> Reserve
NMI Request <3> Reserve

~— Reserved NMI Request <2> Processing

NMI request <3> is not acknowledged
(NMI request is acknowledged only once
even if it occurs two times or more).
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12.4.2 Maskable interrupt request acknowledge operation

A maskable interrupt request becomes acknowledgeable when an interrupt request flag is set to 1 and the interrupt
mask (MK) flag is cleared to 0. A vectored interrupt request is acknowledged in an interrupt enable state (with IE flag
setto 1). However, a low-priority interrupt request 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 shown in Table 12-3.

For the timing to acknowledge an interrupt request, refer to Figures 12-12 and 12-13.

Table 12-3. 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 :

(fcpu: CPU clock)
fcpu

If two or more maskable interrupt requests are generated simultaneously, the request specified for higher priority
with the priority specify flag is acknowledged first. If two or more requests are assigned the same priority by the
interrupt priority specify flag, the one with the higher default priority is acknowledged first.

Any reserved interrupt requests are acknowledged when they become acknowledgeable.

Figure 12-11 shows interrupt request acknowledge algorithms.

If amaskable interrupt request is acknowledged, the contents are saved in the stacks, in the order of program status
word (PSW), program counter (PC), the IE flag is reset to 0, and the acknowledged interrupt request priority specify
flag contents are transferred to the ISP flag. Further, the vector table data determined for each interrupt request is
loaded into PC and branched.

Restore from the interrupt is possible with the RETI instruction.
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Figure 12-11. Interrupt Request Acknowledge Processing Algorithm

(Interrupt Request
Yes  Generation)

No

(interrupt request reserve )

Yes (High Priority)

Any high-
priority interrupt request
among simultaneously generated
XxPR = 0 interrupts

Yes

( Interrupt request reserve)

No (Low Priority)

simultaneously
generated xxPR = 0
interrupt requests

Yes

( Interrupt request reserve)

simultaneously

generated high-priority

interrupt requests.
?

Yes

( Interrupt request reserve)

( Interrupt request reserve)

Vectored interrupt
servicing

No

(interrupt request reserve )

(interrupt request reserve )

Vectored interrupt
servicing

xxIF @ Interrupt request flag

xXMK : Interrupt mask flag

xxPR : Priority specify flag

IE . Flag that controls maskable interrupt request acknowledge (1 = enable, 0 = disable)

ISP : Flag indicating priority of interrupt currently processed (0 = interrupt with high priority is
processed. 1 = interrupt request is not acknowledged or interrupt with low priority
processed).
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Figure 12-12. Interrupt Request Acknowledge Timing (Minimum Time)

6 Clocks
. . . PSW and PC Save, Jump to Interrupt
CPU Processing Instruction Instruction Interrupt Servicing %mfm
/L
xxIF [T TN T T \
(xxPR =1) | )] ‘
‘ 8 Clocks ‘
/L
xxIF [T N T TTTT \
(xxPR = 0) | ! \
‘ 7 Clocks ‘
Remark 1 clock : (fcpu: CPU clock)
cPU
Figure 12-13. Interrupt Request Acknowledge Timing (Maximum Time)
25 Clocks 6 Clocks
i i Wi : PSW and PC Save, Jump to [ Interrupt
CPU Processing Instruction Divide Instruction Interrupt Servicing iir)\grc;nmg

/

i [TTTTTT\TT7 \
\

(xxPR = 1) '
‘ 33 Clocks }
e [TTNTTTTTT777 \4
} 32 Clocks }

Remark 1 clock :

(fcpu: CPU clock)
fcpu

12.4.3 Software interrupt request acknowledge operation

A software interrupt request is acknowledged by BRK instruction execution. Software interrupt cannot be disabled.

If a software interrupt request is acknowledged, it is saved in the stacks, program status word (PSW), program
counter (PC), in that order, the |E flag is reset to 0 and the contents of the vector tables (003EH and 003FH) are loaded
into PC and branched.

Return from the software interrupt is possible with the RETB instruction.

Caution Do not use the RETI instruction for returning from the software interrupt.
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12.4.4 Multiple interrupt servicing

Acknowledging another interrupt while one interrupt is processed is called multiple interrupts.

A multiple interrupt is not generated unless acknowledge of the interrupt request is enabled (IE = 1) (except the
non-maskable interrupt). When an interrupt request is acknowledged, the other interrupt requests are disabled (IE
=0). Toenable a multiple interrupt, therefore, the IE flag must be set to 1 by executing the Elinstruction during interrupt
servicing and the interrupt must be enabled. Even in the El status, a multiple interrupt may not be enabled. In such
a case, it is controlled according to the priority of the interrupt. An interrupt has two types of priorities: default priority
and programmable priority. The multiple interrupt is controlled by the programmable priority.

In the El status, if an interrupt request having the same as or higher priority than that of the interrupt currently
processed is generated, and it is acknowledged as the multiple interrupt. If an interrupt request with a priority lower
than that of the interrupt currently processed is generated, the multiple interrupt is not acknowledged.

If an interrupt is disabled, or if a multiple interrupt is not acknowledged because it has a low priority, the interrupt
is kept pending. After the processing of the current interrupt has been completed, and after one instruction of the
main processing has been executed, the pending interrupt is acknowledged.

Multiple interrupts are not acknowledged while the non-maskable interrupt is processed.

Table 12-4 shows interrupt requests enabled for multiple interrupts. Figure 12-14 shows multiple interrupt
examples.

Table 12-4. Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing

Multiple Interrupt Request Non-maskable Maskable Interrupt Request
Interrupt Request xx PR=0 xx PR=1
Interrupt being Serviced IE=1 IE=0 | IE=1 IE=0
Non-maskable interrupt X X X X X
Maskable interrupt ISP=0 o o X X x
ISP=1 (@] (@] X (@] X
Software interrupt (e} (e} x (e} X

Remarks 1. O: Multiple interrupt enable

% : Multiple interrupt disable

2. ISP and IE are flags included in PSW.
ISP =0 : High-priority interrupt servicing
ISP =1 : Interrupt request is not acknowledged or low-priority interrupt servicing
IE=0 : Interrupt request acknowledge disabled
IE=1 : Interrupt request acknowledge enabled

3. xxPRis a flag included in PROL and PROH.
xxPR = 0: High-priority flag
xxPR = 1: Low-priority flag
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Figure 12-14. Multiple Interrupt Examples

Example 1. Two multiple interrupts are generated.

Main Processing INTxx INTyy INTzz
Servicing Servicing Servicing

[= ]

INTXX —
(PR=1)

Two interrupt requests INTyy and INTzz are acknowledged and multiple interrupts are generated while interrupt
INTxx request is processed. Before each interrupt request is acknowledged, the El instruction is always issued and
the interrupt request is enabled.

Example 2. Multiple interrupt is not generated because of its priority.
Main Processing INTXx INTyy

Servicing Servicing
El IE=0

INTXX —
(PR=0)

1 Instruction
Execution

INTyy that occurs while INTxx is processed is not acknowledged and a multiple interrupt is not generated, because
the priority of INTyy is lower than that of INTxx. INTyy is reserved and is acknowledged after one instruction of the
main processing has been executed.

PR = 0: High-priority interrupt

PR =1: Low-priority interrupt
IE =0 : Interrupt acknowledge disabled
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Example 3. Multiple interrupt is not generated because an interrupt is not processed.

Main Processing INTxx INTyy
Servicing Servicing

INTXX —>
(PR =0) RETI

1 Instruction
Execution

Because interrupts are not enabled (the El instruction is not issued) in interrupt processing INTxx, interrupt request
INTyy is not accepted, and therefore, the interrupt is not nested. INTyy request is kept pending, and is accepted after
main processing 1 instruction has been executed.

PR =0 : High priority level
IE =0 : Disables accepting interrupt request
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12.4.5 Interrupt request reserve
Some instructions keep the acceptance of an interrupt request, if one occurs, pending until execution of the next
instruction is completed. These instructions (that keep interrupt requests pending) are listed below.

e MOV PSW, #byte

« MOV A, PSW

« MOV PSW, A

¢ MOV1 PSW.bit, CY

« MOV1 CY, PSW.bit

« AND1 CY, PSW.bit

« OR1 CY, PSW.bit

e XOR1l CY, PSW.bit

e SET1 PSW.hit

e CLR1 PSW.hit

e RETB

e RETI

* PUSH PSW

« POP PSW

« BT PSW.bit, $addr16
e BF PSW.bit, $addr16
e BTCLR PSW.bit, $addr16
e EI

« DI

e Manipulation instructions for IFOL, IFOH, MKOL, MKOH, PROL, PROH, and INTMO registers

Caution The BRK instruction is not included in the above list of instructions. The software interrupt that
is started by execution of the BRK instruction, however, clears the IE flag to 0. Therefore, even
if a maskable interrupt request is generated while the BRK instruction is being executed, the
interrupt request is not accepted. However, a non-maskable interrupt request is accepted.

Figure 12-15 shows the timing at which an interrupt request is reserved.

Figure 12-15. Interrupt Request Reserve

PSW and PC Save, Jump to Interrupt Servicing

CPU Processing Instruction N Instruction M Interrupt Servicing Program

wE [ \

Remarks 1.  Instruction N : Interrupt request reserve instruction
2. Instruction M : Instruction except interrupt request reserve instructions
3. Operation of xxIF (interrupt request) is not effected by xxPR (priority level) value.
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13.1 Standby Function and Configuration

13.1.1 Standby function
The standby function is intended to decrease the 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.
The system clock oscillator continues oscillating. In this mode, the 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. Inthe STOP mode, the main system clock oscillator stops
and the whole system stops. The 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 the 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 held.

Cautions 1. When proceeding to the STOP mode, be sure to stop the peripheral hardware operation and

execute the STOP instruction.

2. In order to decrease the power consumption in the A/D converter, clear bit 7 (CS0) in the A/
D converter mode register (ADMO) to 0 and stop A/D conversion operation before executing
a HALT or STOP instruction.
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13.1.2 Standby function control register
The wait time after the STOP mode is cleared upon interrupt request until the oscillation stabilizes is controlled
with the oscillation stabilization time select register (OSTS).

OSTS is set with a 1-bit/8-bit memory manipulation instruction.
RESET input sets OSTS to 04H. Therefore, when the STOP mode is cleared with RESET input, the time until it
* s cleared is 26/fx.

Symbol

OSTS

Figure 13-1. Oscillation Stabilization Time Select Register Format

7 6 5 4 3 2 1 0 Address At Reset R/W
0 0 0 0 0 |OSTS2|0STS1|0STSO[  FFFAH 04H RIW
L T 7
OSTSZOSTSIIOSTSOl Lo op mode cear

0 0 0 | 2wix (410 ps)

0 0 1 | 223x (1.64 ms)

0 1 0 | 2w (3.28 ms)

0 1 1 | 215/« (6.55 ms)

1 0 0 | 2/x (13.1 ms)

Others Setting prohibited

Caution The wait time after STOP mode clear does not include the time (see “a” below) from STOP mode

clear to clock oscillation start, regardless of clearance by RESET input or by interrupt request

STOP Mode Clear

generation.
X1 Pin
Voltage
Waveform
Vss
Remarks 1. fx: Main system clock frequency
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13.2 Standby Function Operations
13.2.1 HALT mode
(1) HALT mode set and operating status
The HALT mode is set by executing the HALT instruction.

The operating status in the HALT mode is described below.

Table 13-1. HALT Mode Operating Status

Iltem Operating status

Clock Generator Oscillation enabled.
Clock supply to the CPU stops.

8-bit PWM timer

Watchdog timer

A/D converter

Serial interface

CPU Operation stop.
Port (output latch) Status before HALT instruction execution is held.
8-bit remote control timer Operation enabled.

FIP controller/driver Operation disabled.

External interrupt request Operation enabled.
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(2) HALT mode clear

The HALT mode can be cleared with the following three types of sources.

(a) Clear upon unmasked interrupt request

An unmasked interrupt request is used to clear the HALT mode. If interrupt request acknowledge is

enabled, vectored interrupt service is carried out. If disabled, the next address instruction is executed.

Figure 13-2. HALT Mode Clear upon Interrupt Request Generation

HALT
Instruction Wait ‘
Standby l T
Release Signal :
Operating . -
Mode HALT Mode Wait Operating Mode
! !
Clock Oscillation
Remarks 1.

The broken line indicates the case when the interrupt request which has cleared the
standby status is acknowledged.

2. Wait time will be as follows:

* When vectored interrupt service is carried out : 8 to 9 clocks
* When vectored interrupt service is not carried out : 2 to 3 clocks
(b) Clear upon non-maskable interrupt request

The HALT mode is cleared and vectored interrupt service is carried out whether interrupt request
acknowledge is enabled or disabled.
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(c) Clear upon RESET input
As is the case with normal reset operation, a program is executed after branch to the reset vector address.

Figure 13-3. HALT Mode Release by RESET Input

\ TALtT Wait
nstruction (28/fx: 13.1 ms)
] ,,
RESET (€
Signal
Oscillation
Operating Reset Stabilization Operating
Mode ‘ HALT Mode Period Wait Status Mode
‘ Oscillation
Clock Oscillation stop Oscillation
Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.
Table 13-2. Operation after HALT Mode Release
Release 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
RESET input — — X X Reset processing

x: Don’t care
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13.2.2 STOP mode

(1) STOP mode set and operating status

The STOP mode is set by executing the STOP instruction.

Cautions 1. Whenthe STOP mode is set, X2 pinisinternally pulled-up to V pp1to suppress the leakage
at the crystal oscillator.

Thus, do not use 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.
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Table 13-3. STOP Mode Operating Status

Item

Operating status

Clock Generator

Oscillation stop.

CPU

Operation stop.

Output port (output latch)

Status before STOP mode setting is held.

8-bit remote control timer

8-bit PWM timer

Watchdog timer

AID converter

Operation stop.

Serial interface

Operation enabled only when external input clock is selected as serial clock.

FIP controller/driver

Operation disabled.

External interrupt request

Operation enabled.
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(2) STOP mode release

The STOP mode can be cleared with the following two types of sources.

(a) Release by unmasked interrupt request

An unmasked interrupt request is used to release the STOP mode. If interrupt request acknowledge is
enabled after the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt
request acknowledge is disabled, the next address instruction is executed.

Figure 13-4. STOP Mode Release by Interrupt Request Generation

Wait
STOP (Time set by OSTS)
Instruction

)
Standby 1(§ '
Release Signal !

Operating Oscillation Stabilization Operating
Mode STOP Mode Wait Status Mode
Oscillation
Clock Oscillation Stop Oscillation

Remark The broken line indicates the case when the interrupt request which has cleared the standby

status is acknowledged.
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(b) Release by RESET input
The STOP mode is cleared and after the lapse of oscillation stabilization time, reset operation is carried
out.

Figure 13-5. Release by STOP Mode RESET Input

Wait
STOP (216t 13.1 ms)
Instruction

¢ ))

RESET (
Signal

Oscillation
Operating Reset Stabilization Operating
Mode STOP Mode ‘ Period Wait Status Mode
Clock Oscillation Oscillation Stop Oscillation

Remarks 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 5.0 MHz.

Table 13-4. Operation after STOP Mode Release

Release 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

RESET input — — X X Reset processing

x: Don't care
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14.1 Reset Function
The following two operations are available to generate the reset signal.

(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 14-1. 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 pin, the reset is cleared and program execution starts after the lapse of
oscillation stabilization time (216/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 (21/fx) (see Figures 14-2 to 14-

4).

Cautions 1. For an external reset, input a low level for 10 s or more to the RESET pin.

2. When the STOP mode is cleared by reset, the STOP mode contents are held during reset

input. However, the port pin becomes high-impedance.

Figure 14-1. Block Diagram of Reset Function

Control Circuit

RESET © ; e Reset

Count Clock Watchdog Timer

Overflow

T Stop

Reset
Signal

Interrupt
Function
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RESET

Internal
Reset Signal

Port Pin

X1

Watchdog
Timer Overflow

Internal
Reset Signal

Port Pin

X1

RESET
Internal

Reset Signal

Port Pin
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Figure 14-2. Timing of Reset Input by RESET Input
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Figure 14-3. Timing of Reset due to Watchdog Timer Overflow

NAVAVAVAEEV U VAWAWAN

. Oscillation -
. Reset Period P Normal Operation
Normal Operation — - . —»|«— Stabilization —»}«— ;
! (Oscillation Stop) Time Wait (Reset Processing)
—\ |
I I
| |
I I
I T
| |
I I
. |
\—/
I I
| |
I I
I I
Hi-Z

Figure 14-4. Timing of Reset in STOP Mode by RESET Input
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Table 14-1. Hardware Status after Reset

Hardware Status after Reset
Program counter (PC)Note Contents of reset vector table
(O000H, 0001H) are set
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2
General-purpose register UndefinedNote 2
Port (output latch) Ports 0-2, ports 4-10 (PO-P2, P4-P10) 00H
Port read (PLR7-PLR9) Undefined
Port mode register (PMO, PM2, PM4-PM6) FFH
Pull-up resistor option register (PUO, PU2, PU4) 00H
Processor clock control register (PCC) 04H
Memory size select register (IMS) CCHNote 3
Internal expansion RAM size select register (IXS) OCHNote 4
Oscillation stabilization time select register (OSTS) 04H
8-bit remote control timer Capture registers (CP10, CP11) 00H
Mode control register (TMC1) 00H
8-bit PWM timer Timer registers (TM50, TM51) 00H
Compare registers (CR50, CR51) Undefined
Mode control registers (TMC50, TMC51) 04H
Clock select registers (TCL50, TCL51) 00H
Watchdog timer Clock select register (WDCS) 00H
Mode register (WDTM) 00H
A/D converter Conversion result register (ADCRHO) Undefined
Mode register (ADMO) 00H
Analog input channel specification register (ADSO0) 00H
Serial interface Shift register (SIO3) Undefined
Mode register (CSIM3) 00H
FIP controller/driver Display mode register 0 (DSPMO) 10H
Display mode register 1 (DSPM1) 01H
Display mode register 2 (DSPM2) 00H
Interrupt External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H
Request flag registers (IFOL, IFOH) 00H
Mask flag registers (MKOL, MKOH) FFH
Priority specification flag registers (PROL, PROH) FFH

Notes 1. Of the hardware units, only the contents of the PC are undefined during reset input or oscillation
stabilization time wait. The statuses of the other hardware units are the same as those after reset.

2. The status after reset is retained in the standby mode.
Be sure to set CFH when using the uPD780228.
After reset, be sure to set this bit to 0BH.
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The uPD78F0228 has a flash memory to which a program can be written or whose contents can be erased with
the device mounted on the PC board of the target system. Table 15-1 shows the differences between the flash memory

model (uPD78F0228) and mask ROM models (uPD780226 and 780228).

Table 15-1. Differences between pPD78F0228 and Mask ROM Models

Item

1PD78F0228

Mask ROM Models

Internal ROM structure

Flash memory

Mask ROM

to P70 through P77, P80 through P87, P90
through P97, and P100 through P107

Internal ROM capacity 60K bytes uPD780226: 48K bytes
uPD780228: 60K bytes

Changing internal ROM capacity by memory PossibleNote Impossible

size select register (IMS)

Internal expansion RAM size select register (IXS) | Provided Not provided

IC pin Not provided Provided

Vee pin Provided Not provided

Mask option of connecting pull-up resistors Not provided Provided

to P50 through P57 and P60 through P67

Mask option of connecting pull-down resistors | Not provided Provided

Note The flash memory capacity is set to 60K bytes by RESET input.

Caution The flash memory model and mask ROM model differ in terms of noise immunity. When replacing
a flash memory model with a mask ROM model in the course of experimental production to mass
production, make a thorough evaluation with a CS model (not ES model) of the mask ROM model.
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15.1 Memory Size Select Register

The uPD78F0228 can select the internal memory capacities by using the memory size select register (IMS). By
setting IMS, the memory mapping of the uPD78F0228 can be made the same as that of a mask ROM model with

different internal memory capacities.

To make the memory map of the uPD78F0228 the same as that of a mask ROM model, set IMS as shown in Table

15-2.
IMS is set by using an 8-bit memory manipulation instruction.
The value of this register is set to CCH by RESET input.

Figure 15-1. Memory Size Select Register Format

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

IMS | RAM2 ‘ RAM1 ‘ RAMO ‘ 0 ‘ ROM3 ‘ ROM2 ‘ ROM1 ‘ ROMO | FFFOH CCH R/IW

RAM2 | RAM1 | RAMO Selects internal high-speed RAM capacity
1 1 0 1024 bytes

Others Setting prohibited

ROM3 | ROM2 | ROM1 | ROMO Selects internal ROM capacity
1 1 0 0 48K bytes
1 1 1 1 60K bytes

Others Setting prohibited

Caution When using a mask ROM model, do not set a value other than those shown in Table 15-2 to IMS.

Table 15-2. Set Value of Memory Size Select Register

Part Number Set Value of IMS
1PD780226 CCH
1PD780228 CFH
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* 15.2 Internal Expansion RAM Size Select Register
The internal expansion RAM size select register (IXS) specifies the internal expansion RAM capacity.
IXS is set by using an 8-bit memory manipulation instruction.

The value of this register is set to OCH by RESET input.

Caution Besuretoset0BHtoIXSintheinitial settings of the program. Because IXSis setto 0CH at RESET,
be sure to set the register to OBH again after reset.

Figure 15-2. Internal Expansion RAM Size Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address At Reset R/W
IXS | 0 ‘ 0 ‘ 0 ‘ IXRAM4‘ IXRAM3‘ IXRAMZ‘ IXRAMl‘ IXRAMO| FFF4H OCH R/W
IXRAM4 | IXRAM3| IXRAM2| IXRAM1| IXRAMO Selects internal expansion RAM capacity
0 1 0 1 1 512 bytes
Others Setting prohibited

IXS is not provided on the uPD780226 and 780228.

However, the operation is not affected even if an instruction that writes data to IXS is executed on the uPD780226
and 780228.
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15.3 Flash Memory Programming

The flash memory can be written with the device mounted on the target system (on-board). To write the flash
memory, connect a dedicated flash writer (Flashpro II: part number FL-PR2) to the host machine and target system.
The flash memory can be also written on a flash memory writing adapter connected to the Flashpro II.

Remark Flashpro Il is a product of Naito Densei Machida Mfg. Co., Ltd.
15.3.1 Selecting communication mode

The flash memory is written by using the Flashpro Il and by means of serial communication. Select one of the
communication modes listed in Table 15-3 to write the flash memory. To selecta communication mode, use the format

shown in Figure 15-3. Each communication mode is selected by the number of Vr-p pulses shown in Table 15-3.

Table 15-3. Communication Modes

Communication Mode Number of Channels Pin Used Number of Ve-r Pulses
3-wire serial I/0 1 SCK/P20 0
SO/P21
SI/P22
Pseudo 3-wire serial I/ONote | 1 P40 (serial clock 1/0) 12
P41 (serial data output)
P42 (serial data input)

Note Execute serial transfer by controlling the ports by software.
Caution Be sure to select a communication mode with the number of V p-p pulses shown in Table 15-3.

Figure 15-3. Communication Mode Select Format

Vep pulses
I
I I N

10V g—|_|—
Vep Voo
((
))

Voo
I
RESET U
Vss I Flash memory writing mode
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15.3.2 Function of flash memory programming
By transmitting/receiving commands/data in the selected communication mode, operations of the flash memory
such as writing are performed. Table 15-14 lists the major functions of the flash memory programming.

Table 15-4. Major Functions of Flash Memory Programming

Function

Description

Reset

Used to stop writing or detect communication synchronization

Batch verify

Compares all memory contents with input data

Batch erase

Erases all memory contents

Batch blank check

Checks erased status of entire memory

High-speed write

Writes flash memory based on write start address and number of written data (number of bytes)

Successive write

Successively writes based on information input in high-speed write mode

Status

Used to check current operation mode and end of operation

Oscillation frequency setting

Inputs frequency information on oscillator

Erase time setting

Inputs erase time of memory

Silicon signature read

Outputs device name, memory capacity, and block information of device
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15.3.3 Connection of Flashpro Il

Connection between the Flashpro Il and uPD78F0228 differs depending on the selected communication mode.

Figures 15-4 and 15-5 show the connections in the respective mode.
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Figure 15-4. Connection of Flashpro Il in 3-Wire Serial I/O Mode

Flashpro Il

uPD78F0228

Flashpro Il

SCK
SO

Sl

Figure 15-5. Connection of Flashpro Il in Pseudo 3-Wire Serial /O Mode

UPD78F0228

Vep

Voo

RESET

P40 (serial clock)

P42 (serial input)

P41 (serial output)

Vss




CHAPTER 16 INSTRUCTION SET

The instruction set for the uPD780228 subseries is described in the following pages. For the details of operations
and mnemonics (instruction codes) of each instruction, refer to 78K/0 Series User's Manual: Instructions
(U12326E).
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16.1 Legend

16.1.1 Operand identifiers and description methods

Operands are described in the “Operand” column of each instruction in accordance with the description method
of the instruction operand identifier (refer to the assembler specifications for detail). 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. Symbols have the following meaning.

* # : Immediate data specification
e | : Absolute address specification

* $ : Relative address specification
* [ ]: 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 [ ] symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in

parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 16-1. Operand Identifiers and Description Methods

Identifier Description Method
r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
rp AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbolNote
sfrp Special function register symbols (16-bit manipulatable register even addresses only)N°®
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1FH Immediate data or labels (even addresses only)
addrl6 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addrll 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH Immediate data or labels (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note FFDOH to FFDFH are not addressable.

Remark For special-function register symbols, refer to Table 3-3 Special Function Register List

182




CHAPTER 16 INSTRUCTION SET

16.1.2 Description of “operation” column

A . A register; 8-bit accumulator

X . Xregister

B . B register

C . C register

D . D register

E . E register

H . Hregister

L . L register

AX . AX register pair; 16-bit accumulator
BC : BC register pair

DE . DE register pair

HL . HL register pair

PC : Program counter

SP : Stack pointer

PSW . Program status word

CY . Carry flag

AC . Auxiliary carry flag

z . Zero flag

RBS . Register bank select flag

IE . Interrupt request enable flag

NMIS : Non-maskable interrupt servicing flag
() : Memory contents indicated by address or register contents in parentheses
XH, XL : Higher 8 bits and lower 8 bits of 16-bit register
A . Logical product (AND)

v . Logical sum (OR)

v . Exclusive logical sum (exclusive OR)
—_— . Inverted data

addr16 1 16-bit immediate data or label

jdisp8 : Signed 8-bit data (displacement value)

16.1.3 Description of “flag operation” column

(Blank) : Unchanged

0 . Cleared to O

1 : Setto 1

X . Set/cleared according to the result
R . Previously saved value is restored
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16.2 Operation List

Instruction [Mnemonic Operands Byte Clock Operation Flag
Group Note 1 | Note 2 Z ACCY
r, #byte 2 4 — r « byte
saddr, #byte 3 6 7 (saddr) « byte
sfr, #byte 3 — 7 sfr « byte
Ar Note 3 1 2 — Acer
rA Note 3 1 2 — r—A
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 — 5 A « sfr
sfr, A 2 — 5 sfr « A
A, laddrl6 3 8 9 A « (addrl6)
laddr16, 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
8.bit A, [DE] 1 4 5 A « (DE)
data [DE], A 1 4 5 (DE) « A
transfer A, [HL] 1 4 5 A« (HL)
[HL], A 1 4 5 (HL) « A
A, [HL+byte] 2 8 9 A < (HL + byte)
[HL+byte], A 2 8 9 (HL + byte) « A
A, [HL+B] 1 6 7 A« (HL + B)
[HL+B], A 1 6 7 (HL + B) < A
A, [HL+C] 1 6 7 A« (HL+C)
[HL+C], A 1 6 7 (HL +C) « A
A r Note3 | 1 2 — Aer
A, saddr 2 4 6 A < (saddr)
A, sfr 2 — 6 A > sfr
A, laddr16 3 8 10 A < (addrl6)
XCH A, [DE] 1 4 6 A & (DE)
A, [HL] 1 4 6 A & (HL)
A, [HL+byte] 2 8 10 A & (HL + byte)
A, [HL+B] 2 8 10 Ao (HL +B)
A, [HL+C] 2 8 10 A (HL +C)
Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

3.

Exceptr = A

Remark One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
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Instruction [Mnemonic Operands Byte Clock Operation Flag
Group Note 1 | Note 2 Z AC CY
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)
16-bit saddrp, AX 2 6 8 (saddrp) « AX
data MOVW AX, sfrp 2 — 8 AX « sfrp
transfer sfrp, AX 2 — 8 sfrp « AX
AX, p Note 3 1 4 — AX < 1p
rp, AX Note 3 1 4 — p « AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 10 12 (addr16) « AX
XCHW | AX, rp Noe3 | 1 4 — AX & 1p
A, #byte 2 4 — A, CY < A + byte X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Note 4 2 4 — ACY «A+r X X X
r, A 2 4 — nCY «r+A X X X
ADD A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddrl6 3 8 9 A, CY « A + (addrl6) X X X
A, [HL] 1 4 5 A, CY « A+ (HL) X X X
A, [HL+byte] 2 8 9 A, CY « A+ (HL + byte) X X X
A, [HL+B] 2 8 9 A, CY « A+ (HL + B) x x X
8-bit A, [HL+C] 2 8 9 A, CY « A+(HL+CQC) X X X
operation A, #byte 2 4 — | A/CY < A+byte +CY x X x
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Note 4 2 4 — A, CY « A+r+CY X X X
r, A 2 4 — nCY «<r+A+CY X X X
ADDC A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddrl6 3 8 9 A, CY « A + (addrl6) + CY X X X
A, [HL] 1 4 5 A, CY « A+ (HL) + CY X X X
A, [HL+byte] 2 8 9 A, CY « A+ (HL + byte) + CY X X X
A, [HL+B] 2 8 9 A, CY « A+ (HL+B)+CY X X X
A, [HL+C] 2 8 9 A, CY « A+ (HL+C)+CY X X X

Notes 1. When the internal high-speed RAM area is accessed or 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 One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
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Instruction [Mnemonic Operands Byte Clock Operation Flag
Group Note 1 | Note 2 Z AC CY
A, #byte 2 4 — A, CY « A - byte X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Note 3 2 4 — A CY «A-r X X X
rA 2 4 — nCY «r—-A X X X
suB A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, 'addrl6 3 8 9 A, CY « A — (addrl6) X X X
A, [HL] 1 4 5 A, CY « A— (HL) x X X
A, [HL+byte] 2 8 9 A, CY « A — (HL + byte) X X X
A, [HL+B] 2 8 9 A, CY « A—-(HL +B) X X X
A, [HL+C] 2 8 9 A, CY « A—(HL +C) X X X
A, #byte 2 4 — A, CY « A —byte - CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Note 3 2 4 — A CY «A-r-CY X X X
rA 2 4 — CY «r-A-CY X X X
8—biF SUBC A, saddr 2 4 5 A, CY « A —(saddr) - CY X X X
operation A, laddr16 3 8 9 | A CY « A (addrl6) - CY X X x
A, [HL] 1 4 5 A, CY « A—(HL)-CY X X X
A, [HL+byte] 2 8 9 A, CY « A—(HL + byte) - CY X X X
A, [HL+B] 2 8 9 A, CY « A—(HL + B) - CY X X X
A, [HL+C] 2 8 9 A, CY « A—(HL+C)-CY X X X
A, #byte 2 4 — A « A A byte X
saddr, #byte 3 6 8 (saddr) « (saddr) A byte X
A r Note3 | 2 4 — A AAnr X
rA 2 4 — re<raA X
AND A, saddr 2 4 5 A < A A (saddr) X
A, laddr16 3 8 9 A « A A (addr16) x
A, [HL] 1 4 5 A« A A (HL) x
A, [HL+byte] 2 8 9 A <« A A (HL + byte) X
A, [HL+B] 2 8 9 A« AA(HL+B) x
A, [HL+C] 2 8 9 A« AA(HL+C) x

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).

186



CHAPTER 16

INSTRUCTION SET

Instruction [Mnemonic Operands Byte Clock Operation Flag
Group Note 1 | Note 2 Z AC CY
A, #byte 2 4 — A « A v byte X
saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar Note 3 2 4 — A—Avr x
rA 2 4 — rervA X
OR A, saddr 2 4 5 A « A v (saddr) X
A, laddrl6 3 8 9 A « A v (addrl6) X
A, [HL] 1 4 5 A« Av(HL) x
A, [HL+byte] 2 8 9 A < A v (HL + byte) X
A, [HL+B] 2 8 9 A« Av (HL+B) x
A, [HL+C] 2 8 9 A« Av (HL+C) x
A, #byte 2 4 — A « A v byte X
saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar Note 3 2 4 — A—Awvr X
r A 2 4 — rer~A X
8—bi_t XOR A, saddr 2 4 5 A < A v (saddr) X
operation A, laddri6 3 8 9 A« A v (addr16) x
A, [HL] 1 4 5 A« Av(HL) x
A, [HL+byte] 2 8 9 A « A v (HL + byte) x
A, [HL+B] 2 8 9 A« Av (HL+B) x
A, [HL+C] 2 8 9 A A~ (HL+C) x
A, #byte 2 4 — A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Note 3 2 4 —_ A-r X X X
rA 2 4 — r-A X X X
CMP A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9 A — (addr16) X X X
A, [HL] 1 4 5 A — (HL) X X X
A, [HL+byte] 2 8 9 A — (HL + byte) X X X
A, [HL+B] 2 8 9 A - (HL + B) X X X
A, [HL+C] 2 8 9 A-(HL+C) X X X

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access

2. When an area except the internal high-speed RAM area is accessed

3. Exceptr=A

Remark One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control

register (PCC).

187



CHAPTER 16 INSTRUCTION SET

Instruction [Mnemonic Operands Byte Clock Operation Flag
Group Note 1 | Note 2 Z AC CY
ADDW AX, #word 3 6 — AX, CY « AX + word X X X
16—b!t SUBW AX, #word 3 6 — AX, CY « AX —word X X X
operation
CMPW AX, #word 3 6 — AX — word X X X
Multiply/ | MULU X 2 16 — AX «AXx X
divide | pvuw | c 2 25 — | AX(Quotient), C (Remainder) « AX + C
INC r 1 2 — rer+1 X X
saddr 2 4 6 (saddr) « (saddr) + 1 X X
Increase/ | pee r 1 2 — rer-1 X X
decrease saddr 2 4 6 (saddr) « (saddr) — 1 X %
INCW p 1 4 — mermp+l
DECW p 1 4 — mpermp-1
ROR Al 1 2 — (CY, A7 « Ao, Am-1 « Am) x 1 X
ROL Al 1 2 — (CY, Ao « A7, Am+1 « Am) x 1 X
RORC A 1 1 2 — (CY « Ao, A7 « CY, Am-1 < Am) x 1 X
. ROLC Al 1 2 — (CY « A7, Ao <~ CY, Am+1 < Am) x 1 X
Rotation
ROR4 (HL} 5 10 12 A3-0 « (HL)3-0, « (HL)7-4 « As-o,
(HL)3-0 « (HL)7-4
A3-0 « (HL)7-4, « (HL)3-0 « A3-o,
ROL4 [HL] 2 10 12
(HL)7-4 « (HL)3-0
ADIBA 2 4 o Decimal Adjust Accumulator after % x
BCD Addition
i Decimal Adjust Accumulator after
correction | Apass 2 4 — ! 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
i CY, [HL].bit 2 6 7 CY « (HL).bit X
Bt | yovt HL] (HL)
manipulation saddr.bit, CY 3 6 8 (saddr.bit) « CY
sfr.bit, CY 3 — 8 sfr.bit « CY
A.bit, CY 2 4 — A.bit « CY
PSW.bit, CY 3 — 8 PSW.bit « CY X X
[HL].bit, CY 2 6 8 (HL).bit « CY

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instruction [Mnemonic Operands Byte Clock Operation Flag
Group Note 1 | Note 2 Z AC CY
CY, saddr.bit 3 6 7 CY « CY A (saddr.bit) X
CY, sfr.bit 3 — 7 CY « CY A sfr.bit X
AND1 CY, A.bit 2 4 — CY « CY A A.bit X
CY, PSW.bit 3 — 7 CY « CY A PSW.bit X
CY, [HL].bit 2 6 7 CY « CY A (HL).bit X
CY, saddr.bit 3 6 7 CY « CY v (saddr.bit) X
CY, sfr.bit 3 — 7 CY « CY v sfr.bit X
OR1 CY, A.bit 2 4 —_ CY « CY v Abit X
CY, PSW.bit 3 — 7 CY « CY v PSW.bit X
CY, [HL].bit 2 6 7 CY « CY v (HL).bit x
CY, saddr.bit 3 6 7 CY « CY + (saddr.bit) X
CY, sfr.bit 3 — 7 CY « CY v sfr.bit X
XOR1 CY, A.bit 2 4 — CY « CY ~ Abit X
Bit CY, PSW.bit 3 — 7 | CY « CY v PSW.bit x
manipulation CY, [HL].bit 2 6 7 CY « CY ~ (HL).bit X
saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 — 8 sfr.bit « 1
SET1 A.bit 2 4 — Abit « 1
PSW.bit 2 — 6 PSW.bit « 1 X X X
[HL].bit 2 6 8 (HL).bit « 1
saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 — 8 sfr.bit «<- 0
CLR1 A.bit 2 4 —_ A.bit <0
PSW.bit 2 — 6 PSW.bit «- 0 X X X
[HL].bit 2 6 8 (HL).bit < 0
SET1 CY 1 2 — CY«1 1
CLR1 CY 1 2 — CY« 0 0
NOTL | cY 1 2 — |cryecy x
Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock control
register (PCC).
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Instruction [Mnemonic Operands Byte Clock Operation Flag
Group Note 1 | Note 2 Z AC CY
(SP - 1) « (PC + 3)H,
CALL laddrl6 3 7 — (SP - 2) « (PC + 3)L, PC « addrl6,
SP «SP -2

(SP —1) « (PC + 2)H,
CALLF laddr1l 2 5 — (SP - 2) « (PC + 2)L, PC15-11 < 00001,
PC10-0 « addrll, SP « SP -2

(SP = 1) « (PC + 1)H,

(SP —2) « (PC +1 )L,

call CALLT [addr5] 1 6 —_ PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5)

SP «SP -2

return

(SP —1) « PSW, (SP — 2) « (PC + 1)H,
BRK 1 6 — | (8P =3) « (PC + 1)L, PCH « (003FH),
PCL « (003EH), SP « SP -3, IE < 0

PCH « (SP + 1), PCL « (SP),

RET 1 6 - SP « SP +2
PCH « (SP + 1), PCL « (SP),
RETI 1 6 — PSW « (SP + 2), SP « SP + 3, R R R

NMIS « 0

RETB 1 6 | PCH e (SP+1), PCL« (SP), R R R
PSW « (SP +2), SP « SP + 3

PSW 1 2 — (SP-1) « PSW,SP « SP-1
PUSH SP — 1) « rpH, (SP - 2) « rpL,
® ! 4 - (SP s)Pe 2p SR
Stack oo
manipulation PSW 1 2 — PSW « (SP), SP « SP + 1 R R R
POP P 1 4 o rpH < (SP + 1), rpL « (SP),
SP « SP +2
SP, #word 4 — 10 SP « word
MOVW SP, AX 2 — 8 SP « AX
AX, SP 2 — 8 AX « SP
laddrl6 3 6 — PC « addrl16
Unconditional .
BR $addr16 2 6 — PC « PC + 2 jdisp8
branch
AX 2 8 — PCH « A, PCL« X
BC $addri6 2 6 — PC « PC + 2 jdisp8 if CY = 1
Conditional| BNC $addr16 2 6 — PC « PC + 2 jdisp8 if CY = 0
branch | Bz $addr16 2 6 — PC « PC + 2 jdisp8ifZ=1
BNZ $addr16 2 6 — PC « PC +2jdisp8if Z=0

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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Instruction [Mnemonic Operands Byte Clock Operation Flag

Group Note 1 | Note 2 Z AC CY

saddr.bit, $addr16 8 9 PC « PC + 3 + jdisp8 if(saddr.bit) = 1
sfr.bit, $addr16 — 11 PC « PC + 4 + disp8 if sfr.bit =1

BT A.bit, $addr16 8 — PC « PC + 3 + jdisp8 if A.bit = 1
PSW.bit, $addr16 — 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 1
saddr.bit, $addr16 10 11 PC « PC + 4 + jdisp8 if (saddr.bit) = 0

sfr.bit, $addr16
BF A.bit, $addr16
PSW.bit, $addr16
[HL].bit, $addr16

— 11 | PC « PC + 4 + disp8 if sfr.bit = 0

8 — PC « PC + 3 + jdisp8 if A.bit =0

— 11 | PC « PC + 4 + jdisp8 if PSW.bit = 0

Wd | W || W W W[ |®W

10 11 | PC « PC + 3 + jdisp8 if (HL).bit = 0

PC « PC + 4 + jdisp8
saddr.bit, $addr16 4 10 12 if(saddr.bit) = 1
then reset (saddr.bit)

Conditional
PC « PC + 4 + jdisp8 if sfr.bit = 1
branch sfr.bit, $addr16 4| — 12 < JdispS I sfr.br
then reset sfr.bit
BTCLR ) PC « PC + 3 + jdisp8 if A.bit =1
A.bit, $addr16 3 8 —
then reset A.bit
PSW.bit. $addrL6 4 _ 12 PC « PC + 4 + jdisp8 if PSW.bit = 1 < x %
then reset PSW.bit
. PC « PC + 3 + jdisp8 if (HL).bit = 1
[HL].bit.$addr16 3 10 12
then reset (HL).bit
B « B -1, then
B, $addr16 2 6 —
PC « PC + 2 +disp8if B+ 0
DBNZ | C, Saddri6 2 6 — |G C-Lthen
PC « PC + 2 +jdisp8 if C+ 0
(saddr) « (saddr) -1, then
saddr, $addr16 3 8 10
PC « PC + 3 + jdisp8 if (saddr) * 0
SEL RBn 2 4 — RBS1,0«n
NOP 1 2 — 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 6 — Set STOP Mode

Notes 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remark One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock control
register (PCC).
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CHAPTER 16 INSTRUCTION SET

16.3 Instructions Listed by Addressing Type
(1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ
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CHAPTER 16 INSTRUCTION SET
Second
Operand [HL+byte]
Firet #byte A pNote sfr saddr |laddri6| PSW | [DE] [HL] | [HL+B] |$addri6 1 None
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 sSuB SuUB SuB SuB SUB
OR SUBC SUBC |SUBC SUBC |[SuBC
XOR AND AND [AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XOR XOR
CMP CMP CMP CMP CMP
r MOV MOV INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV |MOV
saddr MOV |MOV DBNZ INC
ADD DEC
ADDC
SuB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL+byte] MOV
[HL+B]
[HL+C]
X MULU
(3 DIVUW

Note Exceptr=A
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand
— #word AX rphote sfrp saddrp laddrl6 SP None
First Operand
AX ADDW MOVW MOvw MOVW MOvw MOVW
SuBw XCHW
CMPW
p MOvw MOV WNote INCW
DECW
PUSH
POP
sfrp MOvw MOVW
saddrp MOvVwW MOVW
laddr16 MOVW
SP MOovw MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand
— A.bit sfr.bit saddr.bit PSW.bit [HL].bit CcY $addrl6 None
First Operand
A.bit MOV1 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
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CcY MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand
First Operand

AX

laddr16

laddrll

[addr5]

$addr16

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
BC
BNC
Bz
BNz

Compound instruciton

BT

BF
BTCLR
DBNZ

(5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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APPENDIX A DIFFERENCES BETWEEN uPD78044H, 780228, AND 780208 SUBSERIES

Table A-1 shows the major differences between the uPD78044H, 780228, and 780208 subseries.

Table A-1. Major Differences between

uPD78044H, 780226, and 780208 Subseries

Part Number

Item

uPD78044H Subseries

uPD780228 Subseries

uPD780208 Subseries

PROM or flash memory model

1PD78P048B
(PROM)

HPD78F0228
(flash memory)

1PD78P0208
(PROM)

Supply voltage

Voo =2.7t0 5.5V

Voo=4.51t055V

Voo =2.7t055V

Internal ROM size

uPD78044H: 32K bytes
uPD78045H: 40K bytes
uPD78046H: 48K bytes
uPD780P048B: 60K bytes

uPD780226: 48K bytes
uPD780228: 60K bytes
uPD78F0228: 60K bytes

uPD780204:
uPD780205:
uPD780206: 48K bytes
1PD780208: 60K bytes
uPD78P0208: 60K bytes

32K bytes
40K bytes

Internal expansion RAM size 1PD78P048B only: 1024 bytes | 512 bytes uPD780206, 780208, and
78P0208 only: 1024 bytes

Internal buffer RAM size uPD78P048B only: 64 bytes | None 64 bytes

FIP display RAM size 48 bytes 96 bytes 80 bytes

CPU clock Main system clock or Main system clock only Main system clock or
subsystem clock selectable subsystem clock selectable

1/0 port 68 pins 72 pins 74 pins

Total of FIP display output pins | 34 pins 48 pins 53 pins

Serial interface 1 channel 2 channels

Timer

16-bit timer/event counter

: 1 channel
8-bit timer/event counter

: 2 channels
Watch timer  : 1 channel

Watchdog timer: 1 channel

8-bit remote control timer

: 1 channel
8-bit PWM timer: 2 channels
Watchdog timer : 1 channel

16-bit timer/event counter

: 1 channel
8-bit timer/event counter

: 2 channels
Watch timer  : 1 channel

Watchdog timer: 1 channel

(14 x 20 mm)
80-pin ceramic WQFN
(uPD78P048B only)

Clock output Provided None Provided

Buzzer output Provided None Provided

Vectored interrupt Internal 10 8 11

source External |4 4 4

Test input Provided None Provided

Package 80-pin plastic QFP 100-pin plastic QFP 100-pin plastic QFP

(14 x 20 mm)

(14 x 20 mm)
100-pin ceramic WQFN
(uPD78P0208 only)

Electrical characteristics and
recommended soldering conditions

Refer to individual Data Sheet.

Remark

In addition to the above items, the organization of the development tools also differ between the above

subseries (especially between the PROM model and flash memory model). For details, refer to the User’s
Manual of each subseries.
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APPENDIX B DEVELOPMENT TOOLS

The following development tools are available for the development of systems which employ the uPD780228
subseries.
Figure B-1 shows the development tools.
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APPENDIX B DEVELOPMENT TOOLS

Figure B-1. Development Tools

Embedded software Language processing software
« Assembler package
* Real-time OS and OS « C compiler package
« Fuzzy inference development « C library source file
support system « System simulator
« Integrated debugger
o 0 | - « Device file

Host machine
(PC or EWS)

Interface adapter

Flash memory

— programming
preference In-circuit emulator

Flash writer ’ 1/0 board ‘

[ ’ Probe board ‘

Flash memory
writing adapter

[

Flash memory Emulation probe
containing version

Conversion socket

Target system
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APPENDIX B DEVELOPMENT TOOLS

B.1 Language Processing Software

RA78K/0
Assembler package

This is a program to convert a program written in mnemonics into an object code executable with a
microcontroller.

Further, this assembler is provided with functions capable of automatically creating symbol tables
and branch instruction optimization.

Used in combination with optional device file (DF780228).

Part Number: uSxxxxRA78K0

CC78KI/0
C Compiler package

This is a program to convert a program written in C language into an object code executable with
a microcontroller.
Used in combination with optional assembler package (RA78K/0) and device file (DF780228).

Part Number: uSxxxxCC78K0

DF780228Note 1. 2

This is a file containning the information inherent to the device.

Device file Used in combination with optional RA78K/0, CC78K/0, SM78K0, or ID78KO0.
Part Number: uSxxxxDF780228
CC78K/0-L A function source program configurating object library included in C compiler (CC78K/0).

C Library source file

Necessary for changing object library included in CC78K/0 according to customer’s specifications.

Part Number: uSxxxxCC78K0-L

Notes 1. The DF780228 can be used for any of the RA78K/0, CC78K/0, SM78K0, and ID78K0 products.
2. Under development

Remark xxxx in the part number differs depending on the host machine and OS used.

USXxxXRA78K0
uSxxxxCC78K0
uSxxxxDF780228
uSxxxxCC78K0-L

XXXX Host Machine os Distribution Medium
5A13 PC-9800 series MS-DOS 3.5-inch 2HD
5A10 (Ver.3.30 to Ver.6.2V°) [ 5-inch 2HD
7B13 IBM PC/AT and Refer to B.4 3.5-inch 2HC
7B10 compatible machines 5-inch 2HC

3H15 HP9000 series 300™ | HP-UX™ (rel.7.05B) | Cartridge tape

(QIC-24)

3P16 HP9000 series 700™ | HP-UX (rel.9.01) Digital audio tape

(DAT)

3K15 SPARCstation™ SunOS™ (rel.4.1.1)

3M15 | EWS4800 series (RISC)| EWS-UX/V (rel.4.0)

Cartridge tape
(QIC-24)

Note Although MS-DOS Ver. 5.0 and above have a task swap
function, this function cannot be used with this software.
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B.2 Flash Memory Writing Tools

Flashpro Il
(part number: FL-PR2)
Flash writer

Flash writer dedicated to microcontroller with flash memory.
This is a product of Naito Densei Machida Mfg. Co., Ltd.

FA-100GF
Flash memory writing adapter

Flash memory writing adapter for uPD780228 subseries and is connected to Flashpro 1.
This adapter is for a 100-pin plastic QFP (GF-3BA type).
This is a product of Naito Densei Machida Mfg. Co., Ltd.
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B.3 Debugging Tools

B.3.1 Hardware

IE78001-R-A-SLNote
In-circuit emulator

This in-circuit emulator is used to debug the hardware and software when an application system
using the 78K/0 series is developed. It supports the integrated debugger (ID78K0). This emulator is
used with an emulation probe, and an interface adapter to connect the host machine.

IE-70000-98-IF-B
Interface adapter

Adapter necessary for using the PC-9800 series (excluding the notebook type) as the host machine
of the IE-78001-R-A.

IE-70000-98N-F
Interface adapter

Adapter and cable necessary for using a PC-9800 series notebook type computer as the host machine
of the |IE-78001-R-A.

This adapter cannot be connected unless the connector of the expansion bus of the notebook type
computer is of 110-pin type.

IE-70000-PC-IF-B
Interface adapter.

Adapter necessary for using an IBM PC/AT or compatible machine as the host machine of the IE-
78001-R-A.

|E-78K0-SL-PO1Note
1/0 board

This board is used to emulate device-specific hardware. It is used with an in-circuit emulator and
probe board.

IE-780228-SL-EM4Note
Probe board

This board is used to set mask option and converts pin connector.

EP-100GF-SL
Emulation probe

This probe connects an in-circuit emulator and the target system. It is for a 100-pin plastic QFP (GF-
3BA type).

A 100-pin conversion socket, NQPACK100RB, and a conversion adapter, YQPACK100RB, which
facilitates development of the target system, are also supplied.

NQPACK100RB
conversion socket

This conversion socket is used to connect the board of the target system that is designed to mount
a100-pin plastic QFP (GF-3BA type), and the EP100GF-SL. To connectthe EP-100GF-SL, this socket
is used with YQPACK100RB.

Instead of connecting EP-100GF-SL, a device can be mounted.

YQPACK100RB This is a conversion adapter used to connect the NQPACK100RB and EP-100GF-SL.
conversion adapter
HQPACK100RB This is a lid used when a device is mounted to the NQPACK100RB.

Note Under development

Remarks 1.

NQPACK100RB, YQPACK100RB, and HQPACK100RB are products of Tokyo Eletech Corp. (03-

5295-1661). Consult NEC distributor when purchasing these products.
2. NQPACK100RB, YQPACK100RB, and HQPACK100RB are available in one unit.
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B.3.2 Software (1/2)

SM78K0 Debugs program at C source level or assembler level while simulating operation of target system
System simulator on host machine.

SM78KO0 runs on Windows.

By using the SM78KO0, the logic and performance of an application can be verified independently
of hardware development even when the in-circuit emulator is not used. This enhances
development efficiency and improves software quality.

Used in combination with optional device file (DF780228).

Part Number : uSxxxxSM78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

USXXXXSM78KO0
XXXX Host Machine os Distribution Medium

AA13 PC-9800 series MS-DOS 3.5-inch 2HD

(Ver.3.30 to Ver.6.2\ote)
+

Windows
(Ver.3.0 to Ver.3.1)

AB13 IBM PC/AT and Refer to B.4 3.5-inch 2HC

compatible machines
(Windows Japanese
version)

BB13 IBM PC/AT and
compatible machines
(Windows English
version)

Note Although MS-DOS Ver. 5.0 and above have a task swap
function, this function cannot be used with this software.
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B.3.2 Software (2/2)

ID78K0
Integrated Debugger

The ID78K0 is a control program to debug the 78K/0 series.
The ID78K0 uses Windows on personal computers and OSF/Motif™ on EWS as graphical interface,
and presents the appearance and operatability conforming to these platforms. The ID78K0 has
enhanced debugging function supporting C language, and the trace result can be displayed by using
the window integration function that interlocks source program, disassemble display, and memory
display to the trace result. In addition, debugging efficiency for programs using real time OS can be
enhanced by incorporating extension modules such as task debugger and system performance

analyzer.

Used in combination with optional device file (DF780228).

Part Number : uSxxxxID78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

uSxxxxID78K0

XXXX Host Machine os Distribution Medium
AA13 [PC-9800 Series MS-DOS 3.5-inch 2HD
(Ver.3.30 to Ver.6.2Note
+
Windows (Ver.3.1)
AB13 |[IBM PC/AT and their Refer to B.4 3.5-inch 2HC
compatible machines
(Windows Japanese
version)
BB13 |IBM PC/AT and their 3.5-inch 2HC
compatible machines
(Windows English
version)
3P16 |HP9000 series 700 HP-UX (rel.9.01) Digital audio tape
(DAT)
3K15 |SPARCstation SunOS (rel.4.1.1) Cartridge tape
(QIC-24)
3K13 3.5-inch 2HC
3R16 |NEWS™ (RISC) NEWS-OS™ (6.1x) 1/4-inch CGMT
3R13 3.5-inch 2HC
3M15 |EWS4800 series (RISC) [ EWS-UX/V (rel.4.0) Cartridge tape
(QIC-24)
Note Although MS-DOS Ver. 5.0 and above have a task swap

function, this function cannot be used with this software.
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B.4 OS for IBM PC

The following OSs for the IBM PC are supported.

To operate SM78K0, ID78K/0, and FE9200 (refer to C.2 Fuzzy Inference Development Support System

Windows (Ver. 3.0 to Ver. 3.1) is necessary.

os Version
PC DOS Ver. 5.02 to Ver. 6.3
| Jeammoe o Jeanee |
IBM DOS™ J5.02/VNote
MS-DOS Ver. 5.0 to Ver. 6.22

5.0/VNote to 6.2/VNote

Note Only English mode is supported.

Caution Although MS-DOS Ver. 5.0 and above have a task swap function, this function cannot be used
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PACKAGE DRAWINGS OF NQPACK100RB, HQPACK100RB, AND YQPACK100RB

Figure B-2. NQPACK100RB (Target-Connected Side) Package Drawings (Reference)
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Remark Manufactured by Tokyo Eletech Corp.

R
l— S c
I_([; BBHBBAREARERABERRRAR %j -
uT-EE S5 za
- o 2
ED | OF
I_ :Protrusmnhelght E L
BBBAABBAAABBARRBAARE — =yt
& )
X \Vi vy b
w

ITEM MILLIMETERS INCHES ITEM MILLIMETERS INCHES
A 21.75 0.856 a 22.75 0.896
B 14.25 0.561 b 0.5 0.020
C 0.65x19=12.35 0.026x0.748=0.486 c 0.5 0.020
D 0.65 0.026 d 4-¢2.0 4-¢0.079
E 7.0 0.276 e 18 0.071
F 20.75 0.817 f 9.45 0.372
G 28.25 1.112 g 1.85 0.073
H 17.4 0.685 h 3.7 0.146
| 21.75 0.856 i 3.9 0.154
J 0.65x29=18.85 0.026x1.142=0.742 j 0.2 0.008
K 23.9 0.941 k 1.2 0.047
L 0.65 0.026 | 15.25 0.600
M 0.4 0.016 m 16.25 0.640
N 6.0 0.236 n 0.5 0.020
o 3-¢1.0 3-¢0.039 o 0.25 0.010
P C1l5 C 0.059 P 0.5 0.020
Q 3-R1.5 3-R 0.059 q 6.95 0.274
R 17.15 0.675 NQPACK100RB-G1E
S 10.0 0.394
T 12.0 0.472
u 23.65 0.931
\ 15.25 0.600
w 16.25 0.640
X 0.5 0.020
Y 0.5 0.020
Y4 21.75 0.856
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Figure B-3. HQPACK100RB (Lid for Device Mounted) Package Drawings (Reference)
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ITEM MILLIMETERS INCHES ITEM MILLIMETERS INCHES
A 17.4 0.685 a 2.25 0.089
B 0.65x19=12.35 0.026x0.748=0.486 b 1.6 0.063
C 0.65 0.026 [ 0.25 0.010
D 6.0 0.236 d 16.57 0.652
E 23.75 0.935 e 17.57 0.692
F 7.0 0.276 f 0.5 0.020
G 0.65x29=18.85 0.026x1.142=0.742 g 3.9 0.154
H 23.9 0.941 h 2.3 0.091
| 30.25 1.191 i 1.2 0.047
J 0.65 0.026 j 3.1 0.122
K 3-¢1.0 3-¢0.039 k 7.4 0.291
L c20 C€0.079 HQPACK100RB-GOE
M 3-R2.5 3-R 0.098
N 4-2.2 4-¢0.087
(o] 14.1 0.555
P 24.07 0.948
Q 23.07 0.908
R 0.5 0.020
S 0.5 0.020
T 16.57 0.652
u 17.57 0.692
\% 0.5 0.020
W 0.5 0.020
X 20.1 0.791
Y 0.2 0.008
z c15 C 0.059

Remark Manufactured by Tokyo Eletech Corp.
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Figure B-4. YQPACK100RB (Probe Side) Package Drawings (Reference)
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ITEM _MILLIMETERS __ INCHES ITEM _MILLIMETERS __ INCHES
A 17.4 0.685 a 0.4 0.685
B 0.65x19=12.35  0.02610.748=0.486 b 0.4 0.026
c 0.65 0.026 c 14.75 0.748
D 6.0 0.236 d 15.55 0.486
E 16.85 0.663 e 0.4 0.016
F 19.25 0.758 t 0.4 0.016
G 21.65 0.852 g 20.1 0.791
H 24,05 0.947 h 0.2 0.008
| 10.35 0.407 i c15 C 0.059
J 12.75 0.502 i 0.3 0.012
K 15.15 0.596 K 0.25x0.3 0.010x0.012
L 17.55 0.691 | 9.0 0.354
M 23.75 0.935 m 2.2 0.087
N 0.65x29=18.85  0.026x1.142=0.742 n 3.1 0.122
o 23.9 0.941 o 3.7 0.146
P 30.25 1.191 p 25 0.098
Q 0.65 0.026 q 0.25 0.010
R 7.0 0.276 r 14.75 0.581
s 0.25 0.010 s 15.55 0.612
T 3-¢1.0 3-¢0.039 t 0.4 0.016
u c2.0 € 0.079 u 7.4 0.291
v 3-R25 3-R 0.098 v 3.9 0.154
w 4-92.2 4-90.087 w 2.3 0.091
X 14.1 0.555 x 1.2 0.047
Y 21.25 0.837 YQPACK100RB-GOE
z 22.05 0.868

Remark Manufactured by Tokyo Eletech Corp.

209



[MEMO]

210



APPENDIX C EMBEDDED SOFTWARE

For efficient program development and maintenance of the uPD780228 subseries, the following embedded
software products are available.
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C.1 Real-time OS (1/2)

RX78K/0
Real-time OS

RX78K/0 is a real-time OS which is based on the uITRON specification.
Supplied with the RX78K/0 nucleus and a tool to prepare multiple information tables (configurator).
Used in combination with optional assembler package (RA78K/0) and device file (DF780228).

Part Number: uSxxxxRX78013- A\ A A /A

Caution When purchasing the RX78K/0, fill in the purchase application form in advance, and sign the User
Agreement.

Remark xxxx and AA A/ in the part number differs depending on host machine and OS, etc.

ESXXXXRX78013- A A A A

212

JAVAVAN Product Outline Maximum Number for Use in Mass Production
001 Evaluation object Do not use for mass-produced product.
100K Mass production object | 100,000
001M 1,000,000
010M 10,000,000
So1 Source program Source program of mass production object

XXXX Host Machine os Distribution Medium
5A13 PC-9800 series MS-DOS 3.5-inch 2HD
5A10 (Ver. 3.30 to Ver.6.2V¢) | 5-inch 2HD
7B13 IBM PC/AT and their | Refer to B.4 3.5-inch 2HC
7B10 compatible machines 5-inch 2HC
3H15 HP9000 series 300 | HP-UX (rel.7.05B) Cartridge tape

(QIC-24)
3P16 | HP90OO series 700 | HP-UX (rel.9.01) Digital audio tape
(DAT)
3K15 SPARCstation SunOS (rel.4.1.1) Cartridge tape
3M15 | EWS4800 series EWS-UX/V (rel.4.0) | (QIC-24)
(RISC)

Note Although MS-DOS Ver. 5.0 and above have a task swap function,
this function cannot be used with this software.
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C.1 Real-time OS (2/2)

MX78K0
oS

UITRON-specification subset OS. Nucleus of MX78KO0 is supplied.
This OS performs task management, event management, and time management. It controls the task
execution sequence for task management and selects the task to be executed next.

Part number: uSxxxxMX78K0-A A /A

Remark xxxx and A A Ain the part number differs depending on the host machine and OS, etc.

USXXXXMX78KO0- A A /A

JAVAVA\ Product Outline Note

001 | Evaluation object Use for trial product.

XX Mass production object | Use for mass-produced product.

S01 | Source program Can be purchased only when object for mass-

produced product is purchased
XXXX Host Machine os Distribution Medium

5A13 PC-9800 series MS-DOS 3.5-inch 2HD

5A10 (Ver. 3.30 to Ver. 6.2%¢) [ 5-inch 2HD

7B13 IBM PC/AT and their | Refer to B.4 3.5-inch 2HC

7B10 compatible machines 5-inch 2HC

3H15 HP9000 series 300 | HP-UX (rel.7.05B) Cartridge tape
(QIC-24)

3P16 HP9000 series 700 | HP-UX (rel.9.01) Digital audio tape
(DAT)

3K15 SPARCstation SunOS (rel.4.1.1) Cartridge tape

3M15 | EWS4800 series EWS-UX/V (rel.4.0) | (QIC-24)

(RISC)

Note Although MS-DOS Ver. 5.0 and above have a task swap function,
this function cannot be used with this software.
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C.2 Fuzzy Inference Development Support System

FE9000/FE9200
Fuzzy Knowledge Data
Preparation Tool

Program supporting input of fuzzy knowledge data (fuzzy rule and membership function), editing
(edit), and evaluation (simulation).
FE9200 operations on Windows.

Part Number (Product Name): uSxxxxFE9000 (PC-9800 series)
1SxxxxFE9200 (IBM PC/AT and compatible machines)

FT9080/FT9085 Program converting fuzzy knowledge data obtained by using fuzzy knowledge data preparation
Translator tool to the assembler source program for the RA78K/0.
Part Number (Product Name): uSxxxxFT9080 (PC-9800 series)
1SxxxxFT9085 (IBM PC/AT and compatible machines)
FI78K0 Program executing fuzzy inference. Fuzzy inference is executed by linking fuzzy knowledge data

Fuzzy Inference Module

converted by translator.

Part Number (Product Name): uSxxxxFI78K0
(PC-9800 series, IBM PC/AT and compatible machines)

FD78KO0
Fuzzy Inference Debugger

Support software evaluating and adjusting fuzzy knowledge data at hardware level by using
in-circuit emulator.

Part Number (Product Name): uSxxxxFD78K0
(PC-9800 series, IBM PC/AT and compatible machines)

Remark xxxx in the part number differs depending on the host machine and OS.

USXXXXFE9000
USXXxXFT9080
USXXxXFI78K0
USXxxxFD78K0
XXXX Host Machine os Distribution Medium
5A13 PC-9800 series MS-DOS 3.5-inch 2HD
5A10 (Ver. 3.30 to Ver. 6.2'°¢)| 5-inch 2HD
Note Although MS-DOS Ver. 5.0 and above have a task swap function,
this function cannot be used with this software.
USXxxXFE9200
USXXXXFT9085
USXXxXFI78K0
USXXxXFD78K0
XXXX Host Machine os Distribution Medium
7B13 IBM PC/AT and Refer to B.4 3.5-inch 2HC
7B10 compatible machines 5-inch 2HC
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D.1 Register Index

(Al

[

(D]

[E]

(1

M]

[

[P]

ADCRHO :
ADM
ADOS

CR10
CR11
CR50
CR51
CSIM3

DSPMO
DSPM1
DSPM2

EGN
EGP

IFOH
IFOL
IMS
IXS

MKOH
MKOL

OSTS

PO
P1
P2
P4
P5
P6
P7

A/D conversion result register ... 110

: A/D converter mode register ... 112
. A/D converter input select register ... 113

. 8-bit compare register 10 ... 79

: 8-bit capture register 11 ... 79

: 8-bit compare register 50 ... 85

: 8-bit compare register 51 ... 85

. Serial operating mode register 3 ... 123-125

. Display mode register 0 ... 129
. Display mode register 1 ... 131
. Display mode register 2 ... 132

. External interrupt falling edge enable register ... 151
. External interrupt rising edge enable register ... 151

. Interrupt request flag register OH ... 148

: Interrupt request flag register OL ... 148

: Internal memory size select register ... 176

: Internal expansion RAM size select register ... 177

. Interrupt mask flag register OH ... 149
. Interrupt mask flag register OL ... 149

. Oscillation stabilization time select register ... 103

: Port0..51
: Portl..53
: Port2..54
: Port4..55
: Port5...56
: Port6...58
: Port7...59

215



APPENDIX D REGISTER INDEX

P8 : Port8...60
P9 : Port9 ... 61
P10 : Port 10 ... 62
PLR7 . Portread 7 ... 59
PLR8 : Portread 8 ... 60
PLR9 : Portread 9 ... 61
PCC : Processor clock control register ... 70
PMO : Port mode register O ... 64
PM2 : Port mode register 2 ... 64
PM4 : Port mode register 4 ... 64
PM5 : Port mode register 5 ... 64
PM6 : Port mode register 6 ... 64
PROH : Priority specify flag register OH ... 150
PROL : Priority specify flag register OL ... 150
PSW . Program status word ... 28, 152
PUO . Pull-up resistor option register 0 ... 65
PU2 . Pull-up resistor option register 2 ... 65
PU4 . Pull-up resistor option register 4 ... 65
[S]
SI03 . Serial I/O shift register 1 ... 122
(7]

TCL50 : Timer clock select register 50 ... 86
TCL51 : Timer clock select register 51 ... 86

TM50 . 8-bit counter 50 ... 85
TM51 : 8-bit counter 51 ... 85
TMC1 . Timer mode control register 1 ... 79

TMC50 : 8-bit timer mode control register 50 ... 87
TMC51 : 8-bit timer mode control register 51 ... 87

W]

WDCS : Watchdog timer clock select register ... 104
WDTM : Watchdog timer mode register ... 105
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APPENDIX E REVISION HISTORY

This table shows the revision history of this manual. The column under the heading “Chapter” indicates the chapter
of the preceding edition in which a revision has been made.

Edition

Major Revision from Previous Edition

Chapter

2nd edition

Change of yPD780226 and 780228 from “under development” to
“developed”

Throughout

Change of 1/O circuit types of ports 7, 8, 9, and 10 of mask ROM
model as follows:

Ports 7, 8, and 9: Type 15-D to Type 15-F

Port 10 . Type 14-D to Type 14-F

CHAPTER 2 PIN FUNCTIONS

Addition of internal expansion RAM size select register (IXS)

CHAPTER 3 CPU ARCHITECTURE
CHAPTER 14 RESET FUNCTION
CHAPTER 15 uPD78F0228

Correction of block diagrams of ports 7, 8, 9, and 10

CHAPTER 4 PORT FUNCTIONS

Change of notes on inputting external clock

CHAPTER 5 CLOCK GENERATOR

Change of count clock value by setting of TLC2 and TCL1 in
Figure 6-2 Timer Mode Control Register 1 Format

CHAPTER 6 8-BIT REMOTE
CONTROL TIMER

Change of oscillation stabilization time by setting of OSTS2-OSTS0
in Format of Oscillation Stabilization Time Select Register

CHAPTER 8 WATCHDOG TIMER
CHAPTER 13 STANDBY FUNCTION

Change of setting of FOUT5-FOUTO, and addition of notes on FIP
output pins

Addition of 11.7 Calculation of Total Power Dissipation

CHAPTER 11 FIP CONTROLLER/
DRIVER

Change of product name of dedicated flash writer as follows:
Flashpro to Falshpro Il (part No.: FL-PR2)

CHAPTER 15 uPD78F0228
APPENDIX B DEVELOPMENT TOOLS

Addition of APPENDIX A DIFFERENCES BETWEEN pPD78044H,
780228, AND 780208 SUBSERIES

APPENDIX A DIFFERENCES
BETWEEN uPD78044H, 780228, AND
780208 SUBSERIES

Change of hardware for debugging tools as follows:
Change of IE-780000-SL to IE-78001-R-A
Deletion of IE-78K0-SL-EM (CPU core board)
Change of EP-100GF-SL from “under development” to “developed”

Deletion of “Upgrading Your In-Circuit Emulator to Emulator for
78K/0 Series”

APPENDIX B DEVELOPMENT TOOLS
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