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Notice

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

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

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

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

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

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

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

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

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

(D PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

(@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

(® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

FIP is a trademark of NEC Corporation.

IEBus and Inter Equipment Bus are trademarks of NEC Corporation.
MS-DOS and Windows are trademarks of Microsoft Corporation.

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

HP9000 Series 300 and HP-UX are trademarks of Hewlett-Packard Company.
SPARCstation is a trademark of SPARC international, inc.

Sun OS is a trademark of Sun Microsystems, Inc.
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Page Contents
Throughout uPD78P098 was erased from Corresponding Products

uPD78098A, 78P098A were added to Corresponding Products
uPD78094, 78095, 78096: Under development — Development completed

P.24 The recommended connecting method of unused pins P130/ANCO and P131/ANO1 was
changed

P.21,79 Cautions for use of pins P130/ANOO and P131/ ANO1 were added

P. 80 4.3 Port Function Control Registers was revised

P. 81 Table 4-3 Port Mode Register and Output Latch Settings when Using Dual Function
was added

P.92 Fig. 5-3 Subsystem Clock Feedback Resistor was added

P.94 Cautions were added to Fig. 5-5 Oscillation Mode Selection Register Format

P. 105 Cautions were added to 5.6.2 System clock and CPU clock switching procedure

P.116 Cautions were added to 6.3 (2) 16-bit timer mode control register

P. 134 6.4.4 (3) Pulse width measurement with free-running counter and two capture
registers was revised and cautions were added

P.136 6.4.4 (4) Pulse width measurement by means of restart was revised and cautions were
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P. 141 6.4.7 (1) One-shot puise output using software trigger was revised

P.143 - Fig. 6-32 Timing of One-Shot Pulse Output Operation Using Software Trigger was
changed
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Rising Edge Specified) was changed

P. 164 Table 7-7 8-Bit Timer/Event Counter 2 Interval Time was added
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P. 401 Fig. 20-13 IEBus Controller Mode Register Format was revised
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P. 461,462 | APPENDIX A DEVELOPMENT TOOLS was revised
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Readers

Purpose

Organization

PREFACE

This manual has been prepared for user engineers who want to understand the functions of the
uPD78098 sub-series and design and develop its application systems and programs.

The uPD78P098AKK-T in the uPD78098 sub-series does not provide reliability that satisfies
mass production of your application system. Use this model for experiment or function
evaluation only.

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

The uPD78098 sub-series manuals are separated into two manuals; this manual and Instruction manual
{common to 78K/0 series).

78K/0 series

User's manual

Instruction
@ Pin functions ® CPU function
@ |Internal block function @ |Instruction set
@ Interrupt @ instruction description

@ Other on-chip peripheral functions

How to Read This Manual

Legend

Before reading this manual, you must have general knowledge of electric, 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 you know the names of registers and want to check the details of these registers:
— Refer to APPENDIX C REGISTER INDEX.
O When you want to know the details of the yPD78098 sub-series instruction functions:
— Referto the separate volume 78K/0 SERIES USER'S MANUAL-INSTRUCTION (IEU-1372).

Data representation weight : High digits on the left and low digits on the right

Active low representations : XXX (top bar over pin or signal name)
Note : Description of “Note” in the text.
Caution . Information requiring particular attention
Remark : Additional explanatory material
Numeral representations : Binary .o XXX Of X00xxB

Decimal ............ OO

Hexadecimal ....>o0c<H



RELATED DOCUMENTS

©® Documents related to devices

P
arinumber | . ob7s0sa | uPD78095 | uPD78086 | uPD78098A | uPD78POSEA

Document name

Preliminary Product - To be published

Information soon

Data Sheet Planned Planned

User's Manual This manuatl

User's Manual Instruction IEU-1372

® Documents related to development tools

Document name Document number
RA78K Series Assembler Package Operation EEU-1399
User's Manual Language EEU-1404
RA78K Series Structured Assembler Preprocessor User's Manual EEU-1402
CC78K Series C Compiler Operation EEU-1280
User's Manual Language EEU-1284

CC78K Series Library Source File User's Manual -

PG-1500 PROM Programmer User's Manual EEU-1335
PG-1500 Controller User's Manual EEU-1291
IE-78000-R User's Manual EEU-1398
1E-78000-R-BK User's Manual EEU-1427
IE-78098-R-EM User's Manual To be published soon
SD78K/0 Screen Debugger Introduction EEU-1414

User's Manual Reference EEU-1413




® Documents related to embedded software

Document name Document number
Basic -
78K/0 Series Real-Time OS Install -
User's Manual Debugger -
Technical -

Fuzzy Inference Development Support System Brochure -

Fuzzy Knowledge Data Creation Tool User's Manual EEU-1438
78K/0, 78K/, 87AD Series EEU-1444
Fuzzy Inference Development Support System Translator User's Manual
78K/0 Series Fuzzy Inference Development Support System Fuzzy Inference Module _
User's Manual
78K/0 Series Fuzzy Inference Development Support System Fuzzy Inference Debugger EEU-1458
User's Manual

@ Other documents

Document name Document number

Package Manual IEI-1213
Semiconductor Device Mounting Technology Manual IEI-1207
Quality Grade of NEC Semiconductor Devices IEI-1208
Reliability and Quality Control of NEC Semiconductor Devices IEI-1203
Electrostatic Discharge (ESD) Test 1EI-1201
Guide to Quality Assurance of Semiconductor Devices MEI-1202
Guide to Microcomputer-Related Products - Other Manufacturers -

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

O

00O

O 00O

Internal high-capacity ROM and RAM
Item ) Data memory
Program memory (ROM)
Part number Internal high-spesd RAM Buffer RAM Internal expansion RAM
uPD78094 32K bytes ' A
uPD78095 40K bytes None
uPD78096 48K bytes 1024 bytes 32 bytes
uPD78098A 60K bytes 2048 bytes
pPD78P098A 80K bytesNote? 2048 bytesNote2

Notes:

{1) The capacity of internal PROM can be changed by means of the memory size switching register.

{2) 0 or2048bytes can be selected for the RAM size by means of the internal expansion RAM size switching
register.

External Memory Expansion Space: 64K bytes
Instruction execution time changeable from high speed (0.5 us: In main system clock 6.0 MHz operation) to
ultra-low speed (122 us: In subsystem clock 32.768 kHz operation)
Instruction set suited to system control
* Bit manipulation possible in all address spaces
* On-chip multiply and divide instructions
69 I/O ports {4 N-ch open drain)
IEBus™ controller
» Effective transfer rate: 3.9 kbps/17 kbps/26 kbps
¢ Operating power supply voltage range: 4.5 to 6.0 V (when 2/3 divider in clock generator circuit is used)
8-bit resolution A/D converter: 8 channels
8-bit resolution D/A converter: 2 channels
Serial interface: 3 channels
* 3-wire/SBI/2-wire mode: 1 channel
¢ 3-wire mode
(Automatic transmit/receive function): 1 channel
¢ 3-wire UART mode : 1 channel
Timer: 5 channels
* 16-bit timer/event counter : 1 channel
* 8-bit timer/event counter : 2 channels
e Watch timer : 1 channel
* Watchdog timer : 1 channel
23 vectored interrupts
2 test inputs
2 types of on-chip clock oscillator circuits (main system clock and subsystem clock)
Operating power supply voltage range: 2.7t0 6.0V
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1.2 Applications

Automobile audio system, CD changer, etc.

* 1.3 Ordering Information

Part Number Package Internal ROM
uPD78094GC->xx-3B9 80-pin plastic QFP (14 x 14 mm) Mask ROM
uPD78095GC-»xx-3B9 80-pin plastic QFP (14 x 14 mm) Mask ROM
pPD78096GC->0cx-3B9 80-pin plastic QFP (14 x 14 mm) Mask ROM
uPD78098AGC-xxx-3B9Notel  80-pin plastic QFP (14 x 14 mm) Mask ROM
uPD78P098AGC-3BgNotel 80-pin plastic QFP {14 x 14 mm) One-time PROM
uPD78P098AKK-TNote2 80-pin ceramic WQFN (14 x 14 mm) EPROM

Notes:

(1) Under development

(2) Planned

Remark: >xx indicates ROM code suffix.
* 1.4 Quality Grade

Part Number Package Quality grade
uPD78094GC->xx-3B9 80-pin plastic QFP (14 x 14 mm) Standard
#PD78095GC->xx-3B9 80-pin plastic QFP (14 x 14 mm) Standard
#PD78096GC->xx-3B9 80-pin plastic QFP (14 x 14 mm) Standard
#PD78098AGC-xxx-3BgNote1  80pin plastic QFP (14 x 14 mm) Standard
p#PD78P098AGC-3BgNote1 80-pin plastic QFP (14 x 14 mm) Standard
uPD78P098AKK-TNote2 80-pin ceramic WQFN (14 x 14 mm) None (for functional evaluation)

Notes:
(1) Under development
(2) Planned

Remark: xxx indicates ROM code suffix.

The pPD78P098AKK-T does not provide reliability that satisfies mass production of your
application system. Use this model for experiment or function evaluation only.

Please refer to "Quality grade on NEC Semiconductor Devices” (Document number 1EI-1209) published by
NEC Corporation to know the specification of quality grade on the devices and its recommended applications.
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1.5 Pin Configuration (Top View)

(1) Normal operating mode

80-pin plastic QFP (14 x 14 mm)
80-pin ceramic WQFN (14 x 14 mm)Notel

P15/ANI5 O=—>
P16/ANIE O—
P17/ANI7 Oe—>
AVss O—
P130/ANOQ O~——>
P131/ANO1 Oe—>
AVrert O————
P70/S12/RxD O=—>
P71/SO2/TxD O=—>
P72/SCK2/ASCK Oe—]
P20/SI1 Oe—»]
P21/S01 O=—>
P22/5CK1 Oe—>
P23/STB O=—>]
P24/BUSY O~e—>
P25/S10/SB0 O—>
P26/SO0/SB1 O=<—>
P27/SCKO O<—
P40/ADO O<—>
P41/AD1 O]

W 0 NN O AW N =

S le——-0O P14/ANI4

PES—
- O

@ le—=0P13/ANI3

O

& l«—>0 P12/ANI2

3 fe—>=OP11/ANN

3 |«——>O P10/ANIO

or =0 AVrero

Y —0Avem

3 fe———0 XT1/PO7

NSH——0XxT2

SH——0I1CVver)
S le———0x1

to1on LANVBE0dBL 0104 68E-09V860dBLA!
oy SBEX-0DVBB08L ‘6BEXXX-0D9608L0d!

69€->00x-DDG608L '68E-X*x-DD+608LAd"

QI———oOx2

S ————>0 Voo

9 j«—O PO6/INTP6

D |«—>=0O POS/INTPS

R |l«—>0 PO4/INTP4

R j+——>0 PO3/INTP3

& |«—>0 PO2/INTP2

9 le——»0 PO1/INTP1/TION

@ }«———O0 POO/INTPO/TIO0

o
N O Y H BB A b0 OO (S0 B¢ S RS ]

~———O RESET
le—-O P127/RTP7
l«—O P126/RTP6
f=——0 P125RTPS/RX
le——=0 P124/RTP4/TX
l«——>O P123/RTP3
{«—0 P122/RTP2
l«——>O P121/RTP1
l«——O P120/RTPO
fe—0 P37
te—=0 P36/BUZ
«—»-0 P35/PCL
0 P34/TI2
O P33/TI1
fe——>0 P32/TO2
O P31/TO1

»O P30/T00
j«——0 PB7/ASTB
l<—>O PE6/WAIT
je——0 PES/WR

Notes:
(1) Planned

P42/AD2 O<+—=|N

P43/AD3 O=——N
P44/AD4 O— 53
P45/ADS Os— R

P46/AD6 O<«——= }

P47/AD7 O«—>{

(2) Under development

Cautions:

P50/A8 O<——»{ N

P51/A9 O—»{
P52/A10 O<—»| 3
P53/A11 O-—»Y
P54/A12 O—n
P55/A13 Oe—» &

Vss O———1 8
P56/A14 Ol R

P57/A16 Oe—> Q3

P60 O—{ 8
P61 Oe—>{ Y
P62 Oe—r g
P63 Oe—> 8
P64/RD O<—> 8

{1) Be sure to connect IC (Internally Connected) pin to Vss directly.

{2) Connect AVoo pin to Voo.

(3) Connect AVss pin to Vss.

Remark: Pin connection in parentheses is intended for uPD78P098A.
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P00 to P07
P10 to P17
P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P72
P120 to P127
P130, P131
RTPO to RTP7
INTPO to INTP6
TI00, TI01
T, Ti2

TOO to TO2
SBO, SB1

SI0 to Si2
SO0 to SO2
SCKO to SCK2
RxD

TxD

ASCK

RX

X

: Port0

: Port1

: Port2

: Port3

. Port4

: PortS

: Port6

: Port7

. Port12

: Port13

: Real-Time Output Port

: Interrupt From Peripherals
: Timer Input

: Timer Input

: Timer Output

: Serial Bus

: Serial Input

. Serial Output

: Serial Clock

: Receive Data (UART)

: Transmit Data (UART)

. Asynchronous Serial Clock
: Receive Data (IEBus Controller)
: Transmit Data (IEBus Controller)

PCL

BUZ

STB

BUSY

ADO to AD7
A8 to A15
RD

WR

WAIT
ASTB

X1, X2

XT1, XT2
RESET
ANIO to ANI7
ANOO to ANO1
AVoD

AVss
AVREFO, 1
Vop

Vep

Vss

ic

. Programmable Clock
: Buzzer Clock

: Strobe

: Busy

: Address/Data Bus

: Address Bus

. Read Strobe

: Write Strobe

: Wait

. Address Strobe

. Crystal (Main System Clock)
: Crystal (Subsystem Clock)
: Reset

: Analog Input

: Analog Output

. Analog Power Supply

: Analog Ground

. Analog Reference Voltage
. Power Supply

: Programming Power Supply
: Ground

: Internally Connected
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(2) PROM programming mode

80-pin plastic QFP (14 x 14 mm)
80-pin ceramic WQFN (14 x 14 mm)Notel

(L

]

aF——oi
N ——O0 Open
J——-O0 Ve
S——ouw
B0 Open
—o0

80 79 78 77 76 75 74

O

[0)]
(¢V]
]
~N

oO———
(L) § O—
oO——]

Vss O————rf

(L) {
Vss O—————

0 N OO A WN =

i

Ly § O—

@
uwul’)l)‘VSSOdSLOd”

tmon68E-09V860d8LQd"

i

TR
o

AQ O———
Al O——»

N
o

S—-o {w
R—-o0
B——0 PGM
g—-ouw
@ te——0 A9

[o)]
o

60 |
59 |

58
87
56

55|
54‘
53]

52

51 |
50|

49

48 |
47 |
46 |

45
44
43
42

41 ]

36 37 38 39 40

A20—N
A3 00—
AL O—N)
AS O———»
A6 O—1B)
A7 00—y
A8 O—{N
A16 O— 5
A10 0—{8
A1 O——|8
A120— Y
A130—{3
Vss O——— 8
A14 0——(Q
A15 O—>@

Notes:

{1) Planned

(2) Under development

Cautions:

(1 (L) : Connect individually to Vss via a pull-down resistor.
(2) Vss : Connect to the ground.

(3) RESET : Set to the low level.
(4) Open : Do not connect anything.

A0 to A16 : Address Bus OE . QOutput Enable Voo
DOto D7 : DataBus PGM . Program Vep
CE : Chip Enable RESET : Reset Vss

—_—

L)

. Power Supply

: Programming Power Supply

. Ground

RESET

e (L)




CHAPTER 1 OUTLINE

1.6 78K/0 Series Development

*
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1.7 Block Diagram

Sd1u/sTLd/XY
PdLUAZL/XL

19d/81SV
99d/LIVM
S9d/4M

v9d/QY
(Sd/S IV
-0Sd/8v

LydiLav
-0vd/0av

LEld ‘0ELd
{Z\d-ocid
¢tLd0Ld
£9d-09d
{Gd-05d
Lvd-Ovd
LEd-0Ed
Ltd-0td
L1d-0ld

L0d-00d

H3TIOHLINOD
sng3l

—

S§S320V
IVNY3LXT

€1140d

¢1140d

L1H0d

9140d

S140d

v140d

£140d

¢1HOd

1140d

g8 g oAl [l

0140d

0

‘v860d48LQd" 8y} 10j pepudju) sj sesayjuaied uj UojlIAUUOD Uld (2)
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1.8 Outline of Function

ltemn —_Part Number 4PD78094 | uPD78095 | pPD78086 | .PDT03ANet 1 |,pO7gpogasNems 1.2
Configuration Mask ROM PROM
ROM
Capacity 32K bytes | 40K bytes | 48K bytes | 60K bytes | 60K bytesNote3
internal
internal | high-speed Capacity 1024 bytes
memory | RAM
Buffer RAM Capacity 32 bytes
Internal
expansion Capacity None 2048 bytes [2048 bytesNote 4
RAM
Memory space 64K bytes

General register

8 bits x 8 x 4 banks

With main system

Instruction clock selected

0.5 us/1.0 us/2.0 us/4.0 us/8.0 us/16.0 us
{when operated at 6.0 MHz)

cycle With subsystem

clock selected

122 us (when operated at 32.768 kHz)

Instruction set

16 bit operation

Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits}
Bit manipulation (set, reset, test, and Boolean operation)
BCD adjust and other related operations

1/O port

Total : 69 I/O ports
CMOS input . 2 inputs

CMQOS input/output :
N-ch open drain I/O :

63 inputs/outputs
4 inputs/outputs

IEBus controller

Effective transfer rate: 3.9 kbps/17 kbps/26 kbps

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Serial interface

3-wire/SBI/2-wire mode selection possible :

1 channel

3-wire mode (Maximum 32-byte on-chip automatic transmit/

Timer

receive function) : 1 channel
3-wire/lUART mode selectabie . 1 channel
16-bit timer/event counter : 1 channel
8-bit timer/event counter : 2 channels
Watch timer : 1 channel
Watchdog timer : 1 channel

Timer output

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

Clock output

15.6 kHz, 31.3 kHz, 62.5 kHz, 125 kHz, 250 kHz, 500 kHz,

1.0 MHz, 2.0 MHz, 4.0 MHz (when operated at 6.0 MHz with main
system clock)
32.768 kHz (when operated at 32.768 kHz with subsystem clock)

Notes:
(1) Under development

(2) The uPD78P098A is a PROM version corresponding to the uPD78094, 78095, 78096, and 78098A.
(3} The capacity of internal PROM can be changed by means of the memory size switching register.
(4) 0 or 2048 bytes can be selected for the RAM size by means of the internal expansion RAM size switching

register.
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tem Part Number 4PD78094 | uPD78095 | pPD78096 |uPD7809ANete | spp7apngaANems 1.2

977 Hz, 1.95 kHz, 3.9 kHz, 7.8 kHz

Buzzer output . .
pu (when operated at 6.0 MHz with main system clock)

Maskable int . Internal : 14
askable interru
P External : 7
Vectored
. Non-maskable
interrupt | Internal : 1
interrupt
Software interrupt Internal : 1
. Internal : 1
Test input t

External : 1

Operating power supply
voltage range

Voo =271t06.0V

¢ 80-pin plastic QFP (14 x 14 mm)

Package
o 80-pin ceramic WQFN (14 x 14 mm)Note 3 (,PD78P098A only)

Notes:

(1) Under development

{2) The uPD78P098A is a PROM version corresponding to the uPD78094, 78095, 78096 and 78088A.
(3) Planned
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CHAPTER 2 PIN FUNCTION

2.1 Pin Function List

2.1.1 Normal operating mode pins

(1) Port pins (1/3)

Input/ When Dual-
Pin Name pu " Function Function
Output Reset .
Pin
P00 Input Input only Input INTPO/TIO0
P01 INTP1/TIO1
P02 input/output specifiable bit-wise. INTP2
PO3 Input/ | Port 0 If used as an input port, a pull-up INTP3
’ : Input
P04 output | 8-bit input/output port. | ESistor can be connected by p NTPa
software.
P05 INTP5
PO6 INTP6
po7Note 1 | |nput Input only Input XT1
Port 1.
8-bit input/output port.
P10 10 P17| ™Y | inputioutput specifiable bit-wise. Input | ANIO to ANI7
output If used as input port, a pull-up resistor can be connected by
softwareNote 2,
P20 Si
P21 SO1
P22 Port 2. SCK1
o | 8-bit input/output port.

23 npuY/ Input/output specifiable bit-wise. Input STB
P24 OUtPUL | 1+ ised as an input port, a puil-up resistor can be connected by BUSY
P25 software. S10/SBO
P26 SO0/SB1
P27 SCKO

Notes:

(1) When the PO7/XT1 pin is used as an input port, set the bit 6 (FRC) of the processor clock control register
to 1 (do not use the feedback resistor internal to the subsystem clock oscillator).
(2) When pins P10/ANIO to P17/ANI7 are used as an analog input of the A/D converter, a pull-up resistor is
automatically not used.

11
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(1) Port pins (2/3)

Dual-
. Input/ . When .
Pin Name Function Function
Output Reset )
Pin
P30 TOO
P31 TO1
P32 Port 3. TO2
P33 8-bit input/output port. T
P34 Input/ Input/output specifiable bit-wise. input 2
output | it ised as an input port, a pull-up resistor can be connected by
P35 software. PCL
P36 BUZ
P37 —
Port 4.
8-bit input/output port.
] Input/output specifiable bit-wise.
P40 to P47 nput/ P P 'p . Input | ADO to AD7
output | If used as an input port, a pull-up resistor can be connected by
software.
Test input flag (KRIF) is set to 1 by falling edge detection.
Port 5.
8-bit input/output port.
Input/ | LED can be driven directly.
P50 to P57| P o Input | A8 to A15
output | Input/output specifiable bit-wise.
If used as an input port, a pull-up resistor can be connected by
software.
P60 N-ch open drain input/ output port.
P61 On-chip pull-up resistor specifiable
by mask option. (Mask ROM _
P62 Port 6. version only).
P63 Input/ | 8-bit input/output port. | LEDs can be driven directly.
P64 output | Input/output specifiable Input RD
P65 bit-wise. If used as an input port, a pull-up WR
resistor can be connected by —
Pe6 software. WAIT
P67 ASTB
P70 POF.I 7 S12/RxD
Input/ 3-bit input/output port.
P71 output Input/output specifiable bit-wise. input SO2/TxD
If used as an input port, a pull-up resistor can be connected by J—
P72 software. SCK2/ASCK

12
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(1) Port pins (3/3)

If used as an input port, pull-up resistor can be connected by
software.

Dual-
. Input/ ) When y .
Pin Name Function Function
Output Reset )
Pin
P120 to P123 Port 12. RTPO to RTP3
P124 Input 8-bit input/output port. RTP4/TX
Input/output specifiable bit-wise. Input —
P125 output If used as an input port, pull-up resistor can be connected by RTPS/RX
P126, P127 software. RTPS, RTP7
Port 13.
| 2-bit input/output port.
P130, P131 n;:Ut/t Input/output specifiable bit-wise. Input | ANOO, ANO1
outpu

13




CHAPTER 2 PIN FUNCTION

(2) Non-Port Pins (1/2)

Dual-
. Input/ . When .
Pin Name Function Function
Output Reset .
Pin
INTPO P0OO/T100
INTP1 PO1/TIO1
INTP2 P02
External interrupt inputs with specifiable valid edges (risin
INTP3 Input INIFUPE INPUTS WIth specitia S 91 Input PO3
edge, falling edge, both rising and falling edges).
INTP4 P04
INTPS P05
INTP6 Po6
Sio P25/SB0O
Sh Input | Serial interface serial data input Input P20
SI2 P70/RxD
SO0 P26/SB1
SO1 Output | Serial interface serial data output input P21
S02 P71/TxD
SBO input/ P25/SI10
Serial interface serial data input/output Input
SB1 output P26/S0O0
SCKO P27
— Input/ - . .
SCK1 output Serial interface serial clock input/ output input P22
SCK2 P72/ASCK
STB Output | Serial interface automatic transmit/receive strobe output Input P23
BUSY Input | Serial interface automatic transmit/receive busy input Input P24
RxD Input | Asynchronous serial interface serial data input input P70/S12
TxD Output | Asynchronous serial interface serial data output Input P71/S02
ASCK Input | Asynchronous serial interface serial clock input Input P72/SCK2
TIO0 Input of external count clock to 16-bit timer (TMO) POO/INTPO
TIO1 Input of capture trigger signal to capture register (CR0OQ) PO1/INTP1
Input Input
T Input of external count clock to 8-bit timer (TM1) P33
TI2 Input of external count clock to 8-bit timer (TM2) P34
TOO 16-bit timer output (dual function as14-bit PWM output) P30
TO1 Output L input P31
8-bit timer output
TO2 P32
Clock output (for main system clock and subsystem clock
PCL Output | ~ o0k OUP Y Y Input P35
trimming)
BUZ Output | Buzzer output Input P36
RTPO to RTP7| Output Real-time output port outputting data in synchronization with Input | P120 to P127
trigger
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{2) Non-Port Pins (2/2)

Dual-
. Input/ . When .
Pin Name Function Function
Output Reset .

Pin
> Output | IEBus controller data output Input P124/RTP4
RX Input | IEBus controller data input Input P125/RTP5

Input/ | Low-order address/data bus when expanding external
ADO to AD7 | 0 panding Input | P40 to P47
Output | memory
AB to A15 Output | High-order address bus when expanding external memory Input P50 to P57
"D Strobe signal output for read operation from external P64
Output | Memory Input
WR Strobe signal output for write operation to external memory P65
WAIT Input | Wait insertion when accessing external memory Input P66
S lly latching address information output
ASTB Output trobe output externally latching es 0 i P Input P67
to port 4 and 5 to access external memory
ANIO to ANI7 | Input | A/D converter analog input Input P10 to P17
ANOO, ANO1 | Output | D/A converter analog output Input P130, P131
AVReFo Input | A/D converter reference voltage input — —
AVReF1 Input | D/A converter reference voitage input —_ _
AVoo — A/D converter analog power supply. Connected to Voo. - -_
AVss —-— A/D converter ground potential. Connected to Vss. — —
RESET Input | System reset input — —_
X1 Input — —
o Crystal connection for main system clock oscillation
XT1 Input input PO7
Crystal connection for subsystem clock oscillation
XT2 —_ — —
Voo — Positive power supply — -—_
Vre — High-voltage application for program write/verify. — —_
Connect to Vss in normal operating mode.
Vss — Ground potential — -
IC — Internally connected. Directly connected to Vss. — —
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CHAPTER 2 PIN FUNCTION

2.1.2 PROM programming mode pins (uPD78P098A only)

Inpu
Pin Name put/ Function
Output
PROM programming mode setting.
RESET Input |{When +5V or +12.5 V is applied to the Vee pin or a low level voltage is applied to
the RESET pin, the PROM programming mode is set.
Vep Input High-voltage application for PROM programming mode setting and program write/
verify
AOQ to A16 Input | Address bus
Inpu
DO to D7 PUU | 1 ata bus
output
CE Input | PROM enable input/program pulse input
OE Input | Read strobe input to PROM
PGM Input | Program/program inhibit input in PROM programming mode
Voo — Positive power supply
Vss — Ground potential

16
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2.2 Description of Pin Functions

2.2.1 P00 to P07 (Port 0)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as an external interrupt

input, an external count clock input to the timer, a capture trigger signal input and crystal connection for subsystem
clock oscillation.

The following operating modes can be specified bit-wise.

(1) Port mode

P00 and P07 function as input-only ports and P01 to P06 function as input/output ports.
PO1 to P06 can be specified for input or output ports bit-wise with a port mode register 0. When they are used
as input ports, a pull-up resistor can be connected to them with a pull-up resistor option register L.

(2) Control mode

in this mode, these ports function as an external interrupt input, an external count clock input to the timer, and
crystal connection for subsystem clock oscillation.

(a) INTPO to INTP6
INTPO to INTP6 are external interrupt input pins which can specify valid edges (rising edge, falling edge,
and both rising and falling edges). INTPO or INTP1 becomes a 16-bit timer/event counter capture trigger
signal input pin with a valid edge input.

(b) Tio0
Pin for external count clock input to 16-bit timer/event counter

{c) TI01
Pin for capture trigger signal input to capture register (CR0Q) of 16-bit timer/event counter

(d XT1
Crystal connect pin for subsystem clock oscillation

2.2.2 P10 to P17 (Port 1)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as an A/D converter analog

input.

The following operating modes can be specified bit-wise.

(1) Port mode

(2)

These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output ports with
a port mode register 1. |f used as an input port, pull-up resistor can be connected to these ports with a pull-
up resistor option register L.

Control mode

These ports function as A/D converter analog input pins. The pull-up resistor is automatically unused when the
pins specified for analog input.

17
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2.2.3 P20 to P27 (Port 2)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as data input/output to/
from the serial interface, clock input/output, automatic trsansmit/receive busy input, and strobe output functions.
The following operating modes can be specified bit-wise.

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

(2) Control mode
These ports function as serial interface data input/output, clock input/output, automatic transmit/receive busy
input, and strobe output functions.

(a) Sl0, SI1, SO0, SO1
Serial interface serial data input/output pins

(b) SCKO and SCK1
Serial interface serial clock input/output pins

{c) SBO and SB1
NEC standard serial bus interface input/output pins

(d) BUSY
Serial interface automatic transmit/receive busy input pins

(e} STB
Serial interface automatic transmit/receive strobe output pins

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

2.2.4 P30 to P37 (Port 3)

These are 8-bit input/output ports. Beside serving as input/output ports, they function as timer input/output, clock
output and buzzer output.
The following operating modes can be specified bit-wise.

(1) Port mode

These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output ports with
portmode register 3. When they are used asinput ports, a pull-up resistor can be connected with a pull-up resistor
option register L.

{(2) Control mode
These ports function as timer input/output, clock output, and buzzer output.

{a) Ti1 and TI2
Pin for external clock input to the 8-bit timer/ event counter.

18
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(b) TOO to TO2
Timer output pins

{c) PCL
Clock output pin

(d) BUZ
Buzzer output pin

2.2.5 P40 to P47 (Port 4)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address/data bus.
The test input flag (KRIF) can be set to 1 by detecting a falling edge.
The following operating mode can be specified in 8-bit units.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified in 8-bit units for input or output ports
by using the memory expansion mode register. When they are used as input ports, a pull-up resistor can be
connected with a pull-up resistor option register L.

{2) Control mode
These ports function as low-order address/data bus pins (ADO to AD7) in external memory expansion mode.
When pins are used as an address/data bus, the pull-up resistor is automatically not used.

2.2.6 P50 to PS7 (Port 5)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address bus.
Port 5 can drive LEDs directly.
The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input/output ports with port
mode register 5. When they are used as input ports, a pull-up resistor can be connected with a pull-up resistor
option register L.

(2) Control mode
These ports function as high-order address bus pins (A8 to A15) in external memory expansion mode.
When pins are used as an address bus, the pull-up resistor is automatically not used.

2.2.7 P60 to P67 (Port 6)

These are 8-bit input/output ports. Besides serving as input/output ports, they are used for control in external
memory expansion mode.

P60 to P63 can drive LEDs directly.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports.
They can be specified bit-wise as input or output ports with port mode register 6.
P60 to P63 are N-ch open drain outputs. Mask ROM version can contain pull-up resistors with the mask option.
When P64 to P67 are used as input ports, a pull-up resistor can be connected with a pull-up resistor option register
L.
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(2) Control mode
These ports function as control signal output pins (RD, WR, WAIT, ASTB) in external memory expansion mode.
When a pin is used as a control signal output, the pull-up resistor is automatically not used.

Caution: When external wait is not used in external memory expansion mode, P66 can be used as an
input/output port.

2.2.8 P70 to P72 (Port 7)

This is a 3-bit input/output port. In addition to its use as an input/output port, it also has serial interface data input/
output and clock input/output functions.

The following operating modes c¢an be specified bit-wise.

(1) Port mode

Port 7 functions as a 3-bit input/output port. Bit-wise specification as an input port or output port is possible
by means of port mode register 7. When used as an input port, a pull-up resistor can be connected by means
of pull-up resistor option register L.

(2) Control mode
Port 7 functions as serial interface data input/output and clock input/output.

(a) SlI2, SO2
Serial interface serial data input/output pins

{b) SCK2
Serial interface serial clock input/output pin

(c) RxD, TxD
Asynchronous serial interface serial data input/output pins

(d) ASCK
Asynchronous serial interface serial clock input pin

2.2.9 P120 to P127 (Port 12)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as a real-time output port.
P124 and P125 are also provided with an IEBus controller data input/output function.
The following operating modes can be specified bit-wise.

(1) Port mode

These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output ports with

portmode register 12. When they are used as input ports, a pull-up resistor can be connected with pull-up resistor
option register H.

(2) Control mode
(a) Real-time output port function (RTPO-RTP?7)

These ports functions as real-time output ports outputting data in synchronization with a trigger.
(b) IEBus controller function (P124, P125 only: TX, RX)

P124 and P125 function as the data input/output port of the IEBus controlier. When these pins are used
in this mode, the pull-up resistor is automatically not used.
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2.2.10 P130 and P131 (Port 13)

These are 2-bit input/output ports. Besides serving as input/output ports, they are used for D/A converter analog
output.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 2-bit input/output ports. They can be specified bit-wise as input or output ports with
port mode register 13. When they are used as input ports, 3 pull-up resistor can be connected with a pull-up
resistor option register H.

(2) Control mode
These ports allow D/A converter analog output (ANOO and ANO1).

Caution: When AVrer < Voo and the D/A converter is used for only one channel, perform the one of the
following procedures for pins not used as analog output.
- Set the port mode register (PM13x) to 1 (input mode) and connect to Vss.
. Set the port mode register (PM13x) to 0 (output mode), set the output latch to 0, and output
low level.

2.2.11 AVrero
A/D converter reference voltage input pin.
When A/D converter is not used, connect this pin to Vss.

2.2.12 AVrer
D/A converter reference voltage input pin.
When D/A converter is not used, connect this pin to Voo.

2.2.13 AVoo
Analog power supply pin of A/D converter. Always use the same voltage as that of the Voo pin even when A/D
converter is not used.

2.2.14 AVss
This is a ground voltage pin of A/D converter. Always use the same voltage as that of the Vss pin even when A/
D converter is not used.

2.2.15 RESET
This is a low level active system reset input pin.

2.2.16 X1 and X2
Crystal resonator connect pins for main system clock oscillation. For external clock supply, input it to X1 and its
inverted signal to X2.

2.2.17 XT1 and XT2

Crystal resonator connect pins for subsystem clock oscillation.
For external clock supply, input it to XT1 and its inverted signal to XT2.
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2.2.18 Voo
Positive power supply pin

2.2.19 Vss
Ground potential pin

2.2.20 Ve (uPD78P098A only)

High-voltage apply pin for PROM programming mode setting and program write/verify. Connect to Vss in normal
operating mode.

2.2.21 IC (Mask ROM version only)

The IC (Internally Connected) pin sets a test mode in which the uPD78098 sub-series is tested before shipment.
Usually, connect the IC pin directly to Vss with as short a wiring length as possible.

If there is a potential difference between the IC and Vss pins because the wiring length between the IC and Vss
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 Vss.

RN

Keep the wiring length as short as possible.
7T
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2.3 input/Output Circuit and Recommended Connection of Unused Pins

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

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

Pin Name Inf)ut/-Output Input/Output Recommended Connection of Unused Pins
Circuit Type
POO/INTPO/TIO0 2 Input Connect to Vss.
PO1/INTP1/TIO1
PO2/INTP2
PO3/INTP3 8A Input/output Input : Connect to Vss.
PO4/INTP4 Output: Open
POS5/INTPS
POB/INTP6
PO7/XT1 16 Input Connect to Vss.
P10/ANIO to P17/ANI7 1 Input/output '.C';E:’;u:t C;:::m to Voo or Vs.
P20/S11 8-A
P21/S01 5-A
P22/SCK1 8-A
P23/STB 5-A Input/output Input : Connect to Vob or Vss.
P24/BUSY 8-A Output: Open
P25/S10/SBO
P26/S00/SB1 10-A
P27/SCKO
P30/TO0
P31/TO1 5-A
P32/T02
P33/ Input : Connect to Vob or Vss.
Foy— 8-A Input/output Output: Open
P35/PCL
P36/BUZ 5-A
P37
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Table 2-1 Pin Input/Output Circuit Types (2/2)

input/Output .
Pin Name o Input/Output Recommended Connection of Unused Pins
Circuit Type )
Input : Vss.
PAO/ADO to P47/AD7 5-E Inputioutput | MPUt ¢ Connect to Vss
Output: Open
P50/A8 to P57/A15 5-A
P60.to P63 (Mask ROM version) 13-B
P60 to P63 (uPD78P098A) 13-D
— Input : Connect to Voo or Vss.
P64/RD Input/output
— Output: Open
P65/WR
— 5-A
PE6/WAIT
P67/ASTB
P70/SI12/RxD 8-A
£71/S02/TxD oA Inbut/outout Input : Connect to Voo or Vss.
X nputioutpu Output: Open
P72/SCK2/ASCK 8-A
P120/RTPO to P123/RTP3
P124/RTP4/TX .
fT_X A Input/output Input : Connect to Vop or Vss.
P125/RTPS/RX Output: Open
P126/RTP6, P127/RTP7
P130/ANOO, P131/ANO1 12-A Input/output | MPUt: Connect to Vss.
Output: Open
RESET 2 Input —_
XT2 16 Open
AVRero Connect to Vss.
AVReF1
_ Connect to Voo.
AVoo
AVss Connect to Vss.
IC (Mask ROM version) Connect directly to Vss.
Ve (uPD78P098A) Connect to Vss.
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Fig. 2-1 Pin Input/Output Circuit List (1/2)

Type 2 Type 8-A Voo
pullup DO '
enable Pch
IN >
Voo
data l b—l P-ch
Schmitt-Triggered Input with INOUT
Hysteresis Characteristics output N-ch
disable
Type 5-A Voo Type 10-A I
Voo
puliup >o—| Pch
bl : pullup
enable nable >o—{ b= P<h
Voo
Voo
data —
P-ch
—L date ———1—— o[- p<n
IN/OUT
IN/JOUT
3}2:;; N-ch open drain
output disable N-ch
input ] l 0@
enable
Type 5-€ Voo _M Voo
pullup Do_l 3
Il I enable P-ch
puiiup >o— P-ch Voo
enable I data
Voo a :D)-I P-ch
—-O0IN/OUT
data ——-—":D:»—-I P-ch output — | A
disable P<ch )
INJOUT comparator M
MRS
st L= Do f=wen T
disable Vrer (Threshold voltage)
E input
enable
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Fig. 2-1 Pin Input/Output Circuit List (2/2)

Type 12-A |

pullup

Voo Type 13-D

enable

data

disable

input ﬂ pch L

S So—F=n=n

Voo
—:DO-I éP—ch output disable
0 INJOUT
output i ﬁ >o—|%N—ch

b
Voo
R—D__Ié peh

INJOUT

medium breakdown
input buffer

enable analog output
voltage N-ch medium breakdown
:J: input buffer
[ Type138 Voo Type 16|

[Mask ] $

Option) ¥

—O IN/OUT feedback
data cut-off
output disable @o—l N-ch P-ch
Voo D O
RD —I Pch
o
XT1 XT2
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3.1 Memory Spaces

CHAPTER 3 CPU ARCHITECTURE

Figs. 3-1 to 3-5 show memory maps.

Fig. 3-1 Memory Map (uPD78094)

FFFFH

FFOOH
FEFFH

FEEOH

FAFFH

Data memory FS00H
space F8FFH

F8EOH

FOOOH

FEDFH

FBOOH |

FAEOH
FADFH

FACOH
FABFH

F8DFH

Must not be used

Must not be used

Must not be used

] EFFFH

Program 8000H
memory 7FFFH
space

y 0000H

)]
{4

External memory
28672 x 8 bits

b))
L {

FFFFH

b))
(!

1000H

Program area

J)
14§

OFFFH

)]
"

0800H

CALLF entry area

)
144

07FFH

IJ)
1}

0080H

Program area

31
[44

007FH

0040H

CALLT table area

003FH

0000H

Vector table area

Remark: (R : internal memory
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Fig. 3-2 Memory Map (uPD78095)

Must not be used

{4

{(

L{4

9FFFH
Data memory = Program area B
space 1000H
OFFFH
F8DFH ¥ CALLF entry area 3
Must not be used
FOOOH 0800H
4 EFFFH 07FFH
. External memory L == Program area 3
T 20480 x 8 bits T
0080H
Program AOOOH 007FH
memory OFFFH
space CALLT table area
0040H
003FH
Vector table area
0000H 0000H
Remark: : internal memory
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Fig. 3-3 Memory Map (uPD78096)

Data memory
space

Must not be used

Must not be used

L{{

)).
{4

)
{4

BFFFH
= Program area 3
1000H
OFFFH
X CALLF entry area
0800H
O7FFH
= Program area
0080H
007FH
CALLT table area
0040H
003FH
Vector table area
0000H

Must not be used
FOOOH
[ EFFFH
A External memory By
T 12288 x 8 bits T
Program COOOH
memory BFFFH
space
1 0000H
Remark: : internal memory
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Fig. 3-4 Memory Map (uPD78098A)

) FFFFH
FFOOH
FEFFH
FEEQOH
FEDFH
FBOOH
FAFFH
Must not be used
FAEOH
FADFH
FACOH EFFFH
FABFH
Must not be used = Program area 1:
Data memory FS00H
space F8FFH 1000H
OFFFH
F8EOH R A
F8DFH r CALLF entry area *
Must not be used
0800H
F8OOH
F7FFH 07FFH
= Program area =
0080H
" FOOOH 007FH
EFFFH
l CALLT table area
Program 0040H
memory 003FH
space
Vector table area
3 Y 0000H 0000H

Remark: llll : internal memory
Caution: When the internal ROM is 60K bytes, the external device expansion function cannot be used. By

setting the internal ROM to below 56K bytes using the memory size switching register, the area
from the last address to address EFFFH of the internal ROM can be used as the external memory.
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Fig. 3-5 Memory Map (uPD78P098A)

FBOOH
FAFFH

FAEOH
FADFH |

FACOH
FABFH
Data memory
space FO00H
F8FFH

FBEOH}

F7FFH

EFFFH
> Program area S
1000H
OFFFH
> CALLF entry area 3
0800H
O07FFH
> Program area
a
0080H
007FH
CALLT table area
0040H
003FH
Vector table area
0000H

[ €4

(€4

W)
[£¢

FOQOH
‘ EFFFH
Program
memory
space
l 0000H
Remark: .internal memory

Caution: When the internal PROM is 60K bytes, the external device expansion function cannot be used.
By setting the internal PROM to below 56K bytes using the memory size switching register, the
area from the last address to address EFFFH of the internal PROM can be used as the external

memory.
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3.1.1 Internal program memory space
The uPD78094, uPD78095, uPD78096 and uPD78098A have mask ROMs with configurations of 32768 x 8 bits,
40960 x 8 bits, 49152 x 8 bits and 61440 x 8 bits respectively. The uPD78P098A has a PROM with a configuration
of 61440 x 8 bits. They store programs and table data. Normally, they are addressed with a program counter (PC).
The following areas are allocated in the internal program memory space.

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

Table 3-1 Vector Table

Vector Table Address Interrupt Request
0000H RESET input
0004H INTWDT
0006H INTPO
0008H INTP1
000AH INTP2
000CH INTP3
000EH INTP4
0010H INTP5
0012H INTP6
0014H INTCSIO
0016H INTCSI1
0018H INTSER
001AH INTSR/INTCSI2
001CH INTST
001EH INTTM3
0020H INTTMOO
0022H INTTMO1
0024H INTTM1
0026H INTTM2
0028H INTAD
002AH INTIE
003EH BRK
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(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

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

3.1.2 Internal data memory space
The pPD78098 sub-series units incorporate the following RAMs.

(1) Internal high-speed RAM
Addresses FBOOH-FEFFH are of 1024 x 8 bit configuration. 4 banks of general registers, each bank consisting
of eight 8-bit registers are allocated in the 32-byte area FEEOH to FEFFH.
The internal high-speed RAM can also be used as a stack.

(2) Buffer RAM
Buffer RAM is allocated to the 32-byte area from FACOH to FADFH. Buffer RAM can also be used as normal
RAM.

(3) Internal expansion RAM
The internal expansion RAM can be allocated to the 2048-byte area from FOOOH to F7FFH only for the uPD78098A
and 78P098A.

3.1.3 Special function register (SFR) area

An on-chip peripheral hardware special-function register (SFR) is allocated in the area FFOOH to FFFFH. (Refer
to Table 3-2).

Caution: Do not access addresses where the SFR is not assigned.
3.1.4 External memory space

The external memory space is accessible with memory expansion mode register. External memory space can

store program, table data, etc. and allocate peripheral devices.

3.1.5 IEBus register space
IEBuSs registers are assigned to an area of FBEOH to F8FFH.
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3.1.6 Data memory addressing

The uPD78098 sub-series is provided with a variety of addressing modes which take account of memory
manipulability, etc. In particular, specific types of addressing can be used which match the functions of the special
function registers (SFRs), general registers, etc., in the area in which the data memory is incorporated FBOOH to

FFFFH. Data memory addressing is shown in Figs. 3-6 to 3-10.

34

Fig. 3-6 Data Memory Addressing (uPD78094)

[y Y
FFFFH Special function ]
registers (SFRs) SFR addressing
256 x 8 bits
FR20H §
FF1FH
FFOOH
FEFFH General-purpose 4 i
registersp po Register addressing Short d“_'eCt
FEEOH 32 x 8 bits addressing
FEDFH:: Internal high-speed RAM =L
1024 x 8 bits
FE20H | .
FE1FH
FBOOH
FAFFH
Must not be used
FAEOH . .
FADFH Buffer RAM Direct addressing
' 32 x 8 bits Register indirect
fiﬁgg: addressing
Must not b od Based addressing
u e US
Based indexed
FS00H addressing
FEFFH IEBus registers
FSEOH 32 x 8 bits
F8DFH
Must not be used
FOOOH
EFFFH
~ External memory A
T 28672 x 8 bits T
8000H
7FFFH
A Internal ROM A
T 32768 x 8 bits T
0000H
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Fig. 3-7 Data Memory Addressing (¢xPD78095)

FFFFH Special function T
registers (SFRs) SFR addressing
256 x 8 bits
FR20H | e L D RN
FF1FH
FFOOH :
FEFFH General-purpose ;
registersp po Register addressing Short direct
FEEOH 32 x 8 bits addressing
FEDFH;;._. Internal high-speed RAM =L
1024 x 8 bits
FE20H | o
FE1FH
FBOOH
FAFFH
Must not be used
FAEOH
FADFH Buffer RAM
FACOH 32 x 8 bits
FABFH
Must not be used
F900H
F8FFH IEBus registers
F8EOH 32 x 8 bits
F8DFH
Must not be used
FOOOH
EFFFH
L External memory A
T 20480 x 8 bits i
AOCOOH
9FFFH
L Internal ROM L
T 40960 x 8 bits =
0000H

Direct addressing

Register indirect
acdressing

Besed addressing

Beased indexed
addressing
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Fig. 3-8 Data Memory Addressing (4xPD78096)

i
FFFFH Special function ?
registers (SFRs) SFR addressing
256 x 8 bits
FR20H | e e
FF1FH
FFOOH y
FEFFH General-purpose ;
registersp po Register addressing Short direct
FEEOH 32 x 8 bits ¥ addre;smg
FEDFH._ internal high-speed RAM L
T 1024 x 8 bits -
FE20H L e eeeemeeeemceeameanen
FE1FH
FBOOH
FAFFH
Must not be used
FAEOH . .
FADFH Buffer RAM Direct addressing
FACOH 32 x 8 bits Register indirect
FABFH addressing
Must not be used Based addressing
Based indexed
FS00H addressing
FFFH IEBus registers
F8DFH
Must not be used
FOOOH
EFFFH
L External memory L
T 12288 x 8 bits -
CO00H
BFFFH
A Internal ROM iy
T 49152 x 8 bits I~
0000H :
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Fig. 3-9 Data Memory Addressing (uPD78098A)

FFFFH . .
Special function
registers (SFRs) SFR addressing
FE20H| . 26%8bits e
FF1FH [
FFOOH
FEFFH| General-purpose ) Short direct
registers Register addressing addressing
FEEOH 32 x 8 bits
FEDFH‘;- Internal high-speed RAM :L
e 4 . —
FE20H| ... 1O Bt e
FE1FH
FBOOH
FAFFH
Must not be used
FAEOQOH
FADFH Buffer RAM
FACOH 32 x 8 bits
FABFH
Must not be used
FO00H
F8FFH IEBus registers
FBEOH 32 x 8 bits
F8DFH
Must not be used
F800H
F7FFH
L Internal expansion RAM =
2048 x 8 bits
FOOOH
EFFFH
. Internal ROM R
-~ 61440 x 8 bits -~
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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Fig. 3-10 Data Memory Addressing (uPD78P098A)

Short direct
addressing

FFFFH Special function T
fegi;éefz(zms) SFR addressing
1
FR20H | o
FF1FH
FFOOH
FEFFH General-purpose K ]
registers Register addressing
FEEOH 32 x 8 bits
FEDFFL_ Internal high-speed RAM  _|_
T 1024 x 8 bits B
FE20H | .
FE1FH
FBOOH
FAFFH
Must not be used
FAEOH
FADFH Buffer RAM
FACOH 32 x 8 bits
FABFH
Must not be used
F900H
F8FFH IEBus registers
F8DFH
Must not be used
FS00H
F7FFH
= [nternal expansion RAM
2048 x 8 bits
FOOOH
EFFFH
L Internal PROM A
i 61440 x 8 bits B
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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3.2 Processor Registers

The p#PD78098 sub-series units incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. A program counter, a program

status word and a stack pointer are control registers.

m

(2)

Program counter (PC)

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

Fig. 3-11 Program Counter Configuration

15 0

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.

Fig. 3-12 Program Status Word Configuration

IE Z RBS1| AC | RBSO 0 ISP CYy

(a) Interrupt enable flag (IE)
This flag controls interrupt request acknowledge operations of CPU.
When 0, the |E is set to DI, and only non-maskable interrupt request becomes acknowledgeable. Other
interrupt requests are all disabled. When 1, the IE is set to El and interrupt request acknowledge enable
is controlied with an inservice priority flag (ISP), an interrupt mask flag for various interrupt sources and a
priority specification flag.
The IE is reset to (0) upon DI instruction execution or interrupt acknowledgment and is set to (1) upon El
instruction execution.

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

{c) Register bank select flags (RBSO 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.
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(3)

40

(d) Auxiliary carry flag (AC)

(e}

)

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

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts.

When this flagis 0, low-level vectoredinterrupts specified with a priority specify flag register (PR) are disabled
foracknowledgment. Whenitis 1, allinterrupts are acknowledgeable. Actual acknowledgmentis controlled
with interrupt enable flag (IE).

Carry flag (CY)

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

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.

Fig. 3-13 Stack Pointer Configuration
15 0
SP

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (reset) from
the stack memory.
Each stack operation saves/resets data as shown in Figs. 3-14 and 3-15.

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

struction execution.
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Fig. 3-14 Data to be Saved to Stack Memory

Interrupt and
, CALL, CALLF, and BRK Instruction
PUSH rp Instruction CALLT Instruction
SP=-SP-3
SP=SpP-2 SP=SP -2 SP-3 PC7-PCO
SP-2 Register Pair SP-2 PC7-PCO SP-2 PC15-PC8
Lower A T
- - l
SP-1 Register Pair SP-1 PC15-PC8 SP-1 PSwW
Upper A :
1 | !
P> sp > i
Fig. 3-15 Data to be Reset from Stack Memory
POP rp Instruction RET Instruction RETIand RETE
SP - Register Pair SP - PC7-PCO SP —» PC7-PCO
i Lower ‘ l
Register Pai
SP+ 1 Loner SP+ 1 PC15-PC8 SP+1 PC15-PC8
SP=-SP + 2 SP=<+SP+2 SP+2 PSW
SP=-SP+3

3.2.2 General registers

Ageneral 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 1o 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.
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FEFFH

FEF8H

FEFOH

FEESH

FEEOH

FEFFH

FEF8H

FEFOH

FEESH

FEEOH

Fig. 3-16 General Register Configuration

(a) Absolute Name

16-Bit Processing 8-Bit Processing
R7
BANKO RP3
6
RS
BANK1 RP2
R4
R3
BANK2 RP1
R2
R1
BANK3 RPO
RO
15
(b) Function Name
16-Bit Processing 8-Bit Processing
H
BANKO HL
L
D
BANK1 DE
E
B
BANK2 BC
c
A
BANK3 AX
X

15
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3.2.3 Special function register (SFR)
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.
Each manipulation bit unit can be specified as follows.
¢ 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.
¢ 16-bit manipulation
Describe the symbo! reserved with assembler for the 16-bit manipulation instruction operand (sfrp).
When addressing an address, describe an even address.
Table 3-2 gives a list of special function registers. The meaning of items in the table is as follows.
e Symbol
This is a symbol used in assembler (RA78K/0) to indicate an address of the built-in special function register.
It is describable as an instruction operand.
* RIW
Indicates whether the corresponding special function register can be read or written.
R/W : Read/write enable
R . : Readonly
W : Write only
* Manipulatable bit units
Manipulatable bit units, 1, 8 and 16, are indicated.
* When reset’
Indicates each register status upon RESET input.
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Table 3-2 Special Function Register List (1/3)

Manipulatable

Address Special Function Register (SFR) Name Symbol RW Bit Unit When
) i . Reset
1 Bit |8 Bits [16 Bits
FFOOH Port 0 PO O |10 ]| -
FFO1H Port 1 P1 O |10 ]| -
00H
FFO2H Port 2 P2 O ] -
FFO3H Port 3 P3 o100 -
FFO4H Port 4 P4 OO | -1|.
FFOSH Port 5 P5 O 10 - | Undefined
FFO6H Port 6 P6 RW | O O -
FFO7H Port 7 P7 O @) -
FFOCH | Port 12 P12 (ONote[ - O0H
FFODH | Port 13 P13 O 10| -
FF10H Capture/compare register 00 CROO - - O
FF11H
Undefined
FF12H Capture/compare register 01 CRO1 - - O
FF13H
FF14H 16-bit timer register TMO R - - 10 00H
FF15H
FF16H Compare register 10 CR10 - {0 -
pare reg R/W Undefined
FF17H Compare register 20 CR20 - 10 -
FF18H 8-bit timer register 1 TM1 - 10
TMS R O 00H
FF19H 8-bit timer register 2 TM2 - |10
FF1AH Serial I/O shift register 0 S100 AW L~ O -
FF1BH | Serial I/O shift register 1 SIO1 - 10 - | Undefined
FF1FH A/D conversion result register ADCR R - 10 -
FF20H Port mode register 0 PMO 0|0 -
FF21H Port mode register 1 PM1 O |0 -
FF22H Port mode register 2 PM2 O | O -
FF23H Port mode register 3 PM3 O |0 -
FF25H Port mode register 5 PM5 O | O - FFH
FF26H Port mode register 6 PM6 AW O |0 -
FF27H Port mode register 7 PM7 O | O -
FF2CH Port mode register 12 PM12 C | O -
FF2DH | Port mode register 13 PM13 C | O -
FF30H Real-time output buffer register L RTBL - |0 -
FF31H Real-time output buffer register H RTBH - 1O | - 00H
FF34H Real-time output port mode register RTPM o 10 -
FF36H Real-time output port control register RTPC C |0 -
Note: Do not perform 1-bit manipulation when the IEBus controller is used.
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Table 3-2 Special Function Register List (2/3)

Manipulatable When

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

FF40H | Timer clock select register O TCLO 0|0 -
FF41H Timer clock select register 1 TCL1 - 10 - 00H
FF42H | Timer clock select register 2 TCL2 - 10| -
FF43H | Timer clock select register 3 TCL3 -10 | - 88H
FF47H Sampling clock select register SCS - 10 -
FF48H 16-bit timer mode control register TMCO C|O ]| -
FF49H | 8-bit timer mode control register TMC1 OO | - 00
FF4AH | Watch timer mode control register TMC2 O|0| -
FF4CH | Capture/compare control register 0 CRCO O} 0 - 04H
FF4EH 16-bit timer output control register TOCO RIW | O -
FF4FH 8-bit timer output control register TOC1 o]0 - 00H
FF60H Serial operating mode register 0 CSIM0 O |0 -
FF61H Serial bus interface control register 0 SBIC O | O -
FF62H Slave address register SVA - O — | Undefined
FF63H Interrupt timing specify register SINT o} 0 -
FF68H Serial operating mode register 1 CSimM1 | O -
FF69H Automatic data transmit/receive control register ADTC OO -
FF6AH | Automatic data transmit/receive address pointer ADTP - 10| -
FF6BH :;;Z?ﬁc data transmit/receive interval specify ADTI olo _ 00H
FF70H Asynchronous serial interface mode register ASIM |0 -
FF71H Asynchronous serial interface status register ASIS R (OIN @] -
FF72H Serial operating mode register 2 CSIM2 RW 0} 0 -
FF73H Baud rate generator control register BRGC - 10 -
e — pefoor ] - Jo |- | e
FF80H A/D converter mode register ADM |0 - 01H
FF84H A/D converter input select register ADIS - O] -
FFO0OH D/A conversion value set register 0 DACSO0 RW| - | O - 00H
FF91H D/A conversion value set register 1 DACS1 - O -
FF98H D/A converter mode register DAM (ONN @] -
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Table 3-2 Special Function Register List (3/3)

Manipulat‘able When

Address Special Function Register (SFR) Name Symbol RW Bit Unit Reset
» 1 Bit |8 Bits [16 Bits
FFDOH
to External access areaNote 1 O | O] - | Undefined
FFDFH
FFEOH Interrupt request flag register OL IFO IFOL 0|0 o
FFE1H Interrupt request flag register OH IFOH Ol O 00H
FFE2H Interrupt request flag register 1L IF1L O| O -
FFE4H Interrupt mask flag register OL MKO MKOL] RW| O | O o
FFESH Interrupt mask flag register OH MKOH Ol O
FFEGH Interrupt mask flag register 1L MK1L Ol O} -
FFESH Priority order specify flag register OL PRO PROL O] 0 o FFH
FFE9H Priority order specify flag register OH PROH O| O
FFEAH | Priority order specify flag register 1L PRIL o} O} -
FFECH | External interrupt mode register O INTMO -1 0Ol - 00H
FFEDH | External interrupt mode register 1 INTM1 - O -
FFFOH | Memory size switching register IMS W -1 0o - Note 2
FFF2H Oscillation mode selection register OSMS -1 Ol - 00H
FFF3H Pull-up resistor option register H PUOH RWj O | O -
FFF4H | Internal expansion RAM size switching register | IXSNote3 W | - | O| - | ogHNotes
FFF6H Key return mode register KRM |l O] - O0H
FFF7H Pull-up resistor option register L PUOL | O - 10H
FFF8H Memory expansion mode register MM rRw | O ol - O0H
FFFOH Watchdog timer mode register WDTM oO| O] - 04H
FFFAH Oscillation stabilization time select register OSTS - | O} -
FFFBH Processor clock control register PCC | O -
Notes:

(1) The external access area cannot be accessed in SFR addressing. Access the area with an instruction that
can specify addresses of 16 bits.

(2) The value when reset depends on products.
uPD78094 : C8H, uPD78095 : CAH, uPD78096 : CCH, uPD78098A : CFH,
uPD78P098A : CFH
When using a mask ROM version, do not set values other than those in reset to IMS {excluding when using
the external device expansion function for yPD78088A).

(3) uPD78098A and uPD78P098A only.

{4) When using a mask ROM version, do not set values other than those in reset to IXS.
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3.2.4 IEBus registers
The IEBus registers are mainly used to control the IEBus controller, and is assigned to an area of FBEOH to F8FFH.
These registers can be manipulated by operation instructions and transfer instructions.
¢ 1-bit manipulation
The |EBus registers cannot be read or written in 1-bit units.
To write 1 bit of these registers, use an 8-bit transfer instruction with information for the other 7 bits.
To reference (read) 1 bit, read an 8-bit value to the A register, and then execute a bit manipulation instruction
on the A register.
o 8-bit manipulation
To manipulate the IEBus registers in 8-bit units, describe 2 symbol reserved by assembler as the operand of
an 8-bit manipulation instruction (!addr16).
The 8 bits to be manipulated can also be specified by an address.
Table 3-3 lists the IEBus registers. The meanings of the symbols in this table are as follows:
e Symbol
These symbols are used by the assembler (RA78K/0) that indicates the address of the internal IEBus register
and can be used as operand of instructions.
* RW
This column indicates whether the corresponding IEBus register can be read (Read) or written {(Write).
R/W : Read/write
R . Read only
W : Write only
¢ Bit units for manipulation
The IEBus registers can be manipulated only in 8-bit units.
* When reset
Indicates the status of each register when the RESET signal is input.
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Table 3-3 IEBus Register List

Manipulatable
Address Register Name Symbol R/W Bit Unit When
- - ) Reset
1 Bit |8 Bits 16 Bits
F8EOH Clock select register 1 IECL1 - Cc| -
F8E1H i I - -
8E Clock select register 2 ECL2 AW C 00H
FBE2H A/D current cutting select register |IEAD - 10| -
F8E3H IEBus controller mode register IECM - ol -
egron |.comvolregister SR W _ | o - Pox00xis
Status register 1 STR1 R 01011>xxB
Command register CMR W 00H
FBF1H f---------- Rttt AR e L EEE R R EEE R LAl th Al - 1O | = [~
Status register 2 STR2 R 02H
FeFoH | Unitaddressregister1 o]l UART .. W _|o| - |Yndefined
Receive data number register 1 RDR1 R 00H
Fgray | Unitaddressregister2 | UARZ | W | o | Undefined |
Receive data number register 2 RDR2 R O00H
Slave address register 1 SAR1 W
FBFAH  fm--messeelooe i il s b - - - | Undefined
Lock address register 1 LOR1 R © ndetine
Fgrsy | Saveaddressregister2 ..l SARZ | _. w.. o | Undefined |
Lock address register 2 LOR2 R 0000>cxxB
Master communication register MCR w
o B R e SRR L LR EEEREtebl: SEEDEE - - | Undefined
Multiaddress calling address register 1 DAR1 R © naetine
F8F7H Multiaddress calling address register 2 DAR2 R - O | - | Undefined
F8F8H Return code register RCR R - o] - 4FH
Tra it buff i TBF
F8FEH nsml—u-erregl:e,ter _________________________________ W .l - | © | - | Undefined
Receive buffer register RBF R
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3.3 Instruction Address Addressing

An instruction address is determined by program counter (PC) contents and is normally incremented (+1 for each
byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction
is executed. When a branch instruction is executed, the branch destination information is set to the PC and branched
by the following addressing (For details of instructions, refer to 78K/0 series User's Manual-Instruction (IEU-1372).

3.3.1 Relative addressing

[Function} \

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

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

[illustration]
15 0
PC ...PC indicates the start address
of the instruction
+ after the BR instruction.
15 8 7 6 0
«a S
jdisp8
15 0
PC

When S = 0, all bits of a are 0.
When S = 1, all bits of aare 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 laddr11 instruction is executed.

{lllustration]
In the case of CALL laddr16 and BR !addri6 instructions

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

PC

In the case of CALLF laddr11 instruction

faios CALLF

far-o

PC{0 0 0 0 1
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3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the immediate

data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.

[illustration]

7 6 5 1 0

OperationCode | 1 1 taeo 1
15 8 7 6 5 1 10
Effective Address |0 0 0 0 0 0 O O0}0 1 0

-

7 Memory (Table) o]

Low Addr. e re——
Effective Address+1 High Addr.
15 8 7 v 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.

[llustration]

p A X

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing
{Function]

The register which functions as an accumulator (A and AX) in the general register is automatically addressed.
Of the uPD78098 sub-series 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

A 4
[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format is
necessary.
[Description example]
In the case of MULU X
< With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
-
-
“—
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3.4.2 Register addressing

{Function]

The general register to be specified is accessed as an operand with the register specify code (Rn and RPn) of
an instruction word in the registered bank specified with the register bank select flag (RBSO and RBS1).

Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format)

ldentifier Description
r X.A C,B ED,LH
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 O

INCW DE; when selecting DE register pair as rp

Operation code 1 0 0 0 0t 0O
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3.4.3 Direct addressing

[Function]

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

address.

[Operand format]

Identifier

Description

addr16 Label or 16-bit immediate data

[Description example}

MOV A, IFEOOH; when setting !addr16 to FEOOH

Operation code

1t 00 O 1 1 10

0 0 0 00 0 O0UDO
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3.4.4 Short direct addressing

[Function]

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

This addressing is applied to the 256-byte space FE20H to FF1FH. Aninternal RAM and a special function register
(SFR) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.

If the SFR area (FFOOH to FF1FH) where short direct addressing is applied, ports which are frequently accessed
in a program and a compare register of the timer/event counter and a capture register of the timer/event counter
are mapped and these SFRs can be manipulated with a small number of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H to 1FH,
bit 8 is set to 1.

[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 FE30H, #50H; when setting saddr to FE30H and immediate data to 50H

Operationcode |0 0 0 1 0 O 0 1
0 011 0 0 0 O
0O 1 01 0 0 OO
[Hllustration]
7 0
OP code
Saddr-offset ‘——-1
15 8 7 0

Short Direct Memory

Effective address 1 1

When 8-bit immediate data is 20H to FFH, a =0

When 8-bit immediate 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 PMQO, A; when selecting PMO as sfr

Operation code 11 1 1t 01 1 0

[Mlustration]

OP code

sfr-offset

SFR

Effective address 11 1T 111 11
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3.4.6 Register indirect addressing

[Function]

Register pair contents specified with a register pair specify code in an instruction word of the register bank
specified with a register bank select flag (RBSO and RBS1) serve as an operand address for addressing the memory

to be manipulated. This addressing can be carried out for all the memory spaces.

[Operand format]

{Description example]

Identifier

Description

(DE}, [HL]

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

[IHustration]

DE

16

Operation code

1 0 0 0 0 1

0
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3.4.7 Based addressing

[Function]

8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in
an instruction word of the register bank specified with the register bank select flag (RBS0 and RBS1) and the sum
is used to address the memory. Addition is performed by expanding the offset data as a positive number to 16 bits.
A carry from the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier Description

- (HL+byte]

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

Operation code 1 01 01 1 1 0
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3.4.8 Based indexed addressing

[Function]

The B or C register contents specified in an instruction are added to the contents of the base register, that is,
the HL register pair in an instruction word of the register bank specified with the register bank select flag (RBSO and
RBS1) and the sum is used to address the memory.

Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from the 16th bit is
ignored. This addressing can be carried out for all the memory spaces.

{Operand format]

Identifier Description

- {HL+BI, [HL+C]

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

Operation code 1 01 01 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 calland 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

Operatoncode |1 0 1 1 0 1 0 1
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions
The uPD78098 sub-series units incorporate two input ports and sixty-seven input/output ports. Fig. 4-1 shows
the port configuration. Every port is capable of 1-bit and 8-bit manipulations and can carry out considerably varied

control operations. Besides port functions, the ports can also serve as built-in hardware input/output pins.

Fig. 4-1 Port Types
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B —— et
B — e
B e | e
Port5 ¢ ] » PortO
e et
-] e
] P57 P07 ‘|e————
-——»{ P60 P10 |e———
B e
-——— -
Port6 { | [ Port1
R e e
B —— b
~— P67 P17 f—>
~——— P70 P20 [
Port 7 { ~——> —
-~ P72 ~>
> Port 2
-1 P120
I f———
] et
Port12 ¢ P27
] P30 p+—————
i PaE—
-~ P127 >
————
P130 e 0 Port 3
Port 13 |
- P131 |
P37 te—»
P40-P47 Port4 -
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Table 4-1 Port Functions (1/2)

Dual-
Pin Name Function Function
Pin
POO Input only. INTPO/TIOO
PO1 INTP1/TiO1
P02 Input/output specifiable bit-wise. INTP2
P03 Port 0. If used as an input port, a pull-up resistor INTP3
P04 8-bit input/output port. can be connected by software. INTP4
P05 INTPS
P06 INTP6
P07 Input only. XT1
Port 1.
P10 10 P17 8-bit input/output port. ANIO to ANIT
Input/output specifiable bit-wise.
If used as an input port, a pull-up resistor can be connected by software.
P20 Si
P21 SO1
P22 Port 2. ScKi
P23 8-bit input/output port. STB
P24 Input/output specifiable bit-wise. BUSY
P25 If used as an input port, a pull-up resistor can be connected by software. S10/SBO
P26 S00/sSB1
P27 SCKO
P30 TOO
P31 TO1
P32 Port 3. TO2
P33 8-bit input/output port. T
P34 Input/output specifiable bit-wise. Ti2
P35 If used as an input port, a pull-up resistor can be connected by software. PCL
P36 BUZ
P37 -
Port 4. 8-bit input/output port.
Input/output specifiable in 8-bit units.
P40 to P47 If used as an input port, a pull-up resistor can be connected by software. ADO to AD7
Test input flag (KRIF) is set to 1 by falling edge detection.
Port 5. 8-bit input/output port.
LED can be driven directly.
P50 to P57 A8 to A15

input/output specifiable bit-wise.

If used as an input port, a pull-up resistor can be connected by software.
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Table 4-1 Port Functions (2/2)

Dual-
Pin Name Function Function
Pin
P60 N-ch open drain input/output port.
P61 On-chip pull-up resistor specifiable by mask
P62 option.(Mask ROM version only). LEDs can -
063 Port 6. be driven directly.
8-bit input/output port. —
P64 | input/output specifiable bit-wise. RD
P65 If used as an input port, a pull-up resistor WR
P66 can be connected by software. WAIT
P67 ASTB
P70 Port 7. SI2/RxD
3-bit input/output port.
P71
Input/output specifiable bit-wise. SO2/TxD
P72 If used as an input port, a pull-up resistor can be connected by software. SCK2/ASCK
P120 to P123} Port 12. RTPO to RTP3
P124 | 8-bit input/output port. RTP4/TX
P125 Input/output specifiable bit-wise. RTP5/RX
P126, P127/| If used as an input port, pull-up resistor can be connected by software. RTP6, RTP7
Port 13.
2-bit input/output port.
P130, P131 P ANOO, ANO1

Input/output specifiable bit-wise.

If used as an input port, pull-up resistor can be connected by software.
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4.2 Port Configuration

A port consists of the following hardware.

Table 4-2 Port Configuration

Item Configuration
Port mode register (PMm: m=0t03,5t07, 12, 13)
. Pull-up resistor option register (PUOH, PUOL)
Control register . .
Memory expansion mode register (MM)Note
Key return mode register (KRM)

Port

Total: 69 ports (2 inputs, 67 inputs/outputs)

Pull-up resistor

* Mask ROM products
Total: 67 (software control: 63 mask option control: 4)
e uPD78P098A Total: 63

Note: Memory expansion mode register specifies port4 input/output.

4.2.1 PortO

Port 0 is a 8-bit input/output port with output latch. P01 to P06 pins can specify the input mode/output mode
in 1-bit units with the port mode register 0. POO and P07 pins are input-only ports. When P01 to P06 pins are used
as input ports, a pull-up resistor can be connected to them in 6-bit units with a pull-up resistor option register L.

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

subsystem clock oscillation.
RESET input sets port 0 to input mode.
Figs. 4-2 and 4-3 show block diagrams of port 0.

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

mode is used, set the interrupt mask flag to 1.
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PORT FUNCTIONS

Fig. 4-2 P00 and P07 Configurations

s
I
n
t RD
e
r
; |
2 & o<} POO/INTPO/TIOO,
| ———© po7/XT1
b
U
S
N
Fig. 4-3 P01 to P06 Configurations
Voo
WReuo
~— J\
© > PUOO b I P-ch
RD
| ]
LG -
e
r ]
n WRprorT
a JL PO1/INTP1/TION,
| & Output Latch I © PO2INTP2
b (PO1 to PO6) to
u PO6/INTP6
s
WRem
’\L PMO01 to PM06
_—
Remarks:
(1) PUO : Pull-up resistor option register
(2) PM : Port mode register
(3) RD : Port O read signal
(4) WR : Port 0 write signal
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4.2.2 Port 1

Port 1 is an 8-bit input/output port with output latch. It can specify the input mode/output mode in 1-bit units with
a port mode register 1. When P10 to P17 pins are used as input ports, a pull-up resistor can be connected to them
in 8-bit units with a pull-up resistor option register L.

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

RESET input sets port 1 to input mode.

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

Caution: A pull-up resistor cannot be used for pins used as A/D converter analog input.

Fig. 4-4 P10 to P17 Configurations

Voo
WReruo
~— J\
RD
l ]
n Fan
t ~ Selector
e
o Wreonr
a P10/ANIO
! o Output Latch N o) 10
b {P10to P17) P17/ANI7
u
s
WRem
’\J) PM10 to PM17
-
Remarks:

(1) PUO : Pull-up resistor option register
(2) PM : Port mode register

(3) RD : Port 1 read signal

(4) WR : Port 1 write signal
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4.2.3 Port 2

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

Dual-functions include serial interface data input/output, clock input/output, automatic transmit/receive busy input,
and strobe output.

RESET input sets port 2 to input mode.

Figs. 4-5 and 4-6 show a block diagram of port 2.

Cautions:

(1) When using as a serial interface, the input/output and output latch must be set according to the
functions used. For details of how to set, refer to the format of the serial operation mode register 0
in Fig. 14-4 and the format of the serial operation mode register 1 in Fig. 15-3.

(2) When reading the pin state in SBIl mode, set PM2n to 1 (n =5, 6) (Refer to 14.4.3 SBI mode operation
(10) SBI mode precautions (e)).

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

Voo
WReuo
O PUO2 ): | P-ch
RD
' i
? & Selector
e
r [
n WReorT —
a .
! Output Latch g;/g?;
b = (P20, P21, P23 to P26) _D—< © P24;B UéY
: P25/S10/SBO,
P26/S0O0/SB1
WRem
J\ PM20, PM21
~ PM23 to PM26
./
Dual Function
Remarks:

(1) PUO : Pull-up resistor option register
(2) PM : Port mode register

(3) RD : Port 2 read signal

(4) WR : Port 2 write signal
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Fig. 4-6 P22 and P27 Configurations
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WRem
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Dual Function
Remarks:
(1) PUO : Pull-up resistor option register
(2) PM : Port mode register
(3) RD : Port 2 read signal
(4) WR : Port 2 write signal

©

P22/SCK1,
P27/SCKO
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4.2.4 Port3

Port 3 is an 8-bit input/output port with output latch. P30 to P37 pins can specify the input mode/output mode
in 1-bit units with the port mode register 3. When P30 to P37 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with a pull-up resistor option register L.

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

RESET input sets port 3 to input mode.

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

Fig. 4-7 P30 to P37 Configurations
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WRem
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Dual Function
Remarks:

(1) PUO : Pull-up resistor option register
(2) PM : Port mode register

(3) RD : Port 3 read signal

(4) WR : Port 3 write signal
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4.25 Port 4

Port 4 is an 8-bit input/output port with output latch. P40 to P47 pins can specify the input mode/output mode
in 8-bit units with the memory expansion mode register. When P40 to P47 pins are used as input ports, a pull-up
resistor can be connected to them in 8-bit units with pull-up resistor option register L.

The test input flag (KRIF) can be set to 1 by detecting falling edges.

Dual-functions include address/data bus function in external memory expansion mode.

RESET input sets port 4 to input mode.

Figs. 4-8 and 4-9 show a block diagram of port 4 and block diagram of falling edge detection circuit, respectively.

Fig. 4-8 P40 to P47 Configurations
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RD ‘
d
|
’ |
t Selector
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b ~ (P40 to P47) 0
u P47/AD7
S
WRmmM
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Remarks:

(1) PUO : Pull-up resistor option register
(2) MM : Memory expansion mode register
(3) RD : Port 4 read signal

(4) WR : Port 4 write signal

Fig. 4-9 Block Diagram of Falling Edge Detection Circuit
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P47

KRIF Set Signal
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426 Port5

Port 5 is an 8-bit input/output port with output latch. P50 to P57 pins can specify the input mode/output mode
in 1-bit units with the port mode register 5. When P50 to P57 pins are used as input ports, a pull-up resistor can
be connected to them in 8-bit units with a pull-up resistor option register L.

Port 5 can drive LEDs directly.

Dual-functions include address bus function in external memory expansion mode.

RESET input sets port 5 to input mode.

Fig. 4-10 shows a biock diagram of port 5.

Fig. 4-10 P50 to P57 Configurations
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u
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WRem
J) PM50 to PM57
S
Remarks:

(1) PUO : Pull-up resistor option register
(2) PM : Port mode register

(3) RD : Port 5 read signal

(4) WR : Port 5 write signal
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427 Port6

Port 6 is an 8-bit input/output port with output latch. P60 to P67 pins can specify the input mode/output mode
in 1-bit units with the port mode register 6.

When pins P64 to P67 are used as input ports, a pulli-up resistor can be connected to them in 4-bit units with pull-
up resistor option register L. Mask ROM products can contain pull-up resistors to pins P60 to P63 by the mask option.
The uPD78P098A has no mask option.

Pins P80 to P63 can drive LEDs directly.

Dual-functions include the control signal output function in external memory expansion mode.

RESET input sets port 6 to input mode.

Figs. 4-11 and 4-12 show block diagrams of port 6.

Caution: When external waitis not used in external memory expansion mode, P66 can be used as an input/
output port.
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Fig. 4-11 P60 to P63 Configurations
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) Mask ROM version
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Remarks:
(1) PM : Port mode register
(2) RD : Port 6 read signal
(3) WR : Port 6 write signal
Fig. 4-12 P64 to P67 Configurations
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Remarks:
(1) PUO : Pull-up resistor option register
(2) PM : Port mode register
(3) RD : Port 6 read signal
(4) WR : Port 6 write signal
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428 Port7

This is a 3-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means
of port mode register 7. When pins P70 to P72 are used as input port pins, a pull-up resistor can be connected as
a 3-bit unit by means of pull-up resistor option register L.

Dual-functions include serial interface channel 2 data input/output and clock input/output.

RESET input sets the input mode.

Port 7 block diagrams are shown in Figs. 4-13 and 4-14.

Caution: When using as a serial interface, the input/output and output latch must be set according to the
functions used. For details of how to set, refer to the list of serial interface channel 2 operation

mode settings in Table 16-2.

Fig. 4-13 P70 Configurations
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(1) PUO : Pull-up resistor option register
(2) PM : Port mode register

(3) RD : Port 7 read signal

(4) WR : Port 7 write signal
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Fig. 4-14 P71 and P72 Configurations
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(1) PUO : Pull-up resistor option register
(2) PM : Port mode register

(3) RD : Port 7 read signal

(4} WR : Port 7 write signal
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4.2.9 Port 12

This is an 8-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means
of port mode register 12. When pins P120 to P127 are used as input port pins, a pull-up resistor can be connected
as an 8-bit unit by means of pull-up resistor option register H.

This port also provides real-time output function and IEBus controller function.

Do not execute a bit manipulation instruction on port 12 when the IEBus controller function is used.

RESET input sets the input mode.

The port 12 block diagram is shown in Fig. 4-15.

Fig. 4-15 P120 to P127 Configurations
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Remarks:

(1) PUO : Pull-up resistor option register
(2) PM : Port mode register
(3) RD : Port 12 read signal
(4) WR : Port 12 write signal
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4.2.10 Port 13

This is a 2-bit input/output port with output latches. Input mode/output mode can be specified bit-wise by means
of port mode register 13. When pins P130 and P131 are used as input port pins, a pull-up resistor can be connected
as a 2-bit unit by means of pull-up resistor option register H.

These pins are dual function pin and serve as D/A converter analog outputs.

RESET input sets the input mode.
The port 13 block diagram is shown in Fig. 4-16.

Caution: When AVrer < Voo and the D/A converter is used for only one channel, perform the one of the
following procedures for pins not used as analog output.

+ Set the port mode register (PM13x) to 1 (input mode) and connect to Vss.

« Set the port mode register (PM13x) to 0 {output mode), set the output latch to 0, and output

Fig. 4-16 P130 and P131 Configurations
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(1) PUO : Pull-up resistor option register
(2) PM : Port mode register
(3) RD : Port 13 read signal
{4) WR : Port 13 write signal
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P130/ANOO,
P131/ANO1
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4.3 Port Function Control Registers

The foilowing four types of registers control the ports.

e Port mode registers (PM0-PM3, PM5-PM7, PM12, PM13)
¢ Pull-up resistor option register (PUOH, PUOL)

* Memory expansion mode register (MM}

e Key return mode register (KRM)

* (1) Port mode registers (PMO0 to PM3, PM5 to PM7, PM12, PM13)
These registers are used to set port input/output in 1-bit units.
PMOto PM3, PM5 to PM7, and PM13 are independently set with a 1-bit or 8-bit memory manipulation instruction.
PM12 is set with the 8-bit memory manipulation instruction.
RESET input sets registers to FFH.
When using port pins as dual function pins, set the port mode register and output latch as shown in Table 4-
3.

Cautions:

(1) P00 and P07 are input-only pins.

{2) As port 0 has a dual function as an external interrupt input, when the port function output mode is
specified and the output level is changed, the interrupt request flag is set. When the output mode is
used, therefore, the interrupt mask flag should be set to 1 beforehand.

(3) The memory expansion mode register specifies P40 to P47 as input/output pins.

(4) When the IEBus controller is used, the following read-modify-write instructions for port 12 cannot be

used.
SET1 ; Manipulates any bits of port 12
CLR1 ; Manipulates any bits of port 12
BTCLR ; Manipulates any bits of port 12
OR P12, #byte
XOR P12, #byte
AND P12, #byte
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Table 4-3 Port Mode Register and Output Latch Settings when Using Dual Function

Dual Function Dual Function
Pin Name PMxx Pxx Pin Name PMxx Pxx
Name 110 Name 7[e]

INTPO | |1 (Fixed) | None |P50to P57 | A8to A15 0 xNote2
Poo TI00 I |1 (Fixed) | None |P64 RD o] xNote2
po1 INTP1 [ 1 x |P65 WR 0 xNote2

TI01 | 1 X P66 WAIT ! xNote2
P02 to P06 | INTP2 to INTP6| | 1 X P67 ASTB (o} xNote2
po7Notel | XT1 | |1 (Fixed) | None |P120toP123| RTPOto RTP3 | O 0 Random
P10 to ANIO to ANI7 | | 1 x RTP4 0 0 Random
p17Notel P124
P30 to P32 | TOO to TO2 o} 0 0 T o} 1 0
P33, P34 |TI1, TI2 ! 1 X RTPS 0 0 Random
P35 PCL 0 0 0 P125 RX [ 1 X
P36 BUZ 0 0 0 P126, P127 | RTP6, RTP7 | O 0 Random
P40 to P47 |ADO to AD7 | I/O Note2 P130, ANOO, ANO1 | O 1 0

P131Note

Notes:

(1) Becomes unstable while the dual function is used.

(2) Whenusing pins P40to P47, PS0 to P57, P64 to P67 as dual function pins, set the functions using the memory
expansion mode register. )

Remark: X : don't care (no setting required)
PMxx : Port mode register '
Pxx : Port output latch

Cautions:

(1) When not using the external wait in the memory expansion mode, pin P66 can be used as an input/
output port.

(2) When using port 2 and port 7 as serial interface pins, the input/output and output latch must be set
according the functions used. For details of how to set, refer to the format of the serial operation mode
register 0 in Fig. 14-4, the format of the serial operation mode register 1 in Fig. 15-3, and the list of
serial interface channel 2 operation mode settings in Table 16-2.
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Symbol
PMO

PM1

PM2

PM3

PM5

PM6

PM7

PM12

PM13

7

Fig. 4-17 Port Mode Register Format

4

3

2

0

PMO06

PMQ5

PMO4

PMO3

PMO02

PMO1

PM17

PM16

PM15

PM14

PM13

PM12

PM11

PM10

PM27

PM26

PM25

PM24

PM23

PM22

PM21

PM20

PM37

PM36

PM35

PM34

PM33

PM32

PM31

PM30

PMS7

PMS6

PMS5S

PMS54

PMS53

PM52

PMS1

PMS0

PMeE7

PM66

PM65

PMB4

PME&3

PM62

PM61

PM60

PM72

PM71

PM70

PM127

PM126

PM125

PM124

PM123

PM122

PM121

PM120

PM131

PM130

Address When Reset RW

FF20H FFH RW
FF21H FFH RW
FF22H FFH RW
FF23H FFH RW
FF25H FFH RW
FF26H FFH RW
FF27H FFH RW
FF2CH FFH RW
FF2DH FFH RW

Pmn Pin Input/Output Mode Selection

PMmN| (11203, 57, 12, 13 : n=07)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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{2} Pull-up resistor option register (PUOH, PUOL)
This register is used to set whether to use an internal pull-up resistor at each port or not. A pull-up resistor is
internally used at bits which are set to the input mode at a port where pull-up resistor use has been specified
with PUOH, PUOL. No pull-up resistors can be used to the bits set to the output mode or to the bits used as
an analog input pin, irrespective of PUOH or PUOL setting.
PUOH and PUOL are set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 00H.

Cautions:

(1) POO and P07 pins do not incorporate a pull-up resistor.

(2) When ports 1, 4,5, and P64 to P67 pins are used as dual function pins, a pull-up resistor cannot be
used even if 1 is set in PUOmM (m = 1, 4 to 6).

(3) P60 to P63 pins can be used with pull-up resistor by mask option only for mask ROM version.

Fig. 4-18 Pull-Up Resistor Option Register Format

Symbol 7 6 ® @® 3 2 1 ) Address  When Reset RW
PUOH 0 0 |PUO13(PUO12| O 0 0 0 FFF3H 00H RW
@ ®& &6 ®© ®© @ O o0
PUOL | PUO7 | PUOS | PUOS | PUO4 | PUO3 | PUO2 | PUO1 | PUOO FFF7H 00H RW
l 1 | ! ] | ] ]
Pm Internal Pull-up Resistor Selection
PUOM| (=07, 12, 13)
0 Internal pull-up resistor not used
1 internal pull-up resistor used

Caution: Bits 0 to 3, 6, and 7 of PUOH should be set to 0.
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(3) Memory expansion mode register (MIM)
This register is used to set input/output of port 4.
MM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 10H.

Fig. 4-19 Memory Expansion Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset RW
MM 0 0 PW1 | PWO 0 | MM2 | MM1| MMO FFF8H 10H RW
Single~chip/ P40 to P47, P50 to P57, P64 to P67 Pin State
MM2 | MM1 | MMO Memory Expansion
Mode Selection P40 to P47 P50 to PS3| P54, P55 P56, P57 | 784 10 P67
0 0 0 Port | Input
Single-chip mode Port mode
0 0 1 mode | output
256-byte
0 1 1 vt Port mode
mode
1 0 0 Memory 4K-byte Port mode P54=i_
expansion mode ADO to AD7 P85=WR
1 —
16K-byte ° . |Pes=WAIT
1 0 1 | mode A8 to A11 Port mode | __
mode F57=ASTB
A12, A13
1 ] 1 Full address Al4, A15
modeNote
QOther than above Setting prohibited
PW1 | PWO Wait Control
0 0 No wait
0 1 Wait (one wait state insertion)
1 0 Setting prohibited
1 1 Wait control by external wait pin

Note: The full address mode allows external expansion for all areas of the 64K-byte address space, except the
internal ROM, RAM, SFR, and use-prohibited areas.

Remarks:
(1) P60 to P63 pins enter the port mode in both the single-chip and memory expansion mode.

(2) Besides setting port 4 input/output, MM aiso sets the wait count and external expansion area.

Caution: When the 2/3 divider of the clock generator circuit (in divider 1) is used to generate the main
system clock, the external device expansion function cannot be used.
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(4) Key return mode register (KRM)
This register sets the enabling/disabling of standby function release by the key return signal (port 4 falling edge
detection).
KRM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets KRM to 02H.

Fig. 4-20 Key Return Mode Register Format

Symbol 7 5] 5

S
w
N

® © Address  When Reset RW
KRM 0 0 0 0 0 0\ KRMK| KRIF FFF6H 02H RW

L KRIF | Key Return Signal Detection Flag
0 Not detected

1 Detected (Port 4 falling edge detection)

KRMK| Standby Mode Control by Key Return Signal
0 Standby mode release enabled

1 Standby mode release disabled

Caution: When falling edge detection of port4 is used, KRIF should be cleared to 0 (will not be
cleared to 0 automatically).
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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 {atch contents do not change.
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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.

4.5 Selection of Mask Option

The following mask option is provided in mask ROM version. The uPD78P0S8A has no mask option.

Table 4-4 Comparison between Mask ROM Version and the uPD78P098A

- Pin Name Mask ROM Version uPD78P098A

Mask option for P60 to P63 Bitwise-selectable on-chip pull-up resistors No on-chip pull-up resistor
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CHAPTER 5 CLOCK GENERATOR

5.1 Clock Generator Functions

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

(1) Main system clock oscillator
This circuit oscillates at frequencies of 1 to 6.5 MHz. Oscillation can be stopped by executing the STOP instruction

or setting the processor clock control register.

(2) Subsystem clock oscillator
The circuit oscillates at a frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem clock oscillator

is not used, the setting of not using the internal feedback resistance can be set by the processor clock control
register. This enables to decrease power consumption in the STOP mode.
5.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 5-1 Clock Generator Configuration

Item Configuration

Processor clock control register (PCC)
Control register | Oscillation mode selection register (OSMS)
Clock select registers 1, 2 (IECL1, IECL2)

Main system clock oscillator
Subsystem clock oscillator

Oscillator
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5.3 Clock Generator Control Register

The clock generator is controlled by the following three registers:

* Processor clock control register (PCC)
¢ Oscillation mode selection register (OSMS)
* Clock select registers 1, 2 (IECL1, IECL2)

(1) Processor clock control register (PCC)
The PCC sets CPU clock selection, the ratio of division, main system clock oscillator operation/stop and

subsystem clock oscillator internal feedback resistor use/unuse.

The PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the PCC to 04H.

Fig. 5-3 Subsystem Clock Feedback Resistor

P-ch

AAA
YW

- i—-———;n

»
4

%
30
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Fig. 5-4 Processor Clock Contro! Register Format

Symboo @ ® ©® @ 3 2 1 0 Address WhenReset RMW
PCC|MCC| FRC | CLS | CSS | 0 |PCC2|PCC1 |PCCO FFFBH 04H  RwW™!
R/W /| CSS|PCC2{ PCC1| PCCO| CPU Clock Selection (fcru)

0 0 0 xx
0 0 1 /2

0| o 1 0 | fw22
0 1 1| fov28
1 0 0 | fo/2*
0 0 0
0 0 1

1 o] 1 0 fxr/2 (122 us)
0 1 1
1 0 0

Other than above Setting prohibited
R | CLS| CPU Clock Status
0 Main system clock
1 Subsystem clock

RMW | FRC | Subsystem Clock Feedback Resistor Selection

0 Internal feedback resistor used

1 Internal feedback resistor not used -

RW | MCC| Main System Clock Oscillation ControlNote 2

0 Oscillation possible

1 Oscillation stopped

Notes:

(1) Bit 5 is Read Only.

{2) When the CPU is operating on the subsystem clock, MCC should be used to stop the main system clock
oscillation. A STOP instruction should not be used.

Caution: Bit 3 must be set to 0.

Remarks:

(1) fxx : Main system clock frequency

(2) fxr : Subsystem clock oscillation frequency

(3) Figures in parentheses indicate minimum instruction execution time when operating at fxr = 32.768 kHz :
2/fcpu.
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(2)

Oscillation mode selection register (OSMS)

This register specifies whether 1/2 divider in divider 1 is used. When this register is used in combination with

clock select registers 1 and 2 (IECL1 and IECL2), eight types of main system clock frequencies fxx are selectable.
OSMS is set with 8-bit memory manipulation instruction.
RESET input sets OSMS to 00H.

Fig. 5-5 Oscillation Mode Selection Register Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset RW
OSMS 0 0 0 0 0 0 0 MCS FFF2H 00H W

|— MCS | Main System Clock Divider Control (divider 1)
0 Uses 1/2 divider in divider 1

1 Does not use 1/2 divider in divider 1

Cautions:

(1) When the oscillation mode is switched, the clock supplied to the peripheral hardware (fx: main system

clock) will also be switched.

(2) Be sure to clear bits 1-7 to 0.

(3)

94

Clock select registers 1 and 2 (IECL1 and IECL2)

These registers specifies whether the 1/2 divider and 2/3 divider in divider 1 are used and whether the 1/2 divider
in divider 2 is used.

When these registers are used in cornbination with the oscillation mode select register (OSMS), eight types of
main system clock frequencies can be selected.

IECL1 and IECL2 are set with 8-bit memory manipulation instructions.

RESET input sets IECL1 and IECL2 to OOH.
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Symbol 7 6

Fig. 5-6 Format of Clock Select Register 1

1

0

IECL1| O 0

IECL11

IECL10

Caution: Be sure to clear bits 2-7 to 0.

- Address When Reset RMW
F8EOH 00H RW

|—- IECL10

Controls divider of main system clock (divider 1)

0

Does not use 2/3 divider in divider 1

1

Uses 2/3 divider in divider 1

IECL11

Controls divider of main system clock (divider 2)

0

Uses 1/2 divider in divider 2

1

Does not use 1/2 divider in divider 2

Fig. 5-7 Format of Clock Select Register 2

Symbol 7 6 5 4 3 1 0 Address When Reset R/W
gcz| o | o [ o | o | o | o | o |Eclo| reewm 00H RIW
l— IECL20] Controls divider of main system clock (divider 1)

Caution: Be sure to clear bits 1-7 to 0.

0

Does not use 1/3 divider in divider 1

1

Uses 1/3 divider in divider 1

Table 5-2 Relationships between Setting of Divider 1 and Main System Clock Frequency

MCS IECL20 IECL10 Main system clock frequency (fxx)

0 0 x/2
0 1 /3

0
1 0 x/6
1 1 fx/9
0 0 fx
0 1 2fx/3

1 1 0 x/3 (2fx/6)
1 1 2fx/9
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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 (standard: 6.0 MHz)
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.

Fig. 5-8 shows an external circuit of the main system clock oscillator.

Fig. 5-8 External Circuit of Main System Clock Oscillator

{a) Crystal or ceramic oscillation -{(b) External clock

T [ X2
7);—‘- —
E"‘—i "J_ X1 External clock X1

s U #PD74HCU04

Ceramic Resonator

Caution: The STOP mode cannot be set while an external clock is being input. This is because the X1
pin is short-circuited to Vss in the STOP mode.

5.4.2 Subsystem clock oscillator

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

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

Fig. 5-9 shows an external circuit of the subsystem clock oscillator.

Fig. 5-9 External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b} External clock
-------------- IC
1} XT2 XT2

1 I XT1 External clock XT1
[ [}
-------------- uPD74HCUO4

97



CHAPTER 5 CLOCK GENERATOR

Cautions:
{1) When using a main system clock oscillator and a subsystem clock oscillator, carry out wiring in the

broken line area in Figs. 5-8 and 5-9 as follows to prevent any effects from wiring capacities.

o Minimize the wiring length.

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

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

o Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level amplification
so that current consumption is maintained at low levels.
Fig. 5-10 shows examples of oscillator having bad connection.

Fig. 5-10 Examples of Oscillator with Bad Connection (1/2)

(a) Too long wiring of connected circuit (b) Crossed signal lines

PORTR |
(n=0-7, 12, 13)

Remark: When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert
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resistors in series on the side of XT2.
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Fig. 5-10 Examples of Oscillator with Bad Connection (2/2)

{(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)

X1

High current

Ta Te

High current
LT

(e) Signal extracted

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

Cautions
(2) ¥ XT2 and X1 are wired in parallel, matfunctioning may occur because the cross-talk noise of X1 is

superimposed on XT2.
To prevent this, do not wire XT2 and X1 in parallel, and directly connect the IC pin between XT2 and

X1 to Vss.
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5.4.3 Divider
The divider divides the main system clock oscillator output (fxx) and generates various clocks.

5.4.4 When no subsystem clocks are used
ifitis not necessary to use subsystem clocks for low power consumption operations and clock operations, connect
the XT1 and XT2 pins as follows.

XT1: Connect to Vss
XT2: Open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator
when the main system clock stops. To prevent that from happening, the above internal feedback resistance can
be removed with bit 6 (FRC) of the processor clock control register. In this case also, connect the XT1 and XT2 pins
as described above.
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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 fxx

* Subsystem clock fxt

e CPU clock feru

* Clock to peripheral hardware

The funciton and operation of the clock generator circuit are determined by the processor clock control register

(PCC), oscillation mode select register (OSMS), and clock select registers (IECL1 and IECL2) as follows:

(a)

{b)

(c)

(d)

(e

(f)

Upon generation of RESET signal, the lowest speed mode of the main system clock (10.7 us when operated
at 6.0 MH2) is selected (PCC = 04H, OSMS = 00H, IECL1 = O0H, IECL2 = 00H). Main system clock oscillation
stops while low level is applied to RESET pin.

With the main system clock selected, one of the forty (19 types) CPU clock stages can be selected by setting
the PCC.

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

The PCC can be used to select the subsystem clock and to operate the system with low current consumption
(122 us when operated at 32.768 kHz).

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

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied to
16-bit timer/event counter, the watch timer, and clock output functions only. Thus, 16-bit timer/event counter
(when selecting watch timer output for count clock operating with subsystem clock), the watch function, and
the clock output function can also be continued in the standby state. However, since all other peripheral hardware
operate with the main system clock, the peripheral hardware also stops if the main system ciock is stopped.
(Except external input clock operation)
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5.5.1 Main system clock operations
When operated with the main system clock (with bit 5 (CLS) of the processor clock control register (PCC) set to
0), the following operations are carried out by PCC setting.

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

{b) Ifbit 7 (MCC) of the PCCis set to 1 when operated with the main system clock, the main system clock oscillation
does not stop. When bit 4 (CSS) of the PCC is set to 1 and the operation is switched to subsystem clock operation
(CLS = 1) after that, the main system clock oscillation stops (see Fig. 5-11).

Fig. 5-11 Main System Clock Stop Function (1/2)

{a) Operation when MCC is set after setting CSS with main system clock operation

MCC

CsS

CLS

Main System Clock Oscillation

Subsystem Clock Oscillation _l | [ I [ l [ L [ I l L

CPU Clock |||||||||||H||——||——l

(b) Operation when MCC is set with main system clock operation

MCC
Css 5 L
cLs / L
Oscillation does not stop.
Main System Clock Oscillation mmm
Subsystem Clock Oscillation _I | ' l ’ | , I l —I l I

CPU Clock Illlllllll!llllll"llll
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Fig. 5-11 Main System Clock Stop Function (2/2)

{c) Operation when CSS is set after setting MCC with main system clock operation

MCC | \

Css

CLs J

Main System Clock Oscillation

Subsystem Clock Oscillation _I I__[ l_J | l [ I—_[
CPU Ciock I r 1 [ l

5.5.2 Subsystem clock operations
When operated with the main system clock (with bit 5 (CLS) of the processor clock control register (PCC) set to
0), the following operations are carried out by PCC setting.

(a) The instruction execution time remains constant (122 us when operated at 32.768 kHz) irrespective of bits 0
to 2 (PCCO to PCC2) of the PCC.

(b) Watchdog timer counting stops.

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

5.6.1 Time required for swtichover between system clock and CPU clock

The system clock and CPU clock can be switched over by means of bits 0 to 2 (PCC0 to PCC2) and bit 4 (CSS)

of the processor clock control register (PCC).

The actual switchover operation is not performed directly after writing to the PCC, but operation continues on

the pre-switchover clock for several instructions (see Table 5-4).

Determination as to whether the system is operating on the main system clock or the subsystem clock is

performed by bit 5 (CLS) of the PCC register.

Table 5-4 Maximum Time Required for CPU Clock Switchover

[s;vmwmm Set Values after Switcher
l css [pecalpecripcon] css [pecalpeciipecy] css pecalpecifpecy| css pecafpecifpecal css reczlpecpecd css peczlpecilpoca
Css PCC1
[} 0 0 ] 0 0 (4] 1 0 0 1 0 [+] 0 1 1 0 1 ] 0 1 x | x| x
fx 2
ol o 16 instructions 16 instructions 16 instructions 16 instructions instructions
(62 instructions)
fxx /41
of|o 8 instructions 8 instructions 8 instructions 8 instructions instructions
(31 instructions)
) . ) ) fx /8f
ol 4 instructions 4 instructions 4 instructions 4 instructions instructions
(16 instructions)
fox/16fa
o1 2 instructions 2 instructions 2 instructions 2 instructions instructions
{8 instructions)
fox /326
110 1 instruction 1 instruction 1 instruction 1 instruction instructions
{4 instructions)
x | x 1 instruction 1 instruction 1 instruction 1 instruction 1 instruction
Remarks:

(1) One instruction is the minimum instruction execution time with the pre-switchover CPU clock.
(2) Figures in parentheses apply to operation with fxx = 4.0 MHz and fxt = 32.768 kHz.

Caution: Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from the main
system clock to the subsystem clock (changing CSS from 0 to 1) should not be performed
simuitaneously.

Simultaneous setting is possible, however, for selection of the CPU clock cycle scaling factor
(PCCO to PCC2) and switchover from the subsystem clock to the main system clock (changing
CSS from 1 to 0).
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5.6.2 System clock and CPU clock switching procedure
This section describes switching procedure between system clock and CPU clock.

Fig. 5-12 System Clock and CPU Clock Switching

Voo _/
RESET |_|

Interrupt i
Request p
Signal
System Clock Ll L | fox | fxr | frx
CPU Clock T 1 Minimum | Maximum Speed | Subsystem Clock | High-Speed
Speed Operation Operation Operation
Operation

Wait (21.8 ms : 6.0 MHz)
Internal Reset Operation

@ The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is released
by setting the @signal to high level, main system clock starts oscillation. At this time, oscillation stabilization
time (217/fx) is secured automatically.

After that, the CPU starts executing the instruction at the minimum speed of the main system clock (10.7 us
when operated at 6.0 MHz).

@ After the lapse of a sufficient time for the Vop voltage to increase to enable operation at maximum speeds, the
PCC is rewritten and the maximum-speed operation is carried out.

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

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

Caution: When stopping the main system clock, operating using the subsystem clock, and switching the

main system clock again, switch after ensuring the oscillation stabilization time with the
program.
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CHAPTER 6 16-BIT TIMER/EVENT COUNTER

The timers incorporated into the uPD78098 sub-series are outlined below.

16-bit timer/event counter (TMO)
The TMO can be used for an interval timer, PWM output, pulse widths measurement (infrared ray remote control
receive function), external event counter, square wave output of any frequency or one-shot pulse output.

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

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

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

Watchdog timer (WDTM)
WDTM can perform the watchdog timer function or generate non-maskable interrupts, maskable interrupts and

RESET at the preset time intervals (See CHAPTER 9 WATCHDOG TIMER).

Clock output control circuit

This circuit supplies other devices with the divided main system clock and the subsystem clock (See CHAPTER

(6)

10 CLOCK OUTPUT CONTROL CIRCUIT).
Buzzer output control circuit

This circuit outputs the buzzer frequency obtained by dividing the main system clock (See CHAPTER 11 BUZZER
OUTPUT CONTROL CIRCUIT).
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Table 6-1 Timer/Event Counter Types and Functions

16-Bit Timer/ 8-Bit Timer/ . )
Watch Timer Watchdog Timer
Event Counter | Event Counter
T Interval timer 2 channelsNote 3| 2 channels | 1 channelNote 1| 1 channe|Note 2
ype
External event counter O O - -
Timer output o] O - -
PWM output O - - -
. Pulse width measurement O - - -
Function
Square-wave ouptut (@) O - -
One-shot pulse output O - - -
Interrupt request O O O O
Notes:

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

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

(3) When capture/compare registers (CR00, CR0O1) are specified as compare registers.

6.1 16-Bit Timer/Event Counter Functions

The 16-bit timer/event counter {TMO0) has the following functions.

Interval timer
PWM output
Pulse width measurement

¢ External event counter

* Square-wave output
¢ One-shot pulse output
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(1) Interval timer

TMO generates interrupts at the preset time interval.

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

Minimum interval time Maximum interval time Resolution
2 x TI0O input cycie 216 x TI00 input cycle TI00 input edge cycle
1fixx 215 x 1/fxx 1/2fxx
(250 ns) (8.19 ms) {125 ns)
2 x 1/fxx 216 x 1/fxx 1/fxx
(500 ns) (16.4 ms) (250 ns)
22 x 1/fxx 217 x 1/fxx 2 x 1/fxx
(1.0 us) (32.8 ms) (500 ns)
23 x 1/fxx 218 x 1/fxx 22 x 1/fxx
(2.0 ps) (65.5 ms) (1.0 us)
2 x watch timer output cycle 216 x watch timer output cycle Watch timer output edge cycle

Remarks:

(1) fx< Main system clock frequency
(2) Values in parentheses when operated at fxx = 4.0 MHz

(2) PWM output

TMO can generate 14-bit resolution PWM output.

(3) Puise width measurement

TMO can measure the pulse width of an externally input signal.

(4) External event counter

TMO can measure the number of pulses of an externally input signal.
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(5) Square-wave output
TMO can output a square wave with any selected frequency.

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

Minimum pulse time Maximum pulse time Resolution
2 x TI00 input cycle 216 x TI00 input cycle TI00 input edge cycle
1/fxx 215 x 1/ixx 1/2fxx
(250 ns) {8.19 ms) (125 ns)
2 x 1/fx 276 x 1/fxx xx
{500 ns) (16.4 ms) (250 ns)
22 x 1/ffxx 217 x 1ffxx 2 x 1/fxx
(1.0 us) (32.8 ms) (500 ns)
23 x 1/fxx 218 x 1/fxx 22 x 1/fxx
(2.0 us) {65.5 ms) (1.0 us)
2 x watch timer output cycle 216 % watch timer output cycle Watch timer output edge cycle

Remarks:
(1) fxx: Main system clock frequency
(2) Values in parentheses when operated at fxx = 4.0 MHz

(6) One-shot pulse output
TMO is able to output one-shot pulse which can set any width of output pulse.

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

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

Item Configuration

Timer register 16 bits x 1 (TMO)

Register Capture/compare register: 16 bits x 2 {CR00, CR01)

Timer output 1 (TOO0)

Control register Timer clock select register 0 (TCLO)

16-bit timer mode control register (TMCO)
Capture/compare control register 0 (CRCO)
16-bit timer output control register (TOCO)
Port mode register 3 (PM3)

External interrupt mode register 0 (INTMOQ)
Sampling clock select register (SCS)
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(1) Capture/compare register (CR00)
CROO is a 16-bit register which has the functions of both a capture register and a compare register. Whether
itis used as a capture register or as a compare register is set by bit 0 (CRCO00) of capture/compare control register
0.
When CROO is used as a compare register, the value set in the CRO0 is constantly compared with the 16-bit
timer register (TMO) count value, and an interrupt request (INTTMOO) is generated if they match. It can also be
used as the register which holds the interval time when TMO is set to interval timer operation, and as the register
which sets the pulse width in the PWM operating mode.
When CROOis used as a capture register, itis possible to select the valid edge of the INTPO/TI00 pin or the INTP1/
TI01 pin as the capture trigger. Setting of the INTPO/TIOO0 or INTP1/TIO1 valid edge is performed by means of
external interrupt mode register 0.
If CROO is specified as the capture register and if the capture trigger is specified as the valid edge of the INTP0/
TI00 pin, the situation is as shown in the following table:

Table 6-5 INTPO/TIO0 Pin Valid Edge and CR00 Capture Trigger Valid Edge

ES1 ES10 INTPO/TIOO0 Pin Valid Edge CROO Capture Trigger Velid Edge
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited
1 1 Both rising and falling edges No capture operation

CROO is set by a 16-bit memory manipulation instruction.
After RESET input, the value of CRO0 is undefined.

(2) Capture/compare register (CRO1)
CRO1 is a 16-bit register which has the functions of both a capture register and a compazre register. Whether
it is used as a capture register or a compare register is set by bit 2 (CRC02) of capture/compare control register
0.

When CRO1 is used as a compare register, the value set in the CR0O1 is constantly compared with the 16-bit
timer register (TMO) count value, and an interrupt request (INTTMOT1) is generated if they match.

When CRO1 is used as a capture register, it is possible to select the valid edge of the INTPO/TI00 pin as the capture
trigger. Setting of the INTPO/TIOO valid edge is performed by means of external interrupt mode register 0.
CRO1 is set with a 16-bit memory manipulation instruction.

After RESET input, the value of CRO1 is undefined.
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{3) 16-bit timer register (TMO)
TMO is a 16-bit register which counts the count pulses.
TMO is read by a 16-bit memory manipulation instruction. When TMO is read, capture/compare register (CRO1)
should first be set as a capture register.
RESET input sets TMO to 0000H.

Caution: As reading of the value of TMO is performed via CR01, the previously set value of CR01 is lost.
6.3 16-Bit Timer/Event Counter Control Registers
The following seven types of registers are used to control the 16-bit timerfevent counter.

¢ Timer clock select register 0 (TCLO)

16-bit timer mode control register (TMCO}
Capture/compare control register 0 (CRCO)
16-bit timer output control register (TOCO)
* Port mode register 3 (PM3)

¢ External interrupt mode register 0 (INTMO)
¢ Sampling clock select register (SCS)

(1) Timer clock select register 0 (TCLO)
This register is used to set the count clock of the 16-bit timer register.
TCLO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TCLO value to O0H.

Remark: TCLO has the function of setting the PCL output clock in addition to that of setting the count clock
of the 16-bit timer register.
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Fig. 6-3 Timer Clock Selection Register 0 Format

Symbol @ 6 5 4 3 2 1 0 Address When Reset RW
TCLO | CLOE | TCLO6 | TCLOS | TCLO4 | TCLO3 | TCLOZ | TCLO1 | TCLOO FF40H OCH RW
TCLO3|TCLO2|TCLO1|TCLOO| PCL Output Clock Selection

0 0 0 0 fxt (32.768 kHz}
0 1 0 1 fxx (4.0 MHz)
0 1 1 0 fw/2 (2.0 MH2)
0 1 1 1 | w22 (1.0 MH2)
1 0 0 0 | /23 (500 kH2)
1 0 0 1 | fo/2% (250 kH2)
1 0 1 0 ff25 (125 kHz)
1 0 1 1 | fw/28 (625 kH2)
1 1 0 0 | fw2? (31.3kH2)

Other than above Setting prohibited

TCLO6| TCLOS|TCLO4 | 16-Bit Timer Register Count Clock Selection

0 0 0 TI0O (Valid edge specifiable)
0 0 1 | 2fxx Note
] 1 0 fxx (4.0 MHz)
0 1 1 fx/2 (2.0 MHz)
1 0 0 |[fx/22 (1.0 MHz)
1 1 1 Watch timer output (INTTM3)

Other than above Setting prohibited

CLOE| PCL Output Control

0 Output disabled

1 Output enabled

Note: Setting prohibited when operated at fxx > 2.5 MHz.

Cautions:

(1) Setting of the TIOO/INTPO pin valid edge is performed by external interrupt mode register 0, and selection
of the sampling clock frequency is performed by the sampling clock selection register.

(2) When enabling PCL output, set TCL0OO to TCLO3, then set 1in CLOE with a 1-bit memory manipulation
instruction.

(3) To read the count value when TI00 has been specified as the TMO count clock, the value should be
read from TMO, not from capture/compare register CRO1.

(4) When rewriting TCLO to data other than the same data, stop the timer operation first.
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Remarks:

(1) fxx : Main system clock frequency

(2) fxr : Subsystem clock oscillation frequency

(3) TIOO : 16-bit timer/event counter input pin

(4) TMO : 16-bit timer register

(5) Figures in parentheses apply to operation with fxx = 4.0 MHz or fxr = 32.768 kHz.

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

¥* Caution: The 16-bit timer register starts operating at the point where values other than 0, 0, 0 {operation
stop mode) are set to TMCO01 to TMCO03. To stop operations, set 0, 0, 0 to TMC01 to TMCO03.
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Fig. 6-4 16-Bit Timer Mode Control Register Format

Symbol 7 6 5 4 3 2 1 © Address When Reset R/W
TMCO 0 0 0 0 |TMCO3|TMC02|TMCO1| OVFO FF48H O0H RW
OVFO0| 16-Bit Timer Register Overflow Detection
0 | Overflow not detected
1 Overflow detected
Operating Mode & Clear TOO Output Timin
TMCO3[TMCO02[TMCO1 perating . . P g Interrupt Generation
Mode Selection Selection
0 0 0 Operation stop No change Not generated
{TMO cleared to 0)
0 0 1 PWM mo?e PWM pulse output
(free running)
Match between TMO and
0 1 0 CRO0O or match between
TMO and CRO1
Free running mode Match between TMO and
0 1 1 CROO, match between
TMO and CRO1 or TI00
valid edge Generated on match
- ™ between TMO and
1 . . M:tc betweehn 0 and CR00, and match
CROO or match between between TMO and
TMO and CRO1 CRO1
Clear & start on TI00 valid
edge Match between TMO and
] 0 1 CROO, match between
TMO and CRO1 or TI00
valid edge
Match between TMO and
1 1 0 CROO or match between
TMO and CRO1
Clear & start on match -
between TMO and CROO Match between TMO and
1 1 ] CR0O0, match between
TMO and CRO1 or TI0O
valid edge
Cautions:
(1) Switch the clear mode and the TOO output timing after stopping the timer operation (by setting
TMCO01 to TMCO3 to 0, 0, 0).
(2) Set the valid edge of the TIO0/INTPO pin with an external interrupt mode register 0 and select the
sampling clock frequency with a sampling clock select register.
(3) When using the PWM mode, set the PWM and then set data to CR00.
(4) If clear & start mode on match between TMO0 and CROO is selected, the set value of CROO is OFFFFH,

and when TMO value changes from OFFFFH to 0000H, OVFO flag is set to 1.
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Remarks:

(1) TOO : 16-bit timer/fevent counter output pin
(2) TIOO : 16-bit timer/event counter input pin
(3) TMO : 16-bit timer register

{4) CROO : Compare register 00

() CRO1 : Compare register 01

(3) Capture/compare control register 0 (CRCO)
This register controls the operation of the capture/compare registers (CR00, CR01).
CRCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO value to 04H.

Fig. 6-5 Capture/Compare Control Register 0 Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset R/W
CRCO 0 o] 0 0 0 |CRC02{CRCO01{CRC00 FF4CH 04H R/W

L CRCO0

0 Operates as compare register

CRQ0 Operating Mode Selection

1 Operates as capture register

CRCO1| CROO Capture Trigger Selection
0 Captures on valid edge of TIO1

1 Captures on valid edge of TI0O

CRCO02| CRO1 Operating Mode Selection
0 Operates as compare register

1 Operates as capture register

Cautions:

(1) Timer operation must be stopped before setting CRCO.

(2) When clear & start mode on a match between TMO0 and CROO is selected with the 16-bit timer mode
control register, CR00 should not be specified as a capture register.
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(4) 16-bit timer output control register (TOCO)
This register controls the operation of the 16-bit timer/event counter output control circuit. It sets R-S type flip-
flop (LVO) setting/resetting, the active level in PWM mode, inversion enabling/disabling in modes other than PWM
mode, 16-bit timer/event counter timer output enabling/disabling, one-shot puise output operation enabling/
disabling, and output trigger for a one-shot pulse by software.
TOCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOCO vaiue to 00H.
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Fig. 6-6 16-Bit Timer Output Control Register Format

Symbol 7 ® 0© 4 ® @ 1 © Address  When Reset RW
TOCO 0 | OSPT | OSPE |TOCO4| LVSO | LVRO | TOCO1| TOEO FF4EH OOH RV
TOEO | 16-Bit Timer/Event Counter Output Control
0 Output disabled (Port mode)
1 Output enabled
In PWM Mode In Other Modes
TOCO1 Timer output F/F
Active level selection | control by match
of CR00 and TMO
0 Active high Inversion operation disabled
Active low Inversion operation enabled
16-Bit Timer/Event Counter
LVSO | LVRO | Timer Output F/F
Status Setting
0 No change
1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
OC04| Timer output F/F control by match of CRO1 and TM0
0 Inversion operation disabied
1 Inversion operation enabled
OSPE | One-Shot Pulse Output Controi
0 Continuous pulse output
1 One-shot pulse output
OSPT Control of One-Shot Pulse
Output Trigger by Software
0 No one-shot pulse trigger
1 One-shot pulse trigger used

Cautions:
(1) Timer operation must be stopped before setting TOCO.

(2} if LVSO and LVRO are read after data is set, they will be 0.
(3} OSPT is cleared automatically after data setting, and will therefore be 0 if read.
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(5) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.

When using the P30/TO0 pin for timer output, set PM30 and output latch of P30 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 value to FFH.

Fig. 6-7 Port Mode Register 3 Format

Symbol 7 6 5 4 3 2 1 o] Address  When Reset R/W
PM3 |PM37|PM36 |PM35 |PM34 | PM33 | PM32 { PM31 |PM30 FF23H FFH RW
L | | 1 ] | I |

PM3n | P3n Pin Input/Output Mode Selection (n=0to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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(6) External interrupt mode register 0 (INTMO)
This register is used to set INTPO to INTP2 valid edges.
INTMO is set with an 8-bit memory manipulation instruction.
RESET input sets INTMO value to O0H.

Fig. 6-8 External Interrupt Mode Register 0 Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset R/W
INTMO | ES31 | ES30 | ES21 | ES20 | ES11 | ES10 0 0 FFECH 0oH RW
L ] ] ] L1

ES11|ES10| INTPO Valid Edge Selection

0 0 | Falling edge

0 1 Rising edge

1 0 | Setting prohibited

1 1 Both falling and rising edges

ES21[ES20| INTP1 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES31{ES30| INTP2 Valid Edge Selection

0 o] Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
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(7) Sampling clock select registers (SCS)
This register sets clocks which undergo clock sampling of valid edges to be input to INTPQ. When remote
controlled reception is carried out using INTPO, digital noise is removed with sampling clock.
SCS is set with an 8-bit memory manipulation instruction.
RESET input sets SCS value to 00H.

Fig. 6-9 Sampling Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset RW
SCS 0 0 0 0 0 0 | SCS1|SCso FF47H 00H RW
L J
SCS1|SCS0| INTPO Sampling Clock Selection

0| 0 [ fu2"
0 | 1 | fw2’ (31.3kH2)
1| 0 | $ov2®(125.0kHz)
1 | 1 | $y2°(62.5kH2)

Caution: fxx/2N is the clock supplied to the CPU, and fxx/25, fxx/2, and fxx/27 are clocks supplied to
peripheral hardware. fxx/2N is stopped in HALT mode.

Remarks:

(1) N : Value set in bit 0 to bit 2 (PCCO to PCC2) of the processor clock control register (N = 0 to 4)
(2) fxx : Main system clock frequency

{3) Figures in parentheses apply to operation with fxx = 4.0 MHz.
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6.4 16-Bit Timer/Event Counter Operations

6.4.1 Interval timer operations

Setting the 16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO) as shown
in Fig. 6-10 allows operation as an interval timer. Interrupts are generated repeatedly using the count value set in
16-bit capture/compare register 00 (CR0OO) beforehand is used as the interval.

When the count value of the 16-bit timer register (TM0) matches the value set to CR00, counting continues with
the TMO value cleared to 0 and the interrupt request signal (INTTMOO) is generated.

Count clock of the 16-bit timer/event counter can be selected with bits 4 to 6 (TCL04 to TCLO6) of the timer clock
select register 0 (TCLO).

Fig. 6-10 Control Register Settings for interval Timer Operation

(a) 16-bit timer mode control register (TMCO)

TMC03 TMC02 TMCO1 OVFO
T™MCO| O 0 0 0 1 1 on o]

=

Clear & start on match of TM0 and CROO

(b) Capture/compare control register 0 (CRC0)

CRC02 CRCO1 CRCO0
creol o [ o | o [ o[ o o] o] o

j - CROO set as compare register

Remark: 0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval timer. See the
description of the respective control registers for details.
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Fig. 6-11 Interval Timer Configuration Diagram
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Register 00 (CRO0)
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Fig. 6-12 Interval Timer Operation Timings
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Table 6-6 16-Bit Timer/Event Counter Interval Times

TCLO6{TCLO5|TCLO4 Minimum interval time Maximum interval time Resolution
0 0 0 2 x TI00 input cycle 216 x T100 input cycle TIOO input edge cycle
0 0 1 1 /fxx 215 x 1/fxx 1/2fxx
{250 ns) (8.19 ms) (125 ns)
0 ] 0 2 x 1 218 x 1ffxx 1 xx
(500 ns) (16.4 ms) (250 ns)
0 1 ] 22 x 1/fxx 217 x 1/ 2 x 1/fxx
(1.0 us) (32.8 ms) (500 ns)
. 0 0 23 x 1/fxx 278 x 1/fxx 22 x 1/fx
(2.0 us) {65.5 ms) (1.0 us)
1 1 1 2 x watch timer output cycle 216 x watch timer output cycle Watch timer output edge cycle
Other than above Setting prohibited

Remarks:
(1) fxx :

Main system clock oscillation frequency
(2) Figures in parentheses apply to operation with fxx = 4.0 MHz

6.4.2 PWM output operations
Setting the 16-bit timer mode control register (TMCO), capture/compare control register 0 (CRCO), and the 16-bit
timer output control register (TOCO) as shown in Fig. 6-13 allows operation as PWM output. Pulses with the duty
rate determined by the value set in 16-bit capture/compare register 00 (CR00) beforehand are output from the TOQ/
P30 pin.
Set the active level width of the PWM pulse to the high-order 14 bits of CR00. Select the active level with bit
1 {TOCO01) of the 16-bit timer output control register (TOCO).
This PWM pulse has a 14-bit resolution. The pulse can be converted to an analog voltage by integrating it with
an external low-pass filter (LPF). The PWM pulse has a combination of the basic cycle determined by 28/® and the
sub-cycle determined by 214/ so that the time constant of the external LPF can be shortened. Count clock @ can
be selected with bits 4 to 6 (TCL04 to TCLOB) of the timer clock select register 0 (TCLO).
PWM output enable/disable can be selected with bit 0 {TOEQ) of TOCO.

Cautions:
(1) PWM operation mode should be selected before setting CR00.

(2) Be sure to write 0 to bits 0 and 1 of CR00.

(3) Do not select PWM operation mode for external clock input from the Ti00/P00 pin.
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Fig. 6-13 Control Register Settings for PWM Output Operation
(a) 16-bit timer mode control register (TMCO)

TMCO3 TMC02 TMCO1 OVF0

mco[ o o[ oJofolo|1]o]
—

PWM mode
{b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
creol o [ o [ o[ o] ofon]on]o
L CROO set as compare register

{c) 16-bit timer output control register (TOCO)

OSPT OSPE TOCO4 LVSO LVRO TOCO! TOEO
TMCOlOIXlX[X]XJX[O/‘IIl]

TOO Output Enabled
Specifies Active Level

Remarks:

(1) 0/1 : Setting 0 or 1 allows another function to be used simultaneously with PWM output. See the
description of the respective control registers for details.

(2) x : Don't care
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By integrating 14-bit resolution PWM pulses with an external low-pass filter, they can be converted to an analog

voltage and used for electronic tuning and D/A converter applications, etc.
The analog output voltage (Van) used for D/A conversion with the configuration shown in Fig. 6-14 is as follows.

capture/compare register 00 (CROO) value
216

VaN = VREF X

Vrer : External switching circuit reference voltage

Fig. 6-14 Example of D/A Converter Configuration with PWM Output

4 PD78098A
Vrer
PWM
signal b Analog Output (Van)
TOO/P30 g}’;’;fi:“”g Low-Pass Filter

Fig. 6-15 shows an example in which PWM output is converted to an analog voltage and used in a voltage
synthesizer type TV tuner.

Fig. 6-15 TV Tuner Application Circuit Example

+110V
4PD78098A
22kQ
47%Q  47kQ  47kQ
— AAA— AN
100pF
TOUP30 M 25¢ L Jo22uF [0224F 0224 | giecrronic
8.2k 2352 1\ pcs74) Tuner
8.2kQ
Vss ' * . GND
T
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~ 6.4.3 PPG output operations

Setting the 16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO) as shown
in Fig. 6-16 allows operation as PPG (Programmable Pulse Generator) output.

~ In the PPG output operation, square waves are output from the TO0/P30 pin with the pulse width and the cycle
that correspond to the count values set beforehand in 16-bit capture/compare register 01 (CR01) and in 16-bit capture/
compare register 00 (CROO0), respectively.
Fig. 6-16 Control Register Settings for PPG Output Operation
(a) 16-bit timer mode control register (TMCO)
TMCO03 TMC02 TMCO1 OVFO
mco] o [oJ ool 1] 1 ]o] o]
L—i:‘———- Clear & start on match of TM0 and CROO
“_—
{b) Capture/compare control register 0 (CRCO)
CRC02 CRCO1 CRCOO
creo| o | o o [o]olo|x|o]
j - CROQO set as compare register
CRO1 set as compare register
-
{c) 16-bit timer output control register (TOCO)
OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO
tocofl o Jo o1 [onfon]| 1| o]
- - TOO Output Enabled
‘————— Inversion of output on match of TMO and CRO0
- Specified TOO output F/F initial value

Inversion of output on match of TMO and CRO1
One-shot pulse output disabled

Remark: x: Don't care

Caution: Values in the following range should be set in CR00 and CRO1.
0000H < CRO1 < CR0OO < FFFFH
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6.4.4 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TIO0/P0OQ pin and Ti01/P01 pin using the 16-
bit timer register (TMO).

There are two measurement methods: measuring with TMO0 used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI00/P00 pin.

{1) Pulse width measurement with free-running counter and one capture register
When the 16-bittimer register (TMO) is operated in free-running mode for PWM output, etc., (seeregister settings
in Fig. 6-17), and the edge specified by external interrupt mode register 0 (INTMO) is input to the TI00/PQO pin,
the value of TMO is taken into 16-bit capture/compare register 01 (CRO1) and an external interrupt request signal
(INTPQ) is set.
Any of three edge specifications can be selected - rising, falling, or both edges - by means of bits 2 and 3 (ES10
and ES11) of INTMO.
For valid edge detection, sampling is performed at the interval selected by means of the sampling clock selection
register (SCS), and a capture operation is only performed when a valid level is detected twice, thus eliminating
noise with a short pulse width.

Fig. 6-17 Control Register Settings for Puise Width Measurement
with Free-Running Counter and One Capture Register

(a) 16-bit timer mode control register (TMCO0)

TMCO3 TMC02 TMCO1 OVFO
mcol 0 [ o oo |o]| 1 ]on]o|

]
L Free-Running Mode

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
creol o [ o oo o] 1 Jon] o]

CROO set as compare register

CRO1 set as capture reqister

Remark: 0/1: Setting Oor 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Fig. 6-18 Configuration Diagram for Puise Width Measurement by Free-Running Counter

OVFO

INTTM3 —

2f — )

-

fox — 8

g 16-Bit Timer Register (TMO0)
froyf2 —
fo/2? ——
TIO0/POO/INTPO ©— 16-Bit Capture/Compare

Register 01 (CRO1)

NS

INTPO

S Internal Bus

Fig. 6-19 Timing of Pulse Width Measurement Operation by Free-Running Counter

and One Capture Register (with Both Edges Specified)

!

h———i

Count Clock

mmmmmm

TMO Count Value

XooooXoom)L/fX Do X /) X X //T(FFFFXooooX j) X X >) X X

T100 Pin Input
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|
[

CRO1 Captured Value

AN NN I N S
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(2)

Two pulse width measurements with free-running counter

When the 16-bittimer register (TMO) is operated in free-running mode for PWM output, etc., (see register settings
in Fig. 6-20), it is possible to simultaneously measure the pulse widths of the two signals input to the TI00/P0O0
pin and the T101/P01 pin. .

When the edge specified by bits 2 and 3 (ES10 and ES11) of external interrupt mode register 0 (INTMO) is input
to the TI00/POO pin, the value of TMO is taken into 16-bit capture/compare register 01 (CR01) and an external
interrupt request signal (INTPQ) is set.

Also, when the edge specified by bits 4 and 5 (ES20 and £S21) of INTMO is input to the TI01/P01 pin, the value
of TMO is taken into 16-bit capture/compare register 00 {CRO0) and an external interrupt request signal (INTP1)
is set.

Any of three edge specifications can be selected - rising, falling, or both edges - as the valid edges for the TI00/
P00 pin and the T101/P01 pin by means of bits 2 and 3 (ES10 and ES11) and bits 4 and 5 (ES20 and ES21) of
INTMO, respectively.

For TIO0/POQ pin valid edge detection, sampling is performed at the interval selected by means of the sampling
clock selection register (SCS), and a capture operation is only performed when a valid level is detected twice,
thus eliminating noise with a short pulse width.

Fig. 6-20 Control Register Settings for Two Pulse Width Measurements with Free-Running Counter

132

(a) 16-bit timer mode control register (TMCO)

TMC03 TMCO2 TMCO1 OVFO
TMCOI010|0|0|0|110/1JOI

Free-Running Mode

(b) Capture/compare control register 0 (CRCO)

CRCO2 CRCO1 CRC00
caco[o[o|o]o{o|1o|1]

— CROO set as capture register
Captured in CROO on valid edge of TI01/P01 Pin
CRO1 set as capture register

Remark: 0/1: Setting Oor 1 allows another function to be used simultaneousty with pulse width measurement.
See the description of the respective control registers for details.
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Fig. 6-21 Timing of Pulse Width Measurement Operation with Free-Running Counter
{with Both Edges Specified)
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(3) Puilse width measurement with free-running counter and two capture registers

When the 16-bit timer register (TMO) is operated in free-running mode for PWM output, etc., (see register settings
in Fig. 6-22), it is possible to measure the pulse width of the signal input to the TI00/P00 pin.
When the edge specified by bits 2 and 3 (ES10 and ES11) of external interrupt mode register 0 (INTMO) is input
to the TI00/POO pin, the value of TMO is taken into 16-bit capture/compare register 01 (CR0O1) and an external
interrupt request signal (INTPQ) is set.
Also, on the inverse edge input of that of the capture operation into CRO1, the value of TMO is taken into 16-
bit capture/compare register 00 {CR00).

* Any of two edge specifications can be selected - rising or falling edges - as the valid edges for the TI00/P00 pin
by means of bits 2 and 3 (ES10 and ES11} of INTMO.
For T100/P00 pin valid edge detection, sampling is performed at the interval selected by means of the sampling
clock selection register (SCS), and a capture operation is only performed when a valid level is detected twice,
thus eliminating noise with a short pulse width.

* Caution: When both the rising and falling edges are specified as the valid edges for Pin TI00/P0O, the
capture/compare register 00 (CR00) does not perform capture operations.

Fig. 6-22 Control Register Settings for Puise Width Measurement
with Free-Running Counter and Two Capture Registers

(a) 16-bit timer mode control register (TMCO)

TMCO3 TMCO2 TMCO1 OVFO
ol o [ o [ o o] o] 1 o] o

|
\—‘j—— Free-Running Mode

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRCO0
creo| o [ oo oo 1] 1] 1]

L CROO setas capture register

Captured in CROQ on invalid edge of
TI00/P0O0 Pin

CRO1 set as capture register

Remark: 0/1: SettingOor 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Fig. 6-23 Timing of Pulse Width Measurement Operation by Free-Running Counter
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(4) Pulse width measurement by means of restart

When input of a valid edge to the TIO0/P0OO pin is detected, the count value of the 16-bit timer register (TMO)
is taken into 16-bit capture/compare register 01 (CRO1), and then the pulse width of the signal input to the T100/
P00 pin is measured by clearing TMO and restarting the count (see register settings in Fig. 6-24).

* The edge specification can be selected from two types, rising and falling edges by INTMO bit 2 and bit 3 (ES10
and ES11).
In a valid edge detection, the sampling is performed by a cycle selected by the sampling clock selection register
(SCS), and a capture operation is not performed before detecting valid levels twice allowing short pulse width
noise to be eliminated.

* Caution: When both the rising and falling edges are specified as the valid edges for Pin TI00/P00, the
capture/compare register 00 (CR00) does not perform capture operations.

Fig. 6-24 Control Register Settings for Pulse Width Measurement by Means of Restart

{a) 16-bit timer mode control register (TMCO)

TMCO3 TMCO2 TMCO1 OVFO
Tmco[o[ololo']1[o|0/1|o]

Clear & start with valid edge of TI00/P0O pin

(b) Capture/compare control register 0 (CRCO)

CRCO2 CRCO1 CRCO0
caco]o]o[o]o}o|1|1|1]

— CROO set as capture register

Captured in CROO on invalid edge of
TI00/POO Pin

CRO1 set as capture register

Remark: 0/1: Setting Oor 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Fig. 6-25 Timing of Pulse Width Measurement Operation by Means of Restart
(with Rising Edge Specified)
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6.4.5 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TI00/POO pin with the
16-bit timer register (TMO).

TMOis incremented each time the valid edge specified with the external interrupt mode register 0 (INTMQ) is input.

When the TMO counted value matches the 16-bit capture/ compare register 00 (CROO) value, TMO is cleared to
0 and the interrupt request signal (INTTMOO) is generated.

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

Because operation is carried out only after the valid edge is detected twice by sampling at the cycle selected with
the sampling clock select register {SCS), noise with short pulse widths can be removed.
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Fig. 6-26 Control Register Settings in External Event Counter Mode

{(a) 16-bit timer mode control register {TMCO)

TMC03 TMCO02 TMCO1 OVFO
T™MCO{ © 0 0 0 1 1 01 0

I—‘i———— Clear & start with match of TMO and CROO

(b) Capture/compare control register 0 (CRC0)

CRCO2 CRCO1 CRCO0
creol o [ 0 | o o|o|on|0/1|o|

CROO set as compare register

Remark: 0/1: Setting 0 or 1 allows another function to be used simultaneously with external event counter.
See the description of the respective control registers for details.

Fig. 6-27 External Event Counter Configuration Diagram

16-Bit Capture/Compare
Register 00 (CR00)
\/ INTTM
/\ Clear o0
TIOO Valid Edge 16-Bit Timer Register (TMO) OVFO
INTPO

S

16-Bit Capture/Compare
Register 01 (CRO1)

!

S internal Bus S
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Fig. 6-28 External Event Counter Operation Timings (with Rising Edge Specified)

TMO Count Value %0000 X0001 X 0002) 0003X 0004 X 0005 X )} X n-1X N X0000X0001 {0002 {0003 X

1

A\ IL

CROO N V3 |
(€ ;

|

INTTMO00 3) h

i«

Caution: When reading the external event counter count value, TMO should be read.

6.4.6 Square-wave output operation
A square wave with any selected frequency is output at intervals of the count value preset to the 16-bit capture/

compare register 00 (CR0O0).
The TOO0/P30 pin output status is reversed at intervals of the count value preset to CR0O by setting bit 0 (TOEQ)
and bit 1 (TOCO1) of the 16-bit timer output control register to 1. This enables a square with any selected frequency

to be output.
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Fig. 6-29 Control Register Settings in Square Wave Output Mode

(a) 16-bit timer mode control register (TMCO)

TMCO03 TMCO2 TMCO1 OVFO
T™CO} O 0 0 0 1 1 01 0

I_—i Clear & start on match of TM0 and CROO

(b) Capture/compare control register 0 (CRCO)

CRCO2 CRCOT CRCO0
cnco|o|o|o]o|o|0/1[0/1lo|

CRO0O set as compare register

(c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

tocol o [ oo ofonfon]| 1] 1]
|| |

TOO Output Enabled

Inversion of output on match of TM0 and CROO
Specified TOO output F/F initial value

No inversion of output on match of TM0 and CRO1
One-shot pulse output disabled

Remark: 0/1: Setting 0 or 1 allows another function to be used simultaneously with square wave ouiput. See
the description of the respective control registers for details.

Fig. 6-30 Square Wave Output Operation Timing

1 A\Y L A\N :
TMO Count Value _ X 0000 X 0001 X 0002X /X N-1 X N X 0000 X 0001 ¥ 0002 X /X N-1 X N ¥ 0000
I \U \y "
L AN\ : \\\ .
CROO | N ! //
[ \\ T A .
; :
INTTMOO | N | | n 1
I [{¢ i - {( B
L )} ! -
TOO Pin Output _| - | 2 |
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Table 6-7 16-Bit Timer/Event Count Square-Wave Output Ranges

Minimum pulse time Maximum pulse time Resolution
2 x TIOO input cycle 26 x TI00 input cycle TI00 input edge cycle
1 fxx 215 x 1/fxx 1/2fxx
{250 ns) (8.19 ms) (125 ns)
2 x 1/ 26 x 1/fxx 1/fxx
(500 ns) (16.4 ms) {250 ns)
22 x 1ffxx - 217 x 1/ 2 x 1/fxx
{1.0 us) {32.8 ms) {500 ns)
23 x 1ffxx 28 x 1/fxx 22 x 1/fxx
(2.0 us) {65.5 ms) (1.0 ps)
2 x watch timer output cycle | 216 x watch timer output cycle | Watch timer output edge cycle

Remarks:
(1) fxx: Main system clock frequency
(2) Values in parentheses when operated at fxx = 4.0 MHz

6.4.7 One-shot pulse output operation
It is possible to output one-shot pulses synchronized with a software trigger or an external trigger (TI00/P0O pin

input).

(1) One-shot pulse output using software trigger
If the 16-bit timer mode control register (TMCO), capture/compare control register 0 (CRCO), and the 16-bit timer
output control register (TOCO) are set as shown in Fig. 6-31, and 1 is set in bit 6 {OSPT) of TOCO by software,
a one-shot pulse is output from the TO0/P30 pin.
By setting 1 in OSPT, the 16-bit timer/event counter is cleared and started, and output is activated by the count
value set beforehand in 16-bit capture/compare register 01 (CRO1). Thereafter, outputis inactivated by the count
value set beforehand in 16-bit capture/compare register 00 (CR00).
TMO continues operations after the one-shot pulse output. To stop TMO, 00H must be set to TMCO.

Caution: When outputting one-shot puise, do notset 1in OSPT. When outputting one-shot pulse again,
execute after the INTTMO00, or interrupt match signal with CR00, is generated.
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Fig. 6-31 Control Register Settings for One-Shot Pulse Output Operation Using Software Trigger
(a) 16-bit timer mode control register (TMCO)

TMC03 TMCO2 TMCO1 OVFO
T™CO} O 0 0 0 1 1 0 0

t— Clear & start with match of TMO and CR0OO

{b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRC00
creo| o [ o] o] oo o o] o]

L CROO set as compare register
CRO1 set as compare reqister

{c) 16-bit timer output control register (TOCO)

OSPT OSPE TOCO4 LVSO LVRO TOCO! TOEO
Tocofl o [ o | v |1 fonfon ]2 |1 ]

TOO Output Enabled

Inversion of output on match of TMO0 and CRO0
Specified TOO output FfF initial value

Inversion of output on match of TMO and CRO1
One-shot pulse output mode

Set 1 in case of output

Remark: 0/1: Setting 0 or 1 allows another function to be used simultaneously with one-shot pulse output.
See the description of the respective control registers for details.

Caution: Values in the following range should be set in CR00 and CRO1.
0000H < CRO1 < CROO < FFFFH
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Fig. 6-32 Timing of One-Shot Pulse Output Operation Using Software Trigger

Setting 0CH to TMCO
(TMO Count Start)

TMO Count Value 0000 X 0001 X /[X X N+1 XXooooX j[Xm X N X //X M1 X M XooooXoomXoooz

CRO1 Set Value N ]/ N —)) N ) N
CROO Set Value M J/ ‘ M ' J/ﬁ M ' 7F M
OSPT )) E ﬂ )} E )) E
[{e : [£4 ‘ : o :
NTTMOY T, 1, s
(44 [{G ' ([ H
INTTMO0 )) J) i )) [_l
e (o : 1 1
1] 3} 1
TOO Pin Output o o, | 48 |

[£4 (44

Caution: The 16-bit timer register starts operating at the point where values other than 0, 0, 0 (operation
stop mode) are set to TMCO01 to TMCO3.

(2) One-shot pulse output using external trigger
If the 16-bit timer mode control register (TMCO), capture/compare control register 0 (CRCO), and the 16-bit timer
output control register (TOCO) are set as shown in Fig. 6-33, a one-shot pulse is output from the TO0/P30 pin
with a TI00/P00 valid edge as an external trigger.
Any of three edge specifications can be selected - rising, falling, or both edges - as the valid edges for the TI00/
POO pin by means of bits 2 and 3 (ES10 and ES11) of external interrupt mode register 0 (INTMO).
When a valid edge is input to the TI00/P0O0 pin, the 16-bit timer/event counter is cleared and started, and output
is activated by the count value set beforehand in 16-bit capture/compare register 01 (CR01). Thereafter, output
is inactivated by the count value set beforehand in 16-bit capture/compare register 00 (CROO).

Caution: When outputting one-shot pulses, external trigger is ignored if generated again.
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Fig. 6-33 Control Register Settings for One-Shot Pulse Output Operation Using External Trigger

(a) 16-bit timer mode control register (TMCO)

TMCO3 TMCO2 TMCO1 OVFO
™COl 0 [ 0 | O o | 1|0 o0 O
I —

Clear & start with valid edge of TI00/PO0 pin

(b) Capture/compare control register 0 (CRCO)

CRC02 CRCO1 CRC00
creol o [ o [ o | o] o] o]on] o]

CROO set as compare register
CRO1 set as compare register

{c) 16-bit timer output control register (TOCO)

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

tocol o [ o | 1|1 JonJon] 1| 1]
| I

TOO Output Enabled

Inversion of output on match of TMO and CR0O0
Specified TOO output F/F initial value

Inversion of output on match of TMO0 and CRO1
One-shot pulse output mode

Remark: 0/1: Setting O or 1 allows another function to be used simultaneously with one-shot pulse output.
See the description of the respective control registers for details.

Caution: Values in the following range should be set in CR00 and CRO1.
0000H < CRO1 < CR0OO < FFFFH
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Fig. 6-34 Timing of One-Shot Puise Output Operation Using External Trigger
(with Rising Edge Specified)

Setting 08H to TMCO
(TMO Count Start)

TMO CountValue 0000 % 0001 /Zxx 00X ([TN XN+1XN+2XJ/X M2 X M1 X ™ XM+1XM+2XM+3

CRO1 Set Value N j/ N j/ N 75
CROO Set Value M // M ]/ M j[

TI00 Pin Input ) I I )
7 (

|
L
L

4
e ]""""‘ ===== Z --12Z |-~

INTTMO1
( ({8 [£§
INTTMO0 " )
{3 ¢ {n
: 7¢
TOO Pin Output I ) J

Caution: The 16-bit timer register starts operating at the point where values other than 0, 0, 0 (operation
stop mode) are set to TMCO01 to TMCO03.
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6.5 16-Bit Timer/Event Counter Operating Precautions
{1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be generated

after timer start. This is because the 16-bit timer register (TMQ) is started asynchronously with the count pulse.

Fig. 6-35 16-Bit Timer Register Start Timings

cmbie /N /N S S o

TMO Count Value 0000H X o000t X o002 X ooo3H X 0004H

Timer Start

(2) 16-bit compare register set
Set a value other than 0000H to the 16-bit capture/compare register 00 (CR0Q).
Thus, when using the 16-bit capture/compare register as event counter, one-pulse count operation cannot be
carried out.

(3) Operation after compare register change during timer count operation
If the value after the 16-bit capture/compare register 00 (CRO0) is changed is smaller than that of the 16-bit timer
register (TMO), TMO continues counting, overflows and then restarts counting from 0. Thus, if the value after

CROO change (M) is smaller than that before change (N), it is necessary to restart the timer after changing CR0O.

Fig. 6-36 Timings after Change of Compare Register during Timer Count Operation

Count Pulse —/—\/_\—/_\—ea—/_\w

CROO Captured Value N X \/\\/\ M

TMO Count Value 1 X x X )D( Frrr X ooood X 0001H X 0002H
\

Remark: N> X> M
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(4) Capture register data retention timings
If the valid edge of the TIO0/POO pin is input during 16-bit capture/compare register 01 (CRO1) read, CRO1 holds
data without carrying out capture operation. However, the interrupt request flag (PIFO) is set upon detection
of the valid edge.

Fig. 6-37 Capture Register Data Retention Timings

TMO Count Value N X na X N2 X jD( Mo X Me1 X Me2
\

Edge Input \ ) /

W

Interrupt Request Flag | I 1) | I

—{

Capture Read Signal ) /—\___

¢
A\

CRO1 Captured Value X X /[ N+1 X
: \

Capture Operation
lanored

(5) Valid edge set
Set the valid edge of the TI00/INTPO pin after setting bits 1 to 3 {TMCO1 to TMCO3) of the 16-bit timer mode
control register to 0, 0 and 0, respectively, and then stopping timer operation. Valid edge setting is carried out
with bits 2 and 3 (ES10 and ES11) of the external interrupt mode register 0.

(6) Re-trigger of one-shot pulse
(a) One-shot pulse output using software
When outputting one-shot pulse, do not set 1 in OSPT. When outputting one-shot pulse again, execute

it after the INTTMOO, or interrupt match signal with CROO, is generated.

(b) One-shot puise output using external trigger
When outputting one-shot pulses, external trigger is ignored if generated again.
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(7) Operation of OVFO flag
OVFO flag is set to 1 in the following case.
The clear & start mode on match between TM0 and CROO is selected.
d
CROO is set to FFFFH
d
When TMO is counted up from FFFFH to 0000H

Fig. 6-38 Operation Timing of OVFO0 Flag

Count Pulse (\

CROO FFFFH ]
/
T™MO FFFEH X FFFFH//X 0000H X 0001H X
OVFO0
INTTMO0
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7.1 8-Bit Timer/Event Counter Functions

For the 8-bit timer/event counter incorporated in the uPD78098 sub-series, two modes are available. One is
a mode for two-channel 8-bit timer/event counters to be used separately (the 8-bit timer/event counter mode)
and the other is a mode for the 8-bit timer/event counter to be used as 16-bit timer/event counter (the 16-bit timer/
event counter mode).

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

* interval timer

e External event counter
+ Square-wave output
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(1) 8-bit interval timer
Interrupts are generated at the preset time intervals.

Table 7-1 8-Bit Timer/Event Counter Interval Times

Minimum interval time Maximum interval time Resolution
2 x 1/fxx 2% x 1/fxx 2 x 1/fxx
(500 ns) (128.0 us) (500 ns)
22 x 1/fxx 2" x 1/fxx 22 x 1/fxx
(1.0 ps) (256.0 us) (1.0 us)
23 x 1/fxx 2" x 1/fxx 23 x 1fixx
(2.0 us) (512.0 us) (2.0 us)
24 x 1/fxx 2'2 x 1/fxx 24 x 1/fxx
(4.0 us) (1.02 ms) (4.0 ps)
25 x 1/fxx 213 x 1/fxx 25 x 1/fxx
(8.0 us) {2.05 ms) (8.0 us)
28 x 1ffxx 2" x 1/fxx 26 x 1/fxx
(16.0 us) (4.10 ms) (16.0 us)
27 x 1ffxx 2% x 1/fxx 27 x 1/fxx
(32.0 ps) (8.19 ms) (32.0 us)
28 x 1/fxx 28 x 1/fxx 28 x 1/fxx
{64.0 ps) (16.4 ms) (64.0 us)
29 x 1/fxx 27 x 1/fxx 2% x 1/fxx
(128.0 us) (32.8 ms) (128.0 us)
2" x 1/fxx 2 x 1/fxx 2" x 1/fxx
(512.0 us) (131.1 ms) (512.0 us)

Remarks:

(1) fxx: Main system clock frequency
(2) Values in parentheses when operated at fxx = 4.0 MHz.
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(2) External event counter

The number of pulses of an externally input signa! can be measured.

(3) Square-wave output

A square wave with any selected frequency can be output.

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

Minimum pulse time Maximum pulse time Resolution
2 x 1/fxx 2% x 1/fxx 2 x 1/fx
(500 ns) (128.0 us) (500 ns)
22 x 1/fxx 210 x 1/fxx 2? x 1/fx
(1.0 us) (256.0 us) (1.0 ps)
2% x 1/Hxx 2" x 1/fxx 23 x 1/
(2.0 us) (512.0 us) (2.0 us)
24 x 1/fxx 2'? x 1/fxx 2* x 1/fxx
(4.0 us) {1.02 ms) (4.0 us)
25 x 1/ffxx 2 x 1/fxx 2% x 1/fx
{8.0 us) {2.05 ms) (8.0 ps)
25 x 1/fxx 2% x 1/fxx 25 x 1/fxx
(16.0 us) {4.10 ms) (16.0 us)
27 x 1/fxx 2" x 1ffxx 27 x 1/fxx
(32.0 us) (8.19 ms) (32.0 us)
28 x 1/fxx 216 x 1/fxx 28 x 1/fxx
(64.0 ps) (16.4 ms) {64.0 us)
29 x 1/fxx 2'7 x 1fxx 2% x 1/fxx
(128.0 us) (32.8 ms) (128.0 us)
2" x 1/fxx 2" x 1/fxx 2" x 1/fxx
(512.0 us) (131.1 ms) (512.0 us)

Remarks:
(1) fxx: Main system clock frequency

(2) Values in parentheses when operated at fxx = 4.0 MHz.
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7.1.2 16-bit timer/event counter mode

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

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

Minimum interval time Maximum interval time Resolution
2 x 1/fxx 27 x 1fxx 2 x 1/fxx
(500 ns) (32.8 ms) (500 ns)
22 % 1/fxx 2'® x 1/fxx 22 x 1/fxx
(1.0 us) (65.5 ms) (1.0 us)
23 x 1/fxx 2" x 1/fxx 23 x 1/fxx
(2.0 us) (131.1 ms) (2.0 us)
24 x 1/fxx 2% x 1/fxx 24 x 1/fxx
(4.0 us) (262.1 ms) (4.0 us)
25 x 1/fxx 27" x 1/fxx 25 x 1/fxx
(8.0 us) (524.3 ms) (8.0 us)
25 x 1/fxx 222 x 1/fxx 25 x 1/fxx
(16.0 us) (1.0 s) (16.0 ps)
27 x 1/fxx 22 x 1/fxx 27 x 1/fxx
(32.0 us) (2.1 s) (32.0 us)
28 x 1ffxx 22 x 1/fxx 28 x 1/fxx
(64.0 ps) (4.2 s) (64.0 us)
29 x 1Hxx 225 x 1/fxx 29 x 1/fxx
(128.0 us) (8.4 s) (128.0 us)
2" x 1/fxx 277 x 1/fxx 2" x 1/fx
(512.0 us) (33.6 s) (512.0 us)

Remarks:

(1) fxx: Main system clock frequency
(2) Values in parentheses when operated at fxx = 4.0 MHz.
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{2) External event counter

The number of pulses of an externally input signal can be measured.

(3) Square-wave output

A square wave with any selected frequency can be output.

Table 7-4 Square-Wave Output Ranges when 8-Bit Timer/Event

Counter is Used as 16-Bit Timer/Event Counter

Minimum pulse time Maximum puise time Resolution
2 x 1/fxx 27 x 1/fxx 2 x 1/fx
(500 ns}) (32.8 ms) (500 ns)
22 x 1/ffxx 2% x 1/fxx 22 x 1fixx
(1.0 us) (65.5 ms) {1.0 us)
23 x 1/fxx 2% x 1/ 23 x 1/fx
(2.0 ps) (131.1 ms) (2.0 us)
24 x 1Hxx 22% x 1/fxx 24 x 1/fxx
(4.0 us) (262.1 ms) (4.0 ps)
25 x 1fxx 22 x 1/fxx 25 x 1/fxx
(8.0 us) (524.3 ms) (8.0 us)
2% x 1/fxx 222 x 1/fxx 28 x 1/fxx
(16.0 us) (1.0s) (16.0 ps)
27 x 1ffxx 22 x 1/fxx 27 x 1/fxx
(32.0 us) (2.1s) (32.0 us)
28 x 1/fxx 224 x 1/fxx 28 x 1/fxx
(64.0 us) (4.2 s) (64.0 us)
29 x 1/fxx 225 x 1/fxx 29 x 1/ixx
(128.0 us) (8.4 s) (128.0 us)
2" x 1/fxx 277 x 1/fxx 2" x 1/fxx
(512.0 us) (33.6 s) {512.0 us)

Remarks:
(1) fxx: Main system clock frequency

{2) Values in parentheses when operated at fxx = 4.0 MHz.
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7.2 8-Bit Timer/Event Counter Configuration

The 8-bit timer/event counter consists of the following hardware.

154

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

ltem

Configuration

Timer register

8 bits x 2 (TM1, TM2)

Register

Compare register: 8 bits x 2 (CR10, CR20)

Timer output

2 (TO1, TO2)

Control registers

Timer clock select register 1 (TCL1)

8-bit timer mode control register (TMC1)
8-bit timer output control register (TOC1)
Port mode register 3 (PM3)
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Fig. 7-2 Block Diagram of 8-Bit Timer/Event Counter Output Control Circuit 1

Output Latch

1
: Level FfF 1
! {Lv1) :
I
LVR1 : R :
| Q : N
Lvs1 —1 s ‘ ! Lcﬁ © TO1/P31
| 1 1
TOC11 1 ) INV : P31 PM31
|
1 1
|
i
[}
1

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

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

Output Latch

| |
I Level F/F |
I (LV2) I
1 + fsex
LVR2 i R :
1 Q !
LVS2 —I S : . > © TO2P32
|
1 !
TOC15 — ‘ )— INV I P32 PM32
| I
1 . i
l
|
|
|

Remarks:
(1) The section in the broken line is an output control circuit.
(2) fscx: Serial clock frequency
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(1

(2)

Compare registers (CR10, CR20)

This is an 8-bit register to compare the value set to CR10 to the 8-bit timer register 1 (TM1) count value,
and the value set to CR20 to the 8-bit timer register 2 (TM2) count value, and, if they match, generates
an interrupt request (INTTM1 and INTTM2, respectively).

CR10 and CR20 are set with an 8-bit memory manipulation instruction. They cannot be set with a 16-bit
memory manipulation instruction. When the compare register is used as 8-bit timer/event counter, the
00H to FFH values can be set. When the compare register is used as 16-bit timer/event counter, the 0000H
to FFFFH values can be set.

RESET input makes CR10 and CR20 undefined.

Caution: When using the compare register as 16-bit timer/event counter, be sure to set data
after stopping timer operation.

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

These are 8-bit registers to count count pulses.

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

RESET input sets TM1 and TM2 to OOH.

7.3 8-Bit Timer/Event Counter Control Registers

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

(1)

Timer clock select register 1 (TCL1)

8-bit timer mode control register {TMC1)
8-bit timer output control register (TOC1)
Port mode register 3 (PM3)

Timer clock select register 1 (TCL1)

This register sets count clocks of 8-bit timer registers 1 and 2.
TCL1 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL1 to O0H.
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Fig. 7-4 Timer Clock Select Register 1 Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset RW
TCL1 |TCL17|TCL16|TCL1S|TCL14[TCL13{TCL12[TCL11{TCL10 FF41H 00H RW

TCL13|{TCL12|TCL11[TCL10 | 8-Bit Timer Register 1 Count Clock Selection

0 0 0 0 TI1 falling edge
0 0 0 1 TI1 rising edge

0 1 1 (o] 2 (2.0 MHz)

0 1 1 1 fod22 (1.0 MHz)
1 0 0 0 423 (500 kHz)
1 0 0 1 /24 (250 kHz)
1 0 1 0 /2% (125 kHz)
1 0 1 1 xx/2% (62.5 kH2)
1 1 0 0 | 27 (31.3 kH2)
1 1 0 1 /28 (15.6 kHz)
1 1 1 (¢] fo¢/2% (7.8 kHz)

1 1 1 1 ] 42" (2.0 kH2z)

Other than above Setting prohibited

TCL17 |TCL16 | TCL15|TCL14 | 8-Bit Timer Register 2 Count Clock Selection

0 0 - 0 0 TI2 falling edge
0 0 0 1 TI2 rising edge

0 1 1 0 /2 (2.0 MHz)

0 1 1 1 /27 (1.0 MH2)
1 0 0 0 /22 (500 kHz2)
1 0 0 1 fxx/24 (250 kHz2)
1 0 1 0 /2% (125 kHz2)
1 0 1 1 fxx/2° (62.5 kHz)
1 1 0 0 fx/27 (31.3 kHz)
1 1 0 1 fxx/2® (15.6 kHz)
1 1 1 0 fxx/29 (7.8 kHz)

1 1 1 1 fxx/2' (2.0 kHz)

Other than above Setting prohibited
Remarks:

(1) fxx : Main system clock frequency
{2) TI1 : 8-bit timer register 1 input pin
(3) TI12 : 8-bit timer register 2 input pin
(4) Figures in parentheses apply to operation with fxx = 4.0 MHz.

Caution: When rewriting TCL1 to data other than the same data, stop the timer operation first.
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(2)

8-bit timer mode control register (TMC1)

This register enables/stops operation of 8-bit timer registers 1 and 2 and sets the operating mode of 8-

bit timer register 2.
TMC1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC1 to 00H.

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

Symbol 7 6 5 4 3 2 @O © Address Wnhen Reset R/W

T™C1

o] 0 0 0 0 |TMC12{TCE2 | TCE1 FF4gH 00H RW
1—- TCE1 8-Bit Timer Register 1 Operation Control

0 Operation stop (TM1 clear to 0)
1 Operation enable

TCE2 8-Bit Timer Register 2 Operation Control
0 Operation stop (TM2 clear to 0)
1 Operation enable

T™MC12 Operating Mode Selection
0 8-Bit timer register x 2-channel mode (TM1, TM2)
1 16-Bit timer register x 1-channel mode (TMS)

Cautions:

(1) Switch the operating mode after stopping timer operation.
(2) When used as 16-bit timer register, TCE1 should be used for operation enable/stop.
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(3) 8-bit timer output control register (TOC1)
This register controls operation of 8-bit timer/event counter output control circuits 1 and 2.
It sets/resets the R-S flip-flops (LV1 and LV2) and enables/disables inversion and 8-bit timer output of 8-
bit timer registers 1 and 2.
TOC1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TOC1 to 00H.

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

Symbodk @ ® 5 @ ® @ 1 © Address When Reset  R/W
TOC1 | LVS2 | LVR2 [TOC15/ TOE2 | LVS1| LVR1 [TOC11| TOE1 FF4FH O0H RW

| [ ] L
TOE1 8-Bit Timer/Event Counter 1 Output Control

0 Output disable (port mode)

1 Output enable

QE11| 8-Bit Timer/Event Counter 1 Timer Output F/F Control

0 Inverted operation disable

1 Inverted operation enabie

8-Bit Timer/Event Counter 1 Timer Qutput F/F
LVS1 | LVR1 Stats Set

0 0 Unchanged

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

TOE2 8-Bit Timer/Event Counter 2 Output Control

0 Output disable (port mode)

1 Output enable

[TOC15| 8-Bit Timer/Event Counter 2 Timer Output F/F Control

0 Inverted operation disable

1 Inverted operation enable

8-Bit Timer/Event Counter 2 Timer Output F/F
LVS2 | LVR2 Status Set

0 0 Unchanged

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

Cautions:
{1) Be sure to set TOC1 after stopping timer operation.
(2) After data setting, O can be read from LVS1, LVS2, LVR1 and LVR2.
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(4) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P31/TO1 and P32/TO2 pins for timer output, set PM31, PM32, and output latches of P31
and P32 t0 0.

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

Fig. 7-7 Port Mode Register 3 Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset R/W
PM3 |PM37|PM36|PM35|PM34 | PM33|PM32|PM31 | PM30 FF23H FFH RW
I l T | 1 I ]

PM3n| P3n Pin Input/Output Mode Selection {(n=0 to 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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7.4 8-Bit Timer/Event Counter Operations
7.4.1 8-bit timer/event counter mode

(1) Interval timer operations
The 8-bit timer/event counter operates as interval timer which generates interrupts repeatedly at intervals
of the count value preset to 8-bit compare registers (CR10 and CR20).
When the count values of the 8-bit timer registers 1 and 2 (TM1 and TM2) match the values set to CR10
and CR20, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt request signals
(INTTM1 and INTTM2) are generated.
Count clock of the 8-bit timer register 1 (TM1) can be selected with bits 0 to 3 (TCL10 to TCL13) of the
timer clock select register 1 (TCL1). Count clock of the 8-bit timer register 2 {TM2) can be selected with
bits 4 to 7 (TCL14 to TCL17) of the timer clock select register 1 (TCL1).

Fig. 7-8 Interval Timer Operation Timings

|
| |
) I

TM1 Count Value I oo for X /) XNXooXmXﬁZZLXNlXOOXmX \/? XN:X
A A A |

\

Count Start Clear Clear

1 | I
L A\ 1 A\ !

CR10 N / N / N 7\/\ N

r AN} T A}) I ]
! | 1 |
l 1 ! |
INTTM1 : I TI B
T ()() 1)\1* L)(‘
1 | A | A |
1 | Interrupt Acknowledge i Interrupt Acknowledge |
1 ] [ [
I )) -
TO!1 ! '
P N b))
{9 {(
] ! | 1
| ! | |
f T 1 [
| | 1 |
I . ] . 1 .
1 Interval Time | interval Time i Interval Time :

Remark: Interval time = (N + 1) x t:N = O0H to FFH
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Table 7-6 8-Bit Timer/Event Counter 1 interval Time

TCL13 | TCL12 | TCL11 | TCL1O Minimum interval time Maximum interval time Resolution
0 0 0 0 TI1 input cycle 28 x TN input cycle T input edge cycle
o] 0 0 1 TI1 input cycle 28 x TI1 input cycle Ti input edge cycle
0 1 1 0 2 x 1/fxx 29 x 1/fxx 2 x 1ffxx

(500 ns) (128.0 us) (500 ns)

0 1 1 1 22 x 1/xx 2'% x 1/fxx 22 x 1/fxx
(1.0 us) (256.0 us) (1.0 ps)

1 0 0 0 2% x 1/fxx 2" x 1/fx 23 x 1fxx
(2.0 us) (512.0 us) (2.0 us)

1 0 0 ] 24 x 1/fxx 2?2 x 1ffxx 24 x 1/fxx
(4.0 us) {1.02 ms) {4.0 ps)

1 0 1 0 25 x 1/fxx 23 x 1/fxx 2% x 1/fxx
(8.0 us) (2.05 ms) (8.0 us)

3 0 1 ] 28 x 1/fxx 2% x 1/fxx 25 x 1/fxx
(16.0 us) (4.10 ms) (16.0 us)

1 1 0 0 27 x 1/fxx 2'% x 1/fxx 27 x 1fxx
(32.0 us) (8.19 ms) (32.0 us)

1 1 0 1 28 x 1/fxx 28 x 1/fxx 28 x 1/fxx
(64.0 us) (16.4 ms) (64.0 us)

1 1 1 0 29 x 1/fxx 2'7 x 1/fxx 29 x 1/fxx

(128.0 us) (32.8 ms) (128.0 us)

1 1 1 1 2" x 1/fxx 2'9 x 1/fxx 2" x 1/fxx

(512.0 ps) {131.1 ms) (512.0 us)

Other than above

Setting prohibited

Remarks:

(1) fxx: Main system clock frequency

(2) Values in parentheses when operated at fxx = 4.0 MHz.
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Table 7-7 8-Bit Timer/Event Counter 2 Interval Time

TCL17 | TCL16 | TCL15 | TCL14 Minimum interval time Maximum interval time Resolution
0 0 (o} 0 TI2 input cycle 28 x TI2 input cycle TI2 input edge cycle
0 0 0 1 T12 input cycle 28 x T12 input cycle TI2 input edge cycle
0 1 1 0 2 x 1/fxx 29 x 1/fxx 2 x 1/

(500 ns) (128.0 ps) {500 ns)
0 3 1 ] 27 x 1fxx 2" x 1/fxx 22 x 1fix
(1.0 us) (256.0 us) (1.0 us)
3 n 3
1 0 0 0 23 x 1fxx 2 x 1/fxx 23 x 1fixx
(2.0 ps) (512.0 us) (2.0 ps)
1 0 0 1 24 x 1/ 2'? x 1/fx 24 x 1fixx
(4.0 us) (1.02 ms) (4.0 us)
1 0 1 0 25 x 1/fxx 2R3 x 1/fxx 25 x 1/ixx
(8.0 us) (2.05 ms) (8.0 us)
3 0 1 1 25 x 1/fxx 2 x 1/fxx 2% x 1/Hx
(16.0 us) (4.10 ms) (16.0 us)
1 1 0 0 27 x 1/fxx 2% x 1/fxx 27 x 1/ixx
(32.0 us) (8.19 ms) (32.0 us)
1 1 0 1 28 x 1/fxx 2'8 x 1/fxx 28 x 1fxx
(64.0 ps) (16.4 ms) (64.0 ps)
1 1 1 0 2% x 1/fxx 27 x 1/fxx 2% x 1/fxx
(128.0 us) (32.8 ms) (128.0 us)
1 1 1 1 2" x 1/fxx 2% x 1/fxx 2V x 1/
(512.0 us) (131.1 ms) (512.0 us)

Other than above

Setting prohibited

Remarks:

(1) fxx: Main system clock frequency

(2) Values in parentheses when operated at fxx = 4.0 MHz.
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(2) External event counter operation
The external event counter counts the number of external clock pulses to be input to the TI1/P33 and Ti12/
P34 pins with 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 and TM2 are incremented each time the valid edge specified with the timer clock select register 1
(TCL1) is input. Either the rising or falling edge can be selected.
When the TM1 and TM2 counted values match the values of 8-bit compare registers (CR10 and CR20),
TM1 and TM2 are cleared to 0 and the interrupt request signals (INTTM1 and INTTM2) are generated.

Fig. 7-9 External Event Counter Operation Timings (with Rising Edge Specified)

Tl‘lelnputIIIII'I|l|||||||||||||l||l||

TM1CountValue X 00 X 01 X 02 X 03 X 04 X 05 X /\}XN—1X NIXooXm Y 02 X 03 X

A\Y
CR10 N //
€

INTTM? I l"]

Remark: N = 00H to FFH

165



CHAPTER 7 8-BIT TIMER/EVENT COUNTER

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

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

Minimum pulse time Maximum puise time Resolution
2 x 1/ffxx 29 x 1/fxx 2 x 1/fxx
(500 ns) (128.0 us) (500 ns)
22 x 1/fxx 219 x 1/fxx 22 x 1/fxx
(1.0 us) (256.0 us) (1.0 us)
2% x 1/fxx 2" x 1/fxx 23 x 1/fxx
(2.0 us) (512.0 us) (2.0 us)
24 x 1/fxx 22 x 1/fxx 24 x 1/fxx
(4.0 us) {1.02 ms) (4.0 us)
25 x 1/fxx 23 x 1/fxx 25 x 1/fxx
(8.0 us) {2.05 ms) (8.0 us)
28 x 1/fxx 2% x 1/fxx 2% x 1/fxx
(16.0 us) (4.10 ms) (16.0 ps)
27 x 1fxx 2'5 x 1/fxx 27 % 1/fxx
(32.0 us) (8.19 ms) {32.0 us)
28 x 1/fxx 2'6 x 1/fxx 28 x 1/fxx
(64.0 us) (16.4 ms) (64.0 us)
29 x 1/fxx 2'7 x 1/fxx 29 x 1/fxx
(128.0 us) (32.8 ms) (128.0 us)
2 x 1/fxx 2% x 1/fxx 2" x 1/fxx
(512.0 us) {131.1 ms) (512.0 us)

Remarks:

(1) fx: Main system clock frequency
(2) Values in parentheses when operated at fxx = 4.0 MHz.
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7.4.2 16-bit timer/event counter mode

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

counter 2 (TM2).

When a 2-channel 8-bit timer/event counter is used in the 16-bit timer/event counter mode. the count clock
is selected with bits 0 to 3 (TCL10 to TCL13) of TCL1. Count operation enable/disable is selected with bit 0 (TCE1)

of TMC1.

(1) Interval timer

The 8-bit timer/event counter operates as interval timer which generates interrupts repeatedly atintervals
of the count value preset to 2-channel 8-bit compare registers (CR10 and CR20).
When the 8-bit timer register 1 (TM1) and CR10 values match and the 8-bit timer register 2 (TM2) and CR20
values match, counting continues with the TM1 and TM2 values cleared to 0 and the interrupt request

signal (INTTM2) is generated.

Count clock can be selected with bits 0 to 3 (TCL10 to TCL13) of the timer clock select register 1 {TCL1).

Fig. 7-10 Interval Timer Operation Timings

Count Clock

| |
A\ A\
TMS (TM1, TM2) Count Value ooooXooo1y /X N Xoooo¥ooo1X /) X N XooooXooo X /X N X
\\ \\ \\ ]
A A A |
Count Start Clear Clear |
! | |
1 A\W 1 A\ 1 A\ W !
CR10, CR20 . N // N J[ N // N
T \T T \¥ T \X
| | ]
| | |
INTTM2 ‘
! )} /_l ) J_l )}
T 1 148 1 14
| | A | A
i | Interrupt Acknowledge | Interrupt Acknowledge
| | I
! —-
TO2 ! 9 ’)
t {( A0
| | I
| | I
i T D
| | |
: Interval Time : Interval Time : Interval Time

Remark: Interval time = (N + 1) x t:N = 0000H to FFFFH

Saiieinieinbens Sl R
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Caution: Even if the 16-bit timer/event counter mode is used, when the TM1 count value matches
the CR10 value, interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event
counter output control circuit 1 is inverted. Thus, when using 8-bit timer/event counter
as 16-bit interval timer, set the INTTM1 mask flag TMMK1 to 1 to disable INTTM1

acknowliedgment.

When reading 16-bit timer (TMS) count value, use the 16-bit memory manipulation

instruction.

Table 7-9 Interval Times when 2-Channel 8-Bit Timer/Event Counters

(TM1 and TM2) are Used as 16-Bit Timer/Event Counter

TCL13 | TCL12 | TCL11 | TCL1O Minimum interval time Maximum interval time Resolution
0 0 0 0 T input cycle 28 x TI1 input cycle T input edge cycle
0 0 0 1 TI1 input cycle 28 x TI1 input cycle Ti1 input edge cycle
0 1 1 0 2 x 1/fxx 2V % 1/fxx 2 x 1fxx

(500 ns) (32.8 ms) (500 ns)

0 1 1 1 22 x 1fxx - 28 x 1/fxx 22 x 1/fxx
(1.0 us) {65.5 ms) (1.0 us)

1 0 0 0 23 x 1/fxx 2'9 x 1/fxx 23 x 1/fxx
(2.0 us) (131.1 ms) (2.0 us)

1 0 0 1 24 x 1/fxx 220 x 1/fxx 24 x 1/fxx
(4.0 us) (262.1 ms) (4.0 ps)

1 0 1 0 2% x 1fxx 27 x 1/fxx 25 x 1/fxx
(8.0 us) (524.3 ms) (8.0 us)

1 0 1 1 2% x 1/fxx 222 x 1 /fxx 28 x 1/fxx
(16.0 ps) (1.0s) (16.0 us)

1 1 0 0 27 x 1/ixx 223 x 1/ixx 27 x 1/fxx
(32.0 us) (2.1 s) (32.0 us)

9 1 0 1 2% x 1/fxx 2% x 1/fxx 28 x 1/fxx
(64.0 us) (4.2 s) (64.0 us)

1 1 1 0 2% x 1/fxx 2% x 1/fxx 29 x 1/fxx

{128.0 us) (8.4 s) {128.0 us)

] ; : : 21 x 1/fxx 227 x 1/fxx 2 x 1

{512.0 us) (33.6 s) (512.0 us)

Other than above

Setting prohibited

Remarks:

(1) fxx: Main system clock frequency

(2) Values in parentheses when operated at fxx = 4.0 MHz.
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(2) External event counter operations
The external event counter counts the number of external clock pulses to be input to the Ti1/P33 pin with
2-channel 8-bit timer registers 1 and 2 (TM1 and TM2).
TM1 and TM2 are incremented each time the valid edge specified with the timer clock select register 1
(TCL1) is input. Either the rising or falling edge can be selected.
When the TM1 and TM2 counted values match the values of 8-bit compare registers (CR10 and CR20),
TM1 and TM2 are cleared to 0 and the interrupt request signal {INTTM2) is generated.

Fig. 7-11 External Event Counter Operation Timings {with Rising Edge Specified)

Tl1Pmlnput||||I|||I||||ln||||||||||||||_

1
|

A\ l

TM1, TM2 Count Value {0000 Y0001 X 0002 0003X 0004 0005% // X N-1 X N X 0000¥0001 X 0002 0003 X
N\

|

|

!

|

|

I

A\
CR10. CR20 J/ N

INTTM2 N '—l

Caution: Even if the 16-bit timer/event counter mode is used, when the TM1 count value matches
the CR10 value, interrupt request (INTTM1) is generated and the F/F of 8-bit timer/event
counter output control circuit 1 is inverted. Thus, when using 8-bit timer/event counter
as 16-bit interval timer, set the INTTM1 mask flag TMMK1 to 1 to disable INTTM1
acknowledgment.

When reading 16-bit timer (TMS) count value, use the 16-bit memory manipulation
instruction.
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{3) Square-wave output operation
A square wave with any selected frequency is output at intervals of the value preset to 8-bit compare
registers (CR10 and CR20).
The TO2/P32 pin output status is reversed at intervals of the count value preset to CR10 and CR20 by
setting bit 4 (TOE2) of the 8-bit timer output control register (TOC1) to 1. This enables a square wave with
any selected frequency to be output.

Table 7-10 Square-Wave Output Ranges when 2-Channel 8-Bit Timer/Event
Counters {TM1 and TM2) are Used as 16-Bit Timer/Event Counter

Minimum pulse time Maximum pulse time Resolution
2 x 1/ixx 27 x 1/xx 2 % 1ffxx
(500 ns) (32.8 ms) (500 ns)
22 x 1/fxx 2" x 1ffxx 22 x 1/fxx
(1.0 us) (65.5 ms) (1.0 us)
23 x 1ffxx 2% x 1/fxx 23 x 1/fxx
(2.0 us) (131.1 ms) (2.0 us)
24 x 1/fxx 220 x 1/fxx 24 x 1/fxx
(4.0 us) (262.1 ms) (4.0 us)
25 x 1ffxx 22 x 1/fxx 25 x 1/fxx
(8.0 us) {524.3 ms) (8.0 us)
26 x 1/fxx 222 x 1/fxx 2% x 1/fxx
(16.0 us) (1.0 s) (16.0 us)
27 x 1/ 28 x 1/fxx 27 x 1/fxx
(32.0 ps) (2.1 s) (32.0 ps)
2% x 1/fxxl 2% x 1/fxx 28 x 1/fxx
(64.0 us) (4.2 s) (64.0 us)
29 x 1/fxx 28 x 1/fxx 2% x 1/fxx
(128.0 us) (8.4 s) (128.0 us)
2" x 1/fxx 27 x 1/fxx 2" x 1/fxx
(512.0 us) (33.6 s) (512.0 us)
Remarks:

(1) fxx: Main system clock frequency
(2) Values in parentheses when operated at fxx = 4.0 MHz.
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7.5 8-Bit Timer/Event Counter Operating Precautions
(1) Timer start errors
An error with a maximum of one clock may occur concerning the time required for a match signal to be
generated after timer start. This is because 8-bit timer registers 1 and 2 (TM1 and TM2) are started

asynchronously with the count pulse.

Fig. 7-12 8-Bit Timer Register Start Timings

e /TN /T N/ / ./ L
TM1, TM2 Count Value 00H X o X oH X 03 X 04H

Timer Start

(2) 8-bit compare registers 1 and 2 sets
The 8-bit compare registers (CR10 and CR20) can be set to O0H.
Thus, when the 8-bit compare register is used as event counter, one-pulse count operation can be carried
out.
When the 8-bit compare register is used as 16-bit timer/event counter, write data to CR10 and CR20 after
setting bit 0 (TCE1) of the 8-bit timer mode control register to 0 and stopping timer operation.

Fig. 7-13 External Event Counter Operation Timings

Ti1, TI2 Input _/_\_/_—\_/—\_/_\_/_\_

CR10, CR20 00H

TM1, TM2 Count Value X ooH X O00H X ooH X 00H
TO1, TO2 /_——\_____/—_\____
Interrupt Request Flag ' '_1 l-_-l | | [—l
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(3) Operation after compare register change during timer count operation
If the values after the 8-bit compare registers (CR10 and CR20) are changed are smaller than those of 8-
bit timer registers (TM1 and TM2), TM1 and TM2 continue counting, overflow and then restart counting
from 0. Thus, if the value after CR10 and CR20 (M) change is smaller than that before change (N), it is
necessary to restart the timer after changing CR10 and CR20.

Fig. 7-14 Timings after Compare Register Change during Timer Count Operation

CR10, CR20 N X /\/\ M
A\

TM1, TM2 Count Value x1. X x X D FFFFH X 0000H X 0001 X 0002H
A\

Remark: N>X>M
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8.1 Watch Timer Functions
The watch timer has the following functions.
¢ Watch timer ¢ Iinterval timer
The watch timer and the interval timer can t;e used simultaneously.

(1) Watch timer
When the 32.768 kHz subsystem clock is used, a flag (WTIF) is set at 0.5 second or 0.25 second intervals.

Caution: 0.5 second intervals cannot be generated with the 6.0 MHz main system clock. You should
switch to the 32.768 kHz subsystem clock to generate 0.5 second intervals.

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

Table 8-1 Interval Timer Interval Time

Interval Time When operated at fxx = 4.0 MHz When operated at ixT = 32.768 kHz
24 x 1/fw 512 us 488 ps
25 x 1/fw 1.02 ms 977 us
2% x 1ffw 2.05ms 1.95 ms
27 x 1ffw 410 ms 391 ms
28 x 1/ffw 8.19 ms 7.81 ms
2% x 1ffw 16.4 ms 15.6 ms

Remarks:

(1) fxx : Main system clock frequency

(2) fxt : Subsystem clock oscillation frequency

(3) fw : Watch timer clock frequency (fxx/27 or fxt)
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8.2 Watch Timer Configuration
The watch timer consists of the following hardware.

Table 8-2 Watch Timer Configuration

Item Configuration

Counter 5 bits x 1

Timer clock select register 2 (TCL2)

Control register ) X
9 Watch timer mode control register (TMC2)

8.3 Watch Timer Control Registers
The following two types of registers are used to control the watch timer.

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

(1) Timer clock select register 2 (TCL2)
This register sets the watch timer count clock.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL2 to O0H.

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

Symbol
TCL2

176

Fig. 8-2 Timer Clock Select Register 2 Format

7 6 5 4 3 2 1 0 Address When Reset RW

TCL27|TCL26|TCL25|{TCL24| O |TCL22[TCL21{TCL20 FF42H O0H RW

TCL22 | TCL21 |TCL20 | Watchdog Timer Count Clock Selection

0 0 0 /23 (500 kHz)

(o] 0 1 24 (250 kHz)
0 1 0 fxx/2% (125 kHz2)
0] 1 1 /28 (62.5 kHz}
1 0 0 fx/27 (31.3 kHz2)
1 0 1 fxx/2® {15.6 kHz)
1 1 0 fxx/2° {7.8 kHz)

1 1 1 /2 (2.0 kH2)

TCL24 | Watch Timer Count Clock Selection

0 fx¢/27 (31.3 kH2)

1 fxr (32.768 kH2)

TCL27 | TCL26 | TCL25| Buzzer Output Frequency Selection
0 x x Buzzer output disable
1 (o] 0 fx/2° (7.8 kHz)
1 (o] 1 /21 (3.9 kH2)
1 1 0 fo/2'" (1.95 kHz)
1 1 1 Setting prohibited
Remarks:

(1) fxx : Main system clock frequency

(2) fxr : Subsystem clock oscillation frequency

(3) x :Don'tcare

(4) Figures in parentheses apply to operation with fxx = 4.0 MHz or fxt = 32.768 kHz.

Caution: When rewriting TCL2 to data other than the same data, stop the timer operation first.
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(2) Watch timer mode control register (TMC2)

This register sets the watch timer operating mode, watch flag set time and prescaler interval time and
enables/disables prescaler and 5-bit counter operations. TMC2 is set with a 1-bit or 8-bit memory ma-

nipulation instruction.
RESET input sets TMC2 to 00H.

Fig. 8-3 Watch Timer Mode Control Register Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset RW
TMC2 | 0 {TMC26/TMC25[TMC24|TMC23{TMC22/ TMC21|TMC20 FF4AH 00H RW
L1 1
TMC23{TMC2 Watch Flag Set Time Selection
0 2"fw (0.55)
1 ° 24w (0.255)
0 2°Hw (977 ps)
1 ! 2'/fw (488 ps)
TMC21 Prescaler Operation Control
0 Ciear after operation stops
1 Operation enable

5-Bit Counter Operation Control

0 Clear after operation stops

1 Operation enable

TMC26/TMC25[TMC24| Prescaler Interval Time Selection
] 0 0 | 2°fw (488 ps)
0 0 1 | 2%w (977 ps)
0 1 0 | 2%w (1.95ms)
0 1 1 | 2w (3.91 ms)
1 0 0 | 2%fw (7.81 ms)
1 0 1 | 2%w (15.6 ms)

Other than above

Setting prohibited

Caution: Do not frequently clear the prescaler when using the watch timer.

Remarks:
(1) fw: Watch timer clock frequency (fx/28 or fxr)
(2) Figures in ( ) applies when fw = 32.768 kHz.

177



CHAPTER 8 WATCH TIMER

8.4 Watch Timer Operations

8.4.1 Watch timer operation

When the 32.768 kHz subsystem clock is used, the timer operates as a watch timer with a 0.5 second or 0.25
second interval.

The watch timer sets the test input flag (WTIF) to 1 at the constant time interval. The standby state (STOP
mode/HALT mode) can be cleared by setting WTIF to 1.

When bit 2 (TMC22) of the watch timer mode control register is set to 0, the 5-bit counter is cleared and the
count operation stops.

For simultaneous operation of the interval timer, zero-second start can be achieved by setting TMC22 to 0
(maximum error: 32.8 ms when operated at fxx = 4.0 MHz).

8.4.2 Interval timer operation
The watch timer operates as interval timer which generates interrupts repeatedly at an interval of the preset

count value.
The interval time can be selected with bits 4 to 6 (TMC24 to TMC26) of the watch timer mode control register.

Table 8-3 Interval Timer Interval Time

TMC26 | TMC25 | TMC24 Interval Time When operated at fix = 4.0 MHz [When operated at it = 32.768 kHz
0 0 0 24 x 1w 512 us 488 us
0 0 1 25 x 1ffw 1.02 ms 977 us
0 1 0 2% x 1ffw 2.05ms 1.95 ms
0 1 1 27 x 1/fw 410 ms 3.91 ms
1 0 0 28 x 1w 8.19 ms 7.81 ms
1 0] 1 2% x 1/fw 16.4 ms 15.6 ms
Other than above Setting prohibited
Remarks:

(1) fxx : Main system clock frequency
(2) fx1 : Subsystem clock oscillation frequency
(3) fw : Watch timer clock frequency (fxx/27 or fxt)
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9.1 Watchdog Timer Functions
The watchdog timer has the following functions.

¢ Watchdog timer
e |nterval timer

Caution: Select the watchdog timer mode or the interval timer mode with the watchdog timer mode
register (WDTM).

{1) Watchdog timer mode
An inadvertent program loop is detected. Upon detection of the inadvertent program loop, a non-maskable

interrupt or RESET can be generated.

{2) Interval timer mode
Interrupts are generated at the preset time intervais.

9.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 9-1 Watchdog Timer Configuration

Item Configuration

Timer clock select register 2 (TCL2)

Control register
9 Watchdog timer mode register (WDTM)
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9.3 Watchdog Timer Control Registers

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

* Timer clock select register 2 (TCL2)
» Watchdog timer mode register (WDTM)

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

Remark: Besides setting the watchdog timer count clock, TCL2 sets the watch timer count clock and
buzzer output clock.
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Fig. 9-2 Timer Clock Select Register 2 Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset R/W
TCL2 |TCL27|TCL26{TCL25[TCL24| O |TCL22{TCL21{TCL20 FF42H 00H RW

TCL22 |TCL21 | TCL20 | Watchdog Timer Count Clock Selection

0 0 0 fx¢/23 (500 kHz)

0 0 1 tx/2¢ (250 kHz)
0 1 0 fxf2% (125 kHz)
0 1 1 /2% (62.5 kH2)
1 0 0 fx4/27 (31.3 kHz2)
1 0 1 fx/28 (15.6 kHz)
1 i 0 fx/2% (7.8 kHz)
1 1 1 2" (2.0 kHz2)

TCL24 | Watch Timer Count Clock Selection

o] 27 (31.3 kHz)

1 fxr (32.768 kHz)

TCL27 | TCL26 | TCL25 | Buzzer Output Frequency Selection

(o] x X Buzzer output disable

1 0 0 022 (7.8 kHz)

1 ] 1 10¢2'° (3.9 kH2)

1 1 0 /2" (1.95 kHz)

1 1 1 Setting prohibited
Remarks

(1) fxx : Main system clock freguency

(2) fx7 : Subsystem clock oscillation frequency

(3) x :Don'tcare

(4) Figures in parentheses apply to operation with fxx = 4.0 MHz or fxr = 32.768 kHz.

Caution: When rewriting TCL2 to data other than the same data, stop the timer operation first.
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{2) Watchdog timer mode register (WDTM)
This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets WDTM to 00H.

Fig. 9-3 Watchdog Timer Mode Register Format

Symbodk @ 6 5 4 3 2 1 0 Address When Reset RW
WDTM | RUN| © 0 {wotmawDTM3] © 0 ) FFFOH 00H RAW
1]

WDTM4|WDTM3| Watchdog Timer Operating Mode Selection™*?

0 0 Operation stop

Interval timer Mode
0 1 {Maskable interrupt occurs upon generation
of an overflow.)

Watchdog timer mode 1
1 0 (Non-maskable interrupt occurs upon
generation of an overilow.)

Watchdog timer mode 2
1 1 (Reset operation is activated upon
generation of an overilow.)

RUN Watchdog Timer Operation Selection™***

0 Count stop

1 Counter is cleared and counting starts.

Notes:

(1) Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.

{2) Once set to 1, RUN cannot be cleared to 0 by software. Thus, once counting starts, it can only be
stopped by RESET input.

Caution : When 1 is set in RUN so that watchdog timer is cleared, the actual overflow time is up
to 0.5% shorter than the time set by timer clock select register 2.
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9.4 Watchdog Timer Operations

9.4.1 Watchdog timer operation

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer is operated
to detect any inadvertent program loop.

The watchdog timer count clock (inadvertent program loop detection time interval) can be selected with bits
0 to 2 (TCL20 to TCL22) of the timer clock select register 2 (TCL2).

Watchdog timer starts by setting bit 7 (RUN) of WDTM to 1. After the watchdog timer is started, set RUN
to 1 within the set overrun time interval. The watchdog timer can be cleared and counting is started by setting
RUN to 1. If RUN is not set to 1 and the inadvertent program loop detection time is past, system reset or a non-
maskable interrupt is generated according to the WDTM bit 3 (WDTM3) value.

The watchdog timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN
to 1 before the STOP mode is set, clear the watchdog timer and then execute the STOP instruction.

Cautions:
(1) The actual overrun detection time may be shorter than the set time by a maximum of 0.5%.

(2) When the subsystem clock is selected for CPU clock, watchdog timer count operation is stopped.

Table 9-2 Watchdog Timer Overrun Detection Time

TCL22 | TCL21 | TCL20 Runaway Detection Time

0 0 0 2" x 1/fxx (512 us)

0 0 1 2'? x 1/fxx (1.02 ms)

0 1 0 2" x 1/fxx (2.05 ms)

0 1 1 2" x 1/fxx {4.10 ms)

1 0 0 2" x 1/fxx {8.19 ms)

1 0 1 2'¢ x 1/fxx (16.4 ms)

1 1 0 27 x 1/fxx (32.8 ms)

1 1 1 2% x 1/fxx (131.1 ms)

Remarks:

{1) fxx: Main system clock frequency
(2) Figures in parentheses apply to operation with fxx = 4.0 MHz.
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9.4.2 interval timer operation

The watchdog timer operates as an interval timer which generates interrupts repeatedly at intervals of apreset
count value when bit 3 (WDTM3) of the watchdog timer mode register (WDTM) is set to 1 and bit 4 (WDTM4)

is cleared to 0.

When the watchdog timer operated as interval timer, the interrupt mask flag (TMMK4) and priority specify flag
(TMPR4) are validated and the maskable interrupt (INTWDT) can be generated. Among maskable interrupts, the

INTWDT default has the highest priority.

The interval timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set RUN to

1 before the STOP mode is set, clear the interval timer and then execute the STOP instruction.

Cautions:

(1) Once bit 4 (WDTM4) of WDTM is set to 1 (with the watchdog timer mode selected), the interval timer
mode is not set unless RESET input is applied.
{2) The interval time just after setting with WDTM may be shorter than the set time by a maximum

of 0.5%.

(3) When the subsystem clock is selected for CPU clock, watchdog timer count operation is stopped.

Table 9-3 Interval Timer Interval Time

TCL22 | TCL21 | TCL20 Interval Time
0 0 0 2" x 1/fxx (512 ps)
0 0 1 22 x 1/fxx (1.02 ms)
0 1 0 2" x 1/fxx (2.05 ms)
0 1 1 2" x 1/fxx (4.10 ms)
1 0 0 2'5 x 1/fxx (8.19 ms)
1 0 1 2'8 x 1/fxx {16.4 ms)
1 1 0 2'7 x 1/fxx (32.8 ms)
1 1 1 2" x 1/fxx (131.1 ms)

Remarks:

(1) fxc Main system clock frequency

{2) Figures in parentheses apply to operation with fxx = 4.0 MHz.
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CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT

10.1 Clock Output Control Circuit Functions

The clock output control circuit is intended for carrier output during remote controlled transmission and clock
output for supply to peripheral LSI. Clocks selected with the timer clock select register 0 (TCLO) are output from
the PCL/P35 pin.

Follow the procedure below to output clock pulses.

@ Select the clock pulse output frequency (with clock pulse output disabled) with bits 0 to 3 (TCL0O to TCLO3)
of TCLO.

@ Set the P35 output latch to 0.

@ Set bit 5 (PM35) of port mode register 3 to 0 (set to output mode).

@ Set bit 7 (CLOE) of timer clock select register 0 to 1.

Caution: Clock output cannot be used when setting P35 output latch to 1.

Remark: When clock output enable/disable is switched, the clock output control circuit does not output
pulses with small widths (See Fig. 10-1*).

Fig. 10-1 Remote Controlied Output Application Example
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10.2 Clock Output Control Circuit Configuration

The clock output control circuit consists of the following hardware.

Table 10-1 Clock Output Control Circuit Configuration

Item

Configuration

Control register

Timer clock select register 0 (TCLO)
Port mode register 3 (PM3)

Fig. 10-2 Clock Output Control Circuit Block Diagram
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ITCLO2[TCLOYTCLOO

ﬁ Timer Clock Select Register 0

P35
Qutput
Latch

PM35

—© PCLP35

Port Mode Register 3

Internal Bus
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10.3 Clock Output Function Control Registers

The following two types of registers are used to control the clock output function.

* Timer clock select register 0 (TCLO)
e Port mode register 3 (PM3)

(1) Timer clock select register 0 (TCLO)
This register sets PCL output clock.
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TCLO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TCLO to O0H.

Remark: Besides setting PCL output clock, TCLO sets the 16-bit timer register count clock.
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Fig. 10-3 Timer Clock Select Register 0 Format

Symbol @ 6 5 4 3 2 1 0 Address When Reset RW
TCLO | CLOE|TCLO6|TCLOS|{TCLO4| TCLO3{TCLO2|TCLO1{TCLOO FF40H 00H RW
TCLO3 |TCLOZ2 | TCLO1 | TCLOO} PCL Output Clock Selection
0 0 0 0 fxr (32.768 kHz)
0 1 0 1 fxx (4.0 MHz)
0 1 1 0 /2 (2.0 MHz2)
0 1 1 1 fx22 (1.0 MH_2)
1 0 0 0 /23 (500 kHz)
1 0 0 1 w24 (250 kHz2)
1 0 1 0 /2% (125 kHz)
1 0 1 1 /28 (62.5 kHz2)
1 1 0 0 fxx/27 (31.3 kH2)
Other than above Setting prohibited

TCLO6 | TCLO5S | TCLO4| 16-Bit Timer Register Count Clock Selection

0 0 0 TI00 (Valid edge specifiable)

0 0 1 2 Nete

0 1 0 fxx (4.0 MHz2)

0 1 1 /2 (2.0 MHz)

1 0 0 /22 (1.0 MHz)

1 1 1 Watch Timer Output (INTTM3)

Other than above Setting prohibited

CLOE | PCL Output Control

0 QOutput disable

1 Output enable

Note: Setting prohibited when fxx > 2.5 MHz.

Cautions:

(m

(2)

(3)

(4)

Setting of the TIOO/INTPO pin valid edge is performed by external interrupt mode register 0,
and selection of the sampling clock frequency is performed by the sampling clock selection
register.

When enabling PCL output, set TCLOO to TCL03, then set 1 in CLOE with a 1-bit memory
manipulation instruction.

To read the count vaiue when Ti00 has been specified as the TMO count clock, the value should
be read from TMO, not from capture/compare register CR01.

When rewriting TCLO to data other than the same data, stop the timer operation first.

189



CHAPTER 10 CLOCK OUTPUT CONTROL CIRCUIT

Remarks:

(1) fxx
(2) fxr
(3) TIOO :
(4) T™MO :

: Main system clock frequency
: Subsystem clock oscillation frequency
16-bit timer/event counter input pin
16-bit timer register

(5) Figures in parentheses apply to operation with fxx = 4.0 MHz or fx7 = 32.768 kHz.

(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P35/PCL pin for clock output function, set PM35 and output latch of P35 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM3 to FFH.

Symbol
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PM3

Fig. 10-4 Port Mode Register 3 Format

7 6 5 4 3 2 1 0 Address When Reset R/W
PM37|PM36 | PM35| PM34 | PM33| PM32|PM31 | PM30 FF23H FFH RW
[ | 1 ] | ! 1 ]
PM3n| P3n Pin Input/Output Mode Selection (n=0t0 7)

Output mode (output buffer ON)

Input mode (output buffer OFF)
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11.1 Buzzer Output Control Circuit Functions

The buzzer output control circuit outputs 977 Hz, 1.95 kHz, 3.9 kHz, or 7.8 kHz frequency square-wave. The
buzzer frequency selected with timer clock select register 2 (TCL2) is output from the BUZ/P36 pin.
Follow the procedure below to output the buzzer frequency.

(@ Select the buzzer output frequency with bits 5 to 7 (TCL25 to TCL27) of TCL2.
(@ Set the P36 output latch to 0.
B Set bit 6 (PM36) of port mode register 3 to 0 {Set to output mode).

Caution: Buzzer output cannot be used when setting P36 output latch to 1.
11.2 Buzzer Output Control Circuit Configuration
The buzzer output control circuit consists of the following hardware.

Table 11-1 Buzzer Output Control Circuit Configuration

item ' Configuration

Timer clock select register 2 (TCL2)

Control regist:
ntrol register Port mode register 3 (PM3)

Fig. 11-1 Buzzer Output Control Circuit Block Diagram

b’ —— o
10 -
fxx/2” 2 =3 N © BUZP36
fof2" ——— 8 —1 |/<<
43
P36
[TCL27]TCL26{TCL25 Output PM36
Latch
[
Timer Clock Select Register 2 ﬁ Port Mode Register 3

S Internal Bus 5
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11.3 Buzzer Output Function Control Registers
The following two types of registers are used to control the buzzer output function.

* Timer clock select register 2 (TCL2)
¢ Port mode register 3 (PM3)

{1) Timer clock select register 2 (TCL2)
This register sets the buzzer output frequency.
TCL2 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL2 to O0H.

Remark: Besides setting the buzzer output frequency, TCL2 sets the watch timer count clock and the
watchdog timer count clock.
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Fig. 11-2 Timer Clock Select Register 2 Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset R/W
TCL2 |TCL27|TCL26|TCL25|TCL24] O |TCL22|TCL21{TCL20 FF42H 00H RW

TCL22 | TCL21{TCL20| Watchdog Timer Count Clock Selection
0 0 0 /23 (500 kHz)

0 0 1 /24 (250 kHz2)
0 1 0 /2% (125 kHz2)
0 1 1 fxd/2° (62.5 kHz)
1 0 0 to/27 (31.3 kHz)
1 0 1 fx/2* (15.6 kH2)
1 1 0 $oy2% (7.8 kHz2)

1 1 1 fof2" (2.0 kHz)

TCL24 | Watch Timer Count Clock Selection
0 /27 (31.3 kHz)
1 fxr (32.768 kHz)

TCL27 | TCL26 | TCL25| Buzzer Output Frequency Selection

0 X x Buzzer output disable

1 0 o} 022 (7.8 kHz)

1 0 1 £0¢/27° (3.9 kH2)

1 1 0 /27" (1.95 kH2)

1 1 1 Setting prohibited
Remarks:

{1) fxx : Main system clock frequency

(2) fxr : Subsystem clock oscillation frequency

(3) x :Don'tcare

(4) Figures in parentheses apply to operation with fxx = 4.0 MHz or fxr = 32.768 kHz.

Caution: When rewriting TCL2 to data other than the same data, stop the timer operation first. %
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(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P36/BUZ pin for buzzer output function, set PM36 and output latch of P36 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Fig. 11-3 Port Mode Register 3 Format

Symbol 7 6 5 4 3 2 1 0 Address When Reset RW
PM3 [PM37 pm36|PM3s|Phss | PMmas| Pz |Pmst [Pmso|  FR2aH FFH RW
1 | 1 1 I 1 1 ]
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PM3n| P3n Pin Input/Output Mode Selection (n=0to 7)

0 Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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12.1 A/D Converter Functions

The A/D converter converts an analog input into a digital value. It consists of 8 channels (ANIO to AN17) with

an 8-bit resolution.

The conversion method is based on successive approximation and the conversion result is held in the 8-bit

A/D conversion result register (ADCR).

The following two ways are available to start A/D conversion.

(1) Hardware start

Conversion is started by trigger input (INTP3).

(2) Software start

Conversion is started by setting the A/D converter mode register.

One channel of analog input is selected from ANIO to ANI7 and A/D conversion is carried out. In the case of

hardware start, A/D conversion operation stops when it terminates.

In the case of software start, the A/D

conversion operation is repeated. Each time an A/D conversion operation ends, an interrupt request (INTAD) is

generated.

12.2 A/D Converter Configuration

The A/D converter consists of the following hardware.

Table 12-1 A/D Converter Configuration

Item

Configuration

Analog input

8 channels (ANIO to ANI7)

Control register

A/D converter mode register (ADM)

A/D converter input select register (ADIS)
External interrupt mode register 1 (INTM1)
A/D current cutting select register (IEAD)

Register

Successive approximation register {SAR)
A/D conversion result register {ADCR)
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4}

(2)

(3)

(4)

(5)

(6)

(7)

(8

(9)

Successive approximation register {(SAR)

This register compares the analog input voltage value 1o the voltage tap (compare voltage) value applied
from the series resistor string and holds the result from the most significant bit (MSB).

When up to the least significant bit (LSB) is set (termination of A/D conversion), the SAR contents are
transferred to the A/D conversion result register.

A/D conversion result register (ADCR)

This register holds the A/D conversion result. Each time A/D conversion terminates, the conversion result
is loaded from the successive approximation register.

ADCR is read with an 8-bit memory manipulation instruction.

RESET input makes ADCR undefined.

Sample & hold circuit

The sample & hold circuit samples each analog input sequentially applied from the input circuit and sends
it to the voltage comparator. This circuit holds the sampled analog input voltage value during A/D
conversion.

Voltage comparator
The voltage comparator compares the analog input to the series resistor string output voltage.

Series resistor string
The series resistor string is in AVaero to AVss and generates a voltage to be compared to the analog input.

ANIO to ANI7 pins

These are 8-channel analog input pins to input analog signals to undergo A/D conversion to the A/D
converter.

Pins other than those selected as analog input pins by the A/D converter input select register (ADIS) can
be used as I/O port pins.

Caution: Use ANIOQ to ANI7 input voltages within the specified range. If a voitage higher than AVrero
orlower than AVss is applied (even if within the absolute maximum ratings), the converted
value of the corresponding channel becomes indeterminate and may adversely affect the
converted values of other channels.

AVRero pin

This pin inputs the A/D converter reference voltage.

It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between AVrero
and AVss. :

The current flowing in the series resistor string can be reduced by setting the voltage to be input to the
AVRero pin to AVss level in standby mode.

AVss pin
Ground potential pin of the A/D converter. Always keep this pin at the same potential as the Vss pin even
when the A/D converter is not used.

AVop pin

Analog power supply pin of the A/D converter. Always keep this pin at the same potential as the Voo pin
even when the A/D converter is not used.
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12.3 A/D Converter Control Registers

The following four types of registers are used to control the A/D converter.

A/D converter mode register (ADM)

A/D converter input select register (ADIS)
¢ External interrupt mode register 1 {(INTM1)
¢ A/D current cutting select register (IEAD)

(1) A/D converter mode register (ADM)

This register sets the analog input channel for A/D conversion, conversion time, conversion start/stop and
external trigger.

ADM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADM to 01H.
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Symbol

ADM

Fig. 12-2 A/D Converter Mode Register Format

@ ® 5 4 3 2 1 ) Address When Reset RMW

1
CS | TRG | FR1 I FRO [ADM3|ADM2/ADM1| HSC FF80H 01H R/W

ADM3 | ADM2 | ADM1 | Analog Input Channel Selection
0 0 0 ANIO
0 0 1 ANI1
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
1 0 1 ANIS
1 1 0 ANI6
1 1 1 ANI7

FR1 FRO | HSC A/D Conversion Time Selection®Net!

0 0 1 80/fxx (20.0 us)
0 1 1 40/fxx (setting prohibited Mets?)
1 0 0 50/fxx (setting prohibited Net?)
1 0 1 100/fxx (25.0 ps)
Other than above Setting prohibited

TRG | External Trigger Selection

0 No external trigger {software starts)

1 Conversion started by external trigger (hardware starts)

Cs A/D Conversion Operation Control

0 Operation stop

1 Operation start

Notes:
(1) Set so that the A/D conversion time is 19.1 us or more.
(2) Setting prohibited because A/D conversion time is less than 19.1 us.

Cautions:

(1) The CS bit should be cleared to 0 to stop the A/D conversion operation before executing a
STOP instruction.

(2) When restarting the stopped A/D conversion operation, start the A/D conversion operation
after clearing the interrupt request flag (ADIF) to 0.

Remarks:

(1) fxx: Main system clock frequency
(2) Figures in parentheses apply to operation with fxx = 4.0 MHz.
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{2) A/D converter input select register (ADIS)
This register determines whether the ANIO/P10 to ANI7/P17 pins should be used for analog input channels
or ports. Pins other than those selected as analog input pins can be used as I/O port pins.
ADIS is set with an 8-bit memory manipulation instruction.
RESET input sets ADIS to 00H.

Cautions:
{1) Set the analog input channel in the following order.
@ Set the number of analog input channels with ADIS.
(@ Using ADM, select one channel to undergo A/D conversion among the channels which is
set for analog input with ADIS.
{2) No internal pull-up resistor can be connected to the channels set for analog input with ADIS,
irrespective of the value of bit 1 (PUO1) of the pull-up resistor option register.

Fig. 12-3 A/D Converter Input Select Register Format

Symbol 5 6 5 4 3 2 1 0 Address When Reset R/W
ADIS 0 (o] 0 0 |ADIS3|ADIS2|ADIS1|ADISO| FF84H OOH RW
L I |
ADIS3 |ADIS2 | ADIS1 [ ADISO | Number of Analog Input Chennel Selection

0 0 0 0 No analog input channel (P10 to P17)
0 0 o] 1 1 channel (ANIO, P11 10 P17)
0 o] 1 0 2 channels (ANIO, ANI1, P1210 P17)
0 0 1 1 3 channels (ANIO to ANI2, P13 to P17)
0 1 0 0 4 channels (ANIO to ANI3, P14 10 P17)
0 1 0 1 5 channels (ANIO to ANI4, P15 to P17)
0 1 1 0 6 channels (ANIO to ANI5, P16 to P17)
0 1 1 1 7 channels (ANIO to ANI6, P17)
1 0 0 0 8 channels (ANIO to ANI7)
Other than above Setting prohibited
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(3) External interrupt mode register 1 (INTM1)
This register sets the valid edge for INTP3 to INTPS.
INTM1 is set with an 8-bit memory manipulation instruction.
RESET input sets INTM1 to O0H.

Fig. 12-4 External Interrupt Mode Register 1 Format

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

INTM1 | ES71 | ES70 | ES61 | ES60 | ES51 | ESS0 | ES41 | ES40|  FFEDH OO0H RW
| L J L J [ J
ES41 | ES40 | INTP3 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ESS1 | ES50 | INTP4 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES61 | ES60 | INTP5 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES71 | ES70 | INTPS6 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
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(4) A/D current cutting select register (IEAD)
This register specifies whether AVoo and AVrero are connected.
In a system where AVop = AVaero and high accuracy is not demanded, the power dissipation in the standby
mode can be further reduced by leaving the AVrero pin open, connecting AVoo and AVrero in the normal
operation mode, and disconnecting them in the standby mode.
IEAD is set with an 8-bit memory manipulation instruction.
RESET input sets IEAD to 00H.

Fig. 12-5 A/D Current Cutting Select Register Format °

Symbol 5 6 5 a 3 2 1 0  Address WhenReset R/MW

IEAD| O 0 0 0 0 0 0 |IEADO| F8E2H 00H R/W

L IEADO| Connection Control between AVop and AVaefo

0 Disconnects AVoo from AVrero

1 Connects AVoo and AVrero

Fig. 12-6 Function of A/D Current Cutting Select Register
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

@
@

©)

@
®
®

©®

Set the number of analog input channels with A/D converter input select register (ADIS).

From among the analog input channels set with ADIS, select one channel for A/D conversion with A/D
converter mode register (ADM).

Sample the voltage input to the selected analog input channel with the sample & hold circuit.
Sampling for the specified period of time sets the sample & hold circuit to the hold state so that the circuit
holds the input analog voltage until termination of A/D conversion.

Bit 7 of successive approximation register (SAR) is set and the tap selector sets the series resistor string
voltage tap to (1/2) AVrero.

The voltage difference between the series resistor string voltage tap and analog input is compared with
a voltage comparator. |f the analog input is larger than (1/2) AVrero, the MSB of SAR remains set. If the
input is smaller than (1/2) AVrero, the MSB is reset.

Next, bit 6 of SAR is automatically set and the operation proceeds to the next comparison. In this case,
the series resistor string voltage tap is selected according to the preset value of bit 7 as described below.
e Bit7 = 1: (3/4) AVrero

e Bit7 = 0: (1/4) AVReFo

The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated with the result
as follows.

¢ Analog input voltage 2 Voltage tap: Bit 6 = 1

e Analog input voltage < Voltage tap: Bit6 =0

Comparison of this sort continues up to bit 0 of SAR.

Upon completion of the comparison of 8 bits, any effective digital resultant value remains in SAR and the
resultant value is transferred to and latched in the A/D conversion result register (ADCR).

At the same time, the A/D conversion termination interrupt request (INTAD) can also be generated.
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Fig. 12-7 A/D Converter Basic Operation

Conversion
Time
Sampling Time
A/D Converter . ]
Operation Sampling A/D Conversion
o o Conversion
o defined > ILSOH 40 R Result
N
Conversion
. ' > Result
INTAD ‘|

A/D conversion operations are performed continuously until the CS bit is reset (0) by software.

If a write to the ADM register is performed during an A/D conversion operation, the conversion operation
is initialized, and if the CS bit is set (1), conversion starts again from the beginning.

After RESET input, the value of ADCR is undefined.
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12.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the A/D
conversion result (the value stored in ADCR) is shown by the following expression.

VIN
ADCR = INT( yXy— x 256 + 0.5)
or
AVrero AVRero
ADCR - 0. <V A .
(ADC 0.5) x 255 in < (ADCR + 0.5) x 256

Remark: INT ( } :
Vin
AVRrero
ADCR

Fig. 12-8 shows the relationship between the analog input voltage and the A/D conversion result.

Function which returns integer parts of value in parentheses.

. Analog input voltage
. AVReFo pin voltage
. ADCR register value

Fig. 12-8 Relationship between Analog input Voltage and A/D Conversion Result

255

254

A/D Conversion 253

Resuits

(ADCR)
3
2
1
0

et -
2 1 3 2 5 3 507 254 509 255 511 1
512 256 512 256 512 256 512 256 512 256 512
Input Voltage/AVrero

205



CHAPTER 12 A/D CONVERTER

12.4.3 A/D converter operating mode

The operating mode is a select mode. One analog input channel is selected from among ANI0 to ANI7 with
the A/D converter input select register (ADIS) and A/D converter mode register (ADM) and A/D conversion is
executed.

The following two ways are available to start A/D conversion.

e Hardware start: Conversion is started by trigger input {(INTP3).
e Software start: Conversion is started by setting ADM.

The A/D conversion resultis stored in the A/D conversion result register (ADCR) and the interrupt request signal
(INTAD) is simultaneously generated.

(1) A/D conversion by hardware start
When bit 6 (TRG) and bit 7 (CS) of ADM are set to 1, the A/D conversion standby state is set. When the
external trigger signal (INTP3) is input, the A/D conversion starts on the voltage applied to the analog input
pins specified with bits 1 to 3 (ADM1 to ADM3) of ADM.
Upon termination of the A/D conversion, the conversion result is stored in the A/D conversion result
register (ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation
is started and terminated, another operation is not started until a new external trigger signal is input.
If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation and waits for a new external trigger signal to be input. When the external trigger
input signal is reinput, A/D conversion is carried out from the beginning.
If data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops
immediately.

Fig. 12-9 A/D Conversion by Hardware Start

nres LU L LU

ADM Rewrite ADM Rewrite
CS=1,TRG=1 CS=1,TRG=1
c . Standby Standdy Standby
A/D Conversion State. ANIn ANIn State ANIn State ANIm ANIm ANIm

I NN
AR ) AR

ADCR >< ANIn >< ANIn >< ANIn >< ANIm >< ANIm

T L

Remarks:
(1) n =0,1, ... 7
(2 m=0,1,..7
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(2) A/D conversion by software start
When bit 6 (TRG) and bit 7 (CS) of A/D converter mode register (ADM) are set 1o 0 and 1, respectively,
the A/D conversion starts on the voltage applied to the analog input pins specified with bits 1 to 3 (ADM1
to ADM3) of ADM.
Upon termination of the A/D conversion, the conversion result is stored in the A/D conversion result
register (ADCR) and the interrupt request signal (INTAD) is generated. After one A/D conversion operation
is started and terminated, the next A/D conversion operation starts immediately. The A/D conversion
operation continues repeatedly until new data is written to ADM.,
If data with CS set to 1 is written to ADM again during A/D conversion, the converter suspends its A/D
conversion operation and starts A/D conversion on the newly written data.
If data with CS set to 0 is written to ADM during A/D conversion, the A/D conversion operation stops

immediately.
Fig. 12-10 A/D Conversion by Software Start
Conversion Start ADM Rewrite ADM Rewrite
CS=1TRG=0 CS=1,TRG=0 CS=1,TRG=0
! ! ‘»
A/D Conversion ANin ANIn ANIn ANIm ANIm

—_——
Conversion suspended t
Conversion resuits Stop
are not stored

ADCA X am X aw X e

INTAD

Remarks:
(1) n =0,1,...7
(2) m=0,1,...7

207



CHAPTER 12 A/D CONVERTER

12.5 A/D Converter Precautions

(1) Current consumption in standby mode
The A/D converter operates on the main system clock. Therefore, its operation stops in STOP mode or
in HALT mode with the subsystem clock. As a current still flows in the AVaero pin at this time, this current
must be cut in order to minimize the overall system power dissipation.

(a) To use port
Fig. 12-11 shows an example in which a port is used.
in this example, the power dissipation can be reduced if a low level is output to the output port in
the standby mode. However, the actual AVRrero voitage is not so accurate and, accordingly, the
converted value is not accurate and should be used for relative comparison only.

Fig. 12-11 Example of Method of Reducing Power Dissipation in Standby Mode {(when using port)

Voo
Output Port Jyjh

E HPD78098A

AVRsro

AVsero = Voo

§ Series Resistor String

AVss

7
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(b) Using A/D current cutting select register {IEAD)
Fig. 12-12 illustrates how the A/D current cutting select register (IEAD) is used.
In a system where AVop = AVrero, the power dissipation in the standby mode can be further reduced
by leaving the AVrero pin open, connecting AVoo and AVazro (IEAD = 00H) in the normal operation mode,
and disconnecting them (IEAD = 01H) in the standby mode.
In this case, however, the conversion accuracy is less than when a voltage is applied to the AVrz7o
pin because the characteristics of the internal switch are reflected.

Fig. 12-12 Example of Method of Reducing Power Dissipation in Standby Mode
{using A/D current cutting select register)

Power dissipation can be reduced by

controlling connection between AVoo
AVor © and AVaero by IEAD.
oo /

AVoo 5 AVRero Connection
Control
AVaero (open) @—— HPD78098A

AVss ( R: 1
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(2)

{3)

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage above
AVRero or below AVss is input (even if within the absolute maximum rating range), the conversion value
for that channel will be indeterminate. The conversion values of the other channels may also be affected.

Noise countermeasures

In order to maintain 8-bit resolution, attention must be paid to noise on pins AVrero and ANIO to ANI7. Since
the effect increases in proportion to the output impedance of the analog input source, it is recommended
that a capacitor is connected externally as shown in Fig. 12-13 in order to reduce noise.

Fig. 12-13 Analog Input Pin Disposition

If there is possibility to enter noise whose
level is AVrero or higher or AVss or lower,
/_ clamp with a diode with a small V¢ (0.3 V or less).

Reference i
Voltage Input % / AVeero
l ANIO-ANI7

C =100 T

1000 pF l Voo
AVoo
AVss
Vss

TIT

(4) Pins ANIO/P10 to ANI7/P17

210

The analog input pins ANIO to ANI7 also function as input/output port (PORT1) pins. When A/D conversion
is performed with any of pins ANIO to ANI7 selected, be sure not to execute a PORT1 input instruction
while conversion is in progress, as this may reduce the conversion resolution.

Also, if digital pulses are applied to a pin adjacent to the pin in the process of A/D conversion, the expected
A/D conversion value may not be obtainable due to coupling noise. Therefore, avoid applying pulses to
pins adjacent to the pin undergoing A/D conversion.
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(5) AVeero pin input impedance
A series resistor string of approximately 10 kQ is connected between the AVrero pin and the AVss pin.
Therefore, if the output impedance of the reference voltage source is high, this will result in parallel
connection to the series resistor string between the AVRero pin and the AVss pin, and there will be a large
reference voltage error.

(6) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the A/D converter mode register (ADM) is changed.
Caution is therefore required since, if a change of analog input pin is performed during A/D conversion,
the A/D conversion result and conversion end interrupt request flag for the pre-change analog input may
be set just before the ADM rewrite, and when ADIF is read immediately after the ADM rewrite, ADIF may
be set despite the fact that the A/D conversion for the post-change analog input has not ended.
To stop A/D conversion once and restart it again, clear the interrupt request flag (ADIF) before restarting.

Fig. 12-14 A/D Conversion End Interrupt Generation Timing

ADM Rewrite ADM Rewrite ADIF is set but ANIm
(Start of ANIn Conversion) (Start of ANIm Conversion) conversion has not ended
Y
A/D Conversion ANIn ANIn ANIm ANIm

N N
N

ADCR X ANIn X

NN
B! D! N

ANIn X ANiIm ANIm

PSRN SR S M S ——

(7) AVoo pin
The AVoo pin is the analog circuit power supply pin, and supplies power to the input circuits of ANIO/P10
to ANI7/P17.
Therefore, connection to Voo is necessary even if the A/D converter is not used.
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[MEMO]
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13.1 D/A Converter Functions

The D/A converter converts a digital input into an analog value. It consists of two 8-bit resolution channels
of voltage output type D/A converter.

The conversion method used is a8 R-2R resistor ladder method.

D/A conversion is started when DACEO and DACE1 of the D/A converter mode register (DAM) are set to 1.

The D/A converter operates in the following two modes:

(1) Normal mode
In this mode, the D/A converter outputs an analog voltage immediately after conversion.

(2) Real-time output mode
The D/A converter outputs an analog voltage in synchronization with an output trigger after conversion.
Because square wave can be generated in this mode, an MSK modem for cordless telephones can be easily
realized in this mode.

Caution: When AVrer < Voo and the D/A converter is used for only one channel, perform the one
of the following procedures for pins not used as analog output.
+ Set the port mode register (PM13x) to 1 (input mode) and connect to Vss.
+ Set the port mode register (PM13x) to 0 (output mode), set the output latch to 0, and
output low level.

13.2 D/A Converter Configuration
The D/A converter consists of the following hardware.

Table 13-1 D/A Converter Confighration

ltem Configuration

D/A conversion value set register 0 (DACSO0)

Register
9 D/A conversion vaiue set register 1 (DACS1)

Control register | D/A converter mode register (DAM)
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Fig. 13-1 D/A Converter Block Diagram

S Internal Bus j

—a
DA.C S D/A Conversion Value
Write Set Register 1
INTTM2 (DACST)
DACS0 S D/A Conversion Value
Write Set( gzgggr 0
INTTM1 N e
LA\ (©) ANO1/P131
2R
AVrer1 @ ‘é_’ ,‘ZRRI 11 v -
[1] -
e 2R FR ANOO/P130
avss © S Hm—s 2R 2R
2R ﬁé’ ‘
g 2n R
g W—
2R

DAMS | DAM4 | DACE1|DACEO

D/A Converter Mode Register

g internal Bus \

(1) D/A conversion value set register 0, 1 {(DACS0, DACS1)
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DACSO0 and DACS1 are registers that set analog voltage values output to the ANOO and ANO1 pins,

respectively.

DACSO0 and DACS1 are set with 8-bit memory manipulation instructions.

RESET input sets these registers to O0H.

Analog voltage output to the ANOO and ANO1 pins is determined by the following expression.

ANOn output voltage = AVreri x D;;g:n

Remark: n=0, 1

Cautions:
(1) In the real-time output mode, when data that are set in DACS0 and DACS1 are read before an

output trigger is generated, the previous data are read rather than the set data.
{2) In the real-time output mode, data should be set to DACS0 and DACS1 after an output trigger

and before the next output trigger.
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13.3 D/A Converter Control Registers

The D/A converter mode register (DAM) controls the D/A converter. This register sets D/A converter operation

enable/stop.

The DAM is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to O0H.

Fig. 13-2 D/A Converter Mode Register Format

Symbol 73 6 5 4 3 2

® @  Address WhenReset RW

DAM 0 0 |DAMSI|DAM4| O 0

DACE1

DACEO

L

Cautions:

FFO8H 00H RW
DACEO{ D/A Converter Channel O Control
0 D/A conversion stop
1 D/A conversion enable
DACE1| D/A Converter Channel 1 Control
0 D/A conversion stop
1 D/A conversion enable
DAM4 | D/A Converter Channel 0 Operating Mode
0 Normal mode
1 Real-time output mode
DAMS! D/A Converter Channel 1 Operating Mode
0 Normal mode

Real-time output mode

{1) When using the D/A converter, a duai-function port pin should be set to the input mode, and a pull-

up resistor should be disconnected.
(2) Always set bits 2, 3, 6, and 7 to 0.

(3) When D/A conversion is stopped, the output state is high-impedance.
{4) The output trigger in the real-time output mode is INTTM1 for channel 0 and INTTM2 for channel 1.
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13.4 D/A Converter Operation

O]
@

®
@
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Select an operation mode for channel 0 by DAM4 of the D/A converter mode register (DAM) and a mode
for channel 1 by DAMS.

Set data corresponding to the analog voltage values to be output to ANOO/P130 and ANO1/P131 pins to
D/A conversion value setting registers 0 and 1 (DACSO and DACS1).

By setting DACEQ and DACE1 of DAM, D/A conversion of channels 0 and 1 starts.

In the normal mode, analog voltages are output to the ANOQ/P130 and ANO1/P131 pins immediately after
conversion. In the real-time output mode, analog voltages are output in synchronization with the output
trigger.

The analog voltage values to be output are held by DACS0 and DACS1 in the normal mode until new data
is set. In the real-time output mode, they are held until the next output trigger is generated after new
data have been set to DACS0 and DACS1.

Caution: Before setting DACEO and DACE1, set data to DACSO and DACS1.
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The pPD78098 sub-series incorporates three channels of serial interfaces. Differences between channels 0,
1, and 2 are as follows (Refer to CHAPTER 15 SERIAL INTERFACE CHANNEL 1 for details of the serial interface
channel 1. Refer to CHAPTER 16 SERIAL INTERFACE CHANNEL 2 for details of the serial interface channel

2).

Table 14-1 Differences between Channels 0, 1, and 2

Serial Transfer Mode

Channel 0

Channel 1

Channel 2

Clock selection

froxf2Mote, £10/22, Fox/23, frof2¢,
1xx/25, 13028, /27, T3/ 28,
external clock, TO2 output

fx2Mete, f3x/22, /22, $0i/24,
/2%, Fixf28, F/27, /28,
external clock, TO2 output

External clock, baud rate
generator output

. ial |
S-wire serial /O Transfer method

MSB/LSB switchable as
the start bit

MSB/LSB switchable as
the start bit

Automatic transmit/
receive function

MSB/LSB switchable as
the start bit

Transfer end flag

Serial transfer end interrupt
request flag (INTCSIO)

Serial transfer end interrupt
request flag (INTCSI1)

Serial transfer end interrupt
request flag (INTCS12)

S8l (serial bus interface)

2-wire serial 1/O

Use possible

UART (Asynchronous serial interface)

None

None

None

Use possible

Note: Can be set only when the main system clock frequency is 5.0 MHz or less.
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14.1 Serial Interface Channel 0 Functions

Serial interface channel 0 employs the following four modes.

e Operation stop mode

e 3-wire serial I/0O mode

e SBI (serial bus interface) mode
e 2-wire serial I/O mode

(1

(2)

(3)

4)

218

Operation stop mode
This mode is used when serial transfer is not carried out. Power consumption can be reduced.

3-wire serial |/0 mode

This mode is used for 8-bit data transfer using three lines, each for serial clock (SCKO), serial output (SO0)
and serial input (SI10).

The 3-wire serial 1/O mode enables simultaneous transmission/reception and so decreases the data
transfer processing time.

Since the start bit of 8-bit data to undergo serial transfer is switchable between MSB and LSB, connection
is enabled with either start bit device. ‘

The 3-wire serial I/O mode is valid for connection of peripheral I/O units and display controllers which
incorporate a conventional synchronous clocked serial interface as is the case with the 75X, 78K and 17K
series.

SBI (serial bus interface) mode

This mode is used for 8-bit data transfer with two or more devices using two lines of serial clock (SCK0)
and serial data bus (SBO or SB1).

The SBI mode is in compliance with the NEC serial bus format. In the SBImode, the transmitter can output
“addresses” for serial communication target device selection, “commands” to give instructions to the
target devices and actual “data”, all onto the serial data bus. The receiver can automatically distinguish
the received data into “address”, “command”, or “data”, by hardware.

This function enables the input/output ports to be used effectively and the application program serial
interface control portions to be simplified.

In this mode, the wake-up function for handshake and the output function of acknowledge signal and busy
signal can also be used.

2-wire serial I/O mode _

This mode is used for 8-bit data transfer using two lines of serial clock (SCKO) and serial data bus {SBO
or SB1).

This mode enables to cope with any data transfer format by controlling SCKO and the SBO or SB1 output
level by software. Thus, the handshake lines previously necessary for connection of two or more devices
can be removed and the input/output ports can be used effectively.
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Fig. 14-1 Serial Bus Interface (SBIl) System Configuration Example

Voo

Master CPU l Slave CPU1

<

SCKo SCKO
SBO SBO

Slave CPU2

SCKO
SBO

Slave CPUn
SCKO

SBO
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14.2 Serial Iinterface Channei 0 Configuration

Serial interface channel 0 consists of the following hardware.

220

Table 14-2 Serial interface Channel 0 Configuration

Item

" Configuration

Register

Serial 1/O shift register 0 (SIO0)
Slave address register (SVA)

Control register

Timer clock select register 3 (TCL3)

Serial operating mode register 0 (CSIMO)
Serial bus interface control register (SBIC)
Interrupt timing specify register (SINT)
Port mode register 2 (PM2)
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(n

(2)

(3)

(4)

{5)

222

Serial 1/0 shift register 0 (S100)

This is an 8-bit register to carry out parallel/serial conversion and to carry out serial transmission/reception
{shift operation) in synchronization with the serial clock.

SIO0 is set with an 8-bit memory manipulation instruction.

When bit 7 (CSIEQ) of serial operating mode register 0 (CSIMO0) is 1, writing data to SIO0 starts serial
operation.

In transmission, data written to SIO0 is output to the serial output (SOQ0) or serial data bus (SB0/SB1).
In reception, data is read from the serial input (SI0) or SB0/SB1 to SI100.

The SBI mode and 2-wire serial I/O mode bus configurations enables the pin to serve for both input and
output. Thus, in the case of a device for reception, write FFH to SIO0 in advance (except when address
reception is carried out by setting bit 5 (WUP) of CSIMO to 1).

In the SBI mode, the busy state can be cleared by writing data to SIOO0. In this case, bit 7 (BSYE) of the
serial bus interface control register (SBIC) is not cleared to 0.

RESET input makes SI00 undefined.

Slave address register (SVA)

This is an 8-bit register to set the slave address value for connection of a slave device to the serial bus.
SVA is set with an 8-bit memory manipulation instruction.

The master device outputs a siave address for selection of a particular slave device to the connected slave
device. These two data (the slave address output from the master device and the SVA value) are compared
with an address comparator. !f they match, the slave device has been selected. In that case, bit 6 (COI)
of serial operating mode register 0 (CSIMO) becomes 1.

Address comparison can also be executed on the data of LSB-masked high-order 7 bits with bit 4 (SVAM)
of the interrupt timing specify register (SINT).

If no matching is detected in address reception, bit 2 {RELD) of the serial bus interface control register
(SBIC) is cleared to 0. When bit 5 {(WUP) of CSIMOQ is 1, the interrupt request signal (CSIIF0) is generated
only if the matching is detected. This interrupt request enables to recognize the generation of the
communication request from the master device.

Further, when SVA transmits data as master or slave device in the SBI or 2-wire serial /O mode, errors
are detected if any.

RESET input makes SVA undefined.

SO0 ilatch
This latch holds S10/SB0/P25 and SO0/SB1/P26 pin levels. it can be directly controlled by software.
In the SBI mode, this latch is set upon termination of the 8th serial clock.

Serial clock counter
This counter counts the serial clocks to be output and input during transmission/reception and to check
whether 8-bit data has been transmitted/received.

Serial clock control circuit
This circuit controls serial clock supply to the serial I/O shift register 0 (SI00). When the internal system
clock is used, the circuit also controls clock output to the SCKO/P27 pin.
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{6) Interrupt signal generator
This circuit controls interrupt request signal generation. It generates the interrupt request signal in the
following cases.

* In the 3-wire serial /0 mode and 2-wire serial /O mode
This circuit generates an interrupt request signal every eight serial clocks.
* |n the SBI mode
When WUPNete i 0 ... Generates an interrupt request signal every eight serial clocks.
When WUPNete js 1 . Generates an interrupt request signal when the serial I/0 shift register 0 (SIO0)
value matches the slave address register (SVA) value after address reception.

Note: WUP is a wake-up function specify bit. It is bit 5 of serial operating mode register 0 (CSIMO).
(7) Busy/acknowledge output circuit and bus release/command/acknowledge detector

These two circuits output and detect various control signals in the SBI mode.
These do not operate in the 3-wire serial I/O mode and 2-wire serial |/O mode.
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14.3 Serial interface Channel 0 Control Registers

The following four types of registers are used to control serial interface channe! 0.

*

Timer clock select register 3 (TCL3)

Serial operating mode register 0 (CSIMO)
Serial bus interface control register (SBIC)
interrupt timing specify register (SINT)

(1) Timer clock select register 3 {TCL3)
This register sets the serial clock of serial interface channel 0.
TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.
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Symbol

TCL3

Fig. 14-3 Timer Clock Select Register 3 Format

7 6 5 4 3 2 1 Address When Reset R/W
TCL37|TCL36|TCL35(TCL34{TCL33|{TCL32{TCL31|{TCL30| FF43H 88H RW
TCL33 |TCL32|TCL31|TCL30{ Serial interface Channel O Serial Clock Selection

0 1 1 0 /2 Moo

0 1 1 1 022 (1.0 MHz2)

1 0 0 0 /22 (500 kHz)

1 0 0 1 fx/24 (250 kHz)

1 0 1 0 /2% (125 kHz)

1 0 1 1 /2% (62.5 kH2)

1 1 0 0 fx/27 (31.3 kH2)

1 1 0 1 /28 (15.6 kHz)

Other than above Setting prohibited
TCL37 | TCL36 | TCL35 | TCL34 | Serial Interface Channel 1 Serial Clock Selection

0 1 1 0 fxxf2 Note

0 1 1 1 022 (1.0 MH2)

1 0 0 0 /23 (500 kHz)

1 0 0 1 /24 (250 kHz)

1 0 1 0 2% (125 kHz)

1 0 1 1 txx/2° (62.5 kHz)

1 1 0 0 /27 (31.3 kHz)

1 1 0 1 fx/28 (15.6 kH2)

Other than above Setting prohibited

Note: Can only be set when the main system clock frequency is 5.0 MHz or less.

Remarks:
(1) fxx: Main system clock frequency
(2) Figures in parentheses apply to operation with fxx = 4.0 MHz.

Caution: When rewriting TCL3 to data other than the same data, stop the timer operation first.
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(2) Serial operating mode register 0 (CSIMO)
This register sets serial interface channel 0 serial clock, operating mode, operation enable/stop wake-up
function and displays the address comparator match signal.
CSIMQO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.

Symbol
CSIM0

RW

RW

226

Fig. 14-4 Serial Operating Mode Register 0 Format {1/2)

@Q® ® 4 3 2 1 0 Address When Reset R/W
CSIM|CSIM|CSIM|CSIM|CSIM
Csieo] COI |WUP 04 | 03 02 | 01| 00 FF60H 00H R/AW Note 1
IM{CSIM
C[S) 1 cgo Serial Interface Channel 0 Clock Selection
0 | x | Input clock to SCKO pin from off-chip
1 0 | 8-bit timer register 2 (TM2) output
1 1 | Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
CSIM|CSIM |CSIM Operating Start S10/SBO/P25 S00/SB1/P26 SCKo/P27
o4 | 03 | 02 |PM25) P25 [PM26( P26 |PM27 P27 Mode Bit Pin Function Pin Function Pin Function
0 | oz | sz 3-wire serial msB S Netez SO0 SCKo
0| x VIXLO2101 % T ] 1o mode {Input) {CMOS output) (cMOS
1 LSB P P input/output)
R P25 SB1
0 X x 0 0 0 1 (CMOS {N-ch open-drain
input/output) input/foutput) SCKO
1 0 SBI mode MSB (CMOS |
Noted | Nete3 SBO P26 input/output)
1 040 x x | 0 1 (N-ch open-drain | (CMOS input/
input/output) output)
W P25 SB1
0 X X 0 0 0 1 (CMOS {(N-ch open-drain
2-wire serial input/output) input/output) SCKo
1 1 1/O mode MSB (N-ch open-drain
ota3 | Notez SBO P26 input/ output)
1 0 0 X x 0 1 (N-ch open-drain (CMOS
input/output) input/output)
Notes:

{1) Bit 6 (COIl) is a Read-Only bit.
(2) Can be used as P25 (CMOS input/output) when used only for transmission.
{3) Can be used freely as port function.

Remark: x: Don't care
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Fig. 14-4 Serial Operating Mode Register 0 Format (2/2)

RMW WUP| Wake-up Function Control

0 |{ Interrupt request signal generation with each serial transfer in any mode

Interrupt request signal generation when the address received after bus release (when CMDD=RELD=1) matches the slave
address register in SBI mode

COI | Slave Address Comparison Result Flag %

0 | Slave address register not equal to serial I/O shift register 0 data

1 Slave address register equal to serial /O shift register O data

RM [CSIEO] Serial Interface Channel 0 Operation Control

0 | Operation stopped

1 Operation enable

Note: When CSIEQ = 0, COIl becomes 0.

227




CHAPTER 14 SERIAL INTERFACE CHANNEL 0

(3) Serial bus interface control register (SBIC)
This register sets serial bus interface operation and displays statuses.
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 00H.

Fig. 14-5 Serial Bus Interface Control Register Format (1/2)

Symbol @ ® ® @ ® @ @ @ Address WhenReset RW
SBIC | BSYE |ACKD| ACKE [ ACKT |CMDD!{ RELD |CMDT| RELT | FF61H O0H RAW Note 1

R/W Use for bus release signal output.
RELT | When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to 0 when CSIEQ = 0.

R/W Use for command signal output.
CMDT | When CMDT = 1, SO latch is cleared to {0). After SO latch clearance, automatically cleared to (0).
Also cleared to (0) when CSIEQ = 0.

R RELDTBus Release Detection

Clear Conditions (RELD = 0) Set Conditions (RELD = 1)

*» When transfer start instruction is executed

* If SIO0 and SVA values do not match in address
reception * When bus release signa! (REL) is detected

e When CSIEO = 0

e When RESET input is applied

R |CMDD| Command Detection

Clear Conditions (CMDD = 0) Set Conditions (CMDD = 1)

* When transfer start instruction is executed
* When bus release signal (REL) is detected
e When CSIE0O = 0

o When RESET input is applied

* When command signal (CMD) is detected

R/W Acknowledge signal is output in synchronization with the falling edge clock of SCKQ just after execu-
ACKT | tion of the instruction to be set to 1, and after acknowledge signal output, automatically cleared to 0.
Used as ACKE=0. Also cleared to 0 upon start of serial interface transfer or when CSIEQ = 0.

(Cont'd)
Note: Bits 2, 3 and 6 (RELD, CMDD and ACKD) are Read-Only bits.

Remark: Bits 0, 1, and 4 (RELT, CMDT, and ACKT) are 0 when read after data setting.
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Fig. 14-5 Serial Bus Interface Control Register Format (2/2)

ACKE | Acknowledge Signal Output Control

0 Acknowledge signal automatic output disable {output with ACKT enable)

Before completion Acknowledge signal is output in synchronization with the 9th clock
of transfer falling edge of SCKO (automatically output when ACKE = 1).
1 Acknowledge signal is output in synchronization with the falling edge of SCKo
After completion just after execution of the instruction to be set to 1 (automatically output when
of transfer ACKE = 1).
However, not automatically cleared to 0 after acknowledge signal output.

ACKD | Acknowledge Detection

Clear Conditions (ACKD = 0) Set Conditions (ACKD = 1)

* At the falling edge of SCKO immediately after the
busy mode has been released when a transfer start | * When acknowledge signal {ACK) is detected at the
instruction is executed rising edge of SCKO clock atter completion of

e When CSIE0O =0 transfer

o When RESET input is applied

BSYEMN*| Synchronizing Busy Signal Output Control

Disables busy signal which is output in synchronization with the falling edge of SCKO clock just after

0 . . .
execution of the instruction to be cleared to 0.

1 Outputs busy signal at the falling edge of SCKO clock following the acknowledge signal.

Note: Busy mode can be cleared by start of serial interface transfer or reception of address signal.
However, BSYE flag is not cleared to 0.
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{4) Interrupt timing specify register (SINT)
This register sets the bus release interrupt and address mask functions and displays the P27 pin level
status.
SINT is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SINT to 00H.

Fig. 14-6 Interrupt Timing Specify Register Format

Symbol 7 ® ® @ 3 2 1 0O  Address When Reset RMW

SINT| O | CLD| SIC |SVAM| © 0 0 0] FF63H 00H R/W Note

SVAM| SVA Bit to be Used as Slave Address
(4] BitsOto 7
1 Bits 1to 7

RW
SIC | INTCSIO interrupt Factor Selection Nete2
CSIIFQ is set upon termination of serial interface
0 channel O transfer
1 CSIIFO0 is set upon bus release detection or
termination of serial interface channel 0 transfer
R

CLD | SCKO Pin Level Note3

0 Low Level
1 High Level

Caution: Be sure to set bits 0 to 3 to 0.
Notes:

(1) Bit 6 (CLD) is a Read-Only bit.

(2) When using wake-up function, set SiC to 0.
(3) When CSIEO = 0, CLD becomes 0.

Remark: SVA: Slave address register
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14.4 Serial Interface Channel 0 Operations
The following four operating modes are available to the serial interface channel 0.

o QOperation stop mode
* 3-wire serial I/O mode
SBi mode

o 2-wire serial I/0 mode

14.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The
serial /O shift register 0 {SIO0} does not carry out shift operation either and thus it can be used as ordinary 8-
bit register.

In the operation stop mode, the P25/S10/SB0, P26/SO0/SB1 and P27/SCKO pins can be used as ordinary input/
output ports.

(1) Register setting
The operation stop mode is set with the serial operating mode register 0 (CSIMO).
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to OOH.
The shaded area is used in the operation stop mode.

Symbol
® ® 4 3 2 1 0 Address When Reset  R/W

csiMo |

i COI | WUP | csimos | CSiM3 | CsiMo2 | csimot [csivoo|  FFBOH 00H RW

R/W | CSIEQ | Serial Interface Channel 0 Operation Control

0 Operation stopped

1 Operation enable
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14.4.2 3-wire serial |/0 mode operation
The 3-wire serial I/O mode is valid for connection of peripheral I/O units and display controllers whichincorporate
a conventional synchronous clocked serial interface as is the case with the 75X, 78K, and 17K series.
Communication is carried out with three lines of serial clock (SCKO), serial output (SO0), and serial input (SI0).

(1) Register setting
The 3-wire serial I/O mode is set with the serial operating mode register 0 {CSIMO) and serial bus interface
control register (SBIC).

{a) Serial operating mode register 0 (CSIMO0)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to O0H.
The shaded area is used in the 3-wire serial /O mode.
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Address When Reset R/W
FF60H O00H R/W Note1

R/W [CSIM|CSIM

. lecti
011 00 Serial Interface Channel 0 Clock Selection

0 x | input clock to SCKO pin from off-chip

1 0 | 8-bit timer register 2 (TM2) output

1 1 | Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)

RMW [csim|csim|csim Operating Start SI0/SBO/P25 | SOO/SBYP26 |  SCKO/P27
04 | 03 | o2 |PMZ5) P25 |PM26( P26 IPM27) P27 | poge Bit Pin Function | Pin Function | Pin Function

0 | wetez | tasez 3-wire serial | MSB sI0 S00 SCKo

0} x T x[919101 7] 10mode (Input) (CMOS outpuy) | (CMOS
1 LSB input/output)

1 0 SBI mode (refer to 14.4.3 SBI mode operation)

1 1 2-wire serial 1/O mode (refer to 14.4.4 2-wire serial I/O mode operation)

R/W |WUP] Wake-up Function Control Ne«?

0 |interrupt request signal generation with each serial transfer in any mode

1 Interrupt request signal generation when the address received after bus release (when CMDD=RELD=1) matches the
slave address register in SBI mod

R/W [CSIEQ| Serial Interface Channel O Operation Control

0 Operation stopped

1 Operation enable

Notes:

(1) Bit 6 (COl) is a Read-Only bit.

(2) Can be used as P25 (CMOS input/output) when used only for transmission.
(3) Always set 0 to WUP when using the 3-wire serial I/0 mode.

Remark: x: Don’t care
(b) Serial bus interface control register {SBIC)
SBIC is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets SBIC to 00H.
The shaded area is used in the 3-wire serial I/O mode.
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Symbdd @ ® ® @ ® @ (@ (@© Address WhenReset RW

SBIC | BSYE |ACKD | ACKE | ACKT |CMDD| RELD 8 FF61H 00H RW

RW RELT When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cleared to O when CSIEO = 0.

RW cMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to O.
Also cleared to O when CSIEO = 0.

(2) Communication operation
The 3-wire serial I/O mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization of the serial clock.
Shift operation of the serial 1/O shift register 0 (S100) is carried out at the falling edge of the serial clock
(SCKO). The transmitted data is held in the SOO latch and is output from the SO0 pin. The received data
input to the SIO pin is latched in SIO0 at the rising edge of SCKO.
Upon termination of 8-bit transfer, SIO0 operation stops automatically and the interrupt request flag
(CSIIFQ) is set.

Fig. 14-7 3-Wire Serial 1/0 Mode Timings

SI0 \

SCKO D 1 ¢ 2 3 4 5 6 7 8 (
Di6 X DIs X Di4 X DI3 X Di2 X bn X Dﬂ

i /

SO0 XDO?X DO6 XDOS X DO4X DO3 X DO2 X DO1 WDOO

1
1
1
i
I
1
'
]
!
!
1

CSIIFO

L - End of Transfer
Transfer Start at the Falling Edge of SCKO

The SO0 pin serves for CMOS output and generates the SO0 latch status. Thus, the SO0 pin output status
can be manipulated by setting the RELT and CMDT bits.
However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock mode) by manipulating the
P27 output latch (refer to 14.4.5 SCKO pin output manipulation).

234



CHAPTER 14 SERIAL INTERFACE CHANNEL 0

(3) Various signals
Fig. 14-8 shows RELT and CMDT operations.

Fig. 14-8 RELT and CMDT Operations

SO0 Latch R

RELT /
CMDT . $ |

(4) MSB/LSB switching as the start bit
The 3-wire serial I/O mode enables to select transfer to start at MSB or LSB.
Fig. 14-9 shows the configuration of the serial I/O shift register 0 (SIO0) and internal bus. As shown in
the figure, MSB/LSB can be read/written in reverse form.

MSB/LSB switching as the start bit can be specified with bit 2 (CSIMO02) of the serial operating mode
register 0 (CSIMO).

Fig. 14-9 Circuit of Switching in Transfer Bit Order

Internal Bus ~ ----------=----1 -=f--f--p--------1 R e e e

LSB Start L
MSB Start —-I Read/Write Gate l Read/Write Gate

SO0 Latch
Slo ——{  Shift Register0(SI00) |—{D Q

N I‘I
SO0

SCKO

Start bit switching is realized by switching the bit order for data write to SIO0. The SIOQ shift order remains
unchanged.

Thus, switch the MSB/LSB start bit before writing data to the shift register.
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{S) Transfer start

Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SI00) when the following
two conditions are satisfied.

e Serial interface 0 operation control bit (CSIEQ) = 1
e Internal serial clock is stopped or SCKO is a high level after 8-bit serial transfer.

Caution: If CSIEO is set to “1” after data write to SI00, transfer does not start.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.
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14.4.3 SBI mode operation

SBI (Serial Bus Interface) is a high-speed serial interface in compliance with the NEC serial bus format.

SBI has a format with the bus configuration function added to the clocked serial I/O method so that it can carry
out communication with two or more devices with two signal conductors on the single-master high-speed serial
bus. Thus, when making up a serial bus with two or more microcomputers and peripheral ICs, the number of
ports to be used and the number of wires on the board can be decreased.

The master device can output to the serial data bus of the slave device “addresses” for selection of the serial
communication target device, “commands” to instruct the target device and actual “data”. The slave device can
identify the received data into "address”, “command” or “data”, by hardware. This function enables the
application program serial interface (channel 0) control portions to be simplified.

The SBI function is incorporated into various devices including 75X-series devices and 78K-series 8-bit and 16-
bit single-chip microcomputers.

Fig. 14-10 shows a serial bus configuration example when a CPU having a serial interface compliant with SBI
and peripheral ICs are used.

In SBI, the SBO (SB1) serial data bus pin serves for open-drain output and so the serial data bus line is in wired-
OR state. A pull-up resistor is necessary for the serial data bus line.

Refer to {10) SBI mode precautions {d) described later when the SBI mode is used.
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Fig. 14-10 Example of Serial Bus Configuration with SBI

Voo
Serial Clock
SCKo SCKO Slave CPU
Master CPU
Serial Data Bus
SBO (SB1) SBO (SB1) Address 1
SCKo Slave CPU
SBO (SB1) Address 2
SCKO Slave IC
SBO (SB1) Address N

Caution: When replacing the master CPU/slave CPU, a pull-up resistor is necessary for the serial clock
line (SCKO) as well because serial clock line (SCKO0) input/output switching is carried out
asynchronously between the master and slave CPUs.
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(1) SBI functions
In the conventional serial I/O method, when a serial bus is constructed by connecting two or more devices,
many ports and wiring are necessary to distinguish chip select signals and command/data and to judge
the busy state because only the data transfer function is available. If these operations are to be controlied
by software, the software must be heavily loaded.
In SBI, a serial bus can be constructed with two signal conductors of serial clock SCKO and serial data bus
SBO (SB1). Thus, SBl is effective to decrease the number of microcomputer ports and that of wirings and
routings on the board.
The SBI functions are described below.

{a)

(b)

(c)

(d)

(e)

Address/command/data identify function
Serial data is distinguished into addresses, commands and data.

Chip select function by address transmission
The master executes slave chip selection by address transmission.

Wake-up function

The slave can easily judge address reception (chip select judgment) with the wake-up function (which
can be set/reset by software).

When the wake-up function is set, the interrupt request signal (INTCSI0) is generated upon reception
of amatch address. Thus, when communication is executed with two or more devices, the CPU except
the selected slave devices can operate regardless of serial communication.

Acknowledge signal (ACK) control function
The acknowledge signal to check serial data reception is controlled.

Busy signal (BUSY) control function
The busy signal to report the slave busy state is controlled.
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(2) SBI definition
The SBI serial data format is defined as follows.
Serial data to be transferred with SBl is distinguished into three types, “address”, “command” and “data”.
Fig. 14-11 shows the address, command and data transfer timings.

Fig. 14-11 SBI Transfer Timings

Address Transfer

SCKO ||l|||||lll||||s||9||IHIIIIH
soser \_ £ /o OO OO e \Rex/_ BUsY

Bus Release
Signal

Cormmand Transfer
Command Signal

SCKo l||||||||H||I|||9H||l||||
/ T
SBO/SB1 co \ACK,  BUSY / READY

Data Transfer

The bus release signal and the command signal are output by the master device. BUSY is output by the
slave signal. ACK can be output by either the master or slave device (normally, the 8-bit data receiver
outputs).

Serial clocks continue to be output by the master device from 8-bit data transfer start to BUSY reset.
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(a)

{b)

Bus release signal (REL)

The bus release signal is a signal with the SBO (SB1) line which has changed from the low level to
the high level when the SCKO line is at the high level (without serial clock output).

This signal is output by the master device.

Fig. 14-12 Bus Release Signal

The bus release signal indicates that the master device is going to transmit an address to the slave
device. The slave device incorporates hardware to detect the bus release signal.

Command signal (CMD)

The command signal is a signal with the SBO (SB1) line which has changed from the high level to the
low level when the SCKO line is at the high level (without serial clock output).

This signal is output by the master device.

Fig. 14-13 Command Signal

]
1
ScKo W
1
[
1
1

The slave device incorporates hardware to detect the command signal.
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(c) Address

An address is 8-bit data which the master device outputs to the slave device connected to the bus
line in order to select a particular slave device.

Fig. 14-14 Addresses

SCKO 1] [2] 131 L&) L8] 8] 7] |8
SBO (SB1) [ 27X a6 X(as X aa (a3 X a2 Xa1 X0
Add‘;ess
Bus Release
Signal

Command Signal

8-bit data following bus release and command signals is defined as an “address”.

In the slave device, this condition is detected by hardware and whether or not 8-bit data matches the
own specification number (slave address) is checked by hardware. If the 8-bit data matches the slave
address, the slave device has been selected. After that, communication with the master device
continues until a release instruction is received from the master device.

Fig. 14-15 Slave Selection with Address

Master —l Slave 1 Non-Selection
/s\lg;reegs Transmission ’—. .
Slave 2 Selection
Slave 3 Non-Selection
Slave 4 Non-Selection
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(d) Command and data
The master device transmits commands to, and transmits/receives data to/from the slave device

selected by address transmission.

Fig. 14-16 Commands

SCKko 1121 13 1ol 1s] 16l 12] 18

sBo(SBYN T [y Xce Xcs X e X3 X ez X1 Xco

-

J

Command Signal Command

Fig. 14-17 Data

SCKo 1 12l 13l s 15[ e[ 12[ 18
SBO (SB1) \.07 X 06 X'0s X 04 X 03 X 02 X 01 X DO
D;ta

8-bit data following a command signal is defined as a “command”. 8-bit data without command signal
is defined as "data”. Command and data operation procedures can be determined arbitrarily according

to communication specifications.
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{e) Acknowledge signal {(ACK)
The acknowledge signal is used to check serial data reception between transmitter and receiver.

Fig. 14-18 Acknowledge Signal

[When output in synchronization with 11th clock SCKO0]

SCko s[ 19 ho[ 1

seose _ X X_ X X X X X7 \Ack:™ "

[When output in synchronization with 9th clock SCKO0]

S LML LML L e e L L
SBO (SB1) G G G G G & G-

The acknowledge signal is one-shot pulse to be generated at the falling edge of SCKO after 8-bit data
transfer. It can be positioned anywhere and can be synchronized with any clock SCKO.

After 8-bit data transmission, the transmitter checks whether the receiver has returned the acknowl-
edge signal. If the acknowledge signal is not returned for the preset period of time after data
transmission, it can be judged that data reception has not been carried out correctly.
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(f) Busy signal (BUSY) and ready signal (READY)
The BUSY signal is intended to report to the master device that the slave device is preparing for data

transmission/reception.
The READY signal is intended to report to the master device that the slave device is ready for data

transmission/reception.

Fig. 14-19 BUSY and READY Signals

S e[ eMLMLLL
SBO (SB1) X___\Acki  BUSY / READY

In SBI, the slave device notifies the master device of the busy state by setting SB0O (SB1) line to the
low level.

The BUSY signal is output in the wake of the acknowledge signal output from the master or slave
device. Itis set/reset at the falling edge of SCKO. When the BUSY signal is reset, the master device
automatically terminates the output of SCKO serial clock.

When the BUSY signal is reset and the READY signal is set, the master device can start the next

transfer.

(3) Register setting
The SB! mode is set with the serial operating mode register 0 (CSIMQ), the serial bus interface control

register (SBIC) and the interrupt timing specify register (SINT).

{a) Serial operating mode register 0 (CSIMO)
CSIMO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to 00H.
The shaded area is used in the SBI mode.
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RW

RW

RW
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Address When Reset R/W
FF60H 00H R/W Note 1

C;LM C:Icl:d Serial Interface Channel 0 Clock Selection
0 | x | Input clock to SCKO pin from off-chip
1 0 | 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)

CSIM|CSIM|CSIM Operating Start S10/SBO/P25 S00/sB1/P26 SCKo0/P27
04 | 03 | 02 |PM25| P25 |PM26) P26 |PM27( P27 Mode Bit Pin Function Pin Function Pin Function
0| x 3-wire serial I/0 mode (refer to 14.4.2 3-wire serial /O mode operation)

aote2 | Metaz P2s SB1
0 x x| 0 0 0 1 {CMOS (N-ch open-drain
input/output) input/output) SCRo
1 0 SBI mode MSB ({CMOS
Netaz | Note2 S80 P26 input/output)
1 0 0| x x 0 1 (N-ch open-drain| (CMOS input/
input/output) output)
1 1 2-wire serial I/O mode {refer to 14.4.4 2-wire serial /O mode operation)

WUP| Wake-up Function Control
0 Interrupt request signal generation with each serial transfer in any mode
1 Interrupt request signal generation when the address received after bus release (when CMDD=RELD=1) matches the

slave address register in SBI mode
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R |COI | Slave Address Comparison Result Flag %=
0 | Slave address register not equal to serial 1/O shift register O data
1 | Slave address register equal to serial I/O shift register 0 data
RMW [CSIEO| Seriat Interface Channel 0 Operation Control
0 | Operation stopped
1 | Operation enable
Notes: :
{1) Bit 6 (COl) is a Read-Only bit.

(2)
(3)

Can be used freely as port function.
When CSIEO = 0, COIl becomes 0.

Remark: x: Don't care

(b)

Serial bus interface control register (SBIC)

SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 0O0H.

The shaded area is used in the SBl mode.

Symbol @ ® ® @ ® @ (@ @ Address WhenReset RW

SBIC

FF61H 00H R/W Note

R/W

Use for bus release signal output.

RELT | When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cieared to 0.

Also cleared to 0 when CSIEQ = 0.

R/W

Use for command signal output.

CMDT | When CMDT = 1, SO latch is cleared to (0). After SO latch clearance, automatically cleared to (0).

Also cleared to (0) when CSIEQ = 0.

R | RELD | Bus Release Detection

Clear Conditions (RELD = 0) : Set Conditions (RELD = 1)

*

When transfer start instruction is executed

If SIO0 and SVA values do not match in address
reception * When bus release signal (REL) is detected
When CSIEQO = 0

When RESET input is applied

(Cont'd)

Note: Bits 2, 3 and 6 (RELD, CMDD and ACKD) are Read-Only bits.

Remark: Bits 0, 1, and 4 (RELT, CMDT, and ACKT) are 0 when read after data setting.
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RW

R/W

RW

248

CMDD

Command Detection

Clear Conditions (CMDD = 0) Set Conditions (CMDD = 1)

e When transfer start instruction is executed
* When bus release signal (REL) is detected
e When CSIEQO = 0

* When RESET input is applied

* When command signal (CMD) is detected

* When RESET input is applied

Acknowledge signal is output in synchronization with the falling edge clock of SCKO just after execu-
ACKT | tion of the instruction to be set to (1), and after acknowledge signal output, automatically cleared to 0.
Used as ACKE=0. Also cleared to {0) upon start of serial interface transfer or when CSIEO = 0.
ACKE | Acknowledge Signal Output Control
0 Acknowiledge signal automatic output disable (output with ACKT enable)
Before completion Acknowledge signal is output in synchronization with the 9th clock
of transfer falling edge of SCKO (automatically output when ACKE = 1).
1 Acknowledge signal is output in synchronization with the falling edge of SCKO
After completion just after execution of the instruction to be set to 1 (automatically output when
of transfer ACKE = 1).
However, not automatically cleared to 0 after acknowliedge signal output.
ACKD | Acknowledge Detection
Ciear Conditions (ACKD = 0) Set Conditions (ACKD = 1)
* At the falling edge of SCKO just after busy mode is | ® When acknowledge signal (ACK) is detected at the
cleared when transfer start instruction is executed rising edge of SCKO clock after completion of
* When CSIE0O =0 transfer

BSYEN

Synchronizing Busy Signal Output Control

Disables busy signal which is output in synchronization with the falling edge of SCKO clock just after
execution of the instruction to be cleared to (0).

Outputs busy signal at the falling edge of SCKO clock following the acknowledge signal.

Note: Busy mode can be cleared by start of serial interface transfer or reception of address signal.

However, BSYE flag is not cleared to 0.
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(c) Interrupt timing specify register (SINT)
SINT is set with a 1-bit or 8-bit memory manipulation instruction.

Symbol

SINT

RESET input sets SINT to O0H.
The shaded area is used in the SBI mode.

7 ® & ® 3 2 1 0  Address WhenReset RW

0 0 0 0 FF63H 00H R/W Note 1
RW -
SVAM| SVA Bit to be Used as Slave Address
0 BitsOto 7
1 Bits1to 7
RW -
SIC | INTCSIO Interrupt Factor Selection Note2
CSIIF0 is set upon termination of serial interface
0 channel O transfer
CSIIFQ is set upon bus release detection or
1 termination of serial interface channel O transfer
R —
CLD | SCKO Pin Level Now3
0 Low Level
1 High Level

Caution: Be sure to set bits 0 to 3 to 0.

Notes:

(1) Bit 6 (CLD) is a Read-Only bit.

(2) When using wake-up function, set SIC to O.
(3) When CSIEO = 0, CLD becomes 0.

Remark: SVA: Slave address register
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(4) Various signals
Figs. 14-20 to 14-25 show various signals and flag operations in SBI. Table 14-3 lists various signals in
SBi.

Fig. 14-20 RELT, CMDT, RELD and CMDD Operations (Master)

Slave address write to SIO0
(Transfer Start Instruction)

SIO0 X
/

ScKo /O
SB0 (SB1) L )C

RELT / )
CMDT (\ / gF—l \
1\ \ L\
RELD \KV \\L
CMDD \ 3

Fig. 14-21 RELT, CMDT, RELD and CMDD Operations (Slave)

Write FFH 1o SIO0

(Transfer Start )
Instruction Transfer Start instruction

| . |

S100 = (! 1/l )ﬁ
SBO (SB1) /A7 X A6 X?(LA1 X #0 / L—(’

RELT
(Master) (3 (s
CMDT k CF I 3 b)) / \
(Master) « When Addresses
) { vaen
RELD " \ / /

L1

When Addresses do not
Mazrch

b))
« 4§

CMDD
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Fig. 14-22 ACKT Operation

SCKO 6 7 8 9 ﬂ | q
SBO/SB1 X b2 X D1 X oo / ¥ / ACK ACK signal is output for
b

a period of one clock
just after setting
ACKT

JL
n

When set during
this period

Caution: Do not set ACKT before termination of transfer.
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Fig. 14-23 ACKE Operations

(a) When ACKE = 1 upon completion of transfer

SCKO I'll |2| l ] l7l |8| aEQI I |

SBO/SB1  \

ACK signal is output

N (D 2 =

at 9th clock

ACKE i

it

L When ACKE = 1 at this point

(b) When set after completion of

SCKO 6 7 8 9

seo/sB1 X D2 X D1 X Do / ¢

transfer

J LI el LT
=

ACK signal is output for
a period of one clock

ACKE ) /T\

just after setting

L

If set during this period and ACKE = 1
at the falling edge of the next SCKO

{c) When ACKE = 0 upon completion of transfer

SCKo l1| |2l I l |7I ISI

o[ L[

ACK signal is not output

SBU/SB1  \ X b7 X D6 )Qoz D1 X DO
ACKE /[ \Lﬁ

L When ACKE = 0 at this point

(d) When ACKE = 1 period is short

sBo/se1 X D2 X b1 X Do / ¢

ACKE

)]

ACK signal is not output

«

If set and cleared during this period
and ACKE = 0 at the falling edge of SCKO
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Fig. 14-24 ACKD Operations

(a) When ACK signal is output at 9th clock of SCKO

Transfer Start
r Instruction

SI00
I Transfer Start

ssorse1 X 02 X D1 X Do \ \ACK &\_
i

ACKD

(b) When ACK signal is output after 9th clock of SCKO

Transfer Start
.................... — r Instruction
sc0 , /
- \ I~ Transfer Start

SBO/SB1 :X 02 X 01 X 00 / « ACK

ACKD

SCKo s[ |7[ ls |e : w
\L
I

{c) Clear timing when transfer start is instructed in BUSY

Transfer Start
I_ Instruction

SIO0 { ( X

SCKo
sBoser X bz X 01 X po /
ACKD . (f \l

«

Fig. 14-25 BSYE Operation

SCKO 6 7 8 9 | l I | l ?E ‘ l |
N
s

SBO/SB1 —_—X p2 X b1 X D0 / ? BUSY p
I /] (A

a

If reset during this period and

A
- oo _
When BSYE = 1 at this point BSYE = 0 at the falling edge of SCKO
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CHAPTER 14 SERIAL INTERFACE CHANNEL 0

{5) Pin configuration
The serial clock pin (SCKO) and serial data bus pin SBO (SB1) have the following configurations.
(a) SCKO : Serial clock input/output pin
(@ Master : CMOS and push-pull output
@ Slave : Schmitt input
{b) SBO (SB1) : Serial data input/output dual-function pin
Both master and slave devices have an N-ch open-drain output and a Schmitt input.

Because the serial data bus line has an N-ch open-drain output, an external pull-up resistor is necessary.

Fig. 14-26 Pin Configuration

Slave Device
Master Device [
= L | e o
Clock Output - —( ) D‘ Clock Input
Serial Clock
(Clock Input)
. Ru .
N-ch Open Drain SBO (SB1) ; sBo (SB1)] N-ch Open Drain
—C : O
soo —] { Serial Data Bus é — 06
T
sio —@]— X_X_ XX Sio

Caution: Because the N-ch open-drain must be turned OFF at time of data reception, write FFH to
S100 in advance. The N-ch open-drain can be turned OFF at any time of transfer. However,
when wake-up function specify bit (WUP) = 1, the N-ch transistor is always turned OFF.
Thus, it is not necessary to write FFH to S100.
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(6)

(7)

(8

Address match detection method

In the SBI mode, a particular slave device is selected by address communication from the master device
and communication is started.

Address match detection is executed by hardware. With the slave address register (SVA), CSIIFQ is set
in the wake-up state (WUP = 1) only when the address transmitted from the master device matches the
value set to SVA.

Cautions:

(1) Slave selection/non-selection is detected by matching of the slave address received after bus
release (RELD = 1).
For this match detection, match interrupt (INTCSI0) of the address to be generated with WUP
= 1 is normally used. Thus, execute selection/non-selection detection by slave address when
WUP = 1.

(2) When detecting selection/non-selection without the use of interrupt with WUP = 0, do so by
means of transmission/ reception of the command preset by program instead of using the
address match detection method.

Error detection
In the SBI mode, the serial bus SB0/SB1 status being transmitted is fetched into the destination device,
that is, the serial 1/O shift register 0 (SI00). Thus, transmit errors can be detected in the following way.

(a) Method of comparing SIO0 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

(b) Method of using the slave address register (SVA)
Transmit data is set to both SIO0 and SVA and is transmitted. After termination of transmission, COI
bit (match signal coming from the address comparator) of the serial operating mode register 0 (CSIMO)
is tested. If “1”, norma! transmission is judged to have been carried out. If “0”, a transmit error is
judged to have occurred.

Communication operation

Inthe SBI mode, the master device selects normally one slave device as communication target from among
two or more devices by outputting an “address” to the serial bus.

After the communication target device has been determined, commands and data are transmitted/
received and serial communication is realized between the master and slave devices.

Figs. 14-27 to 14-30 show data communication timing charts.

Shift operation of the shift register is carried out at the falling edge of serial clock (SCK0). Transmit data
is latched into the SO0 latch and is output with MSB set as the first bit from the SB0/P25 or SB1/P26 pin.
Receive data input to the SBO (or SB1) pin at the rising edge of SCKO is latched into the shift register.
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(9) Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 0 (SIO0) when the following
two conditions are satisfied.

* Serial interface 0 operation control bit (CSIEQ)= 1
¢ Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions:

(1) If CSIEO is set to “1” after data write to S100, transfer does not start.

(2) Because the N-ch transistor must be turned OFF for data reception, write FFH to SIOO0 in
advance. However, when make-up function specify bit (WUP) = 1, the N-ch transistor is always
turned OFF. Thus, it is not necessary to write FFH to S100.

(3) If data is written to SIO0 when the slave is busy, the data is not lost.

When the busy state is cleared and SBO (or SB1) input is set to the high level (READY) state,
transfer starts.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIFO)
is set.
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(10) SBl mode precautions

(a)

{b)

(c}

{d)

(e)

Slave selection/non-selection is detected by match detection of the slave address received after bus
release (RELD = 1).

For this match detection, match interrupt {INTCSIO) of the address to be generated with WUP = 1 is
normally used. Thus, execute selection/ non-selection detection by slave address when WUP = 1.

When detecting selection/non-selection without the use of interrupt with WUP = 0, do so by means
of transmission/reception of the command preset by program instead of using the address match
detection method.

1f WUP is set to 1 during BUSY signal output, BUSY is not cleared. In SBI, the BUSY signal continues
to be output after BUSY clear instruction generation to the falling edge of the next serial clock (SCKO).
Before setting WUP to 1, be sure to clear BUSY and then check that the SBO {(SB1) has become high-
level.

For pins which are to be used for data input/output, be sure to carry out the following settings before
serial transfer of the 1st byte after RESET input.

(@ Set the P25 and P26 output latches to 1.
(@ Set bit 0 (RELT) of the serial bus control register to 1.
®@ Reset the P25 and P26 output latches from 1 to 0.

When device is in the master mode, follow the method below to judge whether slave device is in the
busy state or not.

(@ Detect acknowledge signal (ACK) or interrupt signal generation.
@ Setthe port mode register PM25 (or PM26) of the SB0/P25 (or SB1/P26) pin into the input mode.

@ Read out the pin state (when the pin level is high, the READY state is set).

After the detection of the READY state, set the port mode register to 0 and return to the output mode.
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14.4.4 2-wire serial I/O mode operation
The 2-wire serial I/O mode can cope with any communication format by program.

Communication is basically carried out with two lines of serial clock (SCKQ) and serial data input/output (SBO
or SB1).

Voo Voo

Master Slave

SCKo . SCKo

SBO (SB1) SBO (SB1)

(1) Register setting

The 2-wire serial I/O mode is set with the serial operating mode register 0 {CSIMO), the serial bus interface
control register (SBIC) and the interrupt timing specify register {(SINT).

(a) Serial operating mode register 0 (CSIMO}
CSIMQ is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIMO to OOH.
The shaded area is used in the 2-wire serial I/O mode.
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Symbol @ ® ® 4

CSIMO

3 2 1 0

Address When Reset RW

FFE60H 00H R Now1

|
i C;M CzoM Serial Interface Channe! 0 Clock Selection
0 | x | Input clock to SCKO pin from off-chip
1 0 | 8-bit timer register 2 (TM2) output
1 1 Clock specified with bits 0 to 3 of timer clock select register 3 (TCL3)
R/W |CSIM|CSIM|CSIM Operating Start SI0/SB0/P25 $00/SB1/P26 SCKO/P27
04 | 03 | o2 |PM25| P25 |PM26| P26 |PM27) P27 | p4oqe Bit Pin Function | Pin Function | Pin Function
0 X 3-wire serial IO mode (refer to 14.4.2 3-wire serial I/O mode operation)
1 0 SB! mode (refer to 14.4.3 SBI mode operation)
Nose2 | Mota2 P25 SB1
0 x x 0] 0 0 1 (CMOS {N-ch open-drain
2-wire serial input/output) input/output) SCKO
1 1 1/0 mode MSB {N-ch open-drain
Note2 | Motaz SBO P26 input/ output)
1 0 0 x x 0 1 (N-ch open-drain {CMOS
input/output) input/output)
RMW |WUP| Wake-up Function Control Nee?
0 | Interrupt request signal generation with each serial transfer in any mode
] Interrupt request signal generation when the address received after bus release (when CMDD=RELD=1) matches the
slave address register in SBI mode
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R/W

Symbol

SBIC

RW

RMW

266

COIl | Slave Address Comparison Result Flag Me*
0 | Siave address register not equal to serial I/O shift register 0 data
1 | Slave address register equal to serial /O shift register 0 data
CSIEO| Serial Interface Channe! 0 Operation Control
0 | Operation stopped
1 Operation enable
Notes:
{1) Bit 6 (COl is a Read-Only bit.
{2) Can be used freely as port function.
(3) Always set 0 to WUP when using the 2-wire serial 1/0 mode.

(4) When CSIEQ = 0, COI becomes 0.

Remark: x: Don't care

(b)

Serial bus interface control register (SBIC)

SBIC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets SBIC to 00H.

The shaded area is used in the 2-wire serial /O mode.

@ @ @ @ @ @ ® @ Address When Reset R/W

BSYE | ACKD | ACKE | ACKT [CMDD

FF61H 00H R/W

RELT When RELT = 1, SO latch is set to 1. After SO latch setting, automatically cleared to 0.
Also cieared to 0 when CSIEO = 0.

CMDT When CMDT = 1, SO latch is cleared to 0. After SO latch clearance, automatically cleared to 0.
Also cleared to 0 when CSIEQ = 0.
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Symbol

SINT

{c) Interrupt timing specify register (SINT)

SINT is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets SINT to 00H.

The shaded area is used in the 2-wire serial /O mode.

7 ® ® @ 3 2 1

Caution: Be sure to set bits 0 to 3 to 0.

Notes:
(1) Bit 6 (CLD) is a Read-Only bit.
(2) When CSIEQ = 0, CLD becomes 0.

Remark: SVA: Slave address register

Address When Reset RW
FF63H 00H R/W Note
SVAM| SVA Bit to be Used as Slave Address
0 BitsOto7
1 Bits1t0o7
SIC | INTCSIO interrupt Factor Selection
CSIIFO is set upon termination of serial interface
0 channel 0 transfer
1 CSIIFO is set upon bus release detection or
termination of serial interface channe! 0 transfer
CLD | SCKO Pin Leve! Nete2
0 Low Level
1 High Level
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(2) Communication operation

CSliFo

268

SBO/SB1 mos K os X oa X 03 X 02X 0t >GCO

The 2-wire serial /0 mode is used for data transmission/reception in 8-bit units. Data transmission/
reception is carried out bit-wise in synchronization with the serial clock.

Shift operation of the serial I/O shift register 0 (S100) is carried out in synchronization with the falling edge
of the serial clock (SCKO).

The transmit data is held in the SOO latch and is output from the SBO/P25 (or SB1/P26) pin with MSB set
at start. The receive data input from the SBO (or SB1) pin is latched into the shift register at the rising
edge of SCKO.

Upon termination of 8-bit transfer, the shift register operation stops automatically and the interrupt request
flag (CSIIFO) is set.

Fig. 14-31 2-Wire Serial 1/0 Mode Timings

SCKo 1 2 3 4 5 6 7 8 {

( End of Transfer
Transfer Start at the Falling Edge of SCKO

The SBO (or SB1) pin specified for the serial data bus serves for N-ch open-drain input/output and thus
it must be externally pulled up. Because it is necessary to turn OFF the N-ch transistor for data reception,
write FFH to SIO0 in advance.

The SBO (or SB1) pin generates the SO0 latch status and thus the SBO {or SB1) pin output status can be
manipulated by setting the RELT and CMDT bits.

However, do not carry out this manipulation during serial transfer.

Control the SCKO pin output level in the output mode (internal system clock. mode) by manipulating the
P27 output latch (refer to 14.4.5 SCKO pin output manipulation).
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(3) Various signals
Fig. 14-32 shows RELT and CMDT operations.

Fig. 14-32 RELT and CMDT Operations

SO0 Latch

RELT

)
-

(4) Transfer start
Serial transfer is started by setting transfer data to the serial I/O shift register 0 (S100) when the following
two conditions are satisfied.

e Serial interface 0 operation control (CSIEQ)= 1
» Internal serial clock is stopped or SCKO is at high level after 8-bit serial transfer.

Cautions:

(1) If CSIEO is set to “1” after data write to SIO0, transfer does not start.

(2) Because the N-ch transistor must be turned OFF for data reception, write FFH to SIO0 in
advance.

Upon termination of 8-bit transfer, serial transfer automatically stops and the interrupt request flag (CSIIF0)
is set.
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(5) Error detection

Inthe 2-wire serial I/O mode, the serial bus SBO/SB1 status being transmitted is fetched into the destination
device, that is, SIO0. Thus, transmit error can be detected in the following way.

(a) Method of comparing SIO0 data before transmission to that after transmission
In this case, if two data differ from each other, a transmit error is judged to have occurred.

{b) Method of using the slave address register (SVA)
Transmit data is set to both SI00 and SVA and is transmitted. After termination of transmission, COI
bit (match signal coming from the address comparator) of the serial operating mode register 0 (CSIMO)
is tested. If “1”, normal transmission is judged to have been carried out. If “0”, a transmit error is
judged to have occurred.

14.4.5 SCKO pin output manipulation

Because the SCK0/P27 pin incorporates an output latch, static output is also possible by software in addition
to normal serial clock output.

P27 output latch manipulation enables any number of SCKO to be set by software (SI0/SB0 and SO0/SB1 pin
to be controlled with the RELT and CMDT bits of SBIC).
SCKO0/P27 pin output manipulating procedure is described below.

(@ Setthe serial operating mode register 0 (CSIMO) (SCKO pin enabled for serial operation in the output mode).
SCKO = 1 with serial transfer suspended.

@ Manipulate the P27 output latch with a bit manipulation instruction.

Fig. 14-33 SCKO0/P27 Pin Configuration

SR To Internal
P27/SCKO O llﬁ/\ Circut P27 Output
Latch
pd ( .
\ From Serial Clock
SCKo Control Circuit
When CSIEQ = 1
and

CSIMO01, 00 = 00
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15.1 Serial Interface Channel 1 Functions

Serial interface channel 1 employs the following three modes.

¢ Operation stop mode
e 3-wire serial I/0O mode
* 3-wire serial /0O mode with automatic transmit/receive function

{1

(2)

{3)

Operation stop mode
This mode is used when serial transfer is not carried out. Power consumption can be reduced.

3-wire serial I/0 mode

This mode is used for 8-bit data transfer using three lines, each for serial clock (SCK1), serial output (SO1)
and serial input (S11).

The 3-wire serial 1/0 mode enables simultaneous transmission/reception and so decreases the data
transfer processing time.

Since the start bit of 8-bit data to undergo serial transfer is switchable between MSB and LSB, connection
is enabled with either start bit device.

The 3-wire serial I/O mode is valid for connection of peripheral /O units and display controllers which
incorporate a conventional synchronous serial interface as is the case with the 75X, 78K and 17K series.

3-wire serial 1/0 mode with automatic transmit/receive function

This mode is used for 8-bit data transfer using three lines, each for serial clock (SCK1), serial output (SO1)
and serial input (S11).

The 3-wire serial I/O mode enables simultaneous transmission/reception and so decreases the data
transfer processing time.

Since the start bit of 8-bit data to undergo serial transfer is switchable between MSB and LSB, connection
is enabled with either start bit device.

The automatic transmit/receive function is used to transmit/receive data with a maximum of 32 bytes.
This function enabled the hardware to transmit/receive data to/from the OSD (On Screen Display) device
and a device with on-chip display controller/driver independently of the CPU thus the software load can
be alleviated.
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15.2 Serial Interface Channel 1 Configuration
Serial interface channel 1 consists of the following hardware.

Table 15-1 Serial Interface Channel 1 Configuration

Item Configuration

Serial I/O shift register 1 (SIO1)

Register
9 Automatic data transmit/receive address pointer (ADTP)

Timer clock select register 3 (TCL3)

Serial operating mode register 1 (CSIM1)

Control register | Automatic data transmit/receive control register (ADTC)
Automatic data transmit/receive interval specify register (ADTI)
Port mode register 2 (PM2)
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(1) Serial 1/O shift register 1 (SI01)
This is an 8-bit register to carry out parallel/serial conversion and to carry out serial transmission/reception
(shift operation) in synchronization with the serial clock.
SI01 is set with an 8-bit memory manipulation instruction.
When value in bit 7 (CSIE1) of serial operating mode register 1 (CSIM1) is 1, writing data to SIO1 starts
serial operation.
In transmission, data written to SIO1 is output to the serial output (SO1). In reception, data is read from
the serial input (S11) to SIO1.
RESET input makes S101 undefined.

Caution: Do not write data to SIO1 while the automatic transmit/receive function is activated.
(2) Automatic data transmit/receive address pointer (ADTP)

This register stores buffer RAM addresses while the automatic transmit/receive function is activated.

ADTP is set with an 8-bit memory manipulation instruction. The high-order 3 bits must be set to 0.

RESET input sets ADTP to O0H.

Caution: Do not write data to ADTP while the automatic transmit/receive function is activated.
(3) Serial clock counter

This counter counts the serial clocks to be output and input during transmission/reception and to check
whether 8-bit data has been transmitted/received.
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15.3 Serial Interface Channel 1 Control Registers

The following four types of registers are used to control serial interface channel 1.

Timer clock select register 3 (TCL3)

» Serial operating mode register 1 (CSIM1)

Automatic data transmit/receive control register {ADTC)
Automatic data transmit/receive interval specify register (ADTI)

(1) Timer clock select register 3 (TCL3)
This register sets the serial clock of serial interface channel 1.
TCL3 is set with an 8-bit memory manipulation instruction.
RESET input sets TCL3 to 88H.

Remark: Besides setting the serial clock of serial interface channel 1, TCL3 sets the serial clock of serial
interface channel 0.
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Fig. 15-2 Timer Clock Select Register 3 Format

Symbol 6 5 4 3 2 1 0 Address When Reset RW

TCL3 [TCL37|TCL36|TCL35{TCL34|TCL33|TCL32|TCL31|TCL30| FF43H 88H RW
TCL33|TCL32|TCL31}TCL30] Serial Interface Channel 0 Seria! Clock Selection

0 1 1 0 Fiof2 Nete

0 1 1 1 /22 (1.0 MHz2)
1 0 0 0 fx/22 (500 kHz)
1 0 0 1 Fro/24 (250 kHz)
1 0 1 0 fxof2% (125 kHz2)
1 0 1 1 to/28 (62.5 kHz2)
1 1 0 0 /27 {31.3 kHz)
1 1 0 1 fx¢/2® (15.6 kHz)

Other than above Setting prohibited
TCL37 [TCL36 | TCL35 | TCL34 | Serial Interface Channel 1 Serial Clock Selection

0 1 1 0 fxx/2 Mot

0 1 1 1 fx/22 (1.0 MHz2)
1 0 0 0 fxx/23 (500 kH2)
1 0 0 1 fxx/24 (250 kHz)
1 0 1 0 fxx/2% (125 kHz)
1 0 1 1 f/2° (62.5 kHz2)
1 1 0 0 27 (31.3 kH2)
1 1 0 1 fxx/28 {(15.6 kHz)

Other than above Setting prohibited

Note: Can only be set when the main system clock frequency is 5.0 MHz or less.
Remarks:
(1) fxx: Main system clock frequency

(2) Figures in parentheses apply to operation with fxx = 4.0 MHz

Caution: When rewriting TCL3 to data other than the same data, stop the timer operation first.
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(2) Serial operating mode register 1 (CSIM1)
This register sets serial interface channel 1 serial clock, operating mode, operation enable/stop and automatic
transmit/receive operation enable/stop.
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.

Fig. 15-3 Serial Operation Mode Register 1 Format

Symbod @ 6 ® 4 3 2 1 0

Address When Reset RAWV
CSIM|CSIM
CSIM1 fcsiesf DR |ATE( 0 | 0 | o 3]0 FF68H 00H RW
C1SI1M C?: Serial Interface Channel 1 Clock Selection
0 x | Clock externally input to SCK1 pin Ne?
1 0 8-bit timer register 2 output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3
ATE | Seriai Interface Channel 1 Operating Mode Selection
0 | 3-wire serial I/O mode
1 3-wire serial I/O mode with automatic transmit/receive function
DIR Start Bit SI1 Pin Function SO1 Pin function
0 MSB
S11/P20 (Input) SO1 (CMOS output)
1 LSB
CSIM Shift Register |Serial Clock Counter S11/P20 SO1/P21 SCK1/P22
CSIE? PM20| P20 [PM21 1
1 21) P21 |P22) P22 1 Operation Operation Control | Pin Function Pin Function Pin Function
0 x x X x X X x | Operation stop Clear (CMOS (CMOS (CMOS
input/output) input/output) input/output)
K1
0 1 x (lsnc 1)
el , . S Mares $01 Py
1 1 x 0 0 Operation enable{ Count operation
(Input) {CMOS output) —
SCK1
1 0 1
(CMOS output)
Notes:

(1) If the external clock input has been selected with CSIM11 setto 0, set STRB and BUSY1 of the automatic

(2) Can be used freely as port function.
(3) Can be used as P20 (CMOS input/output) when only transmitter is used.

Remark: x: Don’t care

data transmit/receive control register to 0, 0.
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(3) Automatic data transmit/receive control register (ADTC)
This register sets automatic receive enable/disable, the operating mode, strobe control enable/disable,
busy control enable/disable and displays automatic transmit/receive execution.
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTC to 00H.

Fig. 15-4 Automatic Data Transmit/Receive Control Register Format

Symbol @ ® ® @ ® @ (@ @  Address WhenReset RW

ADTC | RE |ARLDJERCE| ERR | TRF |STRB [BUSY1|BUSYO| FF69H 00H R/W Note 1
RW
1 BUSY1|BUSYO] Busy Input Control
0 x Not using busy input
1 0 Busy input enable (active high)
1 1 Busy input enable (active low)
RW
STRB | Strobe Output Control
0 Strobe output disable
1 Strobe output enable
R
TRF | Status of Automatic Transmit/Receive Function Nete2
Detection of termination of automatic transmission/
0 reception (This bit is set to 0 upon suspension of
automatic transmission/freception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R
ERR | Error Detection of Automatic Transmit/Receive
Function
0 No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
RW - -
ERCE | Error Check Control of Automatic Transmit/
Receive Function
0 Error check disable
1 Error check enable (only when BUSY1 = 1)
RW - - - -
ARLD | Operating Mode Selection of Automatic Transmit/
Receive Function
0 Single operating mode
1 Repetitive operating mode
RW - -
RE Receive Control of Automatic Transmit/Receive
Function
Notes: 0 Receive disable
(1) Bits 3 and 4 (TRF and ERR) are Read-Only bit. | ! 1 Receive enable

(2) The termination of automatic transmission/reception should be judged by using TRF, not CSIIF1.
Caution: When an external clock input is selected with CSIM11 of the serial operating mode register
1 set to 0, set STRB and BUSY1 of ADTC to 0, 0.
Remark: x: Don't care
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(4) Automatic data transmit/receive interval specify register (ADT1)

Symbol

ADTI

This register sets the automatic data transmit/receive function data transfer interval.

ADTI is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets ADTI to O0H.

Fig. 15-5 Automatic Data Transmit/Receive Interval Specify Register Format (1/2)

7 6 5 4 3 2 1 0 Address When Reset RW
ADTI7| © 0 |ADTI4|ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H RW
ADTI7 | Data Transfer Interval Control
0 No control of interval by ADTI Nete?
1 Control of interval by ADTI (ADTIO to ADTI4)
Data Transfer Interval Specification (fxx = 4.0 MHz Operation)
ADTI4 | ADTI3 | ADTI2 | ADTI1 | ADTIO
Minimum Nete2 Maximum Nete 2
0 0 0 0 0 46.0 ps + 0.5/fscx 50.0 us + 1.5Mscx
0 0 0 0 1 78.0 us + 0.5/fscx 82.0 us + 1.5/fscx
0 0 0 1 0 110.0 ps + 0.5/scx 114.0 us + 1.5/fsex
-0 0 (0] 1 1 142.0 pus + 0.5/fscx 146.0 us + 1.5/fscx
0 o] 1 0 0 174.0 us + 0.5/fsck 178.0 us + 1.5/fscx
0 0 1 0 1 206.0 us + 0.5/fscx 210.0 us + 1.5/fsck
0 ' 0 1 1 0 238.0 us + 0.5/fscx 242.0 pus + 1.5/fscx
0 0 1 1 1 270.0 us + 0.5/fscx 274.0 pus + 1.5/fscx
0 1 o] 0 0 302.0 us + 0.5/fscx 306.0 us + 1.5/fscx
0 1 0 0 1 334.0 ps + 0.5/fscx 338.0 us + 1.5/fscx
o] 1 0 1 0 366.0 us + 0.5/fscx 370.0 us + 1.5/fscx
0 1 0 1 1 398.0 us + 0.5/fscx 402.0 us + 1.5/fscx
0 1 1 0 0 430.0 us + 0.5/fscx 434.0 us + 1.5/fsex
0 1 1 0 1 462.0 pus + 0.5/fscx 466.0 us + 1.5/fscx
0 1 1 1 0 494.0 us + 0.5/fscx 498.0 us + 1.5/fsex
0 1 1 1 1 526.0 us + 0.5/fscx 530.0 us + 1.5/fscx
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Notes:

(1) The interval is dependent only on CPU processing.

(2) The data transfer interval includes an error. The data transfer minimum and maximum intervals are
found from the following expressions (n: Value set in ADTIO to ADT14). However, if a minimum which
is calculated by the following expressions is smaller than 2/fsck, the minimum interval time is 2/fscx.

i 27 56 0.5
Minimum =(n + 1) x + +
fxx fxx fscx

. 2’ 72 1.5
Maximum = (n + 1) x +
fxx

+
fxx fscx

Cautions:

(1) ADTI should not be written to during operation of the automatic data transmit/receive function.
(2) Zero must be set in bits 5 and 6.

Remarks:

(1) fxx : Main system clock frequency
(2) fscx : Serial clock frequency
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Fig. 15-5 Automatic Data Transmit/Receive Interval Specify Register Format (2/2)

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

ADTI |[ADTI7} O 0 |ADTI4{ADTI3|ADTI2|ADT!I1(ADTIO| FF6BH 00H RW
Data Transfer Interval Specification (fxx = 4.0 MHz Operation)
ADTI4 [ ADTI3 |ADTI2 [ADTI1 [ADTIO
Minimum Net Maximum Nete
1 0 0 0 0 558.0 ps + 0.5/fscx 562.0 us + 1.5/fsex
1 0 0 0 1 590.0 us + 0.5/fscx 594.0 us + 1.5/fscx
1 0 0 1 0 622.0 us + 0.5/fscx 626.0 us + 1.5/fscx
1 0 0 1 1 654.0 us + 0.5/fscx 658.0 us + 1.5/fscx
1 0 1 0 0 686.0 us + 0.5/fscx 690.0 us + 1.5/fscx
1 0 1 0 1 718.0 ps + 0.5/fscx 722.0 pus + 1.5/fsex
1 0 1 1 0 750.0 us + 0.5/fscx 754.0 ps + 1.5/fscx
1 0 1 1 1 782.0 us + 0.5/fscx 786.0 us + 1.5/fscx
1 1 0 0 0 814.0 us + 0.5/fscx 818.0 us + 1.5/fscx
1 1 0 0 1 846.0 us + 0.5/fsex 850.0 us + 1.5/fscx
1 1 0 1 0 878.0 us + 0.5/fscx 882.0 us + 1.5/fscx
1 1 0 1 1 910.0 us + 0.5/fsex 914.0 us + 1.5/fscx
1 1 1 0 0 942.0 ps + 0.5/fsex 946.0 us + 1.5/fscx
1 1 1 0 1 974.0 us + 0.5/fscx 978.0 us + 1.5/fscx
1 1 1 1 0 1.006 ms + 0.5/fscx 1.010 ms + 1.5/fscx
1 1 1 1 1 1.038 ms + 0.5/fscx 1.042 ms + 1.5/fscx

Note: The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions {n: Value setin ADTIO to ADTI4). However, if a minimum
which is calculated by the following expressions is smaller than 2/fsck, the minimum interval time

is 2/fsck.
7
Minimum = {(n + 1) x 2— + i + E
fxx fxx fscx
7
Maximum = (n + 1) x 2 + 72 + 1.5
fxx fxx fscx
Cautions:

(1) ADTIshould not be written to during operation of the automatic data transmit/receive function.
(2) Zero must be set in bits 5 and 6.

Remarks:
(1) fxx :
(2) fscx : Serial clock frequency

Main system clock frequency
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15.4 Serial Interface Channel 1 Operations
The following three operating modes are available to the serial interface channei 1.

e Qperation stop mode
o 3-wire serial I/O mode
» 3-wire serial /O mode with automatic transmit/receive function

15.4.1 Operation stop mode

Serial transfer is not carried out in the operation stop mode. Thus, power consumption can be reduced. The
serial I/O shift register 1 (S101) does not carry out shift operation either, and thus it can be used as an ordinary
8-bit register.

In the operation stop mode, the P20/SI1, P21/SO1, P22/SCK1, P23/STB and P24/BUSY pins can be used as
ordinary input/output ports.

(1) Register setting
The operation stop mode is set with the serial operating mode register 1 (CSIM1).
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.
The shaded area is used in the operation stop mode.

Symbol @ 6 ® 4 3 2 1 0 Address When Reset R/W
CSIM|CSIM
csim DR[ATE| 0 | 0 0 ["37°"30 FF68H 00H RW
IM hift Regi ( 3 11/P2 1/P21
CSIE1 es PM20| P20 |PM21| P21 1PM22] P22 Shift egt.ster SenalCl.oc Counter .S ,P(? .50/ . .SCK”PZ.Z
n 1 Operation Operation Control | Pin Function Pin Function Pin Function
Notel | Nete) | Netel | Netel | Netel | Nete? on P2 1 Pzz
0| x| x x | x| x x | x | Operation stop Clear (CMOS ({CMOS ({CMOS
input/output) input/output) input/output)
0 1 X (?CK1)
N2 | Homt _ , SI1 ez o1 nput
1 1 X 0 0 Operation enable| Count operation
(Input) (CMOS output) —_—
1 ol SCK1
({CMOS output)
Notes:

(1) Can be used freely as port function.

(2) Can be used as P20 (CMOS input/output) when only transmitter is used.

Remark: x: Don't care
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15.4.2 3-wire serial 1/O mode operation
The 3-wire serial 1/O mode is valid for connection of peripheral I/O units and display controllers which

incorporate a conventional synchronous serial interface as is the case with the 75X, 78K and 17K series.
Communication is carried out with three lines of serial clock (SCK1), serial output (SO1) and serial input (SI1).

(1) Register setting

symbol @D 6 ® 4 3 2

Csim1

The 3-wire serial I/O mode is set with the serial operating mode register 1 (CSIM1).

CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.
The shaded area is used in the 3-wire serial /O mode.

Address When Reset RMW

o fofo FF68H OOH RW

IM {CSIM
C,IS 3 Cfo Serial Interface Channel 1 Clock Selection
0 x | Clock externally input to SCK1 pin Ne
1 o] 8-bit timer register 2 output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3
ATE | Serial Interface Channel 1 Operating Mode Selection
0 | 3-wire serial I/O mode
1 3-wire serial I/O mode with automatic transmit/receive function
DIR Start Bit SI1 Pin Function SO1 Pin Function
0 MSB
SI1/P20 {Input) SO1 (CMOS output)
1 LSB

(Cont'd)

Note: If the external clock input has been selected with CSIM11 set to 0, set STRB and BUSY1 of the

automatic data transmit/receive control register to 0, O.

Remark: x: Don’t care
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CSiM Shift Register | Serial Gock Counter S11/P20 SO1/P21 SCK1/P22
1
e n PM20 P20 | PM21) P21 |PMZ2) P22 1 Operation Operation Control|  Pin Function Pin Function Pin Function
Notel | Nete!| Netel]| Netel| Netel | Nete? on P21 P22
0] x| x| x| x| x| x} x| Operation stop Clear (CMOS (CMOS (CMOS
input/output) input/output) input/output)
SCK1
0 1 x
o S11 Mew2 01 (inpur)
1 1 0 ti bie| Count ti
x 0 Operation enable| Count operation (Input (CMOS output) —
1 0 1
(CMOS output)

(2)

(3)

284

Notes:
{1) Can be used freely as port function.
(2) Can be used as P20 (CMOS input/output) when only transmitter is used.

Remark: x: Don’t care

Communication operation

The 3-wire serial I/O mode is used for data transmission/reception in 8-bit units. Bit-wise data transmission/
reception is carried out in synchronization with the serial clock.

Shift operation of the serial I/O shift register 1 {(SI01) is carried out at the falling edge of the serial clock
(SCK1). The transmit data is held in the SO1 latch and is output from the SO1 pin. The receive data input
to the SI1 pin is latched into SIO1 at the rising edge of SCK1.

Upon termination of 8-bit transfer, the SIO1 operation stops automatically and the interrupt request flag
(CSIIF1) is set.

Transfer start
Serial transfer is started if the following two conditions are satisfied when the transfer data is set to the

serial I/O shift register 1 {S101):

e QOperation control bit of serial interface 1 (CSIE1) = 1
* Wheninternal serial clock is stopped or when SCK1 is high after 8-bit serial transfer has been completed

Caution: Transfer is not started even if CSIE1 is set to “1" after data has been written to S101.

Upon termination of 8-bit transfer, serial transfer stops automatically and the interrupt request flag (CSIIF1)
is set.
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Fig. 15-6 3-Wire Serial 1/O Mode Timings

SCK1 D 1 2 3 4 5 6 7 8 {

1
1
[}
1
)
i
!

x [:DI7 X DISIDIS X Di4 X DI3 X Di2 X Dh X DIO)

s f

t
so1 A { Do7 X D06 X DOS Kom X DO3 X DO2 X DO1 X/ DOO
|
|
]
i

CSlIF1

T_ _ End of Transfer
Transfer Start at the Falling Edge of SCK1

SIO1 Write

Caution: SO1 pin becomes low level by SIO1 write.

15.4.3 3-wire serial I/O mode operation with automatic transmit/receive function

This 3-wire serial I/O mode is used for transmission/reception of a maximum of 32-byte data without the use
of software. Once transfer is started, the data prestored in the RAM can be transmitted by the set number of
bytes, and data can be received and stored in the RAM by the set number of bytes.

Handshake signals (STB and BUSY) are supported by hardware to transmit/receive data continuously. OSD
{On Screen Display) LS! and peripheral LSI including LCD controller/driver can be connected without difficulty.

(1) Register setting
The 3-wire serial I/O mode with automatic transmit/receive function is set with the serial operating mode
register 1 (CSIM1), the automatic data transmit/receive control register (ADTC) and the automatic data
transmit/receive interval specify register (ADTI).

(a) Serial operating mode register 1 (CSIM1)
CSIM1 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM1 to 00H.
The shaded area is used in the 3-wire serial /O mode with automatic transmit/receive function.
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Symbol @ 6 ® 4

CSim1

286

3

Address When Reset

FFE8H

00H

RW
RW

cf:M c1sgw Serial Interface Channel 1 Clock Selection
o} X Clock externally input to SCK1 pin MNete?
1 0 | 8-bit timer register 2 output
1 1 Clock specified with bits 4 to 7 of timer clock select register 3
ATE| Serial Interface Channel 1 Operating Mode Selection
0 | 3-wire serial I/0O mode
1 3-wire serial /0 mode with automatic transmit/receive function
DIR Start Bit Si1 Pin Function SO1 Pin function
0 MSB
S11/P20 (input) SO1 (CMOS output)
1 LSB
CSIM Shift Register | Serial Clock Counter S11/P20 SO1/P21 SCK1/P22
IE1 PM. PM21( P21 |PM22| P22
CSIE 1 20} P20 2 1 Operation Operation Control |  Pin Function Pin Function Pin Function
0§ x| x| x| x| x| x| x| Operation stop Clear {CMOS (CMOS (CMOS
input/output) input/output) input/output)
K1
0 Tx (?: v
Note3 | Neted . . S Mewa sO1 pu
1 1 x o} 0 Operation enable| Count operation
(Input) (CMOS output) _—
1 o 1 SCK1
{CMOS output)
Notes:

(1) Ifthe external clock input has been selected with CSIM11 setto 0, set STRB and BUSY1 of the automatic
data transmit/receive control register to 0, 0.
(2) Can be used freely as port function.
(3) Can be used as P20 (CMOS input/output) when only transmitter is used.

Remark: x: Don’t care
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(b) Automatic data transmit/receive control register (ADTC)
ADTC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTC to 00H.
The shaded area is used in the 3-wire serial I/O mode with automatic transmit/receive function.

Symbol @ @® ©® @ ] @ Address When Reset RW

ADTC FF69H 00H R/W Note 1
RW
BUSY1{BUSYO0| Busy Input Control
0 x Not using busy input
1 0 Busy input enable (active high)
1 1 Busy input enable (active low)
RW
STRB | Strobe Output Control
0 Strobe output disable
1 Strobe output enable
R
TRF | Status of Automatic Transmit/Receive Function Nete2
Detection of termination of automatic transmission/
0 reception (This bit is set to 0 upon suspension of
automatic transmission/reception or when ARLD = 0.)
1 During automatic transmission/reception
(This bit is set to 1 when data is written to SIO1.)
R - - ; 5
ERR | Error Detection of Automatic Transmit/Receive
Function
) No error
(This bit is set to 0 when data is written to SIO1)
1 Error occurred
RW -
ERCE | Error Check Control of Automatic Transmit/
Receive Function
0 Error check disable
1 Error check enable (only when BUSY1 = 1)
RIW - - - -
ARLD | Operating Mode Selection of Automatic Transmit/
Receive Function
0 Single operating mode
1 Repetitive operating mode
RW - ) -
RE | Receive Control of Automatic Transmit/Receive
Function
0 Receive disable
Notes: 1 Receive enable

(1) Bits 3 and 4 (TRF and ERR) are Read-Only bit.

(2) The termination of automatic transmission/reception should be judged by using TRF, not CSIIF1.

Caution: When an external clock input is selected with CSIM11 of the serial operating mode register
1 set to 0, set STRB and BUSY1 of ADTC to 0, 0.

Remark: x: Don't care
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{c) Automatic data transmit/receive interval specify register (ADTI)
This register sets the data transfer interval of the automatic data transmit/receive function.
ADT! is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ADTI to 00H.
The shaded area indicates the bits used in automatic data transmit/receive 3-wire serial /0 mode.

Address When Reset RW

Symbol 5 6 5 4 3 2 1 0

ADTI

288

FF6BH

00H

RW

ADTI7 | Data Transfer Interval Control
0 No control of interval by ADT] Nete?
1 Control of interval by ADTI (ADTIO to ADTI4)
Data Transfer Interval Specification (fxx = 4.0 MHz Operation)
ADTI4 | ADTI3 |ADTI2 |ADTI1 |ADTIO
Minimum Nete2 Maximum Nete 2

0 0 0 0 0 46.0 us + 0.5/fsex 50.0 us + 1.5/fscx
0 0] 0 0 1 78.0 us + 0.5/fscx 82.0 us + 1.5/fscx
0 0 o 1 0 110.0 us + 0.5/fscx 114.0 us + 1.5/fscx
0 0 (0] 1 1 142.0 ps + 0.5/fscx 146.0 us + 1.5/fscx
0 0 1 0 0 174.0 us + 0.5/fscx 178.0 us + 1.5/fscx
0 0 1 0 1 206.0 pus + 0.5/fsex 210.0 us + 1.5/fscx
0 0 1 1 0 238.0 pus + 0.5/fscx 242.0 pus + 1.5/fscx
0 0 1 1 1 270.0 ps + 0.5/fscx 274.0 us + 1.5/fscx
0 1 0 0 0 302.0 us + 0.5/fscx 306.0 ps + 1.5/fscx
0 1 0 0 1 334.0 us + 0.5/fscx 338.0 us + 1.5/fscx
0 1 0 1 0 366.0 us + 0.5/fscx 370.0 us + 1.5/fsex
0 1 0 1 1 3988.0 us + 0.5/fscx 402.0 us + 1.5/fscx
0 1 1 0 0 430.0 pus + 0,5/fscx 434.0 us + 1.5/fscx
0 1 1 0 1 462.0 pus + 0.5/fscx 466.0 ps + 1.5/fscx
0 1 1 1 0 4940 us + 0.5/fscx 498.0 ps + 1.5/fscx
0 1 1 1 1 526.0 us + 0.5/fscx 530.0 us + 1.5/fscx
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~ Notes:
(1) The interval is dependent only on CPU processing.
(2) The data transfer interval includes an error. The data transfer minimum and maximum intervals are
S— found from the following expressions (n: Value setin ADTIO to ADTI4). However, if a minimum which
is calculated by the following expressions is smaller than 2/fsck, the minimum interval time is 2/fscx.
27 56 0.5
Minimum=Mnh + 1) x — + —@ + —
fxx Frx fscx
27 72 1.5
Maximum = (n + 1) x + —+ —
fxx fxx fscx
Cautions:
(1) ADTIshould not be written to during operation of the automatic data transmit/receive function.
(2) Zero must be set in bits 5 and 6.
Remarks:
- (1} fx : Main system clock frequency
(2) fsck : Serial clock frequency
-
-
“—
.
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Sympol 7 § 5 4 3 2 1 0O  Address WhenReset RMW
ADTI |ADTIZ| O 0 |ADTI4{ADTI3|ADTI2|ADTI1|ADTIO| FF6BH 00H RW
Data Transfer Interval Specification {fixx = 5.0 MHz Operation)
ADTI4 | ADTI3 |ADTI2 { ADTI1 |ADTIO
Minimum Nete Maximum Nete
1 0 0 0 0 558.0 us + 0.5/fscx 562.0 us + 1.5/fscx
1 0 0 0 1 590.0 us + 0.5/fsex 594.0 us + 1.5/fsex
1 0 0 1 0 622.0 us + 0.5/fscx 626.0 us + 1.5/fscx
1 0 0 1 1 654.0 us + 0.5/fscx 658.0 us + 1.5/fscx
1 0 1 0 0 686.0 us + 0.5/fscx 690.0 us + 1.5/fscx
1 0 1 0 1 718.0 us + 0.5/fscx 722.0 ps + 1.5/fscx
1 0 1 1 0 750.0 us + 0.5/fscx 754.0 us + 1.5/fscx
1 0 1 1 1 782.0 us + 0.5/fsex 786.0 us + 1.5/fscx
1 1 0 0 0 814.0 us + 0.5/fscx 818.0 us + 1.5/fscx
1 1 0 0 1 846.0 us + 0.5/fscx 850.0 us + 1.5/fscx
1 1 0 1 0 878.0 us + 0.5/fscx 882.0 us + 1.5/fscx
1 1 0 1 1 910.0 us + 0.5/fscx 914.0 us + 1.5/fscx
1 1 1 0 () 942.0 us + 0.5/fscx 946.0 us + 1.5/fscx
1 1 1 0 1 974.0 pus + 0.5/fscx 978.0 us + 1.5/fscx
1 1 1 1 0 1.006 ms + 0.5/fscx 1.010 ms + 1.5/fscx
1 1 1 1 1 1.038 ms + 0.5/fscx 1.042 ms + 1.5/fscx
Note: The data transfer interval includes an error. The data transfer minimum and maximum intervals
are found from the following expressions (n: Value setin ADTI0 to ADTI4). However, if a minimum
which is calculated by the following expressions is smaller than 2/fsck, the minimum interval time
is 2/fscx.
. 27 56 0.5
Minimum = (n + 1) x +
fxx fxx fscx
. 27 72 1.5
Maximum = (n + 1) x +
fxx fxx fscx
Cautions:

{1) ADTIshould not be written to during operation of the automatic data transmit/receive function.
(2) Zero must be set in bits 5 and 6.

- Remarks:

(1) fxx : Main system clock frequency
(2) fscx: Serial clock frequency
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(2) Automatic transmit/receive data setting
(a) Transmit data setting

(@) Write transmit data from the least significant address FACOH of buffer RAM (up to FADFH at
maximum).
The transmit data should be in the order from high-order address to low-order address.

@ Set to the automatic data transmit/receive address pointer (ADTP) the value obtained by sub-
tracting 1 from the number of transmit data bytes.

(b) Automatic transmit/receive mode setting

Set CSIE1 and ATE of the serial operating mode register 1 (CSIM1) to 1.

Set RE of the automatic data transmit/receive control register (ADTC) to 1.

Set a data transmit/receive interval in the automatic data transmit /receive interval specify register
(ADTI).

Write any value to the serial shift register 1 (S101) (transfer start trigger).

® OO0

Caution: Writing any value to SIO1 orders the start of automatic transmit/receive operation
and the written value has no meaning.

The following operations are automatically carried out when (a) and (b) are carried out.

e After the buffer RAM data specified with ADTP is transferred to SIO1, transmission is carried
out (start of automatic transmission/reception).

¢ The received data is written to the buffer RAM address specified with ADTP.

e ADTP is decremented and the next data transmission/reception is carried out. Data trans-
mission/reception continues until the ADTP decremental output becomes 00H and address
FACOH data is output {(end of automatic transmission/reception).

* When automatic transmission/reception is terminated, TRF is cleared to 0.
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{3) Communication operation

(a) Basic transmission/reception mode
This transmission/reception mode is the same as the 3-wire serial I/O mode in which specified number
of data are transmitted/received in 8-bit units.
Serial transfer is started when any data is written to the serial /O shift register 1 (SIO1) while bit 7
(CSIE1) of the serial operating mode register 1 (CSiM1) is set to 1.
Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set.
If busy control and strobe control are not executed, the P23/STB and P24/BUSY pins can be used as
normal input/output ports.
Fig. 15-7 shows the basic transmission/reception mode operation timings, Fig. 15-8 shows the op-
eration flowchart.

Fig. 15-7 Basic Transmission/Reception Mode Operation Timings

L I interval
SO1 {p7)pe)Ds)pafp3Y D2 D1) DO {07)psXps Y pa)D3YD2)D1) DO /j\
sh Xo7)psfDs)pafp3) D2 D1) DO {p7)o6)Ds)p4Y03)D2fD1) DO | (\
Cautions:

(1) Because, in the basic transmission/reception mode, the automatic transmit/receive func-

tion writes/reads data to/from the buffer RAM after 1-byte transmission/reception, an
interval is inserted till the next transmission/reception.
As the buffer RAM write/read is performed at the same time as CPU processing, the
maximum interval is dependent upon CPU processing and the value of the automatic data
transmit/receive interval specify register (ADTI) (see (h) Automatic data transmit/receive
interval).

{2) When TRF is cleared, SO1 pin becomes low level.
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Fig. 15-8 Basic Transmission/Reception Mode Flowchart

C Start D)

Wirite transmit data
in buffer RAM

[

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit
data bytes

!

Set the transmission/reception
operation interval time in ADTI

I

Wrrite any data to SIO1
(Start trigger)

Write transmit data from
buffer RAM to SIO1

Transmission/reception
operation

Decrement pointer value

I

Wirite receive data from
SIO1 to buffer RAM

Pointer value = 0

No

Yes

( End D

No

{1) ADTP : Automatic data transmit/receive address pointer

: Automatic data transmit/receive interval specify register

: Serial I/O shift register 1

Software Execution

Hardware

Software

Execution

Execution
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In 6-byte transmission/reception (ARLD = 0, RE = 1) in basic transmit/receive mode, buffer RAM
operates as follows.

(i)

(i)

Before transmission/reception

After arbitrary data has been written to SIO1 (start trigger: this data is not transferred), transmit
data 1 (T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is
completed, the receive data (R1) is transferred from SIO1 to the buffer RAM, and ADTP is
decremented. Then transmit data 2 (T2) is transferred from the buffer RAM to SIO1.

4th byte transmission/reception point

Transmission/reception of the third byte is completed, and transmit data 4 (T4) is transferred from
the buffer RAM to SIO1. When transmission of the fourth byte is completed, the receive data
(R4) is transferred from SIO1 to the buffer RAM, and ADTP is decremented.

(iii) Completion of trnasmission/reception

When transmission of the sixth byte is completed, the receive data (R6) is transferred from S101
to the buffer RAM, and the interrupt request flag (CSIIF1) is set (INTCSI1 generation).

Fig. 15-9 Buffer RAM Operation in 6-Byte Transmission/Reception
{in Basic Transmit/Receive Mode) {1/2)

(a) Before transmission/reception

FADFH
FAC5H Transmit data 1(T1) ____:::_:?;-{ Receive data 1(R1) J SI01
Transmit data 2(T2) --“’_':: -—: - ZE,:’Z':"?
Transmit data 3(T3) ol ‘:, - ’:,,::: -
Transmit data 4(T4) [ ':’,/:,// = ° APTP
Transmit data 5(T5) d ’,/',
FACOH | Transmitdeta6T6) [ l 0 CSIIFT
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Fig. 15-9 Buffer RAM Operation in 6-Byte Transmission/Reception
(in Basic Transmit/Receive Mode) {2/2)

FADFH

FACSH

FACOH

FADFH

FACSH

FACOH

(b) 4th byte transmission/reception point

Receive data 1(R1)

Receive data 2(R2)

Receive data 3(R3)

Transmit data 4(T4)

Transmit data 5(T5)

Transmit data 6(T6)

Receive data 4(R4)

(c) Completion of transmission/reception

Receive data 1(R1)

Receive data 2(R2)

Receive data 3(R3)

Receive data 4(R4)

Receive data 5(R5)

Receive data 6(R6)

S101

ADTP

CSHiF1

S101

ADTP

CSHF1
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(b) Basic transmission mode

SCK1

SO

-

CSIF1

TRF

In this mode, specified number of 8-bit unit data are transmitted.
Serial transfer is started when any data is written to the serial I/O shift register 1 (SIO1) while bit 7

(CSIE1) of the serial operating mode register 1 (CSIM1) is set to 1.

Upon completion of transmission of the last byte, the interrupt request flag (CSIIF1) is set.

If receive operation, busy control and strobe control are not executed, the P20/S11, P23/STB and P24/
BUSY pins can be used as normal input/output ports.

Fig. 15-10 shows the basic transmission mode operation timings, Fig. 15-11 shows the operation flowchart.

Fig. 15-10 Basic Transmission Mode Operation Timings

l interval

XD7XDGXDSXD4X03X02XD1XD0 - o7Xps)ps)p4Yp3yp2)D1)D0 ) ()\

Cautions:

(1) Because, in the basic transmission mode, the automatic transmit/receive function reads
data from the buffer RAM after 1-byte transmission, an interval is inserted till the next
transmission. As the buffer RAM read is performed at the same time as CPU processing,
the maximum interval is dependent upon CPU processing and the value of the automatic
data transmit/receive interval specify register (ADTI) (see (h) Automatic data transmit/
receive interval).

(2) When TRF is cleared, SO1 pin becomes low level.
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Fig. 15-11 Basic Transmission Mode Flowchart

C Start )

Wirite transmit data
in buffer RAM

1

Set ADTP to the value (pointer
value) obtained by subtracting 1
from the number of transmit

data bytes Software Execution

|

Set the transmission/reception
operation interval time in ADTI

Write any data to SIO1
(Start trigger)

|

Decrement pointer value

Write transmit data from
buffer RAM to SIO1

I

Transmission operation

Hardware Execution

No

Pointer value = 0

No

Software Execution

Yes

C End D)

Remarks:

(1) ADTP : Automatic data transmit/receive address pointer

(2) ADTI : Automatic data transmit/receive interval specify register
{3) SIO1 : Serial I/O shift register 1
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In B-byte transmission (ARLD = 0, RE = 0) in basic transmit mode, buffer RAM operates as follows.

(i) Before transmission
After arbitrary data has been written to SIO1 (start trigger: this data is not transferred), transmit
data 1 (T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is
completed, ADTP is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM
to SIO1.

(ii) 4th byte transmission point
Transmission of the third byte is completed, and transmit data 4 (T4) is transferred from the buffer
RAM to SIO1. When transmission of the fourth byte is completed, ADTP is decremented.
(iii) Completion of trnasmission/reception
When transmission of the sixth byte is completed, the interrupt request flag (CSHF1) is set
{INTCSI1 generation).

Fig. 15-12 Buffer RAM Operation in 6-Byte Transmission {in Basic Transmit Mode) {1/2)

(a) Before transmission

FADFH
FACSH Transmit data 1(T1) ~= SI01
————— PPL IS0
Transmit data 2(T2)  F--"7~ Pt Do
Transmit data 3(T3) ull /":/:/,
T G 5 ADTP
Transmit data 4(T4) LT 3
Transmit data 5T5) [~ 7°
FACOH Transmit data 6(T6) |~ 0 CSliF1
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Fig. 15-12 Buffer RAM Operation in 6-Byte Transmission (in Basic Transmit Mode) {2/2)

FADFH

FACSH

FACOH

FADFH

FACSH

FACOH

{b) 4th byte transmission point

Transmit data 1(T1)

Transmit data 2(T2)

Transmit data 3(T3)

Transmit data 4(T4)

Transmit data 5(T5)

Transmit data 6(T6)

(c) Completion of transmission/reception

Transmit data 1(T1)

Transmit data 2(T2)

Transmit data 3(T3)

Transmit data 4(T4)

Transmit data 5(T5)

Transmit data 6(T6)

SIO1
2 ADTP
0 CSlIF1
[ sio
0 ADTP
1 CSIIF1
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(c) Repeat transmission mode
In this mode, data stored in the buffer RAM is transmitted repeatedly.
Serial transfer is started by writing any data to the serial I/O shift register 1 (SIO1) when 1 is set in
bit 7 (CSIE1) of serial operating mode register 1 (CSIM1).
Unlike the basic transmission mode, after the last byte (data in address FACOH) has been transmitted,
the interrupt request flag (CSIIF1) is not set, the value at the time when the transmit/receive function
was started is set in the automatic data transmit/receive address pointer (ADTP) again, and the buffer
RAM contents are transmitted again.
When a reception operation, busy control and strobe control are not performed, the P20/SI1, P23/STB
and P24/BUSY pins can be used as normal input/output ports.
The repeat transmission mode operation timing is shown in Fig. 15-13, and the operation flowchart
in Fig. 15-14.

Fig. 15-13 Repeat Transmission Mode Operation Timings

l Interval | Interval

300

so1  AD7XD6XD5XD4XD3XD2XD1XD0O XD7XD6XD5XD4XD3)XD2)D1XDO XD7)XD6X D5

Caution: Since, in the repeat transmission mode, a read is performed on the buffer RAM after
the transmission of one byte, the interval is included in the period up to the next
transmission. As the buffer RAM read is performed atthe same time as CPU processing,
the maximum interval is dependent upon the CPU operation and the value of the
automatic data transmit/receive interval specify register (ADTI) (see (h) Automatic data
transmit/receive interval).
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Fig. 15-14 Repeat Transmission Mode Flowchart
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In 6-byte transmission (ARLD = 1, RE = 0) in repeat transmit mode, buffer RAM operates as follows.

(i)

(i)

Before transmission

After arbitrary data has been written to SIO1 (start trigger: this data is not transferred), transmit
data 1 (T1) is transferred from the buffer RAM to SIO1. When transmission of the first byte is
completed, ADTP is decremented. Then transmit data 2 (T2) is transferred from the buffer RAM
to SIO1.

Upon completion of transmission of 6th bytes
When transmission of the sixth byte is completed, the interrupt request flag (CSIIF1) is not set.

(iti) 7th byte transmission point

Transmit data (T1) is transferred from the buffer RAM to SIO1 again. When transmission of the
first byte is completed, ADTP is decremented. Then transmit data 2 (T2} is transferred from the
buffer RAM to SIO1.

Fig. 15-15 Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) (1/2)

(a) Before transmission

FADFH
FACSH Transmit data 1(T1) o=z SIO
Transmitdata 2712 =~~~ :, e
Transmit data 3(T3) " P
g 5 ADTP
Transmit data 4(T4) P i
Transmit data 5(T5) d ,,”
FACOH Transmit data 6(T6) |~ 0 CSIIF1




CHAPTER 15 SERIAL INTERFACE CHANNEL 1

Fig. 15-15 Buffer RAM Operation in 6-Byte Transmission (in Repeat Transmit Mode) ({2/2)

FADFH

FACSH

FACOH

FADFH

FACSH

FACOH

(b) Upon completion of transmission of 6 bytes

Transmit data 1(T1)

Transmit data 2(T2)

Transmit data 3(T3)

Transmit data 4(T4)

Transmit data 5(T5)

Transmit data 6(T6)

" {c) 7th byte transmission point

Transmit data 1(T1)

SIO1

ADTP

CSIiF1

Transmit data 2(T2)

Transmit data 3(T3)

Transmit data 4(T4)

Transmit data 5(T5)

Transmit data 6(T6)

ADTP

CSIiF1
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(d)

SCK1

SO

ary

S

-

BUSY

CSIIF1

TRF

Busy control option

When bit 5 (ATE) of the serial operating mode register (CSIM1) and bit 1 (BUSY1) of the automatic
data transmit/receive control register (ADTC) are both set to 1, busy control can be used. At this time,
the BUSY/P24 pin is sampled. While the BUSY signal is input, transmission/reception can be put to
a wait state.

When bit 0 (BUSYO) of ADTC is cleared to 0, the BUSY signal active level is judged to be high. When
BUSYO0 is set to 1, the active level is judged to be low.

Since strobe control is not carried out, the P23/STB pin can be used as normal input/output port.
Fig. 15-16 shows the operation timings when using the busy control option.

Caution: Select an internal clock for serial clock. The busy control transmit/receive mode
cannot be operated with an external clock.

Fig. 15-16 Operation Timings when Using Busy Control Option (BUSYO0 = 0)

XD7XDGXDSXD4XDBXD2XD1XDO\l /A
XD7XDGXDSXD4XD3XDZXDIXDO / ]

(“,_

XD7XDGXDSXD4XD3XDZXD1XDO
XD?XDGESXMXD3XDZXD1 0o

—
RO PR [P QU [ R S

-= Busy Input Clear

tommmemee- Busy Input Valid

Caution: When TRF.is cleared, SO1 pin becomes low level.
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Upon start of transmission/reception, the BUSY signal can be made active.
In this case, if 10th BUSY signals onward are active, a wait is applied in accordance with the active
period. To clear the wait, input the inactive level during a minimum period of 1.5 clocks.

ScKT RERRRRERRRRRRRERERERERE

SO1 X07 { D6 {05 b4 X 03 Y D2} D1 Y DO X07XDs X bs ) mXoonszX Do
sn X 07 X D6 X Ds Y pa Y3 Y D2 X D1 DO k07X 06 0s) b4 X D3Y D2YD1Y D0

(ActiveBI-ILiJ:I'\Y) _.I I._

1.5 Ciocks (min.)

(e} Busy & strobe control option
When bit 5 (ATE) of the serial operating mode register 1 {CSIM1) and bits 1 (BUSY1) and bit 2 (STRB)
of the automatic data transmit/receive control register (ADTC) are all set to 1, the busy & strobe contro!
can be used. At this time, the strobe signal is output from the STB/P23 pin. While the BUSY/P24
pin is sampled and the BUSY signal is input in this mode, transmission/reception can be put to a wait
State.
When bit 0 (BUSYO0) of ADTC is cleared to 0, the BUSY signal active level is judged to be high. When
BUSYO is set to 1, the active level is judged to be low.
Fig. 15-17 shows operation timings when using the busy & strobe control option.

Fig. 15-17 Operation Timings when Using Busy & Strobe Control Option (BUSY0 = 0)

SO Xo7)peYps¥psYD3)D2)D1YDo

sh1 X07)ps)DsYp4Y3YD2)D1) DO
ST8 [ ]
BUSY r——'—‘»ﬁ-—l

]
CSliF1 :
1
N
1
: ---Busy Input Clear
i
1
e mem Busy Input Valid
TRF

Caution: When TRF is cleared, SO1 pin becomes low level.

X7 ps} psYp4)D3)D2YD1) DO \\ /\
Xb7)oefpsyp4Yp3yp2)D1)D0 |
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(f) Bit slippage detection function
If noise is carried on the serial clock signal during automatic transmission, causing bit slippage, when
the strobe control option is used, synchronization is achieved and therefore the bit slippage has no
effect when the next byte is transmitted, but there is an effect when the strobe contro! option is not
used. .
When the strobe control option is not used, the transmission side can detect bit slippage by checking
the BUSY signal during transmission by means of the BUSY control option. The BUSY signal is output
after the 8th rise of the serial clock, and the BUSY signal is taken in synchronization with the fall of
the serial clock signal, and if active, this is interpreted as indicating bit slippage, and error handling
is performed (bit 4 (ERR) of the automatic data transmit/receive control register is set to 1).
The bit slippage detection function operation timing is shown in Fig. 15-18.

Fig. 15-18 Bit Slippage Detection Function Operation Timing

r Bit Slippage Due to Noise

SCK1 '

SO1 {p7)psXpsyD4afD3)D2)D1) D0 XD?X "D7XDGXDSXD4XD3XDZXD1X Do\
sih lD7XD6XDSXMXD3XDZXD1XDO ! XD?X D7XD6XDSXD4XD3XDZXD1X Do[
L nlly

CSIIF1 *{

|-
e
|--
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l--
===
| g
|"ﬁ
g
==
len e of

CSIE1

T
t
t
I
[}
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!

ERR

1
1
]
]
1
]
1
1
1
! «
1
1
1
t
1
]
1
1
1
i

i ___ Error Interrupt

-== No Busy Detection Request Generation

e ST PRIy SEN PR

lemmme Error Detection
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(g) Automatic transmission/reception suspending and restart

SCK1

S

1

Automatic transmission/reception can be temporarily suspended by setting bit 7 (CSIE1) of the serial
operating mode register 1 (CSIM1) to 0.

If during 8-bit data transfer, the transmission/reception is not suspended if bit 7 (CSIE1} is set to 0.
It is suspended upon completion of 8-bit data transfer.

When suspended, bit 3 (TRF) of the automatic data transmit/receive control register (ADTC) is set to
0 after transfer of the 8th bit, and all the port pins used with the serial interface pins for dual function
(P20/SI1, P21/SO1, P22/SCK1, P23/STB and P24/BUSY) are set to the port mode.

Automatic transmission/reception can be restarted and the remaining data can be transferred by
setting CSIE1 to 1 and writing any data to the serial I/O shift register 1 (SIO1).

Cautions:

{1} if the HALT instruction is executed during automatic transmission/reception, transfer is
suspended and the HALT mode is set if during 8-bit data transfer. When the HALT mode
is cleared, automatic transmission/reception is restarted at the suspended point.

(2) When suspending automatic transmission/reception, do not change the operating mode
to 3-wire serial 1/0 mode during TRF = 1.

Fig. 15-19 Automatic Transmission/Reception Suspension and Restart

CSIE1 = 0 (Suspended Command) Suspend
1 Restart Command

— CSIE1 = 1, Write to SIO1

D Uy UyUrUUiTE
XD?XDSXDSXMXD3XDZXD1XDO ‘, Yo7} s} Ds) D4 D3) D2} D1) DO
XD7XDSXD$XD4XD3X02XD1X00 \T XD7XDsX05XmX03X02Xp1XDo
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(h)

SCK1
SO1

sh

CSlIF1

(i)

Automatic data transmit/receive interval

When the automatic data transmit/receive function is used, an interval is set until the next iransmit/
receive after 1 byte is transmitted/received for writing/reading in/ffrom the buffer RAM to be
performed.

When the automatic transmit/receive function is operated using the internal clock, because buffer
RAM writing/reading is performed at the same time as the CPU processing in the 8th rising ecge timing
of the serial clock, the interval time depends on the values set for CPU processing and automatic data
transmit/receive interval specify register (ADTI). Whether to depend on ADTI can be szlzcted by
setting bit 7 (ADTI7) of ADTI. When ADTI7 is set to 0, the interval time will depend only on the CPU
processing. When 1 is set to ADTI7, the interval time will be the interval time determinzd by the
contents set to ADTI or the interval time by CPU processing, whichever is the greater ons.

When the automatic transmit/receive function is operated using the external clock, an external clock
which will cause the interval time to be greater than the time shown by (i) has to be input.

Fig. 15-20 Automatic Data Transmit/Receive Interval

Interval

Jo7YpsYDs)Da)D3)D2)D1Y DO p7Ypefpsyo4Yp3yp2)D1) Do ‘j
§o7YpsYps b4 Yp3)p2)D1) Do Xb7}ps {Dsyb4YpayD2Y D1 Y Do '/

5

When the automatic transmit/receive function is operated by the internal clock (CSIM11=1)
When the automatic transmit/receive function is operated by the internal clock, the intervai time by
CPU processing will be as follows.

When 0 is set to ADTI7, the interval itme will be the interval time by CPU processing. When 1 is set
to ADTI7, the interval time will be the interval time determined by the contents set to ADT! or the
interval time by CPU processing, whichever is the greater one.

Forthe interval times by ADTI, refer to Fig.15-5 Automatic Data Transmit/Receive Interval Specify
Register Format.
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CPU Processing Interval Time
When multiply instruction is used MAX. (2.5Tscx, 13Tcru)
When divide instruction is used MAX. (2.5Tscx, 20Tcpu)
External access 1 wait mode MAX. (2.5Tscx, 9Tceu)
Other than above MAX. (2.5Tsck, 7Tceu)
Tscx 1 1/fscx
fscx . Serial clock frequency
Tcru 1 1/fepu
fceu : CPU clock (set with processor clock control register bits
0to 2 (PCCO to PCC2), oscillation mode selection register
bit 0 (MCS))
MAX. (a, b} : Greater value of a, orb
CSiM11 . Serial operation mode register 1 (CSIM1) bit 1

| TCPU

L Tsox—] |-— Interval —]|
S T T T T A T I I I A B LI

SO X o7 X o6 X os X o4 X o3 X D2 X D1 X DO\'S X
S XD7XDGXDSXD4XDSXDZXD1XDOSS X

(ii) When the automatic transmit/receive function is operated by the external clock (CSIM11=0)
When the automatic transmit/receive function is operated by the external clock, an external clock
which will cause the interval time to be greater than the time shown below has to be input.

CPU Processing Interval Time
When multiply instruction is used Above 13Tcru
When divide instruction is used Above 20Tcru
External access 1 wait mode Above 9Tcru
Other than above Above 7Tcru
Teru 1 1/feru
fepu . CPU clock {set with processor clock control register bits
0 to 2 (PCCO to PCC2), oscillation mode selection register
bit 0 (MCS))
CSIM11 . Serial operation mode register 1 (CSIM1) bit 1
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[MEMO]
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CHAPTER 16 SERIAL INTERFACE CHANNEL 2

16.1 Serial Interface Channel 2 Functions

Serial interface channel 2 has the following three modes.

e Operation stop mode
e Asynchronous serial interface (UART) mode
e 3-wire serial /O mode

{1)

(2)

(3)

Operation stop mode
This mode is used when serial transfer is not carried out. Power consumption can be reduced.

Asynchronous serial interface (UART) mode

In this mode, one byte of data is transmitted/received following the start bit, and full-duplex operation is
possible.

A dedicated UART baud rate generator is incorporated, allowing communication over a wide range of baud
rates. In addition, the baud rate can be defined by scaling the input clock to the ASCK pin.

The MIDI standard baud rate (31.25 kbps) can be used by employing the dedicaied UART baud rate
generator.

3-wire serial I/0 mode (MSB-first/LSB-first switchable)

In this mode, 8-bit data transfer is performed using three lines: the serial clock (SCK2), and serial data
lines (S12, SO2).

In the 3-wire serial /O mode, simultaneous transmission and reception are possible, increasing the data
transfer processing speed. ‘
Either the MSB or LSB can be specified as the start bit for an 8-bit data serial transfer, allowing connection
to devices using either as the start bit.

The 3-wire serial I/O mode is useful for connection to peripheral I/Os and display controllers, etc., which
incorporate a conventional synchronous clocked serial interface, such as the 75X series, 78K series 17K
series, etc.
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16.2 Serial Interface Channel 2 Configuration

312

Serial interface channel 2 consists of the following hardware.

Table 16-1 Serial Interface Channel 2 Configuration

item

Configuration

Registers

Transmit shift register (TXS)
Receive shift reqister (RXS)
Receive buffer register (RXB)

Control registers

Serial operating mode register 2 (CSIM2)
Asynchronous serial interface mode register (ASIM)
Asynchronous serial interface status register (ASIS)
Baud rate generator control register (BRGC)
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(n

(2)

(3)

(4)

(5)

Transmit shift register (TXS)

This register is used to set the transmit data. The data written in TXS is transmitted as serial data.

If the data length is specified as 7 bits, bits 0 to 6 of the data written in TXS is transferred as transmit
data. Writing data to TXS starts the transmit operation.

TXS is written to with an 8-bit memory manipulation instruction. It cannot be read.

RESET input sets TXS to FFH.

Caution: TXS must not be written to during a transmit operation.
TXS and the receive buffer register (RXB) are allocated to the same address, and when
a read is performed, the vaiue of RXB is read.

Receive shift register (RXS)

This register is used to convert serial data input to the RxD pin to parallel data. When one byte of data
is received, the receive data is transferred to the receive buffer register (RXB).

RXS cannot be directly manipulated by a program.

Receive buffer register (RXB)

This register holds receive data. Each time one byte of data is received, new receive data is transferred
from the receive shift register (RXS).

If the data length is specified as 7 bits, the receive data is transferred to bits 0 to 6 of RXB, and the MSB
of RXB is always set to 0.

RXB is read with an 8-bit memory manipulation instruction. It cannot be written to.

RESET input sets RXB to FFH.

Caution: RXB and the transmit shift register (TXS) are allocated to the same address and when a
write is performed, the value is written to TXS.

Transmission control circuit

This circuit performs transmit operation control such as the addition of a start bit, parity bit and stop bit
to data written in the transmit shift register (TXS) in accordance with the contents set in the asynchronous
serial interface mode register (ASIM).

Reception control circuit

This circuit controls receive operations in accordance with the contents set in the asynchronous serial
interface mode register (ASIM). It performs error checks for parity errors, etc., during a receive operation,
and if an error is detected, sets a value in the asynchronous serial interface status register (ASIS) in
accordance with the error contents. ’
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16.3 Serial Interface Channel 2 Control Registers

Serial interface channel 2 is controlled by the following four registers.

Serial Operating Mode Register 2 (CSIM2)

¢ Asynchronous Serial Interface Mode Register (ASIM)
¢ Asynchronous Serial Interface Status Register (ASIS)
Baud Rate Generator Control Register (BRGC)

(1) Serial operating mode register 2 (CSIM2)

This register is set when serial interface channel 2 is used in the 3-wire serial I/0 mode.
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CSIM2 to 00H.

Fig. 16-3 Serial Operating Mode Register 2 Format

EN
w
N
-

Symbol @ 6 5

0 Address When Reset RMW

csim2 [csie2{ o | o | o | o [SMlcsck| o | FF7zH 00H RIW

22

CSCK

Clock Selection in 3-wire Serial /O Mode

Input clock from off-chip to SCK2 pin

Dedicated baud rate generator output

CcsiM22

First Bit Specification

MSB

LSB

Operation Control in 3-wire Serial I/O Mode

Operation stopped

Operation enabled

Cautions:
(1) Ensure that 0 is set in bits 0 and 3 to 6.

(2) When UART mode is selected, 00H should be set in CSIM2.
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(2) Asynchronous serial interface mode register (ASIM)
This register is set when serial interface channel 2 is used in the asynchronous serial interface mode.
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to 00H.

Fig. 16-4 Asynchronous Serial Interface Mode Register Format

Symbol @ ® 5 4 3 2 1 0 Address When Reset RW

ASIM | TXE | RXE | PS1 | PSO | CL SL [ISRM| SCK FF70H O0H RW

SCK | Clock Selection in Asynchronous Serial Interface
Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator output Note

ISRM | Control of Reception Completion Interrupt in Case
of Error Generation

0 Reception completion interrupt generated in case
of error generation

1 Reception compietion interrupt not generated in
case of error generation

SL | Transmit Data Stop Bit Length Specification

0 1 bit
1 2 bits

CL | Character Length Specification

0 7 bits
1 8 bits

PS1 PSO | Parity Bit Specification
0 0 No Parity

0 parity always added in transmission

0] 1 No parity test in reception (parity error not
generated)

1 0 Odd parity

1 1 Even parity

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled

317



CHAPTER 16 SERIAL INTERFACE CHANNEL 2

Note: When SCK is set to 1 and the baud rate generator output is selected, the ASCK pin can be used
as an input/output port.

Cautions:

{1) When the 3-wire serial /0 mode is selected, 00H should be set in ASIM.
(2) The serial transmit/receive operation must be stopped before changing the operating mode.
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(3) Asynchronous serial interface status register (ASIS)

This is a register which displays the type of error when a reception error is generated in the asynchronous
serial interface mode.

ASIS is read with a 1-bit or 8-bit memory manipulation instruction.

In 3-wire serial /O mode, the contents of the ASIS are undefined.

RESET input sets ASIS to 00H.

Fig. 16-5 Asynchronous Serial Interface Status Register Format

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

320

ASIS| O 0 0 0 0 PE FE | OVE| FF71H 00H R

l— OVE | Overrun Error Flag

0 Overrun error not generated

Overrun error generated Note 1
1 (When next receive operation is completed before
data from receive buffer register is read)

FE | Framing Error Flag

0 Framing error not generated

1 Framing error generated Notwe2
(When stop bit is not detected)

PE Parity Error Fiag

0 Parity error not generated

1 Parity error generated (When transmit data parity
does not match)

Notes:

(1) The receive buffer register (RXB) must be read when an overrun error is generated. Overrun errors
will continue to be generated until RXB is read.

(2) Even if the stop bit length has been set as 2 bits by bit 2 (SL) of the asynchronous serial interface
mode register, only single stop bit detection is performed during reception.
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(4) Baud rate generator control register (BRGC)
This register sets the serial clock when the asynchronous serial interface mode is used.
BRGC is set with an 8-bit memory manipulation instruction.
RESET input sets BRGC to 00H.

Fig. 16-6 Baud Rate Generator Control Register Format (1/2)

Symbol 5 6 5 4 3 2 1 0 Address When Reset RW

BRGC | TPS3 | TPS2 | TPS1 | TPSO |MDL3|MDL2{MDL1|MDLO| FF73H 00H RW

MDL3 | MDL2 | MDL1 | MDLO| Baud Rate Generator Input Clock Selection k
0 0 0 0 fsew/16 0
0 0 0 1 fsex/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsex/19 3
0 1 0 0 fscx/20 4
0 1 0 1 fscx/21 5
0 1 1 0 fsex/22 6
0 1 1 1 fsex/23 7
1 0 (o] 0] fscx/24 8
1 0 (o] 1 fscx/25 9
1 0 1 0] fsex/26 10
1 0 1 1 tsex/27 11
1 1 0 0 fsex/28 12
1 1 0 1 fscx/29 13
1 1 1 0 fsex/30 14
1 1 1 1 fscx Note —

Note: Can only be used in 3-wire serial |/O mode.
Remarks:

(1) fsck: 5-bit counter source clock
(2) k : Value setin MDLO to MDL3 (0 £ k £ 14)
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Fig. 16-6 Baud Rate Generator Control Register Format (2/2)

TPS3 | TPS2 | TPS1 | TPSO | 5-Bit Counter Source Clock Selection n
0 0 0 0 /20 (3.91 kH2) 11
0 1 0 1 fxx (4.0 MHz2) 1
0 1 1 0 fx/2 (2.0 MHz) 2
0 1 1 1 /22 (1.0 MHz) 3
1 0 0 0 | 23 (500 kHz) 4
1 0 0 1 fxx/24 (250 kHz) 5
1 0 1 0 | foy2%(125 kHz) 6
1 0 1 1 | /28 (62.5 kHz) 7
1 1 0 0 /27 (31.3 kHz) 8
1 1 0 1 1¢/28 (15.6 kHz2) 9
1 1 1 0 fxx/2° (7.81 kH2) 10

Other than above Setting prohibited

Caution: When a write is performed to BRGC during a communication operation, baud rate gene-
rator output is disrupted and communication cannot be performed normally. Therefore,
BRGC must not be written to during a communication operation.

Remarks:

(1) fxx : Main system clock frequency

(2) n :Value setin TPSOto TPS3 (1 £n<11)

(3) Figures in parentheses apply to operation with fxx = 4.0 MHz
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The baud rate transmit/receive clock generated is either a signal scaled from the main system clock, or
a signal scaled from the clock input from the ASCK pin.

(a) Generation of baud rate transmit/receive clock by means of main system clock
The transmit/receive clock is generated by scaling the main system clock. The baud rate generated
from the main system ciock is found from the following expression.

fxx
Baud rate] = ———— (H
(Baud ratel = — v 1e) (H2

Remarks:

(1) fxx : Main system clock frequency

{2) n :Value setin TPSOto TPS3 (1 £n<11)
(3) k :Value setin MDLO to MDL3 (0 < k £ 14)

Table 16-3 Relationship between Main System Clock and Baud Rate

fxx = 4.0 MH2
Baud Rate (bps)
Set value of BRGC Error (%)

75 0AH 0.16

110 02H -1.36

150 EAH 0.16
300 DAH 0.16
600 CAH 0.16
1200 BAH 0.16
2400 AAH 0.16
4800 SAH 0.16
9600 8AH 0.16
19200 7AH 0.16
31250 70H 0
38400 6AH 0.16
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(b) Generation of baud rate transmit/receive clock by means of external clock from ASCK pin

The transmit/receive clock is generated by scaling the clock input from the ASCK pin. The baud rate
generated from the clock input from the ASCK pin is found from the following expression.

fascx

[Baud rate] = m [Hz]

Remarks:
(1) fascx : Frequency of clock input to ASCK pin
(2) k : Value set in MDLO to MDL3 (0 € k £ 14)

Table 16-4 Relationship between ASCK Pin Input Frequency and Baud Rate (when BRGC is set to 00H)

324

Baud Rate (bps) ASCK Pin Input Frequency
75 2.4 kHz
110 3.52 kHz
150 4.8 kHz
300 9.6 kHz
600 18.2 kHz
1200 38.4 kHz
2400 76.8 kHz
4800 153.6 kHz
9600 307.2 kHz
19200 614.4 kHz
31250 1000.0 kHz
38400 1228.8 kHz
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16.4 Serial Interface Channel 2 Operation
Serial interface channel 2 has the following three modes.
e QOperation stop mode
e Asynchronous serial interface (UART) mode

* 3-wire serial /O mode

16.4.1 Operation stop mode

In the operation stop mode, serial transfer is not performed, and therefore power consumption can be reduced.
In the operation stop mode, the P70/S12/RxD, P71/S02/TxD and P72/SCK2/ASCK pins can be used as normal

input/output ports.

(1) Register setting

Operation stop mode settings are performed using serial operating mode register 2 (CSIM2)} and the

asynchronous serial interface mode register (ASIM).

(a) Serial operating mode register 2 (CSIM2)

CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets CSIM2 to 00H.

The bit used in the operation stop mode is indicated by shading.

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

M
CsimM2 22

o | o o |SM™Mlcsek| o | FFr2H 00H RW

CSIE2

Operation Control in 3-wire Serial /O Mode

Operation stopped

Operation enabled

Caution: Ensure that 0 is set in bits 0 and 3 to 6.
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(b) Asynchronous serial interface mode register (ASIM)
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to O0H.

The bits used in the operation stop mode are indicated by shading.

4 3 2 1 0 Address When Reset RW
PSO CL SL [ISRM | SCK FF70H OOH RW

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled
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16.4.2 Asynchronous serial interface (UART) mode

In this mode, one byte of data is transmitted/received following the start bit, and full-duplex operation is
possible. ‘

A dedicated UART baud rate generator is incorporated, allowing communication over a wide range of baud
rates. In addition, the baud rate can be defined by scaling the input clock to the ASCK pin.

The MIDI! standard baud rate (31.25 kbps) can be used by employing the dedicated UART baud rate generator.

(1) Register setting
UART mode settings are performed using serial operating mode register 2 (CSIM2), the asynchronous
serialinterface mode register (ASIM), the asynchronous serial interface status register (ASIS), and the baud
rate generator control register (BRGC).

(a) Serial operating mode register 2 (CSIM2)
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM2 to O0H.
The bits used in the UART mode are indicated by shading.
When the UART mode is selected, 00H should be set in CSIM2.

H
w
[ V]
—
o

Symbol 6 5 Address When Reset RMW

CSiM2 FF72H 00H RW

CSCK | Clock Selection in 3-wire Serial /O Mode
0 Input clock from off-chip to SCK2 pin

1 Dedicated baud rate generator output

csiM22| First Bit Specification
0 MSB
1 LS8

CSIE2 | Operation Control in 3-wire Serial /O Mode

0 Operation stopped

1 Operation enabled

Caution: Ensure that 0 is set in bits 0 and 3 to 6.
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Symbol

328

ASIM

(b) Asynchronous serial interface mode register (ASIM)
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to 00H.
The bits used in the UART mode are indicated by shading.

@ ® s 4 3 2 1 0 Address When Reset R/W
FF70H 00H RW

SCK | Clock Selection in Asynchronous Serial Interface
Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator output Note

ISRM | Control of Reception Completion Interrupt in Case
of Error Generation

0 Reception completion interrupt generated in case
of error generation

1 Reception completion interrupt not generated in
case of error generation

SL | Transmit Data Stop Bit Length Specification
0 1 bit
1 2 bits

CL | Character Length Specification
0 7 bits
1 8 bits

PSI | PSO | Parity Bit Specification
0 0 | No Parity

0 parity always added in transmission

0 1 No parity test in reception (parity error not
generated)

1 0 Odd parity

1 1 Even parity

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled

Note: When SCKis set to 1 and the baud rate generator output is selected, the ASCK pin can be used
as an input/output port.

Caution: The serial transmit/receive operation must be stopped before changing the operating
mode.
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(c) Asynchronous serial interface status register (ASIS)
ASIS is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets ASIS to 00H.

The bits used in the UART mode are indicated by shading.

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

ASIS| O 0 0 0 0 FF71H 00H R
OVE | Overrun Error Flag
0 Overrun error not generated
Overrun error generated Note?
1 {When next receive operation is completed before
data from receive buffer register is read)
FE | Framing Error Flag
0 Framing error not generated
1 Framing error generated Note2
(When stop bit is not detected)
PE | Parity Error Flag
0 Parity error not generated
1 Parity error generated (When transmit data parity
does not match)

Notes:

(1) Thereceive bufferregister (RXB) must be read when an overrun error is generated. Overrun errors

will continue to be generated until RXB is read.

(2) Even if the stop bit length has been set as 2 bits by bit 2 {SL) of the asynchronous serial interface
mode register, only single stop bit detection is performed during reception.
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(d) Baud rate generator control register (BRGC)
BRGC is set with an 8-bit memory manipulation instruction.
RESET input sets BRGC to 00H.
The bits used in the UART mode are indicated by shading.

Symbol 7 6

1 0 Address When Reset R/W

FF73H O0H RW
MDL3| MDL2 | MDL1{ MDLO| Baud Rate Generator Input Clock Selection k
0 0 0 0 fsex/16 0
0 0 0 1 fsex/17 1
0 0 1 0 | fscw18 2
0 0 1 1 fscx/19 3
0 1 0 0 fsex/20 4
0 1 0 1 fsex/21 5
0 1 1 0 fsex/22 6
0 1 1 1 fscx/23 7
1 0 0 0 fscw/24 8
1 0 0 1 fscx/25 9
1 0 1 0 fscx/26 10
1 0 1 1 fsex/27 1M
1 1 0 0 fsck/28 12
1 1 0 1 fscex/29 13
1 1 1 0 fsex/30 14
{Cont'd)
Remarks:

(1) fscx : 5-bit counter source clock
(2) k : Value setin MDLO to MDL3 {0 £ k £ 14)
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TPS3 | TPS2 | TPS1 | TPSO| 5-Bit Counter Source Clock Selection n
0 0 0 0 042" (3.9 kHz) 1
0 1 0 1 fxx (4.0 MHz) 1
0 1 1 0 fo/2 (2.0 MHz) 2
0 1 1 1 /22 (1.0 MH2) 3
1 0 o] 0 fxx/23 (500 kHz) 4
1 0 0 1 /24 (250 kHz) 5
1 0 1 0 fxx/25 (125 kHz) 6
1 0 1 1 fxx/2% (62.5 kH2) 7
1 1 0 0 Ho/27 (31.3 kHz) 8
1 1 0 1 /28 (15.6 kHz) 9
1 1 1 0 fx/2° (7.8 kHz) 10

Other than above Setting prohibited

Caution: When a write is performed to BRGC during a communication operation, baud rate gene-
rator output is disrupted and communication cannot be performed normally. Therefore,
BRGC must not be written to during a communication operation.

Remarks:

(1) fxx : Main system clock frequency

(2) n :Value setin TPSO to TPS3 (1 <n<11)

{3) Figures in parentheses apply to operation with fxx = 4.0 MHz
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The baud rate transmit/receive clock generated is either a signal scaled from the main sysiem clock,
or a signal scaled from the clock input from the ASCK pin.

(i) Generation of baud rate transmit/receive clock by means of main system clock
The transmit/receive clock is generated by scaling the main system clock. The baud rate gene-
rated from the main system clock is found from the following expression.

(Baud rate) = X [Hz]
T 2% (k + 16)

Remarks:

(1) fxx : Main system clock frequency

{2) n :Value setin TPSOto TPS3 (1 £ n<11)
(3) k :Value set in MDLO to MDL3 (0 £ k £ 14)

Table 16-5 Relationship between Main System Clock and Baud Rate

fxx = 4.0 MHz
Baud Rate (bps)
Set value of BRGC Error (%)

75 OAH 0.16
110 02H -1.36
150 EAH 0.16
300 DAH 0.16
600 CAH 0.16
1200 BAH ~ 0.6
2400 AAH 0.16
4800 SAH 0.16
9600 8AH 0.16
19200 7AH 0.16
31250 70H 0
38400 6AH 0.16

332



CHAPTER 16 SERIAL INTERFACE CHANNEL 2

(i) Generation of baud rate transmit/receive clock by means of external clock from ASCK pin
The transmit/receive clock is generated by scaling the clock input from the ASCK pin. The baud
rate generated from the clock input from the ASCK pin is found from the following expression.

fasck

[Baud rate] = m {Hz]

Remarks:
(1) fascx : Frequency of clock input to ASCK pin
(2) k : Value set in MDLO to MDL3 (0 £ k < 14)

Table 16-6 Relationship between ASCK Pin Input Frequency and Baud Rate (when BRGC is set to 00H)

Baud Rate (bps) ASCK Pin Input Frequency
75 2.4 kHz
110 3.52 kHz
150 4.8 kHz
300 9.6 kHz
600 19.2 kHz
1200 38.4 kHz
2400 76.8 kHz
4800 163.6 kHz
9600 307.2 kHz
19200 614.4 kHz
31250 1000.0 kHz
38400 1228.8 kHz
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(2) Communication operation

(a) Data format
The transmit/receive data format is as shown in Fig. 16-7. One data frame consists of a start bit,
character bits, parity bit and stop bit(s).
The specification of character bit length, parity selection, and specification of stop bit length for each
data frame is carried out with asynchronous serial interace mode register (ASIM).

Fig. 16-7 Asynchronous Serial Interface Transmit/Receive Data Format

L
I

One Data Frame i

s;ait“ po|{D1|D2|{D3|Ds|D5| D6 | D7 Pg'iit“ Stop Bit

e Startbit...coooeeiiinennnne 1 bit

¢ Character bits.............. 7 bits/8 bits

* Parity bits .ccceeevvirene Even parity/odd parity/0 parity/no parity
e Stop bit{s) .eccvreeeneee 1 bit/2 bits

When 7 bits are selected as the number of character bits, only the lower 7 bits (bits O to 6) are valid;
in transmission, the most significant bit (bit 7) is ignored, and in reception, the most significant bit
(bit 7) is always “0".

The serial transfer rate between 75 bps and 38400 bps is selected by means of the asynchronous serial
interface mode register and baud rate generator settings.

If a serial data receive error is generated, the receive error contents can be determined by reading
the status of the asynchronous serial interface status register (ASIS).

334



CHAPTER 16 SERIAL INTERFACE CHANNEL 2

(b) Parity types and operation
The parity bit is used to detect a bit error in the communication data. Normally, the same kind of parity
bit is used on the transmitting side and the receiving side. With even parity and odd parity, a one-
bit (odd number) error can be detected. With O parity and no parity, an error cannot be detected.

- Even parity
If the number of "1° bits in the transmit data is odd, the parity bit is set to "1". If the number of
bits with a value of "1° is an even number, the parity bit is set to 0. Thus, control is executed so
that the number of bits with a value of "1° contained in the transmit data and parity bit is an even
number.
In reception, the number of bits with a value of *1” contained in the receive data and parity bit are
counted, and if this is an odd number, a parity error is generated.

« 0Odd parity
Conversely to the situation with even parity, control is executed so that the number of bits with
a value of "1 contained in the receive data and parity bit is an odd number.
Similarly, in reception, the number of bits with a value of *1" contained in the receive data and parity
bit are counted, and if this is an even number, a parity error is generated.

+ 0 parity
When transmitting, the parity bit is set to "0" irrespective of the transmit data.
In reception, a parity bit check is not performed. Therefore, a parity error is not generated
irrespective of whether the parity bit is set to "0" or "1°.

+ No parity
A parity bit is not added to the transmit data.
In reception, data is received assuming that there is no parity bit. Since there is no parity bit, a
parity error is not generated.
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(c) Transmission
A transmit operation is started by writing transmit data to the transmit shift register (TXS). The start
bit, parity bit and stop bit(s) are added automatically.
When the transmit operation starts, the data in the transmit shift register (TXS) is shifted out, and when
the transmit shift register (TXS) is empty, a transmission completion interrupt (INTST) is generated.

Fig. 16-8 Asynchronous Serial Interface Transmission Completion Interrupt Timing

{a) Stop bit length: 1

TxD (Output) h\ / 00 X . XDZ X}{X o6 X o Xpariw//?roﬁr

START

INTST “

{b) Stop bit length: 2

TxD (Output) \ / DOX D1 X D2 ﬂ[x DGX D7 XParity / STlop l

START

INTST H

Caution: Rewriting of the asynchronous serial interface mode register (ASIM) should not be
performed during a transmit operation. if rewriting of the ASIM register is performed

during transmission, subsequent transmit operations may notbe possibie (the normal
state is restored by RESET input).

it is possible to determine whether transmission is in progress by software by using
a transmission completion interrupt (INTST) or the interrupt request flag (STIF) set
by the INTST.
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(d) Reception
When the RXE bit of the asynchronous serial interface mode register (ASIM) is set (1), a receive
operation is enabled and sampling of the RxD pin in put is performed.
RxD pin input sampling is performed using the serial clock specified by ASIM.
When the RxD pin input becomes low, the 5-bit counter starts counting, and at the time when half
time determined by specified baud rate has passed, the data sampling start timing signal is output.
If the RxD pin input sampled again as a result of this start timing signal is low, it is identified as a start
bit, the 5-bit counteris initialized and starts counting, and data sampling is performed. When character
data, a parity bit and one stop bit are detected after the start bit, reception of one frame of data ends.
When one frame of data has been received, the receive data in the shift register is transferred to the
receive buffer register (RXB), and a reception completion interrupt {INTSR) is generated.
If an error is generated, the receive data in which the error was generated is still transferred to RXB,
and INTSR is generated.
If the RXE bit is reset {0) during the receive operation, the receive operation is stopped immediately.
In this case, the contents of RXB and ASIS are not changed, and INTSR and INTSER are not generated.

Fig. 16-9 Asynchronous Serial Interface Reception Completion interrupt Timing

\ STOP
RxD (Input) / DO X D1 X D2 X}{X D6 XD? XPan'ty

START

INTSR H

Caution: The receive buffer register (RXB) must be read even if a receive error is generated. if
RXB is not read, an overrun error will be generated when the next data is received,
and the receive error state will continue indefinitely.

337



CHAPTER 16 SERIAL INTERFACE CHANNEL 2

(e) Receive errors
Three kinds of errors can occur during a receive operation: a parity error, framing error, or overrun
error. The data reception result error flag is set in the asynchronous serial interface status register
{ASIS) and at the same time a receive error interrupt (INTSER) is generated. Receive error cause are
shown in Table 16-7.
Itis possible to determine what kind of error was generated during reception by reading the contents
of the asynchronous serial interface status register (ASIS) in the reception error interrupt servicing
(INTSER) (see Figs. 16-9 and 16-10).
The contents of ASIS are reset (0) by reading the receive buffer regsiter (RXB) or receiving the next
data if there is an error in the next data, the corresponding error flag is set).

Table 16-7 Receive Error Causes

Receive Errors Cause

Parity error Transmission-time parity specification and reception data parity do not match

Framing error | Stop bit not detected

Overrun error Reception of next data is completed before data is read from receive buffer

Fig. 16-10 Receive Error Timing

STOP
RxD (input) DO D1 D2 D6 D7 X Parity

START

INTSR

INTSER

Cautions:

(1) The contents of the ASIS register are reset (0) by reading the receive buffer register (RXB)
or receiving the next data. To ascertain the error contents, ASIS must be read before
reading RXB.

(2) The receive buffer register (RXB) must be read even if a receive error is generated. if RXB
is not read, an overrun error will be generated when the next data is received, and the
receive error state will continue indefinitely.
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(3) UART mode cautions
{a) When bit 7 (TXE) of the asynchronous serial interface mode register (ASIM) is cleared during
transmission, be sure to set the transmit shift register (TXS) to FFH, then set the TXE to 1 before

executing the next transmission.

(b) When bit 6 (RXE) of the asynchronous serial interface mode register (ASIM) is cleared during reception,
receive buffer register (RXB) and receive completion interrupt {INTSR) are as follows.

.
RxD Pin >< Parity / !
]
1
i
]
[}
'
RXB ><

INTSR

3

When RXE is set to 0 at a time indicated by (1), RXB holds the previous data and does not generate
INTSR.

When RXE is set to 0 at a time indicated by @ RXB renews the data and does not generate INTSR. _
When RXE is set to 0 at a time indicated by 3, RXB renews the data and generates INTSR.
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16.4.3 3-wire serial /O mode

The 3-wire serial 1/0 mode is useful for connection of peripheral 1/Os and display controllers, etc., which
incorporate a conventional synchronous clocked serial interface, such as the 75X series, 78K series, 17K series,
etc.

Communication is performed using three lines: the serial clock (SCK2), serial output (SO2), and serial input
{S12).

(1) Register setting
3-wire serial /O mode settings are performed using serial operating mode register 2 (CSIM2) and the
asynchronous serial interface mode register (ASIM).

(a) Serial operating mode register 2 (CSIM2)
CSIM2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CSIM2 to 00H.
The bits used in the 3-wire serial I/O mode are indicated by shading.

6 5 4 3 2 1 0 Address When Reset R/W

FF72H OOH RW

CSCK | Clock Selection in 3-wire Serial /O Mode

0 Input ciock from off-chip to SCK2 pin

1 Dedicated baud rate generator output

CSIM22| First Bit Specification
0 MSB
1 LSB

CSIE2 | Operation Control in 3-wire Serial /O Mode

0 Operation stopped

1 Operation enabled

Caution: Ensure that 0 is set in bits 0 and 3 to 6.
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(b) Asynchronous serial interface mode register (ASIM)
ASIM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets ASIM to 00H.
The bits used in the 3-wire serial I/O mode are indicated by shading.
When the 3-wire serial /O mode is selected, 00H should be set in ASIM.

Symbol @ ® 5 4 3 2 1 0 Address When Reset RMW

FF70H 00H RW

SCK | Clock Selection in Asynchronous Serial interface
Mode

0 Input clock from off-chip to ASCK pin

1 Dedicated baud rate generator output

ISRM | Control of Reception Completion Interrupt in Case
of Error Generation

0 Reception completion interrupt generated in case
of error generation

1 Reception completion interrupt not generated in
case of error generation

SL | Transmit Data Stop Bit Length Specification
0} 1 bit
1 2 bits

CL | Character Length Specification
0 7 bits
1 8 bits

PS1 | PSO | Parity Bit Specification
0 0 No Parity

0 parity always added in transmission

0 1 No parity test in reception (parity error not
generated)

1 0 Odd parity

1 1 Even parity

RXE | Receive Operation Control

0 Receive operation stopped

1 Receive operation enabled

TXE | Transmit Operation Control

0 Transmit operation stopped

1 Transmit operation enabled
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(2) Communication operation
In the 3-wire serial /O mode, data transmission/reception is performed in 8-bit units. Data is transmitted/
received bit by bit in synchronization with the serial clock.
Transmit shift register (TXS/S102) and receive shift register (RXS) shift operations are performed in
synchronization with the fall of the serial clock (SCK2). Then transmit data is held in the SO2 latch and
output from the SO2 pin. Also, receive data input to the SI2 pin is latched in the receive buffer register
(RXB/SIO2) on the rise of SCK2.
Atthe end of an 8-bit transfer, the operation of the transmit shift register (TXS/SI02) or receive shift register
(RXS) stops automatically, and the interrupt request flag (SRIF) is set.

Fig. 16-11 3-Wire Serial 1/0 Mode Timing

SCK2 D 2 3 4 5 6 7 8 g

1
1
1
:
S12 : Di7 Di6 DIS X Di4 Di3 X D12 X DI X DIO)
AT YL J\(
]
02 X DO7 X DO6 X DOS X DO4 X DO3 X D02 X DO1 X/DOO
‘
3
SRIF

A

L —_ End of Transfer
Transfer Start at the Falling edge of SCK2

{3) Transfer start
Serial transfer is started if the following two conditions are satisfied when the transfer data is set to the
transmit shift register (TXS/SI02):

* Qperation control bit of serial interface 2 (CSIE2) = 1
e Wheninternal serial clock is stopped or when SCK2 is high after 8-bit serial transfer has been completed.

Caution: Transfer is not started even if CSIE2 is set to “1" after data has been written to S102.

At the end of an 8-bit transfer, serial transfer stops automatically and the interrupt request flag (SRIF) is set.
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17.1 Real-Time Output Port Functions

Data set previously in the real-time output buffer register can be transferred to the output latch by hardware
concurrently with timer interrupts or external interrupt generation, then output to external. This is called the real-
time output function. The pins that output data to external are called real-time output ports.

By using a real-time output port, a signal which has no jitter can be output. This port is therefore suitable for
control of stepping motors, etc.

Port mode/real-time output port mode can be specified bit-wise.

17.2 Real-Time Output Port Configuration
The real-time output port consists of the following hardware.

Table 17-1 Real-time Output Port Configuration

ltem Configuration

Register Real-time output buffer register (RTBL, RTBH)

Real-time output port mode register (RTPM)

Control register . .
9 Real-time output port control register (RTPC)

343



CHAPTER 17 REAL-TIME OUTPUT PORT

0Cld -========mmmmmee- (eid

EEEEEEE

yareq inding

AN
(Wd 1Y) Je1si6ey epo
104 IndinQ ewii-jeey
AN ‘
(1914) :._m.Evm < ZWLLNI
Sig v JemoT sig v JeybiH NN2JID j0NU0)
saisibey soyng soisiBoy Joyng 4866111 1nding . HALIN
indinQ eun)-jesy ndinQ ewi-|eay - Zd1NI
HIX3 | 31A8
Jaisibay jonuo)
uod IndinQ swi-jeay
\ A4
m sng jeusaiy) w

weilbejq yoo|g 140d indinQ awil-jeay

344



CHAPTER 17 REAL-TIME OUTPUT PORT

(1) Real-time output buffer register (RTBL, RTBH)
Addresses of RTBL and RTBH are mapped individually in the SFR area as shown in Fig. 17-2.
When specifying 4 bits x 2 channels as the operating mode, data are set individually in RTBL and RTBH.
When specifying 8 bits x 1 channel as the operating mode, data are set to both RTBL and RTBH by writing
8-bit data to either RTBL or RTBH.
Table 17-2 shows operations during manipulation of RTBL and RTBH.

Fig. 17-2 Real-time Output Buffer Register Configuration

Higher Lower

'___4_§i_ts___ 4 Bits

FF30H RTBL
FF31H| RTBH '

Table 17-2 Operation in Real-time Output Buffer Register Manipulation

. In Read Nete! In Write Nete2
Operating Mode Regls.ter to be
Manipulated | Higher 4 Bits | Lower 4 Bits | Higher 4 Bits | Lower 4 Bits
RTBL RTBH RTBL Invalid RTBL
4 Bits x 2 Channels
RTBH RTBH RTBL RTBH Invalid
RTBL RTBH RTBL RTBH RTBL
8 Bits x 1 Channel
RTBH RTBH RTBL RTBH RTBL
Notes:
(1) Only the bits set in the real-time output port mode can be read. Bits set in the port mode
are 0.

(2) After setting data in the real-time output port, output data should be set in RTBL and RTBH
by the time when a real-time output trigger is generated.

17.3 Real-Time Output Port Control Registers
The following two registers contro! the real-time output port.

* Real-time output port mode register (RTPM)
* Real-time output port control register (RTPC)

(1) Real-time output port mode register (RTPM)
This register selects the real-time output port mode/port mode bit-wise.
RTPM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 00H.
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Symbol

RTPM

(2)

Fig. 17-3 Real-time Output Port Mode Register Format

7 6 5 4 3 2 1 0 Address When Reset RW
RTPM7|RTPMS|RTPMS|RTPM4|RTPM3|RTPM2|RTPM1|{RTPMO| FF34H 00H RW
1 | | L1 | ] |
RTPMn| Real-time Output Port Selection (n = 0 to 7)
0 Port mode
1 Real-time Output Port Mode
Cautions:

(1) When using these bits as a real-time output port, set the ports to which real-time output is
performed to the output mode (set the bits of the port mode register to 0).

(2) In the port specified as a real-time output port, data cannot be set to the output latch.
Therefore, when setting an initial value, data should be set to the output latch before setting
the real-time output mode.

Real-time output port control register (RTPC)

This register sets the real-time output port operating mode.
RTPM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 00H.

~ Fig. 177-4 Real-time Output Port Control Register Format

Symbol 7 6 5 4 3 2 (@ @©  Address WhenReset RW

RTPC{ O 0 0 0 0 0 |BYTE|EXTR| FF36H 00H RW
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L EXTR | Realtime QOutput Control by INTP2

0 INTP2 not specified as real-time output trigger

1 INTP2 specified as real-time output trigger

BYTE | Reaktime Output Port Operating Mode
0 4 Bits x 2 Channels

1 8 Bits x 1 Channel

Table 17-3 Real-time Output Port Output Trigger

BYTE | EXTR Output Mode RTBH — Port Output RTBL — Port Output
0 INTTM2 INTTM1
0 4 Bits x 2 Channels
1 INTTM1 INTP2
0 INTTM1
1 8 Bits x 1 Channel
1 INTP2




CHAPTER 18 INTERRUPT FUNCTIONS AND TEST FUNCTIONS

18.1 Interrupt Function Types
The following three types of interrupt functions are used.

(1) Non-maskable interrupt
This interrupt is acknowledged unconditionally. It does not undergo interrupt priority control and is given
top priority over all other interrupt requests.
It generates a standby release signal.
One interrupt from the watchdog timer is incorporated as a non-maskable interrupt.

(2) Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority
group and a low interrupt priority group by setting the priority specify flag register (PR).
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
18-1).
A standby release signal is generated.
Seven external interrupts and fourteen internal interrupts are incorporated as maskable interrupts.

(3) 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.

18.2 Interrupt Sources and Configuration

A total of 23 non-maskable, maskable and software interrupts are incorporated in the interrupt sources (see
Table 18-1). '
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Table 18-1 interrupt Source List (1/2)

Default Interrupt Source Internal/ Vector Basic
Interrupt Type Pri en":ayt:"‘" £ terna | Tabie Configuration
tort Name Trigger xierma Address TypeWew2
Watchdog time rflo
Non-maskable —  |iNTwpr| YYateneog tmer overtiow A
(with watchdog timer mode 1 selected)
Internal 004H
0 INTWDT W?tci?dog timc.er overflow 8
{with interval timer mode selected)
1 INTPO 0006H o
2 INTP1 _ 0008H
3 INTP2 000AH
4 INTP3 | Pin input edge detection External 000CH
D
5 INTP4 000EH
6 INTPS 0010H
7 INTP6 0012H
Maskable 8 INTCSIO| End of serial interface channel 0 transfer 0014H
9 INTCSI1| End of serial interface channel 1 transfer 0016H
10 INTSER Serial :merfat?e channel 2 UART reception 0018H
error generation
ial i | |
INTSR End of. serial interface channel 2 UART nterna B
reception
1 001AH
_ . | 2 3-wi
INTCSI2 End of serial interface channel 2 3-wire
transfer
12 INTST End of serial interface channel 2 UART 001CH
transfer
Notes:

{1) Default priorities are intended for two or more simuitaneously generated maskable interrupts. 0 is the highest
priority and 19 is the lowest priority.
{2} Basic configuration types A to E correspond to A to E on Fig. 18-1.
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Table 18-1 Interrupt Source List (2/2)

Interrupt Source Vector Basic
Interrupt Type Default Internal/ Table Configuration
PriorityNet? . External Nota2
Name Trigger Address Type
13 INTTM3 F.leference time interval signal from watch 001EH
timer
Generation of 16-bit timer register,
14 INTTMOO| capture/compare register (CR0O0) match 0020H
signal
Generation of 16-bit timer register,
15 INTTMO1| capture/compare register (CR01) match 0022H
signal
I i -bit ti Internal B
Maskable 16 INTTMA Generation of 8-bit timer/event counter ntern 0024H

1 match signal

" £ 8 bit i
17 INTTM2 Generatuor'w of 8 bit timer/event counter 0026H
2 match signal

18 INTAD | End of A/D converter conversion 0028H

When write operation from IEBus
controller to return code register (RCR)

19 INTIE ] . 002AH
(including same value) occurs or when
runaway of |IEBus interface is detected
Software — BRK BRK instruction execution Internal 003EH E

Notes:

(1) Default priorities are intended for two or more simultaneously generated maskable interrupts. 0 is the highest
priority and 19 is the lowest priority.

{2) Basic configuration types A to E correspond to A to E on Fig. 18-1.
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Fig. 18-1 Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

S Internal Bus (

Interrupt Priority Control Vector Table
Request Circuit Address
Generator
Standby
Release Signal
(B) Internal maskable interrupt
S Internal Bus g
MK IE PR ISP

;j

. Vector Table
Interrupt I Priority Control Address
Request L/ Circuit Generator
Standby
Release Signal
(C) External maskable interrupt (INTPO)
S Internal Bus (
Y
U U l 1
Sampling Clock External Interrupt
Select Register Mode Register MK IE PR ISP
{SCs) (INTMO) l I
. Vector Table
Interrupt Sampling Edge IF } Pnonct_y C‘?erI Address
Request Clock Detector ireurt Generator
Standby
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Fig. 18-1 Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (except INTPO)

v ' Internal Bus (

External Interrupt
Mode Register MK IE PR ISP
(INTMO, INTM1) [ I
Interrupt Edge IF Priorgy antrol Ve::ﬂ?ﬂ:;r:: Ie
Request Detector L reurt Generator
Standby

Release Signal

(E) Software interrupt

S Internal Bus g

Interrupt Priority Control Ve:;c;rr:::)le
Request Circuit Generator

Remarks:

(1) IF : Interrupi request flag
(2) IE : Interrupt enable flag
(3) ISP : Inservice priority flag
(4) MK : Interrupt mask flag
{5) PR : Priority specify flag
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18.3 Interrupt Function Control Registers
The following six types of registers are used to control the interrupt functions.

* Interrupt request flag register (IFOL, IFOH, IF1L)

* Interrupt mask flag register (MKOL, MKOH, MK1L)
e Priority specify flag register (PROL, PROH, PR1L)
* External interrupt mode register (INTMO, INTM1)
+ Sampling clock select register {SCS)

e Program status word (PSW)

Table 18-2 gives a listing of interrupt request flags, interrupt mask flags and priority specify flag names
corresponding to interrupt request sources.

Table 18-2 Various Flags Corresponding to Interrupt Request Sources

Interrupt Request Signal Name|  Interrupt Request Flag Interrupt Mask Flag Priority Specify Flag
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTP4 PIF4 PMK4 PPR4
INTPS PIFS PMKS PPRS
INTP6 PIF§ PMK86 PPR6

INTTMOO TMIF00 TMMKO00 TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTTM1 TMIF1 TMMK1 TMPR1
INTTM2 TMIF2 TMMK2 TMPR2
INTTM3 TMIF3 TMMK3 TMPR3
INTWDT TMIF4 TMMK4 TMPR4
INTCSI0 CSIIFO CSIMKO CSIPRO
INTCSI CSIIF1 CSIMK1 CSIPR1
INTSR/INTCSI2 SRIF SRMK SRPR
INTSER SERIF SERMK : SERPR
INTST STIF STMK STPR
INTAD ADIF ADMK ADPR
INTIE IEIF IEMK IEPR
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L)
Theinterrupt request fiag is set to 1 when the corresponding interrupt request is generated or an instruction
is executed. Itis cleared to 0 when aninstruction is executed upon acknowledgment of an interrupt request
or upon application of RESET input.
IFOL, IFOH and IF1L are set with a 1-bit, 8-bit or 16-bit memory manipulation instruction.
RESET input sets these registers to 00H.

Fig. 18-2 Interrupt Request Flag Register Format

Sl @ ® ® @ ® @ @

©  Address When Reset RMW

IFOL | PIF6 | PIFS | PIF4 | PIF3 | PIF2 | PIF1 | PIFO |TMIF4] FFEOH OOH RW
@ ® & ®@ ® @ ® ©
IFOH [TMIFO1TMIFOO|TMIF3| STIF | SRIF |SERIF|CSIIF1|CSIIFO| FFE1H O0H RW
@ 6 5 4 @@ @ @© ©
IF1L W:I*F' 0 0 0 IEIF | ADIF |TMIF2|TMIF1}] FFE2H O0OH RW
L 1 { ! | [ 1 J
xxIFx | Interrupt Request Fiag

No interrupt request signal

Interrupt request signal is generated;
Interrupt request state

Note: WTIF is test input flag. Vectored interrupt is not generated.

Cautions:

{1) TMIF4 flag is R/W enabled only when a watchdog timer is used as an interval timer. If a
watchdog timer is used as a non-maskable interrupt, set TMIF4 flag to 0.
(2) Because port 0 has a dual function as the external interrupt 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) Set always 0 in IF1L bit 4 to bit 6.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flag is used to enable/disable the corresponding maskable interrupt service and to set
standby clear enable/disable.
MKOL, MKOH and MK1L are set with a 1-bit, 8-bit or 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Fig. 18-3 Interrupt Mask Flag Register Format

Symbol @ ® & @ ® @ @ © Address When Reset R/W

MKOL |PMK6{PMK5|PMK4|PMK3|{PMK2|PMK1|PMKO[TMMK4| FFE4H FFH RW
@ ® & @ @@ @ O ©
MKOH MK TMMK| TMMK] STMK | SRMK |seRmK CSIMK|CSMK| - FrESH FFH RW
@ 6 5 4 O @ 0O 0
MKIL fwimel 1 | 1 | 1 |[1IEMK |aDMK TMMK| TMMK|  ErEgH FFH RW
L { { | | | | J
l xxMKx| Interrupt Servicing and Standby Mode Control
0 Interrupt servicing enabled, standby mode release
enabled
] Interrupt servicing disabled, standby mode release
disabled

Note: WTMK controls standby mode release enable/disable.

Cautions:

(1) If TMMK4 flag is read when a watchdog timer is used as a non-maskable interrupt, MKO value
becomes undefined.

(2) Because port 0 has a dual function as the external interrupt 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) Set always 1 in MK1L bit 4 to bit 6.
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{3) Priority specify flag registers (PROL, PROH and PR1L)

The priority specify flag is used to set the corresponding maskable interrupt priority orders.

PROL, PROH and PR1L are set with a 1-bit, 8-bit or 16-bit memory manipulation instruction.
RESET input sets these registers to FFH.

Fig. 18-4 Priority Specify Flag Register Format

Smel @ ® ©® ® @ @ @ @

Address When Reset R/W

PROL | PPR6 | PPRS | PPR4 | PPR3 | PPR2 | PPR1 | PPRO [TMPR4] FFESH FFH RW
®@ ® & @ ® @ O 0
PROH T"gf’“ T"gg“ T“';"R STPR | SRPR |SERPR ‘31"’“ CS(')"R FFEQH FFH RW
7 6 5 4 ® @ ® ©
PRIL| 1 1 1 1 | IEPR |ADPR T“';P“ TMIPR FFEAH FFH RW
l | | | 1 | |
I xxPRx| Priority Level Selection
0 High priority level
1 Low priority level
Cautions:

(1) When a watchdog timer is used as a non-maskable interrupt, set 1 in TMPR4 fiag.

(2) Set always 1 in PR1L bit 4 to bit 7.
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(4) External interrupt mode register (INTMO, INTM1)
These registers set the valid edge for INTPO to INTP6.
INTMO and INTM1 are set by 8-bit memory manipulation instructions.
RESET input sets these registers to 00H.

Fig. 18-5 External Interrupt Mode Register 0 Format

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

INTMO | ES31 | ES30 | ES21 | ES20 | ES11 [ ES10| O 0 FFECH O0H RW

ES11 | ES10 | INTPO Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES21 | ES20 | INTP1 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES31 | ES30 | INTP2 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
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Fig. 18-6 External Interrupt Mode Register 1 Format

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

INTM1 | ES71 | ES70 | ES61 { ES60 | ES51 | ES50 | ES41 | ES40| FFEDH O00H RW

ES41 | ES40 | INTP3 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ESS1 | ESS0 | INTP4 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES61 | ES60 | INTPS Valid Edge Selection

0 0 Falling edge

o | 1 | Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges

ES71 | ES70 | INTPS6 Valid Edge Selection

0 0 Falling edge

0 1 Rising edge

1 0 Setting prohibited

1 1 Both falling and rising edges
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{5) Sampling clock select register (SCS}
This register is used to set the valid edge clock sampling clock to be input to INTPO. When remote
controlled data reception is carried out using INTPO, digital noise is removed with sampling clocks.
SCS is set with an 8-bit memory manipulation instruction.
RESET input sets SCS to 00H.

Fig. 18-7 Sampling Clock Select Register Format

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

SCs| O 0 0 0 0 0 |SCS1|SCS0| FF47H 00H RW

SCS1 | SCSO | INTPO Sampling Clock Selection
0 0 | foy20
0 1 /27 (31.3kHz)
1 0 | /25 (125.0kHz2)
1 1 /28 (62.5kHz)

Caution: fxx/2" is a clock to be supplied to the CPU and fxx/25, fxx/2¢ and fxx/2’ are clocks to be
supplied to the peripheral hardware. fxx/2" stops in the HALT mode.

Remarks:

(1) N :Value (N = 0 to 4) at bits 0to2 (PCCO0 to PCC2) of processor clock control register
(2) fxx : Main system clock frequency

(3) Values in parentheses when operated with fxx = 4.0 MHz.
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When the INTPO input level is active twice in succession, the noise remover sets PIFO flag to 1.
Fig. 18-8 Noise Remover Input/Output Timing (when rising edge is detected)

(a) When input is less than the sampling period (tswe)

tsmp
e
Sampling Clock
INTPO | I I_l
L
PIFO

Because INTPO level is not high twice in succession,
PIFO output remains at low level.

{b) When input is equal to or twice the sampling period (tsme)

tsmp
—
Sampling Clock
INTPO @ @
PIFO @

Because INTPO level is high twice in succession in @,
PIFQ flag is setto 1.

{c) When input is twice or more than the sampling period (tswe)

tsmp
S
Sampling Clock
INTPO
PIFO

Because INTPO level is high four times in succession,
PIFO flagis set to 1.
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(6)

PSW

360

Program status word (PSW)

The program status word is a register to hold the instruction execution resuit and the current status for
interrupt request. The IE flag to set maskable interrupt enable/disable and the ISP flag to control multiple
processing are mapped.

Besides 8-bit unit read/write, this register can carry out operations with a bit manipulation instruction and
dedicated instructions (El and DI). When a vectored interrupt is acknowledged, if the BRK instruction is
executed, the interrupt is saved into a stack and the IE flag is reset to 0. If a maskable interrupt is
acknowiedged, the contents of the priority specify flag of the acknowledged interrupt are transferred to
the ISP flag. The acknowledged interrupt is also saved into the stack with the PUSH PSW instruction.
It is reset from the stack with the RETI, RETB and POP PSW instructions.

RESET input sets PSW to 02H.

Fig. 18-9 Program Status Word Format

7 6 ) 4 3 2 1 0 When Reset

IE Z |RBS1| AC |RBSO| © ISP | CY 02H

T I I ‘ Used when Normal Instruction is Executed

ISP | Priority of Interrupt Currently Being Received

0 High-priority interrupt servicing
(low-priority interrupt disable)

Interrupt not acknowledged or low-priority interrupt
servicing (all-maskable interrupts enable)

IE Interrupt Acknowledge Enable/Disable
0 Disable
1 Enable
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18.4 Interrupt Servicing Operations

18.4.1 Non-maskable interrupt acknowledge operation

A non-maskable interrupt 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 acknowledged interrupt is 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.
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Remarks:
(1) WDTM
(2) WDT

CPU Processing

TMIF4

362

Fig. 18-10 Non-Maskable Interrupt Acknowledge Flowchart

WDTM4 =1
{with watchdog timer
mode selected)

No

Interval timer

(with non-maskable

interrupt selected)
?

Interrupt request generation

WDT interrupt
servicing
?

No

i

(Interrupt request reserve )

Interrupt control

register unaccessed
?

No

( Interrupt service start )

: Watchdog timer mode register
: Watchdog timer

Fig. 18-11 Non-Maskable Interrupt Acknowledge Timing

PSW and PC Save, Jump to

instruction Interrupt Servicing

Instruction

Interrupt Servicing Program

RN RNENRNEN \
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Fig. 18-12 Non-Maskable Interrupt Request Acknowledge Operation

(a) if a new non-maskable interrupt request is generated during
non-maskable interrupt servicing program execution

( Main Routine )

NMI Request
I
1 Instruction
Execution

\

NMI Request —

A

NMI Request Reserve

Reserved NM! Request Processing

(b) If two non-maskable interrupt requests are generated during
non-maskable interrupt servicing program execution

C Main Routine )

NMI Request
|

1 Instruction
Execution

NMI
Request —

NMI
Request —

i\

.

Reserved

Reserved

Although two or more NMI requests
have been generated, only one
request have been acknowledged
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18.4.2 Maskable interrupt acknowledge operation

A maskable interrupt becomes acknowledgeable when an interrupt request flag is set to 1 and the interrupt
MK flag is cleared to 0. A vectored interrupt is acknowledged in an interrupt enable state (with IE flag set to 1).
However, a low-priority interrupt is not acknowledged during high-priority interrupt service (with ISP flag reset

to0 0).
Wait times from maskable interrupt request generation to interrupt servicing are as follows.

Table 18-3 Times from Maskable interrupt Request Generation to Interrupt Service

Minimum Time Maximum TimeNete
When XXPR = 0 7 clocks 32 clocks
When XXPR = 1 8 clocks 33 clocks

Note: If aninterruptrequestis generated justbefore adivide
instruction, the wait time is maximized.

Remark: 1 clock :

CPU

If two or more maskable interrupt requests are generated simultaneously, the request specified for higher
priority with the priority specify flag is acknowledged first. Two or more requests specified for the same priority,
the default priorities apply.

Any reserved interrupts are acknowledged when they become acknowledgeable.

Fig. 18-13 shows interrupt acknowledge algorithms.

If a maskable interrupt request is acknowledged, the acknowledged interrupt is saved in the stacks, PSW and
PC. in that order, the IE flag is reset to 0, and the acknowledged interrupt 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.

Return from the interrupt is possible with the RETI instruction.
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Fig. 18-13 Interrupt Acknowledge Processing Algorithm

( Stant )

(Interrupt Request
Yes  Generation)

No

( Interrupt request reserve)

Yes (High Priority)

No (Low Priority)

Any high-
priority interrupt among ~ Any
simultaneously generated simuitaneously Yes

generated xxPR=0

xxPR=0 interrupts

interrupts
?

(Interrupt request reserve )

1
(interrupt request reserve )

No

Any
simuitaneously
generated high-priority
interrupts

Yes

(Interrupt request reserve )

?

1
(Interrupt request reserve )

Vectored interrupt
servicing

Vectored interrupt
servicing
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Fig. 18-14 Interrupt Acknowledge Timing (Minimum Time)

6 Clocks

~

PSW and PC Save, Jump |  Inteupt

Interrupt Servicing Servicing

CPU Processing Instruction Divide Instruction S
rogram

- [TTTTT TN T7 \
L«

{POXPR = 1) |
| 8 Clocks |
L
xxIF INENAYTREENEN AW
poxPR = 0) " | " |
! 7 Clocks |
Fig. 18-15 Interrupt Acknowledge Timing (Maximum Time)
25 Clocks 6 Clocks
CPU Processing Instruction Divide Instruction P P e, gump 10 %ne:i%is‘;
JL
I [T TN ] \
(oxPR = 1) [ Y R !
I 33 Clocks i
/L
xxIF [T INT T T T\
{>xxPR = 0) 1 o " |
| 32 Clocks
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18.4.3 Software interrupt acknowledge operation
A software interrupt is acknowledged by BRK instruction execution. Software interrupt cannot be disabled.
If a software interrupt is acknowledged, it is saved in the stacks, PSW and PC, in that order, the IE flag is reset
to 0 and the contents of the vector tables (003EH and 003FH) are loaded into PC and branched.
Return from the software interrupt is possible with the RETB instruction.

Caution: Do not use the RETI instruction for returning from the software interrupt.

18.4.4 Muttiple interrupt servicing
Multipie interrupt, in which another interrupt is acknowledged during execution of an interrupt, can be

controlled by priorities.

Two types of priority control are available; control in the order of default priority and programmable priority
control by setting the priority specify flag registers (PROL, PROH and PR1L). In the former, if two or more interrupts
are generated simultaneously, interrupt servicing is carried out in accordance with the priority (default priority)
preassigned to each interrupt request (see Table 18-1). In the latter, interrupt requests are divided into a high-
priority group and a low-priority group by setting the bits corresponding to PROL, PROH and PR1L. The following
are the interrupt requests enabled for multiple interrupts.

Table 18-4 Interrupt Request Enabled for Muitiple Interrupt during interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request
Non-maskable
xxPR = 0 xxPR =1
Interrupt Request
Interrupt being Acknowledged IE=1 |IE=0 |IE=1 [IE=0
Non-maskable interrupt servicing X X x X x
ISP=0 @) O x x x
Maskable interrupt servicing
ISP =1 O O X @) X
Software interrupt servicing @) o x O X

Remarks:
(1) O: Multiple interrupt enable
(2) x : Multiple interrupt disable
(3) ISP and IE are flags included in PSW.
ISP=0: During high-priority interrupt.
ISP=1: Interrupt not accepted or during low-priority interrupt
IE=0 : Interrupt acceptance disable
IE=1 : Interrupt acceptance enable
(4) xx PR is a flag included in PRO.
xx PR=0: High-priority level
xx PR=1: Low-priority level
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Fig. 18-16 Multiple Interrupt Example

Example 1

Main Processing INTxx INTyy INT2z
Servicing Servicing Servicing

l IE=0 IE
EI/' El

(PR = 1) (PR=0) (PR =0)
RETI
RETI RETI

]
o
m
]

o

Example 2
Main Processing INTxx INTyy
Servicing Servicing
(PR =0) (PR=1)
RETI
IE=1
Execution
Example 3
Main Processing INTxx INTyy
Servicing Servicing

INTXX —
(PR =0) RETI

1 Instryction
Execution
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INTERRUPT FUNCTIONS AND TEST FUNCTIONS

18.4.5 Interrupt reserve

Interrupt acknowledge is temporarily reserved between one of the following instructions and the next instruction

to be executed.

e MOV PSW, #byte
¢ MOV A, PSW

e MOV PSW, A

¢ MOV1 PSW.bit, CY

* MOV1/AND1/OR1/XOR1 CY, PSW.bit

e SET1/CLR1 PSW.bit

e RETB

e RETI

¢+ PUSH PSW

s POP PSW

e BT/BF/BTCLR PSW.bit, $addr16
* EI

e DI

e Manipulation instructions for IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, PR1L, INTMOQ, and INTM1

registers

Caution: The IE flag is cleared to 0 with a software interrupt (by BRK instruction execution). Thus, if
a maskable interrupt request is generated during BRK instruction execution, only non-

maskable interrupt requests are acknowledged.

Fig. 18-17 Interrupt Request Reserve

. . . PSW and PC Save, Jump t0 Interrupt Servicing
CPU Processing Instruction N Instruction M Interrupt Servicing Program
sxoIF ’ \
Remarks:

(1) Instruction N : Interrupt request reserve instruction
(2) Instruction M : Instruction except interrupt reserve instructions
(3) xxIF operation is not affected by xxPR values.
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18.5 Test Functions
The vector process is not performed and the test input flag is set (1).
The standby release signal is generated.
There are two test input sources as shown in Table 18-5. The basic configuration is as shown in Fig. 18-18.

Table 18-5 Test Input Source List

Test Input Sources
P Internal/External

Name Trigger
INTWT Watch timer overflow Internal
INTPT4 Port 4 falling edge detection External

Fig. 18-18 Basic Configuration of Test Function

g Internal Bus (

MK

' ) Standby
Test input signal —— IF release signal

Remarks:
{1) IF: Test input flag
(2) MK: Test mask flag

18.5.1 Registers controlling test functions
The test function is controlled by the following three registers.

* Interrupt request flag register 1L (IF1L)
* Interrupt mask flag register 1L (MK1L)}

* Key return mode register (KRM)

The names of test input flags and test mask flags corresponding to each test input signal are shown in Table
18-6.

Table 18-6 Various Flags Corresponding to Test Input Signal

Test Input Signal Test Input Flag Test Mask Flag
INTWT WTIF WTMK
INTPT4 KRIF KRMK
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(1) Interrupt request flag register 1L (IF1L)

This register indicates whether the watch timer overfiow has been detected or not.
. IF1L is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets IF1L to 00H.

Fig. 18-19 Interrupt Request Flag Register 1L Format

Symbol @ 6 5 4 @ @ @ © Address When Resst  RAWV
IFIL |WTIF| O 0 0 IEIF | ADIF |[TMIF2]TMIF1 FFE2H 00H RW
WTIF | Watch Timer Overilow Dstection rlag

0 Not detected

1 Detected

Caution: Always set 0 to bit 4 through bit 6.

.
{2) Interrupt mask flag register 1L (MK1L)
This register sets the standby mode release enable/disable by the watch timer.
MK1L is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets MK1L to FFH.
Fig. 18-20 Interrupt Mask Flag Register 1L Format
- Symbol @ 6 s 4 ® @ @O © Address WhenReset RW
MKIL |[WTMK| 1 1 1 HEMK{ADMK|TMMK2 | TMMK1 FFEGH FFH RW
WTMK | Standby Mode Control by Watch Timer
0 Standby mode releass enabled
1 Standby mode release disabled
~ Caution: Always set 1 to bit 4 through bit 6.
N
g
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(3) Key return mode register (KRM)
This register sets the enabling/disabling of standby function release by the key return signal (port 4 falling
edge detection).
KRM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets KRM to 02H.

Fig. 18-21 Key Return Mode Register Format

Symbol 5 6 5 4 3 2 (@ (@  Address WhenReset R/W
KRM| o | o | o | o | o | o |KRMK|KRIF| FFFeH 02H RIW

l—— KRIF | Key Return Signa! Detection Flag
0 Not detected

1 Detected (Port 4 Falling Edge Detection)

KRMK | Standby Mode Control by Key Return Signal

0 Standby mode release enabled
1 Standby mode release disabled

Caution: When port 4 falling edge detection is used, be sure to clear KRIF to 0 (will not be cleared
to 0 automatically).

18.5.2 Test input signal acknowledge operation
{1) Internal test input signal
The WTIF flag is set by watch timer overflow. By checking the WTIF flag using the period shorter than
the watch timer overflow, the watch function is made possible.
(2) External test input signal

When the falling edge is input to port 4 (P40 to P47), KRIF is set. By using port 4 as the key matrix return
signal input, the presence of key inputs can be checked in the KRIF state.

372



CHAPTER 19 EXTERNAL DEVICE EXPANSION FUNCTION

19.1 External Device Expansion Functions
The external device expansion functions connect external devices to areas other than the internal ROM, RAM,
and SFR. Connection of external devices uses ports 4 to 6. Ports 4 to 6 control address/data, read/write strobe,

wait, timing, etc.

Table 19-1 Pin Functions in External Memory Expansion Mode

) Pin Function at External Device Connection
Dual-Function Pin
Name Function

ADO to AD7 Muttiplexed address/data bus P40 to P47
A8 to A15 Address bus P80 to P57

RD Read strobe signal P64

WR Write strobe signal P65

WAIT Wait signal P66

ASTB Address strobe signal P67

Table 19-2 State of Port 4 to Port 6 Pins in External Memory Expansion Mode

Port Port 4 Port 5§ Port 6

[ o 1 it s el
Expansion Mode Oto?7 0 1 2 3 4 5 6 710 1 2 3 4 5 6 7
Single-chip mode Port Port Port

256-byte expansion mode Address/data Port Port RD,WR WAIT,ASTB
4K-byte expansion mode Address/data Address Port Port ﬁ),VV—R,WAlT,ASTB
16K-byte expansion mode Address/data Address Port Port RD.WR WAITASTB
Full address mode Address/data Address Port RDWR,WAIT,ASTB

Caution: When the external wait function is not used, the WAIT pin can be used as a port in all modes.
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Memory maps when using the external device expansion function are as follows.

374

(a)

Fig. 19-1 Memory Map when Using External Device Expansion Function (1/3)

uPD78094 Memory map when
internal ROM size is 32K bytes

FFFFH
FFOOH

SFR

FEFFH

FBOOH

Intemal high-speed RAM

FAFFH
FAEOH

Must not be used

FADFH
FACOH

Buffer RAM

FABFH
FS00H

Must not be used

F8FFH
FSEOH

IEBus register

F8DFH
FOOOH

Must not be used

EFFFH

((
)

CO00H
BFFFH

9000H
8FFFH

8100H

80FFH

8000H
7FFFH

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

((

16K-byte expansion mode
(when MM2-MMO = 101)

4K-byte expansion mode
(when MM2-MMO = 100)

256-byte expansion mode
{when MM2-MMO0 = 011)

Single-chip mode

0000H

)

(b) uPD78095 Memory map when
internal ROM size is 40K bytes

FFFFH
FFOOH

SFR

FEFFH

FBOOH

Internal high-speed RAM

FAFFH

FAEOH

Must not be used

FADFH
FACOH

Buffer RAM

FABFH
FS00H

Must not be used

F8FFH
FSEOH

IEBus register

F8DFH
FOOOH

Must not be used

EFFFH

{(

BOOOH
AFFFH

A100H
AOFFH

AOOOH
9FFFH

0000H

Full address mode
(when MM2-MMO = 111) =
or 16K-byte expansion moce
(when MM2-MMO0 = 101)

)

4K-byte expansion mode
{(when MM2-MMO = 100)

256-byte expansion mode
{(when MM2-MMO0 = 011)

Single-chip mode

)]
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Fig. 19-1 Memory Map when Using External Device Expansion Function (2/3)

{¢) uPD78096 Memory map when internal ROM size is 48K bytes

FFFFH

FFOOH
FEFFH

FBOOH
FAFFH

FAEOH
FADFH

FACOH
FABFH

FS00H
F8FFH

F8EOH
FBDFH

FOOOH
EFFFH

DOOOH
CFFFH

C100H
COFFH

CO00H
BFFFH

0000H

SFR

Internal high-speed RAM

Must not be used

Buffer RAM

Must not be used

|IEBus register

Must not be used

Full address mode
{when MM2-MMO0 = 111)
or 16K-byte expansion mode
{(when MM2-MMO = 101)

4K-byte expansion mode
(when MM2-MMO = 100)

256-byte expansion mode
{(when MM2-MMO = 011)

Single-chip mode
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Fig. 19-1 Memory Map when Using External Device Expansion Function (3/3)

(d) PD78098A and ;PD78P0S8A Memory map (e) uPD78098A and uPD78P098A Memory map

when internal ROM size is 56K bytes when internal ROM size is 60K bytes
FFFFH FFFFH
SFR SFR
FFOOH FFOOH
FEFFH FEFFH
internal high-speed RAM Internal high-speed RAM

FBOOH FBOOH
FAFFH FAFFH

Must not be used Must not be used
FAEOH FAEOH
FADFH FADFH

Buffer RAM Buffer RAM

FACOH FACOH
FABFH FABFH

Must not be used Must not be used
F900H FS00H
F8FFH F8FFH

|IEBus register |EBus register

F8EOH F8EOH
F8DFH F8DFH

Must not be used Must not be used
F800H F800H
F7FFH F7FFH

Internal expansion RAM Internal expansion RAM

FOOOH FOOOH
EFFFH EFFFH

Full address mode
(when MM2-MMO0 = 111)
or 4K-byte expansion mode
(when MM2-MMO = 100)

E100H]
EOFFH 256-byte expansion mode
EOOOH (when MM2-MMO = 011)
DFFFH
Single-chip mode
Single-chip mode
0000H 0000H

Caution: When the internal ROM (PROM) is 60K bytes, the external device expansion function
cannot be used. By setting the internal ROM (PROM) to below 56K bytes using the
memory size switching register, the area from the last address to address EFFFH of the
internal ROM (PROM) can be used as the external memory.
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19.2 External Device Expansion Function Control Register

The external device expansion function is controlied by the memory expansion mode register (MM) and
memory size switching register (IMS).

(1) Memory expansion mode register (MM)
MM sets the wait count and external expansion area, and also sets the input/output of port 4.
MM is set with an 8-bit memory manipulation instruction.
RESET input sets this register to 10H.

Fig. 19-2 Memory Expansion Mode Register Format

Symbol 7§ 5 4 3 2 1 0  Addess WhenReset RW
MM 0 0 |PWI[PWO| O |MM2|MMI1|MMO FFF8H 10H RW
. . P40 to P47, P50 to P57, P64 to P67 Pin State
MM2|Mm1 [Mmo Slng‘le-chlleemory'
Expansion Mode Selection | p4g 10 P47 | P50 to P53| P54, P55 | P56, P57 | P64 to P67
0 0 0 Input
Single-chip mode Port Port mode
0 ] 1 mode| output
0 1 1 256-byte mode Port mode _
P64=RD
1 | 0 | o |Memory | 4kpyte mode Port mode P65=WR
expansion ADO to AD7
1 ] 1 | mode 16K-byte mode A8 to Al1 Port mode | PB6=WAIT
A12, A13 P67=ASTB
1 1 1 Full address mode™e A14, A15
Other than above | Setting prohibited

Note: The full address mode allows external expansion to the entire 64K-byte address space except for
the internal ROM, RAM, and SFR areas.

Remark: P60 to P83 enter the port mode without regard to the mode (single-chip mode or memory
expansion mode).

PW1 | PWO | Wait Control
0 0 No wait
0 1 Wait {one wait state insertion)
1 0 Setting prohibited

Wait control by external wait pin

Caution: When the 2/3 divider (in divider 1) of the clock generator circuit is used to generate the

main system clock, the external device expansion function cannot be used.
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{2) Memory size switching register (IMS)
The uPD78098A and uPD78P098A can specify the internal memory size by memory size switching register
(IMS).
IMS is set with an 8-bit memory manipulation instruction.
The value of this register is set as shown in Table 19-3 at RESET.

Fig. 19-3 Memory Size Switching Register Format

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

IMS [RAM2|RAM1{RAMO| 0 |ROM3|ROM2|ROM1(ROMO| FFFOH Note 1 w
I [ T I ]
ROM3|ROM2 ROM1|ROMO ‘S”;g;aié:OM Capacity
1 0 0 0 32K bytes
1 0 1 0 40K bytes
1 1 0 0 48K bytes
1 ] 1 0 56K bytes Note2
1 1 1 1 60K bytes
Other than above Setting prohibited
RAM2 | RAM1 | RAMO l;et:eergg‘ljrl;iigh-Speed RAM Capacity
1 1 0 1024 bytes
QOther than above Setting prohibited
Notes:
(1) According to products, the value of the IMS register is different as shown in the following table at
reset:

Table 19-3 Value of Memory Size Switching Register when Reset

Part Number Value at Reset
uPD78094 C8H
uPD78095 CAH
uPD78096 CCH
uPD78098A )
CFH
uPD78P098A

(2) When using the external device expansion function for the uPD78098A and 78P098A, set the internal
PROM capacity to below 56K bytes.

Caution: When using a mask ROM version, do not set values other than reset to IMS (excluding
when using the external device expansion function for the yPD78098A).

Remark: Set IMS according to the internal ROM capacity.
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19.3 External Device Expansion Function Timing

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

(1)

(2)

(3)

(4)

(5)

RD pin (Dual-function : P64)

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

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

'WR pin (Dual-function : P65)

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

WAIT pin (Dual-function : P66)

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

ASTB pin (Dual-function : P67)
Address strobe signal output pin. Timing signal is output without regard to the data accesses and
instruction fetches from external memory.

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

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

When manipulating space mapped to the internal RAM area, the internal ROM area, and the SFR area
(except the external SFR area), each area of internal RAM, ROM, and SFR is to be manipulated. At this
time, the address signal is output externally, but RD and WR signals are not output (they remain inactive).

Timing charts are shown in Figs. 19-4 to 19-7.
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Fig. 19-4 Instruction Fetch from External Memory

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

ASTB / \
&5 —\ [
Lower Instruction
ADO-AD7 asvers X" X

A8-A15 X Higher Address X

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

ASTB / \
o \ 7
ADO-AD7 e X Instruction Code X
AS-A15 X Higher Address X

Internal Wait Signal =~ -===-==<--=----==c-------- \ Jm eSS mmmeSe—emescmccocccccoc--o---
(1-clock wait) \ /

{c) External wait (PW1, PWO = 1, 1) setting

ASTB —/_\ «
RD \ « /

ADO-AD7 Ala%‘:,vees's X " Instruction Code X

AB-A15 X . Higher Address X
)]

- e
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Fig. 19-5 External Memory Read Timing

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

ASTB / \
" \ T
ADO-AD7 e X ReadData X

AB-A1S X Higher Address

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

ASTB [\
= \ T~
ADG-AD7 e X Read Data X

AB-A15 X Higher Address
Internal Wait Signal ~ =~===-==cccc-cococoo—-o X P
(1-clock wait) \ ’

{c) External wait (PW1, PWO = 1, 1) setting

ASTB [\ ’
FD A

Lower n
ADO-AD? e X Read Data

ol

AB-A1S X " Higher Address

e
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Fig. 19-6 External Memory Write Timing

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

ASTB / \
WA \ /
ADO-AD7 XLower Address )— ------------------- ( Write Data 7
AB-A15 X Higher Address X

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

ASTB [\
WR \ /
ADO-AD7 X _sitiregs J=========== A < Write Data X

AB-A15 X Higher Address X
Internal Wait Signal ~ r=======<--=-=s-ccccccccccccronmcre \ Joosmssmossssscscscsasos
(1clock wait) [T ’

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

S «
W_R \ {( /

H"Z {C
ADC-AD7 ) @Al SRR - {7 Write Data X
A8-A15 X Higher Address o X

WAIT \__.S‘,_/
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Fig. 19-7 External Memory Read Modify Write Timing

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

ASTB / \

RD \__ /
WA \ [
ADO-AD7 X Lower adgcress X Read Data )-}jilz-( Write Data X
AB-A15 X Higher Address X

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

ASTB \
RD \ /
WA \ /
ADO-AD7 X it X Read Data WY Write Data X

A8-A15 X Higher Address X
Internal Wait Signal ~ ===---=----=-=-----~ 3 JTTTmeT oo % JTTTmmmmmssmmmommmmen e
(1-clock wait) | S : | '

ASTB )\ . .
_RB j « / D]
WHR Y ¢ /
ADO-AD7 X 2 X 7 Read Deto W :;,j Wiite Data X
A8-A15 X b Higher Address  / )C

wa | S—— |———
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19.4 Example of Connection with Memory

Fig. 19-8 shows example of connections between the uPD78098 sub-series and external memories.
In this application example, a PROM and a SRAM are connected.

Fig. 19-8 Example of Connection of uPD78098 Sub-Series and Memory

uPD78088 Sub-Series

A5

uPD74HCO4

i

uPD27C1001A

B

cs

OE 0007 )

AO0-A14

Data B
11 PD432568 ate Bus

RD

WR

Address Bus

A8-A14

ASTB

ADO-AD7

uPD74HC573
1% LE
P Qo-Q7 | \
D007
OE
o

)

Cs
OE

WE
1/01-/08 <:>

AQ-A14

Caution: Because the time from the rising of the RD signal to write data outputis extremely short when

the read-modify-write operation is performed on the external memory, the write data may
contend with the output data of the external memory (such as SRAM). In this case, data
contention can be avoided by not using the following instructions that generate the read-

modify-write timing.

XCH
XCH
XCH
XCH
XCH
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A, laddr16
A, [DE]
A, [HL]

A, [HL + byte]

A, [HL + B]

XCH A, [HL + C]
MOV1 [HL] . bit, C¥
SET1 [HL] . bit

CLR1 [HL] . bit

BTCLR [HL] . bit, $addr16
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20.1 Function of IEBus Controller

IEBus (Inter Equipment Bus™) is a small-scale digital data transfer system intended to transfer data between
equipment and equipment. To implement an IEBus with the uPD78098 sub-series, an IEBus driver/receiver must
be externally prepared as they are not provided to the uPD78098.

The IEBus controller which the uPD78098 sub-series contains can select the positive or negative logic through
software in accordance with the external IEBus driver/receiver (refer to 20.3 (2)).

20.1.1 IEBus communication protocol
The communication protocol of the IEBus is as follows:

(1)

(2)

(3

(4)

(5)

(6

Multi-master method
All the units connected to the IEBus can transfer data to the other units.

Synchronous communication function

Communication between one unit and two or more units can be executed as follows:
¢ Group multiaddress communication : multiaddress communication to group unit

* Broadcasting communication : multiaddress communication to all units

Effective transfer rate

The effective transfer rate can be selected from the following three modes:
e Mode O : approx. 3.9 k bps

e Mode 1 : approx. 17 k bps

* Mode 2 : approx. 26 k bps

Caution: Different modes must not exist on one IEBus.

Communication method
Data are transferred by means of half duplex asynchronous communication.

Access control: CSMA/CD (Carrier Sense Muitiple Access with Collision Detection)

The priority according to which the IEBus is occupied is as follows:

@ Muitiaddress communication takes precedence over individual communication (communication be-
tween one unit and another).

@ The lower master address takes precedence over the higher address.

Communication scale

The communication sale of the IEBus is as follows:

* Number of units: 50 max.

¢ Cable length: 150 m max. (when twisted pair cable is used)

Caution: The communication scale of the actual system differs depending on the IEBus driver/
receiver and the characteristics of the cable constituting the IEBus.
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20.1.2 Determining bus mastership (arbitration)

The equipment connected to the IEBus performs an operation to occupy the bus when it controls another

equipment. This operation is called arbitration.

Arbitration is to grant the bus mastership to one of several units that have simuitaneously started transmission.
Because only one equipment acquires the bus mastership as a result of arbitration, the following priority

according to which equipment acquires the bus mastership is predetermined:

(1) Priority according to type of communication

Muitiaddress communication (communication between one unit and several units) takes precedence over

normal communication (communication between one unit and another).

(2) Priority according to master address

If the types of communication are the same, the lower master address takes precedence over the higher

one.

Example: The master address consists of 12 bits, unit at 000H has the highest priority, and unit at FFFH

has the lowest priority.

20.1.3 Com municatioﬁ mode

The IEBus provides three communication modes of which each has a different transfer rate. The transfer rate
in each communication mode and the maximum number of transfer bytes in one communication frame are as

shown in Table 20-1.

Table 20-1 Transfer Rate and Maximum Number of Transfer Bytes in Each Communication Mode

Communication mode

Maximum number of transfer bytes (bytes/frame)

Effective transfer rate (Kbps)Mete

0 16 Approx. 3.9
1 32 Approx. 17
2 128 Approx. 26

Note: Effective transfer rate when the maximum number of transfer bytes has been received

A communication mode is selected for each equipment connected to the IEBus before communication is
started. Note that communication is not performed correctly unless the communication modes of the master

unit and the other unit (slave unit) are the same.

20.1.4 Communication address

The IEBus assigns a specific 12-bit communication address to each equipment. The communication address

consists as foliows:

Higher 4 bits: group number (number identifying group to which each equipment belongs)
Lower 8 bits : unit number {number identifying each equipment in a group)
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20.1.5 Multiaddress communication

In the normal communication mode, there are only one master unit and one slave unit between which communi-
cation is performed on a one-to-one basis. In contrast, multiaddress communication allows the master unit to
transmit data to more than one slave unit.

Because two or more slave units exist, no slave unit returns an acknowledge signal during communication.

Whether multiaddress communication or normal communication is to be performed can be selected by a
multiaddress bit (for details on the multiaddress bit, refer to 20.1.6 (2) Multiaddress bit).

Multiaddress communication can be carried out in the following two modes:

(1) Group multiaddress communication .
Multiaddress communication is performed to equipment in a group having a group number equal to the
one of the higher 4 bits of the communication address.

(2) Broadcasting communication
Multiaddress communication is performed on all the equipment, regardless of the value of the group
number.
Whether group multiaddress communication or broadcasting communication is performed is identified by
the value of the saive address (for details on the slave address, refer to 20.1.6 (4) Slave address field).

20.1.6 IEBus transmission format
Fig. 20-1 shows the transmit signal format of the |EBus.

Fig. 20-1 Transmit Signal Format of the IEBus

Master Slave Control Telegraph i
Header address address field length Data field
field field field
. Tele-
Muiti- | Master Slave
Frame Start Control Data Data
graph
format bit addr_ess add(ess P add{ess PlA bit PlA length PIA bit Pla bit PJA
bit bit bit :
bit
Remarks:

(1) P: parity bit, A: ACK/NAK bit
(2) The master unit ignores the acknowledge bit when multiaddress communication is performed.
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(1)

(2)

(3)

388

Start bit .

The start bit is a signal by which a unit informs the other units of the start of data transmission.

The unit that is to start data transmission outputs a low-level signal (start bit) for a specific time and then
outputs the multiaddress bit.

If another unit has already output a start bit when one unit tries to output the start bit, this unit does not
output the start bit but waits for the end of the start bit output by the another unit, and outputs the
mulitiaddress bit in synchronization with the output end timing of the start bit.

The units other than the one that has started transmission detect this start bit and enters the receive status.

Multiaddress bit

This bit indicates whether the master selects only one slave (individual communication) or two or more
slaves {multiaddress communication).

When the multiaddress bit is 0, it indicates that the master selects two or more units; when this bit is
1, the master selects only one unit.

Multiaddress communication is divided into two modes: group muitiaddress communication and broadcasting
communication. These modes are identified by the value of the slave address (for details on the slave
address, refer to (4) Slave address field).

Since there are two or more slave units in the case of multiaddress communication, the acknowledge bit
for each field following the master address field is not returned.

If two or more units start transmission of a communication frame at the same time, multiaddress
communication takes precedence over individual communication and is the winner of arbitration.

If a unit acquires the bus mastership as the master, the value set to the multiaddress bit (bit 7) of the master
communication control register (MCR) is output .

Master address field

This field is output by the master to inform the slaves of its unit address.

Fig. 20-2 shows the configuration of the master address field.

If two or more units starts transmitting the multiaddress bit of the same value at the same time, judgment
of arbitration is made by the master address field.

The master address field compares the data output by the master with the data on the bus each time the
master transmits 1 bit.

If the master address output by the master is found to be different from the data on the bus as a result
of the comparison, it is judged that the master is the loser of arbitration, and the master stops transmission
and enters receive status.

Since the IEBus is configured as wired AND, the unit having the least master address of the units
participating in arbitration (arbitration masters) wins arbitration.

After each unit has output a 12-bit master address, only one unit remains in transmit status as the master
unit.

This master unit then outputs the parity bit, and makes the other units determine the master address, and
then outputs the slave address field.

If a unit acquires the bus mastership as the master, the address set by the unit address registers 1 and
2 (UAR1 and UAR2) is output.
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Fig. 20-2 Master Address Field

Master address field

Master address (12 bits) Parity

MSB LSB

(4) Slave address field
This field outputs the address of the other party with which the master is to communicate.
The slave address field is configured as shown in Fig. 20-3.
After a 12-bit slave address has been transmitted, a parity bit is output so that the slave address is not
received by mistake.
Next, the master unit detects an acknowledge signal from the slave unit to confirm that the slave unit exists
on the bus.
When the master unit has detected the acknowledge signal, the master unit starts outputting the control
field. In multiaddress communication mode, however, the master starts outputting the control field
without detecting the acknowledge bit.
The slave unit detects that the slave address has coincided, and that the parities of both the master address
and slave address are even, and then outputs an acknowledge signal. If a parity is odd, the slave unitjudges
that either the master address or slave address has not been received correctly, and does not output the
acknowledge signal. At this time, the master unit enters the standby (monitor) status, and communication
ends. _
In multiaddress communication mode, the slave address is used to identify whether group multiaddress
communication or broadcasting communication is to be executed, as follows:

When slave address is FFFH : Broadcasting communication
When slave address is not FFFH : Group multiaddress communication

Remark: The group number for group multiaddress communication is the value of the higher 4 bits of the
slave address.

When a unit acquires the bus mastership as the master, the address set by the slave address registers
1 and 2 {SAR1 and SAR2) is output.

Fig. 20-3 Slave Address Field

Slave address field

Slave address (12 bits) Parity , ACK

Group No. Unit No.

we| | | [ [ [ T [ [ [ Tuws
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(5) Control field
Output to this field is the operation the master requested of the siave.
Fig. 20-4 shows the configuration of the control fieid.
If the parity following the control bits is even and if the slave can execute the function requested by the
master, the slave unit outputs an acknowledge signal, and outputs the telegraph length field. Even if the
parity is even, however, if the slave unit cannot execute the function requested by the master, or if the
parity is odd, the slave unit does not output the acknowledge signat! and returns to the standby (monitor)
status.
The master unit confirms the acknowledge signal and then proceeds to receiving the telegraph length field.
If the master cannot confirm the acknowledge signal, it enters the standby status, and communication
ends. In muitiaddress communication mode, however, the master unit does not confirm the acknowledge
signal, but receives the telegraph length field.
Table 20-2 shows the contents of the control bits.

Table 20-2 Contents of Control Bits

Bit 3Nete? Bit 2 Bit 1 Bit0 Function
0 0 0 0 Reads slave status
0 0 0 1 Undefined
0 0 1 0 Undefined
0 0 1 1 Reads and locks data Nets2
0 1 0 0 Reads lock address (lower 8 bits) Nets3
0] 1 o] 1 Reads lock address (higher 4 bits) Net?
0 1 1 0 Reads and unlocks slave status Mew?
(o] 1 1 1 Reads data
1 0 (o] 0 Undefined
1 0 0 1 Undefined
1 0 1 0 Writes and locks command Nete?
1 0 1 1 Writes and locks data Nete2
1 1 0 0 Undefined
1 1 0 1 Undefined
1 1 1 0 Writes command
1 1 1 1 Writes data

Notes:

{1) The direction in which the telegraph length field, telegraph length bits, and data in the data field are transferred
is changed depending on the value of bit 3 (MSB}, as follows:
When bit 3 is ‘1': Transfer from master unit to slave unit
When bit 3 is ‘0": Transfer from slave unit to master unit

(2) This is a control bit that specifies locking or unlocking (refer to 20.1.7 {4) Locking and unlocking).
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(3) Since the lock address is transmitted in 1-byte (8-bit) units, it is configured as follows:

MSB Ls8

Control bit: 4H Lower 8 bits

Control bit: 5H Undefined Higher 4 bits

The unit that is locked by the master unit rejects acceptance if the control bits it has received from any unit
other than the master unit which has requested for locking are other than as shown in Table 20-3, and does
not output the acknowledge bit.

Table 20-3 Contro! Field for Locked Slave Unit

Bit 3 Bit 2 Bit 1 Bit 0 Function
0 0 0 0 Reads slave status
0 1 0 0 Reads lock address (lower 8 bits)
0 0 (o] 1 Reads lock address thigher 4 bits)

If a unit acquires the bus mastership as the master, the value set to the control bit of the master communi-
cation control register (MCR) is output.

Fig. 20-4 Control Field

Control field

Control bits {4 bits) Parity , ACK

mse | | | Lse

{6) Telegraph length field
This field is output by the transmitter to inform the receiver of the number of bytes of the transmit data.
The telegraph length field is configured as shown in Fig. 20-5.
Table 20-4 shows the relations between the telegraph length field and the number of transmit data bytes.

Fig. 20-5 Telegraph Length Field

Telegraph length field

Telegraph length bits (8 bits) Parity | ACK

MSB [ \ LSB
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Table 20-4 Contents of Telegraph Length Bits

Telegraph length bits (HEX) Number of transmit data bytes
01H 1 byte
02H 2 bytes
FFH 255 bytes
O0H 256 bytes

The operation of the telegraph length field differs depending on whether the master is in the transmit mode
{when bit 3 of the control bits is 1) or in the receive mode (when bit 3 of the control bits is 0), as follows:

(I When master is in transmit mode
The telegraph length bits and parity bit are output by the master unit. The slave unit, if it detects that
the parity is even, outputs the acknowledge signal, and then outputs the telegraph length fieid. In
the multiaddress communication mode, however, the slave unit does not output the acknowledge
signal.
If the parity is odd, the slave unitjudges that the telegraph length bits have not been correctly received,
and returns to the standby (monitor) mode without outputting the acknowledge signal.
At this time, the master unit also returns to the standby status, and communication ends.

@ When master is in receive mode

The slave unit outputs the telegraph length bits and parity bit.

The master unit, if it has detected that the parity is even, outputs the acknowledge signal.

If the parity is odd, the master unit judges that the telegraph length bits have not been correctly
received, and returns to the standby status without outputting the acknowledge signal. At this time,
the slave unit also returns to the standby status, and communication ends.

(7) Data field

This field is output by the transmitter.
The master unit transmits data to a slave unit by using the data field, receives data from a slave unit.
Fig. 20-6 shows the configuration of the data field.

Fig. 20-6 Data Field

Data field (number specified by telegraph length field)
One data
Data bits (8 bits) Parity | ACK Parity | ACK
MSB [ LSB

Following the data bits, a parity bit and acknowledge bit are output by the master and slave units.
Multiaddress communication is performed only when the master unit transmits data. At this time, the
acknowledge signal is ignored.

The operations when the master transmits and receives data are as follows:
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(@ When master transmits data

When the master unit writes data to a slave unit, the master unit transmits data bit and parity bit to
the slave unit. The slave unit receives the data bit and parity bit. If the parity is even, and if the receive
buffer is empty, the slave unit outputs an acknowledge signal. If the parity is odd or if the receive
buffer is not empty, the slave unit rejects accepting the corresponding data, and does not output the
acknowledge signal.

If the slave unit does not output the acknowledge signal, the master unit transmits the same data again.
This operation is continued until the master unit detects the acknowledge signal from the slave unit,
or the data exceeds the maximum number of transmit bytes.

If the parity is even and if the acknowledge signal is output from the slave unit, the master unit
transmits the next data if there is data to be transmitted and if the maximum number of transmit bytes
is not exceeded.

In the multiaddress communication mode, the slave unit does not output the acknowledge signal, and
the master unit transmits data on a 1-byte-by-1-byte basis.

@ When master receives data

When the master unit reads data from the slave unit, the master unit outputs a synchronous signal
corresponding to all the read bits.

The slave unit outputs the contents of the data and parity bit to the bus in response to the synchronous
signal output by the master unit.

The master unit reads the data and parity bit output by the slave unit, to confirm the parity bit.

If the parity is odd, or if the receive buffer is not empty, the master unit rejects accepting the data,
and does not output the acknowledge signal. If the data is within the maximum number of bytes that
can be transmitted in one communication frame, the master unit repeatedly reads the same data.
If the parity is even and if the receive buffer is empty, the master unit accepts the data, and returns
the acknowledge signal.

If the data is within the maximum number of bytes that can be transmitted in one frame, the master
unit reads the next data.

(8) Parity bit

The parity bit is used by the communicating units to confirm that the transmit data contains no error.
A parity bit is appended to each data of the master address bits, slave address bits, control bits, telegraph
length bits, and data bits.

The parity is an even parity. If the number of bits in the data that are ‘1’ is odd, the parity bit is set to

9

1

‘. if the number of bits that is ‘1’ is even, the parity bit is cleared to ‘0.

Acknowledge bit

An acknowledge bit is appended to the following location to confirm whether data has been correctly
received in the normal communication mode (communication between one unit and another):

At end of slave address field
At end of control field

At end of telegraph length field
At end of data field
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The acknowledge bit is defined as follows:

¢ ‘0’: The transmit data is recognized (ACK).
* ‘1': The transmit data is not recognized (NAK).

In the case of multiaddress communication, however, the acknowledge bit is ignored.

@ Acknowledge bit at end of slave field
The acknowledge bit at the end of the slave field is treated as NAK in any of the following cases, and
transmission is aborted:

* |f the parity of the master address bit or slave address bit is not correct
* |f a timing error (error in bit format) occurs
¢ |f the specified slave unit does not exist

@ Acknowledge bit at end of control field
The acknowledge bit at the end of the control field is treated as NAK in any of the foliowing cases,
and transmission is aborted:

e |f the parity of the control bit is not correct

* |f bit 3 of the control bits is ‘1* (write operation) though the slave receive buffer Mot is not empty

¢ If the control bits indicate data read (3H, 7H) through the slave transmit buffer Nete js empty

e -3H, 6H, 7H, AH, BH, EH, and FH of the control bits are requested by a unit other than that sets
locking through the locking has been set

¢ If the control bits indicate reading of a lock address (4H) though locking has not been set

¢ If a timing error occurs

e If the control bits are not defined

Note: Refer to 20.1.7 (1) Slave status.

@ Acknowledge bit at end of telegraph length field
The acknowledge bit at the end of the telegraph length field is treated as NAK in any of the following
cases, and transmission is aborted:

* If the parity of the telegraph length bits is not correct
e |f a timing error occurs

(® Acknowiledge bit at end of data field
The acknowledge bit at the end of the data field is treated as NAK in any of the following cases, and
transmission is aborted:

* If the parity of the data bits is not correct Net
 If 3 timing error occurs after the previous acknowledge bit has been transmitted

¢ If the receive buffer has become full and thus no more data cannot be accepted Mot

Note: In thiscase, the transmitter resumes transmitting the data field if the datais within the maxi-
mum number of bytes that can be transmitted in one frame.
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20.1.7 Transmit data

(1) Slave status
The master unit can learn the reason why the slave unit has not returned the acknowledge bit (ACK) by
reading the slave status.
The slave status is determined in respect to the result of the last communication performed by the slave
unit.
All the slave units can supply information of the slave status.
Table 20-5 shows the meaning of the slave status.

Fig. 20-7 Slave Status Bit Configuration

MSB LSB
| 817 | Bte | Bus | sita | 83 | stz | sit | sito |

Table 20-5 Meaning of Slave Status

Bit Value Meaning

0 Slave transmit buffer is empty

Bit O Net
1 Slave transmit buffer is not empty
0 Slave receive buffer is empty

Bit 1 New2
1 Slave receive buffer is not empty
0 Unit is not locked

Bit 2
1 Unit is locked

Bit3 0 Fixed to ‘0°
0 Slave stops transmitting

Bit 4 Now3 ,
1 Slave is enabled to transmit

Bit5 0 Fixed to ‘0’
00 Mode 0
01 Mode 1 Indicate highest

Bits 7 and 6 mode supported
10 Mode 2 by unit Netes
11 For future expansion

Notes:

(1) The slave transmit buffer is the buffer accessed when
data is read (control bits: 3H, 7H).
This buffer is the TBF if the uPD78098 sub-series is the
slave unit.

{2) The slave receive buffer is the buffer accessed when
data is written (control bits: 8H, AH, BH, EH, FH).
This buffer is the RBF if the uPD78098 sub-series is the
slave unit.
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(3) If the uPD78098 sub-series is the slave unit, the status
indicated by the bit 4 (SLRE) of the status register 2
(STR2).

(4) If the uPD78098 sub-series is the slave unit, bits 6 and
7 are respectively fixed to ‘0’ and ‘1.

(2) Lock address
When the lock address is read (control bits: 4H, 5H), the address {12-bit) of the master unit that has issued

the lock instruction is configured in 1-byte units as shown below and is read.

Fig. 20-8 Lock Address Configuration

MSB LS8
Control bit: 4H Lower 8 bits
Control bit: 5H Undefined Higher 4 bits
{3) Data
If the control bits indicate data read (3H, 7H), the data in the data buffer of the slave unit is read to the
master unit.

If the control bits indicate data write (BH, FH), the data received by the slave unit is processed in accordance
with the operation regulations of that slave unit.

(4) Locking and unlocking
The lock function is used to transmit a message over two or more communication frames.
The unit that has been locked does not receive data from any unit other than the one that has locked it.
A unit is locked or unlocked as follows:

@ Locking
If the communication frame ends after the acknowledge bit ‘0’ of the telegraph length field has been
transmitted or received by the control bits that have specified locking (3H, AH, BH) without trans-
mission or reception of the number of data bytes specified by the telegraph length bits being
successful, the slave unit is locked by the master unit. At this time, the bit related to locking (bit 2)
in the byte that indicates the slave status is set to ‘1", '

@ Unlocking
After the number of data bytes specified by the telegraph length bits has been transmitted or received
within one communication frame by the control bits that have specified locking (3H, AH, BH), or by
the control bit that have specified unlocking (6H), the slave unit is unlocked by the master. At this
time, the bit related to locking (bit 2) in the byte that indicates the slave status is reset to ‘0",
The slave unit is not locked or unlocked while multiaddress communication is performed.
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20.1.8 Bit format
Fig. 20-9 shows the format of the bits constituting an IEBus communication frame.

Fig. 20-9 IEBus Bit Format

Logic *1°
Logic *0"
|
| Preparation Synchronization Data period Pause period
period period
Preparation period : First low-level period (logic “1*)
Synchronization period : Next high-level period (logic “0")
Data period : Period indicating bit value
Pause period : Last low-level period (logic “1")

The lengths of the synchronization period and data period are almost the same.
The IEBus establishes synchronization for each bit. The specifications of the time of the entire bit and the

time of the period assigned to the bit differ depending on the type of the transmit bit, and whether the unit is
master or slave.
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20.2 IEBus Controller Configuration
The IEBus controller consists of the following hardware:

Table 20-6 IEBus Controlier Configuration

Item Configuration

Transmit buffer register (TBF)

Register Receive buffer register (RBF)

Clock select register 1 (IECL1)

IEBus controller mode register (IECM)

Control register (CTR)

Command register (CMR)

Master communication control register (MCR)
Status registers 1 and 2 (STR1 and STR2)
Receive data number registers 1 and 2 (RDR1 and RDR2)
Return code register (RCR)

Unit address registers 1 and 2 (UAR1 and UAR2)
Slave address registers 1 and 2 (SAR1 and SAR2)
Multiaddress registers 1 and 2 (DAR1 and DAR2)
Lock address registers 1 and 2 (LOR1 and LOR2)

Control register

(1) Transmit buffer register (TBF)
This register transfers the telegraph length and transmit data to the IEBus controller when data is to be
transmitted.
Internally, this register is a 33-byte FIFO buffer.
Data can be written to TBF when the TFL flag of status register 1 (STR1) is 0 (when TBF is not full), by
an 8-bit memory manipulation instruction.
The value of this register is undefined when the hardware RESET signal is input, or when the IEBus
controller is reset via software.

Fig. 20-10 TBF Setting Format

1st byte Telegraph length (transmit data)
2nd byte Transmit data of 1st byte
3rd byte Transmit data of 2nd byte
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(2) Receive buffer register (RBF)
This register receives information such as the master address (transmit unit address), telegraph length,

and receive data from the |EBus controlier when data is to be received. Internally, this register is a 40-
byte FIFO buffer.

RBF can be read when the REP flag of status register 1 (STR1) is 0 (when RBF is no: empty), by an 8-
bit manipulation instruction.

The value of this register is undefined when the hardware RESET signal is input or the IEBus controller
is reset via software.

Fig. 20-11 RBF Storing Format

1st byte Master (transmit source) address (higher 8 bits)
2nd byte |Master address (lower 4 bits) Control bits
3rd byte Telegraph length (receive data)
4th byte Receive data of 1st byte Lo
1st receive frame
5th byte Receive data of 2nd byte

Last receive data

Master {transmit source) address (higher 8 bits)

Master address (lower 4 bits) Control bits

Telegraph length (receive data) 2nd receive frame

Receive data of 1st byte

Receive data of 2nd byte
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20.3 Registers Controlling IEBus Controlier
The IEBus controller is controlled by the following 12 registers:

* Clock select register 1 (IECL1)

* |EBus controller mode register (IECM)

e Control register (CTR)

¢ Command register (CMR)

* Master communication control register (MCR)

e Status registers 1 and 2 (STR1 and STR2)

* Receive data number registers 1 and 2 (RDR1 and RDR2)
¢ Return code register (RCR)

¢ Unit address registers 1 and 2 (UAR1 and UAR2)
e Slave address registers 1 and 2 (SAR1 and SAR2)
e Multiaddress registers 1 and 2 (DAR1and DAR2)
e Lock address registers 1 and 2 (LOR1 and LOR2)

(1) Clock select register 1 (IECL1)
This register specifies whether the output of the main system clock osciliator circuit is supplied to the
IEBuUs controller via divider 2 or not.
This register is set with an 8-bit memory manipulation instruction.
RESET input sets IECL1 to 00H.

Fig. 20-12 Clock Select Register 1 Format

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

IECL1 0 0 0 0 0 0 [:ecLiijiecLiol FBEOH O0H R/W

IECL11| Controls divider of main system clock (divider 2)

0 Uses 1/2 divider in divider 2

1 Does not use 1/2 divider in divider 2

Caution: Be sure to clear bits 2 to 7 to 0.

(2) IEBus controller mode register (IECM)

This register selects a function of a dual-function pin and sets the cutput logic level when the IEBus function
is used.

This register is set with an 8-bit memory manipulation instruction.
RESET input sets IECM to 00H.
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Fig. 20-13 IEBus Controller Mode Register Format

Symbol 5 6 5 4 3 2 1 0 Address When Reset R/W
ECM | © 0 0 o] o 0 [ECM1)IECMO| FBE3H 00H RW

IECMO| Selects functions of P124/TX and P125/RX pins

0 Uses as normal port pins

1 Uses as IEBus controlier pins

IECM1 | Selects logics of P124/TX and P125/RX pins

0 Makes output of pin negative logic (logic 1 is low level and logic 0 is high level)

1 Makes output of pin positive logic (logic 1 is high level and logic 0 is low leve!)

Caution: Be sure to clear bits 2 to 7 to 0.

(3) Control register (CTR)
This register controls the operation of the |IEBus controller.
This register is set with an 8-bit memory manipulation instruction.
The contents of this register are set to 01H when the RESET signal is input or when the IEBus controller
is reset via software.

Caution: When using the IEBus controller, be sure to perform reset operation (SRST = 1) first. Reset

operation by setting SRST = 1 and releasing the standby mode by resetting STREQ = 0
can be simuitaneously performed.
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Symbol

CTR

402

Fig. 20-14 Control Register Format

7 6 5 4 3 2 1 0 Address When Reset R/W
0 0 0 |[REEN|SRST| 0 FAl ISTREQ] F8FOH 01H w
Used to request IEBus controlier to enable reception (individual/multiaddress). By setting this bit to 1,
REENM IEBus controller is requested to enable reception.
This bit is automatically cleared to 0 by IEBus controller; therefore, 0 needs not to be written to this bit
after request has been made.
Used to reset IEBus controller via software. By setting this bit to 1, IEBus controller is requested to be
SRST | reset. This bit is automatically cleared to O by IEBus controller; therefore, 0 needs not to be written after
request has been made.
Sets position at which FCH is set to 1 after receive buffer register (RBF) has been read. When this bit
- is set to 1, position at which FCH is set to 1 is moved after current frame has been read. Each time this
bitissetto 1, positionis moved 1 frame backward. This bitis automatically cleared to O by IEBus controller.
Position at which FCH is set can be moved 4 frames at a time (including currently read frame).
STREQ| Controls standby operation Netes
0 Requests IEBus controller to release standby mode
1 Requests IEBus controlier to set standby mode

Caution: Be sure to clear bits 2 and bits 5 to 7 to 0.

Notes:
(1) The

result of the request (to enable/disable reception) is reflected on SLRE {bit 4 of STR2); therefore,

check SLRE for the actual status.
(2) This function is valid only when FCHC is set to 1 through optional setting to CMR. Do not set a
value greater than the number of completely received frames stored in the receive buffer register

(RB

F).

(3) The result of the request (setting/releasing standby mode) is reflected on STM (bit 1 of STR2);
therefore, check STM for the actual status. If STREQ is set to 1 in the middle of communication,

the

request to set/release the standby mode is not made until the current communication frame

completes communication.

Remark: FCH: bit 3 of status register 1 (STR1)

FCH is a flag that is set to 1 when the number of communication frames set by FAI has been
completely read when RBF is read. By reading this flag, the RBF read status can be learned.
For further information, refer to 20.3 (6).
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(4) Command register (CMR)
This register controls communication and transmit/receive buffers, and sets option functions.
The usage of this register is specified by the value of the most significant bit (0: control/1: option setting).
This register is set with an 8-bit memory manipulation instruction.
The contents of this register are cleared to 00H when the RESET signal is input or when the |IEBus controller
is reset via software.

Fig. 20-15 Command Register Format (when used for control)

Symbol 5 6 5 4 3 2 1 0 Address When Reset RW

CMR BUFC1|BUFCO|cOMC3|coMC2{cOoMCt(comco] FBF1H 00H w

LOCK | Controls updating operation of lock address registers 1 and 2 (LOR1 and LOR2)

0 Disables updating LOR1 and LOR2

1 Enables updating LOR1 and LOR2

BUFC1|{BUFCO| Controls transmit/receive buffer

0 0 Executes noting

0 1 Clears transmit buffer register (TBF)

1 0 Ciears all frames of receive buffer register (RBF)

1 1 Clears 1 frame (latest receive frame) of receive buffer register (RBF)

COMC3|COMC2{COMC1|COMCO| Control related to communication to |IEBus controller
0 0 0 0 Executes nothing
0 0 0 1 Requests unlocking (by request from other units)
1 0 0 0 Request communication as master
] 0 0 3 Continues previous master communication status and requests communication
as master
1 0 1 0 Requests abortion of master communication. However, frame under communi-
cation is output to end
1 0 1 1 Requests slave data transmission
1 1 0 0 Continues previous slave data transmit status and requests slave data
transmission
1 1 0 1 Requests abortion of slave data transmission. However, frame under communi-
cation is output to end
1 1 1 0 Requests self check communication
1 1 1 1 Requests disabling reception (individual/multiaddress)
Other than above Setting prohibited
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Symbol 7

CMR

Fig. 20-16 Command Register Format {when used for option function setting)

6 5 4 3 2 1 0 Address When Reset RW

0 0 0 0 0 |[FCHC|DERC| F8F1H 00H w

FCHC | Controis read check of received communication frame

Does not perform read check of received communication frame

Performs read check of received communication frame

DERC | Controls multiaddress reception error

Disables multiaddress receive error check

Enables multiaddress receive error check

Cautions:

(1)
(2)

{3)

Be sure to clear bits 2 to 6.

Be sure to set option functions after the IEBus controller has been reset via software (SRST
< 1). The IEBus controlier does not accept communication at all until the option functions
are set.

Write data to CMR when the CEX bit of status register 2 (STR2) is 0.

(5) Master communication control register (MCR)
This register sets the communication conditions under which the master unit communicates.
This register is set with an 8-bit memory manipulation instruction.
Its value becomes undefined when the RESET signal is input or the IEBus controller is reset via software.
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Symbol

MCR

Fig. 20-17 Master Communication Control Register Format

7 6 5 4 3 2 1 0 Address When Reset
Mutt-
ad:tess Number of arbitrations Control bit F8F6H
Multi-
adgri:ss Selects multiaddress or individual communication
o] Muitiaddress communication (more than one siave)
1 Individual communication (one slave)
Number of arbitrations Number of retries ir.l ca.se master loses in arbitration during master communication or
self check communication
o] 0 0 0 time (no retry)
0 0 1 1 time
0 1 0 2 times
0 1 1 3 times
1 0 0 4 times
1 0 1 5 times
1 1 0 6 times
1 1 1 7 times
Control bit Control operation
0] 0 0 0 Slave status read
0 0 1 1 Data read and lock
0 1 0 0 Lock address read (lower 8 bits)
0 1 0 1 Lock address read (higher 4 bits)
0 1 1 0 Slave status read and unlock
0 1 1 1 Data read
1 0 1 0 Command write and lock
1 0 1 1 Data write and lock
1 1 1 0 Command write
1 1 1 1 Data write
Other than above Setting prohibited

Caution: Write MCR when MARQ bit of status register 2 (STR2) is 0.
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(6) Status register 1 (STR1)
This register indicates the statuses of the transmit buffer register (TBF) and receive buffer register (RBF).
The contents of this register are read with an 8-bit memory manipulation instruction, and are initialized
to 01011>00<B when the RESET signal is input or when the IEBus controller is reset via software.

Fig. 20-18 Status Register 1 Format

Symbol 5 6 5 4 3 2 1 0 Address When Reset R/MW

STR1 | TFL | TEP'| RFL | REP | FCH - - - F8FOH 0101 1>oxB R

TFL | Indicates whether TBF is full

0 TBF is not full

1 TBF is full

TEP | Indicates whether TBF is empty

0 TBF is not empty

1 TBF is empty

RFL | Indicates whether RBF is full

0 RBF is not full

1 RBF is full

REP | Indicates whether RBF is empty

0 RBF is not empty

1 RBF is empty

FCH | Indicates that number of communication frames set by FAI has been completely read Nt

0 Number of communication frames set by FAl has not been read

Number of communication frames set by FAl has been completely read. This bit is automatically
cleared to 0 when next frame information is read.

Note: The information of FCH is valid only when FCHC = 1 by the setting of the option function of CMR
and FAl of CTR is set to 1.

Remark: FAI: bit 1 of control register (CTR)
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(7) Status register 2 (STR2)
This register indicates the communication status, command execution status, and interrupt status.
The contents of this register are read with an 8-bit memory manipulation instruction, and initialized to 02H
when the RESET signal is input or when the IEBus controller is reset via software.

Fig. 20-19 Status Register 2 Format

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

STR2| 0 |MARQ|STRQ|SLRE} CEX [ RAW | STM | IRQ F8F1H 02H R

MARQ| Indicates whether uPD78098 sub-series is requesting communication as master unit

0 Not requesting communication as master unit

1 Requesting communication as master unit

STRQ | Indicates whether uPD78098 sub-series is requesting communication as slave unit

0 Not requesting communication as slave unit

1 Requesting communication as slave unit

SLRE | Indicates whether slave reception or multiaddress reception is enabled or disabled Met*

0 Disables slave reception or muitiaddress reception

1 Enables slave reception or multiaddress reception

CEX | Indicates whether command is being processed

0 Command is not being processed {writing to CMR is enabled)

1 Command is being processed (writing to CMR is disabled)

RAW | Indicates whether IEBus interface hangs up

0 |IEBus interface does not hang up

1 IEBus interface hangs up

STM | Indicates whether IEBus controller is in standby status

0 Not standby status

1 Standby status

IRQ | Indicates change of RCR and hang-up of IEBus controller

0 Change of RCR and hang-up of IEBus controlier not detected

1 Change of RCR and hang-up of IEBus controller detected

Note: Uniess SLRE is set to 1 by the end of control field of a reception field, the communication field

cannot be received.
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(8

(9)

408

Receive data number registers 1 and 2 (RDR1 and RDR2)

These registers store the number of receive data when reception is performed.

RDR1 stores the number of data received when the uPD78098 sub-series operates as the master. RDR2
receives the number of data when the microcomputer operates as a slave (individual/multiaddress commu-
nication).

The contents of both the registers can be read with 8-bit manipulation instructions, and are initialized to
00H when the RESET signal is input or when the IEBus controller is reset via software.

Return code register (RCR)

This register stores a return code for transmission/reception.

Its contents can be read with an 8-bit memory manipulation instruction, and is initialized to 4FH when the
RESET signal is input or when the IEBus controller is reset via software.
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Symbol

RCR

7

5 4

Fig. 20-20 Return Code Register Format (1/3)

3 2 1 0 Address When Reset R/MW

TRC2

TRC1 | TRCO | REC3 [ REC2 | REC1|RECO| F8F8H 4FH R

TRC2

TRC1

TRCO

Meanings of return codes (related to transmission)

Indicates start of master transmission or slave data transmission.

(@ When master transmission is started
Indicates that master address field in communication frame has been transmitted,
that microcomputer has won in arbitration as master unit, and that master
transmission has been started

@ When slave transmission is started
Indicates that microcomputer has received from master unit control bit (00118,
0111B) that requests data transmission, and that slave data transmission has
been started

Indicates that TBF is empty during master or slave data transmission.

Unless foliowing data is set to TBF within following time limit, transmission is aborted:
In mode 0: approx. 1570 us Nete
In mode 1: approx. 390 us Nete
In mode 2: approx. 280 us Net

Indicates that transmission of number of data specified by telegraph length field has
been completed when master or slave data transmission is performed

Indicates that communication has ended without transmission of number of data
specified by telegraph length field completed in one communication frame when master
or slave data transmission is performed

Undefined

Indicates that microcomputer did not win arbitration and that communication ends
without self check communication performed

Indicates that result of self check communication is normal

Indicates that result of self check communication is abnormal

Note: fs = 6.0 MHz

(Cont'd)

Remark: fs: bus controlier system clock frequency
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410

Fig. 20-20 Return Code Register Format (2/3)

REC3 | REC2 | REC1 | RECO | Meanings of return codes (related to reception)
Indicates that master reception has been started.
0 0 0 0 Three bytes of information including slave (transmitter unit) address, control bit, and
telegraphlength (number of data to be received) can be read from receive buffer (RBF)
Indicates that receive buffer {RBF) for master reception is full.
Uniess data of RBF is read within following time limit, data cannot be received
0 0 0 1 and NAK is returned:
In mode 0: approx. 1570 s Nete
In mode 1: approx. 390 us Nete
In mode 2: approx. 280 us Nete
Indicates that data of telegraph iength has been received and that communication
has been completed normally as result of master reception.
0 0 1 0 Receive data can be read from receive buffer (RBF).
Number of master receive data can be read from receive data number register 1
(RDR1).
Indicates that number of data of telegraph length cannot be received and that
communication has been aborted as result of master reception.
0 0 1 1 Receive data can be read from receive buffer (RBF).
Number of master receive data can be read from receive data number register
1 (RDR1).
indicates that slave individual reception has been started.
0 1 0 0 Three bytes of information including slave (transmitter unit) address, control bit, and
telegraph length (number of data to be received) can be read from receive buffer (RBF).
Indicates that receive buffer (RBF) for slave individual reception is full.
Unless data of RBF is read within following time limit, data cannot be received
0 1 0 1 and NAK is returned:
In mode 0: approx. 1570 us Nete
in mode 1: approx. 390 ps Net
In mode 2: approx. 280 us Nt
Indicates that data of telegraph length has been received and that communication
has been completed normally as result of slave individual reception.
0 1 1 0 Receive data can be read from receive buffer {(RBF).
Number of slave receive data can be read from receive data number register 2
(RDR2).
Indicates that number of data of telegraph length cannot be received and that
communication has been aborted as result of slave individual reception.
0 1 1 1 Receive data can be read from receive buffer (RBF).
Number of slave receive data can be read from receive data number register 2
(RDR2).
Indicates that multiaddress reception has been started.
1 0 0 0 Three bytes of information including siave (transmitter unit) address, control bit,
and telegraph length (number of data to be received) can be read from receive
buffer (RBF).

Note: fs = 6.0 MHz

{Cont'd)

Remark: fs: bus controller system clock frequency




CHAPTER 20 [EBus CONTROLLER

Fig. 20-20 Return Code Register Format (3/3)

REC3

REC2

REC1

RECO

Meanings of return codes (related to reception)

Indicates that receive buffer (RBF) for multiaddress reception is full.
Unless data of RBF is read within following time limit, data cannot be received
and NAK is returned:

In mode 0: approx. 1570 us New?

In mode 1: approx. 390 us Nete?

In mode 2: approx. 280 us Nete?

Indicates that data of telegraph length has been received and that communication
has been completed normally as result of multiaddress reception.

Receive data can be read from receive buffer (RBF).

Number of slave receive data can be read from receive data number register 2
(RDR2).

Indicates that number of data of telegraph length cannot be received and that
communication has been aborted as result of muitiaddress reception.

Receive data can be read from receive buffer (RBF).

Number of slave receive data can be read from receive data number register 2
(RDR2).

Indicates that error has occurred as result of multiaddress reception. Address of
master that has performed multiaddress transmission can be checked by
multiaddress registers (DAR1 and DAR2).Nete2

Undefined

Notes:

(1) fs = 6.0 MHz
(2) This code is generated if the DERC bit of the command register (CMR) is set to 1 to set the option
functions and if an error has occurred.

Remark: fs: bus controiler system clock frequency
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(10} Unit address registers 1 and 2 (UAR1 and UAR2)

These registers set a unit address and transmission conditions {transmission mode and slave transmission
control).

Of the 12 bits of a unit address value, the higher 8 bits are set by UAR2 and the lower 4 bits are set by
UAR1. The transmission conditions are set by UAR1.

The contents of these registers is written to these registers with 8-bit memory manipulation instructions.
The values of both the registers become undefined when the RESET signal is input or when the IEBus
controller is reset via software.

Caution: Be sure to set the unit address after resetting the IEBus controller via software (SRST «
1).

Fig. 20-21 Formats of Unit Address Registers 1 and 2

Symbol 5 6 5 4 3 2 1 0 Address When Reset RMW

UAR2 Unit address (higher 8 bits) F8F3H  Undefined W

7 6 5 4 3 2 1 o]

UAR1 | Unit address (lower 4 bits} |UAR13{UAR12| 0 |UAR10 F8F2H  Undefined W

412

UAR10| Controls slave transmission

0 Disables slave transmission

1 Enables slave transmission

UAR13 | UAR12 | Selects transmission mode
0 0 Mode 0

0 1 Mode 1
1 0 Mode 2
1 1 Setting prohibited
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(1)

{12)

Slave address registers 1 and 2 (SAR1 and SAR2)

These registers set a slave address (address of the unit to communicate).

Of the 12 bits of the slave address value, the higher 8 bits are set by SAR2 and the lower 4 bits are set
by UAR1.

The contents of these registers can be written to these registers with 8-bit memory manipulation instructions.
The values of both the registers become undefined when the RESET signal is input or when the IEBus
controller is reset via software.

Fig. 20-22 Formats of Slave Address Registers 1 and 2

Symbol 7 g 5 4 3 2 1 0  Address WhenReset RW

SAR2 Slave address (higher 8 bits) F8FSH  Undefined w
7 6 5 4 3 2 1 0
SAR1 | Slave address (lower 4 bits)| 0 0 0 0 F8F4H  Undefined w
Cautions:

(1) Be sure to clear bits 3 to 0 to 0.
(2) Write data to SAR1 and SAR2 when the MARQ bit of status register 2 (STR2) is 0.

Multiaddress calling destination address registers 1 and 2 (DAR1 and DAR2)

These registers store a multiaddress calling destination address (address of the master that performs
multiaddress transmission) if a multiaddress reception error has occurred.

The contents of these registers can be read with 8-bit memory manipulation instructions.

The values of both the registers become undefined when the RESET signal is input or when the IEBus
controller is reset via software.

Cautions:

(1) DAR1 and DAR2 are valid only when the DERC bit of the command register (CMR) is set to 1
to set the option functions.

(2) The contents of DAR1 and DAR2 are updated each time a multiaddress error has occurred.
Therefore, unless the contents of DAR1 and DAR2 are read within the following time limit, their
contents may be updated by a new error:

in mode 0: approx. 5420 us (at fs = 6.0 MHz)
in mode 1: approx. 1490 us (at fs = 6.0 MHz)
in mode 2: approx. 1110 us (at fs = 6.0 MHz)

Remark: fs: bus controller system clock frequency
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Fig. 20-23 Formats of Muitiaddress Calling Destination Address Registers 1 and 2

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

DAR1 | Muiltiaddress (lower 4 bits) - - - - F8F6H  Undefined R
7 6 5 4 3 2 1 0
DAR2 Multiaddress (higher 8 bits) F8F7H  Undefined R

(13) Lock address registers 1 and 2 (LOR1 and LOR2)
These registers store a lock address (the address of the master unit that has requested locking) when a
slave unit is locked.
The contents of these registers can be read with 8-bit memory manipulation instructions.
The lock status is initialized to 0000B and the lock address becomes undefined when the RESET signal
is input or when the IEBus controller is reset via software.

Caution: The contents of LOR1 and LOR2 can be read only when the CEX bit of status register 2 '
(STR2) is 0 after the LOCK bit of the command register (CMR) has been set to 1.

Fig. 20-24 Formats of Lock Address Registers 1 and 2

Symbol 5 6 5 4 3 2 1 0 Address When Reset RMW

LOR1 Lock address (lower 8 bits) F8F4H  Undefined R
7 6 5 4 3 2 1 0
LOR2 Lock status Lock address (higher 4 bits) F8F5SH OxH
| 1 { J
Higher 4 bits Lock status
0 0 Not locked
0 0 Locked
Other than above Undefined

20.4 Communication Operations of |IEBus

Figs. 20-25 through 20-27 show the timing chart of communication using the |IEBus.
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Fig. 20-25 Operation Example of Individual Communication {master transmission - slave reception)

Master I

Muttiaddress bit _I

(bit 7 of MCR)
CMR COMCO
COMC3 10008
STR2 CEX
MARQ l___
STRQ
SLRE
RCR TFTRCC% XOOOB (master starts transmission) X 0108
RECO
-REC3
RDR1
RDR2

INTIE I—L
>

.

e
Master Slave I | Telegraph D
- Header | address address ontro length ata
Signal on IEBus field field field field field
Communication
frame Master Slave c | Telegraph D
Header | address | address gn[t(rjo length f_alt:
field field '€ field '®
CTR  REEN i
1
STR2  CEX !
MARQ :
'
This frame cannot be received unless reception |
STRQ is enabled before control field is transmitted. !
SLRE I
RCR  TRCO
-TRC2
RECO :
REch Xmoos X o108

RDR1
\>®@<
INTIE
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Fig. 20-26 Operation Example of Individual Communication (master reception - slave transmission)

I Master

Muitiaddress bit —:I
(bit 7 of MCR)

CMR COMCO % 10008

-COMC3

STR2 CEX %
MARQ l l

STRQ

SLRE

RCR  TRCO
-TRC2

RECO
-REC3

RDR1 Xo

RDR2

INTIE ﬂ

irY
Master Slave C |
- Header | address address ontro
Signal on IEBus field field field
Communication 1 !
frame Master Slave C | Telegraph D
Header | address address qntro length )ata
’ field field field | “gejg | field
CTR REEN
CMR COMCO
-COMC3 10118
STR2 CEX
MARQ Z { /
STRQ I
SLRE
RCR  TRCO | XooosSmesans,| X 0108 e,
-TRC2
RECO
-REC3
RDR1
RDR2

INTIE J_I I—I

T T
elegraph Data
length field
field '€
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Fig. 20-27 Operation Example of Multiaddress Communication {master transmission - slave reception)

Multiaddress bit J
{bit 7 of MCR)

CMR COMCO & 10008

-COMC3

STR2 CEX i&)
MARQ I I_

STRQ
SLRE
RCR TRCO .
TRC2 XOOOB (master starts transmission) MB
RECO
-REC3
RDR1
RDR2

INTIE H

g

™
Master Slave Telegraph
. Header | address address antrol length Qata
Signal on IEBus field field field field field
Communication
frame Master Slave Telegraph
Header | address | address C?nl?l length ?aE
field field ‘© field '©
CTR REEN
STR2 CEX
MARQ
STRQ
SLRE I |
RCR  TRCO
-TRC2
RECO
vl | X 10008/ X 10108
RDR1 \
RDR2 \ Xn+3
INTIE T—l
i
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[MEMO]

418



CHAPTER 21 STANDBY FUNCTION

21.1 Standby Function and Configuration

21.1.1 Standby function
The standby function is intended to decrease power consumption of the system. The following two modes
are available.

(1

(2)

HALT mode

HALT instruction execution sets the HALT mode. The HALT mode is intended to stop the CPU operation
clock. System clock oscillator continues oscillation. In this mode, current consumption cannot be de-
creased as in the STOP mode. The HALT mode is valid to restart immediately upon interrupt request and
to carry out intermittent operations like clock operations.

STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the main system clock oscillator
stops and the whole system stops. CPU current consumption can be considerably decreased.

Data memory low-voltage hold (down to Voo = 2 V) is possible. Thus, the STOP mode is effective to hold
data memory contents with ultra-low current consumption. Because this mode can be cleared upon
interrupt request, it enables intermittent operations to be carried out.

However, because a wait time is necessary to secure an oscillation stabilization time after the STOP mode
is cleared, select the HALT mode if it is necessary to start processing immediately upon interrupt request.

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 aiso held.

Cautions:

(1)

(2)

(3

The STOP mode can be used only when the system operates with the main system clock (subsystem
clock oscillation cannot be stopped). The HALT mode can be used with either the main system
clock or the subsystem clock.

When proceeding to the STOP mode, be sure to stop the peripheral hardware operation and execute
the STOP instruction.

To reduce the power dissipation of the IEBus controller, set bit 0 of CTR (STREQ), confirm that bit
2 of STR2 (STM) has been set, and then execute the HALT or STOP instruction.
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21.1.2 Standby function control register

A wait time after the STOP mode is cleared upon interrupt request till the oscillation stabilizes is controlled

with the oscillation stabilization time select register (OSTS).
OSTS is set with an 8-bit memory manipulation instruction.
RESET input sets OSTS to 04H.

Fig. 21-1 Oscillation Stabilization Time Select Register Format

Symbol 5 6 5 4 3 2 1 0 Address When Reset RW

OsTs| o 0 0 0 0 |OsTs2|OsTSt|OSTS0| FFFAH 04H RW
1 1
ossfosre:[osrsi] sesion ot et S
0 0 2'%ffxx (1.02ms)
0 1 2%/fxx (4.10ms)
0 1 0 2'5ffxx (8.19ms)
0 1 1 2'¢/fxx (16.4ms)
1 0 0 | 2"/ (32.8ms)
Other than above Setting prohibited

Remarks: -
(1) fx Main system clock frequency
(2) Values in parentheses apply to operating at fxx = 4.0 MHz

Caution: The wait time after STOP mode clear does not include the time (see “a” below) from STOP
mode clear to clock oscillation start, regardiess of clearance by RESET input or by interrupt

generation.

STOP Mode Clear

X1 Pin
Voltage

Waveform
R o a
Vs§ ——ou
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21.2 Standby Function Operations

21.2.1 Halt mode

(1) HALT mode set and operating status
The HALT mode is set by executing the HALT instruction. It can be set with the main system clock or
the subsystem clock.
The operating status in the HALT mode is described below.

Table 21-1 HALT Mode Operating Status

Clock Generator

Both main system clock and subsystem clock can be oscillated. Clock supply to the CPU stops.

CPU

Operation stop.

Port

Status before HALT mode setting is held.

16-bit timer/event
counter

Operable when main system clock oscillation is used or when watch timer output with fxr
selected or TIOO is selected as count clock.

8-bit timer/event counter

Operable when main system clock oscillation is used or when Ti1 or T2 is selected as count clock.

Watch timer

Operable when main system clock oscillation is used or when fxT is selected as count clock.

Watchdog timer

A/D converter

Operable when main system clock oscillation is used.

D/A converter

Real-time output port

Operation enabled.

Serial Interface

Operable when main system clock oscillation is used or when input clock from off-chip is selected
as serial clock except automatic transmit/receive function. Operation of automatic transmit/
receive function stops.

{EBus controller

Operable when main system clock is used. Operation can be started or stopped by bit 0 of CTR (STREQ)

External interrupt

INTPO operation enabled when the clock (fi/23, fx¢/25, fxi/27) for the peripheral hardware are
selected as sampling clock.
INTP1 to INTP6 are operable.
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(2) HALT mode clear
The HALT mode can be cleared with the following four types of sources.

422

(a)

(b)

(c)

Clear upon unmasked interrupt request
An unmasked interrupt request is used to clear the HALT mode. If interrupt acknowledge is enabled
vectored interrupt service is carried out. If disabled, the next address instruction is executed.

.

Fig. 21-2 HALT Mode Clear upon Interrupt Generation

HALT
Instruction Wait

Standby H

Release Signal !
Operating ‘
Mode HALT Mode Wait Operating Mode
Clock Oscillation

Remarks:

(1) The broken lineindicates 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

Clear upon non-maskable interrupt request
The HALT mode is cleared and vectored interrupt service is carried out whether interrupt acknowiledge
is enabled or disabled.

Clear upon unmasked test input
The HALT mode is cleared by unmasked test input and the next address instruction of the HALT
instruction is executed.
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(d) Clear upon RESET input
As is the case with normal reset operation, a program is executed after branch to the reset vector

address.
Fig. 21-3 HALT Mode Release by RESET iInput
HALT Wait
Instruction (217fix: 21.8ms) |
— l J) '
RESET «
Signal
Oscillation
Operating Reset Stabilization Operating
Mode | HALT Mode Period Wait Status I Mode
I Oscillation
Clock Oscillation stop Oscillation
Table 21-2 Operation after HALT Mode Release
Release Source MKxx | PRxx IE ISP Operation
0 0 0 x Next address instruction execution
0 0 1 x Interrupt service execution
o] 1 0 1
Maskable interrupt request 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
0 - x X Next address instruction execution
Test input
1 - X X HALT mode hold
RESET input - - X x Reset processing

Remark: x: Don’'t care
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21.2.2 Stop mode

(1) STOP mode set and operating status
The STOP mode is set by executing the STOP instruction. It can be set only with the main system clock.

Cautions:

(1) When the STOP mode is set, X1 input is internally short-circuited to Vss (ground potential) to
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 mainsystem
clock.

(2) Because the interrupt request signal is used to clear the standby mode, if there is an interrupt
source with the interrupt request flag set and the interrupt mask flag reset, the standby mode
is immediately cleared if set. Thus, the STOP mode is reset to the HALT mode immediately after
execution of the STOP instruction. After the wait set using the oscillation stabilization time
select register (OSTS), the operating mode is set.

The operating status in the STOP mode is described below.

Table 21-3 STOP Mode Operating Status

Clock Generator Only main system clock stops oscillation.
CPU Operation stop.
Port Status before STOP mode setting is held.

16-bit timer/event counter| Operable when either watch timer output with fxt selected is selected as count clock.

8-bit timer/event counter | Operation enabied only when Ti1 and TI2 are selected for the count clock.

Watch timer Operation enabled only when fxr is selected for the count clock.

Watchdog timer

Operation stop.
A/D converter

D/A converter Operation enabled.

Operable when external trigger is used or T11 and TI2 are selected for the 8-bit timer/event

Real-time output port
counter count clock.

Operable only when external input clock is selected to serial clock except UART and

Serial interface automatic transmit/receive function. Operation of UART and automatic transmit/receive iunction
stops.
IEBus controller Stops operation, retaining internal data.

INTPO operation disabled.

External interrupt
' up INTP1 to INTP6 are operable.
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(2) STOP mode release
The STOP mode can be cleared with the following three types of sources.

(a) Release by unmasked interrupt request
An unmasked interrupt request is used to release the STOP mode. If interrupt acknowledge is enabled
after the lapse of oscillation stabilization time, vectored interrupt service is carried out. If interrupt
acknowledge is disabled, the next address instruction is executed.

Fig. 21-4 STOP Mode Release by Interrupt Generation

Wait

STOP, (Time set by OSTS) |
Instruction |

b))
Standby ¢ T
Release Signal '

Operating Oscillation Stabilization Operating
Mode STOP Mode Wait Status l Mode

Oscillation l

Clock Oscillation Stop Oscillation

Remark: The broken line indicates the case when the interrupt request which has cleared the standby
status is acknowledged.

(b) Release by unmasked test input
The STOP mode is cleared by unmasked test input.
After the lapse of oscillation stabilization time, the instruction at the next address of the STOP instruction
is executed.
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(c) Release by RESET input
The STOP mode is cleared and after the lapse of oscillation stabilization time, reset operation is carried

out.
Fig. 21-5 Release by STOP Mode RESET Input
Wait
STOP 1 -
Instruction 27fix: 21.8ms) |
_ ] ,
RESET «
Signal
Oscillation
Mode STOP Mode Period Wait Status | Mode
Oscillation |
Clock Oscillation Stop Oscillation
Table 21-4 Operation after STOP Mode Release
Release Source MKxx | PRxx IE ISP Operation
0 0 0 X Next address instruction execution
0 0 1 X Interrupt service execution
0 1 0 1
Maskable interrupt request Next address instruction execution
0 1 x 0
0 1 1 1 Interrupt service execution
1 X x x STOP mode hold
0 - X x Next address instruction execution
Test input
1 - X x STOP mode hold
RESET input } - - X X Reset processing

Remark: x: Don't care
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22.1 Reset Function

The following two operations are available to generate the reset function.

(1) External reset input with RESET pin
(2) Internal reset by watchdog timer overrun time detection

External reset and internal reset have no functional differences. In both cases, program execution starts at

the address at 0000H and 0001H by RESET input.

When a low level is input to the RESET pin or the watchdog timer overfiows, a reset is applied and each
hardware is set to the status as shown in Table 22-1. Each pin has high impedance during reset input or during

oscillation stabilization time just after reset clear.

When a high level is input to the RESET input, the reset is cleared and program execution starts after the lapse
of oscillation stabilization time (2'7/fx). The reset applied by watchdog timer overflow is automatically cleared after
a reset and program execution starts after the lapse of oscillation stabilization time (2V7/fx) (see Figs. 22-2 to 22-

4).

Cautions:

(1) For an external reset, input a low level for 10 s or more to the RESET pin.

{2) During reset input, main system clock oscillation remains stopped but subsystem clock oscillation

continues.

(3) When the STOP mode is cleared by reset, the STOP mode contents are held during reset input.

However, the port pin becomes high-impedance.

Fig. 22-1 Block Diagram of Reset Function

RESET © Reset
Control Circuit

Count Clock Watchdog Timer

Overflow

Y
Stop

Reset
Signal

Interrupt
Function
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Fig. 22-2 Timing of Reset Input by RESET Input

Oscillation

Normal Operation ———————+=- Reset Period ~>fa— Stabilization —sfa— Normal Operation

(Oscillation Stop) (Reset Processing)

, H ) : Time Wait
I +*
RESET \ i / i
' : b
1 1 | ]
: R v
Internal ' ; v
Reset Signal ! : .
\ 1 ! |
fe— e
Delay Delay
Port Pin } _____________________ Highlmpedance

Fig. 22-3 Timing of Reset due to Watchdog Timer Overflow

VAVAVAVAY I VAVAVAES

Osciliation

Normal Operation _—+_Reset Period )_,|___ Stabilization | Normal Operation

: (Oscillation Stop Tirme Wait (Reset Processing)
Watchdog !
Timer Overflow :

Internal
Reset Signal

E

1
1
]
!
1
!
T
i
'
i
1
t
'
1
1

Port Pin Y . High Impedance e

Fig. 22-4 Timing of Reset Input in STOP Mode by RESET Input

SV AVAWA I WAWAWANE

i
STOP Instruction Execution Reset Period Oscillation

. Stop Status e e Normal Operation
Normal Operation —sj= oot i P op)+_ (Oscillation —s=— Stabilization —sje——o0 (Reset Processing)

, i Stop) | Time Wait
1 *
RESET \ : /o
'
e o
1 1
internal ' ! : '
Reset Signal , ! ! :
! 1 ' |
Delay Delay
Port Pin >_______________H_'e*z'_"_*eeqa_n_cs .........................

428



CHAPTER 22 RESET FUNCTION

Table 22-1 Hardware Status after Reset (1/3)

Hardware

Status after Reset

Program counter (PC) Nete?

The contents of reset
vector tables (0000H
and 0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW)

02H

Data memory

Undefined Nete2

RAM
General register Undefined Nete2
Ports 0 to 3, Ports 7, 12, 13 (PO to P3, P7, P12, P13) OOH
Port (Output latch)
Port 4 to Port 6 (P4 to P8) Undefined
Port mode register (PMO to PM3, PM5 to PM7, PM12, PM13) FFH
Pull-up resistor option register (PUOH, PUOL) 00H
Processor clock control register (PCC) 04H
Oscillation mode selection register (OSMS) 00H
Clock select registers 1, 2 {IECL1, IECL2) 00H
Memory size switching register (IMS) Note 3
Internal expansion RAM size switching register (IXS, only uPD78098A and 78P098A) 08H
Memory expansion mode register (MM) 10H
Oscillation stabilization time select register (OSTS) 04H
Timer register (TMO0) 00H
Capture/compare register (CR00, CR0O1) Undefined
Clock selection register (TCLO) O00H
16-bit timer/event counter
Mode control register (TMCO) 00H
Capture/compare control register 0 (CRCO) 04H
Output control register (TOCO) 00H
Timer registers (TM1, TM2) 00H
Compare registers (CR10, CR20) Undefined
8-bit timer/event counter | Clock select register (TCL1) 00H
Mode control registers {TMC1, TMC2) 00H
Qutput control register (TOC1) 00H

Notes:

(1) During reset input or oscillation stabilization time wait, only the PC contents among the hardware statuses

become undefined. All other hardware statuses remain unchanged after reset.

(2) The post-reset status is held in the standby mode.
(3) The values after reset depend on products.

uPD78094: C8H, uPD78095: CAH, uPD78096: CCH, uPD78098A: CFH, uPD78P098A: CFH
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Table 22-1 Hardware Status after Reset (2/3)

Hardware Status after Reset
Watch timer
Clock select register (TCL2) O0H
Watchdog timer
Mode register (WDTM) O0H
Clock select register (TCL3) 88H
Shift registers (SI00, SI01) Undefined
Mode registers (CSIMO, CSIM1, CSIM2) 00H
Serial bus interface control register (SBIC) OOH
Slave address register (SVA) Undefined
Automatic data transmit/receive control register (ADTC) 00H
Automatic data transmit/receive address pointer (ADTP) 00H
Serial interface
Automatic data transmit/receive interval specify register (ADTI) 00H
Asynchronous serial interface mode register (ASIM) O0H
Asynchronous serial interface status register (ASIS) O0H
Baud rate generator control register (BRGC) 00H
Transmit shift register (TXS)
----------------------------------------------------- FFH
Receive buffer register (RXB)
Interrupt timing specify register (SINT) 00H
Mode register (ADM) 01H
Conversion result register (ADCR) Undefined
A/D converter
Input select register (ADIS) O00H
A/D current cutting select register (IEAD) OOH
Mode register (DAM) 00H
D/A converter
Conversion value setting register {DACS0, DACS1) 00H
Mode register (RTPM) 00H
Real-time output port Control register (RTPC) 00H
Buffer register (RTBL, RTBH) 00H
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Table 22-1 Hardware Status after Reset (3/3)

Hardware Status after Reset
IEBus controller mode register (IECM) O0H
Control register (CTR) xxx00x018
Swwsregister 1 (sTRY | 01011008 |
Command register (CMR) OOH
[ Stwws register 2(s7R2 | oH 7
Unit address register 1 (UAR1) Undefined
| Receive data number register 1 GORY | oH |
Unit address register 2 (UAR2) Undefined
Receive data number register 2 (RDR2) ©on ‘
Slave address register 1 (SAR1) Undefined
IEBus controller ~ pemeemomm oo e e e e e e e
Lock address register 1 {LOR1) Undefined
Slave address register 2 (SAR2) Undefined
[ Lock address register 2 (LORZ) | 000000cxB |
Master communication control register (MCR) Undefined
[ Multieddress register 1 DART) | Undefined |
Multiaddress register 2 (DAR2) Undefined
Return code register (RCR) 4FH
Transmit buffer register (TBF) Undefined
[ Receive buffer register (RBFI | Undefined |
Request flag register (IFOL, IFOH, IF1L) O0H
Mask flag register (MKOL, MKOH, MK1L) FFH
Priority specify flag register (PROL, PROH, PR1L) FFH
Interrupt
External interrupt mode register (INTMOQ, INTM1) OOH
Key return mode register (KRM) 02H
Sampling clock select register (SCS) 00H
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[MEMO]
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CHAPTER 23 uPD78P098A

The uPD78P098A is a product which incorporates a one-time programmable PROM or an EPROM enabled for
program write, erase and rewrite. Table 23-1 lists differences between uPD78P098A and mask ROM version.

Table 23-1 Difference between the yPD78P098A and Mask ROM Version

Item Mask ROM Version
IC pin None Available
Ve pin Available None

On-chip mask option
puli-up resistors for None Available
P60 to P63 pins

23.1 Memory Size Switching Register

The uPD78P098A can select the internal memory with the memory size switching register (IMS). The same
memory mapping as that of the uPD78094, 78095, 78096 and 78098A with a differentinternal memory is possible
by setting IMS.

To make the memory map of the uPD78P098A same as that of the mask ROM version, set the values of the
mask ROM version at reset to IMS.

With the mask ROM version, however, IMS needs not to be set.

IMS is set with an 8-bit memory manipulation instruction.

The value of IMS is as shown in Table 23-2 at RESET.

Caution: To use a mask ROM version, do not set a value other than those shown in Table 23-2 to IMS.
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Symbol

IMS

434

Fig. 23-1 Memory Size Switching Register Format

7 6 5 4 3 2 1 0 Address When Reset R/MW

RAM2|RAM1|RAMO| 0 |ROM3|ROM2IROM1ROMO FFFOH Note 1 w
SRR L | 1 ]
ROM3|ROM2|ROM1 [ROMO)| {ntemal ROM Capacrry
1 0 0 0 | 32K bytes
1 0 1 0 40K bytes
1 1 0 0 48K bytes
1 1 1 0 | 56K bytesNete2
1 1 1 1 60K bytes
Other than above Setting prohibited
RAM2 | RAM1 | RAMO Isnet;aer;aiélljigh-Speed RAM Capacity
1 1 0 1024 bytes
Other than above Setting prohibited
Notes:
(1) The value of the memory size select register at reset differs depending on the model as shown in the
table below.

Table 23-2 Value of Memory Size Switching Register when Reset

Part Number Value at Reset
uPD78094 C8H
pPD78095 CAH
uPD78096 CCH
uPD78098A
CFH
uPD78P098BA

{2) When using the external device expansion function for the uPD78098A and 78P098A, set the internal
PROM capacity to below 56K bytes.

Caution: When using a mask ROM version do not set values other than reset to IMS (excluding
when using the external device expansion function for the uPD78098A).

Remark: Set IMS according to the internal ROM capacity.
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23.2 Internal Expansion RAM Size Switching Register

The uPD78P088A can select the internal expansion RAM with the internal expansion RAM size switching
register (1XS). The same memory mapping as that of a mask ROM version with a different internal expansion

RAM is possible by setting I1XS.

IXS is set with an 8-bit memory manipulation instruction.

It is set to 08H by the RESET input.

Cautions:

(1) The internal expansion RAM size switching register is incorporated only in the uPD78098A and

78P098A.

{2) To use a mask ROM version {uPD78094, 78095, 78096, 78098A), do not set values other than those

shown in Table 23-3 to IXS.

Fig. 23-2 Internal Expansion RAM Size Switching Register Format

Symbol 7 6 5 4 3 2 1 0 Address when Reset R/M
X IX 1X IX
IXS 0 0 0 0 | ram3 | Ramz | Ram1 [Ramo FFFaH 08H w
1 ] ] ]
IX IX 1X IX internal Expansion RAM

RAM3 |RAM2 |RAM1 [RAMO

Capacity Selection

1 0 0

No internal expansion RAM

0 0 0

2048bytes (FOOOH-F7FFH)

Other than above

Setting prohibited

Table 23-3 shows the IXS values for setting the same memory map as the mask ROM version.

Table 23-3 Internal Expansion RAM Size Switching Register Setting Values

Corresponding Mask ROM Version IXS Setting Values
pPD78094
p#PD78085 OCHwNete
#PD78096
#PD78098A 08H

Note: Executing program created for uPD78P098A, in which “MOV IXS, #0CH” is described, on
©PD78094, 78095, 78096 does not affect operations.
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23.3 PROM Programming

The uPD78P0SBA incorporates a 60K-byte PROM as program memory. When programming the uPD78P098A,
the PROM programming mode is set by means of the Vee pin and the RESET pin. For the connection of unused
pins, see 1.5 Pin Configuration (Top View), (2) PROM programming mode.

Caution: Perform program writing in the 0000H to EFFFH addresses (specify the last address EFFFH). No
writing can be performed using PROM programmers with which the writing address cannot be
specified.

23.3.1 Operating modes

When +5Vor+12.5Visapplied to the Vee pin and a low-level signalis applied to the RESET pin, the uPD78P098A
is set to the PROM programming mode. This is one of the operating modes shown in Table 23-4 below according
to the setting of the CE, OE, and PGM pins.

The PROM contents can be read by setting the read mode.

Table 23-4 PROM Programming Operating Modes

Pin | - . .
RESET Ve Voo CE OE PGM DO to D7
Operating mode
Page data latch H L H Data input
Page write H H L High impedance
Byte write L H L Data input
+125V| +6.5V

Program verify L L H Data output

L X H H
Program inhibit High impedance

X L L

Read L L H Data output
Output disabled +5V +5V L H X High impedance
Standby H X X High impedance

Remark: x: L orH

(1) Read mode .
Read mode is set by setting CEtoLand OE to L.

(2) Output disable mode
If OF is set to H, data output becomes high impedance and the output disable mode is set.
Therefore, if multiple pPD78P098As are connected to the data bus, data can be read from any one device
by controlling the OE pin.

{3) Standby mode

Setting CE to H sets the standby mode.
In this mode, data output becomes high impedance irrespective of the status of OE.
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(4)

(S)

(6)

(7)

(8)

Page data latch mode
Setting CEtoH, PGMto H, and OE to L at the start of the page write mode sets the page data latch mode.
In this mode, 1-page 4-byte data is latched in the internal address/data iatch circuit.

Page write mode

After a 1-page 4-byte address and data are latched by the page data latch mode, a page write is executed
by applying a 0.1 ms program pulse (active-low) to the PGM pin while TE = H and OE = H. After this,
program verification can be performed by setting CE to L and OE to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X< 10).

Byte write mode
A byte write is executed by applying a 0.1 ms program pulse (active-low) to the PGM pin while CE = L
and OE = H. After this, program verification can be performed by setting OF to L.

If programming is not performed by one program pulse, repeated write and verify operations are executed
X times (X < 10).

Program verify mode
Setting CE to L, PGM to H, and OE to L sets the program verify mode.
After writing is performed, this mode should be used to check whether the data was written correctly.

Program inhibit mode

The program inhibit mode is used when the OE pins, Ver pins and pins DO to D7 of multiple uPD78P098ASs
are connected in parallel, and when you wish to write to one of these devices.

The page write mode or byte write mode described above is used to perform a write. At this time, the
write is not performed on the device which has the PGM pin driven high.
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23.3.2 PROM write procedure

Fig. 23-3 Page Program Mode Flowchart

C Start )

|
Address=G

|
Voo=6.5V, Ver=12.5V

X=0

Latch
[
Address = Address + 1
|
Latch
|
Address = Address + 1
|
Latch
|
Address = Address + 1
{
Latch
|

Address = Address + 1

1]

X=X+1

Fail
Address = N?
1 Yes
Voo=4.5 10 5.5V, Vee=Voo
All bytes Fail

T Yes
0.1 ms program pluse

verified?

All Pass

(_ Endofwite )

Remarks:
(1) G = Start address
(2) N = Last address of program

438

C Defective product

)




CHAPTER 23 uPD78P098A

Fig. 23-4 Page Program Mode Timing

Page Data Latch | Page Program | Program Verify '

| | |

lr
X X
e XXX XXX XX KO
e XXX O—— OO

Data Input Data Output

Vep

Ver —/
Voo
Voo+1.5

Voo _/
Voo
Vin
Viu
Vin

PGM \_/
Vi
Vin
o —\_/_\_/—\__/_\_/ \__/_\_/_\_/_\__/_
Vie
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Fig. 23-5 Byte Program Mode Flowchart

C

Start

)

I

Address=G

I

Voo=6.5V, Ver=12.5V

|
»~

X=0

L

L

X=X+1

l

Address = Address + 1

0.1 ms program pulse

Address = N?

- Yes

Fail

No

Voo=4.5 to0 5.5V, Vep=Voo

All bytes
verified?

All Pass

Fail

C

End of write

)

Remarks:
{1) G = Start address
(2) N = Last address of program
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Fig. 23-6 Byte Program Mode Timing

Program | Program Veﬁfy l

AOC-A16

DO-D7

Data Input >—< Data Output >—

Vee
Vee
Voo

Voo+1.5

Voo

Vir

NN A X

Vi

Vin
PGM

:

Vi

Vin

= L /

Cautions:

(1) Ensure that Voo is applied before Ver and cut after Ver.
{2) Ensure that Vee does not exceed +13.5 V including overshoot.
(3) Removing the device while +12.5 V is being applied to Vrr may have an adverse affect on reliability.
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23.3.3 PROM read procedure
PROM contents can be read onto the external data bus (DO to D7) using the following procedure.

{1) Fix the RESET pin low, and supply +5 V to the Ver pin. Unused pins are handled as shown in 1.6 Pin
Configuration (Top View), (2) PROM programming mode.

(2) Supply +5 V to the Voo and Vre pins.

(3) Input address of data to be read to pins A0 through A16.

(4) Read mode.

(5) Output data to pins DO through D7.

The timing for steps (2) through (5) above is shown in Fig. 23-7.

Fig. 23-7 PROM Read Timing

AC-A16 >< Address Input ><
CE (input) \ /
OE (Input) \ /

Hi-Z Hi-Z
DO-D7 -=-===-----c-s-csos-ssooo--- Data Qutput = ==-==-ssss-os=o--

23.4 Screening of One-Time PROM Versions

Because of their construction, one-time PROM versions (uPD78P098AGC-3B9) cannot be fully tested by NEC
before shipment. After the necessary data has been written, it is recommended that screening is implemented
in which PROM verification is performed after high-temperature storage under the following conditions.

Storage Temperature Storage Time

125 °C 24 hours
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CHAPTER 24 INSTRUCTION SET

The uPD78098 sub-series instruction sets are listed in the following table. For details of the functions of each
instruction and machine language (instruction code), refer to 78K/0 SERIES USER'S MANUAL - INSTRUCTION
(IEVU-1372).
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24.1 Legend

24.1.1 Operand identifiers and description methods

Operands are described in “Operand” column of each instruction in accordance with the description method of
the instruction operand identifier (refer to the assembler specifications for 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. Each symbol has the following meaning.

e # : Immediate data specification
e | : Absolute address specification
e 3 : Relative address specification
e [ ]: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a iabel. When using a label, be sure to
describe the #, !, $ and [ ] symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in
parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 24-1 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)

p AX (RPO), BC (RP1), DE (RP2), HL (RP3)

sfr Special function register symboiNote

sfrp Special function register symbols {16-bit manipulatable register even addresses only)Note
saddr FE20H to FF1FH Immediate data or labels

saddrp FE20H to FF1FH Immediate data or labels (even addresses only)

addr16 0000H to FFFFH Immediate data or labels
(Only even addresses for 16-bit data transfer instructions)

addr11 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 3-2 Special Function Register List.

444



CHAPTER 24 INSTRUCTION SET

24.1.2 Description of “operation” column

A

(n'u:tomat-ImUOmx
O Mrmo

pPsw
cY
AC

RBS

NMIS

XH, Xt
A

\%
A

addri6
jdisp8

. A register; 8-bit accumuiator

. Xregister

: B register

. Cregister

. D register

. E register

: Hregister

. L register

: AX register pair; 16-bit accumuiator

. BC register pair

: DE register pair

. HL register pair

: Program counter

: Stack pointer

. Program status word

. Carry flag

: Auxiliary carry flag

: Zero flag

: Register bank select fiag

: Interrupt request enable flag

: Non-maskable interrupt servicing flag
: Memory contents indicated by address or register contents in parentheses
. Higher 8 bits and lower 8 bits of 16-bit register
. Logical product (AND)

: Logical sum (OR)

© Exclusive logical sum {(exclusive OR)

. Inverted data

: 16-bit immediate data or label

. Signed 8-bit data (displacement value)

24.1.3 Description of “flag operation” column

(Blank)
0

1
X
R

. Unchanged

: Cleared to 0

: Setto1

: Set/cleared according to the result
: Previously saved value is restored
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24.2 Operation List

Instruc- Clock Flag
tion |[Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z AC CY
r, #byte 2 4 - r « byte
saddr, #byte 3 6 7 (saddr) « byte
sfr, #byte 3 - 7 sfr « byte
Ar Note 3 1 2 - Aer
r, A Note 3 1 2 - reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - ) sfr « A
A, laddri6 3 8 9+n A « (addr16)
MOV laddr16, A 3 8 9+m (addr16) « A
PSW, #byte 3 - 7 PSW &« byte X X X
A, PSW 2 - A « PSW
8-Bit PSW, A 2 - PSW « A X X X
Data A, [DE] 1 4 5+n | A « (DE)
Transfer [DEI, A 1 4 | 5+m |(DBI«A
A, [HL] 1 4 5+n A « (HL)
[HL], A 1 4 5+m (HL) « A
A, [HL+byte} 2 8 9+n A « (HL+byte)
(HL+byte], A 2 8 9+m (HL+byte) « A
A, [HL+B] 1 6 7+n A « (HL+B)
[HL+B], A 1 6 7+m (HL+B) « A
A, [HL+C) 1 6 7+n A « (HL+C)
(HL+C]}, A 1 6 7+m (HL+C) « A
Ar Note 3 1 2 - Aor
A, saddr 2 4 6 A & (saddr)
A, sfr 2 - 6 A o (sfr)
A, laddr16 3 8 10+n+m | A & (addr16)
XCH A, [DE] 1 4 6+n+m | A & (DE)
A, [HL] 1 4 6+n+m | A & (HL)
A, [HL+byte] 2 8 10+n+m { A & (HL+byte)
A, [HL+B]) 2 8 10+n+m | A & (HL+B)
A, [HL+C) 2 8 10+n+m | 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
Remarks:

(1) One instruction clock cycle is one cycle of the CPU clock (fceu) selected by the PCC register.

(2) This clock cycle applies to internal ROM program.
{3) nis the number of waits when external memory expansion area is read from.

(4) m is the number of waits when external memoryexpansion area is written to.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z ACCY
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)
16:8it saddrp, AX 2 6 8 (saddrp) « AX
Data MOVW | AX, sfrp 2 - 8 AX &« sfrp
Transfer sfrp, AX 2 - 8 sfrp « AX
AX, rp Note 3 1 4 - AX & rp
rp, AX Note 3 1 - rp « AX
AX, laddr16 3 10 12+2n | AX « (addr16)
laddr16, AX 3 10 12+2m | (addr16) « AX
XCHW AX, rp Note 3 1 4 - AX & p
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 - A, CY « A+r X X X
r.A 2 4 - r, CY e« r+A X X X
ADD A, saddr 2 4 5 A, CY « A+(saddr) X X X
A, laddri6 3 8 9+n A, CY « A+(addr16) X X X
A, [HL] 1 4 5+n A, CY « A+(HL) X X X
A, [HL+byte] 2 8 9+n A, CY « A+(HL+byte) X X X
A, [HL+B] 2 8 9+n | A, CY & A+(HL+B) x x x
8-Bit A, [HL+C] 2 8 9+n | A, CY « A+(HL+C) 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 Noted | 3 4 - A, CY « A+r+CY x x x
r. A 2 4 - r, CY « r+A+CY X X X
ADDC A, saddr 2 4 5 A, CY « A+(saddr)+CY X X X
A, laddr16 3 8 9+n A, CY « A+(addri6)+CY X X X
A, [HL] 1 4 5+n A, CY « A+(HL)}+CY X X X
A, [HL+byte] 2 8 9+n A, CY « A+(HL+byte)+CY X x X
A, [HL+B]) 2 8 9+n A, CY « A+(HL+B)+CY X X X
A, [HL+C] 2 8 9+n A, CY & A+(HL+C)+CY X X X
Notes:

(1) When the internal high-speed RAM area is accessed or instruction with no data access

(2) When an area except the internal high-speed RAM area is accessed
{3) Only when rp = BC, DE or HL
(4) Exceptr=A

Remarks:

(1) One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the PCC register.

{2) This clock cycle applies to internal ROM program.
(3) nis the number of waits when external memory expansion area is read from.
(4) mis the number of waits when external-memory expansion area is written to.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z ACCY
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
r, A 2 4 - r,CY «r-A X X X
SuB A, saddr 2 4 5 A, CY « A-(saddr) X X X
A, laddr16 3 8 9+n A, CY « A-(addr16) X X X
A, [HL] 1 4 5+n A, CY « A-(HL) X X X
A, [HL+byte] 2 8 9+n A, CY « A-(HL+byte) X X X
A, [HL+B} 2 8 9+n A, CY « A-(HL+B) X X X
A, [HL+C} 2 8 9+n A, CY « A-(HL+C) X X X
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 Note3 | 3 4 - A, CY « A-r-CY X X X
r, A 2 4 - r, CY « r~-A-CY x X X
8-Bit A, saddr 2 4 5 A, CY « A-{saddr}-CY x x x
Operation) SUBC o Sar6 3 8 9+n | A CY « A-(2ddr16)-CY x x x
A, [HL] 1 4 5+n A, CY « A-(HL)}-CY X X X
A, [HL+byte] 2 8 9+n A, CY « A-(HL+byte)-CY X X X
A, [HL+B) 2 8 S+n A, CY « A-(HL+B)-CY X X X
A, [HL+C] 2 8 9+n A, CY « A-(HL+C)}CY X X X
A, #byte 2 4 - A « AAbyte X
saddr, #byte 3 6 8 (saddr) « (saddr)Abyte x
Ar Note3 | 2 4 - A« AAr x
r, A 2 4 - rerAA x
A, saddr 2 4 5 A « AA(saddr) X
AND A, laddri6 3 8 9+n A «— AA(addri6) X
A, [HL] 1 4 S5+n A « AAIHL) x
A, [HL+byte] 2 8 9+n A « AN [HL+byte] x
A, [HL+B] 2 8 9+n A « AA[HL+B] X
A, [HL+C] 2 8 9+n A « AAIHL+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

Remarks:

(1) One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC register.
(2) This clock cycle applies' to internal ROM program.

(3) nis the number of waits when external memory expansion area is read from.
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Instruc- Clock Flag
tion |Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z ACCY
A, #byte 2 4 - A « AV byte X
saddr, #byte 3 6 8 (saddr) &« (saddr)V byte X
Ar Note 3 2 4 - Ae AVr x
r, A 2 4 - rervA X
OR A, saddr 2 4 5 A « AV {saddr) x
A, laddr16 3 8 9+n A « Av(addr16) X
A, [HL] 1 4 5+n A « AV{HL) x
A, [HL+byte} 2 8 9+n A « AV (HL+byte) x
A, [HL+B] 2 8 9+n A « AV {HL+B) x
A, (HL+C] 2 8 9+n A « AV (HL+C) X
A, #byte 2 4 - A «— A byte X
saddr, #byte 3 6 8 (saddr) « (saddr) +* byte x
&8t Ar Note 3 2 4 - A Axr x
Operation r, A 2 4 - rerxA X
A, saddr 2 4 5 A « A (saddr) x
XOR A, laddr16 3 8 9+n A « A (addr16) X
A, [HL) 1 4 S5+n A« Axt(HL) X
A, [HL+byte] 2 8 9+n A « A (HL+byte) X
A, [HL+B) 2 8 9+n A « A+ (HL+B) X
A, [HL+C] 2 8 9+n A « Ax (HL+C) X
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
r. A 2 4 - r-A X X X
cMP A, saddr 2 4 5 A-(saddr) X X X
A, laddr16 3 8 9+n A-(addr16) X X X
A, [HL] 1 4 5+n A—~(HL) X X X
A, [HL+byte] 2 8 9+n A-~(HL+byte) X X X
A, [HL+8B] 2 8 9+n A-(HL+B) X X X
A, [HL+C] 2 8 9+n A-(HL+C) X x X
Notes:

(1) When the internal high-speed RAM area is accessed or instruction with no data access

(2) When an area except the internal high-speed RAM area is accessed
(3) Exceptr=A

Remarks:

(1) One instruction clock cycle is one cycle of the CPU clock (fceu) selected by the PCC register.

(2) This clock cycle applies to internal ROM program.
(3} nis the number of waits when external memory expansion area is read from.
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Instruc- Clock Flag
tion |Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z ACCY
1681t ADDW AX, #word 3 6 - AX, CY « AX+word X X x
Operation] SUBW AX, #word 3 6 - AX, CY & AX-word
CMPW AX, #word 3 6 - AX=-word
Multiply/ | MULU X 2 16 - AX e« AxX
Divide | DIVUW |C 2 25 - AX {Quotient), C (Remainder) « AX+C
INC r 1 2 - rer+l X X
saddr 2 4 6 (saddr) & (saddr)+1 x X
increase/ DEC r 1 2 - r e r-1 x X
Decrease saddr 2 4 6 {saddr) « (saddr)-1 X x
INCW p 1 4 - rp « rp+1
DECW p 1 4 - rp « rp=t
ROR Al 1 2 - (CY, A7 « A0, Am-1 « Am) x 1 x
ROL A1 1 2 - (CY, A0 + A7, Am+1 « Am) x 1 x
RORC A1l 1 2 - (CY « Ao, A7 & CY, Am-1 « Am) x 1 x
Rotation | ROLC Al 1 2 - (CY « A7, Ao « CY, Am+1 « Am} x 1 x
ROR4 | (HLI 2| 10 |12enem [ AT HUR0 € (HL = Ao,
(HL)3-0 & (HL)7—¢
ROL4 HU 2 10 12+nem A3-0 « (HL)7~4, « (HL)3-0 « A3-0,
(HL)7-4 « (HL)3-0
BCD ADJBA 9 4 _ Decimal Adjust Accumulator after < x x
Adjust Addition
ADJBS 2 4 _ Decimal Adjust Accumuiator after < x x
Subtract
CY, saddr.bit 3 6 7 CY « (saddr.bit) x
CY, sfr.bit 3 - 7 CY « sfr.bit x
CY, A.bit 2 4 - CY « A.bit x
Bit CY, PSW.bit 3 - 7 | CY « PSW.bit
Manipula| MOV1 CY, [HL].bit 2 6 7+n CY « (HL).bit
tion saddr.bit, CY 3 6 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - -A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL}.bit, CY 2 6 8+n+m | (HL).bit « CY
Notes:

{1) When the internal high-speed RAM area is accessed or instruction with no data access

{2) When an area except the internal high-speed RAM area is accessed

Remarks:

{1) One instruction clock cycle is one cycle of the CPU clock (fceu) selected by the PCC register.
(2) This clock cycle applies to internal ROM program.

(3) nis the number of waits when external memory expansion area is read from.

{4) m is the number of waits when external memory expansion area is written to.
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Instruc- Clock Flag
tion |Mnemonic QOperands Byte Operation
Group Note 1 | Note 2 Z ACCY
CY, saddr.bit 3 6 7 CY « CYA (saddr.bit) x
CY, sfr.bit 3 - 7 CY « CYA sfr.bit X
AND1 CY, A.bit 2 4 - CY « CYA A.bit X
CY, PSW.bit 3 - 7 CY « CYA PSW.bit x
CY, [HL]Lbit 2 6 7+n CY « CYA (HL).bit x
CY, saddr.bit 3 6 7 CY « CYV (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CYV sfr.bit X
OR1 CY, A.bit 2 4 - CY « CYV Abit x
CY, PSW.bit 3 - 7 CY « CYV PSW.bit x
CY, [HL].bit 2 6 7+n CY « CYV (HL).bit X
CY, saddr.bit 3 6 CY « CY¥ (saddr.bit) x
Bit CY, sfr.bit 3 - CY « CYx sfr.bit x
Manipul2 xor1 [ CY. Abit 2 | a = |CY < CY~Abi x
won CY, PSW.bit 3 | - 7 | CY « CY~ PSW.bit x
CY, [HLLbit 2 6 7+n 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 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 8+n+m | (HL).bit & 1
saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit« 0
CLR1 A.bit 2 4 - Abit « 0
PSW.bit 2 - 6 PSW.bit « 0 X X X
[HL].bit 2 6 8+n+m | (HL).bit < O
SET1 cY 1 2 - CY 1 1
CLR1 CYy 1 2 - CY«o0
NOT1 cY 1 2 - CY «CY 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
Remarks:

(1) One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC register.

(2) This clock cycle applies to internal ROM program.
(3) nis the number of waits when external memory expansion area is read from.
(4) m is the number of waits when external memory expansion area is written to.
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Instruc-
tion
Group

Mnemonic

Operands

Byte

Clock

Note 1 | Note 2

Operation

Flag

Z ACCy

CALL

laddr16

(SP-1) & (PC+3)H, (SP-2) « (PC+3)L,
PC ¢ addr16, SP « SP-2

CALLF

laddr11

{SP-1) « (PC+2)H, (SP-2) « (PC+2)L,
PCi1s5-11 « 00001, PC10-0 « addr11,
SP & SP-2

Call
Return

CALLT

[addr5]

{SP-1) & (PC+1)H, (SP-2) « (PC+1)L,
PCH « (00000000, addr5+1),

PCL « (00000000, addr5)

SP « SP-2

BRK

(SP-1) « PSW, (SP-2) « (PC+1)H,
(SP=-3) « (PC+1)L, PCH « (003FH),
PCL « (003EH), SP « SP-3, IE « 0

RET

PCH « (SP+1), PCL « (SP),
SP & SP+2

RETI

PCH « (SP+1), PCL « (SP),
PSW & (SP+2), SP « SP+3,
NMIS « 0

RETB

PCH « {SP+1), PCL « (SP),
PSW & (SP+2), SP « SP+3

PUSH

PSW

(SP-1) & PSW, SP « SP-1

rp

(SP-1) « rpH, (SP-2) « rpL,
SP « SP-2

Stack
Manipula-
tion

POP

PSW

PSW & (SP), SP « SP+1

™

rpH « (SP+1), rpL « (SP),
SP « SP+2

MOovw

SP, #word

SP « word

SP, AX

SP « AX

AX, SP

AX « SP

Uncondi-
tional
Branch

| laddr16

PC « addr16

$addr16

PC « PC + 2 jdisp8

AX

PCh « A, PCL &« X

BC

$addri16

PC « PC + 2 jdisp8if CY = 1

Condi-

BNC

$addr16

PC &« PC + 2jdisp8if CY =0

tional
Branch

BZ

$addr16

PC—PC+2jdisp8ifZ=1

BNZ

$addr16

NINININININIW NN

aolojlojo|lojo]|lo

PC«PC+2jdisp8ifZ=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
Remarks:

(1) One instruction clock cycle is one cycle of the CPU clock (fceu) selected by the PCC register.

(2) This clock cycle applies to internal ROM program.
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Instruc- Clock Flag
tion | Mnemonic Operands Byte Operation
Group Note 1 | Note 2 Z ACCY
saddr.bit, $addr16 3 8 9 PC « PC+3+jdisp8 if(saddr.bit)=1
sfr.bit, $addr16 4 - 11 PC &« PC+4+jdisp8 if sfr.bit=1
BT A.bit, $addr16 3 8 - PC « PC+3+jdisp8 if A.bit=1
PSW.bit, $addr16 3 - 9 PC « PC+3+jdisp8 if PSW.bit=1
[HL].bit, $addr16 3 10 11+n | PC « PC+3+jdisp8 if (HL).bit=1
saddr.bit, $addr16 4 10 11 PC « PC+4+jdisp8 if (saddr.bit)=0
sfr.bit, $addr16 4 - 1" PC « PC+4+jdisp8 if sfr.bit=0
BF A.bit, $addr16 3 8 - PC « PC+3+jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC « PC+4+jdisp8 if PSW.bit=0
[HL].bit, $addr16 3 10 11+n | PC « PC+3+jdisp8 if (HL).bit=0
PC « PC+4+idisp8
saddr.bit, $addr16 4 10 12 if(saddr.bit)=1
Condi- then reset (saddr.bit)
tional PC « PC+4+idisp8 if sfr bit=1
Branch sfr.bit, Saddr16 4 - 12 © ThrATaSpET Sirbin=
then reset sfr.bit
. PC « PC+3+jdisp8 if A.bit=1
BTCLR A.bit, $addr16 3 8 -
then reset A.bit
P 4+jdi if PSW.bit=1
PSW.bit, $addr16 4 - 12 C ¢ PC+4-+idisp8 if PSW.bit x x x
then reset PSW.bit
. PC « PC+3+jdisp8 if (HL).bit=1
[HL].bit.Saddr16 3 10 12+n+m )
then reset (HL).bit
B « B-1, then
B, $addr16 2 6 - L .
PC « PC+2+jdisp8 if B#0
DBNZ |C. Saddr6 2 6 - |GGl then
PC « PC+2+jdisp8 if C#0
addr addr}-1, the
saddr, Saddr16 3 8 jo | (s20dn « (saddn-1. then
PC « PC+3+jdisp8 if (saddr)z0
SEL RBn 2 4 - RBS1,0¢n
NOP 1 2 - No Operation
cPyU El 2 - 6 IE « 1 (Enable Interrupt)
Control | pj 2 - 6 IE « O (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
Remarks:

(1) One instruction clock cycle is one cycle of the CPU clock {fceu) selected by the PCC register.

(2) This clock cycle applies to internal ROM program.
(3) nis the number of waits when external memory expansion area is read from.

(4) m is the number of waits when external memory expansion area is written to.
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24.3 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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Second
Operand [HL+byte]
Firet #byte A fNote | sfr | saddr |laddr16| PSW | [DE] | [HLl [iHL+B] [saddrs 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 SuB suB suB SUB [SUB
OR SuBsC SUBC |SuBC SUBC |SUBC
XOR AND AND AND AND JAND
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
n DBNZ
sfr MOV MOV
saddr MOV MOV DBNZ INC
ADD DEC
ADDC
suB
SusC
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
o Divuw

Note: Exceptr=A
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(2) 16-bit instructions

MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand
First Operand #word AX rpNote sfrp saddrp laddr16 SP None
AX ADDW MOvwW MOVW MOvVwW MOvw MOvw
SUBW XCHW
CMPW
p MOoww MOVwyNote INCW
DECW
PUSH
POP
sfrp MOVW Movw
saddrp MOVW MOVW
laddr16 Movw
SP MOvw MOovw
Note: Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand
First Operand A_bit sfr.bit saddr.bit | PSW.bit [HL]).bit CcY $addr16 None
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOW1 BT SET1
BF CLR1
BTCLR
saddr.bit MOVi BT SET1
BF CLR1
BTCLR
PSW.bit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOWV1 BT SET1
BF CLR1
BTCLR
cYy MOWV1 MOV1 MOV1 MOV1 MOV1 1 SET1
AND1 AND?1 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

laddr11

[addr5]

$addr16

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
8C
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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[MEMO]
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The following development tools are available for the development of systems which employ the uPD78098
sub-series.

Language Processing Software

This is a program to convert a program written in mnemonics into an object code executable
with a microcomputer.

RA78K/0 Further, this assembler is provided with functions capable of automatically creating symbol
Relocatable Assembler | tables and branch instruction optimization.

Part Number: uSxxxxRA78K0

This is a program to convert a program written in C language into an object code executable

CC78K/0 with a microcomputer.
C Compiier
Part Number: uSxxxxCC78K0
CC78K/0-L This is a function source program configurating object library included in CC78K/Q C compiler.
C Complier Library
Source File Part Number: uSxxxxCC78K0-L
Remarks:

(1) When using CC78K/0 C compiler package, RA78K/0 assembler package (option) is necessary.

{2) Purchase the CC78K/0-L C complier library source file when modifying the object library included in the C
compiler package to customer’'s specification.

{3) xxxx of the part number differs depending on the host machine used. Refer to the table below.

Host Machine 0S Supply Medium | XXXX Part of Part Number
MS- ™
VS FSO;SO 3.5-inch 2HD 5A13
PC-9800 series € o )
-1 1
Ver.5.00ANet 5-inch 2HD 5A10
p ™
(\:/ DC3)53 3.5-inch 2HC 7813
IBM PC/AT™ ( eio ' )
-i 1
Ver.5.0Nets S-inch 2HC 7810
HP-UX™
HP9000 i ™ 3H15
series 300 (rel.7.058)
T™ 4
SPARCstation™ Sun 0S Cartridge tape 3K15
(rel.4.1.1) {QIC-24)
WS-
EWS-4800 series (RISC) EWS-UXV 3M15
(rel.4.0)

Note: The MS-DOS Ver. 5.00/5.00A and PC DOS Ver. 5.0 have a task swap function, but this
task swap function is not used in this software.
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PROM Programming Tools

This is a PROM programmer capable of programming the single-chip microcomputer
incorporated in the PROM by manipulating from the stand-alone or host machine
PG-1500 through connection of a program adapter separately purchasable and attached board.
It can also program representative PROMs ranging from 256K bits to 4M bits.
Hardware
PROM programmer adapter that is also used with the uPD78P054 and is connected
PA-78P054GC to the PG-1500.
PA-78P054KK-T PA-78P054GC : 80-pin plastic QFP (14 x 14 mm}
PA-78P054KK-T: 80-pin ceramic WQFN
The PG-1500 is controlled in the host machine through connection with the host
machine and PG-1500 via serial and parallel interfaces.
Part Number
Host Machi
ost Machine (01 Supply Medium {Product Name)
PG- MS-D
Software Cfnli(:l.;r Ver 32§ 3.5-inch 2HD uS5A13PG1500
PC-9800 series ( t'o'
Ver.5.00ANes 5-inch 2HD uSS5A10PG1500
PC DOS
Ver. 3.3 3.5-inch 2HC uS7B13PG1500
IBM PC/AT ( e )
Ver 5. ONete 5-inch 2HC uS7B10PG1500

Note: The MS-DOS Ver. 5.00/5.00A and PC DOS Ver. 5.0 have a task swap function, but this
task swap function is not used in this software.
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Debugging Tool

An in-circuit emulator (IE-78000-R) is available as uPD78098 sub-series debugging tool. lts system con-
figuration is as follows.

Debugging tool (1/2)

The IE-78000-R is an in-circuit emulator that serves to debug hardware and software
when developing application systems using 78K/0 series. Use the IE-78000-R in
IE-78000-R combination with an emulation probe.

Debugging can be executed efficiently through connection with the host machine and
the PROM programmer.

|IE-78098-R-EM Emulation board for the uPD78098 sub-series

Hardware Emulation probe used in common with the uPD78234 sub-series. The EP-78230GC-R
EP-78230GC-R is for 80-pin plastic QFP {14 x 14 mm). An 80-pin conversion socket EV-9200GC-80 is
provided to facilitate user system development.

EV-8200GC-80 | Conversion socket to connect the EP-78230GC-R and user system board created to
mount the 80-pin plastic QFP (14 x 14 mm).

The uPD78P098AKK-T (ceramic WQFN) can be mounted instead of connecting the
EP-78230GC-R.

EV-9900 " A jig used to remove the uPD78P09BAKK-T from the EV-9200GC-80.

Remarks:

{1) Above tools can be used for any of the uPD78098 sub-series products.
(2) EV-9200GC-80s are sold in sets of five units.
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Debugging tool (2/2)

Software

Screen debugger for the 78K/0 series.
Connects the |E-78000-R and host machine via a serial or paralle! interface, and

controls the 1E-78000-R on the host machine.

Host Machine

Part Number

0s Supply Medium {Product Name)
M
SD78K/0 v::gc;: 3.5-inch 2HD uS5A13SD78K0
PC-9800 series t.o.
inch 2H Al
Ver.5.00A Nete 5-inch 2HD uS5A10SD78K0
P
VirDBOs's 3.5-inch 2HC uS7B13SD78K0
IBM PC/AT ( -
Ver.5.0 M 5-inch 2HC uS7B10SD78K0
Device file for the uPD78098 sub-series.
Used in conjunction with SD78K/0.
Part Number
H M i
ost Machine oS Supply Medium (Product Name)
MS-DOS
3.5-inch 2HD uS5A13DF78098
DF78098 PC-9800 series ( Ve:Z'30 )
Ver.5.00A Nete S-inch 2HD ES5A10DF78098
P
VirD30: 3.5-inch 2HC uS7B13DF78098
IBM PC/AT - )
Ver 5.0 e S-inch 2HC #S7810DF78098

task swap function is not used in this software.

Note: The MS-DOS Ver. 5.00/5.00A and PC DOS Ver. 5.0 have a task swap function, but this

Remark: The above tools can be used for any of the uPD78098 sub-series products.
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System-up Method from Other In-Circuit Emulator to IE-78000-R
When you already have an in-circuit emulator for the 78K series or the 75X series, you can use that in-
circuit emulator as the equivalent of a 78K/0 in-circuit emulator 1E-78000-R by replacing the internal break
board with the IE-78000-R-BK.

Series Name In-circuit Emulator Owned Board to be Purchased
75X Series IE-75000-R, IE-75001-R
78K/I Series IE-78130-R, 1E-78140-R

IE-78230-R, |E-78230-R-A
i : -78000-R-BK
78K/ Series IE-78240-R, IE-78240-R-A IE-78000-R-8

IE-78320-R, 1E-78327-R

78K Series |\ 2e330-R, IE-78350-R

78KNI Series IE-78600-R
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Development Tool Configuration
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Conversion Socket Drawing (EV-9200GC-80) and Footprint

No.1

Fig. A-1 EV-9200GC-80 Socket Drawing (Reference)

M
B A N
F
¢ —
NEC
ol o} + — - 22] V4
-9200GCRD
1000
in index
= -
\v4 <
e |
H
I
EV-9200GC-80-GO
ITEM MILLIMETERS INCHES
A 18.0 0.709
B 14.4 0.567
C 14.4 0.567
D 18.0 0.709
E 4-C 2.0 4-C 0.079
F 0.8 0.031
G 6.0 0.236
H 16.0 0.63
! 18.7 0.736
J 6.0 0.236
K 16.0 0.63
L 18.7 0.736
M 8.2 0.323
0 8.0 0.315
N 2.5 0.098
P 2.0 0.079
Q 0.35 0.014
R $2.3 $0.091
S 1.5 $0.059
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Fig. A-2 EV-9200GC-80 Footprint (Reference)

G
] D no0 oo
TE |/ |k E
E ¢ =
o w o B-- % T
% =
R B —— ] . =
[0 ﬂ[ll][l[lﬂl]ﬂ?
m——
B
A
EV-9200GC-80-PO
ITEM MILLIMETERS INCHES
A 19.7 0.776
B 15.0 0.591
C |0.65+0.02 x 19=12.3520.05| 0.026"3:3%3 x 0.748=0.486*33%3
D |0.65%0.02 x 19=12.35+0.05| 0.0263:3%; x 0.748=0.486*3.3%3
E 15.0 0.591
F 19.7 0.776
G 6.0£0.05 0.236:90%
H 6.0:0.05 0.236:50%
| 0.35+0.02 0.014:3%%
J $2.36:0.03 $0.093:39%
K $2.3 $0.091
L $1.57+0.03 $0.062:3%3

Caution Dimensions of mount pad for EV-9200 and that for target
device (QFP) may be different in some parts. For the
recommended mount pad dimensions for QFP, refer to
*SEMICONDUCTOR DEVICE MOUNTING TECHNOLOGY
MANUAL" (IEIF1207).
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Real-time OS

RX78K/0 is a real-time OS which is based on the ulTRON specification.
RX78K/0 Supplied with the RX78K/0 nucleus and a tool to prepare multiple information tables (configurator).
Real-time OS

Part Number: puSXXXXRX78013-AAAA

Cautions:

(1) When using the RX78K/0, the RA78K/0 assembler package (option) is necessary.

(2} When purchasing the RX78K/0, fill in the purchase application form in advance, and sign the Use
Approval Contract.

Remark: Part number differs depending on host machine and OS, etc.

HSXXXXRX78013-AAAA
JAVAVAVAN Product Outline Maximum number for use in mass production
001 Evaluation object Do not use for mass-producing product.
100K 100,000
001M Mass production object | 1,000,000
010M 10,000,000
SO Source program Source program of mass production object
XXXX Host Machine oS Supply Medium
MS-DOS .
5A13 3.5-inch 2HD
. Ver.3.30
PC-9800 series .
(e}
5A10 S-inch 2HD
Ver.5.00A Nete
PC DOS .
7B13 3.5-inch 2HC
Ver 3.3
IBM PC/AT .
to
7810 S-inch 2HC
Ver. 5.0 Net
HP-UX
3H15 HPS000 series 300
(rel.7.05B)
i Sun OS Cartridge tape
3K15 SPARCstation
(rel.4.1.1) (QIC-24)
EWS-4800 series EWS-UXV
3M15
(RISC) (rel.4.0)

Note: The MS-DOS Ver. 5.00/5.00A and PC DOS Ver. 5.0 have a task
swap function, but this task swap function is not used in this
software.
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Fuzzy Inference Development Support System

Program supporting input of fuzzy knowledge data (fuzzy rule and membership

FES000/FES200 function), editing (edit), and evaluation (simulation).
Fuzzy Knowledge Data
Creation Tool Part Number:  uSXXXXFES000 (PC-9800 series)

USXXXXFES200 (IBM PC/AT) teter

Program converting fuzzy knowledge data obtained by using fuzzy knowledge data

creation tool to RA78K/0 assembler source program.
FT9080/FT9085

Translator Part Number:  uSXXXXFT9080 (PC-9800 series)
USXXXXFT9085 (IBM PC/AT)

Program executing fuzzy inference. Fuzzy inference is executed by linking fuzzy

FI78K0 Fuzzy knowledge data converted by translator.
Inference Module

Part Number:  uSXXXXFI78K0 (PC-9800 series, IBMPC/AT)

Support software evaluating and adjusting fuzzy knowledge data at hardware level by
FD78K0 using in-circuit emulator.
Fuzzy Inference Debugger

Part Number: HSXXXXFD78K0 (PC-9800 series, |IBM PC/AT)

Remark: Part number XXXX differs depending on host machine and OS, etc.

BSXXXXFES000
HSXXXXFT9080
USXXXXF|78K0

HSXXXXFD78K0

XXXX Host Machine 0s Supply Medium
MS-DOS .
S5A13 3.5-inch 2HD
. Ver.3.30
PC-9800 series .
0
S5A10 S5-inch 2HD
Ver.5.00A Nete2
USKXXXXFES200 Nete?
HSXXXXFT9085
USXXXXFI78K0
USXXXXFD78K0
XXXX Host Machine [} Sugply Medium
PC DOS )
7B13 3.5-inch 2HC
Ver.3.3
IBM PC/AT
10
7810 S-inch 2HC
Ver.5.Q Nete2
Notes:

{1) To operate FES200, Windows™ (Ver. 3.0 to Ver. 3.1} is necessary.
(2) TheMS-DOS Ver.5.00/5.00Aand PCDOS Ver. 5.0 have a task swap function, but this task swap function
is not used in this software.
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C.1 Register Index (In Alphabetical Order with Respect to the Register Name)

[A]
A/D conversion result register (ADCR) ... 197
A/D converter input select register (ADIS) ... 200
A/D converter mode register (ADM) ... 198
A/D current cutting select register (IEAD) ... 202
Asynchronous serial interface mode register (ASIM) ... 317, 326, 328, 341
Asynchronous serial interface status register (ASIS) ... 320, 329
Automatic data transmit/receive address pointer (ADTP) ... 274
Automatic data transmit/receive control register (ADTC) ... 278, 287
Automatic data transmit/receive interval specify register {ADTI) ... 279, 288

[B]
Baud rate generator control register (BRGC) ... 321, 330

[C]
Capture/compare control register 0 (CRCO) ... 118
-Capture/compare register 00 (CROQ) ... 113
Capture/compare register 01 {CR01) ... 113
Clock select register 1 (IECL1) ... 94, 400
Clock select register 2 (IECL2) ... 94
Command register (CMR) ... 403
Compare register 10-(CR10) ... 157
Compare register 20 (CR20) ... 157
Control register (CTR) ... 401

D]
D/A conversion value set register 0 (DACSO) ... 214
D/A conversion value set register 1 (DACS1) ... 214
D/A converter mode register (DAM) ... 215

[E]
8-bit timer mode control register (TMC1) ... 159
8-bit timer output control register (TOC1) ... 160
8-bit timer register 1 (TM1) ... 157
8-bit timer register 2 (TM2) ... 157
External interrupt mode register 0 (INTMO) ... 122, 356
External interrupt mode register 1 (INTM1) ... 201, 357

[11]
IEBus controller mode register (IECM) ... 400
Internal expansion RAM size switching register (IXS)... 435
Interrupt mask flag register OH (MKOH) ... 354
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Interrupt mask flag register OL (MKOL) ... 354

Interrupt mask flag register 1L (MK1L) ... 354

Interrupt request flag register OH (IFOH) ... 353
Interrupt request flag register OL (IFOL) ... 353

Interrupt request flag register 1L {IF1L) ... 353

Interrupt timing specify register (SINT) ... 230, 249, 267

K]
Key return mode register (KRM) ... 85, 372

L]
Lock address register 1 (LOR1) ... 414
Lock address register 2 (LOR2) ... 414

M)
Master communication control register (MCR) ... 404
Memory expansion mode register (MM) ... 84, 377
Memory size switching register (IMS) ... 378, 433
Multiaddress calling destination address register 1 (DAR1)
Multiaddress calling destination address register 2 (DAR2)

[0]
Oscillation mode selection register (OSMS) ... 94
Oscillation stabilization time select register (OSTS) ... 420

[P]
Port O (PO) ... 66
Port 1 (P1) ... 68
Port 2 (P2) ... 69
Port 3 (P3) ... 71
Port 4 (P4) ... 72
Port 5 (P5) ... 73
Port 6 (P6) ... 74
Port 7 (P7) ... 76
Port 12 (P12) ... 78
Port 13 (P13) ... 79
Port mode register 0 (PMO) ... 82
Port mode register 1 (PM1) ... 82
Port mode register 2 (PM2) ... 82
Port mode register 3 (PM3) ... 82, 121, 161, 190, 194
Port mode register 5 (PM5) ... 82
Port mode register 6 (PM6) ... 82
Port mode register 7 (PM7) ... 82
Port mode register 12 (PM12) ... 82
Port mode register 13 (PM13) ... 82
Priority order specify flag register OH (PROH) ... 355
Priority order specify flag register OL (PROL) ... 355
Priority order specify flag register 1L (PR1L) ... 355
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Processor clock control register (PCC) ... 92
Pull-up resistor option register H (PUOH) ... 83
Pull-up resistor option register L (PUOL) ... 83

(R]
Real-time buffer register H (RTBH) ... 345
Real-time buffer register L (RTBL) ... 345
Real-time output port control register (RTPC) ... 346
Real-time output port mode register (RTPM) ... 345
Receive buffer register (RBF) ... 399
Receive buffer register (RXB) ... 315
Receive data number register 1 (RDR1) ... 408
Receive data number register 2 {RDR2) ... 408
Return code register (RCR) ... 408

[S]
Sampling clock select register (SCS) ... 123, 358
Serial bus interface control register (SBIC) ... 228, 233, 266
Serial 1/O shift register 0 (SI0Q0) ... 222
Serial 1/0 shift register 1 (SI01) ... 274
Serial operating mode register 0 (CSIMO) ... 226, 232, 245, 264
Serial operating mode register 1 (CSIM1) ... 277, 282, 283, 285
Serial operating mode register 2 (CSIM2) ... 316, 325, 327, 340
16-bit timer mode control register (TMCO) ... 116
16-bit timer output control register (TOCO) ... 119
16-bit timer register (TM0) ... 114
Slave address register (SVA) ... 222
Slave address register 1 (SAR1) ... 413
Slave address register 2 (SAR2) ... 413
Status register 1 (STR1) ... 406
Status register 2 (STR2) ... 407

[T}
Timer clock select register 0 (TCLO) ... 114, 188
Timer clock select register 1 (TCL1) ... 157
Timer clock select register 2 (TCL2) ... 174, 181, 192
Timer clock select register 3 (TCL3) ... 224, 276
Transmit buffer register (TBF) ... 398
Transmit shift register (TXS) ... 315

(LV}]
Unit address register 1 (UAR1) ... 412
Unit address register 2 (UAR2) ... 412

W]
Watch timer mode control register (TMC2) ... 177
Watchdog timer mode register (WDTM) ... 183
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C.2 Register Index (In Alphabetical Order with Respect to the Register Symbol)

[A]
ADCR : A/D conversion result register ... 197
ADIS . A/D converter input select register ... 200
ADM : A/D converter mode register ... 198
ADTC : Automatic data transmit/receive control register ... 278, 287
ADTI : Automatic data transmit/receive interval specify register ... 279, 288
ADTP . Automatic data transmit/receive address pointer ... 274
ASIM : Asynchronous serial interface mode register ... 317, 326, 328, 341
ASIS : Asynchronous serial interface status register ... 320, 329
[B]
BRGC : Baud rate generator control register ... 321, 330
[C]
CMR : Command register ... 403
CTR : Control register ... 401
CROO : Capture/compare register 00 ... 113
CRO1 : Capture/compare register 01 ... 113
CR10 . Compare register 10 ... 1567
CR20 : Compare register 20 ... 157
CRCO . Capture/compare control register 0 ... 118
CSIMO  : Serial operating mode register 0 ... 226, 232, 245, 264
CSIM1  : Serial operating mode register 1 ... 277, 282, 283, 285
CSIM2 . Serial operating mode register 2 ... 316, 325, 327, 340
[D]
DACSO : D/A conversion value set register 0 ... 214
DACS1 : D/A conversion value set register 1 ... 214
DAM : D/A converter mode register ... 215
DAR1 : Multiaddress calling destination register 1 ... 413
DAR2 : Multiaddress calling destination register 2 ... 413
[1]
IEAD : A/D current cutting select register ... 202
IECL1 : Clock select register 1 ... 94, 400
IECL2 : Clock select register 2 ... 94
IECM : |EBus controller mode register ... 400
IFOH . Interrupt request flag register OH ... 353
IFOL . Interrupt request flag register OL ... 353
IF1L . Interrupt request flag register 1L ... 353
IMS : Memory size switching register ... 378, 433
INTMO : External interrupt mode register O ... 122, 356
INTM1 : External interrupt mode register 1 ... 201, 357
IXS . Internal expansion RAM size switéhing register ... 435
K]
KRM . Key return mode register ... 85, 372
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Ll
LOR1
LOR2

M]
MCR
MKOH
MKOL
MK1L
MM

[0]
OSMS
OSTS

{P]
PO
P1
P2
P3
P4
P5
P6
P7
P12
P13
PCC
PMO
PM1
PM2
PM3
PM5
PM6
PM7
PM12
PM13
PROH
PROL
PRIL
PUOH
PUOL

[R]
RBF
RCR
RDR1
RDR2
RTBH

: Lock address register 1 ... 414
: Lock address register 2 ... 414

: Master communication control register ... 404
: Interrupt mask flag register OH ... 354

: Interrupt mask flag register OL ... 354

: Interrupt mask flag register 1L ... 354

: Memory expansion mode register ... 84, 377

: Oscillation mode selection register ... 94
: Oscillation stabilization time select register ... 420

: Port0...66
: Port1...68
: Port2...69
. Port3..71
: Portd..72
: Port5...73
: Port6...74
: Port7..76
: Port12...78
: Port13..79

: Processor clock control register ... 92

: Port mode register 0 ... 82

: Port mode register 1 ... 82

: Port mode register 2 ... 82

: Port mode register 3 ... 82, 121, 161, 190, 194
: Port mode register 5 ... 82

: Port mode register 6 ... 82

: Port mode register 7 ... 82

: Port mode register 12 ... 82

: Port mode register 13 ... 82

: Priority order specify flag register OH ... 355
: Priority order specify flag register OL ... 355
. Priority order specify flag register 1L ... 355
: Pull-up resistor option register H --- 83

: Puil-up resistor option register L --- 83

: Receive buffer register ... 399

: Return code register ... 408

. Receive data number register 1 ... 408
. Receive data number register 2 ... 408
: Real-time buffer register H ... 345
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RTBL : Real-time buffer register L ... 345
RTPC : Real-time output port control register ... 346
RTPM  : Real-time output port mode register ... 345
RXB . Receive buffer register ... 315

[S]
SAR1 : Slave address register 1 ... 413
SAR2 : Slave address register 2 ... 413
SBIC : Serial bus interface control register ... 228, 233, 266
SCS : Sampling clock select register ... 123, 358
SINT : Interrupt timing specify register ... 230, 249, 267
SI00 : Serial I/O shift register 0 ... 222
SIO1 : Serial 1/O shift register 1 ... 274
STR1 : Status register 1 ... 406
STR2 : Status register 2 ... 407
SVA : Slave address register ... 222

Q)]
TBF : Transmit buffer register ... 398
TCLO : Timer clock select register 0 ... 114, 188
TCL1 : Timer clock select register 1 ... 157
TCL2 . Timer clock select register 2 ... 174, 181, 192
TCL3 : Timer clock select register 3 ... 224, 276
TMO . 16-bit timer register ... 114
™1 : 8-bit timer register 1 ... 157
TM2 . 8-bit timer register 2 ... 157
TMCO : 16-bit timer mode control register ... 116
TMC1 : 8-bit timer mode control register ... 159
TMC2 : Watch timer mode control register ... 177
TOCO : 16-bit timer output control register ... 119
TOC1 : 8-bit timer output control register ... 160
TXS : Transmit shift register ... 315

(V)]
UAR1 : Unit address register 1 ... 412
UAR2 : Unit address register 2 ... 412

w]

WDTM : Watchdog timer mode register ... 183
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The history of revisions made up to now is shown in the following. The Application column shows in which

APPENDIX D REVISION HISTORY

chapters these revisions were made in.

(1/3)

Edition No.

Revision Made

Application

2nd Edition

uPD78094, 78095, 78096: Under development — Development
completed

pPD78P098: Erased from applied models

pPD78098A, 78P098A: Added to applied models

Throughout

P60 to P63 pins (for uPD78P098A) input/output circuit type: Corrected
t0 13 = 13-D

The recommended connecting method of unused pins P130/ANOO and
P131/ANO1 was changed

Cautions for use of pins P130/ANOO and P131/ANQO1 were added

CHAPTER 2 PIN FUNC-
TION

Cautions for 4.2.3 Port 2 and 4.2.8 Port 7 were revised

Cautions for use of pins P130/ANOOQ and P131/ANO1 were added

Table 4-3 Port Mode Register and Output Latch Settings when
Using Dual Function was added

CHAPTER 4 PORT
FUNCTIONS

Fig. 5-3 Subsystem Clock Feedback Resistor was added

Cautions were added to Fig. 5-5 Oscillation Mode Selection Register
Format

Cautions were added 10 5.6.2 System clock and CPU clock switching
procedure

CHAPTER 5 CLOCK
GENERATOR

Cautions were added to format of timer clock selection register O

CHAPTER 6 16-BIT
TIMER/EVENT COUNTER

CHAPTER 10 CLOCK
OUTPUT CONTROL CIRCUIT

Cautions were added to {2) 16-bit timer mode control register (TMCO)
of 6.3 16-Bit Timer/Event Counter Control Registers

Cautions were added to the following section in 6.4.4 Pulse width
measurement operations
(3) Pulse width measurement with free-running counter and
two capture registers

(4) Pulse width measurement by means of restart

CHAPTER 6 16-BIT
TIMER/EVENT COUNTER
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Edition No.

Revision Made

Application

2nd Edition

Fig. 6-32 Timing of One-Shot Pulse Output Operation Using Soft-
ware Trigger was revised

Fig. 6-34 Timing of One-Shot Pulse Output Operation Using Exter-
nal Trigger (with Rising Edge Specified) was revised

CHAPTER 6 16-BIT
TIMER/EVENT COUNTER

Cautions were added to Fig. 7-4 Timer Clock Select Register 1
Format

Table 7-7 8-Bit Timer/Event Counter 2 Interval Time was added

Table 7-10 Square-Wave Output Ranges when 2-Channe! 8-Bit
Timer/Event Counters (TM1 and TM2) are Used as 16-Bit Timer/
Event Counter was added

CHAPTER 7 8-BIT
TIMER/EVENT COUNTER

Cautions were added to the timer clock select register 2 format

CHAPTER 8 WATCH
TIMER

CHAPTER 8§ WATCH-
DOG TIMER

CHAPTER 11 BUZZER
OUTPUT CONTROL
CIRCUIT

The A/D converter mode register format was changed

CHAPTER 12 A/D
CONVERTER

Cautions were added to the timer clock select register 3 format

CHAPTER 14 SERIAL
INTERFACE CHANNEL 0

CHAPTER 15 SERIAL
INTERFACE CHANNEL 1

The settings of the port mode register and output latch during the use
of serial interface were changed

CHAPTER 14 SERIAL
INTERFACE CHANNEL 0

CHAPTER 15 SERIAL
INTERFACE CHANNEL 1

CHAPTER 16 SERIAL
INTERFACE CHANNEL 2

The explanation for the automatic transmit/receive interval time was
revised

CHAPTER 15 SERIAL
INTERFACE CHANNEL 1

Table 16-2 Serial Interface Channel 2 Operating Mode Settings
was revised

CHAPTER 16 SERIAL
INTERFACE CHANNEL 2
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Edition No.

Revision Made

Application

2nd Edition

CHAPTER 18 INTERRUPT FUNCTIONS was changed to CHAPTER 18
INTERRUPT FUNCTIONS AND TEST FUNCTIONS, and 18.5 Test
Functions was added

CHAPTER 18 INTER-
RUPT FUNCTIONS AND
TEST FUNCTIONS

Accompanying the additions of uPD78098A and 78P088A, changes
were made so that 56K bytes can be selected for the internal ROM
capacity with the memory size switching register

CHAPTER 19 EXTERNAL
DEVICE EXPANSION
FUNCTION

CHAPTER 23
uPD78P0O9BA

Fig. 20-13 IEBus Controller Mode Register Format was revised

CHAPTER 20 [EBus

CONTROLLER
Fig. 20-23 Formats of Muitiaddress Calling Destination Address
Registers 1 and 2 was changed
23.2 Internal Expansion RAM Size Switching Register was added CHAPTER 23
pPD78P098A

Cautions for the specification of write addresses for 23.3 PROM
Programming were added

24.2 Instruction Codes and 24.3 Operation List were erased

CHAPTER 24 INSTRUC-
TION SET

IE-78098-R-EM, DF78098: Under development — Development com-
pleted

APPENDIX A DEVELOP-
MENT TOOLS

APPENDIX C INSTRUCTION INDEX (in Aiphabetical Order) was
erased

APPENDIX D REVISION HISTORY was added

APPENDIX D REVISION
HISTORY
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