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NOTES FOR CMOS DEVICES

@® PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, 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.
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e The information in this document is current as of 28.01, 2003. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets or
data books, etc., for the most up-to-date specifications of NEC Electronics products. Not all products
and/or types are available in every country. Please check with an NEC sales representative for
availability and additional information.

* No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC Electronics. NEC Electronics assumes no responsibility for any errors that
may appear in this document.

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

« Descriptions of circuits, software and other related information in this document are provided for
illustrative purposes in semiconductor product operation and application examples. The incorporation
of these circuits, software and information in the design of customer's equipment shall be done
under the full responsibility of customer. NEC Electronics no responsibility for any losses incurred by
customers or third parties arising from the use of these circuits, software and information.

* While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics
products, customers agree and acknowledge that the possibility of defects thereof cannot be eliminated
entirely. To minimize risks of damage to property or injury (including death) to persons arising from
defects in NEC Electronics products, customers must incorporate sufficient safety measures in their
design, such as redundancy, fire-containment and anti-failure features.

* NEC Electronics products are classified into the following three quality grades: “Standard”, “Special”
and “Specific”.

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated “quality assurance program” for a specific application. The recommended applications of
NEC Electronics product depend on its quality grade, as indicated below. Customers must check the
quality grade of each NEC Electronics product before using it in a particular application.

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

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

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

The quality grade of NEC Electronics products is “Standard” unless otherwise expressly specified in
NEC Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in
applications not intended by NEC Electronics, they must contact NEC Electronics sales representative
in advance to determine NEC Electronics 's willingness to support a given application.

Notes: 1. " NEC Electronics" as used in this statement means NEC Electronics Corporation and
also includes its majority-owned subsidiaries.

2. " NEC Electronics products" means any product developed or manufactured by or for
NEC Electronics (as defined above).
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Preface

Readers This manual has been prepared for engineers who want to understand the
functions of the uPD780828A Subseries and design and develop its
application systems and programs.

uPD780828A Subseries:
UPD780824A(A), UPD780826A(A), UPD780828A(A), UPD78F0828A(A),
UPD780824A(A1), uPD780826A(Al), WPD780828A(A1),
UPD780824A(A2), uUPD780826A(A2), uPD780828A(A2)

Purpose This manual is intended for users to understand the functions of the
MPD780828A Subseries.
Organization The uPD780828A subseries manual is separated into two parts: this manual

and the instruction edition (common to the 78K/0 series).

uPD780828A 78K/0 series
Subseries User’s Manual
This Manual Instruction
* Pin functions * CPU functions
* Internal block functions * Instruction set
* Interrupt « Explanation of each instruction

Other on-chip peripheral functions

How to Read This Manual

Before reading this manual, you should have general knowledge of electric
and logic circuits and microcontrollers.

* When you want to use this manual as the manual for (A) products, (A1) products,
and (A2) products:

- Only the quality grade differs between (A), (A1) and (A2) products.
Read the part number as follows:
uPD780824A - pPD780824A(A), uUPD780824A(Al), uPD780824A(A2)
uPD780826A — pPD780826A(A), uUPD780826A(Al), uPD780826A(A2)
pPD780828A - pPD780828A(A), uPD780828A(Al), uPD780828A(A2)
pPD78F0828A — pPD78F0828A(A)

« When you want to understand the function in general:
- Read this manual in the order of the contents.
« How to interpret the register format:
- For the bit number enclosed in square, the bit name is defined as a reserved word in RA78K/0,
and in CC78K/0 and defined in the header file of hte IAR compiler.
» To make sure the details of the registers when you know the register name.
- Refer to Appendix C.
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Preface

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

* Related documents for pPD780828A Subseries

Document No.
Document name -
Japanese English
UPD780828A Subseries User's Manual Planned U16387E
78K/0 Series User’'s Manual-Instruction IEU-849 U12326E
78K/0 Series Instruction Table U10903J -
78K/0 Series Instruction Set U10904J -

« Related documents for development tools (User's Manuals)

Document No.
Document name -
Japanese English
) Operation EEU-809 EEU-1399
RA78K Series Assembler Package
Language EEU-815 EEU-1404
RA78K Series Structured Assembler Preprocessor EEU-817 EEU-1402
) ) Operation EEU-656 EEU-1280
CC78K Series C Compiler
Language EEU-655 EEU-1284
Operation U11517J -
CC78K/0 C Compiler
Language U11518J -
CC78K/0 C Compiler Application Note Programming Note EEA-618 EEA-1208
CC78K Series Library Source File EEU-777 -
IE-78K0-NS-A U14889J U14889E
IE-78K0-NS-P04 -
U13357E
IE-780828-NS-EM4 Planned
NP-80GC-TQ - -
SM78KO0 System Simulator Windows™ Base | Reference U15373J U15373E
SM78KO Series System Simulator External part user U15802J U15802E
open Interface
:_:I,D;:siKo-NS Integrated Debugger Windows Guide U15185J U15185E
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» Related documents for embedded software (User’'s Manual)

Document No.
Document name -
Japanese English
Basics U11537J -
78K/0 Series Real-Time OS Installation U11536J -
Technical U11538J -
78K/0 Series OS MX78K0 Basics EEU-5010 -
Fuzzy Knowledge Data Creation Tool EEU-829 EEU1438
78K/0, 78K/Il, 87AD Series Fuzzy Inference Development Support Sys- EEU-862 EEU-1444
tem-Translator
78K/0 Series Fuzzy Inference Development Support System- Fuzzy EEU-858 EEU-1441
Inference Module
78K/0 Series Fuzzy Inference Development Support System- Fuzzy EEU-921 EEU-1458
Inference Debugger

Caution:

e Other Documents

Document No.

Document name

Japanese English
IC Package Manual C10943X -
Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grade on NEC Semiconductor Devices C11531J C11531E
Reliability Quality Control on NEC Semiconductor Devices C10983J C10983E
Electric Static Discharge (ESD) Test MEM-539 -
Semiconductor Devices Quality Assurance Guide MEI-603 MEI-1202
Microcontroller Related Product Guide - Third Party Manufacturers U11416J -

latest version document when starting design.
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Legend

Symbols and notation are used as follows:
Weight in data notation : Left is high-order column, right is low order column

Active low notation : xxx (pin or signal name is over-scored) or
Ixxx (slash before signal name)

Memory map address: : High order at high stage and low order at low stage

Note . Explanation of (Note) in the text
Caution . Item deserving extra attention
Remark : Supplementary explanation to the text
Numeric notation : Binary . . . XxxXxx or xxxB

Decimal . . . XXXX

Hexadecimal . . . XXXXH or Ox XXXX
Prefixes representing powers of 2 (address space, memory capacity)

K (kilo) : 219 = 1024

M (mega) : 220 = 10242 = 1,048,576

G (giga) : 230 = 10248 = 1,073,741,824
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1.1 Features

Chapter 1 Outline (UPD780828A Subseries)

* Internal memory

Item Data Memory
Program
Memory _Internal I__CD Internf_al Package
Part Number (ROM) high-speed Display Expansion
RAM RAM RAM

UPD780824A 32 Kbytes 1024 bytes | 28 bytes | 480 bytes 80-pin plastic QFP (fine pitch)
UPD780826A 48 Kbytes 1024 bytes | 28 bytes | 480 bytes 80-pin plastic QFP (fine pitch)
uPD780828A 60 Kbytes 1024 bytes | 28 bytes | 2016 bytes | 80-pin plastic QFP (fine pitch)
uPD78F0828A 59.5 Kbytes | 1024 bytes | 28 bytes | 2016 bytes | 80-pin plastic QFP (fine pitch)

Instruction execution time can be changed e Serial interface : 3 channels
e 1/O ports: 59 e 3-wire mode : 1 channel
» 8-bit resolution A/D converter: 5 channels o 2-wire/3-wire mode : 1 channel
e Sound generator « UART mode : 1 channel
e LCD-controller / driver e Timer : 6 channels
e Meter controller / driver e Supply voltage Vpp=4.0to55V

* CAN-Interface

The CAN macro is qualified according the requirements of ISO 11898 using the test procedures
defined by 1SO 16845 and passed successfully the test procedures as recommended by C & S/ FH
Wolfenbuettel.

1.2 Application

Dashboard, climate controller, security unit etc.
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Chapter 1 Outline (WPD780828A Subseries)

1.3 Ordering Information

Part Number Package Internal ROM
UPD780824AGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780824AGC(AL1)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780824AGC(A2)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780826AGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780826AGC(AL1)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780826AGC(A2)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780828AGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780828AGC(A1)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UPD780828AGC(A2)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Mask ROM
UWPD78F0828AGC(A)-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Flash Memory

Remark:

1.4 Quality Grade

xxx indicates ROM code suffix.

Part Number Package Quality Grade
UPD780824AGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780824AGC(A1)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780824AGC(A2)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780826AGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780826AGC(AL1)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780826AGC(A2)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780828AGC(A)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780828AGC(AL1)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD780828AGC(A2)-xxx-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special
UPD78F0828AGC(A)-8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm) | Special

Remark: xxx indicates ROM code suffix.

Please refer to "Quality Grades on NEC Semiconductor Device" (Document No. C11531E) published
by NEC Corporation to know the specification of quality grade on the devices and its recommended
applications.
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Chapter 1 Outline (WPD780828A Subseries)

1.5 Pin Configuration (Top View)

e 80-pin plastic QFP (14 x 14 mm)

UPD780824AGC(A)- xxx - 8BT, uPD780824AGC(AL)- xxx - 8BT, uPD780824AGC(A2)- xxx - 8BT
MPD780826AGC(A)- xxx - 8BT, WPD780826 AGC(AL)- xxx - 8BT, uPD780826AGC(A2)- xxx - 8BT
MPD780828AGC(A)- xxx - 8BT, uPD780828AGC(AL)- xxx - 8BT, uPD780828AGC(A2)- xxx - 8BT
UPD78F0828AGC(A) - 8BT

Figure 1-1: Pin Configuration
mmwwwmwmmmwmmmmggggg
T ANTITDNOROSOIADITWS N O
W OWDOOOoIFTITITTITITSYT O00O0O0 I
poaoAAoANOoAAQAOoQAQAoad AaOO000S
80 797877 7675 74737271 70 69 68 67 66 65 64 6362 61
S15/P80 O=+—| 1 60 |——0O SMVss
S16/P97 O~—»| 2 O 59 |——o0 sMvop
S17/P96 O=—»{ 3 58 |—0O SM11/P20
S18/SI31/P95 O=——{ 4 57 |—0O SM12/P21
S19/S031/S1031/P94 O=—» 5 56 |——>0O SM13/P22
S20/SCK31/P93 O<—> 6 55 [——*>0 SM14/P23
S21/TPO/P92 O+—* 7 54 |—0 SM21/P24
S22/TIO51/P91 O=-—» 8 53 |——>0 SM22/P25
S23/TI122/P90 O<«—>{ 9 52 |——0O SM23/P26
S24/S130/P37 O<+—> 10 51 [—>0O SM24/P27
S25/S030/P36 O=+— 11 50 f——O SM31/P50
S26/SCK30/P35 0=<+—*> 12 49 |—0O SM32/P51
S27/TIO50/P34 O=— 13 48 |—0 SM33/P52
IC/Vpp O——— 14 47 |0 SM34/P53
X1o0—» 15 46 |——0O SM41/P54
X2 0— 16 45 |—0 SM42/P55
VssO o——— 17 44 |——0 SM43/P56
Voo0 o———| 18 43 |——=0 SM44/P57
CTXD o«-—— 19 42 |——0 SMVDD
CRXD 0——»| 20 41 —o0 SMVss
21 22 2324 2526 27 282930 31 32 33 34 3536 37 383940
N O A NMIFULUL AAO0 dNMW M NnAdO|-
N Ad ddd oW n 00 OO0 O © © O © O O|wW
ZooQa2agoaagoaoaaglddn
<SS 3IIB I >3 ddxYxd90 065 JLI|u
ZZ=ZzZz3 &&&GEEQQSO’I
TTT< g z2zz0 FEZQ
< 8 Ie)
» 3

Cautions: 1. Connect IC (internally connected) pin directly to Vgg.
2. AVpp pin should be connected to Vpp.

3. AVgg pin should be connected to Vgs.

Remark: When these devices are used in applications, that require reduction of the noise, generated
from inside the microcontroller, the implementation of noise reduction measures, such as

connecting the Vggg and Vgg to different ground lines, is recommended.
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Chapter 1 Outline (WPD780828A Subseries)

Pin ldentifications

POO to P03
P10 to P14
P20 to P27
P34 to P37
P40 to P47
P50 to P57
P60 to P65
P80 to P87
P90 to P97
INTPO to INTP2
TI50, TI51
TI20 to TI22
TO51, TO52
TPO

CRXD
CTXD
CCLK

SI30, SI31
S030, SO31
SCK30, SCK31
SI031
RXDO

TXDO

28

Port 0
Port 1
Port 2
Port 3
Port 4
Port 5
Port 6
Port 8
Port 9

Interrupt from Peripherals

Timer Input

Timer Input

Timer Output
Timer Output

CAN Receive Data
CAN Transmit Data
CAN Clock

Serial Input

Serial Output
Serial Clock

Serial Input/Output
Receive Data

Transmit Data
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SGO

SGOA

SGOF

PCL

SM11 to SM14
SM21 to SM24
SM31 to SM34
SM41 to SM44
SMVDD
SMVSS

S0 to S27
COMO to COM3
X1, X2
RESET

ANIO to ANI4
AVss

AVpp/AVRer

Vbpo: Vbp1
Vep

Vsso, Vss1
IC

Sound Generator Output
Sound Generator Amplitude
Sound Generator Frequency
Programmable Clock Output
Meter Controller/Driver
Meter Controller/Driver
Meter Controller/Driver
Meter Controller/Driver
Meter Controller/Driver
Meter Controller/Driver
Segment Output

Common Output

Crystal (Main System Clock)
Reset

Analog Input

Analog Ground

Analog Reference Voltage and
ADC Power Supply

Power Supply

Programming Power Supply
Ground

Internally Connected



Chapter 1 Outline (WPD780828A Subseries)

1.6 78K/0 Series Expansion

The following shows the products organized according to usage.
The names in the parallelograms are subseries.

Figure 1-2: 78K/0 Series Expansion

: Products in mass production

_,': _____________ ,"l Products under development
Y subseries products are compatible with 12C bus.
Control
B 100-pin EMI-noise reduced version of the uPD78078
100-pin uPD78078 uPD78078Y uPD78054 with timer and enhanced external interface
100-pin / HPD78070A //,uPD78070AY ROMless version of the uPD78078
100-pin 1PD780018AY/ 1PD78078Y with enhanced serial I/O and limited function

uPD780058 /]

80-pin uPD780058Y uPD78054 with enhanced serial 1/0
80-pin uPD780065 H1PD780024A with expanded RAM
64-pin uPD780078 uPD780078Y pPD780034A with timer and enhanced serial /0

64-pin / ,uPD780034Aﬂ,uPD780034AY uPD780024A with enhanced A/D converter
64-pin / uPD780024A”/,1PD780024AY H1PD78018F with enhanced serial I/O

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

Inverter control
— 64-pin puPD780988 On-chip inverter control circuit and UART. EMI-noise reduced.

VFD drive
100-pin uPD78044F with enhanced 1/0 and VFD C/D. Display output total: 53
;iﬁ/eos | 80-pin For panel control. On-chip VFD C/D. Display output total: 53
80-pin 1PD78044F with N-ch open-drain I/O. Display output total: 34
80-pin Basic subseries for driving VFD. Display output total: 34

LCD drive

120-pin ©PD780338 1PD780308 with enhanced display function and timer. Segment signal output: 40 pins max.

120-pin 1PD780328 1PD780308 with enhanced display function and timer. Segment signal output: 32 pins max.

120-pin 4PD780318 11PD780308 with enhanced display function and timer. Segment signal output: 24 pins max.
i 100-pin 1PD780308 puPD780308Y H1PD78064 with enhanced SIO, and expanded ROM and RAM

100-pin 1PD78064B EMI-noise reduced version of the uPD78064

100-pin uPD78064 [/ iPD78064Y ; Basic subseries for driving LCDs, on-chip UART
Bus interface supported

100-pin 1PD780948 On-chip CAN controller

80-pin ({PD78098B 1PD78054 with IEBus™ controller

80-pin uPD780702Y /. On-chip IEBus controller
80-pin ;/ uPD780703Y . On-chip CAN controller
80-pin On-chip controller compliant with J1850 (Class 2)

uPD780833Y

L 64-pin 1PD780816 Specialized for CAN controller function

Meter control

100-pin puPD780958 For industrial meter control
—| 80-pin uPD780852 On-chip automobile meter controller/driver

80-pin 1PD780828A For automobile meter driver. On-chip CAN controller

Remark: VFD (Vacuum Fluorescent Display) is referred to as FIp™ (Fluorescent Indicator Panel) in
some documents, but the functions of the two are the same.
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Chapter 1 Outline (WPD780828A Subseries)

The major functional differences between the subseries are shown below.

Table 1-1: The major functional differences between the subseries
Functi Ti Vv
unction ROM imer 8-bit | 10-bit | 8-bit . pp |External
Capacity Serial Interface | /0 | MIN | Expan-
Subseries Name (Bytes) | 8-bit | 16-bit| wWT |wpDT | A/D | AD | DIA value | sion
UPD78075B (32K to 40K
88 | 1.8V
uPD78078 [48K to 60K| 4 ch 3 ch (UART: 1 ch)
- 2ch
UPD78070A 1ch sch | - 61 | 2.7V
3 ch (time-divi-
UPD780058 (24K to 60K Len sion UART: 1 ch) 68 | 1.8V o
Control - 55780065 |40K to 48K Lch 4ch (UART: 1 ch)| 60 | 2.7V
pPD780078 |48K to 60K| 5 cpy | 2 ¢ch 6 ch 3 ch (UART: 2 ch)| 52
- C
UPD780034A -
8K to 32K 1ch 3¢ch (UART: 1ch)| 51 | 1.8V
UPD780024A
8 ch -
uPD78083 (8K to 16K - - 1ch (UART: 1 ch)| 33 -
Inverter
control UPD780988 [16K to 60K| 3ch |Note| - |1ch | - |8ch| - |[2ch(UART:2ch)| 47 |40V | O
uUPD780208 (32K to 60K| 2ch | 1¢ch | 1¢ch 8 ch A 74 | 27V
2c
UPD780232 (16K to 24K| 3ch | - - 4ch 40 |45V
VFD drive 1ch - - -
UPD78044H (32K to 48K 1ch
2ch | 1ch | 1ch 8 ch 68 | 2.7V
UPD78044F (16K to 40K 2c¢ch
uPD780338 54
UPD780328 |48K to 60K| 3ch | 2 ch - |10ch| 1ch [2¢ch (UART:1ch)| 62 | 1.8V
uPD780318 70
LCD drive 1ch | 1ch 3 ch (time-divi- -
uUPD780308 |48K to 60K sion UART: 1 ch)
LPD78064B [32K 2ch | 1ch 8 ch - - 57 |20V
2 ch (UART: 1 ch)
uUPD78064 |16K to 32K
uUPD780948 |60 K 2 ch - 79 | 40V o)
Bus 8 ch 3 ¢ch (UART: 1 ch)
interface  |uPD78098B [40Kto 60K| 2ch | 1ch | 1ch | 1ch - 2 ch 69 | 2.7V
supported | 5h7e0816 32K to 60K 2¢ch 12¢ch - |2chuaRT: 1ch)| 46 | 4.0
Meter
control UPD780958 [48K to 60K| 4 ch | 2ch - 1ch - - - [2ch (UART:1ch)| 69 | 2.2V -
UPD780852 (32K to 40K 56
Dashboard 3ch | 1ch | 1ch|1ch|5¢ch| - - |3ch (UART: 1 ch) 40v| -
control | ,PD780828A|32K to 60K 59
Note: 16-bit timer: 2 channels

30
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Chapter 1 Outline (WPD780828A Subseries)

1.7 Block Diagram

TPO21/S21/P92 ~—
TI20/P64 ——»
TI21/P65 —

TI22/S23/P90 ——»{

TIO50/S27/P34

TIO51/S22/P91

Filter

8-bit Timer TM50

8-bit Timer TM51

8-bit Timer TM52

Watch Timer

Watchdog Timer

SCK30/S26/P35 ~«—=]
S030/S25/P36 +—
SI30/S24/P37 ——

Serial Interface
51030 3-wire mode|

SCK31/S20/P93 ~«—»
S031/S1031/S19/P94 ~——|

SI31/S18/P95 —»p3-wire/2-wire mode|

Serial Interface
SI031

RxD0/P62
TxDO0/P63

UARTO

ANIO/P10
-ANI4/P14
AVDD/AVREF
AVss

A/D Converter

Power Fail
Detector

INTPO/P00 - Interrupt
-INTP2/P02 Control

PCL/SGOA/P61

SGO/SGOF/P60

Remark:

Standby Control

Clock Output
Control

T
o]
c
=]
o
@
©
=1
]
=
=4
]

Qutput
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Figure 1-3: Block Diagram
&
82883
>>>> 0
<:> o T 000
System O X1
“ Control o X2
40V-55V ORESET
78K/0
CcPU ROM RAM
<:> Core

| Interface |
CRxD DCAN
CTxD RAM
Interface
CCLK ——

““ P00 - P03
T

P20 - P27

1
|
|

Port 2
Port 3 P34 - P37
Port 4 P40 - P47
Port 5 P50 - P57
Port 6 P60 - P65

Port 8 P80 - P87

IR
e
gULLULLY

Port 9 P90 - P97

S0/P47 - S7/P40

K > S8/P87 - S15/P80

LCD <;:> S16/P97 - S23/P90
<:> Controller
driver
@ S23/P37 - S27/P34
:> COMO - COM3
[~—— VicD
> SM11/P20 - SM14/P23
SM21/P24 - SM24/P27
Meter
Controller/ SM31/P50 - SM34/P53
<:> Driver

SM41/P54 - SM44/P57

SMVDD
SMVDD
SMVss
SMVss

44y

The internal ROM and RAM capacity depends on the product.
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1.8 Overview of Functions

Table 1-2: Overview of Functions

Iltem UPD78F0828A HPD780828A HPD780826A HPD780824A
ROM 59.5 Kbytes 60 Kbytes 48 Kbytes 32 Kbytes
Flash EE Mask ROM Mask ROM Mask ROM
Hi-speed RAM 1024 bytes
Expansion RAM 2016 bytes 480 bytes
LCD Display RAM 28 bytes
Memory space 64 Kbytes

General register

8 bits - 32 registers (8 bit x 8 x 4 bank)

Main system clock

0.25 ps/0.5 ps/1 ps/2 ps/4 ps (at 8 MHz)

Instruction set

« 16-bit operation

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

1/0 port

59 in total

Input ports: 5
Output ports: 16
1/0 ports: 38

A/D converter

8 bit x 5 channels

3-wire mode: 1 channel

Serial I/F 2-wire/3-wire mode: 1 channel
UART: 1 channel
16 bit timer / event counter: 1 channel
8 bit timer / event counter: 2 channels
Timer 8 bit interval timer: 1 channel

Watch timer: 1 channel
Watchdog timer: 1 channel

Timer output

3 outputs (8-bit PWM output x 2)

Clock output

8 MHz, 4 MHz, 2 MHz, 1 MHz, 500 KHz, 250 KHz, 125 KHz, 62.5 KHz
@fx =8 MHz

Sound Generator

1 output

LCD

Segment output: 28, Common output: 4

CAN

1 channel

Vectored interrupt

Non-maskable interrupt: 1 (internal)
Maskable interrupt: 20 (internal)
External interrupt: 3

Software interrupt: 1

Operating voltage
range

Vpp=4.0Vt055V

Package

80-QFP (14 x 14)

32
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Chapter 1 Outline (WPD780828A Subseries)

1.9 Differences between Flash and Mask ROM version

The differences between the two versions are shown in the table below. Differences of the electrical
specification are given in the data sheet.

Table 1-3: Differences between Flash and Mask ROM version

Flash Version

Mask ROM Version

RAM

ROM Flash EEPROM | Mask ROM
Vpp Pin Yes None (IC pin)

480 bytes UPD780824A
Internal Expansion | 55 ¢ )+ tes 480 bytes pPD780826A

2016 bytes uPD780828A

User’'s Manual U16504EE1V1UDOO
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2.1 Pin Function List

Chapter 2 Pin Function (UPD780828A Subseries)

Normal Operating Mode Pins / Pin Input/Output Types

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

Input/Output | Pin Name Function Alternate Function After
Reset
POO Port 0 INTPO Input
PO1 4 bit input / output port INTP1 Input
Input/Output input / output mode can be specified bit-wise
P02 If used as an input port, a pull-up resistor can be INTP2 Input
PO3 connected by software bit-wise CCLK Input
Port 1
Input P10-P14 5 bit input port ANIO-ANI4 Input
P20 SM11 Hi-z
P21 SM12 Hi-z
P22 SM13 Hi-z
P23 Port 2 SM14 Hi-z
InputiOutput P24 8 bit output port SM21 Hi-z
P25 SM22 Hi-z
P26 SM23 Hi-z
P27 SM24 Hi-z
P34 Port 3 TI50/TO50/S27 Input
P35 4 bit input / output port o SCK30/526 Input
input / output mode can be specified bit-wise
Input/Output |P36 If used as an input port, a pull-up resistor can be S030/S25 Input
connected by software bit-wise
P37 This port can be used as a segment signal output  |530/S24 Input
port or an I/O port in 1 bit unit by setting port function
Port 4
8 bit input / output port
input / output mode can be specified bit-wise
Input/Output |P40-P47 If used as an input port, a pull-up resistor can be S0-S7 Input
connected by software bit-wise
This port can be used as a segment output port or
an I/O port, in 8 bit unit by setting port function
P50 SM31 Hi-z
P51 SM32 Hi-z
P52 SM33 Hi-z
P53 SM34 Hi-z
Input/Output Por_t 5
P54 8 bit output port SM41 Hi-z
P55 SM42 Hi-z
P56 SM43 Hi-z
P57 SM44 Hi-z
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Chapter 2 Pin Function (UPD780828A Subseries)

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

Input/Output | Pin Name Function Alternate Function After
Reset
P60 SGOF/SGO Input
P62 6 bit input / output port RXDO Input
Input/Output input / output mode can be specified bit-wise
P63 If used as an input port, a pull-up resistor can be TXDO Input
P64 connected by software bit-wise TI20 Input
P65 TI21 Input
Port 7
8 bit input / output port
input / output mode can be specified bit-wise
If used as an input port, a pull-up resistor can be
Input/Output |P80-P87 connected by software bit-wise S15-S8 Input
This port can be used as a segment signal output
port or an 1/O port in 1 bit units by setting port
function
P90 TI122/S23 Input
P91 Port 9 TI51/TO51/S22 Input
P92 8 bit input / output port TPO/S21 Input
input / output mode can be specified bit-wise
— P93 If used as an input port, a pull-up resistor can be ~ |SCK31/S20 Input
P P P94 connected by software bit-wise S031/S1031/S19  |Input
This port can be used as a segment signal output
P95 port or an I/O port in 1 bit units by setting port SI31/518 Input
P96 function S17 Input
P97 S16 Input

36
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Chapter 2 Pin Function (uPD780828A Subseries)

2.2 Non-Port Pins

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

Pin Name | Input/Output Function I'?A:seét Flfr:tcetirgstsin
INTPO POO
NTPL o[ lernte i spectabie vl e 0 o[
INTP2 P02
SI30 Input Serial interface serial data input Input P37/S24
SI31 Input Serial interface serial data input Input P95/S18
S030 Output Serial interface serial data output Input P36/S25
S031 Output Serial interface serial data output Input P94/S1031/S19
SCK30 Input, Output |Serial interface serial clock input / output Input P35/S26
SCK31 Input, Output | Serial interface serial clock input / output Input P93/S20
SI031 Input, Output |Serial interface serial data input / output Input P94/S031/S19
RXDO Input Asynchronous serial interface data input Input P62
TXDO Output Asynchronous serial interface data output Input P63
CRXD Input CAN serial data input Input -
CTXD Output CAN serial data output Output |-
TI20 Input Capture trigger input P64
TI21 Input Capture trigger input P65
TI22 Input Capture trigger input P90/S23
TI50 Input External count clock input to 8-bit timer (TM50) P34/TO50/S27
TI51 Input External count clock input to 8-bit timer (TM51) P91/TO51/S22
TPO 16-bit timer output P92/S21
TO50 Output 8-bit timer output (also used for PWM output) Input P34/TI150/S27
TO51 8-bit timer output (also used for PWM output) P91/TI151/S22
PCL Output Clock output (for main system clock trimming) Input P61/SGOA
S0-S7 P40-P47
S8-S15 P80-P87
S16-S17 P97-P96
S18 P95/SI31
S19 P94/S031/S1031
S20 P93/SCK31
Ss21 Output Segment signal output of LCD controller / driver Input P92/TPO
S22 P91/TO51/TI51
S23 P90/TI22
S24 P37/SI30
S25 P36/S0O30
S26 P35/SCK30
S27 P34/TO50/TI50
COMO-COM3 |Output Common signal output of LCD controller /driver Output |-

User’'s Manual U16504EE1V1UDOO

37



Chapter 2 Pin Function (UPD780828A Subseries)

Table 2-2: Non-Port Pins (2/2)
Pin Name | Input/Output Function F?;tseert Fup;:tcet:’cr)]r?tsm
Vicp - LCD drive voltage - -
SGO Output Sound generator output Input P60/SGOF
SGOA Output Sound generator amplitude output Input P61/PCL
SGOF Output Sound generator frequency output Input P60/SGO
ANIO to ANI4 |Input AD converter analog input Input P10-P14
AVpp /AVer |- Qf[ihc:r'&v[()erés:] \r/zﬁ‘rj.nce voltage input. Power supply i
AVgg - AD converter ground potential. Connect to Vgg - -
SM11-SM14 P20-P23
SM21-SM24 ] P24-pP27
SV3L.SM34 Output Meter control output Hi-z 550.P53
SM41-SM44 P54-P57
SMVpp - Meter C/D power supply - -
SMVgg - Meter C/D ground - -
RESET Input System reset input - -
X1 - Crystal connection for main system clock - -
X2 - Crystal connection for main system clock - -
Vppo:Vbp1 - Positive power supply - -
Vss0,Vss1 - Ground potential - -
Vpp i High voltage su_pply for flash programming i Ic
(only flash version)
I ) Internal connection. Connect directly to Vgg ) Vep

(only Mask ROM version)

38
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Chapter 2 Pin Function (uPD780828A Subseries)

2.3 Description of Pin Functions

2.3.1 P00 to P03 (Port 0)

This is an 4-bit input/output port. Besides serving as input/output port the external interrupt input is
implemented.

(1) Port mode

P00 to P03 function as input/output ports. P00 to P03 can be specified for input or output bit-wise
with a port mode register. When they are used as input ports, pull-up resistors can be connected
to them by defining the pull-up resistor option register.

(2) Control mode
In this mode this port operates as external interrupt input.

(a) INTPO to INTP2
INTPO to INTP2 are external input pins which can specify valid edges (rising, falling or rising
and falling) of this external interrupt pins.

(b) CCLK
CCLK is the input pin for an external CAN clock.

2.3.2 P10to P14 (Port 1)

These pins constitute a 5-bit input only port. In addition, they are also used to input A/D converter ana-
log signals. The following operating modes can be specified bit-wise.

(1) Port mode
In this mode, P10 to P14 function as a 5-bit input only port.

(2) Control mode
In this mode, P10 to P14 function as A/D converter analog input pins (ANIO to ANI4).

2.3.3 P20 to P27 (Port 2)

These pins constitute an 8-bit output only port. In addition they are also used as PWM output pins to
control meters.

(1) Port mode
In this mode, P20 to P27 function as an 8-bit output only port.

(2) Control mode

In this mode, P20 to P27 function as PWM output pins (SM11 to SM14 and SM21 to SM24) for
meter control.
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2.3.4 P34to P37 (Port 3)

These are 4-bit input/output ports. Besides serving as input/output ports, they function as data input/
output to/from and clock input/out of the serial interface. Additionally they function as timer input/output
and segment signal output of the LCD controller/driver.

The port mode and the port function can be specified bit-wise.

(1) Port mode

These ports function as 4-bit input/output ports. They can be specified bit-wise as input or output
ports with the port mode register 3.

(2) Control mode

These ports function as timer input/output, as serial interface data input/output, serial clock
input/output and as LCD segment output.

(a) SI30, SO30
Serial interface serial data input/output pins.

(b) SCK30
Serial interface serial clock input/output pin.

(c) TI50
Pin for external count clock input to 8-bit timer/event counter.

(d) TO50
Pin for output of the 8-bit timer/event counter.

(e) S24to S27
Pins for segment output signals of the LCD controller/driver.

Caution: When this port is used as a serial interface, the 1/0 function and output latches must
be set according to the function the user requires.

2.3.5 P40 to P47 (Port 4)

This is an 8-bit input/output port. Besides serving as input/output port, they function as segment signal
output pins of the LCD controller/driver.
The following operating modes can be specified bit-wise or byte-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 4.

(2) Control mode

These port function as segment output signal pins (SO to S7) of the LCD controller/driver and can
specified byte-wise.
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2.3.6 P50 to P57 (Port 5)

These pins constitute an 8-bit output only port. In addition they also function as PWM output pins to
control meters.

1)

)

Port mode
In this mode, P50 to P57 function as an 8-bit output only port.

Control mode

In this mode, P50 to P57 function as PWM output pins (SM31 to SM34 and SM41 to SM44) for
meter control.

2.3.7 P60 to P65 (Port 6)

These are 6-bit input/output ports. Beside serving as input/output ports, they function as timer input,
clock output, sound generator output and as input/output of the asynchronous serial interface.
The following operating modes can be specified bit-wise.

@)

)

Port mode

These ports function as 5-bit input/output ports. They can be specified bit-wise as input or output
ports with port mode register 3.

Control mode

These ports function as timer input, clock output, as input/output of the asynchronous serial inter-
face and sound generator output.

(a) TI20, TI21
Pins for external capture trigger input to the 16-bit timer capture registers of TM2.

(b) PCL
Clock output pin.

(c) SGO, SGOA and SGOF
Pins for separate or composed signal output of the sound generator.

(d) (e) RXDO, TXDO
Asynchronous serial interface data input/output pins.

Caution: When this port is used as a serial interface, the 1/O function and output latches must

be set according to the function the user requires.
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2.3.8 P80to P87 (Port 8)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as segment
signal output pins of the LCD controller/driver.
The following operating modes can be specified bit-wise or byte-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 8.

Control mode
These ports function as segment output signal pins (S8 to S15) of the LCD controller/driver.

2.3.9 P90to P97 (Port 9)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as segment sig-
nal output pins of the LCD controller/driver, timer input/output and as input/output of the serial interface.
The following operating modes can be specified bit-wise or byte-wise.

1)

()

42

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 9.

Control mode

These ports function as timer input/output, timer capture input, as timer output and as LCD seg-
ment output.

(a) TI22
Pin for external capture trigger input to the 16-bit timer capture register of TM2.

(b) TPO
Pin for output of the 16-bit timer (TM2).

(c) TI51
Pin for external count clock input to 8-bit timer/event counter.

(d) TO51
Pin for output of the 8-bit timer/event counter.

(e) S16to S23
Pins for segment output signals of the LCD controller/driver.

(f) SCK31
Serial interface serial clock input/output pin.

(9) SI31, SO31, SI031
Serial interface serial data input/output pins.
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2.3.10 CTXD

This pin functions as CAN-controller transmit output.

2.3.11 CRXD

This pin functions as CAN-controller receive input.

2.3.12 CCLK

This pin functions as external CAN-controller clock input.

2.3.13 COMO to COM3

These are LCD controller/driver common signal output pins. They output common signals under the fol-
lowing condition:
- 4-time-division is performed in 1/3 bias mode.

2.3.14 Vi cp

This pin supplies a voltage to drive an LCD.

2.3.15 AVpp / AVRer

A/D converter reference voltage input pin and the power supply for the A/D-converter. When A/D con-
verter is not used, connect this pin to Vpp.

2.3.16 AVgg

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

2.3.17 RESET

This is a low-level active system reset input pin.

2.3.18 X1 and X2

Crystal resonator connect pins for main system clock oscillation. For external clock supply, input it to
X1.

2.3.19 SMVpp

This pin supplies a positive power to the meter controller/driver.

2.3.20 SMVsg

This is the ground pin of the meter controller/driver.
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2.3.21 VDDO’ VDDl

Vppo is the positive power supply pin for ports. Vpp, is the positive power supply pin for blocks other
than ports.

2.3.22 Vsso, VSSl

Vsgp is the ground pin for ports. Vgg; is the ground pin for blocks other than ports.

2.3.23 Vpp (LPD78F0828A only)

High-voltage apply pin for FLASH programming mode setting. Connect this pin directly to Vgg in normal
operating mode.

2.3.24 IC (Mask ROM version only)

The IC (Internally Connected) pin is provided to set the test mode to check the uPD78F0828A at
delivery. Connect it directly to the Vg5 with the shortest possible wire in the normal operating mode.

When a voltage difference is produced between the IC pin and Vgg pin because the wiring between

those two pins is too long or an external noise is input to the IC pin, the user’s program may not run nor-
mally.

Figure 2-1: Connection of IC Pins

\\

777' As short as possible

Caution: Connect IC pins to Vgg pins directly.
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2.4 Pin I/O Circuits and Recommended Connection of Unused Pins

The input/output circuit type of each pin and recommended connection of unused pins are shown in the
following table.

For the input/output circuit configuration of each type, see tTable 2-3, “Types of Pin Input/Output Cir-
cuits,” on page 45.

Table 2-3: Types of Pin Input/Output Circuits (1/2)

Input/Output

. 110 Recommended Connection for Unused Pins
Circuit Type

Pin Name

POO/INTPO

PO1/INTO1 A /o Input: Connect to Vpp, or Vgg Via a resistor individually.

P0O2/INT02 Output: Leave open.
PO3/CCLK
P10/ANIO
P11/ANI1
P12/ANI2 9 | Connect to Vpp or Vgg directly
P13/ANI3

P14/ANI4
P20/SM11
P21/sM12
P22/SM13
P23/sM14
P24/SM21
P25/SM22
P26/SM23
P27/SM24
P34/TI50/TO50/S27

4 0] Leave open.

17-B

P35/SCK30/S26 /o Input: Connect to Vpp or Vgg via a resistor individually.

P36/S0O30/S25 17-A Output: Leave open.
P37/S130/S24 17-B
P40/S7
P41/S6
P42/S5

P43/S4 17A /o Input: Connect to Vpp or Vgg via a resistor individually.
P44/S3 Output: Leave open.

P45/S2
P46/S1
P47/S0
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Table 2-3: Types of Pin Input/Output Circuits (2/2)

Input/Output

Do 110 Recommended Connection for Unused Pins
Circuit Type

Pin Name

P50/SM31

P51/SM32

P52/SM33

P53/SM34
4 @) Leave open.

P54/SM41

P55/SM42

P56/SM43

P57/SM44

P60/SGOF/SGO

P61/RCL/SGOA

P62/RXDO Input: Connect to Vpp or Vgg Via a resistor individually.

110

P63/TXDO Output: Leave open.

P64/TI120

| | 01| O G| O

P65/TI21

P80/S15

P81/S14

P82/S13

P83/S12 Input: Connect to Vpp or Vg Via a resistor individually.
17-B /0 P S Y

P84/S11 Output: Leave open.

P85/S10

P86/S9

P87/S8

P90/TI122/S23 17-B

P91/T151/TO50/S22 17-B

P92/TPO/S21 17-A

P93/SCK31/520 o Input: Connect to Vpp or Vgg via a resistor individually.

P94/S0O31/S1031/S19 Output: Leave open.

P95/SI31/S18 17-B

P96/S17

P97/S16

COMO-COM3 18 0] Leave open

Vicp - - Connectto Vgg

CRXD 1 | Connect to Vpp

CTXD 2 (0] Leave open.

RESET 1 | -

AVpp / AVRer - - Connect to Vpp

AVgg - - Connectto Vgg

IC

- - Connect directly to Vgg
Vep
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Chapter 2 Pin Function (uPD780828A Subseries)

Figure 2-2: Pin Input/Output Circuits (1/3)

Type 1 Type 5
Vob
S O
—O IN/OUT
O OIN Output N-ch
disable
Input g
disable
Type 2 Type 8
Voo
F' ép_ch ———0 IN/OUT
———our ﬁxéw
Type 4 Type 8-A Voo
Voo Pullup
enable l'> | P-ch

Data

ouT
Output b—' E:L\j;ch

disable

Data

IN/OUT
Output -ch
disable
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Chapter 2 Pin Function (UPD780828A Subseries)

Figure 2-2: Pin Input/Output Circuits (2/3)
Type 9 Type 17
£
Vico m
P-ch ——
P-ch Vic1 % ouT
N-ch
Comparator TP Tl E
—OIN
SEG J
Data
Vrer (Threshold Voltage) Ll E
Gji p-ch - N-ch
Input Vicz
enable N- ch
Type 17-A Vob Type 17-B Voo
Pullup Il> | Pullup I>O |
enable P-ch enable P-ch
Voo
Data é ch Data é ch
O IN/OUT O IN/OUT
Output Output N ch
disable disable
Input %}
enable
£ £
Vico m Vico m
P-ch —— P-ch ——
Vic1 %— Vica %—
N-ch N-ch
T Pch E T pch E
| B
Data Ll Data Ll
p-ch - N-<h p-ch —— N-ch
Vic2 Vicz
N-ch - N-ch -
T T
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Chapter 2 Pin Function (uPD780828A Subseries)

Figure 2-2: Pin Input/Output Circuits (3/3)

Type 18
P-ch
4
Vico m
£
Vict %—
-
Do
A
O OUT
CcoM |
1
Vic2 um
-
L]
T
N-ch
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Chapter 3 CPU Architecture

3.1 Memory Space

The memory map of the uPD780824A is shown in Figure 3-1.

Figure 3-1: Memory Map of the uPD780824A

FFFFH | Special Function Register
FF20H (SFR) 256 x 8 bits
FFIFH|[ "~~~ "~~~ ~""7=77/777
FFOOH
FEFFH General Registers
FEEOH 32 x 8 hits
FEDFH |  |nternal High-speed RAM
T 1024 x 8 bits T
[ =F0] = )
FBOOH
FAFFH Not bl
FASOH ot usable
FA7TFH LCD Display RAM
EAG4H 28 x 4 bits
FAG3H
7FFFH
Not usable 3] Program Area ~
1000H
OFFFH
F7EOH a &
F7DEH - CALLF Entry Area >
Expansion RAM 0800H
> 480 Bytes ~ 07FFH
F600H (shared with DCAN) 3] Program Area -~
F5FFH 0080H
P Not usable 9 007FH
8000H CALLT Table Area
TFFFH 0040H
Internal ROM 003FH
T 32 Kbytes T
y Vector Table Area
0000H 0000H

Note: Inthe expansion RAM between F600H and F7DFH it is not possible to do code execution.
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Chapter 3 CPU Architecture

The memory map of the uPD780826A is shown in Figure 3-2.

Figure 3-2: Memory Map of the uPD780826A

FFFFH Special Function Register
EE20H (SFR) 256 x 8 bits
FFIFH[ ~~~~ "~~~ "~~~ 7=7777°
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM |
T 1024 x 8 bits T
FE20H [~~~ --------------~
FBOOH
FAFFH Not usable
FA80H
FA7FH LCD Display RAM
FAGAH 28 x 4 bits
FAG63H
BFFFH
Not usable 3] Program Area ~
1000H
OFFFH
F7EOH A A
F7DEH - CALLF Entry Area >
Expansmn RAM 0800H
P 480 Bytes ~ 07FFH
F600H (shared with DCAN) ﬁﬁ Program Area ﬁﬁ
FoFFH 0080H
& Not usable &5 007EH
CO00H CALLT Table Area
BFFFH 0040H
Internal ROM 003FH
T 48 Kbytes T
v Vector Table Area
0000H 0000H

Note: In the expansion RAM between F600H and F7DFH it is not possible to do code execution.
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Chapter 3 CPU Architecture

The memory map of the uPD780828A is shown in Figure 3-3.

Notes: 1.
2.

Figure 3-3: Memory Map of the uPD780828A

o«

FFFFH Special Function Register
FFIFH| """~ "~~~ "~~~ 7"°"7°7°7°
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM |

7 1024 x 8 bits i
FE20H | ------------------
FBOOH
FAFFH Not bi
FASOH ot usable
FATFH LCD Display RAM
EA64H 28 x 4 bits
FAB3H

Not usable

F7EOH
F7DFH

)

Expansion RAM
480 Bytes
(shared with DCAN)

F600H
F5FFH Expansion RAM
FA0OH | ____ __ dlaBytes .
F3FFH .
| Expansion RAM j
1024 Bytes
FOOOH
EFFFH
A Internal ROM
60 Kbytes
0000H

«

EFFFH

1000H
OFFFH

0800H
07FFH

0080H
007FH

0040H
003FH

0000H

«C

Program Area

«

CALLF Entry Area

«

D)

«

Program Area

CALLT Table Area

Vector Table Area

In the expansion RAM between FOOOH and F3FFH it is possible to do code execution.

In the expansion RAM between F400H and F7DFH it is not possible to do code execution.
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Chapter 3 CPU Architecture

The memory map of the uPD78F0828A is shown in Figure 3-4.

Figure 3-4: Memory Map of the uPD78F0828A

FFFFH Special Function Register
FF20H (SFR) 256 x 8 bits
FFIFH|[ "~~~ ~~~~"~"~"="==777°°
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM |
T 1024 x 8 bits T
FE20H [ -----=-=---—~-—-———-
FBOOH
FAFFH Not usable
FA80H
FATFH LCD Display RAM
FAGAH 28 x 4 bits
FAG3H
Not usable EDFFH
E7EOH A Program Area W~
F7DFH 1000H
Expansion RAM
OFFFH
A 480 Bytes ay A
(shared with DCAN) T CALLF Entry Area T
F600H
F5FFH ) 0800H
Expansion RAM A 07FFH
FOOOH 1536 Bytes o Program Area o
EFFFH 0080H
Y Not usable 3 007FH
EEOOH CALLT Table Area
EDFFH
0040H
Internal ROM 003FH
T 59.5 Kbytes T
Vector Table Area
0000H 0000H

Notes: 1. In the expansion RAM between FOOOH and F5FFH it is possible to do code execution.
2. In the expansion RAM between F600H and F7DFH it is not possible to do code execution.
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Chapter 3 CPU Architecture

3.1.1 Internal program memory space

The internal program memory space stores programs and table data. This is generally accessed by the
program counter (PC).
The uPD780828A Subseries have various size of internal ROMs or Flash EPROM as shown below.

Table 3-1: Internal ROM Capacities

Internal ROM
Part Number -
Type Capacity
UPD780824A Mask ROM 32768 x 8-bits
pPD780826A Mask ROM 49152 x 8-bits
pPD780828A Mask ROM 61440 x 8-bits
UPD78F0828A Flash EEPROM 60928 x 8-bits

The internal program memory is divided into three areas: vector table area, CALLT instruction table
area, and CALLF instruction table area. These areas are described on the next page.
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Chapter 3 CPU Architecture

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The RESET input and pro-
gram 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 3-2: Vectored Interrupts

Vector Table Address Interrupt Request
0004H INWDT
0006H INTAD
0008H INTOVF
000AH INTTM20
000CH INTTM21
000EH INTTM22
0010H INTPO
0012H INTP1
0014H INTP2
0016H INTCE
0018H INTCR
001AH INTCTO
001CH INTCT1
001EH INTCSI30
0020H INTSERO
0022H INTSRO
0024H INTSTO
0026H INTTM50
0028H INTTM51
002AH INTTM52
002EH INTWTI
0030H INTWT
0032H INTCSI31
003EH BRK

(2) CALLT instruction table area

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

(3) CALLF instruction entry area

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

3.1.2 Internal data memory space

The uPD780828A Subseries units incorporate the following RAMs.

(1) Internal high-speed RAM

Table 3-3: Internal high-speed RAM

Device Internal High Speed RAM
UPD780824A 1024 x 8 bits (FBOOH to FEFFH)
UPD780826A 1024 x 8 bits (FBOOH to FEFFH)
UPD780828A 1024 x 8 bits (FBOOH to FEFFH)
UPD78F0828A 1024 x 8 bits (FBOOH to FEFFH)

The 32-byte area FEEOH to FEFF is allocated with four general purpose register banks composed
of eight 8-bit registers.
The internal high-speed RAM has to be used as stack memory.

(2) LCD-Display RAM

Buffer RAM is allocated to the 28 x 4 bits area from FA64H to FA7FH. LCD-Display RAM can also
be used as normal RAM.

(3) Internal expansion RAM (including sharing with DCAN)

Table 3-4: Internal expansion RAM (including sharing with DCAN)

Device Internal Expansion RAM
UPD780824A 480 x 8 bits (F600H to F7DFH)
UPD780826A 480 x 8 bits (F600H to F7DFH)
UPD780828A 2016 x 8 bits (FOOOH to F7DFH)
UPD78F0828A 2016 x 8 bits (FOOOH to F7DFH)

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 3-5, “Special Function Register List,” on page 67).

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

The uPD780828A Subseries is provided with a verity of addressing modes which take account of mem-
ory manipulability, etc. Special addressing methods are possible to meet the functions of the special
function registers (SFRs) and general registers. The data memory space is the entire 64K-byte space
(O000H to FFFFH).

Figures 3-5 to 3-8 show the data memory addressing modes.

For details of addressing, refer to 3.4 "Operand Address Addressing” on page 74.

Figure 3-5: Data Memory Addressing of uPD780824A

FFFFH Special Function Register

FF20H (SFR) 256 x 8 bits SFR Addressing
[ s T I N .
FFOOH
FEFFH i 1 Short Direct
General Registers Register Addressing  addressing
FEEOH 32 x 8 bhits ¥
FEDFH Internal High-speed RAM
FE20H 1024 x 8 bits
FBOOH
FAFFH
EASOH Not usable .
FA7FH Direct
LCD Display RAM Addressing
EAG4H 28 x 4 bits Register
Indirect
FAG63H f
63 Addressing
Based
Addressing
Not usable
Based
Indexed
Addressing
F7EOH
F7DFH

Expansion RAM
480 x 8 bits
(shared with DCAN)

F600H
FSFFH Not usable
8000H
7FFFH
Internal Mask ROM
32768 x 8 bits
0000H

Note: In the expansion RAM between F600H and F7DFH it is not possible to do code execution.
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Note:

FFFFH

FF20H
FF1FH

FFOOH

Figure 3-6:

Data Memory Addressing of uPD780826A

Special Function Register
(SFR) 256 x 8 bits

SFR Addressing

FEFFH

FEEOH
FEDFH

FE20H
FBOOH
FAFFH

FAB0H
FA7FH

FAG4H
FAG3H

F7EOH
F7DFH

F600H
F5FFH

CO0OH
BFFFH

0000H

In the expansion RAM between F600H and F7DFH it is not possible to do code execution.

General Registers
32 x 8 bits

hort

b s
Register Addressing  Addressing
]

Internal High-speed RAM
1024 x 8 bits

Direct

Not usable

LCD Display RAM
28 x 4 bits

Not usable

Expansion RAM
480 x 8 bits
(shared with DCAN)

Not usable

Internal Mask ROM
49152 x 8 bits

Direct
Addressing

Register
Indirect
Addressing

Based
Addressing

Based
Indexed
Addressing
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Chapter 3 CPU Architecture

Notes: 1.

60

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H

FBOOH
FAFFH

FA80H
FA7FH

FAB4H
FA63H

F7EOH
F7DFH

F600H
F5FFH

F400H
F3FFH

FOOOH
EFFFH

0000H

2. In the expansion RAM between F400H and F7DFH it is not possible to do code execution.

Figure 3-7:

Data Memory Addressing of uPD780828A

Special Function Register
(SFR) 256 x 8 bits

SFR Addressing

General Registers
32 x 8 bits

hort

t s
Register Addressing  Addressing
¥

Internal High-speed RAM
1024 x 8 bits

Direct

Not usable

LCD Display RAM
28 x 4 bits

Not usable

Expansion RAM
480 x 8 bits
(shared with DCAN)

Expansion RAM
512 x 8 bits

Expansion RAM
1024 x 8 bits

Internal Mask ROM
61440 x 8 bits

Direct
Addressing

Register
Indirect
Addressing

Based
Addressing

Based
Indexed
Addressing
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Chapter 3 CPU Architecture

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H

FBOOH
FAFFH

FABOH
FA7FH

FA64H
FAG3H

F7EOH
F7DFH

F600H
FSFFH

FOOOH
EFFFH

EEOOH
EDFFH

0000H

Notes: 1. Inthe expansion RAM between FOOOH and F5FFH it is possible to do code execution.

Figure 3-8:

Data Memory Addressing of uPD78F0828A

Special Function Register
(SFR) 256 x 8 bits

SFR Addressing

General Registers
32 x 8 bits

hort

i s
Register Addressing  Addressing
]

Internal High-speed RAM
1024 x 8 bits

Direct

Not usable

LCD Display RAM
28 x 4 bits

Not usable

Expansion RAM
480 x 8 bits
(shared with DCAN)

Expansion RAM
1536 x 8 bits

Not usable

Flash EEPROM
60928 x 8 bits

Direct
Addressing

Register
Indirect
Addressing

Based
Addressing

Based
Indexed
Addressing

2. In the expansion RAM between F600H and F7DFH it is not possible to do code execution.
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3.2 Processor Registers

The uPD780828A Subseries units incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses, and stack memory. The control registers
consist of a program counter, a program status word and a stack pointer.

1)

()

62

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 con-
tents are set.

RESET input sets the reset vector table values at addresses 0000H and 0001H to the program
counter.

Figure 3-9: Program Counter Configuration

15 0

PC

Program status word (PSW)

The program status word is an 8-bit register consisting of various flags to be set/reset by instruc-
tion execution.

Program status word contents are automatically stacked upon interrupt request generation or
PUSH PSW instruction execution and are automatically reset upon execution of the RETB, RETI
and POP PSW instructions.

RESET input sets the PSW to 02H.

Figure 3-10: Program Status Word Configuration

IE 4 RBS1 | AC |RBSO 0 ISP CY
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(a) Interrupt enable flag (IE)

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

When 0, the IE is set to interrupt disabled (DI) status. All interrupts except non-maskable interrupt
are disabled.

When 1, the IE is set to interrupt enabled (EI) status and interrupt request acknowledge is control-
led with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and a
priority specification flag.

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

(b) Zero flag (2)

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

(c) Register bank select flags (RBS0 and RBS1)

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

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

(d) Auxiliary carry flag (AC)

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

(e) In-service priority flag (ISP)

This flag manages the priority of acknowledge able maskable vectored interrupts. When 0,
acknowledgment of the vectored interrupt request specified to low-order priority with the priority
specify flag registers (PROL, PROH, and PR1L) is disabled. Whether an actual interrupt request is
acknowledged or not is controlled with the interrupt enable flag (IE).

(f) Carry flag (CY)

This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-

out value upon rotate instruction execution and functions as a bit accumulator during bit manipula-
tion instruction execution.
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(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-
speed RAM area can be set as the stack area.

Figure 3-11: 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 Figures 3-12 and 3-13.

Caution: Since RESET input makes SP contents indeterminate, be sure to initialize the SP
before instruction execution.

Figure 3-12: Datato be Saved to Stack Memory

Interrupt and
PUSH rp Instruction CALL, CALLF, and BRK Instruction
CALLT Instruction

SP =+SP -3
SP <-SpP -2 SP <SP -2 SP-3 PC7 to PCO
SP-2 Register Pair Lower SP-2 PC7 to PCO SP?— 2 PC15 to PC8
SP?— 1 Register Pair Upper SP?— 1 PC15 to PC8 SPT 1 PSW
StP - Sl - StP -

Figure 3-13: Datato be Reset to Stack Memory

RETI and RETB

POP rp Instruction RET Instruction Instruction
SP = | Register Pair Lower SP > PC7 to PCO SP > PC7 to PCO
SP+1 | Register Pair Upper SP+1 PC15 to PC8 SP+1 PC15 to PC8
SP <SP +2 SP <SP +2 SP+2 PSW
SP=<SP +3

64 User's Manual U16504EE1V1UDOO



Chapter 3 CPU Architecture

3.2.2 General registers

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

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

They can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and
absolute names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set with the CPU control instruction (SEL RBn).
Because of the 4-register bank configuration, an efficient program can be created by switching between
a register for normal processing and a register for interruption for each bank.

Figure 3-14: General Register Configuration

(a) Absolute Name

16-Bit Processing 8-Bit Processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEEOH
R3
BANK2 RP1
R2
FEES8H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function Name
16-Bit Processing 8-Bit Processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
C
FEE8H
A
BANK3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special function register (SFR)

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

It is allocated in the FFOOH to FFFFH area.

The special function registers can be manipulated in a similar way as the general registers, by using
operation, transfer, or bit-manipulate instructions. The special function registers are read from and writ-
ten to in specified manipulation bit units (1, 8, and/or 16) depending on the register type.

Each manipulation bit unit can be specified as follows.

66

 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 symbol reserved with assembler for the 16-bit manipulation instruction operand

(sfrp).
When addressing an address, describe an even address.

Table 3-5, “Special Function Register List,” on page 67 gives a list of special function regis-
ters. The meaning of items in the table is as follows.

Symbol

The assembler software RA78KO translates these symbols into corresponding addresses
where the special function registers are allocated. These symbols should be used as instruction
operands in the case of programming.

R/W
This column shows whether the corresponding special function register can be read or written.

R/W : Both reading and writing are enabled.
R :The value in the register can read out. A write to this register is ignored.
W : Avalue can be written to the register. Reading values from the register is impossible.

Manipulation
The register can be manipulated in bit units.

After reset
The register is set to the value immediately after the RESET signal is input.
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Table 3-5: Special Function Register List (1/3)

Manipulation Bit Aft
Address SFR Name Symbol | RIW Unit Reseert
1-bit | 8-bit | 16-bit
FFOOH |Port 0 PO RW | x x - |OOH
FFO1H |Port1 P1 R X x - |OOH
FFO2H |Port 2 P2 RW | x x - |OOH
FFO3H |Port3 P3 R/W | x x - |OOH
FFO4H |Port4 P4 RW | x x - |OOH
FFO5H |Port5 P5 R/W | x x - |OOH
FFO6H |Port 6 P6 RW | x x - |OOH
FFO8H |Port8 P8 R/W | x x - |OOH
FFO9H |Port 9 P9 RIW | x x - |OOH
FF12H |8-bit timer register 50 TM50 R - X - |ooH
FF13H |8-bit timer register 51 TM51 R - X - |OOH
FF18H |Compare register 50 CR50 R/W - X - |ooH
FF19H |Compare register 51 CR51 R/W - X - |OOH
FF1BH |A/D conversion result register ADCR1 R - X - |OOH
FF1FH |Serial I/O shift register 30 SI030 R/W - X - |OOH
FF20H Port mode register 0 PMO R/W | x X - |FFH
FF22H |Port mode register 2 PM2 RW | x X - |FFH
FF23H |Port mode register 3 PM3 R/W | x X - |FFH
FF24H |Port mode register 4 PM4 R/W | x X - |FFH
FF25H |Port mode register 5 PM5 R/W | x X - |FFH
FF26H |Port mode register 6 PM6 RW | x X - |FFH
FF28H |Port mode register 8 PM8 R/W | x X - |FFH
FF29H |Port mode register 9 PM9 RW | x X - |FFH
FF30H  |Pull-up resistor option register O PUO R/W | x X - |OOH
FF33H |Pull-up resistor option register 3 PU3 R/W | x X - |OOH
FF34H  |Pull-up resistor option register 4 PU4 R/W | x X - |OOH
FF36H  |Pull-up resistor option register 6 PU6 R/W | x X - |OOH
FF38H  |Pull-up resistor option register 8 PuU8 R/W | x X - |OOH
FF39H  |Pull-up resistor option register 9 PU9 R/W | x X - |OOH
FF40H | Clock output select register CKSs R/W | x X - |OOH
FF41H |Watch timer mode register WTM R/W | x X - |OOH
FF42H |Watchdog timer clock selection register WDCS R/W | x X - |OOH
FF48H |Ext. INT rising edge enable register EGP R/W | x X - |OOH
FF49H |Ext. INT falling edge enable register EGN R/W | x X - |OOH
FF50H |Flash programming mode control register FLPMC R/W | x X - |08H
FF51H |Self-programming and oscillation control register [SPOC R/W | x X - |08H
FF53H |Port function register 3 PF3 R/W | x X - |OOH
FF54H  |Port function register 4 PF4 R/W | x X - |OOH
FF58H |Port function register 8 PF8 R/W | x X - |OOH
FF59H |Port function register 9 PF9 R/W | x X - |OOH
FF65H |16-bit timer mode control register 2 TMC2 R/W | x X - |OOH
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Table 3-5: Special Function Register List (2/3)

Manipulation Bit
Unit After
Address SFR Name Symbol R/W
- - —| Reset
1-bit | 8-bit | 16-bit

FF66H |Prescaler mode register 2 PRM2 R/W - X - |OOH
FF67H |Capture/Compare control register 2 CRC2 R/W - X - |OOH
FF68H L .

16-bit timer/counter register 2 T™M2 R - - x  |0000H
FF69H
FF6AH . )

16-bit capture register 20 CR20 R - - x  |0000H
FF6BH
FF6CH . )

16-bit capture register 21 CR21 R - - x  |0000H
FF6DH
FF6EH . )

16-bit capture register 22 CR22 R - - x  |0000H
FF6FH
FF70H  |8-bit timer mode control register 50 TMC50 R/W | x X - |OOH
FF71H |Timer clock selection register 50 TCL50 R/W - X - |OOH
FF74H  |8-bit timer mode control register 51 TMC51 RW | x X - |OOH
FF75H |Timer clock selection register 51 TCL51 R/W - X - |OOH
FF78H |8-bit timer mode control register 52 TMC52 RW | x X - |OOH
FF79H |Timer clock selection register 52 TCL52 R/W - X - |OOH
FF7BH |8-bit timer register 52 TM52 R - X - |OOH
FF7CH |Compare register 52 CR52 R/W - X - |OOH
FFOOH |LCD display mode register LCDM RW | x X - |OOH
FF92H |LCD display control register LCDC RW | x X - |OOH
FF93H |LCD-C/D emulation register LCDTM w - X - |OOH
FF98H |A/D converter mode register 1 ADM1 RW | x X - |OOH
FF99H |Analog channel select register 1 ADS1 R/W - X - |OOH
FFOAH |Power fail comparator mode register PFM RW | x X - |OOH
FFOBH |Power fail comparator threshold register PFT R/W - X - |OOH
FFAOH |UART operation mode register ASIMO RW | x X - |OOH
FFA1H |UART receive status register ASISO R - X - |OOH
FFA2H |Baud rate generator control register BRGCO R/W - X - |OOH

Transmit shift register TXSO0 W - X - |FFH
FFA3H - -

Receive buffer register RXBO R - X - |FFH
FFA8H |Serial mode register SIO30 CSIM30 RW | x X - |OOH
FFA9H |Serial I/O shift register SIO31 SI031 R/W - X - |OOH
FFAAH |Serial mode register SIO31 CSIM31 RW | x X - |OOH
FFABH | 2-wire/3-wire mode switch register SIOSwWI RW | x X - |OOH
FFBOH |CAN control register CANC RW | x X - |01H
FFB1H |Transmit control register TCR R/W - X - |OOH
FFB2H |Received message register RMES R - X - |OOH
FFB3H |Redefinition control register REDEF RW | x X - |OOH
FFB4H |CAN error status register CANES R/W - X - |OOH
FFB5H |Transmit error counter TEC R - X - |OOH
FFB6H |Receive error counter REC R - X - |OOH
FFB7H |Message count register MCNT R/W - X - |OOH
FFB8H |Bit rate prescaler BRPRS R/W - X - |3FH
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Table 3-5: Special Function Register List (3/3)

Manipulation Bit
Address SFR Name Symbol | RIW Unit :‘eﬁseét
1-bit | 8-bit | 16-bit
FFBOH |Synchronous control register O SYNCO R/W - X - |18H
FFBAH [Synchronous control register 1 SYNC1 R/W - X - |OEH
FFBBH [Mask control register MASKC R/W - X - |OOH
FFBDH |Meter C/D prescaler switch register SMSWI R/W | x X - |OOH
FFBFH |8-bit timer mode control register MCNTC R/W - X - |OOH
FFCOH |[Sound generator control register SGCR R/W | x X - |OOH
FFC1H |Sound generator amplitude register SGAM R/W - X - |OOH
FFC2H |Sound generator buzzer control register SGBR R/W - X - |OOH
FFC3H |[Motor 1 compare register MCMP10 R/W - X - |OOH
FFC4H |Motor 1 compare register MCMP11 R/W - X - |OOH
FFC5H |Motor 2 compare register MCMP20 R/W - X - |OOH
FFC6H |Motor 2 compare register MCMP21 R/W - X - |OOH
FFC7H |Motor 3 compare register MCMP30 R/W - X - |OOH
FFC8H |Motor 3 compare register MCMP31 R/W - X - |OOH
FFC9H |Motor 4 compare register MCMP40 R/W - X - |OOH
FFCAH |Motor 4 compare register MCMP41 R/W - X - |OOH
FFCBH |Port mode control register PMC R/W - X - |OOH
FFCCH [Compare control register 1 MCMPC1 R/W - X - |OOH
FFCDH |Compare control register 2 MCMPC2 R/W - X - |OOH
FFCEH |Compare control register 3 MCMPC3 R/W - X - |OOH
FFCFH |Compare control register 4 MCMPC4 R/W - X - |OOH
FFEOH |Interrupt request flag register OL IFOL R/W | x X OOH
FFE1H |Interrupt request flag register OH IFOH R/W | x X * O0OH
FFE2H |Interrupt request flag register 1L IF1L R/W | x X x |00H
FFE4H |Interrupt mask flag register OL MKOL R/W | x X FFH
FFESH |Interrupt mask flag register OH MKOH R/W | x X * FFH
FFE6H |Interrupt mask flag register 1L MK1L R/W | x X x |FFH
FFE8H |Priority order specified flag OL PROL R/W | x X FFH
FFE9H |Priority order specified flag OH PROH R/W | x X * FFH
FFEAH |Priority order specified flag 1L PR1L R/W | x X x |FFH
FFFOH |Memory size switching register IMS R/W - X - |CFH
FFF4H |Internal expansion RAM size switching register |IXS RIW | - X - [Note
FFFOH |Watchdog timer mode register WDTM R/W | x X - |OOH
FFFAH |Oscillation stabilisation time register OSTS RW | - X - |04H
FFFBH |Processor clock control register PCC R/W | x X - |04H

Note: The values after reset depend on the product (see Table 23-4, “Values when the Internal

Expansion RAM Size Switching Register is Reset,” on page 389).
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3.3 Instruction Address Addressing

An instruction address is determined by program counter (PC) contents. The PC contents are normally
incremented (+1 for each byte) automatically according to the number of bytes of an instruction to be
fetched each time another instruction is executed. However, 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 User's Manual - Instructions (U12326E).

3.3.1 Relative addressing

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

In other words, the range of branch in relative addressing is between -128 and +127 of the start
address of the following instruction. This function is carried out when the BR $addr16 instruction or a
conditional branch instruction is executed.

Figure 3-15: Relative Addressing

15 0

__PC indicates the start address
PC of the instruction
after the BR instruction.

15 8 7 6 0

jdisp8

15 0

PC

When S = 0, all bits of a are 0.
When S =1, all bits of a are 1.
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3.3.2 Immediate addressing

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!addrll instruction is exe-
cuted.

CALL!addr16 and BR!addrl16 instructions can branch to all the memory space.

CALLF'addr11 instruction branches to the area from 0800H to OFFFH.

Figure 3-16: Immediate Addressing
(@) In the case of CALL!addr16 and BR!addr16 instructions

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

PC

(b) In the case of CALLFladdrl1l instruction

7 6 4 3 0
4{ faio-s CALLF
faz-o
15 11 10 87 0

PC| 0O O O O 1
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3.3.3 Table indirect addressing

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.
Table indirect addressing is carried out when the CALLT [addr5] instruction is executed. This instruction
can refer to the address stored in the memory table 40H to 7FH and branch to all the memory space.

Figure 3-17: Table Indirect Addressing

7 6 5 1 0
Operation Code 1 1 tas-o 1

15 8 7 6 5 l 10
Effective Address 0O 0 0 0 0 010 0O 0

7 Memory (Table) 0
Low Addr.
Effective Address+1 High Addr. T

15 l 8 7 0

PC
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3.3.4 Register addressing

Register pair (AX) contents to be specified with an instruction word are transferred to the program coun-
ter (PC) and branched.
This function is carried out when the BR AX instruction is executed.

Figure 3-18: Register Addressing

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing

The register which functions as an accumulator (A and AX) in the general register is automatically
(implicitly) addressed.
Of the uPD780828A Subseries instruction words, the following instructions employ implied addressing.

Table 3-6: Implied Addressing

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

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

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

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

Description example

In the case of MULU X

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

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

code.

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

code.

Operand format

Table 3-7: Register Addressing

Identifier Description
r X,A,C, B EDLH
p AX, BC, DE, HL

‘rand ‘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

Figure 3-19: Register Addressing
(&) MOV A, C; when selecting C register as r

Operationcode [0 1 1 0 0 0 1 0

Register specify code

(b) INCW DE; when selecting DE register pair as rp

Operation code |1 0000110 0|

Register specify code
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3.4.3 Direct addressing

The memory indicated by immediate data in an instruction word is directly addressed.

Operand format

Table 3-8: Direct addressing

Identifier Description
addr16 Label or 16-bit immediate data

Description example

MOV A, I0FEOOH; when setting !'addr16 to FEOOH

Figure 3-20: Direct addressing

Operation code | 1000111 0| OP code

[o0o0o000000]| ooH

[11111110] FEH

76 User's Manual U16504EE1V1UDOO



Chapter 3 CPU Architecture

3.4.4 Short direct addressing

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

The fixed space to which this addressing is applied to is the 256-byte space, from FE20H to FF1FH. An
internal high-speed RAM and a special function register (SFR) are mapped at FE20H to FEFFH and
FFOOH to FF1FH, respectively.

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

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at 00H
to 1FH, bit 8 is set to 1. Refer to Figure 3-21 below.

Operand format

Table 3-9: Short direct addressing

Identifier Description
saddr Label of FE20H to FF1FH immediate data
saddrp Label of FE20H to FF1FH immediate data (even address only)

Figure 3-21: Short direct addressing

(a) Description example

MOV OFE30H, #50H; when setting saddr to FE30H and immediate data to 50H.

Operation code 00010001 OP code

00110000 30H (saddr-offset)

01010000 50H (immediate data)

(b) Mlustration

OP code

saddr-offset ﬁ

15 8 7 0

Short Direct Memory

Effective Address 11 1 1 1 1 1

When 8-bit immediate data is 20H to FFH, a0 = 0
When 8-bit immediate data is O0H to 1FH, a =1
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3.4.5 Special function register (SFR) addressing

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

Table 3-10: Special-Function Register (SFR) Addressing

Identifier Description
sfr Special-function register name
sfrp 16-bit manipulatable special-function register name (even address only)

Figure 3-22: Special-Function Register (SFR) Addressing

(a) Description example

MOV PMO, A; when selecting PMO (FE20H) as sfr

Operation code

(11110110 | OPcode

00100000 [ 20H (sfr-offset)

(b) Mllustration

OP code

sfr-offset

15

SFR

Effective Address 1 1 1 1 1 1
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3.4.6 Register indirect addressing

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

Operand format

Table 3-11: Register indirect addressing

Identifier Description
- [DE], [HL]

Figure 3-23: Register indirect addressing

(a) Description example

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

Operationcode [1 0000101

(b) Mlustration

16 8 7 0
DE D E
Memory address specified
The contents of addressed 7 Memory 0 by register pair DE
memory are transferred
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3.4.7 Based addressing

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

Operand format

Table 3-12: Based addressing

Identifier Description
[HL + byte]

Figure 3-24: Based addressing description example

MOV A, [HL + 10H]; when setting byte to 10H

Operation code | 10101110 |

[00010000|
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3.4.8 Based indexed addressing

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, and the sum is used to address the memory. The HL, B, and C registers to
be accessed are registers in the register bank specified with the register bank select flag (RBS0 and
RBS1).

Addition is performed by expanding the contents of the B or C register 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

Table 3-13: Based indexed addressing

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

Figure 3-25: Based indexed addressing description example

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

Operation code 10101011
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3.4.9 Stack addressing

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

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

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

Figure 3-26: Stack addressing description example

In the case of PUSH DE

Operationcode [1 0110101
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4.1 Port Functions

The pPD780828A Subseries units incorporate five input ports and thirty-eight input/output ports.
Figure 4-1 shows the port configuration. Every port is capable of 1-bit and 8-bit manipulations and can
carry out considerably varied control operations. Besides port functions, the ports can also serve as on-
chip hardware input/output pins.

Figure 4-1: Port Types

POO je—»
Port 0
-
PO3 j+—
<«—»| P60
-
Port 6 P10 [*~—
- > -~ Port 1
< P65 -~
P14 |*=—
P20 |—
—_—
<«—»| P80
—_—
B —— Port 2
-
—_—
-
Port 8 - - -
P27 | ———
-
-
< P87
P34 j¢—
| ——— >
- > Port 3
P37 [e—
P40 j«——»
- | POO
-
-~ Port 4
-
Port 9 < » I
-
P47 |j«—»
-
- »| P97 P50 | —»
—_—
—
—_—
Port 5
R —
R —
P57 | —»
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Table 4-1: Pin Input/Output Types (1/2)
Input/ Pin . . After
Output Name Function Alternate Function Reset
P00 Port 0 INTPO Input
Input/ PO1 4-bit input/output port 3 o INTP1 Input
Output Input/output mode can be specified bit-wise
P P02 If used an input port, a pull-up resistor can be connected by |INTP2 Input
P03 software bit-wise CCLK Input
Port 1
Input P10-P14 5-bit input only port AN10-AN17 Input
P20 SM11 Output
P21 SM12
P22 SM13
Output .
P24 8-bit output only port SM21 Hi-z
P25 SM22
P26 SM23
P27 SM24
P34 TI50/TO50/S27 Input
Input/  |P35 Port 3 SCK30/S26 Input
Outout 4 bit input/output port
P P36 Input/output mode can be specified bit-wise S030/525 Input
P37 S130/S24 Input
Port 4
Inout/ 8-bit input/output port
P P40-P47 |Input/output mode can be specified bit-wise S0-S7 Input
Output . .
This port can be used as a segment signal output port or an
I/O port, in an 8-bit unit setting the port function
P50 SM31
P51 SM32
P52 SM33
P53 SM34
Output Por_t5 Hi-z
P54 8-bit output only port SM41
P55 SM42
P56 SM43
P57 SM44
P60 SGOF-SGO
P61 SGOA-PCL
P62 Port 6 RXDO
Igstu t(]t 6-bit input/output port Input
P P63 Input/output mode can be specified bit-wise TXDO
P64 TI20
P65 TI21

84
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Table 4-1: Pin Input/Output Types (2/2)

Input/ Pin . . After
Output Name Function Alternate Function Reset
Port 8
8-bit input/output port
Inout/ Input/output mode can be specified bit-wise
OSt ut P80-P87 |If used an input port, a pull-up resistor can be connected by |S15-S8 Input
P software
This port can be used as a segment signal output port or an
1/0 port, in an 1-bit units by setting the port function
P90 TI22/S23
PI1 TO51/TI51/S22
P92 Port 9 TPO/S21
Input/ P93 8-bit input/output port 3 o SCK31/S20
Outout Input/output mode can be specified bit-wise Input
P P94 This port can be used as a segment signal output port or an SO31/S1031/S19
P95 1/0 port, in an 1-bit units by setting the LCD control register |5|31/S18
P96 S17
Pa7 S16
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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 =0, 2to 6, 8, 9)
Control register Pull-up resistor option register (PUm: m =0, 3, 4, 6, 8, 9)
Port function register (PFm: m=3, 4, 8, 9)

Port Total: 79 ports

Mask ROM versions Total: 38 pins
Pull-up resistor

MPD78F0828A Total: 38 pins
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4.2.1 PortO

Port 0 is an 4-bit input/output port with output latch. P00 to P03 pins can specify the input mode/output
mode in 1-bit units with the port mode register 0 (PMO0). When P00 to P03 pins are used as input pins,
a pull-up resistor can be connected to them bit-wise with the pull-up resistor option register (PUm).
Dual-function includes external interrupt request input and the external clock input for the DCAN
peripheral.

RESET input sets port 0 to input mode.

Figure 4-2 shows block diagram of port 0.

Caution: Because port 0 also serves for external interrupt request input, when the port func-
tion 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, in
order to avoid an factorized interrupt.

Figure 4-2: P00 to P03 Configurations

WRpuo

{ Selector [*

A

P

[%2]

2 WRPoRrT

©

g POO/INTPO,

5 4_» Output Latch > © POL/INTP1

= (POO to PO3) PO2/INTP2,
PO3/CCLK

WRpm

i

PMOO0 to PMO03

Remarks: 1. PUO : Pull-up resistor option register
2. PM :Port mode register
3. RD :PortO0 read signal
4. WR : Port O write signal
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4.2.2 Portl

Port 1 is an 5-bit input only port.
Dual-functions include an A/D converter analog input.
Figure 4-3 shows a block diagram of port 1.

Figure 4-3: P10 to P14 Configurations

N\
RD

” °

>

= J

= P10/ANIO

E -0

IS P14/ANI4
N\

Remark: RD: Port 1 read signal
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4.2.3 Port2

Port 2 is an 8-bit output port with output latch. P20 to P27 goes into a high impedance state when the
port mode register 2 is set to 1.

Dual-function includes meter control PWM output.

RESET input sets port 2 to high-impedance state.

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

Caution: When port 2is set to 1, the read back from output latch operation is enabled.
When port 2 is set to 0, the read back from output latch operation is disabled.

Figure 4-4. P20 to P27 Configurations

O

WRpoRT

Note 1
Output Latch ‘
(P20 to P27) O P20/SM11 to P23/SM14

P24/SM21 to P27/SM24

Internal bus

WReM

f

PM20 to PM27

. _Note 2
Dual Function

Remarks: 1. PM :Port mode register
2. RD :Port2read signal
3. WR :Port 2 write signal

Notes: 1. Set output latch to 0 when dual function shall be applied to output.

2. Disable dual function when the content of the output latch shall be applied to output.
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4.2.4 Port3

Port 3 is an 4-bit input/output port with output latch. P34 to P37 pins can specify the input mode/output
mode in 1-bit units with the port mode register 3 (PM3). When P34 to P37 are used as input pins,
pull-up resistors can be connected bit-wise with the pull-up resistor option register (PU3).

Dual-function includes timer input/output, serial interface data input/output, serial interface clock
input/output and segment signal output of the LCD controller/driver.

RESET input sets port 3 to input mode.

Figure 4-5 shows a block diagram of port 3.

Caution: When used as segment lines, set the port function (PF3) according to its function.

Figure 4-5: P34 to P37 Configurations

Py
gkc
— 1

Selector
[2]
a WReroRT
g o l P34/TO50/TI50/S27
g Output Latch ™0 . P35/SCK3/S26
= (P34 to P37) . O p36/503/525
P37/S13/S24
WRem
4—» PM34 to PM37
S
. Note 2
Dual Function
Remarks: 1. PM : Port mode register

2. RD :Port3read signal
3. WR :Port 3 write signal

Notes: 1. Set output latch to 0 when dual function shall be applied to output.

2. Disable dual function when the comment of the output latch shall be applied to output.
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425 Port4

This is an 8-bit input/output port with output latches. Input mode/output mode can be specified in 1-bit
units with the port mode register 4. When P40 to P47 are used as input pins, pull-up resistors can be

connected bit-wise with the pull-up resistor option register (PU4).

These pins are dual function pin and serve as segment signal output of LCD controller/driver.
RESET input sets the input mode.

The port 4 block diagram is shown in Figure 4-6.

Caution: When used as segment lines, set the port function (PF4) according to its function.

Figure 4-6: P40 to P47 Configurations

[N\
RD
! e
-
{ Selector
«—
WRepoRT A
Output Latch \© * I P40/ST
(P40 to P47) O
P47/S0
2
o]
©
c
Q WRem
£
PM40 to PM47
Dual FunctionNote 2
N/

Remarks: 1. PUO : Pull-up resistor option register
2. PM :Port mode register
3. RD :Port4read signal
4. WR : Port 4 write signal

Notes: 1. Set output latch to 0 when dual function shall be applied to output.

2. Disable dual function when the comment of the output latch shall be applied to output.
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4.2.6 Porth

Port 5 is an 8-bit output port with output latch. P50 to P57 goes into a high-impedance state when the
port mode register 5 is set to 1.

The dual-function includes meter control PWM output.

RESET input sets port 5 to high-impedance state.

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

Caution: When port 5is set to 1, the read back from output latch operation is enabled.
When port 5 is set to 0, the read back from output latch operation is disabled.

Figure 4-7: P50 to P57 Configurations

[
RD
WRepoRT
Output Latch*¢* P50/SM31 to P53/SM34
(P50 to P57) :)—4 ©
P54/SM41 to P57/SM44
g
o)
T
c
9 WRpm
E
PMS50 to PM57
Note 2
Dual Function
NS
Remarks: 1. PM : Port mode register

2. RD :Port5read signal
3. WR :Port5 write signal

Notes: 1. Set output latch to 0 when dual function shall be applied to output.

2. Disable dual function when the comment of the output latch shall be applied to output.
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4.2.7 Port6

Port 6 is an 6-bit input/output port with output latch. P60 to P65 pins can specify the input mode/output
mode in 1-bit units with the port mode register 6 (PM6). When P62 to P65 are used as input pins,
pull-up resistors can be connected bit-wise with the pull-up resistor option register (PU6).

The dual-function includes the asynchronous serial interface receive/transmit, the timer capture input of
TM2 and the sound generator output.

RESET input sets port 6 to input mode.

Figure 4-8 shows block diagrams of port 6.

Figure 4-8: P60 to P65 Configurations

[N\
RD
! < |
{ Selector
)
@ | WReorr P60/SGOF/SGO,
a P61/SGOA/PCL,
g Output Latch™°'® P62/RXDO,
g P60 to P65 O pe3/TXDO,
= P64/TI20,
P65/TI21
WRem
PM60 to PM65
L/
Remarks: 1. PM :Port mode register

2. RD :Port6 read signal
3. WR :Port 6 write signal

Note: Set output latch to 0 when dual function shall be applied to output.

Caution: The pull-up option is not available for P60 and P61.
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4.2.8 Port8

This is a 8-bit input/output port with output latches. Input mode/output mode can be specified in 1-bit
units with a port mode register 8. When P80 to P87 are used as input pins, pull-up resistors can be con-
nected bit-wise with the pull-up resistor option register (PU8).

Dual-function includes segment signal output of LCD controller/driver.

RESET input sets the input mode.

Port 8 block diagram is shown in Figure 4-9.

Caution: When used as segment lines, set the port function PF8 according to its functions.

Figure 4-9: P80 to P87 Configurations

N\
RD
I J
~ O<{ Selector
%) A
3 WRepoRT
E
5 A .| Output Latch™°'®* P80/S8
= ~ (P80 to P87) _>—< o
M P87/S15
WRpm
\JJ PM80 to PM87
-/
Dual Function"°'¢ 2
Remarks: 1. PM : Port mode register

2. RD :Port7read signal
3. WR :Port7 write signal

Notes: 1. Set output latch to 0 when dual function shall be applied to output.

2. Disable dual function when the comment of the output latch shall be applied to output.
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429 Port9

This is a 8-bit input/output port with output latches. Input mode/output mode can be specified in 1-bit
units with the port mode register 9. When P90 to P97 are used as input pins, pull-up resistors can be
connected bit-wise with the pull-up resistor option register (PU9).

These pins are dual function pin and serve as segment signal output of LCD controller/driver.

RESET input sets the input mode.

The port 9 block diagram is shown in Figure 4-10.

Caution: See port 4 with change to PF4.

Figure 4-10: P90 to P97 Configurations

Y
%ko
| — |

Selector
WRPpoRT P90/TI22/S23,
[ P91/TO51/TI51/S22,
Output LatchNete | P92/TPO/S21,
(P90 to P97) - ——© P93/S20/SCK31,
8 P94/S19/S031/S1031,
= P95/S18/S131,
g P96/S17,
g P97/S16
- WRpm
PM90 to PM97
Dual Function Note 2
N\

Remarks: 1. PUO : Pull-up resistor option register
2. PM :Port mode register
3. RD :Port13read signal
4. WR : Port 13 write signal

Notes: 1. Set output latch to 0 when dual function shall be applied to output.

2. Disable dual function when the comment of the output latch shall be applied to output.
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4.3 Port Function Control Registers

The following three types of registers control the ports.
« Port mode registers (PM0O, PM2 to PM6, PM8, PM9)
« Pull-up resistor option register (PUO, PU3, PU4, PU6, PU8, PU9)
« Port function registers (PF3, PF4, PF8, PF9)

(1) Port mode registers (PM0O, PM2 to PM6, PM8, PM9)

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

PMO, PM2 to PM6, PM8 and PM9 are independently set with a 1-bit or 8-bit memory manipulation
instruction.

RESET input sets registers to FFH.

When port pins are used as alternate-function pins, set the port mode register and output latch
according to the function.

Cautions: 1. Pins P10to P14 are input-only pins.

2. As port 0 has an alternate function as external interrupt request input, when the
port function output mode is specified and the output level is changed, the inter-
rupt request flag is set. When the output mode is used, therefore, the interrupt
mask flag should be set to 1 beforehand.
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Figure 4-11: Port Mode Register Format

7 6 5 4 3 2 1 0 RW
pmo| 12 | 12 | 1 | 1 | Pmo3 | Pmo2 | PmMOL | PMOO |RMW
7 6 5 4 3 2 1 0 RW
PM3| PM37\ PM36| PM35| PM34 \ 1 | 1 \ 1 \ 1 |RNV
7 6 5 4 3 2 1 0 RW

PM4| PM47 \ PM46 | PM45 | PM44 \ PM43 | PM42 \ PM41 \ PM40 |RAN

7 6 5 4 3 2 1 0 RMW
PM6| 1 \ 1 | PM65| PM64‘ PM63| PM62‘ PM61‘ PM60 |RNV
7 6 5 4 3 2 1 0 RMW

PM8| PM87‘ PM86| PM85| PM84‘ PM83| PM82‘ PM81‘ PM80 |RNV

7 6 5 4 3 2 1 0 R/W

PM9| PM97\ PM96| PM95| PM94\ PM93| PM92\ PM91\ PM90 |RNV

PMmnN PMmn Pin Input/Output Mode Selection
(m=0,3,4,6,8,9,n=0-7)
0 Output mode (output buffer ON)
Input mode (output buffer OFF)
7 6 5 4 3 2 1 0 R/W

PM2| PM27\ PM26| PM25| PM24\ PM23| PM22\ PM21\ PM20 |RNV

7 6 5 4 3 2 1 0 R/W

PM5| PM57\ PM56| PM55| PM54\ PM53| PM52\ PM51\ PM50 |RNV

PMmn PMmn Pin Output Buffer Selection
(m=2,5n=0-7)
0 Output mode (output buffer ON)
1 Hi-Z mode (output buffer OFF)
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FF20H
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FF23H
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FF24H
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FF26H
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FF28H

Address

FF29H

Address

FF22H
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FF25H

After
Reset

FFH

After
Reset

FFH

After
Reset

FFH

After
Reset

FFH

After
Reset

FFH

After
Reset

FFH

After
Reset

FFH
After

Reset
FFH
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()

Pull-up resistor option register (PUO, PU3, PU4, PU6, PU8, PU9)

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 on-chip pull-up
resistor use has been specified with PUm (m =0, 3, 4, 6, 8, 9). No on-chip pull-up resistors can be
used to the bits set to the output mode, irrespective of PU setting.

PUm is set with an 1-bit or an 8-bit memory manipulation instruction.

RESET input sets this register to 00H.

Figure 4-12: Pull-Up Resistor Option Register (PUm) Format

7 6 5 4 3 2 1 0  RMW Address I_jfter

eset

PUO| 0 | 0 | 0 \ 0 | PUO3 \ PU02 \ PUO1 | PUOO |RNV FF30H  OOH
7 6 5 4 3 2 1 0 RMW Address I_ffter

eset

PU3| PU37 | PU36 | PU35 \ PU34 | 0 \ 0 \ 0 | 0 |RNV FF33H  OOH
7 6 5 4 3 2 1 0 RMW Address I_ffter

eset

PU4| PU4T | PU46 | PU45 \ PU44 | PU43 \ PU42 \ PU41 | PU40 |R/W FF34H  OOH

7 6 5 4 3 2 1 0 RMW Address Aer

Reset

PU6| 0 | 0 | PF65 \ PF64 | PF63 \ PF62 \ 0 | 0 |R/W FF36H  OOH
7 6 5 4 3 2 1 0 R/ Address Fﬁ;tse;t

PU8| PU87 | PU8S6 | PU8S5 \ PUS4 | PUS3 \ PU82 \ PUS1 | PUSO |R/W FF38H  OOH

After

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

PU9| PU97 | PU96 | PU95 \ PU94 | PU93 \ PU92 \ PU91 | PU90 |R/W FF39H  OOH

PUmn Pin Internal Pull-up Resistor Selection
(m=0,3,4,6,89n=0-7)

0 On-chip pull-up resistor not used

PUmn

On-chip pull-up resistor used

Remark: The pull-up option is not available for P60 and P61.

Caution: Once the software can't use pull-up resistors are connected by setting 1 to the
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pull-up resistor option register, they are not disconnected even in output mode. To
switch off the pull-up resistors must be written to the pull-up resistor option register.
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(3) Port function register (PF3, PF4, PF8 and PF9)
This register is used to set the LCD segment function of ports 3, 4, 8 and 9.
PF3, PF8 and PF9 are set with an 1-bit or 8-bit manipulation instruction. PF4 is set with an 8-bit
manipulation instruction.
RESET input sets this register to O0H.

Address

FF53H

Address

FF54H

Address

FF58H

Address

FF59H

Figure 4-13: Port Function Register (PF3, PF4, PF8 and PF9) Format
7 6 5 4 3 2 1 0 RW
PF3 | PF37 | PF36 | PR35 [ PF34 | 0 | o [ o | o |Rw
7 6 5 4 3 2 1 0 RW
PF4 | PF47 | PF46 | PF45 | PF44 | PF43 | PF42 | PF41 | PF40 |R/W
7 6 5 4 3 2 1 0 RW
PFs | PF87 | PF86 | PF85 | PF84 | PF83 | PF82 | PF81 | PF80 |R/W
7 6 5 4 3 2 1 0 RW
PFo | PFo7 | PFO6 | PF95 | PF94 | PFO3 | PF92 | PFO1 | PF90 |R/W
PEMN PFmn Port Function Selection
m=3,4,8,9;n=0-7)
0 Port function

LCD segment function

Caution: For PF4itis only allowed to set O0OH or FFH.
For PF3 only the 4 MSB are relevant.
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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)

(2)

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.

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 manipu-

lated 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)

()

100

Output mode

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

Input mode
The pin status is read by a transfer instruction. The output latch contents do not change.
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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 bitis manipu-
lated the port is accessed as an 8-bit unit. Therefore, on a port with a mixture of input
and output pins, the output latch contents for pins specified as input are undefined,
even for bits other than the manipulated bit.
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Chapter 5 Clock Generator

5.1 Clock Generator Functions

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following type of system clock oscillators is available.

(1) Main system clock oscillator
This circuit oscillates at frequencies of 4 to 8.38 MHz. Oscillation can be stopped by executing the
STOP instruction or setting the processor clock control register.

5.2 Clock Generator Configuration

The clock generator consists of the following hardware.

Table 5-1: Clock Generator Configuration

Item Configuration

Control register Processor clock control register (PCC)

Main system clock oscillator

Oscillator

Subsystem clock oscillator

Figure 5-1: Block Diagram of Clock Generator

- Prescaler
. Main System fx Clock to peripheral
Clock > Prescaler hardwarep p
X2 © Oscillator
fxo B | S| B B
T 2 | 27| 27| 24
STOP
S Standby
8 | control L= CPU Clock (fepy)
$ Circuit Note

Note: The Standby function is described in the Chapter 21 "Standby Function” on page 373".
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5.3 Clock Generator Control Register

The clock generator is controlled by the processor clock control register (PCC).

(1) Processor clock control register (PCC)
The PCC selects a CPU clock and the division ratio at the CPU clock.
The PCC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets the PCC to 04H.

Figure 5-2: Processor Clock Control Register Format

7 6 5 4 3 2 1 0 R/W Address
pccl] o | o | o | o | o |Pcc2|pcct | PCCO [RW FFFBH
PCC2 PCC1 PCCo CPU Clock Selection (fcpy)
0 0 0 fy
0 0 1 fy 12
0 1 0 fy 122
0 1 1 fy 123
1 0 0 fy 124
Other than above Setting prohibited

Caution: Bit 3to Bit 7 must be set to 0.

Remark: fy: Main system clock oscillation frequency
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Chapter 5 Clock Generator

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:

8.0 MHz) connected to the X1 and X2 pins.

External clocks can be input to the main system clock oscillator. In this case, the clock signal is supplied

to the X1 pin and the X2 pin has to be left open.
Figure 5-3 shows an external circuit of the main system

clock oscillator.

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

(@) Crystal and ceramic oscillation

Crystal or
Ceramic
Resonator

—HT X2

LLE

IC

(b) External clock

Open

External
Clock D

UPD74HCUO4

X2

X1

Caution: Do not execute the STOP instruction if an external clock is input. This is because
when the STOP instruction is used the main system clock operation stops and the X2
pin is connected to VDD1 via a pull-up resistor.
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Figure 5-4: Examples of Oscillator with Bad Connection (1/3)

(&) Wiring of connection circuits is too long

IC X2

.
/1N

B

(b) A signal line crosses over oscillation circuit lines

PORTN
(n=0to0 10, 12, 13)
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Figure 5-4: Examples of Oscillator with Bad Connection (2/3)

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

IC X2

SBIp

J Current

A

(d) Current flows through the grounding line of the oscillator
(potential at points A, B, and C fluctuate)

-g Voo

Pnm

User’'s Manual U16504EE1V1UDOO

107



Chapter 5 Clock Generator

Figure 5-4: Examples of Oscillator with Bad Connection (3/3)

(e) Signals are fetched
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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 fy
* CPU clock fcpy

» Clock to peripheral hardware

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

(&) Upon generation of RESET signal, the lowest speed mode of the main system clock (4 ps
when operated at 8.0 MHz) is selected (PCC = 04H). Main system clock oscillation stops while
low level is applied to RESET pin.

(b) With the main system clock selected, one of the five CPU clock stages (fy, fx/2, fX/22, fX/23 or
fX/24) can be selected by setting the PCC.

(c) With the main system clock selected, two standby modes, the STOP and HALT modes, are
available.
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5.6 Changing System Clock and CPU Clock Settings

5.6.1 Time required for switchover between system clock and CPU clock

The system clock and CPU clock can be switched over by means of bit 0 to bit 2 (PCCO0 to PCC2)
of the processor clock control register (PCC).
The actual switchover operation is not performed directly after writing to the PCC, but operation contin-
ues on the pre-switchover clock for several instructions (see Table 5-2).

Table 5-2: Maximum Time Required for CPU Clock Switchover
Set Vglues after Set Values before Switchover
Switchover
PCC2|PCC1|PCCO|PCC2|PCC1|PCCO|PCC2|PCCL1|PCCO|PCC2|PCC1|PCCO|PCC2|PCC1|PCCO
PCC2 |PCC1|PCCO
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0
0 0 0 8 instructions 4 instructions 2 instructions 1 instruction
0 0 1 16 instructions 4 instructions 2 instructions 1 instruction
0 1 0 16 instructions 8 instructions 2 instructions 1 instruction
0 1 1 16 instructions 8 instructions 4 instructions 1 instruction
1 0 0 16 instructions 8 instructions 4 instructions 2 instructions
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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.

Figure 5-5: System Clock and CPU Clock Switching

VDD
RESET I_I
Interrupt
Request
Signal
System Clock fy fy
CPU Clock o ]
Minimum Maximum
Speed Speed
Operation Operation

Wait (16.3 ms: 8.0 MHz)
Internal Reset Operation

(1) The CPU is reset by setting the RESET signal to low level after power-on. After that, when reset is
released by setting the RESET signal to high level, 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
(4 ps when operated at 8.0 MHz).

(2) After the lapse of a sufficient time for the Vpp voltage to increase to enable operation at maximum

speeds, the processor clock control register (PCC) is rewritten and the maximum-speed operation
is carried out.
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Chapter 6 16-Bit Timer 2

6.1 16-Bit Timer 2 Functions

The 16-bit timer 2 (TM2) has the following functions.

* Pulse width measurement
» Divided output of input pulse
» Time stamp function for the DCAN

Figure 6-1 shows 16-Bit Timer 2 Block Diagram.

Figure 6-1: Timer 2 (TM2) Block Diagram

S Internal bus S
Prescaler mode Capture pulse control 16-bit timer mode control
register (PRM2) register (CRC2) register (TMC2)
ES21ES20| ES11 ES10| ES01/ES00PRM21PRM20) CRC21CRC20| TMC22| TPOE

x4  —— 5

bag - —~ g 16-bit ti ister (TM2)  |—= INTOVF
#x/32 % -bit timer register ( )

fx/128 —| @

¢ ESZ%, ES20
————

Noise rejection Prescaler Edge detection i :
TI22/S23/P90 O—={ circuit 1.%. v 1/8 circuit 16-bit capture register (CR22)
Es11,+ ES10 ] INTTM22

Edge detection

Noise rejection i ;
TI21/P65 ©—»] ot wirouit 16-bit capture register (CR21)
ESO01, ES00 i INTTM21

Noise rejection Edge detection i
TI20/P64  ©— circut circuit T 16-bit capture register (CR20)
— INTTM20
TPO/S21/P92 @A—G_j
TPOE ——©DCAN

S Internal bus S

(1) Pulse width measurement
TM2 can measure the pulse width of an external input signal.

(2) Divided output of input pulse
The frequency of an input signal can be divided and the divided signal can be output.

(3) Timer stamp function for the DCAN
An internal signal output of the DCAN-module can be used to build a time stamp function of the
system (please refer to the chapter of the DCAN-module).
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6.2 16-Bit Timer 2 Configuration

Timer 2 consists of the following hardware.

Table 6-1: Timer 2 Configuration

Item Configuration

Timer register 16 bits x 1 (TM2)
Register Capture register: 16 bits x 3 (CR20 to CR22)

16 bit timer mode control register (TMC2)

Control register Capture pulse control register (CRC2)

Prescaler mode register (PRM2)

(1) 16-bit timer register (TM2)
TM2 is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of an input clock. The count
value is reset to 0000H in the following case:

At RESET input

The count value is undefined in the following case:
- TMC22 is disabled.

Caution: When the timer TM2 is disabled, the value of the timer register TM2 will be undefined.

(2) Capture register 20 (CR20)
The valid edge of the TI20 pin can be selected as the capture trigger. Setting of the TI20 valid
edge is performed by setting of the prescaler mode register (PRM2). When the valid edge of the
TI20 is detected, an interrupt request (INTTM20) is generated.
CR20 is read by a 16-bit memory manipulation instruction.

After RESET input, the value of CR20 is undefined.
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(3) Capture register 21 (CR21)

The valid edge of the TI21 pin can be selected as the capture trigger. Setting of the TI21 valid
edge is performed by setting of the prescaler mode register (PRM2). When the valid edge of the
TI21 is detected, an interrupt request (INTTM21) is generated.

CR21 is read by a 16-bit memory manipulation instruction.

After RESET input, the value of CR21 is undefined.

(4) Capture register 22 (CR22)

The valid edge of the TI22 pin can be selected as the capture trigger. Setting of the TI22 valid
edge is performed by setting of the prescaler mode register (PRM2). When the valid edge of the
TI22 is detected, an interrupt request (INTTM22) is generated.

CR22 is read by a 16-bit memory manipulation instruction.

After RESET input, the value of CR22 is undefined.
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6.3 16-Bit Timer 2 Control Registers

The following three types of registers are used to control timer 0.

« 16-bit timer mode control register (TMC2)
« Capture pulse control register (CRC2)
« Prescaler mode register (PRM2)

(1) 16-bit timer mode control register (TMC2)

This register sets the 16-bit timer operating mode and controls the prescaler output signals.
TMCO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears TMC2 value to O0H.

Figure 6-2: 16-Bit Timer Mode Control Register (TMC2) Format

7 6 5 4 3 <2> 1 <0> R/W Address After

Reset

TMc2f o | o | o | o | o [Tmc2| o | TPOE |RW FFE5H  OOH
TMC2 Timer 2 Operating Mode Selection

0 Operation stop

1 Operation enabled

TPOE Timer 2 Prescaler Output Control

0 Prescaler signal output disabled

1 Prescaler signal output enabled

Cautions: 1. Before changing the operation mode, stop the timer operation (by setting 0 to
TMC22).

2. Bit 1 and bits 3to 7 must be set to 0.
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(2) Capture pulse control register (CRC2)

This register specifies the division ratio of the capture pulse input to the 16-bit capture register

(CR22) from an external source.
CRC2 is set with an 8-bit memory manipulation instruction.

RESET input sets CRC2 value to O0H.

Figure 6-3: Capture Pulse Control Register (CRC2) Format

7 6 5 4 3 2 1 0 R/W Address
CRC2| 0 \ 0 | 0 | 0 \ 0 | 0 \ CRC21 \ CRC20 | RIW  FF67H
CRC21 CRC20 TI22 - Capture Pulse Selection
0 0 Does not divide capture pulse (T122)

0 1 Divides capture pulse by 2 (T122/2)
1 0 Divides capture pulse by 4 (T122/4)
1 1 Divides capture pulse by 8 (T122/8)

Cautions: 1. Timer operation must be stopped before setting CRC2.

2. Bits 2to 7 must be setto 0.

User’'s Manual U16504EE1V1UDOO

After
Reset

00H

117



Chapter 6 16-Bit Timer 2

(3) Prescaler mode register (PRM2)

This register is used to set 16-bit timer (TM2) count clock and valid edge of TI2n (n = 0 to 2) input.
PRM2 is set with an 8-bit memory manipulation instruction.

RESET input sets PRM2 value to 00H.

Figure 6-4: Prescaler Mode Register (PRM2) Format

After
Reset

PRM2| ES21 | ES20 | ES11 \ ES10 | ESO1 \ ES00 ‘PRM21|PRM20|R/W FF66H  OOH

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

ES21 ES20 TI02 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ES11 ES10 TI01 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ESO1 ES00 TI00 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

PRM21 | PRM20 Count Clock Selection
0 0 fy /23
0 1 fy /2%
1 0 fy/2°
1 1 /28

Caution: Timer operation must be stopped before setting PRM2.
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6.4 16-Bit Timer 2 Operations

6.4.1 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the timer input pins by using the 16-bit
timer register (TM2). TM2 is used in free-running mode.

(1) Pulse width measurement with free-running counter and one capture register (T120)

When the edge specified by the prescaler mode register (PRM2) is input to the TI20 pin, the value
of TM2 is taken into 16-bit capture register 20 (CR20) and an external interrupt request signal
(INTTM20) is set.

Any of three edge specifications can be selected - rising, falling, or both edges - by means of bits
2 and 3 (ES00 and ES01) of PRM2.

For valid edge detection, sampling is performed at the count clock selected by PRM2, and a
capture operation is only performed when a valid level is detected twice, thus eliminating noise
with a short pulse width.

Figure 6-5: Configuration Diagram for Pulse Width Measurement
by Using the Free Running Counter

x/2° ——]
/2’ —| S

3 16-bit imer register (TM2) INTOVF
x/2° —| ©

n
x/2° ——» ‘ ‘
TI20 © 16-bit capture register 20 (CR20)

INTTM20
{ Internal bus ¢
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Figure 6-6: Timing of Pulse Width Measurement Operation by Using the Free Running
Counter and One Capture Register (with Both Edges Specified)

TMO count
Value JoooorfooorHf . e . I “ Y= X
TI00 pin |'—'"| [—'|
input o o -TT
Value loaded -- -—- -- - --
to CROO X Do Xob1 N . p2 X D3
INTTMOO I [ I S )
INTOVF N L N o o
(D1 - DO) x t (10000H — D1 + D2) x t (D3 - D2) x t
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(2) Measurement of three pulse widths with the free running counter

The 16-bit timer register (TM2) allows simultaneous measurement of the pulse widths of the three
signals input to the TI20 to TI22 pins.

When the edge specified by bits 2 and 3 (ES00 and ES01) of prescaler mode register (PRM2) is
input to the TI20 pin, the value of TM2 is taken into 16-bit capture register 20 (CR20) and an exter-
nal interrupt request signal (INTTM20) is set.

Also, when the edge specified by bits 4 and 5 (ES10 and ES11) of PRMO is input to the TI21 pin,
the value of TM2 is taken into 16-bit capture register 21 (CR21) and an external interrupt request
signal (INTTM21) is set.

When the edge specified by bits 6 and 7 (ES20 and ES21) of PRM2 is input to the TI22 pin, the
value of TM2 is taken into 16-bit capture register 22 (CR22) and external interrupt request signal
(INTTM22) is set.

Any of three edge specifications can be selected - rising, falling, or both edges - as the valid edges
for the TI20 to TI22 pins by means of bits 2 and 3 (ES00 and ES01), bits 4 and 5 (ES10 and
ES11), and bits 6 and 7 (ES06 and ES07) of PRM2, respectively.

For TI20 pin valid edge detection, sampling is performed at the interval selected by the prescaler
mode register (PRM2), and a capture operation is only performed when a valid level is detected
twice, thus eliminates the noise of a short pulse width.

» Capture operation
Capture register operation in capture trigger input is shown.

Figure 6-7: CR2m Capture Operation with Rising Edge Specified

Count clock _I | | | | | | | | |

™2 f n3 kX n2 f n1 f o X a1

TI2m _| A A A A

Rising edge
detection

CR2m n

INTTM2m | |

Remark: m=0to 2
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Figure 6-8: Timing of Pulse Width Measurement Operation by Free Running Counter
(with Both Edges Specified)

e AMMAN AN AN AN

TM2 count value __ foooorfoooiHf N ___Xrerrr) oooonY

TI2m pin input __[ --I __I --l.

Value loaded
D3
t0 CR2m __ADO __AD1 . D2

INTTMZ2m __J_| ___I_| -- --J

TI2n pin input __|

-
]

Value loaded
to CR2n -- -- -- --

INTTM2n 3 e 3 3 3

INTOVF

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

(10000H — D1 + (D2 + 1) x t

Remark: m=0to 2,
n=1,2
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6.5 16-Bit Timer 2 Precautions

(1) Timer start errors
An error with a maximum of one clock may occur until counting is started after timer start, because
the 16-bit timer register (TM2) can be started asynchronously with the count pulse.

Figure 6-9: 16-Bit Timer Register Start Timing

Count pulse _/_\_/_\_/_\_/ \ / \

TM2 count value 0000H X 0001H X 0002H X 0003H X 0004H

Timer start

(2) Capture register data retention timings
If the valid edge of the TI2n pin is input during the 16-bit capture register Om (CR2n) is read,
CR2m performs capture operation, but the capture value is not guaranteed. However, the interrupt
request flag (INTTM2n) is set upon detection of the valid edge.

Figure 6-10: Capture Register Data Retention Timing

™2 countvalue _ N-3 XN2YN-L XN WX~ XX m2 )X ma Y X e me2) mes)
Edge input | N |
Interrupt request flag [ 1 [ ]
Capture read signal [

CROn interrupt value X X N N | X !

,T, R

Capture operation

Remark: n=0to2
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3)

Valid edge setting

Set the valid edge of the TI2m/P3m pin after setting bit 2 (TMC22) of the 16-bit timer mode control
register to 0, and then stopping timer operation. Valid edge setting is carried out with bits 2 to 7
(ESmO and ESm1) of the prescaler mode register (PRM2).

Remark: m=0to 2

(4)

()

124

Occurrence of INTTM2n

INTTM2n occurs even if no capture pulse exists, immediately after the timer operation has been
started (TMCO02 of TMC2 has been set to 1) with a high level applied to the input pins TI120 to TI122
of 16-bit timer 2. This occurs if the rising edge (with ESn1 and ESn0 of PRMO set to 0, 1), or both
the rising and falling edges (with ESn1 and ESn0O of PRM2 set to 1, 1) are selected. INTTM2n
does not occur if a low level is applied to TI20 to TI22.

Timer stop
When the timer TM2 is disabled, the value of the timer register will be undefined.
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Chapter 7 8-Bit Timer/Event Counters 50 and 51

7.1 8-Bit Timer/Event Counters 50 and 51 Functions

The timer 50 and 51 have the following two modes:

@

)

* Mode using TM50 and TM51 alone (individual mode)

» Mode using the cascade connection (16-bit cascade mode connection).

Mode using TM50 and TM51 as 8-bit timers

The timer operate as 8-bit timer/event counters.
They have the following functions:

Interval timer

External event counter

» Square-wave output
PWM output

Mode using the cascade connection as 16-bit timer

The timer operates as 16-bit timer/event counter.
It has the following functions:

e Interval timer
» External event counter

e Square-wave output
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Chapter 7 8-Bit Timer/Event Counters 50 and 51

7.1.1 8-bit operation modes

(1) 8-bitinterval timer

Table 7-1:

Interrupts are generated at the present time intervals.

8-Bit Timer/Event Counter 50 Interval Times

Minimum Interval Width

Maximum Interval Width

Resolution

23 x 1/fy (1 ps)

211 x 1/fy (256 ps)

23 x 1/fy (1 ps)

25 x 1/fy (4 ps)

213 x 1/fy (1 ps)

25 x 1/fy (4 ps)

27 x 1/fy (16 ps)

215 x 1/fy (4 ps)

27 x 1/fy (16 ps)

28 x 1/fy (32 ps)

216 x 1/f, (8 ms)

28 x 1/fy (32 ps)

29 x 1/fy (64 ps)

217 x 1/f, (16 ms)

29 x 1/fy (64 ps)

211 x 1/fy (256 ps)

219 x 1/fy (65 ms)

211 x 1/fy (256 ps)

Table 7-2: 8-Bit Timer/Event Counter 51 Interval Times
Minimum Interval Width Maximum Interval Width Resolution
2% x 1/fy (2 ps) 212 x 1/fy (512 ps) 1/fx (2 ps)

25 x 1/fy (8 ps)

214 x 1/ (2 ps)

21 x 1/fy (8 ps)

27 xx 1/fy (16 ps)

215 x 1/fy (4 ps)

23 x 1/fy (16 ps)

28 xx 1/fy (32 ps)

216 x 1/, (8 ms)

25 x 1/fy (32 ps)

210 xx 1/fy (128 ps)

218 x 1/fy (32 ms)

27 x 1/fy (128 ps)

212 x 1/f (512 ps)

220 x 1/f, (131 ms)

212 x 1/ (512 ps)

Remarks: 1. fy: Main system clock oscillation frequency

126

2. Values in parentheses when operated at fy = 8.0 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 7-3: 8-Bit Timer/Event Counter 50 Square-Wave Output Ranges

Minimum Interval Width

Maximum Interval Width

Resolution

23 x 1/fy (1 ps)

211 x 1/fy (256 ps)

23 x 1/fy (1 ps)

25 x 1/fy (4 us)

213 x 1/fy (1 ps)

25 x 1/fy (4 ps)

27 x 1/ (16 ps)

215 x 1/fy (4 ps)

27 x 1/ (16 ps)

28 x 1/« (32 ps)

26 x 1/fy (8 ms)

28 x 1/fy (32 ps)

29 x 1/fy (64 ps)

217 x 1/fy (16 ms)

29 x 1/fy (64 ps)

211 x 1/fy (256 ps)

219 x 1/f, (65 ms)

211 x 1/fy (256 ps)

Table 7-4: 8-Bit Timer/Event Counter 51 Square-Wave Output Ranges

Minimum Interval Width

Maximum Interval Width

Resolution

2% x 1/fy (2 ps)

212 x 1/fy (512 ps)

1/fy (2 ps)

25 x 1/fy (8 ps)

2 x 1/fy (2 ps)

21 x 1/fy (8 ps)

27 x 1/fy (16 ps)

215 x 1/fy (4 ps)

23 x 1/ (16 ps)

28 x 1/fy (32 ps)

216 x 1/f, (8 ms)

25 x 1/fy (32 ps)

210 x 1/f, (128 ps)

218 x 1/f, (32 ms)

27 x 1/fy (128 ps)

212 x 1/fy (512 ps)

220 x 1/f, (131 ms)

212 x 1/fy (512 ps)

Remarks: 1. fy: Main system clock oscillation frequency

2. Values in parentheses when operated at fy = 8.0 MHz.

(4) PWM output
TM50 and TM51 can generate an 8-bit resolution PWM output.
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7.1.2 16-bit operation modes

(1) Interval timer
Interrupts are generated at the present interval time.

Table 7-5: 16-Bit Timer/Event Counter TM50/TM51 Interval Times

Minimum Interval Width

Maximum Interval Width

Resolution

23 x 1/fy (1 ps)

219 x 1/fy (65.5 ms)

23 x 1/fy (1 ps)

25 x 1/fy (4 ps)

221 x 1/fy (262 ms)

2% x 1/fy (4 ps)

27 x 1/fy (16 ps)

223 x 1/fy (1.05 ms)

27 x 1/fy (16 ps)

28 x 1/fy (32 ps)

224 x 1/fy (2.15 ms)

28 x 1/fy (32 ps)

29 x 1/fy (64 ps)

225 x 1/ (4.25's)

29 x 1/fy (64 ps)

211 x 1/fy (256 ps)

227 x 1/fy (16.7 5)

211 x 1/fy (256 ps)

(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 7-6: 16-Bit Timer/Event Counter TM50/TM51 Square-Wave Output Ranges

Minimum Interval Width

Maximum Interval Width

Resolution

23 x 1/fy (1 ps)

219 x 1/fy (65.5 ms)

23 x 1/fy (1 ps)

25 xx 1/fy (4 ps)

221 x 1/ (262 ms)

25 x 1/fy (4 ps)

27 x 1/fy (16 ps)

223 x 1/fy (1.05 ms)

27 x 1/fy (16 ps)

28 x 1/fy (32 ps)

224 x 1/f (2.15 ms)

28 x 1/fy (32 ps)

29 x 1/fy (64 ps)

225 x 1/fy (4.25 5)

29 x 1/fy (64 ps)

211 x 1/, (256 ps)

227 x 1/fy (16.7 s)

211 x 1/, (256 ps)

Remarks: 1. fy: Main system clock oscillation frequency
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2. Values in parentheses when operated at fy = 8.0 MHz.
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7.2 8-Bit Timer/Event Counters 50 and 51 Configurations

The 8-bit timer/event counters 50 and 51 consist of the following hardware.

Table 7-7: 8-Bit Timer/Event Counters 50 and 51 Configurations

Item Configuration
Timer register 8 bits x 2 (TM50, TM51)
Register Compare register 8 bits x 2 (CR50, CR51)
Timer output 2 (TO50, TO51)

Timer clock select register 50 and 51 (TCL50, TCL51)
Control register 8-bit timer mode control registers 50 and 51 (TMC50, TMC51)
Port mode registers 3 and 9 (PM3, PM9)

Figure 7-1: 8-Bit Timer/Event Counter 50 Block Diagram

s Internal Bus s

i

8-Bit Compare
Register 50 =
TI50/P34/S27 R 5 4:@—» D
O O
23 ] é FMatch § | 4
fx/25 —= 8 = S Q 5
7 ] © 3]
f2 8 | |s-Bit counter 50| OVF [ —{nv 8 [ D—omosopaaszr
x/28 —= & (TM50) R &
L
ffjg 211 Clear 1
/21 ]

S | [revel
3 Inversion
— R

[TcES0|TMCS506| LVS50 |LVRE0| TMC501/ TOES0 |

Timer Mode Control
Register 50 (TMC50)

Timer Clock Select
Register 50 (TCL50)

s Internal Bus

Note: Refer to Figure 7-2 for details of configurations of 8-bit timer/event counters 50 and 51 output
control circuits.
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Figure 7-2: 8-Bit Timer/Event Counter 51 Block Diagram

S Internal Bus s

i

8-Bit Compare

Register 51 =
TI51/P91/S22 S g 4@—» T
O—1 o
f/24 —] Match f@ B —
fx/26 —= 5 s S 5 .
[ 8-Bit Counter 51| OVF ] INV B
2t — & [ twsy) } o ﬁ j}@ TIO51/P91/S22
10 ]
:xglz Clear -
/212 —m

S | [revel
3 Inversion
|Sel l R

[TcEs1{TMCS16[TMC514]LVS51 |LVRS51 [TMC511|TOES51 |

Timer Mode Control
Register 51 (TMC51)

Timer Clock Select
Register 51 (TCL51)

S Internal Bus

Note: Refer to Figure 7-3 for details of configurations of 8-bit timer/event counters 50 and 51 output
control circuits.

Figure 7-3: Block Diagram of 8-Bit Timer/Event Counters 50 and 51 Output Control Circuit

TMCn1 TMCn6
RESET —
Y
_ 5 >R
LVRn 0 e
(8]
LVSn -s 9 iD TO50/P34/S27/TI50,
— & ) > >0 TO51/P91/S22/TI51
T™MCn1 —|
INV
TMCn6 — P34, P91 PM34,
PM91
INTTMn Output Latch
PWM Output Circuit
Timer Output F/F2
TCEn
INTTMn i} R _[Level
™ FF
OVFn ~s

TOEN

Remarks: 1. The section in the broken line is an output control circuit.

2. n=50,51
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(1) Compare register 50 and 51 (CR50, 51)

These 8-bit registers compare the value set to CR50 to 8-bit timer register 5 (TM50) count value,
and the value set to CR51 to the 8-bit timer register 51 (TM51) count value, and, if they match,
generate interrupts request (INTTM50 and INTTM51, respectively).

CR50 and CR51 are set with an 8-bit memory manipulation instruction. They cannot be set with a
16-bit memory manipulation instruction. The 00H to FFH values can be set.

RESET input sets CR50 and CR51 values to O0H.

Cautions: 1. To use PWM mode, set CRn value before setting TMCn (n =50, 51) to PWM mode.

2. Ifthe datais setin cascade mode, always set it after stopping the timer.

(2) 8-bit timer registers 50 and 51 (TM50, TM51)

These 8-bit registers count pulses.
TM50 and TM51 are read with an 8-bit memory manipulation instruction.

RESET input sets TM50 and TM51 to OOH.

Caution: The cascade connection time becomes 00H even when the bit TCE50 of the timer
TM50 is cleared.
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7.3 8-Bit Timer/Event Counters 50 and 51 Control Registers

The following three types of registers are used to control the 8-bit timer/event counters 50 and 51.

« Timer clock select register 50 and 51 (TCL50, TCL51)
« 8-bit timer mode control registers 50 and 51 (TMC50, TMC51)
« Port mode register 0 (PM3, PM9)

(1) Timer clock select register 50 (TCL50)

This register sets count clocks of 8-bit timer register 50.
TCL50 is set with an 8-bit memory manipulation instruction.

RESET input sets TCL50 to 00H.

Figure 7-4: Timer Clock Select Register 50 Format

7 6 5 4 3 2 1 0 RMW Address F?eftse;t
Tcso0 o | o [ o | o | o [TCL502|TCL501|TCL500|RMW FF71H  OOH

TCL502 TCL501 TCL500 | 8-bit Timer Register 50 Count Clock Selection
0 0 0 TI50 falling edge Note
0 0 1 TI50 rising edge Nete
0 1 0 fy/23 (1.0 MHz)
0 1 1 fy/2° (250 KHz)
1 0 0 fx/2” (62.5 KHz)
1 0 1 fy/28 (31.25 KHz)
1 1 0 fy/2° (15.6 KHz)
1 1 1 fy/2'1 (3.9 KHz2)
Other than above Setting prohibited

Note: When clock is input from the external, timer output (PWM output) cannot be used.

Cautions: 1. When rewriting TCL50 to other data, stop the timer operation beforehand.

2. Set always bits 3to 7to "0".

Remarks: 1. fy: Main system clock oscillation frequency
2. TI50: 8-bit timer register 50 input pin

3. Values in parentheses apply to operation with fy = 8.0 MHz
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(2) Timer clock select register 51 (TCL51)

This register sets count clocks of 8-bit timer register 51.
TCL51 is set with an 8-bit memory manipulation instruction.

RESET input sets TCL51 to O0H.

Figure 7-5: Timer Clock Select Register 51 Form