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preliminary versions are not marked as such.

The export of this product from Japan is regulated by the Japanese government. To export
this product may be prohibited without governmental license, the need for which must be judged
by the customer. The export or re-export of this product from a country other than Japan may
also be prohibited without a license from that country. Please call an NEC sales representative.

The information in this document is current as of 24.11.2000. The information is subject to change without
notice. Foractual design-in, referto the latest publications of NEC’s data sheets or data books, etc., for the most
up-to-date specifications of NEC semiconductor 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.
NEC assumes no responsibility for any errors that may appear in this document. NEC 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 semiconductor products listed in this document or any other liability arising from the use
of such products. No license, express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC or others. Descriptions of circuits, software and other related informationin
this document are provided for illustrative purposes in semiconductor product operation and application
examples. Theincorporation of these circuits, software and information in the design of customer’s equipment
shall be done under the full responsibility of customer. NEC assumes no responsibility for any losses incurred
by customers or third parties arising from the use of these circuits, software and information. While NEC
endeavours to enhance the quality, reliability and safety of NEC semiconductor 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 semiconductor products,
customers must incorporate sufficient safety measures in their design, such as redundancy, fire-containment
and anti-failure features. NEC semiconductor products are classified into the following three quality grades:
“Standard”, “Special” and “Specific’. The “Specific” quality grade applies only to semiconductor products
developed based on a customer-designated “quality assurance program” for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor 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 andindustrial robots.

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

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

The quality grade of NEC semiconductor products is “Standard” unless otherwise expressly specified in

NEC's data sheets or data books, etc.

If customers wish to use NEC semiconductor products in applications notintended by NEC, they must contact

an NEC sales representative in advance to determine NEC's willingness to support a given application.

Notes: (1) “NEC” as used in this statement means NEC Corporation and also includes its majority-owned
subsidiaries.
(2) “NEC semiconductor products” means any semiconductor product developed or manufactured by
or for NEC (as defined above).
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Introduction

Readers
This manual has been prepared for user engineers who want to understand the functions of the
pPD1615A subseries and design and develop its application systems and programs.

pPD1615A Subseries: pPD1615A, uyPD1615B, pPD1615F, pPD16F15A, pPD1616F.

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

Organization
The pyPD1615A subseries manual is separated into two parts: this manual and the instruction edition
(common to the 78K/0 series).

pPD1615A 78K/0 series
subseries User’s Manual
This Manual Instruction
e Pin functions e CPU functions
¢ Internal block functions e Instruction set
e 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 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 the
assembler and the compiler.
* To make sure the details of the registers when you know the register name.
— Refer to Appendix C.
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Chapter Organization
This manual devides the descriptions for the subseries into different chapters as shown below. Read
only the chapters related to the device you use.

Chapter uPD1615A | uPD1615B | uPD1615F | uPD16F15A | uPD1616
Chapter 1 Outline O O O @) O
Chapter 2 Pin Function O O O @) O
Chapter 3 CPU Architecture O O O O O
Chapter 4 Port Functions O O O @) O
Chapter 5 Clock Generator O O O O O
Chapter 6 16-Bit Timer/Counter O O O @) @)
Chapter 7 8-Bit Timer/Event Counters 50, 51 O O O @) O
Chapter 8 Watch Timer O O O @) O
Chapter 9 Watchdog Timer (@) (@) (@) @) @)
Chapter 10 | Clock Output Control Circuit O O O @) O
Chapter 11 | A/D-Converter O O O O O
Chapter 12 | Serial Interface Outline O O O @) @)
Chapter 13 | Serial Interface Channel 3 O O O O O
Chapter 14 | Serial Interface UART O O O @) O
Chapter 15 | VAN Controller O O O O O
Chapter 16 | LCD Controller/Driver O O O @) —
Chapter 17 | Sound Generator O O O O O
Chapter 18 | Interrupt Functions O O O @) @)
Chapter 19 | Standby Function (@) (@) (@) @) @)
Chapter 20 | Reset Function O O O @) O
Chapter 21 | uPD16F15A O O O O O
Chapter 22 | Instruction Set O O O @) O
Appendix A | Development Tools O O O O O
Appendix B | Embedded Software O O O @) O
Appendix C | Register O O O O O
Appendix D | Revision History O O O O O
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Related Documents
The related documents indicated in this publication may include preliminary versions. However,
preliminary versions are not marked as such.

¢ Related documents for yPD1615 subseries

Document No.
Document name -
Japanese English

uPD1615A Preliminary Product Information - U13723E
uPD16F15A Preliminary Product Information - U13606E
uPD1615A Subseries User s Manual - This manual
78K/0 Series User s Manual-Instruction IEU-849 IEU-1372
78K/0 Series Instruction Table U10903J -
78K/0 Series Instruction Set U10904J U12326E
uPD1615A Subseries Special Function Register Table - -

¢ Related documents for development tool (User's Manuals)

Document No.
Document name Japanese English

RA78K Series Assembler Package Operation EEU-809 EEU-1399

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

Language EEU-655 EEU-1284
CC78K/0 C Compiler Operation uU11517J -

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 uU10057J U10057E
|IE-78K0-NS-P04 - U13359E
IE-1615-NS-EM4
NP-80GC-TQ - -
SM78K0 System Simulator Windows  Base | Reference u10181J U10092E
SM78KO0 Series System Simulator External part user open Interface u10092J -
IBM PC/AT (DC DOS) Base - U14379E
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¢ Related documents for embedded software (User’s Manual)

Document No.
Document name Japanese English

78K/0 Series Real-Time OS Basics uU11537J -

Installation U11536J -

Technicals U11538J -
78K/0 Series OS MX78K0 Basics EEU-5010 -
Fuzzy Knowledge Data Creation Tool EEU-829 EEU1438
78K/0, 78K/, 87AD Series Fuzzy Inference Development Suppport System-Translator EEU-862 EEU-1444
78K/0 Series Fuzzy Inference Development Suppport System- Fuzzy Inference Module EEU-858 EEU-1441
78K/0 Series Fuzzy Inference Development Suppport System- Fuzzy Inference Debugger EEU-921 EEU-1458

¢ 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 Ut11416J -

Caution: The above documents are subject to change without prior notice. Be sure to use the
latest version document when starting design.
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Chapter 1 Outline (uPD1615A Subseries)

1.1 Features

¢ Internal memory

Table 1-1: Internal high capacity ROM and RAM

Iltem | Program Data Memory

b |ty |t | o | comumpan |V
uPD1615A(A) 60 K bytes 1024 bytes 40 bytes 1024 bytes 256 bytes 80-pin plastic QFP (fine pitch)
uPD1615B(A) 48 K bytes 1024 bytes 40 bytes 512 bytes 256 bytes 80-pin plastic QFP (fine pitch)
uPD1615F(A) 32 K bytes 768 bytes 40 bytes 512 bytes 256 bytes 80-pin plastic QFP (fine pitch)
uPD16F15A 60 K bytes 1024 bytes 40 bytes 1024 bytes 256 bytes 80-pin plastic QFP (fine pitch)
uPD1616F(A) 32 K bytes 768 bytes - 512 bytes 256 bytes 80-pin plastic QFP (fine pitch)

e Instruction execution time can be changed from ¢ VAN-Interface

high speed (0.25 ps) to ultra low speed e Serial interface : 2 channels

¢ |/O ports: 57 ¢ 3-wire mode : 1 channel

¢ 8-bit resolution A/D converter : 4 channels e UART mode : 1 channel

e Sound generator e Timer : 5 channels

e LCD-controller/driver e Supply voltage: Vop=4.0t0 55V

1.2 Application

Multifunction display, steering controller, climate controller etc.

1.3 Ordering Information

PartNumber Package

pPD1615AGC(A) - xxx - 8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm)
pPD1615BGC(A) - xxx - 8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm)
pPD1615FGC(A) - xxx - 8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm)
pPD1616FGC(A) - xxx - 8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm)
uPD16F15AGC - 8BT 80-pin plastic QFP (14 x 14 mm, resin thickness 1.4 mm)
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1.4 Pin Configuration (Top View)
80-pin plastic QFP (14 x 14 mm)

pPD1615AGC(A) - xxx - 8BT
uPD1615BGC(A) - xxx - 8BT
uPD1615FGC(A) - xxx - 8BT
pPD1616FGC(A) - xxx - 8BT
pPD16F15AGC - 8BT

Figure 1-1: Pin Configuration yPD1615A, uPD1615B, uPD1615F, uPD16F15A
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Cautions: 1. Connect IC (internally connected) pin directly to Vss.
2. AVobp pin should be connected to Vob.
3. AVss pin should be connected to Vss.
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Figure 1-2: Pin Configuration uyPD1616F
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Cautions: 1. Connect IC1 (internally connected) pin directly to Vss.
2. Connect IC2 (internally connected) pin directly to Vob.
3. AVop pin should be connected to Vbp.
4. AVss pin should be connected to Vss.
5. NC pins are not connected.
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Pin Identifications

P00 to P02, P06, PO7
P10 to P13

P40 to P47

P80 to P87

P90 to P97

P100 to P107

P110 to P117

P120 to P127

INTPO to INTP2
TI00, TIO1, TI50, TI51
TOO, TO51, TO52
RxOVAN

Rx1VAN

Rx2VAN

TxVAN

SI3

SO3

SCK3

: Port0

: Port1

. Port4

: Port8

. Port9

: Port10

: Port11

. Port12

. Interrupt External
: Timer Input

: Timer Output

: VAN Receive Data
: VAN Receive Data
: VAN Receive Data
: VAN Transmit Data
: Serial Input

: Serial Output

. Serial Clock

RxDO0O
TxDO
SGO
SGOA
SGOF
PCL

S0 to S39
COMO to COMS:
X1, X2

CL1, CL2
RESET

ANIO to ANI3
AVss
AVDD/AVREF

VppP
Vss
IC, IC1, IC2
NC

: Receive Data

: Transmit Data

: Sound Generator Output

: Sound Generator Amplitude
: Sound Generator Frequency
: Programmable Clock Output
: Segment Output

Common Output

: Crystal (Main System Clock)
: RC (Subsystem Clock)

: Reset

: Analog Input

: Analog Ground

: Analog Power Supply and

Reference Voltage

: Programming Power supply
: Ground

. Internally Connected

: Not Connected
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1.5 78K/0 Series Development

These products are a further development in the 78K/0 Series. The designations appearing inside the
boxes are subseries names.

78K/0
Series

: Products in mass production

P ! Products under development
Y subseries products are compatible with 12C bus.
o For control
100-pin uPD78078 ©PD78078Y / Timer added to the uPD78054, external interface functions enhanced
100-pin uPD78070A/ / uPD78070AY/ ROM:-less product for the uPD78078
| 80-pin uPD78054 pPD78054Y / UART and D/A added to the uPD78014, I/O enhanced
64-pin pPD78018F/ / uPD78018FY/ Low-voltage (1.8 V) operation version of the uPD78014, ROM and RAM variations enhanced
64-pin pPD78014 A 1PD78014Y / A/D and 16-bit timer added to the uPD78002
64-pin _,' 4#PD780001 1 A/D added to the uPD78002
64-pin /-uPD78002-Z pPD78002Y / Basic subseries for control
42/44-pin Z pPD78083 / Internal UART, low-voltage (1.8 V) operation possible
For FIP driving
100-pin uPD780208 I/O, FIP C/D of the uPD78044A enhanecd, display output total: 53
— 80-pin uPD78044A 6-bit U/D counter added to the uPD78024, display output total: 34
E4-pin uPD78024 Basic subseries for FIP driving, display output total: 26
For LCD driving
— 100-pin  / yPD78064 // 1/PD78064Y / Subseries for LCD driving, internal UART
/ uPD780308 / /iPD780308Y /
For IEBus™
— 80-pin uPD78098 IEBus controller added to the yPD78054
100-pin pPD780948
80-pin PD780828B CANBus controller
64-pin uPD780816
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1.6 Block

TIoo/TOO0/P121
P122/TI01

TI50/TO50/P06

TI51/TO51/P07

SGO/SGOF/P47
SGOA/P46

RxD0/P123
TxDO/P124

SCK3/P125
SO3/P126
SI3/P127

ANIO to ANI3
AVop/AVREer
AVss

PCL/P120

TxVAN
RxOVAN
Rx1VAN
Rx2VAN

Remark:

Diagram

Figure 1-3: Block Diagram uPD1615A, uPD1615B, uPD1615F, uPD16F15A

] ] P00-P02,
-] 16-bitCounter @ <:> Port 0 po0-pe2,
— (TMO0)
8-bit Timer /\]:> 5 8 a2 3 @2 <:[> Port 1 <74__I P10-P13
(TM50) > s =3
8-bit Timer /\]:> T T T T T @ Port 4 @ P40-P47
(TM51)
- Port 8 /\\,E‘> P80-P87
Sound Generator /\]:> <:[\/
Port 9 <§> -
Watchdog Timer/\]:> <:[\/ P90-P97
<:‘> Port 10 @ P100-P107
Watch Timer /\,:>
78K/0
CPU CORE <i> Port 11 @ P110-P117
e e
@ Port 12 @ P120-P127
. S1030 j E <\:‘I\/ Interrupt <)II INTPO/P0O-
Control INTP2/P02
— ROM/ <\:‘I\/ Standby
—={ A/D Converter <):> Flash ROM RAM Control
> COM0-COM3
LCD
Clock Output /\]:> <:l\/ Controller/ P127/S0-
Control P80/S39
t __ .
i?nter::l O RESET briver L Vico-vicz
<—0O X1
- 8.0 MHz /
VAN-/\]\:‘> uDL [N 5V —O X2
| UART F NV —+ 0 cLd
__ ] ubL RC Oscillator
—O CL2

The internal ROM and RAM capacity depends on the product.
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Figure 1-4: Block Diagram uPD1616F

P00-P02,
TI00/TOO/P121 =—=| 16-bitCounter Port 0 POB, P07
P122/TI01 — (TMO)
it Ti 52383 30082 Port 1 P10-P13
8-bit Timer 538 %2 8 Q0= <II
TI50/TO50/P06 (TM50) L0998
8-bit Timer T T T T TTT Port 4 @ P40-P47
TI51/TO51/P07 =~ (TM51)

SGO/SGOF/P47 ——
SGOA/P46 ——

Port 8 /\]\E‘> P80-P87
Pots (8 Poo-pe7
Port 10 @ P100-P107
Port 11 @ P110-P117
Port 12 @ P120-P127

Sound Generator

Watchdog Timer

Watch Timer

78K/0
CPU CORE

il

RxD0/P123 —=
TxDO/P124 ——

UART

SCK3/P125 ~—
SO3/P126 —— SI030

I 3 3¢ 36 3¢ 3F 3 IF IF L

g % % L T LT LTALA YL

j E j E Interrupt # INTPO/P00-
SI3/P127 —* Control INTP2/P02
ANIO to ANI3  —— Standby
AVoo/AVeer  —| A/D Converter ROM RAM Control
AVss —
PCL/P120 =~ C"(’;C:n?rgltp”t
Syst N
C‘;ifrg -~ O RESET
somHz/ | 0%
TXVAN —]van- 220 xe
RXOVAN —=japqt )t VR 5V
RX1VAN —= VF RC Oscillator CL
RxevAN —=1UBL L ocLe
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1.7 Overview of Functions

Part Number
e uPD1615A(A) | uPD1615B(A) | uPD1615F(A) | uPD1616F(A) | uPD16F15A
ROM 60 Kbytes 48 Kbytes 32 Kbytes 32 Kbytes 60 Kbytes
Internal | Internal high-speed RAM 1024 bytes 1024 bytes 768 bytes 768 bytes 1024 bytes
memory | LCD Display RAM 40 bytes 40 bytes 40 bytes - 40 bytes
Internal Expansion RAM 1024 bytes 512 bytes 512 bytes 512 bytes 1024 bytes
Memory space 64 Kbytes

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

Instruction cycle On-chip instruction execution time selective function

When main system clock
selected 0.25 us/0.5 us/1 us/2 us/4 ps (at 8 MHz)
When subsystem clock
selected 122 ps (at 32.768 KHz)
e 16-bit operation
Instruction set . Multlpllgatlon(dlwsmn (/8 bits x 8 bits, 16 bits/8 bI.tS )
e  Bit manipulation ( set, reset, test, boolean operation )
e BCD adjustment, etc.
Total 157
/O ports e CMOS input 4
e CMOSI/O : 53
A/D converter e 8 bit resolution x 4 channels
Serial Interface e  3-wire mode : 1 channel
o UART mode : 1 channel
e 16 bit timer / event counter : 1 channel
Timer e 8 bit timer/ event counter : 2 channels
e Watch timer : 1 channel
e Watchdog timer : 1 channel
Timer output 2 (8-bit PWM output x 2))
Clock output 62.5 KHz, 125 KHz, 250 KHz, 500 KHz, 1 MHz, 2 MHz,

4 MHz, 8 MHz (at main system clock of 8.0 MHz)
1 channel (as separate or composed output)

Sound Generator

LCD Controller/Driver 40 seg x4 COM
VAN 1 channel
Maskable interrupts E)t(‘taélpr?;l 135
i\,ffg:ﬁfgg m?:r}ryazkable Internal : 1
Software interrupts Internal : 1
Supply voltage VDD=4.0Vto 55V

Package 80-pin plastic QFP ( 14 mm x 14 mm)
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1.8 Mask Options

There are no mask options provided.

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 1-2: Differences between Flash and Mask ROM version

Flash Version Mask ROM Version
ROM Flash EEPROM Mask ROM
VPP Pin Yes None (IC pin)
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Chapter 2 Pin Function (uPD1615A(A) Subseries)
2.1 Pin Function List
Normal Operating Mode Pins / Pin Input/Output Types
Table 2-1-1: Pin Input/Output Types pPD1615A(A), uPD1615B(A), uPD1615F(A), uPD16F15A

Input / Pin . Alternate After
Output Name AU Function Reset
POO INTPO Input
out) PO1 Port 0 INTP1 Input
P P02 5 bit input / output port INTP2 Input
Output Input / output mode can be specified bit-wise
P06 TI50/TO50 Input
P07 TI51/TO51 Input
Port 1
Input P10-P13 | 4 bit input port ANIO-ANI3 Input
Input mode can be specified bit-wise
P40 - Input
P41 - Input
P42 - Input
P43 Port 4 . Input
I(r)15tu tu/t 8 bit input/output port P
P P44 Input / output mode can be specified bit-wise - Input
P45 - Input
P46 SGOA Input
P47 SGO0/SGOF Input
Port 8
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P80-P87 This port can be used as segment signal output port 539 - 832 Input
or an I/O port in 1-bit units by setting port function
register
Port 9
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P90-P97 This port can be used as segment signal output port S31- 524 Input
or an I/O port in 1-bit units by setting port function
register
Port 10
8 bit input / output port
Input/ P100- Input / output mode can be specified bit-wise S23-516 Inout
Output | P107 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
Port 11
8 bit input / output port
Input/ P110- Input / output mode can be specified bit-wise S15- S8 Inout
Output | P117 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
P120 PCL/S7
P121 TI00/TO0/S6
P122 Port 12 TI01/S5
8 bit input / output port
Input/ P123 Input / output mode can be specified bit-wise RxD0/S4 Inout
Output | p124 This port can be used as segment signal output port | TxDo/S3 P
or an I/O port in 1-bit units by setting port function
P125 register SCK3/Ss2
P126 SO3/S1
P127 SI3/S0
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Table 2-1-2: Pin Input/Output Types uPD1616F(A)

Input / Pin Function Alternate After
Output Name Function Reset
P00 INTPO Input
nout/ PO1 Port 0 INTP1 Input
P Po2 5 bit input / output port INTP2 Input
Output Input / output mode can be specified bit-wise
P06 TI50/TO50 Input
P07 TI51/TO51 Input
Port 1
Input P10-P13 | 4 bit input port ANIO-ANI3 Input
Input mode can be specified bit-wise
P40 - Input
P41 - Input
P42 - Input
P43 Port 4 - Input
IOnStu tu/t 8 bit input/output port P
P P44 Input / output mode can be specified bit-wise - Input
P45 - Input
P46 SGOA Input
P47 SGO0/SGOF Input
Port 8
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P80-P87 This port can be used as segment signal output port Input
or an I/O port in 1-bit units by setting port function
register
Port 9
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P90-P97 This port can be used as segment signal output port Input
or an I/O port in 1-bit units by setting port function
register
Port 10
8 bit input / output port
Input/ P100- Input / output mode can be specified bit-wise ) Inout
Output | P107 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
Port 11
8 bit input / output port
Input/ P110- Input / output mode can be specified bit-wise i Inout
Output | P117 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
P120 PCL
P121 TI00/TOO0
P122 Port 12 TIO1
8 bit input / output port
Input/ | P123 Input / output mode can be specified bit-wise RxDO Input
Output | p1o4 This port can be used as segment signal output port | TxDo P
or an I/O port in 1-bit units by setting port function
P125 register SCK3
P126 SO3
P127 SI3
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2.2 Non-Port Pins
Table 2-2-1: Non-Port Pins uPD1615A(A), uPD1615B(A), uPD1615F(A), uPD16F15A

except flash programming.

. . After Altern

Pin Name I/0 Function Reseet Funtcetiostlgin
INTPO External interrupts with specifiable valid edges Poo
INTP1 Input (rising edge, falling edge, both rising and falling Input | PO1
INTP2 edges) P02
SI3 Input Serial interface serial data input Input | P127/S0
SO3 Output Serial interface serial data output Input | P126/S1
SCK3 Igﬁtup:l/ﬂ Serial interface serial clock input / output Input | P125/S2
RxDO Input Asynchronous serial interface data input Input | P123/S4
TxDO Output Asynchronous serial interface data output Input | P124/S3
RxOVAN,
Rx1VAN, Input VAN serial data input Input | -
Rx2VAN
TxVAN Output VAN serial data output Output | -
TIOO ) - P121/TO0/S6
TI01 External count clock input to 16-bit timer (TMO) P122/35

Input - — Input

TI50 External count clock input to 8-bit timer (TM50) P0O6/TO50
TI51 External count clock input to 8-bit timer (TM51) PO7/TO51
TOO 16-bit timer output P121/T100/S6
TO50 Output 8-bit timer output (also used for PWM output) Input | PO6/T150
TO51 8-bit timer output (also used for PWM output) PO7/TI51
PCL Output Clock output Input | P120/S7
S0 to S7 P127 to P120
S8to S15 P117 to P110
S16 to S23 Output Segment signal output of LCD controller / driver Input | P107 to P100
S24 to S31 P97 to P90
S32 to S39 P87 to P80
COMO0-COM3 | Output | Common signal output of LCD controller/driver Output -
VicO to Vic2 - LCD drive voltage - -
SGO Output | Sound generator output Input | P47/SGOF
SGOA Output | Sound generator amplitude output Input | P46
SGOF Output | Sound generator frequency output Input | P47/SGO
ANIO to ANI3 Input A/D Converter analog input Input | P10 P13
AV0D/ AVREF ) ?{jlgp(ﬁyonverter reference voltage input and power i )
AVss - A/D Converter ground potential. Connect to Vss. - -
RESET Input System reset input - -
X1 - Connection for main system clock - -
X2 - Connection for main system clock - -
CL1 Input RC connection for subsystem clock - -
CL2 - RC connection for subsystem clock - -
Vob1, Vbp2 - Positive power supply - -
Vss1, Vss2 - Ground potential - -
IC - Internal connection. Connect directly to Vss - -
VPP ) Programming voltage. Connect directly to Vss i )
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Table 2-2-2: Non-Port Pins uPD1616F(A)

Pin Name 1/0 Function Ié;fét Flfrllt;:'onr?tlgin
INTPO External interrupts with specifiable valid edges Po0
INTP1 Input (rising edge, falling edge, both rising and falling Input | PO1
INTP2 edges) P02
SI3 Input Serial interface serial data input Input | P127
S03 Output Serial interface serial data output Input | P126
SCK3 Igﬁtlgat Serial interface serial clock input / output Input | P125
RxDO Input Asynchronous serial interface data input Input | P123
TxDO Output Asynchronous serial interface data output Input | P124
RxOVAN,

Rx1VAN, Input VAN serial data input Input | -
Rx2VAN
TxVAN Output VAN serial data output Output | -
TIOO ) - P121/TO0
External count clock input to 16-bit timer (TMO)
TIO1 P122
Input - — Input
TI50 External count clock input to 8-bit timer (TM50) P06/TO50
TI51 External count clock input to 8-bit timer (TM51) PO7/TO51
TOO 16-bit timer output P121/T100
TO50 Output 8-bit timer output (also used for PWM output) Input | PO6/TI50
TO51 8-bit timer output (also used for PWM output) PO7/TI51
PCL Output Clock output Input | P120
SGO Output | Sound generator output Input | P47/SGOF
SGOA Output | Sound generator amplitude output Input | P46
SGOF Output | Sound generator frequency output Input | P47/SGO
ANIO to ANI3 Input A/D Converter analog input Input | P10 P13
AVbD/ AVRER ) ?lljlgpcl)yonverter reference voltage input and power i )
AVss - A/D Converter ground potential. Connect to Vss. - -
RESET Input System reset input - -
X1 - Connection for main system clock - -
X2 - Connection for main system clock - -
CL1 Input RC connection for subsystem clock - -
CL2 - RC connection for subsystem clock - -
Vob1, Vbp2 - Positive power supply - -
Vssi, Vss2 - Ground potential - -
IC1 - Internal connection. Connect directly to Vss - -
IC2 - Internal connection. Connect directly to Vbb - -
NC - Not connected - -
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2.3 Description of Pin Functions

2.3.1 P00 to P02, P06 and P07 (Port 0)

This is a 5-bit input/output port. Beside serving as input/output port, it supports functions as an
external interrupt input, an external count clock input to the timer and a timer signal output.
The following operating modes can be specified bit-wise.

(1) Port mode

P00 to P02, P06 and P07 function as input/output ports. POO to P02, P06 and P07 can be specified
for input or output ports bitwise with a port mode register 0.

(2) Control mode
In this mode, this port supports the function like external interrupt input, an external count
clock input to the timer and a timer signal output.

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

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

(c) TI51
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) TO51
Pin for output of the 8-bit timer/event counter.

2.3.2 P10 to P13 (Port 1)
This is a 4-bit input port. Beside serving as input port, it functions as an A/D converter analog input.
The following operating modes can be specified bit-wise.

(1) Port mode
Thisport functions as 4-bit input ports.

(2) Control mode
This port functions as A/D converter analog input pins (ANIO to ANI3).

2.3.3 P40 to P47 (Port 4)

This is an 8-bit input/output port. Beside serving as input/output port, this port functions as sound
generator output.

The following operating modes can be specified bit-wise.

(1) Port mode

This port functions as an 8-bit input/output port. It can be specified bit-wise as input or output
ports with the port mode register 4.
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(2) Control mode
This port functions as timer input, clock output, and sound generator output.

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

2.3.4 P80 to P87 (Port 8)

This is an 8-bit input/output port. Beside serving as input/output port, this port supports an LCD
controller/driver.

The following operating modes can be specified bit-wise.

(1) Port mode
This port functions as an 8-bit input/output port. It can be specified bit-wise as input/ output ports
with the port mode register 8.

(2) Control mode
In this mode it functions as segment signal output pins (S32 to S39) of the LCD controller/
driver.

2.3.5 P90 to P97 (Port 9)
This is an 8-bit input/output port. In addition to its use as an input/output port, it supports also segment
signal output function of the LCD controller/driver.
The following operating modes can be specified bit-wise.

(1) Port mode
Port 9 functions as an 8-bit input/output port. Bit-wise specification as an input port or output port
is possible by meaning of port mode register 9.

(2) Control mode
Port 9 supports the segment signal output pins (S24 to S31) of the LCD controller/driver.

2.3.6 P100 to P107 (Port 10)

This is an 8-bit input/output port. In addition to its use as an input/output port, it supports also segment
signal output functions of the LCD controller/driver.
The following operating modes can be specified bit-wise.

(1) Port mode
Port 10 functions as an 8-bit input/output port. Bit-wise specification as an input port or output
port is possible by meaning of port mode register 10.

(2) Control mode
Port 10 supports the segment signal output pins (S16 to S23) of the LCD controller/driver.

2.3.7 P110 to P117 (Port 11)

This is an 8-bit input/output port. In addition to its use as an input/output port, it supports also segment
signal output functions of the LCD controller/driver.
The following operating modes can be specified bit-wise.

(1) Port mode

Port 11 functions as an 8-bit input/output port. Bit-wise specification as an input port or output
port is possible by meaning of port mode register 11.
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(2) Control mode
Port 11 supports the segment signal output pins (S15 to S8) of the LCD controller/driver.

2.3.8 P120 to P127 (Port 12)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as data
input/output to/from the serial interface, serial interface clock input/output, as segment signal output
pins of LCD controller/driver and as processor clock output.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output
ports with port mode register 12.

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

(a) SI3, SO3
Serial interface serial data input/output pins

(b) SCK3
Serial interface serial clock input/output pins

(c) RxDO, TxDO
Asynchronous serial interface data input/output pins

(d) PCL
Clock output pin.

(e) LCD controller/driver
These ports function as segment output signal pins (SO to S7) of LCD controller/driver.

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

2.3.9 COMO to COM3
These are LCD controller/driver common signal output pins. They output common signals under the
following condition:
- static mode
- 1/2 duty cycle is performed in 1/2 bias mode
- 1/3 duty cycle is performed in 1/2 bias mode
- 1/3 duty cycle is performed in 1/3 bias mode
- 1/4 duty cycle is performed in 1/3 bias mode

2.3.10 VLCO to VLC2
These are LCD drive voltage pins. In the Flash EEPROM and the MaskROM product an external split
resistors are necessary.
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2.3.11 AVbD/AVREF
A/D converter reference voltage input pin and the power supply for the A/D-converter. When A/D
converter is not used, connect this pin to Vbb.

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

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

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

2.3.15 CL1 and CL2
Crystal resonator connect pins for subsystem clock oscillation. For external clock supply, input it to
CL1 and let CL2 open.

2.3.16 Vbpo/VDD1
Positive power supply pins.

2.3.17 Vsso/Vss1
Ground potential pins.

2.3.18 Vep (uUPD16F15A only)

High-voltage apply pin for FLASH programming mode setting. Connect it directly to VSS with the
shortest possible wire in the normal operating mode. When a voltage difference is produced between
the IC pin and Vss 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 normally.

Figure 2-1: Connection of IC Pins

e Connect IC pins to Vss pins directly.

| Vss IC |

| |
\\

7_7' As short as possible
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2.4 Pin 1/0 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 table.

Table 2-3-1: Types of Pin Input/Output Circuits yPD1615A(A), uPD1615B(A), uPD1615F(A),
uPD16F15A (1/2)

Input/Output

L= I/0 | Recommended Connection for Unused Pins
Circuit Type

Pin Name

POO/INTPO
PO1/INTP1
PO2/INTP2 8 I/0 | Connect to Vss via a resistor individually
P06/T150/TO50
PO7/T151/TO51
P10/ANIO
P11/ANI1
P12/ANI2
P13/ANI3

P40

P41

P42

P43

P44

P45

P46/SGOA
P47/SGO/SGOF
P80/S39
P81/S38
P82/S37
P83/S36
P84/S35
P85/S34
P86/S33
P87/S32
P90/S31
P91/S30
P92/S29
P93/528
P94/827
P95/526
P96/S25
P97/S24

9 I Connect directly to Vop or Vss

5 I/O | Connect to Vbp or Vss via a resistor individually

17 I/O | Connect to Vop or Vss via a resistor individually

17 I/O | Connect to Vbp or Vss via a resistor individually
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Table 2-3-1: Types of Pin Input/Output Circuits uPD1615A(A), uPD1615B(A), uPD1615F(A),
uPD16F15A (2/2)

Input/Output

= /10 Recommended Connection for Unused Pins
Circuit Type

Pin Name

P100/S23
P101/S22
P102/S21
P103/S20
P104/S19
P105/S18
P106/S17
P107/S16
P110/S15
P111/S14
P112/S13
P113/S12
P114/S11
P115/S10
P116/S9

P117/S8

P120/S7/PCL 17

P121/S6/T100/TO0 17-C
P122/S5/TI01 17-C
P123/S4/RxD0 17-C
P124/S3/TxD0 17

P125/S2/SCK3 17-C
P126/S1/SO3 17

P127/S0/SI3 17-C
COMO to COM3 18 O | Leave open

VLco to Vicz - - Connect to Vbb

RxOVAN, Rx1VAN,
Rx2VAN

TxVAN 19 0] -
CL1 - I Connect to Vop or Vss
CL2 - - Leave open

RESET 2 | -
AVDD/AVREF - I Connect to Vbp

AVss - - Connect to Vss

IC - - Connect directly to Vss

Connect directly to Vss
(except for flash programming)

17 I/lO | Connect to Vbp or Vss via a resistor individually

17 I/O | Connect to Vop or Vss via a resistor individually

I/O | Connect to Vop or Vss via a resistor individually

Vpp 1 -
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Table 2-3-2: Types of Pin Input/Output Circuits puPD1616F(A) (1/2)

Pin Name

Input/Output
Circuit Type

IO

Recommended Connection for Unused Pins

POO/INTPO

PO1/INTP1

PO2/INTP2

P06/T150/TO50

PO7/T151/TO51

I/0

Connect to Vop or Vss via a resistor individually

P10/ANIO

P11/ANI1

P12/ANI2

P13/ANI3

Connect directly to Vop or Vss

P40

P41

P42

P43

P44

P45

P46/SGOA

P47/SGO/SGOF

IO

Connect to Vop or Vss via a resistor individually

P80

P81

P82

P83

P84

P85

P86

P87

I/O

Connect to Vop or Vss via a resistor individually

P90

P91

P92

P93

P94

P95

P96

P97

IO

Connect to Vop or Vss via a resistor individually
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Table 2-3-2: Types of Pin Input/Output Circuits uyPD1616F(A) (2/2)

Pin Name

Input/Output
Circuit Type

I/O

Recommended Connection for Unused Pins

P100

P101

P102

P103

P104

P105

P106

P107

IO

Connect to Vop or Vss via a resistor individually

P110

P111

P112

P113

P114

P115

P116

P117

IO

Connect to Vop or Vss via a resistor individually

P120/ PCL

P121/T100/TO0

P122/TI01

P123/RxDO0

P124/ TxDO

P125/ SCK3

P126/SO3

P127/SI3

I/O

Connect to Vop or Vss via a resistor individually

RxOVAN, Rx1VAN,
Rx2VAN

N |[cojO1(CO|O1|O|0O]|00]|O1

TxVAN

—_
©

CL1

Connect to Vbp or Vss

CL2

Leave open

RESET

AVDD/AVREF

Connect to Vbp

AVss

Connect to Vss

IC1

Connect directly to Vss

IC2

Connect directly to Vbp

NC

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

Type 1 Type 2

Input data 4@Q—© IN Input data 4@@—© IN

Type 5 Type 8

Data

—O IN/OUT
Output -Ch O IN/OUT
disable Output -ch
disable

Input ;
enable

Type 9

P-ch
L

Comparator - oIN
Eoley
N-ch

Vrer (Threshold Voltage)

Input <—©G_‘—
enable
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Figure 2-2: Pin Input/Output Circuits (2/2)

Type 17 Type 17-C
VDD
Data P ch Data é
O IN/OUT O IN/OUT
Output Output b@—' N-ch
disable disable
Input ﬂ
enable
L 1
Vico m Vico m
P-ch —— P-ch ——
Vic %— Vict %—»
N-ch -
Bl P-ﬁ E N T b
SEG J SEG
Data Ll Data
pch - N-<h p-ch - N-ch
Vicz 3 Vic2
N-ch - N-ch T
T T
Type 18 Type 19
L
Vico m
P-ch_L

ouT

N-ch T Data DO ! -ch

o OUT

COM - H ‘HI* P-ch
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Chapter 3 CPU Architecture

3.1 Memory Space
The memory map of the yPD1615A(A) is shown in Figure 3-1.

Figure 3-1: Memory Map uPD1615A(A)

FFFFH
Special Function Registers
FF20H (SFRs) 256 x 8 bits
FFAFH| ~~ "~~~ "~~~ """ °°°
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
1024 x 8 bits
FE20H [F-------=-=--=-=-=--=---~
FBOOH
FAFFH
Not usable
FA28H
FA27H
LCD Display RAM
40 x 4 bits
FAOOH
FOFFH
FO0OH Not usable EFFFH
FSFEH a Program Area o
VAN UDL RAM 1000H
F8OOH 256 x 8 bits OFFFH
F7FFH A  CALLFEntryArea 7Y
Internal Expansif)n RAM 0800H
1024 x 8 bits 07FFH
F400H A A
F3FFH A Program Area g
Not usable 0080H
FOOOH 007FH
EFFFH CALLT Table Area
Internal ROM 0040H
T 61440 x 8 bits T 003FH
Vector Table Area
0000H
0000H
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The memory map of the yPD1615B(A) is shown in Figure 3-2.

FFFFH

FF20H
FF1FH
FFOOH
FEFFH

FEEOH
FEDFH

FE20H

FBOOH
FAFFH

FA28H
FA27H

FAQOH
FOFFH

F900H
F8FFH

F800H
F7FFH

F600H
F5FFH

CO0OH
BFFFH

0000H

Figure 3-2: Memory Map uPD1615B(A)

Special Function Registers
(SFRs) 256 x 8 bits

General Registers
32 x 8 bits

Internal High-speed RAM
1024 x 8 bits

Not usable

LCD Display RAM
40 x 4 bits

Not usable

VAN UDL RAM
256 x 8 bits

Internal Expansion RAM
512 x 8 bits

Not usable

~]

Internal ROM
49152 x 8 bits

)
C

BFFFH

)
C

1000H

Program Area

)
«

OFFFH

)
«

0800H

CALLF Entry Area

)
8

07FFH

0080H

C

Program Area

C

007FH

0040H

CALLT Table Area

003FH

0000H

Vector Table Area
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The memory map of the yPD1615F(A) is shown in Figure 3-3.

Figure 3-3: Memory Map uPD1615F(A)

FFFFH
Special Function Registers
FF20H (SFRs) 256 x 8 bits
FFAFH| ~~ "~~~ "~~~ """ °°°
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
768 x 8 bits
FE20H [F-------=-=--=-=--=-=---~
FCOOH
FBFFH
Not usable
FA28H
FA27H
LCD Display RAM
40 x 4 bits
FAOOH
F9FFH
FO0OH Not usable 7FFFH
FSFFH > Program Area >
VAN UDL RAM 1000H
F800H 256 x 8 bits OFFFH
F7FFH A2 CALLF Entry Area A2
Internal Expansion RAM
512 x 8 bits 0800H
F600H 07FFH
FSFFH a2 Program Area s
Not usable 0080H
007FH
8000H
7FFFH CALLT Table Area
0040H
B Internal ROM A 003FH
32768 x 8 bit T
X s Vector Table Area
0000H
0000H
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The memory map of the yPD1616F(A) is shown in Figure 3-4.

Figure 3-4: Memory Map uPD1616F(A)

FFFFH
Special Function Registers
FF20H (SFRs) 256 x 8 bits
FFAFH|[ ~~ "~~~ "~~~ "~~~ 7
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
768 x 8 bits
FE20H [-------------------
FCOOH
FBFFH
Not usable
7FFFH
IESQI(:)I?: 2% Program Area A
VAN UDL RAM 1000H
F8OOH 256 x 8 bits OFFFH
F7FFH - CALLF Entry Area -
Internal Expansion RAM
512 x 8 bits 0800H
F600H 07FFH
FSFFH Y Program Area Y
Not usable 0080H
H 007FH
78|(:)|(:)|2H CALLT Table Area
0040H
A Internal ROM A 003FH
] 32768 x 8 bits T
xeo Vector Table Area
0000H

0000H
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The memory map of the yPD16F15A is shown in Figure 3-5.

Figure 3-5: Memory Map pPD16F15A

«

C

«

FFFFH
Special Function Registers
FF20H (SFRs) 256 x 8 bits
FFAFH| ~~ "~~~ "~~~ """ °°°
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
1024 x 8 bits
FE20H [F-------=-=--=-=-=--=---~
FBOOH
FAFFH
Not usable
FA28H
FA27H
LCD Display RAM
40 x 4 bits
FAOOH
FOFFH
FO0OH Not usable EFFFH
F8FFH a Program Area
VAN UDL RAM 1000H
F800H 256 x 8 bits OFFFH
F7FFH A CALLF Entry Area
Internal Expansion RAM 0800H
1024 x 8 bits 07FFH
F400H A
F3FFH a2 Program Area
Not usable 0080H
FOOOH 007FH
EFFFH CALLT Table Area
Internal ROM 0040H
T 61440 x 8 bits ¥ 003FH
Vector Table Area
0000H
0000H

pPD1615A(A), pPD1615B(A), uPD1615F(A), yPD1616F(A), pPD16F15A

55



pPD1615A(A), yPD1615B(A), pPD1615F(A), uPD1616F(A), pPD16F15A NIEC

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 yPD1615A 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
uPD1615A(A) Mask ROM 61440 x 8-bits
uPD1615B(A) Mask ROM 49152 x 8-bits
uPD1615F(A) Mask ROM 32768 x 8-bits
uPD1616F(A) Mask ROM 32768 x 8-bits
uPD16F15A Flash ROM 61440 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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(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The RESET input and program
start addresses for branch upon generation of each interrupt request are stored in the vector table area.
Of the 16-bit address, low-order 8 bits are stored at even addresses and high-order 8 bits are stored
at odd addresses.

Table 3-2: Vectored Interrupts

Vector Table Address Interrupt Request
0004H INWDT
0006H INTVE
0008H INTVT
000AH INTTVR
000CH INTPO
000EH INTP1
0010H INTP2
0012H INTTMOO
0014H INTTMO1
0016H INTTM50
0018H INTTM51
001AH INTWTI
001CH INTWT
001EH INTCSI3
0020H INTSER
0022H INTSR
0024H INTST
0026H INTAD

(2) CALLT instruction table area

The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction

(CALLT).

(8) CALLF instruction entry area

The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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3.1.2

Internal data memory space

The yPD1615A subseries units incorporate the following RAMs.

M

@

©)

(4)

3.1.3

Internal high-speed RAM

This is a 1024 x 8-bit configuration in the area FBOOH to FEFFH or a 768 x 8 bits configuration
in the area FCOOH to FEFFH. The 4 banks of general registers, each bank consisting of eight
8-bit registers, are allocated in the 32-byte area FEEOH to FEFFH.

The internal high-speed RAM can also be used as a stack memory.

LCD-Display RAM
Buffer RAM is allocated to the 40 x 4 bits area from FAOOH to FA27H. LCD-Display RAM can
also be used as normal RAM. The LCD Display RAM is not available in the yPD1616F(A).

Internal expansion RAM

Internal expansion RAM is allocated to the 1024-byte area from F400H to F7FFH for the
pPD1615A(A) and the uPD16F15A. For the yPD1615B(A), yPD1615F(A), and yPD1616F(A) is
the 512-byte area located between F600H and F7FFH.

VAN UDL RAM
The VAN UDL RAM is located in a 256-byte area from F800H to F8FFH.

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 3-3).

Caution: Do not access addresses where the SFR is not assigned.

58



NEC PD1615A(A), pPD1615B(A), pPD1615F(A), uPD1616F(A), utPD16F15A

3.1.4 Data memory addressing

The yPD1615A subseries is provided with a varity of addressing modes which take account of memory
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 (0000H to
FFFFH). Figures 3-6 to 3-10 show the data memory addressing modes.

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

Figure 3-6: Data Memory Addressing uPD1615A(A)

FFFFH Special Function Registers
FF20H (SFRs) 256 x 8 bits SFR Addressing
S Sh ] N e e Y
FFOOH
FEFFH i ] Short Direct
General Registers Register Addressing Addressing
FEEOH 32 x 8 bits ¥
FEDFH Internal High-speed RAM
FE20H 1024 x 8 bits
FEIFH[ -~ ~~~~"~~~"=====°=°7°7~°
FBOOH
FAFFH Not usable
FA28H
FA27H LCD Display RAM Direct
FAOOH 40 X 4 bits Addressing
FOFFH Register
Not usable Indirect
F900H Addressing
F8FFH
VAN UDL RAM Based
Addressing
256 x 8 bits
F800H Based
F7FFH Indexe_d
Internal Expansion RAM Addressing
1024 x 8 bits
F400H
F3FFH
Not usable
FOOOH
EFFFH
Internal ROM
61440 x 8 bits
0000H
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Figure 3-7: Data Memory Addressing uPD1615B(A)

FFFFH Special Function Registers
EF20H (SFRs) 256 x 8 bits SFR Addressing
[ = 1 T [ -
FFOOH
FEFFH i 1 Short Direct
General Registers Register Addressing Addressing
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
FE20H 1024 x 8 bits
FE1IFH[ -~~~ """~~~ 7"=7=77777
FBOOH
FAFFH Not usable
FA28H
FA27H LCD Display RAM Direct
FAQOH 40 x 4 bits Addressing
FOFFH Register
Not usable Indirect
F900H Addressing
F8FFH
VAN UDL RAM Based
Addressing
256 x 8 bits
F800H Based
F7FFH Indexed
Internal Expansion RAM Addressing
512 x 8 bits
F600H
F5FFH
Not usable
CO00H
BFFFH
Internal ROM
49152 x 8 bits
0000H
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Figure 3-8: Data Memory Addressing yPD1615F(A)

FFFFH Special Function Registers
FF20H (SFRs) 256 x 8 bits SFR Addressing
[ S 1 T [ e
FFOOH
FEFFH i ) Short Direct
General Registers Register Addressing Addressing
FEEOH 32 x 8 bits ¥
FEDFH Internal High-speed RAM
FE20H 768 x 8 bits
FEAFH[ -~ """~~~ ~===7-7=7=77°
FCOOH
FBFFH Not usable
FA28H
FA27H LCD Display RAM Direct
FAOOH 40 X 4 bits Addressing
FOFFH Register
Not usable Indirect
F900H Addressing
F8FFH
VAN UDL RAM Based
. Addressing
256 x 8 bits
F800H Based
F7FFH Indexed
Internal Expansion RAM Addressing
512 x 8 bits
F600H
F5FFH
Not usable
8000H
7FFFH
Internal ROM
32768 x 8 bits
0000H
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Figure 3-9: Data Memory Addressing yPD1616F(A)

SFR Addressing

] ! Short Direct
Register Addressing  Addressing
L]

FFFFH Special Function Registers
L o 1 T e .
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
FE20H 768 x 8 bits
FETFH[ -~~~ ~~~~"="===7==777°
FCOOH
FBFFH
Not usable
F900H
F8FFH
VAN UDL RAM
256 x 8 bits
F800H
F7FFH
Internal Expansion RAM
512 x 8 bits
F600H
F5FFH
Not usable
8000H
7FFFH
Internal ROM
32768 x 8 bits
0000H

Direct
Addressing

Register
Indirect
Addressing

Based
Addressing

Based
Indexed
Addressing
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Figure 3-10: Data Memory Addressing yPD16F15A

FFFFH Special Function Registers
FE20H (SFRs) 256 x 8 bits SFR Addressing
L T e
FFOOH
FEFFH i ] Short Direct
General Registers Register Addressing Addressing
FEEOH 32 x 8 bits ¥
FEDFH Internal High-speed RAM
FE20H 1024 x 8 bits
FE1IFH|[ -~~~ """~~~ 7"=7-=7==777
FBOOH
FAFFH Not usable
FA28H
FA27H LCD Display RAM Direct
FAOOH 40 X 4 bits Addressing
FOFFH Register
Not usable Indirect
FO00H Addressing
F8FFH
VAN UDL RAM Based
. Addressing
256 x 8 bits
F800H Based
F7FFH Indexed
Internal Expansion RAM Addressing
1024 x 8 bits
F400H
F3FFH
Not usable
FOOOH
EFFFH
Internal Flash ROM
61440 x 8 bits
0000H
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3.2 Processor Registers

The pPD1615A 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.

M

(2)

Program counter (PC)

The program counter is a 16-bit register which holds the address information of the next program
to be executed.

In normal operation, the PC is automatically incremented according to the number of bytes of the
instruction to be fetched. When a branch instruction is executed, immediate data and register
contents are set.

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

Figure 3-11: 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
instruction execution.

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

RESET input sets the PSW to 02H.

Figure 3-12: Program Status Word Configuration

IE 4 RBS1 AC | RBSO 0 ISP CcY
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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 (El) status and interrupt request acknowledge is controlled
with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and a priority
specification flag.

The IE is reset to (0) upon DI instruction execution or interrupt 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 instruction
execution is stored.

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

(e) In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When 0, acknowl-
edgment 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 manipulation
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 3-13: Stack Pointer Configuration

15 0
SP

The SP is decremented ahead of write (save) to the stack memory and is incremented after read
(reset) from the stack memory.
Each stack operation saves/resets data as shown in Figures 3-8 and 3-9.

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

Figure 3-14: Data to be Saved to Stack Memory

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

SP <+SP -3
SP =-SP -2 SP =-SP -2 SP-3 PC7 to PCO
SP t 2 Register Pair Lower SP t 2 PC7 to PCO SP t 2 PC15 to PC8
SP?1 Register Pair Upper SP?1 PC15 to PC8 SP¢1 PSW
S?P - St’ - StP -

Figure 3-15: Data to 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
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3.2.2 General registers

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

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

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

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

Figure 3-16: 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
FEESH
R1
BANKS3 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
FEESH
A
BANKS3 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
written 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.

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

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

e Symbol
The assembler software 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 : A value can be written to the register. Reading values from the register is impossible.
e 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 3-3: Special Function Register List (1/2)

Address SFR Name Symbol R/W Manipulatable Bit Unit After
1bit | 8bits [ 16 bits Reset

FFOOH | Port0 PO R/W O @) - 00H
FFO1H | Port 1 P1 R O O - 00H
FFO4H | Port 4 P4 R/W O O - 00H
FFO8H | Port 8 P8 R/W O O - 00H
FFO9H | Port 9 P9 R/W O @) - 00H
FFOAH | Port 10 P10 R/W O O - 00H
FFOBH | Port 11 P11 R/W O O - 00H
FFOCH | Port 12 P12 R/W O ©) - 00H
FF10H | 8-bit compare register 50 CR50 R/W - O - O00H
FF11H | 8-bit compare register 51 CR51 R/W - O - O0H
FF12H | 8-bit timer/counter 50 TM50 R - @) - 00H
FF13H | 8-bit timer/counter 51 TM51 R - O - 00H
FF14H

16-bit capture/compare register 00 CROO R/W - - @) 0000H
FF15H
FF16H

16-bit capture/compare register 01 CRO1 R/W - - O 0000H
FF17H
FF18H | Serial shift register SI03 R/W - O - O0H

Transmission shift register TXSO0 w - O - FFH
FRIAR Reception shift register RXBO R - O - FFH
FF1BH | A/D conversion result register ADCR1 R - O - 00H
FF20H | Port mode register 0 PMO R/W @) O - FFH
FF24H | Port mode register 4 PM4 R/W O O - FFH
FF28H | Port mode register 8 PM8 R/W @) O - FFH
FF29H | Port mode register 9 PM9 R/W O O - FFH
FF2AH | Port mode register 10 PM10 R/W O O - FFH
FF2BH | Port mode register 11 PM11 R/W O O - FFH
FF2CH | Port mode register 12 PM12 R/W O O - FFH
FF40H | Clock output select register CKS R/W O O - O0H
FE41H \r/(\elgit;r;:imer operation mode WTM R/W 0O o) ) 00H
FE42H Wa.tchdog timer clock select WDCS RIW ) 0O ) 00H

register
FF48H Er’]‘;irlr;a:;g:s{éfpt rising edge EGP rRW | O o) - 00H
FF49H Er’]“a%rlr;ar';glt:{:r‘pt falling edge EGN RW | O | O - 00H
FF58H | Port function register 8 PF8 R/W O O - OO0H
FF59H | Port function register 9 PF9 R/W @) O - 00H
FF5AH | Port function register 10 PF10 R/W @) O - 00H
FF5BH [ Port function register 11 PF11 R/W @) O - 00H
FF5CH | Port function register 12 PF12 R/W O O - 00H
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Table 3-3: Special Function Register List (2/2)

Manipulatable Bit Unit After
Address SFR Name Symbol R/W 1bit | 8bits | 16 bits | Reset
FF60H | 16-bit timer mode control register 0 TMCO R/W O O - 00H
FF61H | Prescaler mode register O PRMO R/W - O - OOH
FF62H | Capture compare control register 0 CRCO R/W O O - 00H
FF63H | Timer output control register 0 TOCO R/W O O - 00H
Freat 16-bit timer/counter 0 TMO R - - @) 00H
FF65H
FF66H | Sound generator control register SGCR R/W O O - 00H
FE67H SOL_Jnd generator 7-bit amplitude SGAM R/W 0 0 i 00H
register
FE68H Sound generator buzzer control SGBR R/W 0 0 i 00H
register
FF6FH | Serial I/F mode register CSIM3 R/W O O - 00H
FF70H | 8-bit timer mode control register 50 TMC50 R/W O O - 04H
FF71H | Timer clock select register 50 TCL50 R/W - O - 00H
FF74H | 8-bit timer mode control register 51 TMC51 R/W O O - 04H
FF75H | Timer clock select register 51 TCL51 R/W - O - 00H
FF78H | VAN-UDL clock control register UDLCCL R/W @) - - 00H
FF80H | A/D converter mode register 1 ADM1 R/W O O - 00H
FF81H Anglog input channel specification ADS1 RIW i 0 i 00H
register 1
FE82H Power fai[ detector value comparison PEM RW i 0O i 00H
mode register
FE83H SPeOt\tAi/r?g fgg?set:‘t;ctor threshold value PET RW i 0O i 00H
FF84H | On Emulator for power-fail detection DAMO R/W O O - 00H
FEAOH Asy_nchronous serial interface mode ASIMO RW 0O 0O i 00H
register
FEA1H | Asynchronous serial interface status ASISO RW i 0O i 00H
register
FFA2H | Baud rate generator control register BRGCO R/W - O - 00H
FFBOH | LCD display mode register LCDM R/W O O - 00H
FFB2H | LCD clock control register LCDC R/W O @) - 00H
FFEOH | Interrupt request flag register IFo IFOL | R/W O O o 00H
FFE1H | Interrupt request flag register IFOH | R/W O O 00H
FFE2H | Interrupt request flag register IF1L R/W O O O 00H
FFE4H | Interrupt mask flag register MKO MKOL | R/W @) @) o FFH
FFE5H | Interrupt mask flag register MKOH | R/W @) @) FFH
FFE6H | Interrupt mask flag register MK1L R/W @) @) - FFH
FFE8H | Priority flag specification register PRO PROL | R/W @) @) o FFH
FFE9H | Priority flag specification register PROH | R/W @) @) FFH
FFEAH | Priority flag specification register PR1L R/W @) @) - 00H
FEFOH Irr;tgeI;T:: memory size switching IMS RW i 0O i CFH
FFF4H 'Sr\‘:’ircr;ﬁ:]g’;fg”lgfe‘: RAM size IXS RW | - | O - | ocH
FFF9H | Watchdog timer mode register WDTM R/W O O - 00H
FEFAH S;;g:g:ion stabilisation time select 0STS RW i 0O i 04H
FFFBH | Processor clock control register PCC R/W O O - 04H
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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 informationis setto 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 3-17: Relative Addressing

15 0

__ PCindicates 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 !addr11 instruction is
executed.
CALL 'addr16 and BR !addr16 instructions can branch to all the memory space.
CALLF 'addr11 instruction branches to the area from 0800H to OFFFH.

Figure 3-18: Immediate Addressing

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

In the case of CALL !addr16 and BR !addr16 instructions

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

PC|O0O 0 0 0 1

In the case of CALLF !addr11 instruction
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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 3-19: Table Indirect Addressing

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

15 8 7 6 5 i 10
Effective Address |0 0 0 O O O O O |0 1 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
counter (PC) and branched.

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

Figure 3-20: Register Addressing

p A X

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.

Table 3-4: 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 register for storage of digit data which undergoes digit rotation

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

Description example

In the case of MULU X

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

The general register is accessed as an operand. The general register to be accessed is specified
with register bank select flags (RBS0 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.

Table 3-5: Register Addressing
Operand format

Identifier Description
r X,A,C,B,E,D,LH
P AX, BC, DE, HL

‘r and ‘rp’ can be described with function names (X, A, C, B, E, D, L, H, AX, BC, DE and HL) as well
as absolute names (RO to R7 and RPO to RP3).

Description example

Figure 3-21: Register Addressing

Operation code 0110001 O|

MOV A, C; when selecting C register as r

Operation code 1000010 0|

Register specify code

INCW DE; when selecting DE register pair as rp
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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 3-6: Direct Addressing

Identifier Description
addr16 Label or 16-bit immediate data

Description example
MOV A, |0FEOOH; when setting 'laddr16 to FEOOH

Operation code | 1000111 0| OP code

[00000000]| OOH

[11111110]| FEH
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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
manipulated with a small number of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is set to 0. When it is at
0OH to 1FH, bit 8 is set to 1. Refer to Figure 3-16 below.

Operand format

Table 3-7: Short Direct Addressing

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

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)

Illustration

Figure 3-22: Short Direct Addressing

OP code
saddr-offset ﬁ

Effective Address 11 1 1 1 1 1 |a -

Short Direct Memory

When 8-bit immediate data is 20H to FFH, oo = 0
When 8-bit immediate data is OOH to 1FH, o = 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 3-8: Special-Function Register (SFR) Addressing

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

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

Operationcode {1 1110110 | OP code

[00 100000 |20H (sfroffset)

lllustration

Figure 3-23: Special-Function Register (SFR) Addressing

OP code

sfr-offset

SFR

Effective Address 11 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 3-9: Register Indirect Addressing

Identifier Description
- [DE], [HL]

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

Operationcode |1 000010 1|

Illustration

Figure 3-24: Special-Function Register (SFR) Addressing

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
specified 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 3-10: Based Addressing

Identifier Description
[HL + byte]

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

Operationcode [1 010111 0|

[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 (RBSO 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 3-11: Based Indexed Addressing

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

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

Operation code 10101011

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.

Description example
In the case of PUSH DE | |

Operation code 10110101
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Chapter 4 Port Functions

4.1 Port Functions

The pyPD1615A subseries units incorporate four input ports and fifty-three 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 |«—
PO1 j«—>
P02 [«—» Port0
P06 |*+—
< P90 P07 |+——>
-]
-
Port9
-] P10 |=—
- ni—
- »| P97 -« Port1
P13 j+—
<—| P100
-]
-
-
Port10 - -
-] P40 |«
-] «——>
< P107 R
|« »
< P110 - . Port4
- e« »
- -
-
Porttl | - . Pa7 o
-
-
- P117
<-—»| P120
P80 |+——
-
-
Port12 - - ~ Ports
-
-
-»| P127 P87
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Table 4-1: Pin Input/Output Types uPD1615A(A), uPD1615B(A), uPD1615F(A), uPD16F15A

Input / Pin Function Alternate After
Output Name Function Reset
P00 INTPO Input
nout/ PO1 Port 0 INTP1 Input
P P02 5 bit input / output port INTP2 Input
Output Input / output mode can be specified bit-wise
P06 TI50/TO50 Input
P07 TI51/TO51 Input
Port 1
Input P10-P13 | 4 bit input port ANIO-ANI3 Input
Input mode can be specified bit-wise
P40 - Input
P41 - Input
P42 - Input
P43 Port 4 - Input
IOnStu tu/t 8 bit input/output port P
P P44 Input / output mode can be specified bit-wise - Input
P45 - Input
P46 SGOA Input
P47 SGO0/SGOF Input
Port 8
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P80-P87 This port can be used as segment signal output port S39 - 832 Input
or an I/O port in 1-bit units by setting port function
register
Port 9
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P90-P97 This port can be used as segment signal output port S31- 524 Input
or an I/O port in 1-bit units by setting port function
register
Port 10
8 bit input / output port
Input/ P100- Input / output mode can be specified bit-wise S23-516 Inout
Output | P107 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
Port 11
8 bit input / output port
Input/ P110- Input / output mode can be specified bit-wise S15- S8 Inout
Output | P117 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
P120 PCL/S7
P121 TI00/TO0/S6
P122 Port 12 TI01/S5
8 bit input / output port
Input/ | P123 Input / output mode can be specified bit-wise RxD0/S4 Input
Output | p1o4 This port can be used as segment signal output port | TxD0/S3 P
or an I/O port in 1-bit units by setting port function
P125 register SCK®g/Ss2
P126 SO3/S1
P127 SI3/S0
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Table 4-2: Pin Input/Output Types uyPD1616F(A)

Input / Pin Function Alternate After
Output Name Function Reset
P00 INTPO Input
nout/ PO1 Port 0 INTP1 Input
P Po2 5 bit input / output port INTP2 Input
Output Input / output mode can be specified bit-wise
P06 TI50/TO50 Input
P07 TI51/TO51 Input
Port 1
Input P10-P13 | 4 bit input port ANIO-ANI3 Input
Input mode can be specified bit-wise
P40 - Input
P41 - Input
P42 - Input
P43 Port 4 - Input
IOnStu tu/t 8 bit input/output port P
P P44 Input / output mode can be specified bit-wise - Input
P45 - Input
P46 SGOA Input
P47 SGO0/SGOF Input
Port 8
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P80-P87 This port can be used as segment signal output port Input
or an I/O port in 1-bit units by setting port function
register
Port 9
8 bit input / output port
Input/ i Input / output mode can be specified bit-wise i
Output P90-P97 This port can be used as segment signal output port Input
or an I/O port in 1-bit units by setting port function
register
Port 10
8 bit input / output port
Input/ P100- Input / output mode can be specified bit-wise ) Inout
Output | P107 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
Port 11
8 bit input / output port
Input/ P110- Input / output mode can be specified bit-wise i Inout
Output | P117 This port can be used as segment signal output port P
or an I/O port in 1-bit units by setting port function
register
P120 PCL
P121 TI00/TOO0
P122 Port 12 TIO1
8 bit input / output port
Input/ | P123 Input / output mode can be specified bit-wise RxDO Input
Output | p1o4 This port can be used as segment signal output port | TxDo P
or an I/O port in 1-bit units by setting port function
P125 register SCK3
P126 SO3
P127 SI3
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4.2 Port Configuration
A port consists of the following hardware:

Table 4-3: Port Configuration

ltem Configuration

Port mode register (PMm: m =0, 4, 8 to 12)

Control register Port function register (PFm: m = 8 to 12)

Port Total: 57 ports

421 PortO0

Port 0 is an 5-bit input/output port with output latch. P00 to P02 and P06, P07 pins can be specified
as input mode/output mode in 1-bit units with the port mode register 0 (PMO).

Dual-functions include external interrupt request input.

RESET input sets port 0 to input mode.

Figure 4-2 shows block diagram of port 0.

Caution: Because port 0 also supports the external interrupt request input, when the port
function output mode is specified and the output level is changed, the interrupt
request flag is set. Thus, when the output mode is used, set the interrupt mask flag
to 1.
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Figure 4-2: P00 to P02 and P06, P07 Configurations

RD
! < CJ
Selector
4
2| WReonr POO/INTPO,
g Output Latch PO1/INTP1,
2 (POO to P02, © PO2/INTPO2,
= P06, P07) PO6/TI50/TO50,
PO7/TI51/TO51

WRem

PMO00 to PM02,
P06, P07

i

PM : Port mode register
RD : Port O read signal
WR : Port 0 write signal
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4.2.2 Port1
Port 1 is a 4-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 P13 Configurations

N\
RD

3 s J

Qo

I P10/ANIO

£ L0

2 P13/ANI13
-

RD : Port 1 read signal
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4.2.3 Port 4
Port 4 is an 8-bit input/output port with output latch. P40 to P47 pins can specify the input mode/output

mode in 1-bit units.
Dual-function includes the sound generator output.
RESET input sets port 4 to input mode.
Figure 4- 4 shows a block diagram of port 4.

Figure 4-4: P40 to P47 Configurations

i.:ﬂ
=)

-]
Selector

PM40 to PM47

1)

a WRPpoRrT

©

< P40 to P45,

5 Output Latch © P46/SGOA

= (P40 to P47) P47/SGO/SGOA
WRpem

PM : Port mode register
RD : Port 4 read signal
WR : Port 4 write signal
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4.2.4 Port 8
Port 8 is an 8-bit input/output port with output latch. P80 to P87 pins can be specified as input mode/

output mode in 1-bit units with the port mode register 8 (PM8).

Dual-function includes the segment signal outputs of LCD controller driver. The dual-function can be
selected with the port function register 8 (PF8).

RESET input sets port 8 to input mode.

Figure 4-5 shows a block diagram of port 8.

Figure 4-5: P80 to P87 Configurations

N1
RD
! e
{ Selector -
WRPpoRrT A
i Output Latch J P80/S39
(P80 to P87) 7) © to
P87/S32
(2]
3
g
E WRem
£
—l>—> PM80 to PM87
Dual Function |——
N
PM : Port mode register
RD : Port 8 read signal
WR : Port 8 write signal
Note: The LCD controller/driver segment signal output is only valid on the yPD1615 and the

HPD16F15.
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425 Port9
This is an 8-bit input/output port with output latches. Input mode/output mode can be specified in

1-bit units with a port mode register 9.
Dual-function includes the segment signal outputs of LCD controller driver. The dual-function can

be specified with the port function register 9 (PF9).
RESET input sets port 9 to input mode.
Figure 4-6 shows a block diagram of port 9.

Caution: When used as segment lines, set the port function PF9 according to its functions.

Figure 4-6: P90 to P97 Configurations

1
RD
! e
{ Selector -
WRPporT )
Output Latch P90/S31
(P90 to P97) ") © to
P97/S24
3
o]
g
31_3, WRem
<
PM90 to PM97
Dual Function
N\
PM : Port mode register
RD : Port 9 read signal
WR : Port 9 write signal
Note: The LCD controller/driver segment signal output is only valid on the yPD1615A(A),

pPD1615B(A), pPD1615F(A), and the pPD16F15A.
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4.2.6 Port 10
This is an 8-bit input/output port with output latches. Input mode/output mode can be specified in

1-bit units with a port mode register 10.

These pins are dual function pins and serve as segment signal output of LCD controller driver. The
dual-function can be specified with the port function register 10 (PF10).

RESET input sets port 10 to input mode.

Figure 4-7 shows a block diagram of port 10.

Caution: When used as segment lines, set the port function PF9 according to its functions.

Figure 4-7: P100 to P107 Configurations

ji.:u
O

ra
Selector -

A

WReProRT

Output Latch J P100/S23
(P100 to P107) ") © to
P107/S16

Internal bus

i

WRem

PM100 to PM107

Dual Function |———

PM : Port mode register
RD : Port 10 read signal
WR : Port 10 write signal

Note: The LCD controller/driver segment signal output is only valid on the yPD1615A(A),
pPD1615B(A), pPD1615F(A), and the pPD16F15A.
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4.2.7 Port 11
This is an 8-bit input/output port with output latches. Input mode/output mode can be specified in

1-bit units with a port mode register 11.

These pins are dual function pins and serve as segment signal output of LCD controller driver. The
dual-function can be specified with the port function register 11 (PF11).

RESET input sets port 11 to input mode.

Figure 4-8 shows a block diagram of port 11.

Figure 4-8: P110 to P117 Configurations

Y
RD
‘1 e
{ Selector <
WRPpoRT
Output Latch P110/S15
(P110to P117) ) © to
P117/S8
[%2]
a
g
§ WRem
c
*(L—>PM110to PM117
Dual Function
N\
PM : Port mode register
RD : Port 11 read signal
WR : Port 11 write signal
Note: The LCD controller/driver segment signal output is only valid on the yPD1615A(A),

uPD1615B(A), pPD1615F(A), and the pPD16F15A.
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4.2.8 Port 12
This is an 8-bit input/output port with output latches. Input mode/output mode can be specified in

1-bit units with a port mode register 12.
These pins are dual function pins and serve as segment signal output of LCD controller driver. The

dual-function can be specified with the port function register 12 (PF12).

RESET input sets port 12 to input mode.
Figure 4-9 shows a block diagram of port 12.

Figure 4-9: P120 to P127 Configurations

N\
RD
! e
{ Selector -
P120/PCL//S7
1 ,
WRPpoRT N P121/T100/TO0/S6,
P122/T101/S5
Output Latch J y
° P123/RxD0/S4,
(P120 to P127) ) O p124/TxD0O/S3,
@ P125/SCK3/S2,
3 P126/S03/S1,
= P127/S13/S0
c
E WRem
S
—l>—> PM120 to PM127
Dual Function |———
S
PM : Port mode register
RD : Port 12 read signal
WR : Port 12 write signal
Note: The LCD controller/driver segment signal output is only valid on the yPD1615A(A),

uPD1615B(A), pPD1615F(A), and the pPD16F15A.

95



96

pPD1615A(A), pPD1615B(A), uPD1615F(A), uPD1616F(A), uPD16F15A NIEC

4.3 Port Function Control Registers

The following four types of registers control the ports.
e Port mode registers (PM0O, PM4, PM8 to PM12)
e Port function registers (PFm : m = 8 to 12)

(1) Port mode registers (PM0, PM4, PM8 to PM12)

These registers are used to set port input/output in 1-bit units.
PMO, PM4, PM7, PM10 and PM12 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 P10 to P13 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 interrupt
request flag is set. When the output mode is used, therefore, the interrupt mask
flag should be set to 1 beforehand.
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Figure 4-10: Port Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
PMO | pmo7 | PMos | 1 | 1 | 1 | Pmo2 | Pmot | Pmoo |  FF20H FFH  RW
PM4 | PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 | FF24H FFH R/W
PmMg | Pm87 | Pmes | Pm85 | Pme4 | PMe3 | Pms2 | Pms1 | PMo |  FFaeH FFH  RW
PMo | PMo7 | PM96 | PM95 | PMo4 | PMo3 | Pm92 | PMo1 | PMoo |  FF2oH FFH  RW
PM10 | PM107 | PM106 | PM105 | PM104 | PM103 | PM102 | PM101 [ PM100 |  FF2AH FFH  RW
PM11 | PM117 | PM116 | PM115 | PM114 | PM113 | PM112 | PM111 [ PM110 |  FF2BH FFH  RW
PM12 | PM127 | PM126 | PM125 | PM124 | PM123 | PM122 | PM121 | PM120 |  FF2CH FFH  RW

PMmn

PMmn Pin Input/Output Mode

Selection(m=0-4,8,12;n= 0-7)

Output mode (output buffer ON)

Input mode (output buffer OFF)
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3) Port function register (PF8 to PF12)
This register is used to set LCD segment function of ports 8 to 12.
PF8 to PF12 are set with an 1-bit or 8-bit manipulation instruction.
RESET input set this registors to 00H.

Figure 4-11: Port Function Register (PF8 to PF12) Format

PF8 | PF87 | PF86 | PF8s | PFs4 | PFe3 | PFe2 | PF81 | PF80 | FF58H 00H R/W
PF9 | PFo7 | PF96 | PF95 | PFo4 | PFo3 | PFo2 | PFo1 | PF90 |  FF59H 00H  RW
PF10 | PF107 [ PF106 | PF105 | PF104 | PF103 | PF102 | PF101 | PF100 |  FF5AH 00H  RW
PF11 | PF117 [ PF116 | PF115 | PF114 | PF113 | PF112 | PF111 [ PF110 |  FF5BH 00H  RW
PF12 | PF127 | PF126 | PF125 | PF124 | PF123 | PF122 | PF121 | PF120 |  FF5CH 00H  RW

PMmn | PFmn Port Function Selection
(m=8t012;n=0107)

0 Port function

1 LCD segment function

Caution: For pPD1616F(A) it is only allowed to set 00h to the port function register.
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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.

441 Writing to input/output port
(1) Output mode

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

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

(2) Input mode

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

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

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

4.4.2 Reading from input/output port
(1) Output mode
The output latch contents are read by a transfer instruction. The output latch contents do not change.

(2) Input mode
T he pin status is read by a transfer instruction. The output latch contents do not change.

4.4.3 Operations on input/output port
(1) Output mode

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

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

(2) Input mode
The output latch contents are undefined, but since the output buffer is OFF, the pin status does not
change.

Caution: In the case of 1-bit memory manipulation instruction, although a single bit is
manipulated the port is accessed as an 8-bit unit. Therefore, on a port with a mixture
of input and output pins, the output latch contents for pins specified as input are
undefined, even for bits other than the manipulated bit.
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[Memo]
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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 two types of system clock oscillators are available.

(1) Main system clock oscillator
This circuit oscillates at frequencies of 3.9 to 8.38 MHz. Oscillation can be stopped by executing

the STOP instruction or setting the processor clock control register.

(2) Subsystem clock oscillator
The circuit oscillates at a typical frequency of 40 KHz. Oscillation cannot be stopped.
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5.2 Clock Generator Configuration
The clock generator consists of the following hardware.

Table 5-1: Clock Generator Configuration

ltem Configuration

Control register | Processor clock control register (PCC)

Main system clock oscillator

Oscillator Subsystem clock oscillator

Figure 5-1: Block Diagram of Clock Generator

CL1 O—| Subsystem fxr .
Clock Watch Timer
Cl2 o Oscillator
Prescaler
X1 0 Viain E/zl Clogk to
Peripheral
System fx Hard
X2 ©— Clock f Prescaler fxr ardware
. X 2
Oscillator fx |t | x| fx
2| 22| 28 2 kel Standby
5 | Control CPU Clock
$ Circuit (feru)
3
STOP

|MCC| CLs |CSS |PCCZ|PCC1|PCCO|

ProcessorClock
ControlRegister

9 Internal Bus §
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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, determines whether to make the main system
clock oscillator operate or stop.

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

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
pcc [ mMcc | o | cts | css | o |[Pcca|Pcct | Poco | FRFBH  0aH  Rw e
R/W CSS PCC2 | PCC1 | PCCO CPU Clock Selection (fcpu)

0 0 0 |fx(0.25 ps)
0 0 1 fx/2 (0.5 us)
0 0 1 0 |fx/2°(1ps)
0 1 1 x/2° (2 ps)
1 0 0 |fx/2° (4 us)
0 0 0
0 0 1
1 0 1 0 |fx1/2 (122 ps)
0 1 1
1 0 0
Other than above Setting prohibited
R CLS CPU Clock Status
0 Main system clock
1 Subsystem clock
R/W MCC Main System Clock Oscillation Control
0 Oscillation enable
1 Oscillation stopped
Notes: 1. Bit 5 is a read-only bit.

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

Cautions: 1. Bit 3 must be set to 0.
2. When external clock input is used MCC should not be set, because the X2 pin is
connected to Vbp via a resistor.

Remarks: 1.fx : Main system clock oscillation frequency
2. fxt . Subsystem clock oscillation frequency
3. Figures in parentheses indicate minimum instruction execution time: 2fcru when oper-
ating at fx = 8.0 MHz or fxT = 32.768 kHz.
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5.4 System Clock Oscillator

5.4.1 Main system clock oscillator

The main system clock oscillator oscillates with a crystal resonator or a ceramic resonator (standard:

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 to the
X1 pin and an inversed phase clock signal to the X2 pin.
Figure 5-3 shows an external circuit of the main system clock oscillator.

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

(a) Crystal and ceramic oscillation

Crystal or
Ceramic
Resonator

IC
X2

X1

External
Clock

(b) External clock

pPD74HCU04

X2

X1

Caution: Do not execute the STOP instruction and do not set MCC [bit 7 of processor clock
control register (PCC)] to 1 if an external clock is input. This is because when the
STOP instruction or MCC is set to 1, the main system clock operation stops and the
X2 pin is connected to Vbbp1 via a pull-up resistor.
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5.4.2 Subsystem clock oscillator

The subsystem clock oscillator oscillates with a RC-resonator (standard: 40kHz) connected to the CL1
and CL2 pins.

External clocks can be input to the subsystem clock oscillator. In this case, input a clock signal to
the CL1 pin and open the CL2 pin.

Figure 5-4 shows an external circuit of the subsystem clock oscillator.

Figure 5-4: External Circuit of Subsystem Clock Oscillator

(a) RC oscillation (b) External clock
cL2
CL2
= R
CL1
_—c
External
Clock — P> CL1
Caution: When using a main system clock oscillator and a subsystem clock oscillator, carry

out wiring in the broken-line area in Figures 6-3 and 6-4 as follows to prevent any
effects from wiring capacities.

e Minimize the wiring length.

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

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

Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with
low-level amplification so that current consumption is maintained at low levels.

Figure 5-5 shows examples of oscillator having bad connection.
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Figure 5-5: Examples of Oscillator with Bad Connection (1/3)

(a) Wiring of connection (b) A signal line crosses over
circuits is too long oscillation circuit lines
PORTN
(n=0,4,8t012)
IC X2 IC X2 X1

il |
/TN =

S

Figure 5-5: Examples of Oscillator with Bad Connection (2/3)
(c) Changing high current is too near a (d) Current flows through the grounding line

signal conductor of the oscillator (potential at points A, B,
and C fluctuate)

g Voo

IC X2 X1

[l High |:| '
LJ Current
17

o High
Current
77
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Figure 5-5: Examples of Oscillator with Bad Connection (3/3)

(f) Signal conductors of the main and sub-
system clock are parallel and near
each other

(e) Signals are fetched

H s
I 7

IC

CL1 and CL2 are wiring in parallel

In Figure 5-5 (f), CL1 and X1 are wired in parallel. Thus, the cross-talk noise of X1
may increase with CL1, resulting in malfunctioning. To prevent that from occurring,
itis recommended to wire CL1 and X1 so that they are not in parallel, and to connect

the IC pin between CL1 and X1 directly to Vss.

Caution:

5.4.3 When no subsystem clocks are used
If it is not necessary to use subsystem clocks for low power consumption operations and clock

operations, connect the CL1 and CL2 pins as follows.

CL1: Connect to Vbp or GND
CL2: Open
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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.

e Main system clock fx

e Subsystem clock fxT

* CPU clock fcru

* Clock to peripheral hardware

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

(a) Upon generation of RESET signal, the lowest speed mode of the main system clock (4 us 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 (fx, 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.

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

(e) With the subsystem clock selected, main system clock oscillation can be stopped with the PCC.

The HALT mode can be used. However, the STOP mode cannot be used. (Subsystem clock
oscillation cannot be stopped.)
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5.5.1 Main system clock operations
When operated with the main system clock (with bit 5 (CLS) of the processor clock control register

(PCC) set to 0), the following operations are carried out by PCC setting.

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

(b) If bit 7 (MCC) of the PCC is set to 1 when operated with the main system clock, the main system
clock oscillation does not stop. When bit 4 (CSS) of the PCC is set to 1 and the operation
is switched to subsystem clock operation (CLS = 1) after that, the main system clock
oscillation stops (see Figure 5-6).

Figure 5-6: Main System Clock Stop Function (1/2)

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

MCC

CSS

CLS

Main System Clock Oscillation
Subsystem Clock Oscillation

CPU Clock

(b) Operation when

MCC
CSSs
CLS

Main System Clock Oscillation
Subsystem Clock Oscillation

CPU Clock

MCC is set in case of main system clock operation

j

L

/

L

Oscillation does not stop.

1
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Figure 5-6: Main System Clock Stop Function (2/2)

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

MCC | \

CSs

CLS )+

Main System Clock Oscillation

Subsystem Clock Oscillation

CPU Clock ||||||||||||j>|||||

5.5.2 Subsystem clock operations
When operated with the subsystem clock (with bit 5 (CLS) of the processor clock control register
(PCC) set to 1), the following operations are carried out.

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

(b) Watchdog timer counting stops.

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

5.6.1 Time required for 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 (PCCO to PCC2)
and bit 4 (CSS) of the processor clock control register (PCC).
The actual switchover operation is not performed directly after writing to the PCC, but operation
continues on the pre-switchover clock for several instructions (see Table 5-2).
Determination as to whether the system is operating on the main system clock or the subsystem clock

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

Table 5-2: Maximum Time Required for CPU Clock Switchover

SetValuesafter Switchover Set Values before Switchover
MS [CS | RI2 | RXCH (SS | POC2 | PCC1 [PCC0 | GSS | POC2 [PCCH | POCO | CSS | PCC2| PCCT | POCO | CSS | PCC2 [PCCT [ POCO |CSS | PCC2 (POCT [PCCO | CSS | PCC2 |PCCH |POCO
o|o0oj0|jO|O|OfO|1|O|O|1[O|O|O|1|[1]O[1T|O|O |[1]|X|[X]|X
X |0 0 0 8 instructions | 4 instructions | 2 instructions | 1 instruction 1 instruction
0 0 16instructions 4 instructions | 2 instructions | 1 instruction 1 instruction
0 1 16instructions 8 instructions 2 instructions | 1 instruction 1 instruction
0 1 16instructions 8 instructions | 4 instructions 1 instruction 1 instruction
1 0 16instructions 8 instructions | 4 instructions | 2 instructions 1 instruction
111 X X fx/2fxrinstruction | fx/4fxrinstruction | f/8fxrinstruction | fx/16fxrinstruction | fx/32fxrinstruction
(77instructions) (39instructions) (20instructions) (10instructions) (5instructions)
0 fx/dfxrinstruction | fx/8fxrinstruction | fx/16fxrinstruction | fx/32fxrinstruction | fx/64fxrinstruction
(39instructions) (20instructions) (10instructions) (5instructions) (Binstructions)

Caution: Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from
the main system clock to the subsystem clock (changing CSS from 0 to 1) should not
be performed simultaneously. Simultaneous setting is possible, however, for selec-
tion of the CPU clock cycle scaling factor (PCCO0 to PCC2) and switchover from the
subsystem clock to the main system clock (changing CSS from 1 to 0).

Remarks: 1. One instruction is the minimum instruction execution time with the pre-switchover CPU

clock.
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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 5-7: System Clock and CPU Clock Switching

Vop
RESET I_I

Interrupt

Request

Signal \\

SystemClock fx fx fxt fx
CPUClock - . ;

Minimum | Maximum Speed Subsystem Clock High-Speed
Speed Operation Operation 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 us when operated at 8.0 MHz).

(2) After the lapse of a sufficient time for the Vbp 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.

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

(4) Upon detection of Vbp voltage reset due to an interrupt request signal, 0 is set to bit 7 (MCC) of
PCC and oscillation of the main system clock is started. After the lapse of time required for
stabilization of oscillation, the PCC is rewritten and the maximum-speed operation is resumed.

Caution: When subsystem clock is being operated while main system clock was stopped, if

switching to the main system clock is made again, be sure to switch after securing
oscillation stable time by software.
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[Memo]
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Chapter 6 16-Bit Timer/ Event Counter

6.1 16-bit Timer/Event Counter Function
16-bit timer/event counter (TMO) has the following functions:

e Interval timer

PPG output

¢ Pulse width measurement
e External event counter

e Square wave output

(1) Interval timer
When 16-bit timer/event counter is used as an interval timer, it generates an interrupt request at
predetermined time intervals.

(2) PPG output
16-bit timer/event counter can output a square wave whose frequency and output pulse width can be
freely set.

(3) Pulse width measurement
16-bit timer/event counter can be used to measure the pulse width of a signal input from an external
source.

(4) External event counter
16-bit timer/event counter can be used to measure the number of pulses of a signal input from an

external source.

(5) Square wave output
16-bit timer/event counter can output a square wave any frequency.

114



NEC

uPD1615A(A), uPD1615B(A), pPD1615F(A), uPD1616F(A), pPD16F15A

6.2 16-bit Timer/Event Counter Configuration

16-bit timer/event counter (TMO) consists of the following hardware:

Table 6-1: Configuration of 16-bit Timer/Event Counter (TMO0)

ltem

Configuration

Timer register

16 bits x 1 (TMO)

Register

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

Timer output

1 (TOO)

Control register

16-bit timer mode control register (TMCO)
Capture/compare register 0 (CRCO)
16-bit timer output control register (TOCO)
Prescaler mode register 0 (PRMO)

Port mode register 12 (PM12)

Block Diagram of 16-Bit Timer/Event Counter (TMO0)

INTTMOO

Figure 6-1:
2 Internal bus 2
Capture/compare
control register 0
(CRCO0)
|CRCOZ|CRCO1|CRCOO|
‘ ﬁ
©
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P122/ ©———={rejection R register 00 (CR00)
TIO1/ circuit »n
S5 \ \
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’ —
bd2 = 16-bit timer register (TMO) <—Elear |
/2% —= S
/26 —= 3 L
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TOO/ g
S6 ‘ ‘ 3
(]
CRC02
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1) 16-bit timer register (TMO)

TMO 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. If the count value
is read during operation, input of the count clock is temporarily stopped, and the count value at that
point is read. The count value is reset to 0000H in the following cases:

<1>
<2>
<3>
<4>
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RESET is input.

TMCO03 and TMCO2 are cleared.

Valid edge of TI0O is input in the clear & start mode by inputting valid edge of TI0O.

TMO and CRO0O coincide with each other in the clear & start mode on coincidence between TMO
and CRO0O.
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2) Capture/compare register 00 (CR00)

CRO0O is a 16-bit register that functions as a capture register and as a compare register. Whether
this register functions as a capture or compare register is specified by using bit 0 (CRCO00) of the

capture/compare control register O.

e When using CR00 as compare register
The value set to CROO is always compared with the count value of the 16-bit timer register (TMO).
When the values of the two coincide, an interrupt request (INTTMOO) is generated. When TMOO
is used as an interval timer, CROO can also be used as a register that includes the interval time

and as register which sets the pulse width in the PPD operation mode.

e When using CR00 as capture register
The valid edge of the TI0O0 or TI0O1 pin can be selected as a capture trigger. The valid edge of TI00
and TIO1 is performed via the prescaler mode register 0 (PRMO).

Tables 6-2 and 6-3 show the conditions that apply when the capture trigger is specified as the valid

edge of the TI00 pin and the valid edge of the TI01 pin respectively.

uPD1615A(A), uPD1615B(A), pPD1615F(A), uPD1616F(A), pPD16F15A

Table 6-2: Valid Edge of TI00 Pin and Valid Edge of Capture Trigger of Capture/Compare Register

oot [ esoo | oo | Comemeer | o
0 0 Falling edge Rising edge Falling edge
0 1 Rising edge Falling edge Rising edge
1 0 Setting prohibited | Setting prohibited Setting prohibited
1 1 z%z;z:geind No capture operation z%:;zggeind

Table 6-3: Valid Edge of TI0O1 Pin and Valid Edge of Capture Trigger of Capture/Compare Register

ESO1 ES00 Valid Edge of TI01 Pin Capture Trigger of CR00
0 0 Falling edge Rising edge
Rising edge Falling edge

Setting prohibited

Setting prohibited

0
1
1

1
0
1

Both rising and falling edges

Both rising and falling edges

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

Cautions: 1. Set a value other than 0000H in CR00. This means 1-pulse count operation cannot
be performed when CRO0O is used as an event counter. However, in the free-running
mode and in the clear mode using the valid edge of TI00, if 0000H is set to CR0O,

an interrupt request (INTTMOO) is generated following overflow (FFFFH).

2. If the new value of CRO0O is less than the value of 16-bit timer counter 0 (TM0), TMO
continues counting, overflows, and than starts counting from 0 again. If the new
value CRO0O is less than the old value, therefore, the timer must be restarted after

the value of CROO0 is changed.
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3) 16-bit capture/compare register 01 (CR01)

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

e When CRO01 is used as a compare register
The value set in the CRO1 is constantly compared with the 16-bit timer counter 0 (TMO) count value,
and an interrupt request (INTTMO1) is generated if they match.

e When CRO01 is used as a capture register
It is possible to select the valid edge of the TI00 pin as the capture trigger. The TIOO0 valid edge
is set by means ofthe prescaler mode register 0 (PRMO).

CRO1 is set by a 16-bit memory manipulation instruction.
The value of this register is undefined when RESET is input.

Caution: Set other than 0000H to CR0O1. This means, that an 1-pulse count operation cannot
be performed when CRO1 is used as an event counter. However, in the free-running
mode and in the clear mode using the valid edge of TI00, if 0000H is set to CR01, an
interrupt request (INTTMO1) is generated following overflow (FFFFH).
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6.3 16-Bit Timer/Event Counter Control Register
The following four types of registers control 16-bit timer/event counter (TMO).

e 16-bit timer mode control register (TMCO)
e Capture/compare control register (CRCO0)
¢ 16-bit timer output control register (TOCO)
e Prescaler mode register 0 (PRMO)

e Port mode register 12 (PM12)

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

This register specifies the operation mode of the 16-bit timer and the clear mode, output timing, and
overflow detection of the 16-bit timer register.

TMCO is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMCO to O0H.

Caution: The 16-bit timer register starts operating when a value other than 0, 0 (operation stop
mode) is set to TMC02 and TMCO03. To stop the operation, set 0, 0 to TMCO02 and
TMCO03.
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Figure 6-2: Format of 16-Bit Timer Mode Control Register (TMCO)

Address: FF60H After Reset: 00H R/W
Symbol 7 6 5 4 3 2 1 ©
TMCO 0 0 0 0 TMCo3 | TMco2 | TMCol | OvFo |
Operating Mode ) .
TMCO3 TMCO2 TMCO1 | Clear mode and | Selection of TOO| Generation of
clear mode output timing interrupt
0 0 0 (O'I'F|>\;e|(l;a'ﬁonl Stopd Not affected Does not
IS Cleare enerate.
0 0 1 to 0). g
0 1 0 Free running Coincidence Generates on
mode between TMO coincidence
and CROO or between TMO
coincidence and CROO and
between TMO coincidence
and CRO1 between TMO
0 1 1 Coincidence and CRO1.
between TMO
and CROO,
coincidence
between TMO
and CRO1, or
valid edge of
TIOO
1 0 0 Clears and
starts at valid -
edge of TI0O.
1 0 1 -
1 1 0 Clears and Coincidence
starts on between TMO
coincidence and CRO0O or
between TMO coincidence
and CRO0O0. between TMO
and CRO1
1 1 1 Coincidence
between TMO
and CROO,
coincidence
between TMO
and CRO1, or
valid edge of
TIOO
O0VFO Detection of overflow of 16-bit timer register
0 Overflows.
1 Does not overflow.
Cautions: 1. Before changing the clear mode and TOO output timing, be sure to stop the timer

operation (reset TMC02 and TMCO03 to 0, 0).

2. The valid edge of the TI0O0 pin is selected by using the prescaler mode register 0
(PRMO).

3. When a mode in which the timer is cleared and started on coincidence between TMO
and CRO00, the OVFO flag is set to 1 when the count value of TMO changes from
FFFFH to 0000H with CR0O set to FFFFH.
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Remark: TOO : output pin of 16-bit timer/counter (TMO)
TIOO : input pin of 16-bit timer/counter (TMO)
TMO : 16-bit timer register
CRO00: compare register 00
CRO0O1: compare register 01

(2) Capture/compare control register 0 (CRCO0)
This register controls the operation of the capture/compare registers (CR0O0 and CRO01).

CRCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO to 00H.

Figure 6-3: Format of Capture/Compare Control Register 0 (CRCO0)

Address: FF62H After Reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 CRC02 CRCO1 CRCO00
CRCO02 Selection of operation mode of CRO1
0 Operates as compare register
1 Operates as capture register
CRCO1 Selection of capture trigger of CR00
0 Captured at valid edge of TIO1
1 Captured in reverse phase of valid edge of TI00
CRCO00 Selection of operation mode of CR0O0
0 Operates as compare register
1 Operates as capture register

Cautions: 1. Before setting CRCO, be sure to stop the timer operation.

2. When the mode in which the timer is cleared and started on coincidence between
TMO and CROO is selected by the 16-bit timer mode control register (TMCO), do not
specify CR00 as a capture register.

3. If valid edge of TI00 is both falling and rising, the capture operation is not available
when CRCO1 = 1.

4. To surely perform the capture operation, the capture trigger requires a pulse two
times longer than the count clock selected by the prescaler mode register 0 (PRMO0).
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(3) 16-bit timer output control register (TOCO)

This register controls the operation of the 16-bit timer/event counter (TMO) output control circuit by
setting or resetting the R-S flip-flop, enabling or disabling reverse output, enabling or disabling output
of 16-bit timer/counter (TMO).

TOCO is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TOCO to 0O0H.

Figure 6-4 shows the format of TOCO.

Figure 6-4: Format of 16-Bit Timer Output Control Register (TOCO)

Address: FF63H After Reset: 00H R/W

Symbol 7 6 5 4 ® ® 1 ©

TOCO 0 0 0 TOC04 | Lvso | LvRo | TOCOT | TOEO |
TOCO04 Timer output F/F control on coincidence between CR0O1 and TMO
0 Disables inversion timer output
1 Enables inversion timer output
LVSO LVRO Set status of timer output F/F of 16-bit timer/counter (TMO)
0 0 Not affected
0 1 Resets timer output F/F (0)
1 0 Sets timer output F/F (1)
1 1 Setting prohibited
TOCO1 Timer output F/F control on coincidence between CR00 and TMO
0 Disables inversion timer output F/F
1 Enables inversion timer output F/F
TOEO Output control of 16-bit timer/counter (TMO)
0 Disables output (port mode)
1 Enables output

Cautions: 1. Before setting TOCO, be sure to stop the timer operation.
2. LVSO0 and LVRO are 0 when read after data have been set to them.
3. Be sure to set bits 5 to 7 to 0.
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(4) Prescaler mode register 0 (PRMO)

This register selects a count clock of the 16-bit timer/event counter (TMO) and the valid edge of TI0O,

TI01 input. PRMO is set by an 8-bit memory manipulation instruction.
RESET input sets PRMO to O0H.

Figure 6-5: Format of Prescaler Mode Register 0 (PRMO0)

Address: FF61H After Reset : 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO01 ES00 0 0 PRMO1 PRMO00

ES11 ES10 Selection of valid edge of TI01
0 0 Fallingedge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

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

PRMO1 PRMO00 Selection of count clock
0 0 fx/21 (4.00 MHz)
0 1 fx/23 (1.00 MHz)
1 0 fx/26 (125 KHz)
1 1 Valid edge of TIooNote

Note: The external clock requires a pulse two times longer than internal count clock (fx/2').

Cautions: 1. If the valid edge of TIOO is to be set to the count clock, do not set the clear/start

mode and the capture trigger at the valid edge of TI00.
2. Be sure to stop timer operation before setting PRMO.

3. If the TIOO or TIO1 in is high level immediately after system reset, the rising edge
is immediately detected after the rising edge or both the rising and falling edges
are set as the valid edge(s) of the TIO0 pin or TIO1 pin to enable the operation of
the 16-bit timer/counter 0 (TMO). Please be careful when pulling up the TI00 pin or
the TIO1 pin. However, when re-enabling operation after the operation has been

stopped once, the rising edge is not detected.

Remarks: 1. fx: Main system clock operation frequency
2. TIOO,TIO1: 16-bit timer/event counter O input pin
3. Figures in parentheses are for operation with fx = 8.0 MHz.
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(5) Port mode register 12 (PM12)
This register sets port 12 input/output in 1-bit units.
When using the P121/TO0/TI00/S6 pin for timer output, set PM121 and the output latch of P121
to 0.
PM12 is set with an 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM12 value to FFH.

Figure 6-6: Port Mode Register 12 (PM12) Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
PM12 | PM127 | PM126 | PM125 | PM124 | PM123 | PM122 | PM121 | PM120 | FF2CH  FFH  RW
PM12n P12n pin input/output mode selection (n =0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)

(6) Port function register 12 (PM12)
This register sets the port function of port 12 in 1-bit units.
When using the timer for timer output or timer input, the register PF12 has to be set to port function.
PM12 is set with an 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM12 value to 00H.

Figure 6-7: Port Function Register 12 (PM12) Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
PF12 | PF127 | PF126 | PF125 | PF124 | PF123 | PF122 | PF121 | PF120 | FFsCH oo  RW
PF12n P12n function selection (n = 0to 7)

0 Port mode
1 LCD mode

Note: For the yPD1616 set always 00H to PF12.
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6.4 16-Bit Timer/Event Counter Operations

6.4.1 Operation as interval timer (16 bits)

The 16-bit timer/event counter operates as an interval timer when the 16-bit timer mode control
register (TMCO) and capture/compare control register 0 (CRCO) are set as shown in Figure 6-8.

In this case, 16-bit timer/event counter repeatedly generates an interrupt at the time interval specified
by the count value set in advance to the 16-bit capture/compare register 00 (CR0O0).

When the count value of the 16-bit timer register (TMO) coincides with the set value of CR0O, the value
of TMO is cleared to 0, and the timer continues counting. At the same time, an interrupt request signal
(INTTMOO) is generated.

The count clock of the 16-bit timer/event counter can be selected by bits 0 and 1 (PRM00 and PRMO01)
of the prescaler mode register 0 (PRMO).

Figure 6-8: Control Register Settings When Timer 0 Operates as Interval Timer

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

TMC03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 1 01 0

\_’_1

Clears and starts on
coincidence between
TMO and CROO.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRCO01CRC00

CRCO 0 0 0 0 0 0/1 0/1 0

L CRO00 as compare
register

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the interval timer function. For details, refer to Figures 6-2 and 6-3.
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Figure 6-9: Configuration of Interval Timer

16-bit capture/compare
register 00 (CR00)

T — INTTMOO

fx/2® ——

x/2

Selector

16-bit timer register (TMO) OVFO

TI01 ©—

Clear circuit

Figure 6-10: Timing of Interval Timer Operation
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Remark: Interval time = (N+1) x t: N = 0000H to FFFFH
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6.4.2 PPG output operation

The 16-bit timer/counter can be used for PPG (Programmable Pulse Generator) output by setting the
16-bit timer mode control register (TMCO) and capture/compare control register 0 (CRCO0) as shown

in Figure 6-11.

The PPG output function outputs a rectangular wave with a cycle specified by the count value set
in advance to the 16-bit capture/compare register 00 (CR00) and a pulse width specified by the count

value set in advance to the 16-bit capture/compare register 01 (CR01).
Figure 6-11: Control Register Settings in PPG Output Operation

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

TMC03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 1 0 0

—T

Clears and starts on
coincidence between
TMO and CROO.

(b) Capture/compare control register 0 (CRCO0)

CRCO02 CRCO1 CRC00

CRCO 0 0 0 0 0 0 X 0

\— CROO0 as compare register

CRO1 as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

TOCO 0 0 0 1 01 01 1 1

\—J \—J \— Enables TOO output

Reverses output on coincidence
between TMO and CROO

Specifies initial value of
TOO output F/F

Reverses output on coincidence
between TMO and CRO1

Disables one-shot pulse output

Remark: x : don’t care
on : can be used for other functions

Caution: Make sure that 0000H < CR01 < CRO00 < FFFFH is set to CR00 and CRO1.
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6.4.3 Pulse width measurement

The 16-bit timer register (TMO) can be used to measure the pulse widths of the signals input to the
TI00 and TI01 pins.

Measurement can be carried out with TMO used as a free running counter or by restarting the timer
in synchronization with the edge of the signal input to the TIOO pin.

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

If the edge specified by the prescaler mode register 0 (PRMO) is input to the TIOO pin when the 16-
bit timer register (TMO) is used as a free running counter (refer to Figure 6-12), the value of TMO is
loaded to the 16-bit capture/compare register 01 (CR0O1), and an external interrupt request signal
(INTTMO1) is set.

The edge is specified by using bits 6 and 7 (ES10 and ES11) of the prescaler mode register 0 (PRMO).

The rising edge, falling edge, or both the rising and falling edges can be selected.

The valid edge is detected through sampling at a count clock cycle selected by the prescaler mode
register On (PRMO), and the capture operation is not performed until the valid level is detected two times.
Therefore, noise with a short pulse width can be rejected.

Figure 6-12: Control Register Settings for Pulse Width Measurement with Free Running Counter
and One Capture Register

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

TMCO03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 0 1 01 0

i—l— Free running mode

(b) Capture/compare control register 0 (CRCO0)

CRCO02 CRCO1 CRC00

CRCO 0 0 0 0 0 1 01 0

L CRO0O0 as compare register

CRO1 as capture register

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the pulse width measurement function. For details, refer to Figures 6-2 and 6-3.
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Figure 6-13: Configuration for Pulse Width Measurement with Free Running Counter
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Figure 6-14: Timing of Pulse Width Measurement with Free Running Counter and One Capture
Register (with both edges specified)
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(2) Measurement of two pulse widths with free running counter

The pulse widths of the two signals respectively input to the TI00 and TI01 pins can be measured when
the 16-bit timer register (TMO) is used as a free running counter (refer to Figure 6-14).

When the edge specified by bits 4 and 5 (ES00 and ES01) of the prescaler mode register 0 (PRMO)
is input to the TI00 pin, the value of the TMO is loaded to the 16-bit capture/compare register 01 (CR01)
and an external interrupt request signal (INTTMO1) is set.

When the edge specified by bits 6 and 7 (ES10 and ES11) of the prescaler mode register 0 (PRMO)
is input to the TIO1 pin, the value of TMO is loaded to the 16-bit capture/compare register 00 (CR00),
and an external interrupt request signal (INTTMOO) is set.

The edges of the TIOO and TI01 pins are specified by bits 4 and 5 (ES00 and ES01) and bits 6 and
7 (ES10 and ES11) of PRMO, respectively. The rising, falling, or both rising and falling edges can be
specified.

The valid edge of TI00 pin and TIO1 pin is detected through sampling at a count clock cycle selected
by the prescaler mode register 0 (PRMO), and the capture operation is not performed until the valid level
is detected two times. Therefore, noise with a short pulse width can be rejected.

Figure 6-15: Control Register Settings for Measurement of Two Pulse Widths with Free Running

Counter
(a) 16-bit timer mode control register (TMCO)
TMCO03 TMCO02 TMCO1 OVFO
TMCO 0 0 0 0 0 1 on 0
\—‘—1— Free running mode
(b) Capture/compare control register 0 (CRCO0)
CRCO02 CRCO1 CRC00
CRCO 0 0 0 0 0 1 0 1

L CRO0O as capture register

Captures valid edge of TI01 pin to CRO0O.

-—————— CRO1 as capture register

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the pulse width measurement function. For details, refer to Figures 6-2 and 6-3.
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e Capture operation (free running mode)
The following figure illustrates the operation of the capture register when the capture trigger is input.

Figure 6-16: CRO1 Capture Operation with Rising Edge Specified

Countclock __| [ [ | [ | [ | | | |
TMO X n-3 X n-2 X n-1 X n X n+1 X
| | |
TI0O0 | A :A % 4
A | ‘ !
Rising edge detection | !
|
| |
CRO1 I n
|
INTTMO1 I |

Figure 6-17: Timing of Pulse Width Measurement with Free Running Counter (with both edges

specified)
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(3) Pulse width measurement with free running counter and two capture registers

When the 16-bit timer register (TMO) is used as a free running counter (refer to Figure 6-17), the pulse
width of the signal input to the TIOO pin can be measured.

When the edge specified by bits 4 and 5 (ES00 and ES01) of the prescaler mode register 0 (PRMO)
is input to the TI0OO pin, the value of TMO is loaded to the 16-bit capture/compare register 01 (CRO1),
and an external interrupt request signal (INTTMO1) is set.

The value of TMO is also loaded to the 16-bit capture/compare register 00 (CR00) when an edge
reverse to the one that triggers capturing to CRO1 is input.

The edge of the TIOO pin is specified by bits 4 and 5 (ES00 and ES01) of the prescaler mode register
0 (PRMO0). The rising or falling edge can be specified.

The valid edge of TI00 pin and TI01 pin is detected through sampling at a count clock cycle selected
by the prescaler mode register 0 (PRMO0), and the capture operation is not performed until the valid level
is detected two times. Therefore, noise with a short pulse width can be rejected.

Caution: If the valid edge of the TI0O pin is specified to be both the rising and falling edges,
the capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 6-18: Control Register Settings for Pulse Width Measurement with Free Running Counter
and Two Capture Registers

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

TMC03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 0 1 0/1 0

—T

Free running mode

(b) Capture/compare control register 0 (CRCO0)
CRC02 CRCO1 CRC00

CRCO 0 0 0 0 0 1 1 1

L CROO as capture register

Captures to CR0O0 at edge reverse to valid
edge o f TIOO pin.

CRO1 as capture register

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the pulse width measurement function. For details, refer to Figures 6-2 and 6-3.
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Figure 6-19: Timing of Pulse Width Measurement with Free Running Counter and Two Capture
Registers (with rising edge specified)
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(4) Pulse width measurement by restarting

When the valid edge of the TI00 pin is detected, the pulse width of the signal input to the TIOOn pin
can be measured by clearing the 16-bit timer register (TMO) once and then resuming counting after
loading the count value of TMO to the 16-bit capture/compare register 01 (CRO1).

The edge of the TIOO pin is specified by bits 4 and 5 (ES00 and ES01) of PRMO. The rising or falling
edge can be specified.

The valid edge is detected through sampling at a count clock cycle selected by the prescaler mode
register 0 (PRMO), and the capture operation is not performed until the valid level is detected two times.
Therefore, noise with a short pulse width can be rejected.

Caution: If the valid edge of the TIOO pin is specified to be both the rising and falling edges,
the capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 6-20: Control Register Settings for Pulse Width Measurement by Restarting

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

TMC03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 0 0/1 0

\—‘—1— Clears and starts at valid edge of TI00 pin.

(b) Capture/compare control register 0 (CRCO0)

CRCO02 CRCO1 CRC00

CRCO 0 0 0 0 0 1 1 1

L NCROO as capture register

Captures to CR00 at edge reverse to
valid edge of TIOO.

L—————— CRO01 as capture register

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the pulse width measurement function. For details, refer to Figures 6-2 and 6-3.
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Figure 6-21: Timing of Pulse Width Measurement by Restarting (with rising edge specified)
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6.4.4 Operation as external event counter
16-bit timer/event counter can be used as an external event counter which counts the number of clock

pulses input to the TIOO pin from an external source by using the 16-bit timer register (TMO).

D2 x 1

Each time the valid edge specified by the prescaler mode register 0 (PRMO) has been input to the
TI0O0 pin, TMO is incremented.
When the count value of TMO coincides with the value of the 16-bit capture/compare register 00
(CR00), TMO is cleared to 0, and an interrupt request signal (INTTMOO) is generated.

The edge of the TIOO pin is specified by bits 4 and 5 (ES00 and ES01) of the prescaler mode

register 0 (PRMO0). The rising, falling, or both the rising and falling edges can be specified.

The valid edge is detected through sampling at a count clock cycle, selected by the prescaler mode
register 0 (PRMO) and performed until the valid level is detected two times. Therefore, noise with a
short pulse width can be rejected.
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Figure 6-22: Control Register Settings in External Event Counter Mode

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

TMCO03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 1 0/1 0

\—‘—1— Clears and starts on coincidence

between TMO and CRO0O

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRCO1 CRC00

CRCO 0 0 0 0 0 01 0/1 0

L

CRO0O0 as compare register

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the external event counter function. For details, refer to Figures 6-2 and 6-3.

Figure 6-23: Configuration of External Event Counter

16-bit capture/compare
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Clear
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fx/2° 3
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S Internal bus S
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Figure 6-24: Timing of External Event Counter Operation (with rising edge specified)
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|

|

AN 1

|

CRO00 N ( |
' |

|

|

INTTMOO N |_|
(

Caution: Read TMO when reading the count value of the external event counter.

6.4.5 Operation to output square wave

The 16-bit timer/event counter can be used to output a square wave with any frequency at an interval
specified by the count value set in advance to the 16-bit capture/compare register 00 (CRO0O0).

By setting bits 0 (TOEO) and 1 (TOCO01) of the 16-bit timer output control register to 1, the output status
of the TOO pin is reversed at an interval specified by the count value set in advance to CR0O. In this
way, a square wave of any frequency can be output.
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Figure 6-25: Set Contents of Control Registers in Square Wave Output Mode

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

TMCO03 TMC02 TMCO1 OVFO

TMCO 0 0 0 0 1 1 01 0

\—‘—1— Clears and starts on coincidence

between TMO and CRO0O.

(b) Capture/compare control register 0 (CRCO0)

CRC02 CRCO1 CRC00

CRCO 0 0 0 0 0 0/1 01 0

L CRO00 as compare register

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

OSPT OSPE TOCO04 LVSO LVRO TOCO1 TOEO

TOCO 0 0 0 0 01 on 1 1
LI LI L Enables TOO output
Reverses output on coincidence

between TMO0 and CRO0O

Specifies initial value of TOO
output F/F

Does not reverse output on coincidence
between TMO and CRO1

Disables one-shot pulse output

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the square wave output function. For details, refer to Figures 6-2, 6-3, and 6-4.

Figure 6-26: Timing of Square Wave Output Operation
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6.5 16-Bit Timer/Event Counter Operating Precautions

(1) Error on starting timer

An error of up to 1 clock occurs before the coincidence signal is generated after the timer has been
started.

This is because the 16-bit timer register (TMO) is started asynchronously in respect to the count pulse.

Figure 6-27: Start Timing of 16-Bit Timer Register

Count pulses _/_\ / \ / \ / \ / \

TMO count value 0000H X 0001H X 0002H X ©0003H X 0004H

|

Timer starts

(2) 16-bit compare register setting
Set another value than 0000H to the 16-bit captured compare register CR00, CR0O1. This means, that
a 1-pulse count operation cannot be performed, when it is used as event counter.

(8) Setting compare register during timer count operation

If the value to which the current value of the 16-bit capture/compare register 00 (CR00) has been
changed is less than the value of the 16-bit timer register (TMO0), TMO continues counting, overflows,
and starts counting again from 0. If the new value of CRO0 (M) is less than the old value (N), the timer
must be restarted after the value of CR00O has been changed.

Figure 6-28: Timing after Changing Compare Register during Timer Count Operation

Count pulse j \ / \ / \—??—/ \_/_\_/_\_/_\_
CR00 N X \/\\/\ M
TMO count :X X-1 X X X

FFFFH X 0000H X 0001H X 0002H

e

Remark: N>X>M
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(4) Data hold timing of capture register

If the valid edge is input to the TIOO pin while the 16-bit capture/compare register 01 (CRO01) is read,
CRO1 performs the capture operation, but this capture value is not guaranteed. However, the interrupt
request flag (INTTMO1) is set as a result of detection of the valid edge.

Figure 6-29: Data Hold Timing of Capture Register

Count pulse j \ / \ / \ /_LJ_\_/_\_/_L
TMO count N X Net X Ne2 X /\ MoX Me X Me2

Edge input \ /
Interrupt request flag | | l_l
Capture read signal /—\—

CRO1 interrupt value X X )(

Capture

—— -

N+1

P
o

(5) Setting valid edge

Before setting the valid edge of the TI00 pin, stop the timer operation by resetting bits 2 and 3 (TMC02
and TMCO03) of the 16-bit timer mode control register to 0, 0. Set the valid edge by using bits 4 and
5 (ES00 and ES01) of the prescaler mode register 0 (PRMO).
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(6) Operation of OVFO0 flag
The OVFO flag is set to 1 in the following case:
Select mode in which 16-bit timer/counter is cleared and started on coincidence between TMO and
CROO0.
\2
Set CR0OO to FFFFH
2
When TMO counts up from FFFFH to 0000H

Figure 6-30: Operation Timing of OVFO Flag

Count pulse

CRo0 FFFFH /

X 0000H X 0001H X

T™O FFFEH X FFFFH

/
\
\

INTTMOO

(7) Contending operations

(a) The contending operation between the read time of 16-bit capture/compare register
(CR0O0/CRO01) and capture trigger input (CR00/CR01 used as capture register)
Capture/trigger input is prior to the other. The data read from CROO/CRO1 is not defined.

(b) The coincidence timing of contending operation between the write period of 16-bit
capture/compare register (CR00/CR01) and 16-bit timer register (TM0) (CR00/CR01 used
as a compare register)

The coincidence discriminant is not performed normally. Do not write any data to CR00/CRO1
near the coincidence timing.

(8) Timer operation

(a) Even if the 16-bit timer/counter 0 (TMO) is read, the value is not captured by 16-bit timer capture/
compare register 01 (CRO1).

(b) Regardless of the CPU's operation mode, when the timer stops, the input signals to pins T100/
TI01 are not aknowledged.
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(9) Capture operation

(a) If TI0O is specified as the valid edge of the count clock, capture operation by the capture register
specified as the trigger for TI00 is not possible.

(b) If both the rising and the falling edges are selected as the valid edges of TI00, capture is not
performed.

(c) To ensure the reliability of the capture operation, the capture trigger requires a pulse two times
longer than the count clock selected by prescaler mode register 0 (PRMO).

(d) The capture operation is performed at the fall of the count clock. An interrupt request input
(INTTMON), however, is generated at the rise of the next count clock.

(10) Compare operation

(a) The INTTMO may not be generated if the set value of 16-bit timer capture registers 00, 01 (CRO0O0,
CRO1) and the count value of 16-bit timer/counter 0 (TMO) match and CR0O0 and CRO1 are
overwritten at the timing of INTTMO generation. Therefore, do not overwrite CR0O0 and CRO1
frequently even if overwriting the same value.

(b) Capture operation may not be performed for CR00/CR01 set in compare mode even if a capture
trigger has been input.

(11) Edge detection

(a) If the TIOO pin or the TIO1 pin is high level immediately after system reset and rising edge or
both the rising and falling edges are specified as the valid edge for the TIOO pin or TIO1 pin to
enable the 16-bit timer/counter 0 (TMO) operation, a rising edge is detected imediately after.
Be careful when pulling up the TI0O0 pin or the TIO1 pin. However, the rising edge is not detected
at restart after the operation has been stopped once.

(b) The sampling clock used to remove noise differs when a TI00 pin valid edge is used as a count
clock and when it is used as a capture trigger. In the former case, the count clock is fx/2, and
in the latter case the count clock is selected by prescaler mode register 0 (PRMO). When a valid
level of the TI0O pin is detected twice by sampling with the above-mentioned sampling clock,
the capture operation is started, therefore noise with short pulse can be removed.
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[Memo]
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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 8-bit timer event counters 50 and 51 (TM50, TM51) have the following functions.
¢ |nterval timer
e External event counter

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

Remarks:

Table 7-1: 8-Bit Timer/Event Counter 50 Interval Times

Minimum Interval Width

Maximum Interval Width

Resolution

2' x 1/fx (250 ns)

2° x 1/fx (64 us)

2" x 1/fx (250 ns)

2° x 1/fx (1 us)

2" x 1/fx (256 us)

2° x 1/fx (1 us)

2° x 1/fx (4 us)

2" x 1/fx (1 ms)

2" x 1/fx (16 us)

2'"° x 1/fx (4 ms)

2" x 1/fx (16 us)

2° x 1/fx (32 us)

(
(
2° x 1/fx (4 ps)
(
(

2° x 1/fx (32 us)

2" x 1/fx (256 us)

(

(
2'° x 1/fx (8 ms)
2" x 1/fx (65 ms)

2" x 1/fx (256 us)

Table 7-2: 8-Bit Timer/Event Counter 51 Interval Times

Minimum Interval Width

Maximum Interval Width

Resolution

1/fx (125 ns)

2° x 1/fx (32 us)

1/fx (125 ns)

2* x 1/fx (2 us)

2" x 1/fx (512 us)

2* x 1/fx (2 us)

2° x 1/fx (8 us)

2" x 1/fx (2 ms)

2° x 1/fx (8 us)

2'° x 1/fx (4 ms)

2" x 1/fx (16 us)

(

(
2" x 1/fx (16 us)
2° x 1/fx (32 us)

2'° x 1/fx (8 ms)

2° x 1/fx (32 us)

2" x 1/fx (128 ps)

2" x 1/fx (32 ms)

2'° x 1/fx (128 us)

1. fx: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 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

Remarks:

Minimum Pulse Width

Maximum Pulse Width

Resolution

2' x 1/fx (250 ns)

2° x 1/fx (64 us)

2' x 1/fx (250 ns)

2° x 1/fx (1 us)

2" x 1/fx (256 us)

2° x 1/fx (1 us)

2° x 1/fx (4 us)

2" x 1/fx (1 ms)

2" x 1/fx (16 us)

2'° x 1/fx (4 ms)

2" x 1/fx (16 us)

2° x 1/fx (32 us)

8 ms)

(
(
2° x 1/fx (4 ps)
(
(

2° x 1/fx (32 us)

2" x 1/fx (256 us)

(
(
2'° x 1/fx (
2'° x 1/fx (65 ms)

2" x 1/fx (256 us)

Table 7-4: 8-Bit Timer/Event Counter 50 Square-Wave Output Ranges

Minimum Pulse Width

Maximum Pulse Width

Resolution

1/fx (125 ns)

2° x 1/fx (32 us)

1/fx (125 ns)

2* x 1/ix (2 us)

2° x 1/fx (512 us)

2" x 1/ix (2 us)

2° x 1/ix (8 us)

2" x 1/fx (2 ms)

2° x 1/ix (8 us)

2" x 1/fx (4 ms)

(

(
2" x 1/fx (16 us)
2° x 1/fx (32 us)

(

(
2° x 1/fx (16 us)
27 x 1/fx (32 us)

2'° x 1/fx (128 us)

(
2% x 1/fx (8 ms)
2% x 1/fx (32 ms)

2% x 1/fx (128 us)

(4) PWM output
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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 7-5: 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 5 and 6 (TMC50, TMC51)
Port mode registers 0 (PMO)

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

S Internal Bus S

i

8-Bit Compare

Register (CR50)
fx/21 ‘ ‘ Match
fx/23 - INTTM50
fx/2° — ote
IZEZ 5 8-Bit Timer OVF 7| Output
© ) Control
ol % Register n (TM50) ———©O TO50/P06/TI50
n 1 i
TI50/P06/TO50 ©—
Clear
Selector
Y 6
4
2
TCL| TCL| TCL TCE | TMC | LVS| LVR | TMC | TOE
502 | 501 | 500 50 | 506 | 50 | 50 | 501 50
Timer Clock Select 8-Bit Timer Mode
Register 50 Control Register 50
S Internal Bus S
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

Internal Bus S

i

8-Bit Compare
Register (CR51)

fx Match - INTTM51
fx/2* f? - 5
fx/28 — ote
g((//g; S 8-Bit Timer OVF | Output
= -Dl |
»| Control
/210 % Register n (TM51) —O) TO51/P07/TI51
@ 1
TI51/P07/TO51 ©—
Clear
Selector |«
A 6
4
2
TCL | TCL | TCL TMC | TCE | LVS | LVR | TMC | TOE
512 | 511 | 510 51 516 51 51 511 | 51
Timer Clock Select 8-Bit Timer Mode
Register 51 Control Register 51
Internal Bus S
Note: Refer to Figure 7-3 for details of configurations of 8-bit timer/event counters 50 and 51

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

TMCn1 TMCn6
RESET —

)
v > T 1
Q - 3

LVSn ~[s 3 iD TO50/P06/TI50,

MG — & ) >O—1> O 1951/P07TI51

INV
PM06,

TMCn6 — P0o6, PO7

PMO07
INTTMn Output Latch

PWM Output Circuit
Timer Output F/F2

TCEn
INTTMn q:} R Level

Q -
OVFn -3 F/F

TOENn

Remarks: 1. The section in the line is an output control circuit.
2.n =50, 51

(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 O0OH to FFH values can be set.

RESET input sets CR50 and CR51 values to 00H.

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

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

These 8-bit registers count count pulses.

TM50 and TM51 are read with an 8-bit memory manipulation instruction.
RESET input sets TM50 and TM51 to O0H.
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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.

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

(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 O0H.

Figure 7-4: Timer Clock Select Register 50 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
TCL50 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘TCLSOZ‘TCLSM’TCLSOO' FF71H 00H R/W
ITCL502|TCL501[TCL500| 8-bit Timer Register 50 Count Clock Selection

0 0 0 | TI50 falling edge "™

0 0 1| TI50 rising edge "

0 1 0 |fx2' (4.0MHz)

0 1 1 x/2° (1.0 MHz)

1 0 0 | fx2° (250 kHz)

1 0 1 fx/2”  (62.5 kHz)

1 1 0 | e® (31.25kHz)

1 1 1| x2" (3.9kHz)

Other than above Setting prohibited

Note: When clock is input from the external, timer output (PWM output) cannot be used.
Caution: When rewriting TCL50 to other data, stop the timer operation beforehand.
Remarks: 1. fx: Main system clock oscillation frequency

2. TI50: 8-bit timer register 50 input pin
3. Values in parentheses apply to operation with fx = 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 Format

Symbol 7 6 5 4 3 2 9 0 Address After Reset R/W
TCL51 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘TCL512‘TCL511’TCL510| FF75H 00H R/W
[TCL512|TCL511|TCL510] 8-bit Timer Register 51 Count Clock Selection
0 0 0 | TI51 falling edge "
0 0 1| TI151 rising edge "
0 1 0 | (8.0MHz)
0 1 1 fx/2* (500 kHz)
1 0 0 | we® (125kH2)
1 0 1 | 2" (625kHz)
1 1 0 | fx2® (31.25kHz)
1 1 1| 2" (7.8kHz)
Other than above Setting prohibited
Note: When clock is input from the external, timer output (PWM output) cannot be used.

Caution: When rewriting TCL51 to other data, stop the timer operation beforehand.

Remarks: 1. fx: Main system clock oscillation frequency
2. TI51: 8-bit timer register 51 input pin
3. Values in parentheses apply to operation with fx = 8.0 MHz
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(3) 8-bit timer mode control register 50 (TMC50)

This register enables/stops operation of 8-bit timer register 50, sets the operating mode of 8-bit timer
register 50 and controls operation of 8-bit timer/event counter 50 output control circuit.

It selects the R-S flip-flop (timer output F/F 1,2) setting/resetting, the active level in PWM mode,
inversion enabling/disabling in modes other than PWM mode and 8-bit timer/event counter 5 timer output
enabling/disabling.

TMC50 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC50 to 04H.

Figure 7-6: 8-Bit Timer Output Control Register 50 Format

Symbol <7> 6 5 4 <3> <2> 1 <0> Address  After Reset R/W
TMCSOlTCESO‘TMCSOG‘ 0 \ 0 ‘LVSSO‘LVR50‘TMCSO1‘TOE50| FF70H 04H RIW

[TOE50| 8-Bit Timer/Event Counter 50 Output Control

0 Qutput disabled (Port mode)

1 Output enabled

In PWM Mode In Other Mode
TMC501
Active level selection | Timer output F/F1 control
0 Active high Inversion operation disabled
1 Active low Inversion operation enabled

8-Bit Timer/Event Counter 50 Timer

LVS50) LVRS0 Output F/F1 Status Setting

0 0 No change

0 1 Timer output F/F1 reset (0)

1 0 Timer output F/F1 set (1)

1 1 Setting prohibited

TMC506 | 8-Bit Timer/Event Counter 50 Operating Mode Selection

0 Clear & start mode on match of TM50 and CR50

1 PWM mode (free-running)

TCES5O0 | 8-Bit Timer Register 50 Operation Control

0 Operation Stop (TM50 clear to 0)

1 Operation Enable

Cautions: 1. Timer operation must be stopped before setting TMC50.
2. If LVS50 and LVR50 are read after data are set, they will be 0.
3. Be sure to set bit 4 and bit 5 to 0.

Note: If TM50 is used as clock generation for SIO3, no clock will be supplied to SIO3 unless
TOESO0 is set to 1. In this case a square wave signal is output from the TO50 pin.
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(4) 8-bit timer mode control register 51 (TMC51)

This register enables/stops operation of 8-bit timer register 51, sets the operating mode of 8-bit timer
register 51 and controls operation of 8-bit timer/event counter 51 output control circuit.

It selects the R-S flip-flop (timer output F/F 1,2) setting/resetting, active level in PWM mode, inversion
enabling/disabling in modes other than PWM mode and 8-bit timer/event counter 51 timer output
enabling/disabling.

TMC51 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC51 to 04H.

Figure 7-7: 8-Bit Timer Output Control Register 51 Format

Symbol <7> 6 5 4 <3  <2> 1 <0> Address  After Reset  R/W
TMC51 |TCE51‘TMCS16‘ 0 ‘ 0 ‘LVSS1‘LVR6‘TMCS11‘TOE51| FF74H 04H R/W

TOES51| 8-Bit Timer/Event Counter 51 Output Control

0 Qutput disabled (Port mode)

6 QOutput enabled

In PWM Mode In Other Mode
TMC511
Active level selection | Timer output F/F1 control
0 Active high Inversion operation disabled
1 Active low Inversion operation enabled

8-Bit Timer/Event Counter 51 Timer
Output F/F1 Status Setting

LVS51 LVR51

0 0 No change

0 1 Timer output F/F1 reset (0)

1 0 Timer output F/F1 set (1)

1 1 Setting prohibited

TMC516 |8-Bit Timer/Event Counter 51 Operating Mode Selection

0 Clear & start mode on match of TM51 and CR51

1 PWM mode (free-running)

TCES51| 8-Bit Timer Register 51 Operation Control

0 Operation Stop (TM51 clear to 0)

1 Operation Enable

Cautions 1. Timer operation must be stopped before setting TMC51.
2. If LVS51 and LVR51 are read after data are set, they will be 0.
3. Be sure to set bit 4 and bit 5 to 0.
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(5) Port mode register 0 (PMO)

This register sets port 0 input/output in 1-bit units.

When using the P06/T150/TO50 and P07/TI51/TO51 pins for timer output, set PM06, PM07 and output
latches of P06 and P07 to O.

PMO is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PMO to FFH.

Figure 7-8: Port Mode Register 0 Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
PMO |PMO7|PMO6| 1 1 1 PMO02 | PMO1 | PMOO FF20H FFH R/W

I

PMOn | POn Pin Input/Output Mode Selection (n=0 to 7)

0 | Output mode (output buffer ON)

1 Input mode (output buffer OFF)
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7.4 8-Bit Timer/Event Counters 50 and 51 Operations

7.4.1 Interval timer operations

Setting the 8-bit timer mode control registers (TMC50 and TMC51) as shown in Figure 7-9 allows
operation as an interval timer. Interrupts are generated repeatedly using the count value preset in 8-
bit compare registers (CR50 and CR51) as the interval.

When the count value of the 8-bit timer register 50 or 51 (TM50, TM51) matches the value set to CR50
or CR51, counting continues with the TM50 or TM51 value cleared to 0 and the interrupt request signal
(INTTM50, INTTM51) is generated.

Count clock of the 8-bit timer register 50 (TM50) can be selected with the timer clock select register
50 (TCL50) and count clock of the 8 bit timer register 51 (TM51) can be selected with the timer clock
select register 51 (TCL51).

Figure 7-9: 8-Bit Timer Mode Control Register Settings for Interval Timer Operation

TCEn TMCn6 LVSn LVRn TMCn1 TOEn

TMCn 1 0 0 0 01 0/1 01 0/1

Clear and start on match of TMn and CRn

TMn operation enable

Remarks: 1.0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval
timer. See 9.3 (3), (4) for details.
2.n =50, 51

Figure 7-10: Interval Timer Operation Timings (1/3)

(@) When N = 00H to FFH

| |
ot
i i
i i
| |

N ‘ N ‘ N ‘
TMn Count Value oo X o1 ) /B N X 0o X o u N X oo X o1 u; X N X
A A

| |
i Clear Clear i
| ! ! |
1 N } N } N 1

CRn N // N // N /)N
; N¥ ; (C ; (T ;
| | | |
| | | |
3 2 i 2 i 2 3
| | | |

TCEn J 3 3 3
- | | |
1Count Start ! ! }
|

INTTMn | )) |_| )) |_| ) |—
; € } ¢ } € }
i | Interrupt Acknowledge | Interrupt Acknowledge |
| | )) | |
|
Ton i b)) - ) l_
} [€8 | | ¢ |
| | | |
i Interval Time i Interval Time i Interval Time i
Remarks: 1. Interval time = (N + 1) x t: N = O0H to FFH
2. n = 50, 51

3. Signal output at TO50, when defined as square wave output.
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Figure 7-10: Interval Timer Operation Timings (2/3)

(b) When CRn = 00H

Count clock_l_rl_l_l_l—u_l_'_l_'_l_'_l_
TMn O0OH, | OOH | OOH ! ! | |
CRn || 00H | OOH | ‘ | !
Teen __ [0 T T T T
Tion [ 1 |
| ! : : : :
Interval time
(c) When CRn = FFH
| t |
-
conteock _[T] [ L ___ T LT LT LT L
™ o[ .. [FE[FFloo] - | FE [ FF [ oo |
CRn ' FF N FF - FF

INTTMn [ [

| A A
. Interrupt received . Interrupt
|

I received

TIOn

Interval time !

Remark: n =50, 51
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Figure 7-10: Interval Timer Operation Timings (3/3)

(d) Operated by CR5n transition (M < N)

Countclock|||||||||||||||||||||||

TMn NIOOHI [ m | | N | |FFH-00H| |MIO0H|
CRn 3 N x ; M 3
roen ™ ; ; i
T _ ] | | M
TIOn_' : : |‘
éRn transition ':'Mn overflows since M < N

(e) Operated by CR5n transition (M > N)

Countclock||||||||||||||||||I||||

TMn |ND1|N'OOH|O1:H| | N | |MB||M|00H|01H|
CRn N 3 X M 3
TCEn i i i
INTTMn |_| |_|
Tion _| | |‘
éRn transition

Remark: n =50, 51
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Table 7-6: 8-Bit Timer/Event Counters 50 Interval Times

TCLn2 | TCLn1 | TCLnO | Minimum Interval Time Maximum Interval Time Resolution
0 0 0 Tin input cycle 2° x Tin input cycle Tin input edge input cycle
0 0 1 Tin input cycle 2° x Tin input cycle Tin input edge input cycle
0 1 0 2" x 1/fx (250 ns) 2° x 1/fx (64 ps) 2' x 1/fx (250 ns)
0 1 1 2° x 1/ix (1 us) 2" x 1/fx (256 us) 2° x 1/ix (1 us)
1 0 0 2° x 1/ix (4 us) 2" x 1/ix (1 ms) 2° x 1/fx (4 us)
1 0 1 2" x 1/fx (16 ps) 2'° x 1/ix (4 ms) 2" x 1/ix (16 ps)
1 1 0 2° x 1/fx (32 ps) 2'° x 1/ix (8 ms) 2° x 1/ix (32 ps)
1 1 1 2" x 1/fx (256 ps) 2" x 1/fx (65 ms) 2" x 1/fx (256 ps)
Other than above Setting prohibited

Table 7-7: 8-Bit Timer/Event Counters 51 Interval Times

TCLn2 | TCLn1 | TCLnO | Minimum Interval Time Maximum Interval Time Resolution
0 0 0 Tin input cycle 2° x Tin input cycle Tin input edge input cycle
0 0 1 Tin input cycle 2° x Tin input cycle Tin input edge input cycle
0 1 0 1/fx (125 ns) 2° x 1/fx (32 ps) 1/fx (125 ns)
0 1 1 2 x 1/ix (2 us) 2" x 1/fx (512 us) 2* x 1/fx (2 us)
1 0 0 2° x 1/fx (8 us) 2" x 1/fx (2 ms) 2° x 1/fx (8 us)
1 0 1 2" x 1/fx (16 ps) 2'° x 1/ix (4 ms) 2" x 1/ix (16 ps)
1 1 0 2° x 1/fx (32 ps) 2'° x 1/ix (8 ms) 2° x 1/ix (32 ps)
1 1 1 2% x 1/fx (128 ps) 2% 1/fx (32 ms) 2% x 1/fx (128 ps)
Other than above Setting prohibited

Remarks:

3.n =50, 51
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7.4.2 External event counter operation

The external event counter counts the number of external clock pulses to be input to the TI50/P06/TO50
and TI51/P07/TO51 pins with 8-bit timer registers 50 and 51 (TM50 and TM51).

TM50 and TM51 are incremented each time the valid edge specified with timer clock select registers
50 and 51 (TCL50 and TCL51) is input. Either rising or falling edge can be selected.

When the TM50 and TM51 counted values match the values of 8-bit compare registers (CR50 and
CR51), TM50 and TM51 are cleared to 0 and the interrupt request signals (INTTM50 and INTTM51) are
generated.

Figure 7-11: 8-Bit Timer Mode Control Register Setting for External Event Counter Operation

TCEn TMCn6 LVSn LVRn TMCn1 TOEn

TMCn 1 0 0 0 X X X 0

L TOn output disable

Clear & start mode on match of TMn and CRn

TMn operation enable

Remarks: 1.n = 50, 51
2. x: don’t care

Figure 7-12: External Event Counter Operation Timings (with Rising Edge Specified)

TMn Count Value 00 ot o2 )13 oa os ) //Nna1)X N foo) ot Xo2) os)

CRn N/

1

|

C |

TCEn J |
|

|

|

INTTMn o)) l_l

Remarks: 1.N = 00H to FFH
2.n =50, 51
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7.4.3 Square-wave output

A square wave with any selected frequency is output at intervals of the value preset to 8-bit compare
registers (CR50 and CR51).

The TO50/P06/TI50 or TO51/P07/T151 pin output status is reversed at intervals of the count value preset
to CR50 or CR51 by setting bit 1 (TMC501) and bit 0 (TOES50) of the 8-bit timer output control register
5 (TMC50), or bit 1 (TMC511) and bit 0 (TOE51) of the 8-bit timer mode control register 6 (TMC51)
to 1.

This enables a square wave of any selected frequency to be output.

Figure 7-13: 8-Bit Timer Mode Control Register Settings for Square-Wave Output Operation

TCEn TMCn6 LVSn LVRn TMCn1 TOEn

TMCn 1 0 0 0 01 0/1 1 1

LJ L TOnN output enable

Inversion of output on match of TMn and CRn

Specifies TO1 output F/F1 initial value

Clear and start mode on match of TMn and CRn

TMn operation enable

Caution: When TI50/P06/TO50 or TI51/P07/TO51 pin is used as the timer output, set port
mode register (PM00 or PM07) and output latch to 0.

Remark: n =50, 51

Figure 7-14: Square-wave Output Operation Timing

coutaook _[ LI LI LI LTI T

TMn countvalue __ 00H X01HX02HX X N-1 X N XooHXotHXo2HX X N-1X N_XooH
~
Count start
CRn N o o

TonNole . | 1

Note: TOn outputinitial value can be set by bits 2and 3 (LVRn, LVSn) of the 8-bit timer mode control
register TCMn.

Remark: n =50, 51
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Remarks:

Table 7-8: 8-Bit Timer/Event Counters 50 Square-Wave Output Ranges

Minimum Pulse Time

Maximum Pulse Time

Resolution

2' x 1/fx (250 ns)

2° x 1/fx (64 us)

2' x 1/fx (250 ns)

2° x 1/fx (1 ps)

2" x 1/fx (256 us)

2° x 1/fx (1 us)

2° x 1/fx (4 ps)

2" x 1/fx (1 ms)

2° X 1/fx (4 us)

2" x 1/fx (16 us)

2'"° x 1/fx (4 ms)

2" x 1/fx (16 us)

2° x 1/fx (32 us)

2° x 1/fx (32 us)

2" x 1/fx (256 us)

(

(
2'° x 1/fx (8 ms)
2" x 1/fx (65 ms)

2" x 1/fx (256 us)

Table 7-9: 8-Bit Timer/Event Counters 51 Square-Wave Output Ranges

Minimum Pulse Time

Maximum Pulse Time

Resolution

1/fx (125 ns)

2° x 1/fx (32 us)

1/fx (125 ns)

2* x 1/fx (2 ps)

2% x 1/fx (512 us)

2* x 1/fx (2 us)

2° x 1/fx (8 us)

2" x 1/fx (2 ms)

2° x 1/fx (8 us)

2" x 1/fx (16 us)

2'° x 1/fx (4 ms)

2" x 1/fx (16 us)

2° x 1/fx (32 us)

2° x 1/fx (32 us)

2'° x 1/fx (128 us)

(

(
2'° x 1/fx (8 ms)
2'® x 1/fx (32 ms)

2'° x 1/fx (128 us)

1. f: Main system clock oscillation frequency
2. Values in parentheses when operated at fx = 8.0 MHz.

3.n =50, 51
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7.4.4 PWM output operations

Setting the 8-bit timer mode control registers (TMC50 and TMC51) as shown in Figure 7-15 allows
operation as PWM output. Pulses with the duty rate determined by the values preset in 8-bit compare
registers (CR50 and CR51) output from the TO50/P06/TI50 or TO51/P07/T151 pin.

Select the active level of PWM pulse with bit 1 of the 8-bit timer mode control register 50 (TMC50) or
bit 1 of the 8-bit timer mode control register 51 (TMC51).

This PWM pulse has an 8-bit resolution. The pulse can be converted into an analog voltage by
integrating it with an external low-pass filter (LPF). Count clock of the 8-bit timer register 50 (TM50)
can be selected with the timer clock select register 50 (TCL50) and count clock of the 8-bit timer register
51 (TM51) can be selected with the timer clock select register 51 (TCL51).

PWM output enable/disable can be selected with bit 0 (TOE50) of TMC50 or bit 0 (TOE51) of TMC51.

Figure 7-15: 8-Bit Timer Control Register Settings for PWM Output Operation

TCEn TMCn6 LVSn LVRn TMCn1 TOEn

TMCn 1 1 0 0 X X 0/1 1

[

————— Sets active level

TOn output enable

PWM mode

TMn operation enable

Remarks: 1.n =50, 51
2. x: don't care
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Count Clock

TMn Count Value

CRn

TCEn

INTTMn

OVFn

TOn

Remark:

CRn Changing
(M—~N)

Figure 7-16: PWM Output Operation Timing (Active high setting)
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Inactive Level

n = 50, 51
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Active Level

[§8

Inactive Level —

Inactive Level

Figure 7-17: PWM Output Operation Timings (CRn0 = 00H, active high setting)

Count Clock

TMn Count Value

CRn

TCEn

INTTMn

OVFn

TOn

Remark:

CRn Changing
(M —00)

igEpEpEpEN

0_ Xo1on)QZXFFXooXmon)QZXFFXoo

x

01 00

(L

00

(L

o

D)

J)

[§4

)

[§4

e - J o |-~

)

]

S8

)

€8

iy

[S§

D)

[§4

)

Inactive Level

n =50, 51

€9

Inactive Level
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Figure 7-18: PWM Output Operation Timings (CRn = FFH, active high setting)

CountCIock|||}||||||||I|||I||||I|I||||

TMn Count Value

CRn

TCEn

INTTMn

OVFn

TOn

00_ Xo1on)QZXFFXooXmon)QZXFFXOOXmoo

FF

/(L

FF //

)

C

)

]

)

=
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)

N8

J)

C
)

C

Inactive Level

Remark: n =50, 51

Active Level

Inactive Level

Inactive Level

Active Level

Figure 7-19: PWM Output Operation Timings (CRn changing, active high setting)

CRn Changing
(N—~M)

TOn

C

)

S8

8§

Count ?
Clock )
| | | | | | | | |
TMn | | | | | | | | |
Count x FF 00 01 02 X?zx N N+1 X N+2 XjZX FF 00 01 02 XjZX M M+1 M+2M
Value X X X X X X X X X X
| | | | | | |
|
CANO /l N X v 5
: : \C : : : : ! ! !
| | ) | | ) 1 | ) | | |
T T ¢ T T C | I NS I !
TeEn s s - : s -
| | I—
| | | | | | | |
| | | | | | | |
| | | | | |
| | | | |
INTTMn | | ) [ N | | N [
} } [SS } [S§ } } S8 }
OVFn | | i i | | i i
! J) ! )) ! )) !
| C | C ; 1C ;
! ) ! ! )) !

Active Level

Remark: n =50, 51

Inactive Level

Active Level

Inactive Level

Caution: If CRnis changed during TMn operation, the value changed is not reflected until TMn
overflows.
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7.5 Cautions on 8-Bit Timer/Event Counters 50 and 51

(1) Timer start errors

An error with a maximum of one clock might occur concerning the time required for a match signal to
be generated after the timer starts. This is because 8-bit timer registers 50 and 51 are started

asynchronously with the count pulse.

Figure 7-20: 8-bit Timer Registers 50 and 51 Start Timings

TMn Count Value 00H X 01H X 02H X 03H X 04H

|

Timer Start

Remark: n =50, 51

(2) Compare registers 50 and 51 sets

The 8-bit compare registers (CR50 and CR51) can be set to 00H.

Thus, when an 8-bit compare register is used as an event counter, one-pulse count operation can be

carried out.

Figure 7-21: External Event Counter Operation Timings

CRn 00H

TMn Count Value X 00H X 00H X 00H X 00H

Interrupt Request Flag |_| |_| I_l |—|

Remark: n =50, 51
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(3) Operation after compare register change during timer count operation

If the values after the 8-bit compare registers (CR50 and CR51) are changed are smaller than those
of 8-bit timer registers (TM50 and TM51), TM50 and TM51 continue counting, overflow and then restarts
counting from 0. Thus, if the value (M) after CR50 and CR51 change is smaller than that (N) before
change it is necessary to restart the timer after changing CR50 and CR51.

Figure 7-22: Timings after Compare Register Change during Timer Count Operation
CRn N X // M
TMn Count Value x1 X x X /D( FFH X ooH X otH X 02H

Remark: n =50, 51
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[Memo]

167



pPD1615A(A), uPD1615B(A), yPD1615F(A), uPD1616F(A), pPD16F15A

NEC

8.1 Watch Timer Functions

The watch timer has the following functions:

e Watch timer

e |nterval timer

Chapter 8 Watch Timer

The watch timer and the interval timer can be used simultaneously.
The figure 8-1 shows Watch Timer Block Diagram.

/27 —=

fxr ——

Selector

fw

168

Figure 8-1: Block Diagram of Watch Timer

il

Clear

9-bit prescaler

fw | fw | fw
24| 25| 26

fw
27

fw

28

29

5-bit counter

Clear

—— = INTWT

Selector ( Selector

[wrmz|wrme[wrms|wrma|wrms| o [wrmi|wTmo|

Watch timer mode
control register (WTM)

Internal bus

INTWTI
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(1) Watch timer

When the main system clock or subsystem clock is used, interrupt requests (INTWT) are generated
at 0.5 second intervals.

(2) Interval timer

Interrupt requests (INTWTI) are generated at the preset time interval.

Remark: fx: Main system clock oscillation frequency
fxt:  Subsystem clock oscillation frequency

Table 8-1: Interval Time Selection

v ime | TR | o e
2'/fw 256 s 488 s

2w 512 us 977 us

2°/fw 1ms 1,95 ms

2'/fw 2ms 3,91 ms

2°/fw 4 ms 7,81 ms

2°/fw 8,19 ms 15,6 ms

8.2 Watch Timer Configuration

The watch timer consists of the following hardware.

Table 8-2: Watch Timer Configuration

ltem

Configuration

Counter

5 bits x 1

Prescaler

9 bits x 1

Control register

Watch timer mode control register (WTM)
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8.3 Watch Timer Mode Register (WTM)

This register sets the watch timer count clock, the watch timer operating mode, and prescaler interval
time and enables/disables prescaler and 5-bit counter operations. WTM is set with a 1-bit or 8-bit
memory manipulation instruction.

RESET input sets WTM to O0OH.

Figure 8-2: Watch Timer Mode Control Register (WTM) Format

Symbol 7 6 5 4 3 2 1 0 Address AfterReset R/W
WM [ wTmM7 | wime | wTms | wTm4 [ wTMa | o [ wTm1 [ wTMo | FF41H 00H R/W
WTM7 Watch Timer Count Clock Selection
0 Input clock set to fx/2
1 Input clock set to fXT
WTM6 | WTM5 | WTM4 Prescaler Interval Time Selection
fx = 8.00 MHz Operation fxT = 32.768 kHz Operation
0 0 0 2'/fw (256 ps) 2'/fw (488 ps)
0 0 1 2°ffw (512 s) 2°/fw (977 ps)
0 1 0 2°/fw (1 ms) 2°/fw (1.95 ms)
0 1 1 2’/fw (2 ms) 2'/fw (3.91 ms)
1 0 0 2°/fw (4 ms) 2°/fw (7.81 ms)
1 0 1 2°/fw (8.19 ms) 2°fw (15.6 ms)
Other than above Setting prohibited
WTMS3 Watch Operating Mode Selections
0 Normal operating mode (interrupt generation at 2'/fw)
1 Fast feed operating mode (interrupt generation at 2°/fw)
WTM1 5-Bit Counter Operation Control
0 Clear after operation stop
1 Operation enable
WTMO Prescaler Operation Control
0 Clear after operation stop
1 Operation enable

Caution: When the watch timer is used, the prescaler should not be cleared frequently. When
rewriting WTM4 to WTM6 to other data, stop the timer operation beforehand.

Remarks: 1.fw: Watch timer clock frequency (fx/27 or fxt)

2. fx:  Main system clock oscillation frequency
3. fxt:  Subsystem clock oscillation frequency
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8.4 Watch Timer Operations

8.4.1 Watch timer operation

When the 32.768-KHz subsystem clock is used, the timer operates as a watch timer with a 0.5-second
interval.

The watch timer is generated interrupt request at the constant time interval.

When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer mode control register (WTM) are set to 1, the
count operation starts. When set to 0, the 5-bit counter is cleared and the count operation stops.

For simultaneous operation of the interval timer, zero-second start can be set only for the watch timer by
setting WTM1 to 0. However, since the 9-bit prescaler is not cleared the first overflow of the watch timer
(INTWT) after zero-second start may include an error of up to 29 x 1/fw.

8.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt request repeatedly at an interval
of the preset count value.

The interval time can be selected with bits 4 to 6 (WTM4 to WTM6) of the watch timer mode control
register (WTM).

Table 8-3: Interval Timer Operation

0 0 0 | 2"x1/w 256 ps 488 s

0 0 1 2* x 1/fw 512 us 977 us

0 1 0 | 2*x 14w 1ms 1.95 ms

0 1 1 o' x1fw | 2ms 3.91 ms

1 0 0 |2'x1hw | 4ms 7.81 ms

1 0 1 2* x 1/fw 8.19 ms 15.6 ms
Other than above Setting prohibited

Remark: fx: Main system clock oscillation frequency
fxT: Subsystem clock oscillation frequency
fw:  Watch timer clock frequency
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Figure 8-3: Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH
Overflow Overflow
Start ! !

Count clock fw SRR I I U I I I I I S I

| | |
Watch timer |
interrupt INTWT | - !_I - !_I

i Interrupt time of watch timer (0.5s) ; Interrupt time of watch timer (0.5s) ;
Interval timer ‘
interrupt INTWTI : !—L .- h !—L o h

|| I |

| Interval timer | | T | !

M

Remark: fw: Watch timer clock frequency
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Chapter 9 Watchdog Timer

9.1 Watchdog Timer Functions
The watchdog timer has the following functions:

e Watchdog timer
e |nterval timer

Caution: Select the watchdog timer mode or the interval timer mode with the watchdog timer
mode register (WDTM).

(1) Watchdog timer mode
An inadvertent program loop is detected. Upon detection of the inadvertent program loop, a non-

maskable interrupt request or RESET can be generated.

Table 9-1: Watchdog Timer Inadvertent Program Overrun Detection Times

Runaway Detection Time
22 x 1/fx 2" x 1/fx (512 us)
2" x 1/fx 2" x 1/fx (1 ms)
2" x 1/fx 2" x 1/fx (2 ms)
2% x 1/fx 2'° x 1/fx (4 ms)
2" x 1/fx 2" x 1/fx (8.19 ms)
2" x 1/fx 2" x 1/fx (16.38 ms)
2" x 1/fx 2" x 1/fx (32.76 ms)
2% x 1/fx 2% x 1/fx (131 ms)

Remark: Figures in parentheses apply to operation with fx = 8.0 MHz.

(2) Interval timer mode
Interrupts are generated at the preset time intervals.

Table 9-2: Interval Times

Interval Time
2" x 1/fx 2" x 1/fx (512 us)
2" x 1/fx 2" x 1/fx (1 ms)
2" x 1/fx 2" x 1/fx (2 ms)
2" x 1/fx 2'° x 1/fx (4 ms)
2'° x 1/fx 2'° x 1/fx (8.19 ms)
2" x 1/fx 2" x 1/fx (16.38 ms)
2" x 1/fx 2" x 1/fx (32.76 ms)
2% x 1/fx 2% x 1/fx (131 ms)

Remark: Figures in parentheses apply to operation with fx = 8.0 MHz.
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9.2 Watchdog Timer Configuration
The watchdog timer consists of the following hardware.

Table 9-3: Watchdog Timer Configuration

ltem Configuration

Timer clock select register (WDCS)
Watchdog timer mode register (WDTM)

Control register

Figure 9-1: Watchdog Timer Block Diagram

S Internal Bus S
fx /2" Prescaler
- TMMK
fx_
LRSS 2° RUN INTWDT
2 2 2 2 2 2 l — TMIF Maskable Interrupt
5 Request
© 8-Bit | .| Control -
3 Counter Circuit RESET
(%}
INTWDT
o Non-Maskable
Interrupt Request
3
WDCS2WDCS1|WDCS0 WDTM4 | WDTM3

Watchdog Timer Clock Watchdog Timer
Selection Register Mode Register

) Internal Bus S
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9.3 Watchdog Timer Control Registers
The following two types of registers are used to control the watchdog timer.

e Watchdog timer clock select register (WDCS)
e Watchdog timer mode register (WDTM)

(1) Watchdog timer clock select register (WDCS)

This register sets the watchdog timer count clock.

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

Figure 9-2: Watchdog Timer Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
wocs [ o | o | o | o | o [wbpcs2|wocsti|wbcso| FFazH oo RW
WDCS2 | WDCS1 | WDCSO0 | Overflow time of watchdog 1 interval timer

0 0 0 fx/2" (512 us)

0 0 1 x/2"° (1 ms)

0 1 0 x/2" (2 ms)

0 1 1 x/2"° (4 ms)

1 0 0 X/2'° (8.19 ms)

1 0 1 x/2" (16.38 ms)

1 1 0 |fx/2"(32.76 ms)

1 1 1 x/2° (131 ms)

Caution: When rewriting WDCS to other data, stop the timer operation beforehand.

Remarks: 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.0 MHz.
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(2) Watchdog timer mode register (WDTM)

This register sets the watchdog timer operating mode and enables/disables counting.
WDTM is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets WDTM to O0OH.

Figure 9-3: Watchdog Timer Mode Register Format

Symbol @ 6 5 4 3 2 1 0 Address After Reset R/W
WDTM| RUN| 0 | 0 |WDTM4|WDTM3| 0 | 0 | 0 | FFFOH 00H R/W

Note 1

WDTM4 [ WDTM3 | Watchdog Timer Operation Mode Selection
Interval timer mode

0 X (Maskable interrupt occurs upon generation of
an overflow)

Watchdog timer mode 1

1 0 (Non-maskable interrupt occurs upon
generation of an overflow)

Watchdog timer mode 2

1 1 (Reset operation is activated upon generation
of an overflow)

RUN Watchdog Timer Operation Mode Selection “***
0 Count stop
1 Counter is cleared and counting starts
Notes: 1. Once set to 1, WDTM3 and WDTM4 cannot be cleared to 0 by software.

2. Once set to 1, RUN cannot be cleared to 0 by software.
Thus, once counting starts, it can only be stopped by RESET input.

Caution: When 1 is set in RUN so that the watchdog timer is cleared, the actual overflow time
is up to 0.5 % shorter than the time set by watchdog timer clock select register.

Remark: x = don't care.
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9.4 Watchdog Timer Operations

9.4.1 Watchdog timer operation

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 1, the watchdog timer is
operated to detect any inadvertent program loop.

The watchdog timer count clock (inadvertent program loop detection time interval) can be selected with
bits 0 to 2 (WDCSO0 to WDCS2) of the timer clock select register (WDCS).

Watchdog timer starts by setting bit 7 (RUN) of WDTM to 1. After the watchdog timer is started, set
RUN to 1 within the set overrun detection time interval. The watchdog timer can be cleared and counting
is started by setting RUN to 1. If RUN is not set to 1 and the inadvertent program loop detection time
is past, system reset or a non-maskable interrupt request is generated according to the WDTM bit 3
(WDTM3) value.

The watchdog timer can be cleared when RUN is set to 1.

The watchdog timer continues operating in the HALT mode but it stops in the STOP mode. Thus, set
RUN to 1 before the STOP mode is set, clear the watchdog timer and then execute the STOP instruction.

Cautions: 1. The actual overrun detection time may be shorter than the set time by a maximum
of 0.5 %.
2. When the subsystem clock is selected for CPU clock, watchdog timer count
operation is stopped.

Table 9-4: Watchdog Timer Overrun Detection Time

WDCS2 | WDCS1 | WDCSO0 Runaway Detection Time
0 0 0 x/2" (512 us)
0 0 1 x/2'° (1 ms)
0 1 0 x/2" (2 ms)
0 1 1 x/2'° (4 ms)
1 0 0 x/2"° (8.19 ms)
1 0 1 fx/2" (16.38 ms)
1 1 0 fx/2'® (32.76 ms)
1 1 1 x/2%° (131 ms)

Remarks: 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.0 MHz.
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9.4.2 Interval timer operation

The watchdog timer operates as an interval timer which generates interrupts repeatedly at an interval
of the preset count value when bit 3 (WDTM3) of the watchdog timer mode register (WDTM) is set to
0, respectively.

When the watchdog timer operates as interval timer, the interrupt mask flag (TMMK4) and priority
specify flag (TMPR4) are validated and the maskable interrupt request (INTWDT) can be generated.
Among maskable interrupts, the INTWDT default has the highest priority.

The interval timer continues operating in the HALT mode but it stops in STOP mode. Thus, set bit 7
(RUN) of WDTM to 1 before the STOP mode is set, clear the interval timer and then execute the STOP
instruction.

Cautions: 1. Once bit 4 (WDTM4) of WDTM is set to 1 (with the watchdog timer mode selected),
the interval timer mode is not set unless RESET input is applied.
2. The interval time just after setting with WDTM may be shorter than the set time
by a maximum of 0.5 %.
3. When the subsystem clock is selected for CPU clock, watchdog timer count
operation is stopped.

Table 9-5: Interval Timer Interval Time

WDCS2 | WDCS1 | WDCSO0 Interval Time
0 0 0 |f/2” (512 us)
0 0 1 /2" (1 ms)
0 1 0 x/2'"* (2 ms)
0 1 1 x/2' (4 ms)
1 0 0 x/2'° (8.19 ms)
1 0 1 |27 (16.38 ms)
1 1 0 |fx/2" (32.76 ms)
1 1 1 x/2%° (131 ms)

Remarks: 1. fx: Main system clock oscillation frequency
2. Figures in parentheses apply to operation with fx = 8.0 MHz.
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Chapter 10 Clock Output Control Circuit

10.1 Clock Output Control Circuit Functions

The clock output control circuit is intended for carrier output during remote controlled transmission and
clock output for supply to peripheral LSI. Clocks selected with the clock output selection register (CKS)
are output from the PCL/P120/S7 pin.

Follow the procedure below to output clock pulses.

(1) Select the clock pulse output frequency (with clock pulse output disabled) with bits 0 to 3 (CCS0
to CCS2) of CKS.

(2) Set the P120 output latch to 0.

(3) Set bit 0 (PM120) of port mode register 120 to 0 (set to output mode).

(4) Set bit 4 (CLOE) of clock output selection register to 1.

Caution: Clock output cannot be used when setting the output latch to 1.

Remark: When clock output enable/disable is switched, the clock output control circuit does not
output pulses with small widths (See the portions marked with * in Figure 12-1).

Figure 10-1: Remote Controlled Output Application Example

CLOE ' |

PCL/P120/S7 Pin Output
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10.2 Clock Output Control Circuit Configuration
The clock output control circuit consists of the following hardware.

Table 10-1: Clock Output Control Circuit Configuration

ltem Configuration

Clock output selection register (CKS)
Port mode register 3 (PM3)

Control register

Figure 10-2: Clock Output Control Circuit Block Diagram

fx —————
fx/2 —————»
fx/2? ——————»

fx/2® ——————

Selector

fx/2* ———— —
5 Synchronizing |

x> ™ Circuit © PCL/P120/S7

fx/2® ———* I/<

fx/27

fxT

4

e

CLOE |CCS2|CCS1|CCSo P120
Output Latch PM120

@Clock Output Selection Register Port Mode Register 12

% Internal Bus S
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10.3 Clock Output Function Control Registers
The following two types of registers are used to control the clock output function.

e Clock output selection register (CKS)
e Port mode register 12 (PM12)

(1) Clock Output Selection Register (CKS)
This register sets PCL output clock.
CKS is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CKS to 00H.

Caution:  Whenenabling PCL output, set CCS50to CCS52,then set1in CLOE with a 1-bit memory
manipulation instruction.

Figure 10-3: Clock Output Selection Register Format

Symbol @ 6 5 4 3 2 1 0 Address After Reset R/W
cks [ o | o | o |coe|cecss|ces2|cest|ceso| FRaoH  ooH  Rw
CCS3 | CCS2 | €Cs1 | CCSso PCL Output Clock Selection
0 0 0 0 |fx (8 MH2)
0 0 0 1 |fx/2' (4 MHz)
0 0 1 0 |fX/2 (2 MHz)
0 0 1 1 |fx/2° (1 MHz)
0 1 0 0 |fx/2* (500 KHz)
0 1 0 1 |fx/2° (250 KHz)
0 1 1 0 |fx/2° (125 KHz)
0 1 1 1 fx/2" (62.5 KHz)
1 0 0 0 |fxT(32.7 KHz)
Other than above Setting prohibited
CLOE PCL Output Control
0 Output disable
1 Output enable

Remarks: 1. fx: Main system clock oscillation frequency
2. fx1: subsystem clock oscillation frequency.
3. Figures in parentheses apply to operation with fx = 8.0 MHz and fxt = 32.718 kHz.
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(2) Port Mode Register 12 (PM12)

This register sets port 12 input/output in 1-bit units.

When using the P120/PCL/S7 pin for clock output function, set PM120 and output latch of P120
to 0. PM12 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets PM12 to FFH.

Figure 10-4: Port Mode Register 12 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
PM12 | PM127 [ PM126 | PM125 | PM124 | PM123 | PMm122 | Pm121 [ PM120 | FF2cH  FFH RW

\

PM12n | P12n pin input/output mode selection (n =0 to 7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)

(3) Port Function Register 12 (PF12)

This register sets the port function of port 12 in 1-bit units.

When using the PCL output, the register PF12 has to be set to port function.
PF12 is with an 1-bit or an 8-bit memory manipulation instruction.

RESET input sets PM12 to 00H.

Figure 10-5: Port Function Register 12 (PF12) Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
PF12 | PF127 | PF126 | PF125 | PF124 | PF123 | PF122 | PF121 | PF120 | FFSCH ~ 0OH  RW

PF12n | P12n port function selection (n =0 to 7)

0 Port mode
1 LCD mode
Note: For the pPD1616 set always 00H to PF12.
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Chapter 11 A/D Converter

11.1 A/D Converter Functions

The A/D converter is an 8-bit resolution converter that converts analog inputs into digital values. It can
control up to 4 analog input channels (ANIO to ANI3).
This A/D converter has the following functions:

(1) A/D conversion with 8-bit resolution
One channel of analog input is selected from ANIO to ANI3, and A/D conversion is repeatedly
executed with a resolution of 8 bits. Each time the conversion has been completed, an interrupt
request (INTAD) is generated.

(2) Power-fail detection function
This function is to detect for example a voltage drop in the battery of an automobile. The result
of A/D conversion (value of the ADCR1 register) and the value of PFT register (PFT: power-fail
compare threshold value register) are compared. If the condition for comparison is satisfied, the
INTAD is generated.

Figure 11-1: A/D Converter Block Diagram

________

Sample & hold circuit o
| : Vo «—©AVpp /AVk

! \O ! Voltage comparator 1 & 1 ! oo ITRer
ANIO/P10 © —O 1 158 !
ANI1/P11 06—~ 2 | | TR
Q ! ! = .
ANI2/P12 00—~ 3 | ; | e !
ANI3/P13 © - Successive b !

approximation o ©AVss
register (SAR) Loovo oo
Control INTAD
circuit
3
A/D conversion result
register (ADCR1)
| A ? hd \
IADS12|ADS11|ADS10 ADCS1 FR12 | FR11 | FR10
Analgg mput chgnnel A/D converter mode register
specification register
Internal bus S
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Figure 11-2: Power-Fail Detection Function Block Diagram
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11.2 A/D Converter Configuration

A/D converter consists of the following hardware.

Table 11-1: A/D Converter Configuration

ltem Configuration
Analog input 8 channels (ANIO to ANI7)
Register Successive approximation register (SAR)

A/D conversion result register (ADCR1)

Control register

A/D converter mode register (ADM1)

Analog input channel specification register (ADS1)

Power-fail compare mode register (PFM)

Power-fail compare threshold value register (PFT)

(1) Successive approximation register (SAR)
This register compares the analog input voltage value to the voltage tap (compare voltage) value

applied from the series resistor string, and holds the result from the most significant bit (MSB).

INTAD

When up to the least significant bit (LSB) is set (end of A/D conversion), the SAR contents are
transferred to the A/D conversion result register.

(2) A/D conversion result register (ADCR1)
This register holds the A/D conversion result.

conversion result is loaded from the successive approximation register.

Each time when the A/D conversion ends, the

ADCR1 is read with an 8-bit memory manipulation instruction.
RESET input clears ADCR1 to 00H.

Caution:

If a write operation is executed to the A/D converter mode register (ADM1) and the

analog input channel specification register (ADS1) the contents of ADCR1 are
undefined. Read the conversion result before a write operation is executed to ADM1
and ADS1. If atiming other than the above is used, the correct conversion result may
not be read.
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(®)

(6)

Sample & hold circuit

The sample & hold circuit samples each analog input sequentially applied from the input circuit, and
sends it to the voltage comparator. This circuit holds the sampled analog input voltage value during
A/D conversion.

Voltage comparator
The voltage comparator compares the analog input to the series resistor string output voltage.

Series resistor string
The series resistor string is in AVpp to AVss, and generates a voltage to be compared to the analog
input.

ANIO to ANI3 pins
These are four analog input pins to input analog signals to the A/D converter. ANIO to ANI3 are
alternate-function pins that can also be used for digital input.

Caution: Use ANIO to ANI3 input voltages within the specification range. If a voltage higher

188

(7)

@

than AVop or lower than AVss is applied (even if within the absolute maximum rating
range), the conversion value of that channel will be undefined and the conversion
values of other channels may also be affected.

AVDpD/AVREF pin

This pin inputs the A/D converter reference voltage and is used as the AD-converter power supply
pin.

It converts signals input to ANIO to ANIS3 into digital signals according to the voltage applied
between AVbp/AVRer and AVss.

Keep the AVbp/AVREF pin always at the same potential on the Vop pin, even when the AD-converter
is no used.

AVss pin
This is the GND potential pin of the A/D converter. Always keep it at the same potential as the
Vss pin even when not using the A/D converter.
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11.3 A/D Converter Control Registers
The following 4 types of registers are used to control A/D converter.

e A/D converter mode register (ADM1)

e Analog input channel specification register (ADS1)
Power-fail compare mode register (PFM)

e Power-fail compare threshold value register (PFT)

(1) A/D converter mode register (ADM1)
This register sets the conversion time for analog input to be A/D converted, conversion start/stop
and external trigger. ADM1 is set with 1-bit or 8-bit memory manipulation instruction.
RESET input clears ADM1 to 00H.

Figure 11-3: A/D Converter Mode Register (ADM1) Format

Symbol 6 5 4 3 2 1 0 Address After Reset R/W
abmM1 |Apcst| o | FRi2 [ FR11 | FRIO| o | o | o | FFeoH  ooH RwW
ADCSH1 A/D Conversion Operation Control
0 Stop conversion operation
1 Enable conversion operation
FR12 FR11 FR10 Conversion Time Selection "
0 0 0 144/fx
0 0 1 120/fx
0 1 0 96/fx
1 0 0 288/fx
1 0 1 240/fx
1 1 0 192/fx
Other than above Setting prohibited
Note: Set FR10 to FR12 that the A/D conversion time is 15 ps or more.

Caution: Bits 0 to 2 and bit 6 must be set to 0.

Remark: fx: Main system clock oscillation frequency
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(2) Analog input channel specification register (ADS1)
This register specifies the analog voltage input port for A/D conversion.
ADS1 is set with an 8-bit memory manipulation instruction.
RESET input clears ADS1 to 00H.

Figure 11-4: Analog Input Channel Specification Register (ADS1) Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
apst | o | o | o | o | o | o |~ADst1|ADSt0| FF8IH  O0OH  RW
ADS11 | ADS10 Analog Input Channel Specification
0 0 ANIO
0 1 ANI1
1 0 ANI2
1 1 ANI3

Caution: Bits 2 to 7 must be set to 0.
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(3) Power-fail compare mode register (PFM)
The power-fail compare mode register (PFM) controls a comparison operation. PFM is set with
an 8-bit manipulation instruction.
RESET input clears PFM to O0H.

Figure 11-5: Power-Fail Compare Mode Register (PFM) Format
2 1

Symbol 7 6 5 4 3 0 Address After Reset R/W
pFM | PFEN [PFcM | o | o | o | o | o | o | FFeH  ooH RW
PFEN Enables Power-Fail Comparison
0 Disables power-fail comparison (used as normal A/D converter)
1 Enables power-fail comparison (used to detect power failure)
PFCM Power-Fail Compare Mode Selection
0 ADCR1 > PFT | Generates interrupt request signal INTAD
0 ADCR1 < PFT | Does not generate interrupt request signal INTAD
1 ADCR1 2 PFT | Does not generate interrupt request signal INTAD
1 ADCR1 < PFT | Generates interrupt request signal INTAD

Caution: Bits 0 to 5 must be set to 0.

(4) Power-fail compare threshold value register (PFT)
The power-fail compare threshold value register (PFT) sets a threshold value against which the
result of A/D conversion is to be compared.
PFT is set with an 8-bit memory manipulation instruction.
RESET input clears PFT to 00H.

Figure 11-6: Power-fail compare threshold value register (PFT)

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
PFT | PFT7 | PFTe | PFT5 | PFT4 | PFT3 | PFT2 | PFT1 | PFTO | FF83H 00H  RW
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11.4 A/D Converter Operations

11.41

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

Basic operations of A/D converter

Select one channel for A/D conversion with the analog input channel specification register
(ADSH1).

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold
state and the input analog voltage is held until the A/D conversion operation is ended.

Bit 7 of the successive approximation register (SAR) is set internally so that the tap selector
starts with a series resistor string voltage tap of (1/2) AVop.

The voltage difference between the series resistor string voltage tap and analog input is
compared with the voltage comparator. If the analog input is greater than (1/2) AVob, the MSB
of SAR remains set. If the analog input is smaller than (1/2) AVop, the MSB is reset.

Next, bit 6 of SAR is automatically set, and the operation proceeds to the next comparison. The
series resistor string voltage tap is selected according to the preset value of bit 7, as described
below.

*Bit 7 = 1: (3/4) AVpp

*Bit 7 = 0: (1/4) AVpp

The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated as
follows.

* Analog input voltage > Voltage tap: Bit 6 = 1

* Analog input voltage < Voltage tap: Bit6 =0

Comparison is continued in this way up to bit 0 of SAR.
Upon completion of the comparison of 8 bits, an effective digital result value remains in SAR,

and the result value is transferred to and latched in the A/D conversion result register (ADCR1).
At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Caution: The first A/D conversion value just after A/D conversion is undefined.
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Figure 11-7: Basic Operation of 8-Bit A/D Converter
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A/D conversion operations are performed continuously until bit 7 (ADCS1) of the A/D converter mode
register (ADM1) is reset (to 0) by software.

If a write operation to the ADM1 and analog input channel specification register (ADS1) is performed
during an A/D conversion operation, the conversion operation is initialized, and if the ADCS1 bit is set
(to 1), conversion starts again from the beginning.

RESET input sets the A/D conversion result register (ADCR1) to O0H.

Sampling A/D conversion

ADCRH1
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11.4.2 Input voltage and conversion results

The relation between the analog input voltage input to the analog input pins (ANIO to ANI3) and
the A/D conversion result (stored in the A/D conversion result register (ADCR1)) is shown by the
following expression.

ADCR1 = INT ( VIN x 256 + 0.5)

AVpD
or
(ADCR1 — 0.5) x AVpp - ViN < (ADCR1 + 0.5) x AVbp
256 256
where, INT() : Function which returns integer part of value in parentheses
VIN : Analog input voltage

AVbb : AVbp pin voltage
ADCR1 : A/D conversion result register (ADCR1) value

Figure 11-8 shows the relation between the analog input voltage and the A/D conversion result.

Figure 11-8: Relation between Analog Input Voltage and A/D Conversion Result
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11.4.3 A/D converter operation mode

The operation mode of the A/D converter is the select mode. One analog input channel is selected from
among ANIO to ANI3 with the analog input channel specification register (ADS1) and A/D conversion
is performed.

The following two types of functions can be selected by setting the PFEN flag of the PFM register.

(1) Normal 8-bit A/D converter (PFEN = 0)
(2) Power-fail detection function (PFEN = 1)

(1) A/D conversion (when PFEN = 0)
When bit 7 (ADCS1) of the A/D converter mode register (ADM1) is set to 1 and bit 7 of the power-
fail compare mode register (PFM) is set to 0, A/D conversion of the voltage applied to the analog
input pin specified with the analog input channel specification register (ADS1) starts.
Upon the end of the A/D conversion, the conversion result is stored in the A/D conversion result
register (ADCR1), and the interrupt request signal (INTAD) is generated. After one A/D conversion
operation is started and ended, the next conversion operation is immediately started. A/D
conversion operations are repeated until new data is written to ADS1.
If ADS1 is rewritten during A/D conversion operation, the A/D conversion operation under
execution is stopped, and A/D conversion of a newly selected analog input channel is started.
If data with ADCS1 set to 0 is written to ADM1 during A/D conversion operation, the A/D
conversion operation stops immediately.

(2) Power-fail detection function (when PFEN = 1)
When bit 7 (ADCS1) of the A/D converter mode register (ADM1) and bit 7 (PFEN) of the power-
fail compare mode register (PFM) are set to 1, A/D conversion of the voltage applied to the analog
input pin specified with the analog input channel specification register (ADS1) starts.
Upon the end of the A/D conversion, the conversion result is stored in the A/D conversion result
register (ADCR1), compared with the value of the power-fail compare threshold value register
(PFT), the INTAD is generated under the condition specified by the PFCM flag of the PFM register.

Caution: When executing power-fail comparison, the interrupt request signal (INTAD) is not

generated on completion of the first conversion after ADCS1 has been set to 1.
INTAD is valid from completion of the second conversion.
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Figure 11-9: A/D Conversion
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11.5 A/D Converter Precautions

(1) Current consumption in standby mode
A/D converter stops operating in the standby mode. At this time, current consumption can be
reduced by setting bit 7 (ADCS1) of the A/D converter mode register (ADM1) to 0 to stop
conversion.
Figure 11-10 shows how to reduce the current consumption in the standby mode.

Figure 11-10: Example Method of Reducing Current Consumption in Standby Mode

AV
AVoo [AVrer JD\ o0 AD-converter power supply

AVRer

Pch || o<} ADCST

Series resistor string

AVss ©

(2) Input range of ANIO to ANI3
The input voltages of ANIO to ANI3 should be within the specification range. In particular, if a
voltage higher than AVbp/AVREeF or lower than AVss is input (even if within the absolute maximum
rating range), the conversion value of that channel will be undefined and the conversion values
of other channels may also be affected.

(3) Contendingoperations

<1> Contention between A/D conversion result register (ADCR1) write and ADCR1 read by
instruction upon the end of conversion
ADCR1 read is given priority. After the read operation, the new conversion result is written
to ADCR1.

<2> Contentionbetween ADCR1 write and A/D converter mode register (ADM1) write oranalog
input channel specification register (ADS1) write upon the end of conversion
ADM1 or ADS1 write is given priority. ADCR1 write is not performed, nor is the conversion
end interrupt request signal (INTAD) generated.
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supply and

(5)

(6)

Noise countermeasures

To maintain 8-bit resolution, attention must be paid to noise input to pin AVoo/AVRer and pins
ANIO to ANI3. Because the effect increases in proportion to the output impedance of the analog
input source, it is recommended that a capacitor be connected externally as shown in the
Figure 11-11 to reduce noise.

Figure 11-11: Analog Input Pin Handling

If there is a possibility that noise equal to or higher than AVbp/AVRer
or equal to or lower than AVss may enter, clamp with a diode with a
small VF value (0.3 V or lower).

reference O ‘ AVob/AVRer
voltage
input
j_ ANIO to ANI3

C =100 to 1000 pF

AVss

J; Vss
ANIO to ANI3

The analog input pins (ANIO to ANI3) also function as input port pins (P10 to P13).

When A/D conversion is performed with any of pins ANIO to ANI3 selected, do not execute a port
input instruction while conversion is in progress, as this may reduce the conversion resolution.
Also, if digital pulses are applied to a pin adjacent to the pin in the process of A/D conversion, the
expected A/D conversion value may not be obtainable due to coupling noise. Therefore, avoid
applying pulses to pins adjacent to the pin undergoing A/D conversion.

AVDD/AVREF pin input impedance

A series resistor string of approximately 21 kQ is connected between the AVDD/AVREF pin and the
AVss pin.

Therefore, if the outputimpedance of the reference voltage is high, this will resultin parallel connection
tothe series resistor string between the AVop pin and the AVss pin, and there will be a large reference
voltage error.
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(7) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the analog input channel specification
register (ADS1) is changed.
Caution is therefore required if a change of analog input pin is performed during A/D conversion.
The A/D conversion result and conversion end interrupt request flag for the pre-change analog
input may be set just before the ADS1 rewrite, if the ADIF is read immediately after the ADS1
rewrite, the ADIF may be set despite to the fact that the A/D conversion for the post-change analog
input has not ended.
When the A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion
operation is resumed.

Figure 11-12: A/D Conversion End Interrupt Request Generation Timing

ADS1 rewrite ADS1 rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversion)K has not ended.
A/D conversion ANIn ANIn ANIm ANIm

1 1

ADCRH1 >< ANIn ANIn ANIm ANIm

INTAD

Remarks: 1.n=0,1, ..., 7
22m=0,1, .., 7

(8) Read of A/D conversion result register (ADCR1)
When a write operation is executed to A/D converter mode register (ADM1) and analog input channel
specification register (ADS1), the contents of ADCR1 are undefined. Read the conversion result
before write operation is executed to ADM1, ADS1. If a timing other than the above is used, the
correct conversion result may not be read.
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11.6 Cautions on Emulation

To perform debugging with an in-circuit emulator, the D/A converter mode register (DAMO) must be set.
DAMO is a register used to set the 1/0 board.

11.6.1 D/A converter mode register (DAMO)

DAMO is necessary if the power-fail detection function is used. Unless DAMO is set, the power-fail
detection function cannot be used. DAMO is a write-only register.

Because the 1/0 board uses an external analog comparator and a D/A converter to implement part of
the power-fail detection function, the reference voltage must be controlled. Therefore, set bit 0 (DACE)
of DAMO to 1 when using the power-fail detection function.

Figure 11-13: D/A Converter Mode Register (DAMO) Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
pAMo [ o | o [ o | o | o | o | o | DpaceE| Fran 00H w
DACE Reference Voltage Control
0 Disabled
1 Enabled (when power-fail detection function is used)

Cautions: 1. DAMO is a special register that must be set when debugging is performed with an
in-circuit emulator. Even if this register is used, the operation of the yPD1615A
Subseries is not affected. However, delete the instruction that manipulates this
register from the program at the final stage of debugging.
2. Bits 7 to 1 must be set to 0.
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12.1 Serial Interface Outline

Chapter 12 Serial Interface Outline

The yPD1615A subseries incorporates two channels of serial interfaces.

Remark:

202

Table 12-1: Differences between the Serial Interface Channels

Serial Transfer Mode uPD1615A(A) | uPD1615B(A) | uPD1615F(A) | uPD1616F(A) | uPD16F15A
SIO 3 (3-wire serial 1/0) O O O O O
UART (@) O O (@) (@)

O : Provided

— : Not provided
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Chapter 13 Serial Interface SIO3

13.1 Serial Interface Channel 3 Functions
The SIO3 has the following two modes.

¢ Operation stop mode
e 3-wire serial I/0O mode

(1) Operation stop mode
This mode is used if serial transfer is not performed. For details, see 15.5.1 Operation Stop Mode.

(2) 3-wire serial /0 mode (fixed as MSB first)

This is an 8-bit data transfer mode using three lines: a serial clock line (m), serial output line
(SO3), and serial input line (SI3).

Since simultaneous transmit and receive operations are enabled in 3-wire serial /O mode, the processing
time for data transfers is reduced.

The first bit in the 8-bit data in serial transfers is fixed as the MSB.

3-wire serial /O mode is useful for connection to a peripheral /0 device thatincludes a clock-synchronous
serial interface, like a display controller, etc. For details see 13.5.2 Three-Wire Serial I/0 Mode.

Figure 13-1 shows a block diagram of the SIO3.

Figure 13-1: Block Diagram of SIO3

2 Internal bus
| Direction control circuit |
SI3/P127/S0 O Iﬂ Serial I/OsTgfst register
S03/P126/S1 O I
| Serial clock Interruption request |
SCKa/P125/52 O |ﬂ —|  counter signal generator INTCSI3
Serial clock Select o Kgi
. elector -~
I control circuit ™50

[ \ \
CSIE30 | MODE0 | scLsot | scLsoo |
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13.2 Serial Interface Channel 3 Configuration
The SIO3 includes the following hardware.

Table 13-1: Composition of SIO3

Iltem Configuration
Registers Serial 1/0O shift register 3 (SIO3)
Control registers Serial operation mode register 3 (CSIM3)

(1) Serial I/O shift register 3 (SI03)

This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift
operations) synchronized with the serial clock.

SIO3 is set by an 8-bit memory manipulation instruction.

When “1” is set to bit 7 (CSIE30) of the serial operation mode register 3 (CSIM3), a serial operation
can be started by writing data to or reading data from SI103.

When transmitting, data written to SIO3 is output via the serial output (SO3).

When receiving, data is read from the serial input (SI3) and written to S103.

The RESET signal resets the register value to 00H.

Caution: Do not access SIO3 during a transmit operation unless the access is triggered
by a transfer start. (Read is disabled when MODE = 0 and write is disabled when
MODE = 1.)

13.3 List of SFRs (Special Function Registers)

Table 13-2: List of SFRs (Special Function Registers)

Units available for bit manipulation
SFR name Symbol RW Value when reset
1 bit 8 bits 16 bits
Serial operation mode register 3 CSIM3 RW O O — 00H
Serial I/O shift register 3 SI03 — O —
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13.4 Serial Interface Control Registers

The SIO3 uses the following type of register for control functions.
e Serial operation mode register 3 (CSIM3)

(1) Serial operation mode register 3 (CSIM3)

This register is used to enable or disable SIO3’s serial clock, operation modes, and specific

operations.
CSIM3 can be set via a 1-bit or 8-bit memory manipulation instruction.
The RESET input sets the value to 00H.

Figure 13-2: Format of Serial Operation Mode Register 3 (CSIM3)

Address: FF6FH When reset: 00H R/W
Symbol 6 5 4 3 2 1 0
csM3 | csiEso | o 0 0 0 MODEO | SCL301 | SCL300
Enable/disable specification for SIO3
CSIE30
Shift register operation Serial counter Port Note 1
0 Operation stop Clear Port function
1 Operation enable Countoperation enable Serial operation + port function
Transfer operation modes and flags
MODEO
Operation mode Transfer start trigger P126/SO3/SA
0 Transmit/receive mode Write to SIO3 SO83 output
1 Receive-only mode Note 2 | Read from SI03 Port function
SCL301 SCL300 Clock selection
0 0 External clock input
0 1 fx/22
1 0 fx/24
1 1 TM50 output
Notes: 1. When CSIE30 = 0 (SIO3 operation stop status), the pins connected to SI3 and SO3 can
be used for port functions.
2. When MODEO = 1 (Receive mode), pin P126/SO3/S1 can be used for port function.
Caution: If TM50 is used as clock generation for SIO3, no clock will be supplied to SIO3 unless

TOESO0 is set to 1. In this case a square wave output signal is output from the TO50
pin.
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13.5 Serial Interface Operations
This section explains on two modes of SIO3.

13.5.1 Operation stop mode
This mode is used if the serial transfers are not performed to reduce power consumption.
During the operation stop mode, the pins can be used as normal I/O ports as well.

(1) Register settings
The operation stop mode can be set via the serial operation mode register 3 (CSIMS3).

CSIM3 can be set via 1-bit or 8-bit memory manipulation instructions.
The RESET input sets the value to O0H.

Figure 13-3: Format of Serial Operation Mode Register 3 (CSIM3)

Address: FF6FH When reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSM3 | CSIE30 | 0 0 0 0 MODEO | SCL301 | SCL300
S103 operation enable/disable specification
CSIE30
Shift register operation Serial counter Port Note
0 Operation stop Clear Port function
1 Operation enable Countoperation enable Serial operation + port function
Note: When CSIE30 = 0 (SIO3 operation stop status), the pins connected to SI3 and SO3 can

be used for port functions.
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13.5.2 Three-wire serial /0 mode

The three-wire serial I/0 mode is useful when connecting a peripheral I/O device that includes a clock-
synchronous serial interface, a display controller, etc. L

This mode executes the data transfer via three lines: a serial clock line (SCK3), serial output line (SO3),
and serial input line (SI3).

(1) Register settings
The 3-wire serial I/0O mode is set via serial operation mode register 3 (CSIMB3).
CSIM3 can be set via 1-bit or 8-bit memory manipulation instructions.
The RESET input set the value to 00H .
Figure 13-4: Format of Serial Operation Mode Register 3 (CSIM3)

Address: FF6FH When reset: 00H R/W

Symbol 6 5 4 3 2 1 0
csimso | csEso | o 0 0 0 MODEO | SCL301 | SCL300
Enable/disable specification for SIO3
CSIE30
Shift register operation Serial counter Port Note 1
0 Operation stop Clear Port function
1 Operation enable Countoperation enable Serial operation + port function
Transfer operation modes and flags
MODEO
Operation mode Transfer start trigger P126/S0O3/S1
0 Transmit/receive mode Write to SIO3 SO83 output
1 Receive-only mode Note 2 | Read from SIO3 Port function
SCL301 SCL300 Clock selection (fx = 8.00 MHz)
0 0 External clock input
0 1 fx/22
1 0 fx/24
1 1 TM50 output
Note: 1. When CSIE30 = 0 (SIO3 operation stop status), the pins connected to SI3 and SO3 can

be used for port functions.
2. When MODEO = 1 (Receive mode), pin P126/SO3/S1 can be used for port function.

Caution: If TM50 is used as clock generation for SIO3, no clock will be supplied to SIO3 unless
TOESO0 is set to 1. In this case a square wave output signal is output from the TO50

pin.
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(2) Communication Operations
In the three-wire serial I/O mode, data is transmitted and received in 8-bit units. Each bit of data is
sent or received synchronized with the serial clock.
The serial I/0O shift register 3 (SIO3) is shifted synchronized with the falling edge of the serial clock.
The transmission data is held in the SO3 latch and is output from the SO3 pin. The data is received
via the SI3 pin synchronized with the rising edge of the serial clock is latched to SIO3.
The completion of an 8-bit transfer automatically stops operation of SIO3 and sets a serial transfer
completion flag.

Figure 13-5: Timing of Three-wire Serial I/O Mode

Serial clock 1 2 3 4 5 6 7 8
SI3 X D:I7 X D16 X DI5 D14 X D13 { DI2 f DIt X I:DIO
S03 :X ch)7 X DO6 { DO5 § DO4 { DO3 ) DO2 { DO1 ) DjOO
, 1 !
S —

T Transfer completion

Transfer starts in synchronized with the serial clock’s falling edge

(3) Transfer start
A serial transfer starts when the following two conditions have been satisfied and transfer data has

been set to serial I/O shift register 3 (S103).

The SI03 operation control bit (CSIE30) = 1
o After an 8-bit serial transfer, the internal serial clock is either stopped or is set to high level.
e Transmit/receive mode
When CSIE30 = 1 and MODEO = 0, transfer starts when writing to SIOS.
* Receive-only mode
When CSIE30 = 1 and MODEO = 1, transfer starts when reading from SIO3.

Cautions: 1. After the data has been written to SI030, the transfer will not start even if the
CSIE30 bit value is set to “1”.1.
2. For a continuous data reception in the transmit/receive mode you schould restart
the transfer trigger (write to SIO3) after the received data has been read out.

The completion of an 8-bit transfer automatically stops the serial transfer operation and sets a serial
transfer completion flag.
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Chapter 14 Serial Interface UART

14.1 Serial Interface UART Functions
The serial interface UART has the following two modes.

(1) Operation stop mode
This mode is used if the serial transfer is performed to reduce power consumption.
For details, see 14.5.1 Operation Stop Mode.

(2) Asynchronous serial interface (UART) mode

This mode enables the full-duplex operation where one byte of data is transmitted and received after
the start bit.

The on-chip dedicated UART baud rate generator enables communications using a wide range of
selectable baud rates.

For details, see 14.5.2 Asynchronous Serial Interface (UART) Mode.

Figure 14-1 shows a block diagram of the UART macro.

Figure 14-1: Block Diagram of UART

S Internal bus S

i? ASIMO
RXBO joﬁe‘;e TXEO | RXEO | PSO1 | PS00 | CLO | SLO | ISRMO
ZAN |
Rx30| ASISO AV
Receive TXS0 Transmit
RxD0/P123/S4 shift PEOQ | FEO | OVEO shift
register register
TxDO0/P124/S3 Q—i}
Receive \ Transmit
L cc;r;ittrol DHNTSER cc;r:ittrol o INTST
parity parity
check [ INTSR addition

Baudrate | /o _ /08
generator

211



pPD1615A(A), uPD1615B(A), pPD1615F(A), uPD1616F(A), pPD16F15A NIEC

14.2 Serial Interface UART Configuration
The UART includes the following hardware.

Table 14-1: Configuration of UART

Iltem Configuration

Registers Transmit shift register 1 (TXS0)
Receive shift register 1 (RXS0)
Receive buffer register (RXBO0)

Control registers Asynchronous serial interface mode register (ASIMO)
Asynchronous serial interface status register (ASISO0)
Baud rate generator control register (BRGCO)

(1) Transmit shift register 1 (TXS0)

This register is for setting the transmit data. The data is written to TXSO0 for transmission as serial data.
When the data length is set as 7 bits, bits 0 to 6 of the data written to TXS0 are transmitted as serial
data. Writing data to TXSO starts the transmit operation.

TXSO0 can be written via 8-bit memory manipulation instructions. It cannot be read.

When RESET is input, its value is FFH.

Caution: Do not write to TXS0 during a transmit operation.
The same address is assigned to TXS0 and the receive buffer register (RXB0). A read
operation reads values from RXBO.

(2) Receive shift register 1 (RXS0)

This register converts serial data input via the RxD pin to parallel data. When one byte of the data is
received at this register, the receive data is transferred to the receive buffer register (RXBO0).
RXSO0 cannot be manipulated directly by a program.

(3) Receive buffer register (RXB0)

This register is used to hold receive data. When one byte of data is received, one byte of new receive
data is transferred from the receive shift register (RXSO0).

When the data length is set as 7 bits, receive data is sent to bits 0 to 6 of RXB0. The MSB must be
set to “0” in RXBO.

RXBO can be read to via 8-bit memory manipulation instructions. It cannot be written to.

When RESET is input, its value is FFH.

Caution: The same address is assigned to RXBO0 and the transmit shift register (TXS0). During
a write operation, values are written to TXSO.

(4) Transmission control circuit

The transmission control circuit controls transmit operations, such as adding a start bit, parity bit, and
stop bit to data that is written to the transmit shift register (TXS0), based on the values set to the
asynchronous serial interface mode register (ASIMO).

(5) Reception control circuit

The reception control circuit controls the receive operations based on the values set to the asynchro-
nous serial interface mode register (ASIMO). During a receive operation, it performs error checking,
such as parity errors, and sets various values to the asynchronous serial interface status register
(ASIS0) according to the type of error that is detected.
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14.3 List of SFRS (Special Function Registers)

Table 14-2: List of SFRs (Special Function Registers)

Units available for bit Value
SFR name Symbol | R/W manipulation when
1 bit 8 bits 16 bits | reset
Transmit shift register TXS0 w
———————————————— —_———— e — — - o - FFH
Receive buffer register RXB0O R
Asynchronous serial interface mode register ASIMO | R/W (o) (o] -
Asynchronous serial interface status register ASISO w - (o) - O00H
Baud rate generator control register BRGCO | R/'W - (@) -

14.4 Serial Interface Control Registers
The UART uses the following three types of registers for control functions.

¢ Asynchronous serial interface mode register (ASIMO)
¢ Asynchronous serial interface status register (ASISO0)
e Baud rate generator control register (BRGCO)

(1) Asynchronous serial interface mode register (ASIMO)
This is an 8-bit register that controls the UART serial transfer operation.
ASIMO can be set by 1-bit or 8-bit memory manipulation instructions.
RESET input sets the value to O0H.
Figure 14-2 shows the format of ASIMO.
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Figure 14-2: Format of Asynchronous Serial Interface Mode Register (ASIMO0)

Symbol
ASIMO

Address: FFAOH When reset: 00H R/W
7 6 5 4 3 2 1 0
TXEO RXEO PSO1 PS00 CLo SLO ISRMO 0
TXEO RXEO Operation mode RxD0/P123/S4pin function[TxD0/P124/S3pin function
0 0 Operation stop Port function Port function
0 1 UARTO mode Serial operation Port function
(receive only)
1 0 UARTO mode Port function Serial operation
(transmit only)
1 1 UARTO mode Serial operation Serial operation
(transmit and receive)
PS01 PS00 Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmittion
No parity detection during reception (parity errors do not occur)
1 0 Odd aprity
1 1 Even parity
CLO Character length specification
0 7 bits
1 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt is issued when an error occurs
1 Receive completion interrupt is not issued when an error occurs

Caution:
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(2) Asynchronous serial interface status register (ASIS0)
When a receive error occurs during UART mode, this register indicates the type of error.
ASISO can be read using an 8-bit memory manipulation instruction.
When RESET is input, its value is 00H.

Figure 14-3: Format of Asynchronous Serial Interface Status Register (ASIS0)

Address: FFA1H When reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
0 Parity error

(Incorrect parity bit detected)

FEO Framing error flag
0 No framing error
1 Framing errorNote 1

(Stop bit not detected)

OVEO Overrun error flag
0 No overrun error
1 Overrun errorNote 2

(Nextreceive operationwas completedbefore datawas read fromreceive bufferregister)

Notes: 1. Even if a stop bit length of two bits has been set to bit 2 (SLO) in the asynchronous serial
interface mode register (ASIMO0), the stop bit detection during a receive operation only
applies to a stop bit length of 1 bit.

2. Be sure to read the contents of the receive buffer register (RXB0) when an overrun error
has occurred.
Until the contents of RXBO are read, further overrun errors will occur when receiving data.

(3) Baud rate generator control register (BRGCO)
This register sets the serial clock for UART.
BRGC can be set via an 8-bit memory manipulation instruction.
When RESET is input, its value is 00H.
Figure 14-4 shows the format of BRGCO.
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Figure 14-4: Format of Baud Rate Generator Control Register (BRGCO0)

Address: FFA2H When reset: O00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO1 TPS00 MDLO3 MDL02 MDLO1 MDLOO
(fx = 8.00 MHz)
TPS02 TPSO1 TPS00 Source clock selection for 5-bit counter n
0 0 0 fx/21 1
0 0 1 fx/22 2
0 1 0 fx/23 3
0 1 1 fx/24 4
1 0 0 fx/25 5
1 0 1 fx/28 6
1 1 0 fx/27 7
1 1 1 fx/28 8
MDLO3 MDLO02 MDLO1 MDLOO Inputclock selectionforbaud rate generator k
0 0 0 0 fsck/16 0
0 0 0 1 fsck/17 1
0 0 1 0 fsck/18 2
0 0 1 1 fsck/19 3
0 1 0 0 fsck/20 4
0 1 0 1 fsck/21 5
0 1 1 0 fsck/22 6
0 1 1 1 fsck/23 7
1 0 0 0 fsck/24 8
1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10
1 0 1 1 fsck/27 1
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14
1 1 1 1 Setting prohibit —

Caution: Writing to BRGCO during a communication operation may cause abnormal output
from the baud rate generator and disable further communication operations.
Therefore, do not write to BRGCO during a communication operation.

Remarks: 1.fsck: Source clock for 5-bit counter
2.n: Value set via TPS00 to TPS02 (1
3. k: Value set via MDLOO to MDLO3 (0

A IA
=}
IA
*
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14.5

This section explains the three modes of the UART.

14.5.1 Operation stop mode

Serial Interface Operations

This mode is used when serial transfers are not performed to reduce power consumption.
In the operation stop mode, pins can be used as ordinary ports.

(1) Register settings

Operation stop mode settings are made via the asynchronous serial interface mode register (ASIMO).
ASIMO can be set via 1-bit or 8-bit memory manipulation instructions.
When RESET is input, its value is 00H.

Figure 14-5: Register Settings

Address: FFAOH When reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ASIMO TXEO RXEO PSO1 PS00 CLo SLO ISRMO 0
TXEO RXEO Operation mode RxD0/P123/S4pin function TxD0/P124/S3pin function
0 0 Operation stop Port function Port function
0 1 UARTO mode Serial operation Port function
(receive only)
1 0 UARTO mode Port function Serial operation
(transmit only)
1 1 UARTO mode Serial operation Serial operation
(transmit and receive)
Caution: Do not switch the operation mode until after the current serial transmit/receive

operation has stopped.

14.5.2 Asynchronous serial interface (UART) mode
This mode enables full-duplex operation where one byte of the data is transmitted or received after
the start bit.

The on-chip dedicated UART baud rate generator enables communications by using a wide range of
selectable baud rates.

(1) Register settings

The UART mode settings are made via the asynchronous serial interface mode register (ASIMO),
asynchronous serial interface status register (ASIS0), and the baud rate generator control register
(BRGCO).
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(a) Asynchronous serial interface mode register (ASIMO)
ASIMO can be set by 1-bit or 8-bit memory manipulation instructions.

When RESET is input, its value is O0H.

Figure 14-6: Asynchronous serial interface mode register (ASIMO0)

Address: FFAOH When reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ASIMO TXEO RXEO PSO1 PS00 CLo SLO ISRMO 0
TXEO PEXO Operation mode RxDO0/P123/S4pin function[TxD0/P124/S3pin function|
0 0 Operation stop Port function Port function
0 1 UARTO mode Serial operation Port function
(receive only)
1 0 UARTO mode Port function Serial operation
(transmit only)
1 1 UARTO mode Serial operation Serial operation
(transmit and receive)
PS01 PS00 Parity bit specification
0 0 No parity
0 1 Zero parity always added during transmittion
No parity detection during reception (parity errors do not occur)
1 0 Odd aprity
1 1 Even parity
CLo Character length specification
0 7 bits
0 8 bits
SLO Stop bit length specification for transmit data
0 1 bit
1 2 bits
ISRMO Receive completion interrupt control when error occurs
0 Receive completion interrupt is issued when an error occurs
1 Receive completion interrupt is not issued when an error occurs
Caution: Do not switch the operation mode until after the current serial transmit/receive

operation has stopped.

218



NEC [ PD1615A(A), pPD1615B(A), uPD1615F(A), pPD1616F(A), uPD16F15A

(b) Asynchronous serial interface status register (ASIS0)
ASISO0 can be read using an 8-bit memory manipulation instruction.
When RESET is input, its value is 00H.

Figure 14-7: Asynchronous serial interface status register (ASIS0)

Address: FFA1H When reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Parity error flag
0 No parity error
1 Parity error

(Incorrect parity bit detected)

FEO Framing error flag
0 No framing error
1 Framing error Note 1

(Stop bit not detected)

OVEO Overrun error flag
0 No overrun error
1 Overrun error Note 2

(Next receive operation was completed before data was read from receive buffer register)

Notes: 1. Even if a stop bit length of two bits has been set to bit 2 (SLO) in the asynchronous serial
interface mode register (ASIMO), stop bit detection during a receive operation only applies
to a stop bit length of 1 bit.

2. Be sure to read the contents of the receive buffer register (RXB0) when an overrun error
has occurred.
Until the contents of RXBO are read, further overrun errors will occur when receiving data.

219



pPD1615A(A), pPD1615B(A), uPD1615F(A), uPD1616F(A), pPD16F15A NIEC

(c) Baud rate generator control register (BRGCO0)
BRGCO can be set by an 8-bit memory manipulation instruction.
When RESET is input, its value is 00H.

Figure 14-8: Baud rate generator control register (BRGCO0)

Address: FFA2H When reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO 0 TPS02 TPSO1 TPS00 MDLO3 MDLO2 MDLO1 MDLO0
(fx = 8.00 MHz)

TPS02 TPSO1 TPSO00 Source clock selection for 5-bit counter n
0 0 0 fx/21 1

0 0 1 fx/22 2

0 1 0 fx/28 3

0 1 1 fx/24 4

1 0 0 fx/28 5

1 0 1 fx/28 6

1 1 0 fx/27 7

1 1 1 fx/28 8
MDLO3 MDLO02 MDLO1 MDLOO Input clock selection for baud rate generator k
0 0 0 0 fsck/16 0

0 0 0 1 fsck/17 1

0 0 1 0 fsck/18 2

0 0 1 1 fsck/19 3

0 1 0 0 fsck/20 4

0 1 0 1 fsck/21 5

0 1 1 0 fsck/22 6

0 1 1 1 fsck/23 7

1 0 0 0 fsck/24 8

1 0 0 1 fsck/25 9
1 0 1 0 fsck/26 10

1 0 1 1 fsck/27 11
1 1 0 0 fsck/28 12
1 1 0 1 fsck/29 13
1 1 1 0 fsck/30 14

1 1 1 1 Setting prohibit —

Caution: Writing to BRGCO during a communication operation may cause abnormal output
from the baud rate generator and disable further communication operations. There-
fore, do not write to BRGCO during a communication operation.

Remarks: 1. fsck: Source clock for 5-bit counter

2. n: Value set via TPS00 to TPS02 (1 < n <38)
3. k: Value set via MDL0OO to MDLO3 (0 < k < 14)
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The transmit/receive clock that is used to generate the baud rate is obtained by dividing the main
system clock.

¢ Use of main system clock to generate a transmit/receive clock for baud rate
The main system clock is divided to generate the transmit/receive clock. The baud rate generated
by the main system clock is determined according to the following formula.

fx
Baud rate] = ————— bps
[ ] 2m1(k + 16) [bps]

fx: Oscillation frequency of main system clock (in Hz)
n : Value set via TPS00 to TPS02 (1 < n < 8)

For details, see Table 17-3.
k : Value set via MDL0OO to MDL02 (0 < k < 14)

Table 17-3 shows the relation between the 5-bit counter’s source clock assigned to bits 4 to 6 (TPS00
to TPS02) of BRGCO and the “n” value in the above formula.

Table 14-3: Relation between 5-bit Counter’s Source Clock and “n” Value

TPS02 TPSO1 TPSO00 5-bit counter’s source clock selected n
0 0 0 fx/21 1
0 0 1 fx/22 2
0 1 0 fx/23 3
0 1 1 fx/24 4
1 0 0 fx/25 5
1 0 1 fx/26 6
1 1 0 fx/27 7
1 1 1 fx/28 8

Remark: fx: Oscillation frequency of main system clock.
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Remarks:

222

e Error tolerance range for baud rates
The tolerance range for baud rates depends on the number of bits per frame and the counter’s
division rate [1/(16 + k)].
Table 14-4 describes the relation between the main system clock and the baud rate and Figure
14-9 shows an example of a baud rate error tolerance range.

Table 14-4: Relation between Main System Clock and Baud Rate

Baud rate fx = 8.00 MHz fx = 4.00 MHz
(bps) BRGCO ERR(%) BRGCO ERR(%)
600 7AH 0.16 6AH 0.16
1200 6AH 0.16 5AH 0.16
2400 5AH 0.16 4AH 0.16
4800 4AH 0.16 3AH 0.16
9600 3AH 0.16 2AH 0.16
19200 2AH 0.00 1AH 0.00
38400 1AH 0.16 0AH 0.16
76800 0AH 0.16 - -
115200 02H 0.16 - -

1. fx: Oscillation frequency of main system clock
2.n: Value set via TPS00 to TPS02 (1 < n < 8)
3. k: Value set via MDLOO to MDL03 (0 < k < 14)
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Figure 14-9: Error Tolerance (when k = 0), including Sampling Errors

Ideal
sampling
point
32T 64T  256T 288T { 320T 352T
304T 336T
Basic timing \ 4 \ 4
(clock cycle T) \ sTART po_ | ?CX oz [ P STOP
High-speed clock 15.5T
(clock cycle T’) Xj
; \ START DO D7 P STOP
enabllpg normal 4 A / X Z Sampling error
reception 30.45T 60.9T 304.5T —=||=0.5T
Low-speed clock 15.5T
(clock cycle T”) Xj
enabling normal \_START 4 Do \ / X b7 X P 4 sTop
reception 33.55T 67.1T 301.95T 335.5T

Remark: T: 5-bit counter’s source clock cycle

115'05 x 100 = 4.8438 (%)

Baud rate error tolerance (when k = 0) =

223



pPD1615A(A), uPD1615B(A), pPD1615F(A), uPD1616F(A), pPD16F15A NIEC

(2) Communication operations

(a) Data format

As shown in Figure 14-10, the format of the transmit/receive data consists of a start bit, character bits,
a parity bit, and one or more stop bits.

The asynchronous serial interface mode register (ASIMO) is used to set the character bit length, parity
selection, and stop bit length within each data frame.

Figure 14-10: Format of Transmit/Receive Data in Asynchronous Serial Interface

| 1 data frame }

Start | po [ p1 | b2 | b3 | D4 | D5 | De | D7 [Parity|  Stopbit
bit bit

e Start bit ............. 1 bit

e Character bits ... 7 bits or 8 bits

e Parity bit ........... Even parity, odd parity, zero parity, or no parity

e Stop bit(s) ........ 1 bit or 2 bits

When “7 bits” is selected as the number of character bits, only the low-order 7 bits (bits O to 6) are
valid, so that during a transmission the highest bit (bit 7) is ignored and during reception the highest
bit (bit 7) must be set to “0”.

The asynchronous serial interface mode register (ASIMO) and the baud rate generator control register
(BRGCO) are used to set the serial transfer rate.

If a receive error occurs, information about the receive error can be recognized by reading the
asynchronous serial interface status register (ASIS0).
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(b) Parity types and operations

The parity bit is used to detect bit errors in transfer data. Usually, the same type of parity bit is used
by the transmitting and receiving sides. When odd parity or even parity is set, errors in the parity bit
(the odd-number bit) can be detected. When zero parity or no parity is set, errors are not detected.

(1)Even parity

e During transmission
The number of bits in transmit data that includes a parity bit is controlled so that there are an even
number of “1” bits. The value of the parity bit is as follows.

If the transmit data contains an odd number of “1” bits : the parity bit value is “1”
If the transmit data contains an even number of “1” bits: the parity bit value is “0”

e During reception
The number of “1” bits is counted among the transfer data that include a parity bit, and a parity
error occurs when the result is an odd number.

(2)Odd parity

e During transmission
The number of bits in transmit data that includes a parity bit is controlled so that there is an odd
number of “1” bits. The value of the parity bit is as follows.

If the transmit data contains an odd number of “1” bits : the parity bit value is “0”
If the transmit data contains an even number of “1” bits: the parity bit value is “1”

e During reception
The number of “1” bits is counted among the transfer data that include a parity bit, and a parity
error occurs when the result is an even number.

(3)Zero parity
During transmission, the parity bit is set to “0” regardless of the transmit data.
During reception, the parity bit is not checked. Therefore, no parity errors will occur regardless
of whether the parity bit is a “0” or a “1”.

(4)No parity
No parity bit is added to the transmit data.
During reception, receive data is regarded as having no parity bit. Since there is no parity bit, no
parity errors will occur.
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(c) Transmission

The transmit operation is started when transmit data is written to the transmit shift register (TXS0). A
start bit, parity bit, and stop bit(s) are automatically added to the data.

Starting the transmit operation shifts out the data in TXSO0, thereby emptying TXS0, after which a
transmit completion interrupt (INTST) is issued.

The timing of the transmit completion interrupt is shown in Figure 14-11.

Figure 14-11: Timing of Asynchronous Serial Interface Transmit Completion Interrupt

noo  \srer/ o0 Y o1 ) oz X?@( oo Y[ o7 Ypuny oo
I

TxDO (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity / sToP |
|

Caution:
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(a) Stop bit length: 1 bit

INTST |_|

(b) Stop bit length: 2 bits

INTST |_|

Do not write to the asynchronous serial interface mode register (ASIMO0) during a
transmit operation. Writing to ASIMO during a transmit operation may disable further
transmit operations (in such cases, enter a RESET to restore normal operation).
Whether or not a transmit operation is in progress can be determined via software
using the transmit completion interrupt (INTST) or the interrupt request flag (STIF)
that is set by INTST.
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(d) Reception

The receive operation is enabled when “1” is set to bit 6 (RXEQ) of the asynchronous serial interface
mode register (ASIMO), and input data via RxD pin is sampled.

The serial clock specified by ASIMO is used when sampling the RxDO pin.

When the RxDO pin goes low, the 5-bit counter begins counting and the start timing signal for data
sampling is output if half of the specified baud rate time has elapsed. If the sampling of the RxDO pin
input of this start timing signal yields a low-level result, a start bit is recognized, after which the 5-bit
counter is initialized and starts counting and data sampling begins. After the start bit is recognized,
the character data, parity bit, and one-bit stop bit are detected, at which point reception of one data
frame is completed.

Once the reception of one data frame is completed, the receive data in the shift register is transferred
to the receive buffer register (RXB0) and a receive completion interrupt (INTSR) occurs.

Even if an error has occurred, the receive data in which the error occurred is still transferred to RXB0
and INTSR occurs (see Figure 14-9).

If the RXEO bit is reset (to “0”) during a receive operation, the receive operation is stopped immediately.

At this time, neither the contents of RXB0 and ASISO0 do not change, nor does INTSR or INTSER occur.
Figure 14-12 shows the timing of the asynchronous serial interface receive completion interrupt.

Figure 14-12: Timing of Asynchronous Serial Interface Receive Completion Interrupt

RxDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 XParity STOP
INTSR |_|

Caution: Be suretoreadthe contents of the receive buffer register (RXB0) even when areceive
error has occurred. Overrun errors will occur during the next data receive operations
and the receive error status will remain until the contents of RXBO are read.
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(e) Receive errors

Three types of errors can occur during a receive operation: parity error, framing error, or overrun error.
If, as the result of the data reception, an error flag is set to the asynchronous serial interface status
register (ASISO0), a receive error interrupt (INTSER) will occur. Receive error interrupts are generated
before receive interrupts (INTSR). Table 17-5 lists the causes behind receive errors.

As part of receive error interrupt (INTSER) servicing, the contents of ASISO can be read to determine
which type of error occurred during the receive operation (see Table 14-5 and Figure 14-13).

The content of ASISO is reset (to “0”) if the receive buffer register (RXBO0) is read or when the next data
is received (if the next data contains an error, another error flag will be set).

Table 14-5: Causes of Receive Errors

Receive error Cause ASISO0 value

Parity error Parity specified during transmission does not match parity of receive data 04H

Framingerror | Stop bit was not detected 02H

Overrunerror | Reception of the next data was completed before data was read from the 01H
receive buffer register

Figure 14-13: Receive Error Timing

RxDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 X Parity /|STOP
INTSR ”

INTSER ”

INTSER |_|
(When parity error occurs)

Cautions: 1. The contents of ASISO are reset (to “0”) when the receive buffer register (RXBO0) is
read or when the next datais received. To obtain information about the error, be sure
to read the contents of ASISO before reading RXBO.

2. Be suretoread the contents of the receive buffer register (RXB0) even when areceive
error has occurred. Overrun errors will occur during the next data receive operations
and the receive error status will remain until the contents of RXBO are read.
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14.6 Standby Function

Serial transfer operations can be performed during HALT mode.

During STOP mode, serial transfer operations are stopped and the values in the asynchronous serial
interface mode register (ASIMO0), transmit shift register (TXS0), receive shift register (RxS0), and
receive buffer register (RXBO0) remain as they were just before the clock was stopped.

Output from the TxDO pin retains the immediately previous data if the clock is stopped (if the system
enters STOP mode) during a transmit operation. If the clock is stopped during a receive operation, the
data received before the clock was stopped is retained and all subsequent operations are stopped. The
receive operation can be restarted once the clock is restarted.
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[Memo]
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Chapter 15 VAN Controller

15.1 Features
- The VAN UART is compatible with the 1ISO 11519 VAN standard, Part 3, revision 4.00.

- The VAN UART executes all the VAN frame types:

* Programmed in autonomous mode (RANK bit = 0), it performs the transmission and reception of

data frames (transmits from the SOF field or from the IDEN field) and read frames as well as the
in frame response.

Programmed in synchronous mode (RANK bit = 1), it performs the transmission (transmits from
the IDEN field only) and reception of data and read frames as well as the in frame response.

- The transmission and reception of these frames can be done up to 500 kTS/s for an 8 MHz
quartz clock.

- The VAN frame is encoded in Enhanced Manchester.

- In autonomous mode the choice of the bus speed is programmable via a 4 bit prescaler
(DIAG_CTRL_REG register). A bit of this prescaler performing a division by 1,2,3 or 5 permits
the use of “non binary” quartz clocks having a frequency of 3, 5 or 6 MHz.

- The VAN UART carries out the collision detection and goes into receive mode if lost arbitration
before the end of the current Time Slot (TS). The circuit generates an interrupt if required by the
user. The collision is not considered as an error.

- The VAN UART re-synchronises the transmission and reception clocks at each edge detected on
the bus line.

- The VAN UART incorporates a cell calculating the CRC in transmission and in reception.

- The VAN UART integrates the line diagnosis function, which consists of:

* The digital filtering of the outputs of the three comparators RXD0O, RXD1 and RXD2.
* Asynchronous diagnosis.

* Synchronous diagnosis.

* Transmission diagnosis (with enable bit).

* Protocol error (8 consecutive dominant TS).

* Possibility to force one of the three comparators.

- The VAN UART signals the errors that occurred on the VAN bus and generate an interrupt con-
nected to each error if required by the user.
3 bits implanted in the status register STAT_REG differentiate the errors in transmission or in
reception.
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15.2 Overview of the VAN Bus

15.2.1 VAN UART Description

The VAN UART cell integrated in this microcontroller is comform to the VAN Standard (1ISO 11519,
Part 3, Rev 4.00).

15.2.2 VAN UART Interface

Figure 15-1: VAN UART Interface

~)
UDL-I/F
g Data
5 Bus bridge Block
S8 Data
oy
& Status
Status
UDL © TXVAN
: (© RXOVAN
UDLCCL register VAN-UART
A lupLeken Jo Jo o Jo Jo o Jo] ubLect © RxIVAN
CLK
X1 @© L/
© © Rx2VAN

WDT Interrupt control |-

RESET
RESET @—D»—D

Chip
RESET

The VAN UART is realised with one transmit register and one receive register. The application
software may check the status registers in order to get information of the bus state and the re-
ceived or transmitted messages. The device has the capability to generate an interrupt as soon as
one byte is transmitted or received. Care has to be taken when transmitting or receiving in order
not to miss the TBE (INT1) or RDA (INT2) interrupts occuring on every byte (TBE means transmit
buffer empty and RDA means received data available). At each of these interrupts, the application
software has to perform a data exchange between the application and the TX/RX register.
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Figure 15-2: VAN UART Block Diagram

TXVAN RXOVAN Rx1VAN

X

Diagnosis Logic

VAN CORE

TX/RX Shift Register

VAN UART
Registers

CRC Generator/Checker

RKO_REG

IFR_REG

Bit Time Logic

CTRL_REG

f

Bit Stream

CONF_REG

DIAG_CTRL_REG

Error

Processor

Management
Logic

A

L

Interface Management Logic

Internal Bus

Interface Management Logic (IML) :

The IML executes the CPU’s transmission and reception commands and controls the data transfer
between CPU, Rx/Tx and VAN registers. It provides the VAN UART interface with Rx/Tx data from
the memory mapped Register Block. It sets and resets the VAN status informations and generates
interrupts to the CPU. It also generates the bit clock according the divider chosen by application

software.
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This divider divides the input clock by the value defined in the VAN Prescaler. The following
picture shows the generation of the VAN clock :

Figure 15-3: Generation of the VAN Clock

CPU's

- CKO
CK1

—-—1,2,3,5

— 92 | CK2

-2 CK3

CKCO —=——

The prescaler (CK0-CK3) is chosen in the DIAG_CTRL_REG register.

VAN Core :

The VAN Core incorporates two main state machines (transmission and reception) and controls the
output driver TxVAN, the CRC logic and the Tx/Rx shift register. It also controls the synchroniza-
tion to the VAN bus (according to VAN specifications) by the Bit Time Logic (BTL). It also detects
all the symbols included in a VAN frame like the Start Of Frame (SOF), the End Of Data (EOD),
the Acknowledge (ACK), the End Of Frame (EOF) or the Inter Frame Separation (IFS). It codes
and decodes any VAN data according to the Enhanced-Manchester code.

Bit Stream Processor (BSP) :

The BSP is a sequencer that controls the data stream between the IML (parallel data) and the VAN
bus line (serial data). It controls the BTL with regard to transmission, reception, arbitration and
generates error signals according to the VAN bus specifications.

Error Management Logic (EML) :

The EML is responsible for the fault confinement of the VAN protocol. It also sets and resets the
error flag bits and interrupts and changes the error status bits in the Status register.

Any error on the VAN bus line generates an interrupt if enabled by the application software (INTO
interrupt).
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Cyclic Redundancy Check (CRC) generator and checker :

The CRC generator consists of a 15-bit shift register and the logic required to generate the
checksum of the bit-stream. It informs the EML about the result of a receiver checksum.
The checksum is generated by the polynomial :

gx) = x® + x"M+ x0+ x2+ x¥+ X+ x*+ x3+ x2+ 1
This logic performs the calculation of the CRC in transmission and in reception.

Receive/Transmit (RX/TX) register :
The Rx/Tx register is a 8-bit shift register controlled by the VAN Core. It is loaded or read by the
IML which holds the data to be transmitted or the data that was received.

Bit Time Logic (BTL) :
The BTL is responsible for counting the bits and the bytes. It also resynchronise the bits according
to VAN specifications.

Diagnosis Logic and Output Driver:

The Diagnosis Logic is responsible to hold the communication whenever one of the two wires of
the VAN bus line (DATA and /DATA) is short-circuited to ground or battery or is opened-circuit. It
decides on which line RxOVAN, Rx1VAN or Rx2VAN, the VAN UART will continue to communicate.
Operating on the RXDO line is named «nominal or differential mode» because there is no default
neither on the DATA line nor on the /DATA one.

Operating on the Rx1VAN or Rx2VAN line is named «degraded mode» since there is a default on
DATA or /DATA and it is no longer a differential communication.

Assuming the Diagnosis Logic decides to put the device in the «degraded mode», it can also put it
back to the «differential mode» when the problem on the DATA or /DATA has disapeared.

VAN UART Registers :

The register block consists of 21 registers which are described in more details in the following
paragraphs.
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15.3

15.3.1 Overview of the VAN UART Registers

RKO_REG

IFR_REG

CTRK_REG

CONFIG_REG

DIAG_CTRL_REG

MSK1_MSG_REG

MSK1_LSG_REG

AC1_MSG_REG

AC1_LSG_REG

MSK2_MSG_REG

MSK2_LSG_REG

AC2_MSG_REG

AC2_LSG_REG

AC3_MSG_REG

AC3_LSG_REG

AC4_MSG_REG

AC4_LSG_REG

STAT_REG

REC_REG

DIAG_STAT_REG

INT_ENABLE_REG
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Functional description

Figure 15-4: Overview of the VAN UART Registers
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15.3.2 Autonomous mode functions

15.3.2.1 Autonomous mode features

The user sets the VAN UART in autonomous mode by setting the RANK bit to 0. The transmission
clock is the quartz clock divided by the prescaler chosen by the user in the DIAG_CTRL_REG
register.

For example:

To be able to detect the frames, whose speed is 250 kTS/s, the minimum frequency of this quartz
clock must be 4 MHz.

The component executes all VAN frame types:

* The transmission of data transmit (write) or data request (read) frames (SOF included or rank 0)
at any speed up to 500 kTS/s (with an 8 MHz quartz) depending on the division ratio chosen in the
DIAG_CTRL_REG register.

* The reception of data frames at the same speeds depending on the programming of the
prescaler.

* The transmission of data transmit or data request frames from the address field (synchronisation
on the start bit or rank 1) at any speed depending on the programming of the prescaler.

* The transmission of in frame responses (or rank 16) at any speed depending on the programming
of the prescaler.

15.3.2.2 Programming of the prescaler in Rank 0 transmission (SOF included)

Programming of the prescaler permits Rank 0 frames to be transmitted at different speeds without
changing the quartz clock.

For example:

W hen an 8 MHz quartz clock supplies the UART, it is capable of sweeping the range 62,5 kTS/s
to 500 kTS/s in rank O transmission.

The prescaler is chosen using the DIAG_CTRL_REG register with the 4 bits CK3, CK2, CK1 and
CKO. The 2 least significant bits CK1 and CKO are used to program a divider by 1, 2, 3 or 5 whilst
the 2 other bits are used to program a divider to a power of 2.

Figure 15-5: Prescaler in Rank 0 transmission

CPU's Clock
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Table 15-1: Network Speeds as a Function of the Quartz Clock and the Chosen Division Ratio

Quartz (MHz) 1 2 3 4 5 6 8
Div Ratio Network speed (KTS)
0000 1 62.5 125 250 500
0001 2 31.25 62.5 125 250
0010 3 62.5 125
0011 5 62.5
0100 2 31.25 62.5 125 250
0101 4 15.625 31.25 62.5 125
0110 6 31.25 62.5
0111 10 31.25
1000 2 31.25 62.5 125 250
1001 4 15.625 31.25 62.5 125
1010 6 31.25 62.5
1011 10 31.25
1100 4 15.625 31.25 62.5 125
1101 8 7.81 15.625 31.25 62.5
1110 12 15.625 31.25
1111 20 15.625

15.3.2.3 Transmission features in autonomous mode

A transmit request is triggered by writing in the rank0 transmit register RKO_REG when the compo-
nent is in receive or in idle (typically after an EOM interrupt).

A rank 0 transmission start by the transmission of the SOF symbol following the detection of the
EOF symbol (8 recessive TS) followed by the IFS symbol (4 recessive TS).

If these 12 recessive TS could not be detected on the network, the component then synchronises
itself on the start bit seen on the bus. The transmission request is satisfied but transformed into
rank 1 transmission.

In the autonomous mode, the component performs also the in frame response (IFR). To do this,
the bit IFR must be set to 1 in the CTRL_REG register. In addition, the component must be in
reception on the R/W bit of the command field of the VAN frame (please note that this receive
state can be due to a lost of arbitration during the first or the second identifier byte).

The VAN UART compares the received identifier with one or more identifiers located in the MSK
(mask) and AC (Acceptance Code) registers and generates or not a received byte interrupt. Then,
the microcontroller accepts or refuses to respond in the frame (whether this identifier corresponds
or not to an in frame response).

Writing of the first byte of the response in the IFR transmit register IFR_REG shows an
acceptation.

Not writing shows a refusal.
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15.3.3 Synchronous mode functions

15.3.3.1 Synchronous mode features

The user sets the VAN UART in synchronous mode by setting the RANK bit to 1 in the control
register CTRL_REG. The transmission clock is the quartz clock divided by the prescaler chosen
by the user in the DIAG_CTRL_REG register.

For example:

To be able to detect the frames, whose speed is 250 kTS/s, the minimum frequency of this quartz
clock must be 4 MHz.

The component can no longer transmit rank O frames. However, it can receive data frames. It can
transmit rank 1 frames (data frames and read frames synchronised on the start bit) and in frame
responses. The range of speeds depends on the frequency of the quartz clock; at 8MHz, the range
spreads from 62,5 kTS/s to 500 kTS/s.

15.3.3.2 Transmission features in synchronous mode

For rank 1 transmission, the transmit request is still triggered by writing in the Rank0 transmit
register RKO_REG when the component is in receive or in idle (typically after an EOM interrupt).
The transmission is triggered after the detection of a start bit. The transmission characteristic of
an in frame response is identical to that mentioned in autonomous mode.

15.3.4 Handling of a collision

The UART automatically goes into reception during a lost arbitration after collision detection. This
lost arbitration may be signalled either by interrupt, if it is enabled by the user (LAE bit of the
INT_ENABLE_REG register), or by reading the LA bit in the status register STAT_REG.

15.3.5 Executing the CRC

15.3.5.1 CRC transmission

The transmission of the CRC is possible thanks to a CRC module integrated in the UART.

It is performed by the following way:

The LAST-BYTE bit in the CTRL_REG register is set when there are no more bytes to transmit.
The UART then automatically completes the frame by the two CRC bytes followed by the EOD
symbol. In the case of a read frame, the LAST-BYTE bit should be set after the second identifier
byte because if the requested node does not send its data, the UART will complete the frame by
sending immediately the 2 CRC bytes.

Therefore, such a frame does not contain any data. This case is described in detail further.
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15.3.5.2 Reception of the CRC

For high-speed applications, the UART incorporates a CRC module, which compares the received
CRC with the calculated CRC. This comparison is carried out in transmission and in reception,
giving place, in the latter case, to the transmission of a possible acknowledge.

15.3.6 Control of the acknowledge bit

In reception, if the EOD symbol has been detected and if the CRC is correct, then if the ACK-REQ
bit is set to 1 in the CTRL_REG register before the end of the EOD field, a positive acknowledge
is transmitted. Otherwise, the UART stays in reception, which is equivalent to a negative acknowl-
edge.

The acknowledge bit is decoded in transmission as in reception and its value is indicated in the
STAT_REG register by the ACK bit. The microcontroller compares the value of the ACK bit with
the RAK bit received (and memorised) in the command field of the VAN frame.

15.3.7 Error control and Interrupt control

15.3.7.1 Error control
3 bits ERR2, ERR1 and ERRO encode any error in transmission or in reception in the status
register STAT_REG.

Table 15-2: Error Table

ERR2 ERR1 ERRO Type of error
0 0 0 no error : initialisation
0 0 1 Physical violation
0 1 0 Not used
0 1 1 Code Violation in reception
1 0 0 Not used
1 0 1 CRC error in reception
1 1 0 Format error ( ACK))
1 1 1 Transmission or Reception
lock up

Information on the error table:

When the code violation received is 00 on the TS 8 and 9 of a byte, the error signalled is a CRC
error in reception as it is not possible to distinguish this violation from the EOD symbol. Any other
code violation received is signalled by a code violation in reception.
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15.3.7.2 Interrupt control
An error is signalled by an interrupt if the user defines it. Any interrupt that would have been
generated after the detection of an error is deleted.

The interrupt sources are listed below:

LA_RESP : Lost arbitration in the RTR bit (Response)

EOM : End of message

LA : Lost arbitration

FT : Failed transmit (refer to ERRO, ERR1, ERR2 for status)
FR : Failed receive (refer to ERRO, ERR1, ERR2 for status)

These sources generate the INTO interrupt.

TBE : Transmit buffer empty
This source generates the INT1 interrupt.
RDA : Received data available

This source generates the INT2 interrupt.

- EOM interrupt

The EOM interrupt appears at the end of the acknowledgement field if no error has occurred in the
frame. Otherwise, it appears as soon as an error is detected. This permits, in particular to detect
errors that could occur in the identification field and to synchronise on it.

This interrupt is generated on INTO.

It can be disabled in the INT_ENABLE_REG register by the EOME bit.

It can also be masked by VEMK bit in MKOL register.

- LA interrupt

The LA interrupt appears at the end of the byte where the collision occurred even if the UART has
automatically switched to the reception mode in the current Time Slot.

This interrupt is also generated on INTO.

This interrupt is signalled in the REG-STAT register by the LA bit.

It can be disabled in the INT_ENABLE_REG register by the LAE bit.

- LA_RESP interrupt

The LA_RESP interrupt appears when the UART performs a read frame and when the collision
occurred on the RTR bit. That means that response is in progress. The UART has automatically
switched to the reception mode to receive that response.

This interrupt is also generated on the INTO pin.

This interrupt is signalled in the REG-STAT register by the LA_RESP bit.

It can be also disabled in the INT_ENABLE_REG register by the LAE bit.

- TBE interrupt

The TBE interrupt appears at the start of the 9th TS of a new byte before the old RKO_REG or
IFR_REG register has been loaded in the transmit/receive shift register.

This interrupt is generated on INT1.

It can be disabled in the INT_ENABLE_REG register by the TBEE bit.

It can also be masked by VTMK bit in MKOL register.
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It signifies that a byte must be loaded into the RKO_REG or IFR_REG register, but can be ignored
if the microcontroller has no more bytes to transmit. In this case, it sets the LAST-BYTE bit in the
control register CTRL_REG for the transmission of the CRC.

- RDA interrupt

The RDA interrupt appears at the start of the 9th TS of the current byte before the RECEP_REG
register has been loaded by the transmit/receive shift register.

This interrupt is generated on INT2.

It can be disabled in the INT_ENABLE_REG register by the bit RDAE.

It can also be masked by VRMK bit in MKOL register.

It signifies that the byte contained in the RECEP_REG register must be read.

- Case of an in frame response:

The user can choose to perform or not the in frame response using the IFR bit in the control

register CTRL_REG.

If IFR = 0, the component cannot perform the in frame response.

If IFR = 1, the component is able to respond in the frame under conditions (see the
transmission characteristics of rank 16). The interrupts are generated following two
manners:

If IT12 = 0, the interrupts are generated byte after byte. The comparison of the identifier field is
made by UART.

If IT12 = 1, the interrupts are generated byte after byte except during the second byte of the
identifier where one RDA interrupt appears at the end of the 12th bit of the VAN identi
fier field. This allows the microcontroller to make the comparison itself. In this case,
the UART supplies the byte for the address comparison and helps the microcontroller
to search for the byte to be transmitted in the in frame response...

Table 15-3: Frame Responce

0000 IDEN2

4 bits 4 bits

...after the RDA interrupt at the 12th bit, so as to be able to add to an address to
point on the table of bytes to be transmitted without needing to mask the 4 most
significant bits of this byte.

- FT interrupt

The FT interrupt appears after a physical violation, a format error (acknowledge error in transmis-
sion) or a transmission lock-up (when there is no write access to the transmission register or to
the control register between the transmission of two consecutive bytes). In case of a transmission
lock-up, the UART does not complete the frame with the two bytes of CRC and stops just after the
last byte loaded.

The bits ERR2, ERR1 and ERRO signal the error in the status register STAT_REG.
It is generated on INTO.
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It can be disabled in the INT_ENABLE_REG register by the FTE bit.

- FR interrupt

The FR interrupt appears after a code violation, a CRC error or a format error (acknowledgement
error in reception) or a reception lock-up (when there is no read access to the reception register
between the reception of two consecutive bytes). In case of a reception lock-up, the UART does
not receive the rest of the frame and stops just after the last byte.

The bits ERR2, ERR1 and ERRO signal the error in the status register STAT_REG.

It is generated on INTO.

It can be disabled in the INT_ENABLE_REG register by the FRE bit.
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15.4 VAN UART Registers

The VAN UART consists of the following registers.

Table 15-4: VAN UART Registers

Manipulatable bit unit

Address Register NAME SYMBOL After Reset R/W
1bit 8bit 16bit

F800H Rank 0 Register RKO_REG FFH R/W o o X
F801H In Frame Transmit Register IFR_REG FFH R/W o o X
F802H Control Register CTRL_REG 00H R/W o] o] X
F803H Configuration Register CONF_REG 08H R/W O O X
F804H Diagnosis Control Register DIAG_CTRL_REG 17H R/W O O X
F805H Mask1 Register MSK1_MSB_REG 00H R/W o] o] X
F806H Mask1 Register MSK1_LSB_REG 00H R/W O O X
F807H Acceptance Code 1 AC1_MSB_REG 00H R/W (0] (0] X
F808H Acceptance Code 1 AC1_LSB_REG 00H R/W (0] (0] X
F809H Mask2 Register MSK2_MSB_REG 00H R/W o o] X
F80AH Mask2 Register MSK2_LSB_REG 00H R/W o o X
F80BH Acceptance Code AC2_MSB_REG 00H R/W (0] (0] X
F80CH Acceptance Code AC2_LSB_REG 00H R/W (0] (0] X
F80DH Acceptance Code AC3_MSB_REG 00H R/wW (0] (0] X
F80EH Acceptance Code AC3_LSB_REG 00H R/W (0] (0] X
F80FH Acceptance Code AC4_MSB_REG 00H RW (0] (0] X
F810H Acceptance Code AC4_LSB_REG 00H R/W (0] (0] X
F811H Status Register STAT_REG 08H R o] o] X
F812H Receive Register REC_REG FFH R O O X
F813H Diagnosis Status Register DIAG_STAT_REG 00H R (0] (0] X
F820H Interrupt Enable Register INT_ENABLE_REG 00H R/W (0] (0] X
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15.4.1 Rank0 Transmission Register (RKO_REG)

The rank0 transmission register is loaded by the microcontroller to trigger a transmit request.
RKO_REG is set with a 1-bit or 8-bit manipulation instruction.

RESET input set this register to FFH.

Figure 15-6: Rank0 Transmission Register Format

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

RKO_REG TX7 TX6 TX5 TX4 TX3 X2 ™1 TXO0 F800H FFH R/W

It is also loaded each time the INT1 interrupt is generated, except if the microcontroller has no
more bytes to transmit. In this case, it sets, instead, the LAST-BYTE bit in the control register
CTRL_REG.

For a standard transmission (rankO or rank1), the microcontroller has up to one byte duration to
load this register.

For the in frame response, it has up to one byte duration if the IT12 bit is set to 0 or up to only 4
TS if the IT12 bit is set to 1.

The loading limit is 14/16 of the last TS of the byte. If this limit is no met, the component will
detect a lock up error and will signal it.

The transmission is done MSB first (TX7 is transmitted first).
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15.4.2 In Frame Response Register (IFR_REG)

The IFR Transmit Register is written when the user wish to transmit an In Frame Response (IFR).
IFR_REG is set with a 1-bit or 8-bit manipulation instruction.

RESET input set this register to FFH.

Figure 15-7: Frame Responce Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
IFR_REG IFR7 | IFR6 | IFR5 | IFR4 | IFR3 | IFR2 | IFR1 | IFRO F801H FFH R/W

The VAN UART will receive the identification field (12 bits), compares it with the Acceptance
Codes and start the transmission by the 16th bit of the frame. This kind of transmission is named
«rank16 frame».

No IFR is transmitted if this register is not written.

The application software should only write data bytes in this register (28 maximum) and not ad-
dress bytes. These datas correspond to the datas to be answered in the IFR. This software must
specify the last byte of data in the CTRL_REG register.

The device will transmit an In Frame Response only if the identification field that was received on
the VAN bus matches with one of the Acceptance Codes.

Every byte transmitted generates a INT1 interrupt corresponding to the TBE status (Transmit
Buffer Empty) meaning that the IFR_REG register was loaded in the shift register. A writing in this
register resets the internal TBE flag.

- Case of lost arbitration during the identification field of a rank0 frame

The following picture shows an arbitration during the identification field of a rankO frame. That
means the VAN UART has first tried to transmit a rankO frame. Nevertherless , at the same
moment, another VAN node is also communicating with a higher priority identification field. The
VAN UART looses the arbitration and goes into the receive mode.

It can happen that this frame was also a request frame for the VAN UART.

In order to handle these cases, the application software has to write in both registers (RKO and
IFR) to prevent from this kind of arbitration. The VAN UART will then select automatically the right
register. If a lost arbitration has occured, the IFR_REG is selected otherwise the RKO_REG is
chosen.
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Figure 15-8: Frame Responce Register Function

5D A RTR=0 DAT=33
VAN UART I | | | | | | | U
5D 8F
JUuy ddl g U
\
Y
In Frame Lost
- Responce Arbitration
First Byte
Received
INTO |—|
INT1
INT2 |—|

WRITE RKO and IFR

Registers with first Data Byte
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15.4.3 Control Register (CTRL_REG)

The Control Register is used to control the VAN UART during the transmisision or to initiate a
RESET.
CTRL_REG is set with a 1-bit or 8-bit manipulation instruction.

RESET input set this register to 00H.
Figure 15-9: Control Register Format

After

Reset RIW

Symbol 7 6 5 4 3 2 1 0 Address

STOP- ACK- LAST- SOFT-

TR REQ | BYTE | Reser | T802H  00H  R/W

CTRL_REG 0 0 0 0

Note:
The bits of this register are “SET ONLY type “ bits. They are set by the application software
and resetted automatically by the VAN UART. Writing 0 in these bits will have no effect.

STOP-TR: Stop Transmit
Table 15-5: Stop Transmit

STOP-TR Stop Transmit
0 No influence
1 Stop the transmission in progress

It can be used in any type of transmission.

ACK-REQ: Acknowledge Request

Table 15-6: Acknowledge Request

ACK-REQ Acknowledge Request
0 No influence
1 Transmit request of an acknowledge bit

The microcontroller decodes the value of the RAK bit (bit 2 of the 2nd byte of the frame). Accord-
ing to this value, it will choose to set the ACK-REQ bit in the control register CTRL-REG or not.
Note that ACK-REQ occupies the same position as RAK in the byte.
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Figure 15-10:

Control Register Block Diagram

Byte 2 of the Frame
memorised
in the microcontroller

CTRL_REG
of the UART

IDEN3

IDEN2

IDEN1

IDENO

EXT

RAK

R/W

RTR

STOP
TR

ACK
REQ

LAST

BYTE

SOFT
RESET

Therefore, a mask with 04h of the 2nd byte needs to be made and written in the control register.

Figure 15-11:

Control Register Function

8

9

CRC2
Last Limit

EOD

1
|
|
|
1
1
|
|
|
1
1
|
|
|
I
1
|
I

ACK

The last limit for setting the ACK-REQ is 13/16 of the 2nd TS of the EOD symbol.

Following the results of the frame (identifier recognised and correct CRC), the acknowledge bit

may be transmitted.

LAST-BYTE:

Table 15-7: Last-Byte

LAST-BYTE Last transmission Byte
0 No influence
1 Sign to the VAN UART that the current byte is
the last one
Figure 15-12: Last-Byte
13/16
o 1 2 3 4 5 6 7 8 9l 0
Data or Iden CRC
Last Limit -
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The UART places the 2 CRC bytes after it. This may occur during a write frame or a read frame:
in the case of a write frame, the last byte of data is signalled after the last data is transmitted. In
the case of a read frame, the last byte is signalled after loading the 2nd identifier. The LAST-BYTE

bit must be activated, as, if the response is missing, the CRC will be automatically set by the
UART following the identifier n°2.

SOFT-RESET: Software reset

Table 15-8: Software Reset

SOFT-RESET Soft Reset
0 No influence
1 Software reset with the initialisation of the VAN
UART

This bit should be used if a major problem is detected during the operation of the VAN UART, or if

it is incorrectly used. The result is the same as a hardware reset. The VAN UART must be re-
configured.
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15.4.4 Configuration Register (CONF_REG)

The Configuration Register is used to configure the interrupt generation, the UART mode and
response and the mask function.
CONF_REG is set with a 1-bit or 8-bit manipulation instruction.

RESET input set this register to 08H.

Figure 15-13: Configuration Register (CONF_REG) Format

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

CONF_REG 0 0 0 IT12 RANK IFR MSK1 | MSKO F803H 08H

IT12: Enable / Disable interrupt on the 12th bit of the identifier field.

Table 15-9: Enable / Disable interrupt on the 12th bit of the identifier field

IT12 Interrupt on the 12" bit of the identifier field
Disables the interrupt on the 12th bit of the identifier
0 field. The UART only supplies «byte» interrupts

during a frame.

Enables the interrupt on the 12th bit of the identifier
1 field. This allows the microcontroler to receive the
whole identifier and to compare it if necessary.

Case where IT12 =0

Figure 15-14: Case where IT12 =0

0123456789012345¢6731829
N I T [ _
I H L1 1 \
SOF IDEN1
INT2 X
! Reception
INTT= === = mmmm oo oo n (e bies oo
IFR
"Byte" Interrupts

R/W

R/W
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Case where IT12 = 1

Figure 15-15: Case where IT12 = 1

0123456789012345672839
11 [ —

Illlﬂlll AIJ

SOF IDEN1 | IDEN2 + :COM Reception

INT2 u —
| / i IFR
INTA L

/ N /
"Byte" Interrupts

<

"Nibble" interrupt

to the third TS (i.e. to the 1st TS

of the Manchester bit) to gain

one TS at the address comparison level.
The UART supplies 0000IDEN2 to make
the responce search easier

RANK: Rank 0 / Rank 1 mode

Table 15-10: Rank 0/ Rank 1 mode

RANK VAN UART Mode Selection
0 VAN UART in autonomous mode
1 VAN UART in synchronous mode

In autonomous mode, a quartz clock is compulsory for the generation of the SOF symbol. The
precision needed is +/-1%.

Remark:

On initialisation, the UART is set in synchronous mode and disables
the in frame response.

IFR: Enable / Disable In Frame Response
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MSK1, MSKO0: Mask Enable / Disable

Table 15-12: Mask Enable / Disable

MSK1 MSKO Function
0 0 Masks 1 and 2 activated (all identifiers filtered)
0 1 Mask1 inhibited
1 0 Mask2 inhibited
1 1 Masks 1 and 2 inhibited (all identifiers accepted)

MSK1 and MSKO combinations allow enabling or disabling all or part of the mask mechanism

applied on the identification field described further on.
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15.4.5 Diagnosis Control Register (DIAG_CTRL_REG)
The Diagnosis Control Register allows to configure the bus speed, the communication mode and
diagnostic functions.

DIAG_CTRL_REG is set with a 1-bit or 8-bit manipulation instruction.

RESET input set this register to 17H.

Figure 15-16: Diagnosis Control Register (DIAG_CTRL_REG) Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
DIAG_CT DIAG- | ENAB_E
RL REG CK3 | CK2 | CK1 | CKoO TOP MECB DIA1 | DIAO | F804H 17H R/W

CK3, CK2, CK1 and CKO: Prescaler

The prescaler is used to fix the division ratio between the quartz clock and the speed of the bus.
This prescaler is defined in 4 bits.

The least significant bits CK3 and CK2 are used to pre-divide by a ratio of 1,2,3 or 5. So, the
UART can operate with quartz frequencies other than to the powers of 2.

This pre-divider by 3 or 5 permits an operation at “round” speeds in terms of Kbits/s or KTS/s with
“non binary” frequencies such as 3, 5, 6 MHz.

Figure 15-17:  Prescaler Block Diagram

CPU's CK

- CKO
~ CK1

+—1,2,35

-9 CK2

-2 CK3

CKCOR
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Table 15-13: Prescaler - Network Speeds as a Function of the Quartz Clock and the Chosen

Division Ratio

Quartz (MHz) 1 2 ‘ 3 ‘ 4 ‘ 5 ‘ 6 8
Div Ratio Network speed (KTS)
0000 1 62.5 125 250 500
0001 2 31.25 62.5 125 250
0010 3 62.5 125
0011 5 62.5
0100 2 31.25 62.5 125 250
0101 4 15.625 31.25 62.5 125
0110 6 31.25 62.5
0111 10 31.25
1000 2 31.25 62.5 125 250
1001 4 15.625 31.25 62.5 125
1010 6 31.25 62.5
1011 10 31.25
1100 4 15.625 31.25 62.5 125
1101 8 7.81 15.625 31.25 62.5
1110 12 15.625 31.25
1111 20 15.625

DIAG-TOP: Synchronous diagnosis clock

Table 15-14: Synchronous Diagnosis Clock

DIAG-TOP

Synchronous diagnosis clock selection

0

No pulse on the internal DIAG-CLOCK signal

1

Pulse on the internal DIAG-CLOCK signal

The pulse on the internal DIAG-CLOCK signal is used for the synchronous diagnosis clock (see
Information on the characteristics of the clock DIAG-CLOCK in the paragraph describing the diag-

nosis function).

EN-EMECB: Enable the transmit diagnosis

Table 15-15: Enable the Transmit Diagnosis

EN-EMECB

Transmit diagnostic

0

Enables the transmission diagnosis

1

Disables the transmission diagnosis

Due to the diagnosis set-up problems in transmission, this bit permits this part of the diagnosis to

be disabled or enabled.
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DIA1, DIAQ: Choice of communication mode

Table 15-16: Choice of Communication Mode

DIA1 DIAO Communication mode
0 0 Forced operation on RXDO
0 1 Forced operation on RXD1
1 0 Forced operation on RXD2
1 1 Automatic operation

The 2 least significant bits DIA1 and DIAO allow the user to choose the communication mode.
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15.4.6 Mask1 registers (MSK1_MSB_REG, MSK1_LSB_REG)

These 2 registers allow to compare the 12 bits of the VAN identification field plus the EXT bit.
MSK1_MSB_REG, MSK1_LSB_REG is set with a 1-bit or 8-bit manipulation instruction.
RESET input sets these registers to O0H.

Figure 15-18-1:  Mask1 register MSK1_MSB_REG Format

Symbol 7 6 5 4 3 2 1 0 Address Q“er R/W
eset

MSK_MSB_REG | B11 [B10| Bo | B8 | B7 | B6 | B5 | B4 | FeosH ooH RW

Figure 15-18-2: Mask1 register MSK1_LSB_REG Format

Symbol 7 6 5 4 3 2 1 0 Address é\ﬂer R/W
eset

MSK_LsB_REG |B3 | B2 | Bt [ Bo [Ext| o | o | o | FBosH ooH RW

Writing «0» enables the comparison of the corresponding bit.
Writing «1» disables the comparison of the corresponding bit that becomes a «don’t care bit».
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15.4.7 Acceptance Code 1 registers (AC1_MSB_REG, AC1_LSB_REG)

These 2 registers allow to choose the code acceptance which is the value of the identification field
that the user wish to match with. They work together with the MSK1 registers.

AC1_MSB_REG, AC1_LSB_REG is set with a 1-bit or 8-bit manipulation instruction.

RESET input sets these registers to O0H.

Figure 15-19-1: Acceptance Code 1 register AC1_MSB_REG

After

Symbol 7 6 5 4 3 2 1 0  Address Reset R/W
acimsereg | | | [ | | | | | reorH  oon Rw
Figure 15-19-2: Acceptance Code 1 register AC1_LSB _REG

Symbol 7 6 5 4 3 2 1 0 Addess A RW
aciissreg | | | | | | | | | FeosH ooH RwW

The behaviour of the receive interrupt (INT2) according this comparison is described in the para-
graph «Receive Interrupt Behaviour».
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15.4.8 Mask2 registers (MSK2_MSB_REG, MSK2_LSB_REG)

These 2 registers allow to compare the 12 bits of the VAN identification field plus the EXT bit.
MSK1_MSB_REG, MSK1_LSB_REG is set with a 1-bit or 8-bit manipulation instruction.

RESET input sets these registers to O0H.

Figure 15-20-1: Mask2 register MSK2_MSB_REG Format

Symbol 7 6 5 4 3 2 1 0 Address
MSK2 MSB | g1y | B1o | Bo | B8 | B7 | Bs | B5 | B4 | FeO9H
_REG

Figure 15-20-2: Mask2 register MSK2_LSB REG Format
Symbol 7 6 5 4 3 2 1 0 Address
MoKeLSB | B3 B2 | B1 | Bo | Ext | © 0 0 | F80AH

Writing «0» enables the comparison of the corresponding bit.

After
Reset

00H

After
Reset

00H

R/W

R/W

RW

R/W

Writing «1» disables the comparison of the corresponding bit that becomes a «don’t care bit».
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15.4.9 Acceptance Code 2, 3 and 4 Registers (AC2_MSB_REG, AC2_LSB_REG,
AC3_MSB_REG, AC3_LSB_REG, AC4_MSB_REG, AC4_LSB_REG)

These 6 registers allow to choose the code acceptance which is the value of the identification field
that the user wish to match with. They work together with the MSK2 registers.

AC2_MSB_REG, AC2_LSB_REG, AC3_MSB_REG, AC3_LSB_REG, AC4_MSB_REG,
AC4_LSB_REG are set with a 1-bit or 8-bit manipulation instruction.

RESET input sets these registers to 00H.

Figure 15-21:  Acceptance Code 2, 3 and 4 Registers Format

Symbol 7 6 5 4 3 2 1 0 Address Q“er R/W
eset

J

AC2_MSB_REG | B11|B10| Bo | B3 | B7 [ Bs | B5 | B4 | FBOBH 0OH RW

Symbol 7 6 5 4 3 2 1 0 Address Q“er R/W
eset

Ac2_LsB REG | B3 | B2 [ B1 [ Bo | Ex| o | o | o | FeocH ooH RwW

Symbol 7 6 5 4 3 2 1 0 Addess A RW
eset

~

AC3_MSB_REG | B11|B10| Bo | B8 | B7 | Bs | B5 | B4 | FEODH 0OH RW

Symbol 7 6 5 4 3 2 1 0 Addess A RW
eset

AC3_LSBREG | B3 | B2 [ B1 [ Bo | Ex| o | o | o | FeoEH o0H RW

Symbol 7 6 5 4 3 2 1 0 Addess A RW
eset

‘ B6 | B5 | B4 ‘ FSOFH  O00H R/MW

AC4_MSB_REG ‘511 ‘ B10‘ B9 | B8 | B

~

Symbol 7 6 5 4 3 2 1 0 Addess A RW
eset

AC4_LSB_REG ‘ B3 ‘ B2 ‘ B1 | BO | Ext‘ 0 | 0 | 0 ‘ F810H O00H RMW

The behaviour of the receive interrupt (INT2) according this comparison is described in the
paragraph «Receive Interrupt Behaviour».
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15.4.10 Status Register (STAT_REG)

This register allows to control a lost arbitration, the end of message, the acknowledge and the
error type during a transmission or a reception.

STAT_REG can be read with a 1-bit or an 8-bit manipulation instruction.

RESET input sets this register to 08H.

Figure 15-22:  Status Register (STAT_REG) Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
STAT_REG 0 LéA‘S—Fl? EOM LA ACK ERZR EF:R EF;R F811H 08H R

LA RESP, LA: Lost arbitration information

Table 15-17: LA_RESP, LA

LA_RESP Lost Arbitration information

0 Arbitration is not lost during RTR bit
Arbitration lost during the RTR bit of the command

1 field. It is considered as a lost arbitration due to a
response.

LA Lost Arbitration information

0 Arbitration is not lost

1 Arbitration lost not in the RTR bit of the command
field

The UART automatically goes into reception after loosing arbitration during a collision.

These 2 kinds of collision may be signalled either by interrupt (INTO), if enabled by the user (LAE
bit of the INT_ENABLE_REG register), or by reading these 2 bits in the status register STAT_REG.
It is worthwhile noting that reading the status register causes all the bits to be reset to 0 (except
ACK, which is set to 1).

EOM: End of message

Table 15-18: EOM

EOM End of Message

0 End of Message as not given under a.) or b.).

a.) If the frame is correct, the EOM flag is
set after the EOD symbol and the
ERR2, ERR1, ERRO bits show 000.

1 b.) If the frame is not correct, the EOM flag

is also set when the error is

detected and the ERR2, ERR1, ERRO

bits show this error.
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The EOM flag is set when a VAN frame is transmitted or received correctly or incorrectly.
These 2 kinds of EOM may be signalled either by interrupt (INTO), if enabled by the user (EOME
bit of the INT_ENABLE_REG register), or by reading the EOM bit in the status register
STAT_REG.

During an EOM interrupt (INTO), the microcontroller can read:

- LA: Signals a possible collision with lost arbitration in the current frame. The application
software should memorise this information to retry the transmission of this frame.

- LA_RESP:Indicates a lost arbitration during the RTR bit. This lost arbitration is due to a
response.

- ACK: Indicates the value of the acknowledge bit:
0: positive
1: no acknowledge
The ACK bit is described in the paragraph “Control of the acknowledge bit “.

- Em: Signals the type of transmit or receive error.

The ERRXx bits are described in the paragraph “Error control” where the bit combina
tion are given.
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15.4.11 Receive register (REC_REG)

This register is used as receive register of a reception.
STAT_REG can be read with a 1-bit or an 8-bit manipulation instruction.
RESET input sets this register to FFH.

Figure 15-23: Receive register (REC_REG) Format

Symbol 7 6 5 4 3 2 1 0  Address F/?“er R/W
eset

REC_REG | RX7 RX6 RX5 RX4 | RX3 | RX2 RX1 RX0 F812H FFH R

The receive register is read by the microcontroller each time the RDA interrupt (INT2) is generated
by the UART indicating that a new byte is received.

The reading limit of the receive register is 13/16 of the last TS of the byte or 13/16 of the third TS
of the second byte of identifier in case of IT12 is set. If this limit is not met, the component will
detect an overrun and will signal a lock up error.

The reception is done MSB first (RX7 is received first).

Receive interrupt behaviour :

The RDA receive interrupt (INT2) is generated only if the received VAN identifier matches with one
of the identifiers written in the ACx registers. The AC1 registers work with the MSK1 mask regis-
ters and the AC2, AC3 and AC4 registers work with the MSK2 mask registers.

Since the VAN identifier is built with 12 bits, it is received over 2 bytes. Three cases can occur :
* The received identifier does not match at all. The VAN UART does not produce any interrupt.

* The first byte matches but not the second one. The VAN UART generates the first receive inter-
rupt (INT2) but since the second identifier byte does not match, the UART will wait for the end of
the current frame to generate the EOM interrupt (INTO).

* The whole received identifier matches. The VAN UART generates all the receive interrups and
the EOM interrupt.
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15.4.12 Diagnosis Status Register (DIAG_STAT_REG)

This register is used for the diagnose of the receive lines.

DIAG_STAT_REG can be read with a 1-bit or an 8-bit manipulation instruction.
RESET input sets this register to 00H.

Figure 15-24: Diagnosis Status Register (DIAG_STAT_REG) Format

Symbol 7 6 5 4 3 2 1 0  Address é\ﬂer R/W
eset
PRCSTAT | o 0 0 0 o | sc | sB | sA | F813H ooH R

The bits SA and SB indicate the line chosen by the diagnosis circuit.

Table 15-19: The bits SA and SB

SB SA Line chosen

0 0 Differential mode ( RXOVAN )-- No fault

0 1 DATAB mode ( Rx2VAN ) -- Fault on DATA
1 0 DATA mode ( Rx1VAN) -- Fault on DATAB
1 1 Major Error

To perform this diagnosis, the circuit needs the synchronous diagnosis clock (SDC).

The synchronous diagnosis circuit is necessary to go back to the nominal mode, which is the
differential mode.

If no fault is detected between two edges of this clock, the circuit goes back to the nominal mode
(line RxOVAN). This delay of one synchronous diagnosis clock period, is used to solve bad contact
problems (on connectors for example). Thus, it is equal to a few milliseconds or even a few dozen
milliseconds. Anyway, this is very large comparing to the TS clock (duration of TS).

To generate it, the user must set DIAG-TOP to 1 in the diagnosis control register
DIAG_CTRL_REG.

Table 15-20: The bit SC

SC VAN UART comparator comparison
1 Discrepancy between the 3 comparator RxOVAN,
Rx1VAN and Rx2VAN during the reception.
0 No discrepancy between the 3 comparator RxOVAN,
Rx1VAN and Rx2VAN during the reception.

In normal operation, the SC bit equals 0, the 3 comparators give an identical result.
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15.4.13 Interrupt enable register (INT_ENABLE_REG)

This register allows to enable/disable the interrupt sources of the VAN UART.
INT_ENABLE_REG is set with a 1-bit or an 8-bit manipulation instruction.
RESET input sets this register to O0H.

Figure 15-25: Interrupt enable register (INT_ENABLE _REG) Format

Symbol 7 6 5 4 3 > 1 0  Address ;\ﬂer
eset
INT_ENA RDA | TBE EOM
BLE ReG | G E = | FTE | FRE | LAE | B 0 | F820H

Table 15-21: Interrupt enable register (INT_ENABLE_REG) (1/2)

GIE: Global Interrupt Enable

GIE Global Interrupt enable
0 Disables all the interrupt sources
1 Enables interrupt sources which can be disabled one by
one with the following bits

RDAE: RDA Enable

RDAE Receive interrupt
0 Receive interrupt disabled
1 Receive interrupt enabled

TBEE: TBE Enable

TBEE Transmit interrupt
0 Transmit interrupt disabled
1 Transmit interrupt enabled

FTE: FT Enable

FTE Fail transmit interrupt
0 Failed transmit interrupt disabled
1 Failed transmit interrupt enabled

RW

R/W
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Table 15-21: Interrupt enable register (INT_ENABLE_REG) (2/2)

This interrupt will coincide with an EOM interrupt, as an error will cause a premature end of message.

FRE: FR Enable

FRE Fail receive interrupt
0 Failed receive interrupt disabled
1 Failed receive interrupt enabled

This interrupt will coincide with an EOM interrupt, as an error will cause a premature end of message.

LAE: LA Enable

LAE Lost arbitration interrupt
0 Lost arbitration interrupt disabled
1 Lost arbitration interrupt enabled

EOME: EOM Enable

EOME End of Message interrupt
0 End of Message interrupt disabled
1 End of Message interrupt enabled

This interrupt occurs in the case of an end of message, i.e. after the acknowledge field or during an
error (premature end of message).
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15.4.14 VAN clock selection register (UDLCCL)

This SFR register enables the clock suppply to the VAN UART. UDLCCL is set with a 1-bit or an

8-bit manipulation instruction.
RESET input sets this register to 00H.

Figure 15-26: VAN clock selection register (UDLCCL) Format

Addres After
Symbol 7 6 5 4 3 2 1 0 s Reset

UDLCCL | UDLCKEN | 0 0 0 0 0 0 0 FF78H 00H

Table 15-22: VAN clock selection register (UDLCCL)

R/W

R/W

UDLCKEN VAN UDL clock control
0 Disable VAN clock supply
1 Enable VAN clock supply

Caution: The VAN UART clock is disable at RESET. Application software must enable it in order

to handle VAN communication.
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15.5 VAN UART initialisation
1) Enable the clock via UDLCCL SFR register.

2) Configure the component:
a) Choose the UART mode of operation owing to the RANK bit in the configuration register
b) Enable or disable the In Frame Response using the IFR bit in the same register
c) Enable or disable the generation of the IT12 interrupt using the IT12 bit in the same register
d) Enable or disable the identifier filtering mechanism using the MSK1 and MSKO bits in the
same register
e) Program the MSKx and ACx registers if filtering is enabled.

3) Program the prescaler to choose the network communication speed.

4) Enable the interrupts for the micro and the VAN UART.
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[Memo]
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Chapter 16 LCD Controller/Driver

16.1 LCD Controller/Driver Functions
The functions of the LCD controller/driver incorporated in the yPD1615A subseries are shown below.

(1) Automatic output of segment signals and common signals is possible by automatic writing of the
display data memory.

(2) Any of five display modes can be selected.
e Static

e 1/2 duty (1/2 bias)

e 1/3 duty (1/2 bias)

e 1/3 duty (1/3 bias)

e 1/4 duty (1/3 bias)

(3) Any of four frame frequencies can be selected in each display mode.

(4) Maximum of 40 segment signal outputs (SO to S39); 4 common signal outputs (COMO to COM3).
The prt function register (PF) has to be set to LCD mode to allow the segment signal output. This
LCD mode can be set bit-wise.

The maximum number of displayable pixels in each display mode is shown in Table 16-1.

Table 16-1: Maximum Number of Display Pixels

Bias Time . . .
Method division Common Signals Used Maximum Number of Pixels
Static COMO (COMT1, 2, 3) 40 (40 segments x 1 common)

1o 2 COMo, COM1 80 (40 segments x 2 commons)

3

3 COMO - COM2 120 (40 segments x 3 commons)
1/3

4 COMO - COM3 160 (40 segments x 4 commons)
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16.2 LCD Controller/Driver Configuration
The LCD controller/driver is composed of the following hardware.

Table 16-2: LCD Controller/Driver Configuration

ltem Configuration

Segment signals : 40
Display outputs Segment signal input/output port dual function : 40
Common signals : 4 (COMO0 to COMS3)
Control registers LCD display mode register (LCDM)
LCD display control register (LCDC)

Figure 16-1: LCD Controller/Driver Block Diagram

LIPS |LCDM2|LCDM1

S Internal bus
Display data memory ii LCD display mode register (LCDM) ii LCD display control
register (LCDC)

FA27H FAOOH
76543210 76543210(76543210 76543210

LCDMD|

| LDON

3

LCD clock selector

3210 3210

......... Timini ntroller
|selector| |seleotor| g controlle

EOH E)H E}E ......... Common driver LCD driver vol

© ©) © © ©O 0O O 0O ©

so/Pi27.. .. ... ... ...823/P100 $24/P97 ... ... S39/P80 COMO COM1 COM2 COM3

Note: Segment driver

tage controller

Vico Vier Vicz
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Figure 16-2: LCD Clock Select Circuit Block Diagram

fx/2" Prescaler

fuen/2®

fLen/2®

fleo/2 LCDCL

T

LCDC3 LCDC2

Selector

freo

LCD display mode register

S Internal bus S

Remarks: 1. LCDCL : LCD clock
2. fLbc : LCD clock frequency
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16.3 LCD Controller/Driver Control Registers

The LCD controller/driver is controlled by the following two registers.
e LCD display mode register (LCDM)
e LCD display control register (LCDC)

(1) LCD display mode register (LCDM)

This register sets display operation enabling/ disabling, the LCD driving power and the LCD
display mode.

LCDM is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets LCDM to 00H.

Figure 16-3: LCD Display Mode Register Format
Symbol 7 6 5 4 3 2 1 0 Address  AfterReset R/W

LCDM | LCDON | 0 | 0 | LIPS | 0 | LCDM2 | LCDM1 | LCDMO | FFBOH 00H R/W

LCDON | LCD Display Enable/Disable

0 Display off
1 Display on
LIPS LCD driving power supply selection

0 Does not supply power to LCD

1 Supplies power to LCD from Vbb pin

Selects display mode of LCD controller/driver
LCDM2 | LCDM1 | LCDMO
Time division Bias mode
0 0 0 4 1/3
0 0 1 3 1/3
0 1 0 2 1/2
0 1 1 3 1/2
1 0 0 Static display mode
Other than above Setting prohibited
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Table 16-3: Frame Frequencies (Hz)

Frame frequency (Hz)
LCDC3 | LCDC2 fx=4.0 MHz fx=8.0 MHz
Static 1/2 1/3 1/4 Static 1/2 1/3 1/4
0 0 244 122 81.4 61 488 244 162.8 122
0 1 122 61 40.7 30.5 244 122 81.4 61
1 0 61 30.5 20.3 15.3 122 61 40.7 30.5
1 1 30.5 15.3 10.2 7.6 61 30.5 20.3 15.3

Remark: 1.Figures in parentheses apply to operation with fx = 4.0 MHz or fx = 8.0 MHz.

(2) LCD display clock control register (LCDC)
This register sets the LCD clock.

LCDC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets LCDC to 00H.

Figure 16-4: LCD Display Clock Control Register Format

Symbol 7 6 5 4 3 2 1 0 Address AfterReset R/W
tcoc [ o | o | o | o |icocs|icoce| o | o | FFB2H oo  RwW
LCDC3 LCDC2 Selection of LCD clock
0 0 ix/2"”
0 1 fx/2'°
1 0 fx/2'"°
1 0 fx/2"

16.4 LCD Controller/Driver Settings

LCD controller/driver settings should be performed as shown below. When the LCD controller/driver
is used, the watch timer should be set to the operational state beforehand.

<1> Set the initial value in the display data memory (FAOOH to FA27H).
<2> Set the pins to be used as segment outputs in the port function registers (PF8 to PF12).

<3> Set the display mode, operating mode in the LCD display mode register (LCDM), and the LCD
clock in the LCD clock control register (LCDC).

Next, set data in the display data memory according to the display contents.
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16.5 LCD Display Data Memory

The LCD display data memory is mapped onto addresses FAOOH to FA27H. The data stored in the LCD
display data memory can be displayed on an LCD panel by the LCD controller/driver.

Figure 16-5 shows the relationship between the LCD display data memory contents and the segment
outputs/common outputs.

Any area not used for display can be used as normal RAM.

Figure 16-5: Relationship between LCD Display Data Memory Contents
and Segment/Common Outputs

Address b7 be bs ba bs b2 b1 bo
o P T T

FA27TH | 1 1 1 —— S0
T R

FA26H | | | | = S1
SRS S N —

FA25H | | | | [~ 52
R e R

FA24H | 1 1 | — S3
L O 4 L
| | | |
| | | |
| | | |
| | | |
| | e |

i:::::::::::::::;::::“““‘-“:::::::::::

‘ | | |
| | | |
I 7T T rT

FAO2H | | | | . 537
oommee e R oemmee

FAOTH | | | | — 538
omeee e e

| | |

FAOOH | ! ! ! L~ 539

| | | |

T

coOM3 COmM2 COM1 COMO

Caution: The higher 4 bits of the LCD display data memory do not incorporate memory. Be
sure to set them to 0.
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16.6 Common Signals and Segment Signals

An individual pixel on an LCD panel lights when the potential difference of the corresponding common
signal and segment signal reaches or exceeds a given voltage (the LCD drive voltage VLCD).

As an LCD panel deteriorates if a DC voltage is applied in the common signals and segment signals,
it is driven by AC voltage.
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(1) Common signals

For common signals, the selection timing order is as shown in Table 16-4 according to the number
of time divisions set, and operations are repeated with these as the cycle. In the static display
mode, the same signal is output to COMO through COMS3.

With 2-time-division operation, pins COM2 and COMS3 are left open, and with 3-time-division
operation, the COMS pin is left open.

Table 16-4: COM Signals

COM signal
COMOo COM1 CcOom2 COM3
Time division
Static ! | |t | |t | |t |
2-time division { | Open Open
3-time division ) | Open
4-time division f |

(2) Segment signals

Segment signals correspond to a 40-byte LCD display data memory. Each display data memory
bit 0, bit 1, bit 2, and bit 3 is read in synchronization with the COM0, COM1, COM2 and COM3
timings respectively, and if the value of the bit is 1, it is converted to the selection voltage. If
the value of the bit is 0, it is converted to the non-selection voltage and output to a segment pin
(SO to S39).

Consequently, it is necessary to check what combination of front surface electrodes (correspond-
ing to the segment signals) and rear surface electrodes (corresponding to the common signals)
of the LCD display to be used form the display pattern, and then write bit data corresponding on
a one-to-one basis with the pattern to be displayed.

In addition, because LCD display data memory bits 1 and 2 are not used with the static display
mode, bits 2 and 3 are not used with the 2-time-division method, and bit 3 is not used with the
3-time-division method, these can be used for other than display purposes.

Bits 4 to 7 are fixed at 0.
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(3) Common signal and segment signal output waveforms

The voltages shown in Table 16-5 are output in the common signals and segment signals.

The +VLcD ON voltage is only produced when the common signal and segment signal are both
at the selection voltage; other combinations produce the OFF voltage.

Table 16-5: LCD Drive Voltages

a) Static display mode

Segment Select Non-select
Common Vssi, VLCo VLco, Vss1
VLco, Vss1 -VLcb, +VLeD ov,0V
(b) 1/2 bias method
Segment Select Non-select
Common Vsst, VLco VLco, VSst
Select level VLCo, VSs1 -VLcD, +VLCD ov,ov
Non-select level VLC1 = VLC2 -1/2 VLcD, +1/2 VLCD +1/2 VLCD, -1/2 VLCD

(c) 1/3 bias method

Segment Select Non-select

Common Vssi, VLco VLct, VLc2
Select level VLco, Vss1 -VLCD, +VLCD -1/3 VLcD, +1/3 VLCD
Non-select level VLee, VLc1 -1/3 VLCD, +1/3 VLCD -1/3 VLcD, +1/3 VLCD

277



pPD1615A(A), yPD1615B(A), pPD1615F(A), uPD1616F(A), pPD16F15A NIEC

Figure 16-6 shows the common signal waveform, and Figure 16-7 shows the common signal and
segment signal voltages and phases.

Figure 16-6: Common Signal Waveform

(a) Static display mode

COMn
(Static)

Remarks:

COMn
(Divided by 2)

COMn
(Divided by 3)

Remarks:

COMn
(Divided by 3)

COMn

(Divided by 4)

Remarks:
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Vico

Viep
Vsst
Tr=T]|
1.T: One LCDCL cycle
2.TF: Frame frequency
(b) 1/2 bias method
Vico
Vica | Vico
Vsst
Tr=2xT
Vico
Vicz |Viep
Vsst
Te=3xT
1.T: One LCDCL cycle

2.TF: Frame frequency

(c) 1/3 bias method

Vico
I Vict

I e

L

Vicp
Vice

Vssi

Vico
I Vict

Vico

Vice
Vss1

1.T:

Te=4xT \

One LCDCL cycle

2.TF: Frame frequency
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Figure 16-7: Common Signal and Static Signal Voltages and Phases

(a) Static display mode

Not selected

Selected
Common signal
Segment signal
T
Remark:

Selected  Not selected
Common signal
Segment signal
T T
Remark: T : One LCDCL

T

(b) 1/2 bias method

(c) 1/3 bias method

Not selected

Selected
Common signal
Segment signal
T
Remark:

Vico

Vsst

Vico

Vsst

T : One LCDCL cycle

Vico

Vice

Vss1

Vico

Vice

Vss1

cycle

Vico
Vict
Vicz

Vssi

Vico
Vict
Vicz

Vsst

T : One LCDCL cycle

Vico

Vico

Vico

Vico

Vico

Vico
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16.7 Supply of LCD Drive Voltages VLCo, VLC1, VLC2

The split resistors makes it possible to produce LCD drive voltages appropriate to the various bias
methods shown in Table 16-6 without using external split resistors.

Table 16-6: LCD Drive Voltages (with On-Chip Split Resistor)connected externally

Bias Method No bias
LCD (static mode) 1/2 bias 1/3 bias
Drive Voltage
VLCo VLCD VLCD VLCD
VLCH1 2/3 VLCD 2/3 VLCD
1/2 VLCD
VLc2 1/3 VLCD 1/3 VLCD

An example of supply of the LCD drive voltage from off-chip is shown in Figure 16-9. Stepless LCD
drive voltages can be supplied by means of variable resistor r.

Note: The 1615A Subseries has no split resistors inside. The split resistors have to be set

externally for the different LCD voltages.
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Figure 16-8: LCD Drive Power Supply Connection Examples (with External Split Resistor)

(a) Static display mode Note
(Example with VbD1 =5V, VLCD = 5 V)

Vob1

Lips —>o—| [ =P-ch

A Vico

Vict

Vico

Vice

Y Vsst

Note: LIPS should always be set to 1 (including in standby mode).

(b) 1/2 bias method (c) 1/3 bias method
(Example with VDD1 =5V, VLCD =5 V) (Example with VDD1 =5V, VLCD =5 V)
Vbb1 Vbb1
Lips—>o—| [ =P Lps —>o—| [P
A Vico A Vico
R R
Vic Vici
Vico Vieo R
Vice Vice
R R
Y Vsst Y Vsst

Vss1

Caution: The LCD split resistors have to be set externally.
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Figure 16-9: Example of LCD Drive Voltage Supply from Off-Chip
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Caution: The LCD split resistors have to be set externally.
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16.8 Display Modes
16.8.1 Static display example

Figure 16-11 shows the connection of a static type 5-digit LCD panel with the display pattern shown
in Figure 16-10 with segment (SO to S39) and common (COMO) signals. The display example is
“123.45,” and the display data memory contents (addresses FA68H to FA27H) correspond to this.

An explanation is given here taking the example of the third digit “3.” (2.). In accordance with the
display pattern in Figure 16-10, selection and non-selection voltages must be output to pins S16
through S23 as shown in Table 16-7 at the COMO common signal timing.

Table 16-7: Selection and Non-Selection Voltages (COMO0)

Segment
S16 S17 S18 S19 S20 S21 S22 S23

Common
COMO S S S S NS S NS S

S: Selection, NS: Non-selection

From this, it can be seen that 10101111 must be prepared in the BITO bits of the display data memory
corresponding to S16 to S23.

The LCD drive waveforms for S19, S20, and COMO are shown in Figure 16-12. When S19 is at the
selection voltage at the timing for selection with COMO, it can be seen that the +VLcD/-VLcD AC square
wave, which is the LCD illumination (ON) level, is generated.

Shorting the COMO through COMS3 lines increases the current drive capability because the same
waveform as COMO is output to COM1 through COMB3.

Figure 16-10: Static LCD Display Pattern and Electrode Connections
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Figure 16-12: Static LCD Drive Waveform Examples
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16.8.2 2-time-division display example

Figure 16-14 shows the connection of a 2-time-division type 10-digit LCD panel with the display pattern
shown in Figure 16-13 with segment signals (SO to S39) and common signals (COM0, COM1). The
display example is “123456.7890,” and the display data memory contents correspond to this.

An explanation is given here taking the example of the eighth digit “3” ( 2.). In accordance with the
display pattern in Figure 16-13, selection and non-selection voltages must be output to pins S28

through S31 as shown in Table 16-8 at the COMO and COM1 common signal timings.

Table 16-8: Selection and Non-Selection Voltages (COMO, COM1)

Segment
S28 S29 S30 S31
Common
COMO S S NS NS
COM1 NS S S S

S: Selection, NS: Non-selection
From this, it can be seen that, for example, xx10 must be prepared in the display data memory
corresponding to S31.
Examples of the LCD drive waveforms between S31 and the common signals are shown in
Figure 16-15. When S31 is at the selection voltage at the COM1 selection timing, it can be seen that
the +VLcD/-VLeD AC square wave, which is the LCD illumination (ON) level, is generated.

Figure 16-13: 2-Time-Division LCD Display Pattern and Electrode Connections
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Figure 16-14: 2-Time-Division LCD Panel Connection Example
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Figure 16-15: 2-Time-Division LCD Drive Waveform Examples (1/2 Bias Method)
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16.8.3 3-time-division display example

Figure 16-17 shows the connection of a 3-time-division type 13-digit LCD panel with the display pattern
shown in Figure 16-16 with segment signals (SO to S38) and common signals (COMO to COM2). The
display example is “123456.7890123,” and the display data memory contents correspond to this.
An explanation is given here taking the example of the eighth digit “6.” () 5. In accordance with the
display pattern in Figure 16-16, selection and non-selection voltages must be output to pins S21
through S23 as shown in Table 16-9 at the COMO to COM2 common signal timings.

Table 16-9: Selection and Non-Selection Voltages (COMO to COM2)

Segment
S21 S22 S23
Common
COMo NS S S
COM1 S S S
Ccom2 S S

S: Selection, NS: Non-selection

From this, it can be seen that x110 must be prepared in the display data memory (address FA12H)
corresponding to S21.

Examples of the LCD drive waveforms between S21 and the common signals are shown in Figure 16-
18 (1/2 bias method) and Figure 16-19 (1/3 bias method). When S21 is at the selection voltage at the
COM1 selection timing, and S21 is at the selection voltage at the COM2 selection timing, it can be
seen that the +VLcD/-VLcD AC square wave, which is the LCD illumination (ON) level, is generated.

Figure 16-16: 3-Time-Division LCD Display Pattern and Electrode Connections
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Figure 16-17: 3-Time-Division LCD Panel Connection Example
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Figure 16-18: 3-Time-Division LCD Drive Waveform Examples (1/2 Bias Method)
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Figure 16-19: 3-Time-Division LCD Drive Waveform Examples (1/3 Bias Method)
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16.8.4 4-time-division display example

Figure 16-21 shows the connection of a 4-time-division type 20-digit LCD panel with the display pattern
shown in Figure 16-20 with segment signals (SO to S39) and common signals (COMO to COM3). The
display example is “123456.78901234567890,” and the display data memory contents correspond to
this.

An explanation is given here taking the example of the 15th digit “6.” (5.). In accordance with the display
pattern in Figure 16-20, selection and non-selection voltages must be output to pins S28 and S29 as
shown in Table 16-10 at the COMO to COM3 common signal timings.

Table 16-10: Selection and Non-Selection Voltages (COMO to COM3)

Segment
S28 S29
Common
COMO S S
COM1 NS S
COom2 S S
COM3 S S

S: Selection, NS: Non-selection

From this, it can be seen that 1101 must be prepared in the display data memory (address FAOBH)
corresponding to S28.

Examples of the LCD drive waveforms between S28 and the COMO and COM1 signals are shown in
Figure 16-22 (for the sake of simplicity, waveforms for COM2 and COMS3 have been omitted). When
S28 is at the selection voltage at the COMO selection timing, it can be seen that the +VLcb/-VLcD AC
square wave, which is the LCD illumination (ON) level, is generated.

Figure 16-20: 4-Time-Division LCD Display Pattern and Electrode Connections
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Figure 16-21: 4-Time-Division LCD Panel Connection Example
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Figure 16-22: 4-Time-Division LCD Drive Waveform Examples (1/3 Bias Method)
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Chapter 17 Sound Generator

17.1 Sound Generator Function

The sound generator has the function to sound the buzzer from an external speaker, and the following
two signals are output.

(1) Basic cycle output signal (with/without amplitude)
A buzzer signal with a variable frequency in a range of 0.25 to 7.3 kHz (at fx = 8.00 MHz) can
be output. The amplitude of the basic cycle output signal can be varied by ANDing the basic cycle

output signal with the 7-bit-resolution PWM signal, to enable control of the buzzer sound volume.

(2) Amplitude output signal
A PWM signal with a 7-bit resolution for variable amplitude can be independently output.

Figure 17-1 shows the sound generator block diagram and Figure17-2 shows the concept of each signal.

Figure 17-1: Sound Generator Block Diagram
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Figure 17-2: Concept of Each Signal

Basic cycle output SGOF
(without amplitude)

Amplitude output SGOA |HH ””| |HH |HH

Basic cycle output SGO
(with amplitude)

17.2 Sound Generator Configuration
The sound generator consists of the following hardware.

Table 17-1: Sound Generator Configuration

ltem Configuration

Counter 8 bits x 1, 5 bits x 1

SGO/SGOF (with/without append bit of basic cycle output)
SGOA (amplitude output)

Sound generator control register (SGCR)

Control register | Sound generator buzzer control register (SGBR)

Sound generator amplitude register (SGAM)

SG output
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17.3 Sound Generator Control Registers
The following three types of registers are used to control the sound generator.

e Sound generator control register (SGCR)
e Sound generator buzzer control register (SGBR)
e Sound generator amplitude control register (SGAM)

(1)Sound generator control register (SGCR)
SGCR is a register which sets up the following four types.

* Controls sound generator output

* Selects output of sound generator

e Selects sound generator input frequency fsa1
* Selects 5-bit counter input frequency fsa2

SGCR is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input clears SGCR to 00H.
Figure 17-3 shows the SGCR format.
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Figure 17-3: Sound Generator Control Register (SGCR) Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
sach | Tce | o | o | o |scos |sccle|secut [saclo| FreeH oo RwW
TCE Sound Generator Output Selection

Timer operation stopped

SGOF/SGO and SGOA for low-level output
Sound generator operation

SGOF/SGO and SGOA for output

Caution: Before setting the TCE bit, set all the other bits.

Remark: SGOF: Basic cycle signal (without amplitude)
SGO: Basic cycle signal (with amplitude)
SGOA: Amplitude signal

SGOB Sound Generator Output Selection
0 Selects SGOF and SGOA outputs
1 Selects SGO and PCL outputs

SGCL2 | SGCL1 5-Bit Counter Input Frequency fsG2 Selection
0 0 fsGe = fsG1/2°

1 fsG2 =fsG1/2°

0 fsGe =fsG1/2’

1 fsG2 =fsG1/2°

ala|lo

SGCLO Sound Generator Input Frequency Selection
0 fsa1=fx/2’
1 fsGg1 = fx/2°

Cautions: 1. When rewriting SGCR to other data, stop the timer operation (TCE = 0) beforehand.
2. Bits 4 to 6 must be set to 0.
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The sound generator output frequency fsc can be calculated by the following expression.
fsg = 2 (SGCLO — SGCL1 -2 x SGCL2 - 7) {ix/(SGBR + 17)}

Substitute set 0 or 1 to SGCLO to SGCL2 in the above expression. Substitute a decimal value to SGBR.
Where fx = 8 MHz, SGCLO to SGCL2 is (1, 0, 0), and SGBRO to SGBR3 is (1, 1, 1, 1), SGBR = 15.
Therefore,

fsa =2 (1-0-2x0-7) x {fx/(15 + 17)}
= 3.906 kHz

(2) Sound generator buzzer control register (SGBR)
SGBR is a register that sets the basic frequency of the sound generator output signal.
SGBR is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SGBR to 00H.
Figure 17-4 shows the SGBR format.

Figure 17-4: Sound Generator Buzzer Control Register (SGBR) Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
séBR | o | o | o | o |scers|seBm2|scBRi|seBRo| FFesH  ooH AW

Cautions: 1. When rewriting SGBR to other data, stop the timer operation (TCE = 0) beforehand.
2. Bits 4 to 7 must be set to 0.
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Figure 17-5: Sound Generator Frequency Selection

SGBR SGCL2,1 (Hz)
SGCLO
4-bit comparator 00 01 10 11

0 0 7352.9 3676.5 1838.2 919.1

6944.4 3472.2 1736.1 868.1

6578.9 3289.5 1644.7 822.4

6250.0 3125.0 1562.5 781.3

5952.4 2976.2 1488.1 744.0

5681.8 2840.9 1420.5 710.2

5434.8 2717.4 1358.7 679.3

0 5208.3 2604.2 1302.1 651.0

5000.0 2500.0 1250.0 625.0
4807.7 2403.8 1201.9 601.0
4629.6 2314.8 1157.4 578.7
4464.3 22321 1116.1 558.0
4310.3 2155.2 1077.6 538.8
4166.7 2083.3 1041.7 520.8

4 4 4 4 4 4 4 4 0O 00000 0 O]l 4 4 4 4 a4 a4 a0 00 o0 o0 o o o
-~ 4 4 4 00O 00 4 4 4 4 00 0 O]l 4 4 4 00 00 =« 4+ 4 4 0 o0 o
-~ 4 0O 0O 4 - 0O 0O 4 4 O 0O - 4« O O]l 4« OO0 -« -« OO0 =~ -« 00 = = O
-~ 0O 4 0O - O - O - O « O -« O - O]l 0O« 0O« 0O« 0 -~ 0 - 0 =+ 0 = O

4032.3 2016.1 1008.1 504.0
3906.3 1953.1 976.6 488.3
3676.5 1838.2 919.1 459.6
3472.2 1736.1 868.1 434.0
3289.5 1644.7 822.4 411.2
3125.0 1562.5 781.3 390.6
2976.2 1488.1 744.0 372.0
2840.9 1420.5 710.2 355.1
2717.4 1358.7 679.3 339.7
] 2604.2 1302.1 651.0 325.5
2500.0 1250.0 625.0 312.5
2403.8 1201.9 601.0 300.5
2314.8 1157.4 578.7 289.4
22321 1116.1 558.0 279.0
2155.2 1077.6 538.8 269.4
2083.3 1041.7 520.8 260.4
2016.1 1008.1 504.0 252.0
1953.1 976.6 488.3 2441

(3) Sound generator amplitude register (SGAM)
SGAM is a register that sets the amplitude of the sound generator output signal.
SGAM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SGAM to 00H.
Figure 17-6 shows the SGAM format.
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Symbol

Figure 17-6: Sound Generator Amplitude Register (SGAM) Format

7 6 5 4

3

2

1

0

seAm |

0 |scams | seaus | scams | scams | seamz | saamt | saamo |

SGAM6 | SGAM5 | SGAM4 | SGAM3 | SGAM2 | SGAM1 | SGAMO | Amplitude
0 0 0 0 0 0 0 0/128
0 0 0 0 0 0 1 2/128
0 0 0 0 0 1 0 3/128
0 0 0 0 0 1 1 4/128
0 0 0 0 1 0 0 5/128
0 0 0 0 1 0 1 6/128
0 0 0 0 1 1 0 7/128
0 0 0 0 1 1 1 8/128
0 0 0 1 0 0 0 9/128
0 0 0 1 0 0 1 10/128
0 0 0 1 0 1 0 11/128
0 0 0 1 0 1 1 12/128
0 0 0 1 1 0 0 13/128
0 0 0 1 1 0 1 14/128
0 0 0 1 1 1 0 15/128
0 0 0 1 1 1 1 16/128
0 0 1 0 0 0 0 17/128
0 0 1 0 0 0 1 18/128
0 0 1 0 0 1 0 19/128
0 0 1 0 0 1 1 20/128
0 0 1 0 1 0 0 21/128
0 0 1 0 1 0 1 22/128
0 0 1 0 1 1 0 23/128
0 0 1 0 1 1 1 24/128
0 0 1 1 0 0 0 25/128
0 0 1 1 0 0 1 26/128
0 0 1 1 0 1 0 27/128
0 0 1 1 0 1 1 28/128
0 0 1 1 1 0 0 29/128
0 0 1 1 1 0 1 30/128
0 0 1 1 1 1 0 31/128

f f
0 1 1 1 1 1 1 128/128

Cautions:

Address After Reset

FF67H

00H

R/W
R/W

1. When rewriting the contents of SGAM, the timer operation does not need to be

stopped. However, note that a high level may be output for one period due to

rewrite timing.
2. Bit 7 must be set to 0.
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17.4 Sound Generator Operations

17.4.1 To output basic cycle signal SGOF (without amplitude)

Select SGOF output by setting bit 3 (SGOB) of the sound generator control register (SGCR) to “0”.
The basic cycle signal with a frequency specified by the SGCLO to SGCL2 and SGBRO to SGBR3 is
output.

At the same time, the amplitude signal with an amplitude specified by the SGAMO to SGAMBS is output
from the SGOA pin.

Figure 17-7: Sound Generator Output Operation Timing without Amplitude

e } / / / / / -
commoraooe [ L LT LT
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17.4.2 To output basic cycle signal SGO (with amplitude)

Select SGO output by setting bit 3 (SGOB) of the sound generator control register (SGCR) to “1”.
The basic cycle signal with a frequency specified by the SGCLO to SGCL2 and SGBRO to SGBR3 is
output.

When SGO output is selected, the SGOA pin can be used as a PCL output (clock output) or 1/0 port

pin.

Figure 17-8: Sound Generator Output Operation Timing with Amplitude
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Chapter 18 Interrupt Functions

18.1 Interrupt Function Types
The following three types of interrupt functions are used.

(1) Non-maskable interrupt

This interrupt is acknowledged unconditionally even in a disabled state. It does not undergo interrupt
priority control and is given top priority over all other interrupt requests.

It generates a standby release signal.

The non-maskable interrupt has one source of interrupt request from the watchdog timer.

(2) Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority
group and a low interrupt priority group by setting the priority specify flag register (PROL, PROH, and
PR1L).

Multiple high priority interrupts can be applied to low priority interrupts. If two or more interrupts
with the same priority are simultaneously generated, each interrupts has a predetermined priority
(see Table 18-1).

A standby release signal is generated.

The maskable interrupt has seven sources of external interrupt requests and fifteen sources of internal
interrupt requests.

(3) Software interrupt

This is a vectored interrupt to be generated by executing the BRK instruction. It is acknowledged even
in a disabled state. The software interrupt does not undergo interrupt priority control.
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18.2 Interrupt Sources and Configuration

There are total of 24 non-maskable, maskable, and software interrupts in the interrupt sources.

Table 18-1: Interrupt Source List

Vector RN
Intterrgpt (Sggl'}%) Interrupt request source code St&:gt
yp address
type
Resetting - RESET Reset input 0000H
Non- i INTWDT Watchdog timer overflow (when non-maskable (A)
maskable interrupt is selected)
Watchdog timer overflow (when interval timer is 0004H
0 INTWDT 9
selected)
1 INTVE INTVE — VAN-End of Message 0006H | ()
2 INTVT INTVT — VAN-Emission 0008H
3 INTVR INTVR — VAN-Reception 000AH
4 INTPO 000CH
5 INTP1 External interrupt pin input edge detection 000EH (C)
6 INTP2 0010H
Agreement between TM0O and CROO0 (when
compare register is specified)
7 INTTMOO TI01 valid edge detection (when capture register is 0012H
specified)
Maskabl Agreement between TM0O and CRO1 (when
compare register is specified)
8 INTTMO1 TIOO valid edge detection (when capture register is 0014H
specified)
9 INTTM50 | Agreement between TM50 and CR50 0016H
10 INTTM51 | Agreement between TM51 and CR51 0018H (B)
11 INTWTI Watch timer interval interrupt 001AH
12 INTWT Watch interrupt 001CH
13 INTCSI3 | SIO30 transfer completion 001EH
14 INTSER UARTO reception error occurrence 0020H
15 INTSR UARTO reception completion 0022H
16 INTST UARTO transmission completion 0024H
17 INTAD A/D conversion end 0026H
Software - BRK Execution of BRK instruction 003EH (D)
Notes: 1. Default priorities are intended for two or more simultaneously generated maskable

2. Basic configuration types (A) to (D) correspond to (A) to (D) of Figure 18-1.

interrupt requests. 0 is the highest priority and 26 is the lowest priority.
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Figure 18-1:

(A) Internal non-maskable interrupt

Interrupt
Request

(B) Internal maskable interrupt

Basic Configuration of Interrupt Function (1/2)

Internal Bus S

— Vector Table
CP:_rlorl_tty Control Address
ircui Generator
Standby

Release Signal

Internal Bus

MK

Interrupt

Request

IE

ISP :
MK :
PR :
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Figure 18-1:

(C) External maskable interrupt (except INTPO)

Basic Configuration of Interrupt Function (2/2)

Internal Bus S
External Interrupt
Mode Register MK IE PR ISP
(EGN, EGP)
1! i
Priority Control Vector Table
Interrupt Edge IF Circuity Address
Request Detector Generator
Standby
Release Signal
(D) Software interrupt
S Internal Bus S

Interrupt

Priority Control Vector Table

Request

IE

ISP :
MK :
PR :

Address

Circuit Generator

Interrupt request flag
Interrupt enable flag
Inservice priority flag
Interrupt mask flag
Priority specify flag
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18.3 Interrupt Function Control Registers
The following six types of registers are used to control the interrupt functions.

e Interrupt request flag register (IFOL, IFOH, IF1L)
e Interrupt mask flag register (MKOL, MKOH, MK1L)
e Priority specify flag register (PROL, PROH, PR1L)
e External interrupt mode register (EGP, EGN)

e Program status word (PSW)

Table 18-2 gives a listing of interrupt request flags, interrupt mask flags, and priority specify flags

corresponding to interrupt request sources.

Table 18-2: Various Flags Corresponding to Interrupt Request Sources

310

E?;;T?\ﬁ;ﬁgueg Interrupt Request Flag | Interrupt Mask Flag | Priority Specify Flag
INTWDT WDTIF WDTMK WDTPR
INTVE VEIF VEMK VEPR
INTVT VTIF VTMK VTPR
INTVR VRIF VRMK VRPR
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTTMOO TMIFOO0 TMMKOO0 TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTM50 TMIF50 TMMK50 TMPR50
INTM51 TMIF51 TMMK51 TMPR51
INTWTI WTIIF WTIMK WTIPR
INTWT WTIF WTMK WTPR
INTCSI3 CSIIF3 CSIMK3 CSIPR3
INTSER SERIF SERMK SERPR
INTSR SRIF SRMK SRPR
INTST STIF STMK STPR
INTAD ADIF ADMK ADPR
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L)
The interrupt request flag is set to 1 when the corresponding interrupt request is generated or an
instruction is executed. It is cleared to 0 when an instruction is executed upon acknowledgment of an

interrupt request or upon application of RESET input.

IFOL, IFOH and IF1L are set with a 1-bit or 8-bit memory manipulation instruction. If IFOL and IFOH are

used as a 16-bit register IFO, use a 16-bit memory manipulation instruction for the setting.

RESET input sets these registers to O0H.

Figure 18-2: Interrupt Request Flag Register Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset RW
IFOL [TMIFOO|PIF2 | PIF1 | PIFO | VRIF | VTIF | VEIF |WDTIF FFEOH 00H RW
IFOH | SRIF [SERIF|CSIIF3| WTIF |WTIFTMIF51TMIF50TMIFO1 FFE1H 00H RIW
IFiIL | o 0 0 0 0 0 |ADIF|STIF FFE2H 00H RW
\ \ \ \ \ \ \ |
xxIFx Interrupt Request Flag

No interrupt request signal

Interrupt request signal is generated,;
Interrupt request state

Cautions: 1. WDTIF flag is R/W enabled only when a watchdog timer is used as an interval timer.
If used in the watchdog timer mode 1, set WDTIF flag to 0.
2. Set always 0 in IF1L bit 2 to bit 7.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flag is used to enable/disable the corresponding maskable interrupt service and to

set standby clear enable/disable.

MKOL, MKOH and MK1L are set with a 1-bit or 8-bit memory manipulation instruction. If IFOL and IFOH
are used as a 16-bit register MKO, use a 16-bit memory manipulation instruction for the setting.

RESET input sets these registers to FFH.

Figure 18-3: Interrupt Mask Flag Register Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
MKOL [TMMKOO| PMK2 | PMK1 | PMKO | VRMK | VTMK | VEMK |WDTMK FFE4H FFH R/W
MKOH | SRMK | SERMK |CSIMK3| WTMK | WTIMK | TMMK51| TMMK5QTMMKO1 FFE5H FFH R/W
MK1L 1 1 1 1 1 1 | ADMK | STMK FFE6H FFH R/W
\ \ \ \ \ \ \ |
XXMKX Interrupt Servicing Control

Interrupt servicing enabled

Interrupt servicing disabled

Cautions: 1. If WDTMK flag is read when a watchdog timer is used as a non-maskable interrupt,
MKO value becomes undefined.
2. Set always 1 in MK1L bit 2 to bit 7.
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(3) Priority specify flag registers (PROL, PROH, PR1L)

The priority specify flag is used to set the corresponding maskable interrupt priority orders.

PROL, PROH and PR1L are set with a 1-bit or 8-bit memory manipulation instruction. If IFOL and IFOH

are used as a 16-bit register PRO, use a 16-bit memory manipulation instruction for the setting.

RESET input sets these registers to FFH.

Figure 18-4: Priority Specify Flag Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
PROL [TMPRo0| PPR2 | PPR1 | PPRO | VRPR | VTPR | VEPR |WDTPR FFE8H FFH R/W
PROH | SRPR |SERPR |CSIPR3| WTPR | WTIPR |TMPR51/TMPR50|TMPRO1 FFEQH FFH R/W
PR1L 0 0 0 0 0 0 | ADPR | STPR FFEAH FFH R/W

\ \ \ \ \ \ \ |
xxPRx Priority Level Selection
0 High priority level
1 Low priority level
Cautions:

2. Set always 1 in PR1L bit 2 to

bit 7.

1. When a watchdog timer is used as a non-maskable interrupt, set 1 in WDTPR flag.
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(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable
register (EGN)

EGP and EGN specify the valid edge to be detected on pins P00 to P02.

EGP and EGN can be read or written to with a 1-bit or 8-bit memory manipulation instruction.
These registers are set to 00H when the RESET signal is output.

Figure 18-5: Formats of External Interrupt Rising Edge Enable Register and External Inter-
rupt Falling Edge Enable Register

Symbol 7 6 5 4 3 2 1 0 Address  On Reset R/W
eGP | o | o | o | o | o | Eap2 | EGP1 | EGPO |  FFasH 00H  RW
Symbol 7 6 5 4 3 2 1 0 Address On Reset R/W
eEGgN | o | o | o | o | o | EeN2 | EGN1 | EGNO |  FFagH 00H  RW
EGPn EGNn Valid edge of INTPn pin(n=0 4)

0 0 Interrupt disable

0 1 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges
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(5) Program status word (PSW)

The program status word is a register to hold the instruction execution result and the current status
for interrupt request. The IE flag to set maskable interrupt enable/disable and the ISP flag to control

multiple interrupt servicing are mapped.

Besides 8-bit unit read/write, this register can carry out operations with a bit manipulation instruction
and dedicated instructions (El and DI). When a vectored interrupt request is acknowledged, and when
the BRK instruction is executed, the contents of PSW automatically is saved into a stack and the IE
flag is reset to 0. If a maskable interrupt request is acknowledged contents of the priority specify flag
of the acknowledged interrupt are transferred to the ISP flag. The acknowledged contents of PSW is
It is reset from the stack with the RETI,

also saved into the stack with the PUSH PSW instruction.

RETB, and POP PSW instructions.
RESET input sets PSW to 02H.

Figure 18-6: Program Status Word Format

7 6 5 4 3 2 <1> <0>

PSW | IE Z |RBS1| AC |RBSO| O ISP | CY

After
Reset

02H

Used when Normal Instruction is Executed

ISP

Priority of Interrupt Currently Being Received

0

High-priority interrupt servicing
(low-priority interrupt disable)

Interrupt request not acknowledged or low-priority
interrupt servicing
(all-maskable interrupts enable)

Interrupt Request Acknowledge Enable/Disable

Disable

Enable
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18.4 Interrupt Servicing Operations

18.4.1 Non-maskable interrupt request acknowledge operation

A non-maskable interrupt request is unconditionally acknowledged even if in an interrupt request
acknowledge disable state. It does not undergo interrupt priority control and has highest priority over
all other interrupts.

If a non-maskable interrupt request is acknowledged, the acknowledged interrupt is saved in the stacks,
PSW and PC, in that order, the IE and ISP flags are reset to 0, and the vector table contents are loaded
into PC and branched.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing
program is acknowledged after the current execution of the non-maskable interrupt servicing program
is terminated (following RETI instruction execution) and one main routine instruction is executed. |If
a new non-maskable interrupt request is generated twice or more during non-maskable interrupt service
program execution, only one non-maskable interrupt request is acknowledged after termination of the
non-maskable interrupt service program execution.
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Figure 18-7: Flowchart from Non-Maskable Interrupt Generation to Acknowledge

WDTM4 =1
(with watchdog timer
mode selected)?

No

Interval timer

Overflow in WDT?

WDTM3 =0

(with non-maskable No
interrupt selected)? Y
Reset processing
Interrupt request generation |
WDT interrupt servicing? No i

Interrupt request
held pending

Interrupt control
register unaccessed?

Yes

Interrupt
service start

WDTM: Watchdog timer mode register
WDT:  Watchdog timer

Figure 18-8: Non-Maskable Interrupt Request Acknowledge Timing

PSW and PC Save, Jump

CPU Instruction Instruction Instruction to Interrupt Servicing

Interrupt Sevicing
Program

WDTIF / / \

WDTIF: Watchdog timer interrupt request flag
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Figure 18-9: Non-Maskable Interrupt Request Acknowledge Operation

(a) If a new non-maskable interrupt request is generated during
non-maskable interrupt servicing program execution

C Main Routine >

NMI Request

I

1 Instruction NMI Request —| NMI Request Reserve
Execution

\

Reserved NMI Request Processing

/!

(b) If two non-maskable interrupt requests are generated during
non-maskable interrupt servicing program execution

C Main Routine )

NMI Request

NMI
\_, R Reserved

equest
1 Instruction

Execution NMI
Request — | Reserved

)

Although two or more NMI requests
have been generated, only one
request has been acknowledged.
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18.4.2 Maskable interrupt request acknowledge operation

A maskable interrupt request becomes acknowledgeable when an interrupt request flag is set to 1 and
the interrupt mask (MK) flag is cleared to 0. A vectored interrupt request is acknowledged in an interrupt
enable state (with IE flag set to 1). However, a low-priority interrupt request is not acknowledged during
high-priority interrupt service (with ISP flag reset to 0).

Wait times maskable interrupt request generation to interrupt servicing are as follows.

Table 18-3: Times from Maskable Interrupt Request Generation to Interrupt Service

Minimum Time Maximum TimeNote
When xxPRx = 0 7 clocks 32 clocks
When xxPRx = 1 8 clocks 33 clocks
Note: If an interrupt request is generated just before a divide instruction, the wait time is

maximized.

Remark: 1 clock: (fcpu: CPU clock)

fcpu
If two or more maskable interrupt requests are generated simultaneously, the request specified for
higher priority with the priority specify flag is acknowledged first. If two or more requests are specified
for the same priority with the priority specify flag, the interrupt request with the higher default priority
is acknowledged first.

Any reserved interrupt requests are acknowledged when they become acknowledgeable.

Figure 18-10 shows interrupt request acknowledge algorithms.

When a maskable interrupt request is acknowledged, the contents of program status word (PSW) and
program counter (PC) are saved to stacks, in this order. Then, the IE flag is reset (to 0), and the value
of the acknowledged interrupt priority specify flag is transferred to the ISP flag. Further, the vector table
data determined for each interrupt request is loaded into PC and branched.

Return from the interrupt is possible with the RETI instruction.
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Figure 18-10: Interrupt Request Acknowledge Processing Algorithm

{ Start }

Interrupt request
reserve

Yes (High priority)

No
xxIF =172
Yes (Interrupt Request
Generation)
N
° < xxMK = 0?
Yes
xxPR = 0?

Any high-
priority interrupt among
simultaneously generated
xxPR = 0 interrupts?

Interrupt request
reserve

No

Interrupt request
reserve

Vectored interrupt
servicing

No (Low Priority)

Any
simultaneously
generated xxPR =0
interrupts?

Interrupt request
No reserve

Any
simultaneously
generated high-priority
interrupts?

Yes

Yes

Interrupt request
reserve
No
Yes Interrupt request
reserve
No
Yes Interrupt request
reserve
Vectored interrupt
servicing

(04

xxIF  :Interrupt request flag

xxMK : Interrupt mask flag

xxPR : Priority specify flag

IE : Flag to control maskable interrupt request acknowledge

ISP : Flag to indicate the priority of interrupt being serviced (0 = an interrupt with higher priority is
being serviced, 1 = interrupt request is not acknowledged or an interrupt with lower priority

is being serviced)
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Figure 18-11: Interrupt Request Acknowledge Timing (Minimum Time)

6 Clocks
. . . PSW and PC Save, Interrupt
CPU Processing Instruction Instruction Jump to Interrupt Servicing
Servicing Program
)
xxIF / / / / .
(XXPR = 1) (s
| 8 Clocks |
xxIF / L / .
(xxPR = 0) ‘ ¢ [
‘ 7 Clocks |

1
Remark: 1 clock: 7., (fcpu: CPU clock)

Figure 18-12: Interrupt Request Acknowledge Timing (Maximum Time)

25 Clocks 6 Clocks
. . - . PSW and PC Save, Interrupt
CPU Processing Instruction Divide Instruction Jump to Interrupt Servicing
Servicing Program

xxIF / // / \_.,

(xxPR =1) ‘ s ‘
| 33 Clocks ‘

xxIF RN NENENENEN W™
(xxPR = 0) \ . [
| 32 Clocks ‘

1
o (fcru: CPU clock)

Remark: 1 clock: foru

18.4.3 Software interrupt request acknowledge operation
A software interrupt request is acknowledged by BRK instruction execution. Software interrupt cannot

be disabled.

If a software interrupt is acknowledged, the contents of program status word (PSW) and program counter
(PC) are saved to stacks, in this order. Then the IE flag is reset (to 0), and the contents of the vector
tables (0OO3EH and 003FH) are loaded into PC and branched.

Return from the software interrupt is possible with the RETB instruction.

Caution: Do not use the RETI instruction for returning from the software interrupt.
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18.4.4 Multiple interrupt servicing

A multiple interrupt consists in acknowledging another interrupt during the execution of the interrupt.
A multiple interrupt is generated only in the interrupt request acknowledge enable state (IE = 1) (except
non-maskable interrupt). As soon as an interrupt request is acknowledged, it enters the acknowledge
disable state (IE = 0). Therefore, in order to enable a multiple interrupt, it is necessary to set the interrupt
enable state by setting the IE flag (1) with the EI instruction during interrupt servicing.

Even in an interrupt enabled state, a multiple interrupt may not be enabled. However, it is controlled
according to the interrupt priority. There are two priorities, the default priority and the programmable
priority. The multiple interrupt is controlled by the programmable priority control.

If an interrupt request with the same or higher priority than that of the interrupt being serviced is
generated, it is acknowledged as a multiple interrupt. In the case of an interrupt with a priority lower
than that of the interrupt being processed, it is not acknowledged as a multiple interrupt.

Interrupt request not acknowledged as a multiple interrupt due to interrupt disable or a low priority is
reserved and acknowledged following one instruction execution of the main processing after the
completion of the interrupt being serviced.

During non-maskable interrupt servicing, multiple interrupts are not enabled.

Table 18-4 shows an interrupt request enabled for multiple interrupt during interrupt servicing, and Figure
18-13 shows multiple interrupt examples.

Table 18-4: Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing

Multiple I;t;rlrjtég | Maskable Interrupt Request
InterruptRequest xxPR =0 xxPR = 1
Interrupt being Serviced IE =1 IE=0 IE =1 IE=0
Non-maskable interrupt D D D D D
Maskable interrupt ISP =0 E E D D D
ISP =1 E E D E D
Software interrupt E E D E D

Remarks: 1. E: Multiple interrupt enable

2. D: Multiple interrupt disable

3. ISP and IE are the flags contained in PSW
ISP = 0: An interrupt with higher priority is being serviced
ISP = 1: An interrupt request is not accepted or an interrupt with lower priority is being

serviced

IE = 0O: Interrupt request acknowledge is disabled
IE = 1: Interrupt request acknowledge is enabled

4. xxPR is a flag contained in PROL, PROH, and PRIL
xXPR = 0: Higher priority level
xxXPR = 1: Lower priority level
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Figure 18-13: Multiple Interrupt Example (1/2)
Example 1. Two multiple interrupts generated

Main Processing INTxx INTyy INTzz
Servicing Servicing Servicing

INTXXx —
(PR=1)

During interrupt INTxx servicing, two interrupt requests, INTyy and INTzz are acknowledged, and a
multiple interrupt is generated. An El instruction is issued before each interrupt request acknowledge,
and the interrupt request acknowledge enable state is set.

Example 2. Multiple interrupt is not generated by priority control

Main Processing INTxx INTyy

Servicing Servicing
| El | IE=0

INTyy o
INTXX — (PR= 1)

(PR = 0)

RETI

1 Instruction
Execution

The interrupt request INTyy generated during interrupt INTxx servicing is not acknowledged because
the interrupt priority is lower than that of INTxx, and a multiple interrupt is not generated. INTyy request
is retained and acknowledged after execution of 1 instruction execution of the main processing.

PR = 0 : Higher priority level

PR =1 : Lower priority level
IE =0 : Interrupt request acknowledge disable
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Figure 18-13: Multiple Interrupt Example (2/2)

Example 3. A multiple interrupt is not generated because interrupts are not enabled

Main Processing INTxx INTyy
Servicing Servicing

Because interrupts are not enabled in interrupt INTxx servicing (an El instruction is not issued), interrupt
request INTyy is not acknowledged, and a multiple interrupt is not generated. The INTyy request is
reserved and acknowledged after 1 instruction execution of the main processing.

PR = 0 : Higher priority level
IE =0 : Interrupt request acknowledge disable
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18.4.5 Interrupt request reserve

Some instructions may reserve the acknowledge of an instruction request until the completion of the
execution of the next instruction even if the interupt request is generated during the execution. The
following shows such instructions (interrupt request reserve instruction).

e MOV PSW, #byte

e MOV A, PSW

¢ MOV PSW, A

e MOV1 PSW.bit, CY

¢ MOV1 CY, PSW.bit

¢ AND1 CY, PSW.bit

e OR1 CY, PSW.bit

¢ XOR1 CY, PSW.bit

e SET1/CLR1 PSW.bit

e RETB

e RETI

¢ PUSH PSW

e POP PSW

e BT PSW.bit, $addr16

e BF PSW.bit, $addr16

e BTCLRPSW.bit, $addr16

e EI

e DI

e Manipulate instructions for IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROL, PROH, PR1L, INTMO,
INTM1 registers

Caution: BRK instruction is not an interrupt request reserve instruction described above.
However, in a software interrupt started by the execution of BRK instruction, the
IE flag is cleared to 0. Therefore, interrupt requests are not acknowledged even
when a maskable interrupt request is issued during the execution of the BRK
instruction. However, non-maskable interrupt requests are acknowledged.

Figure 18-14 shows the interrupt request hold timing.

Figure 18-14: Interrupt Request Hold

Save PSW and PC, Interrupt service
Jump to interrupt service program

xxIF J \

CPU processing Instruction N Instruction M

Remarks: 1. Instruction N: Instruction that holds interrupts requests
2. Instruction M: Instructions other than interrupt request pending instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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[Memo]
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Chapter 19 Standby Function

19.1 Standby Function and Configuration

19.1.1 Standby function
The standby function is designed to decrease power consumption of the system. The following two
modes are available.

(1) HALT mode

HALT instruction execution sets the HALT mode. The HALT mode is intended to stop the CPU operation
clock. System clock oscillator continues oscillation. In this mode, current consumption cannot be
decreased as in the STOP mode. The HALT mode is valid to restart immediately upon interrupt request
and to carry out intermittent operations such as watch applications.

(2) STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the main system clock oscillator
stops and the whole system stops. CPU current consumption can be considerably decreased.
Data memory low-voltage hold (down to Vop = 2.0 V) is possible. Thus, the STOP mode is effective
to hold data memory contents with ultra-low current consumption. Because this mode can be cleared
upon interrupt request, it enables intermittent operations to be carried out.

However, because a wait time is necessary to secure an oscillation stabilization time after the STOP
mode is cleared, select the HALT mode if it is necessary to start processing immediately upon interrupt
request.

In any mode, all the contents of the register, flag, and data memory just before standby mode setting
are held. The input/output port output latch and output buffer statuses are also held.

Cautions: 1. The STOP mode can be used only when the system operates with the main system
clock (subsystem clock oscillation cannot be stopped). The HALT mode can be
used with either the main system clock or the subsystem clock.

2. When proceeding to the STOP mode, be sure to stop the peripheral hardware
operation and execute the STOP instruction.

3. The following sequence is recommended for power consumption reduction of the
A/D converter when the standby function is used: first clear bit 7 (CS) to 0 to stop
the A/D conversion operation, and then execute the HALT or STOP instruction.
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19.1.2 Standby function control register

A wait time after the STOP mode is cleared upon interrupt request till the oscillation stabilizes is
controlled with the oscillation stabilization time select register (OSTS).

OSTS is set with an 8-bit memory manipulation instruction.

RESET input sets OSTS to 04H. However, it takes 217/fx until the STOP mode is cleared by RESET

input.

Symbol
OSTS

Caution:

Remarks:
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Figure 19-1: Oscillation Stabilization Time Select Register Format
After
7 3 2 1 0 Address Reset R/W
0 0 |OSTS2|0STS1/0STSO FFFAH 04H R/W
Selection of Oscillation Stabilization
OSTS208TS10STSY Time when STOP Mode is Released
0| 0| 0 |2% (512ps)
0| o] 1 |2 (2ms)
0 1 0 | 2% (4.1 ms)
0| 1 1| 2% (8.19 ms)
1 0| 0 |27/ (16.38 ms)
Other than above| Setting prohibited

The wait time after STOP mode clear does not include the time (see “a” in the
illustration below) from STOP mode clear to clock oscillation start, regardless of
clearance by RESET input or by interrupt generation.

STOP Mode Clear

X1 Pin
Voltage
Waveform

Vss

1. fx: Main system clock oscillation frequency

2. Values in parentheses apply to operating at fx = 8.00 MHz
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19.2 Standby Function Operations

19.2.1 HALT mode

(1) HALT mode set and operating status

The HALT mode is set by executing the HALT instruction. It can be set with the main system clock

or the subsystem clock. The operating status in the HALT mode is described below.

Table 19-1: HALT Mode Operating Status

HALT mode setting HALT execution during main HALT execution during
system clock operation subsystem clock operation
ltem (Main system clock stops)
Clock generator Both main and subsystem clocks can be oscillated / Clock supply
to the CPU stops

CPU Operation stops
Port (output latch) Status before HALT mode setting is held
16-bit timer /event counter (TMO) | Operable Operation stops
8-bit timer event counter Operable Operable when TI50 or TI51 is
(TM50/TM51) selected as count clock
Watch timer Operable Sspggit:]lfcl\gzsn fxt s selected
Watchdog timer Operable Operation stops
A/D converter Operation stops
Serial I/F - SIO3 Operable Operable at external SCK
Serial I/F - UART Operable Operation stops
VAN Operable Operation stops
Sound generator Operable Operation stops
External interrupt (INTPO to INTP2) | Operable
LCD Operable Operation stops
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(2) HALT mode clear
The HALT mode can be cleared with the following four types of sources.

(a) Clear upon unmasked interrupt request
An unmasked interrupt request is used to clear the HALT mode. If interrupt acknowledge is enabled,

vectored interrupt service is carried out. If disabled, the next address instruction is executed.

Figure 19-2: HALT Mode Clear upon Interrupt Generation

HALT
Instruction Wait ‘
Standby T
Release Signal |
—— e  — — — —  — — — ——.
Operating
Mode HALT Mode Wait ‘ Operating Mode
!
Clock Oscillation

Remarks: 1. The broken line indicates the case when the interrupt request which has cleared the
standby status is acknowledged.
2. Wait time will be as follows:
e When vectored interrupt service is carried out: 8 to 9 clocks
e When vectored interrupt service is not carried out: 2 to 3 clocks

(b) Clear upon non-maskable interrupt request
The HALT mode is cleared and vectored interrupt service is carried out whether interrupt acknowledge
is enabled or disabled.
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(c) Clear upon RESET input

As is the case with normal reset operation, a program is executed after branch to the reset vector

address.
Figure 19-3: HALT Mode Release by RESET Input
Wait
HALT 2"/« : 16.3 ms)
Instruction ‘ ‘
RESET 4
Signal | |
Oscillation
Operating Reset Stabilization Operating
Mode HALT Mode Period Wait Status Mode
Oscillation ‘
Oscillation stop Oscillation
Clock

Remarks: 1. fx: Main system clock oscillation frequency
2. Values in parentheses apply to operation at fx = 8.0 MHz

Table 19-2: Operation after HALT Mode Release

Release Source MKxx PRxx IE ISP Operation
0 0 0 X Next address instruction execution
0 0 1 X Interrupt service execution
i 0 1 0 1
Maskable interrupt Next address instruction execution
request 0 1 X 0
0 1 1 1 Interrupt service execution
1 X X X HALT mode hold
Non-maskable interrupt . .
- - X X Interrupt service execution
request
RESET input - - X X Reset processing

x: Don't care.
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19.2.2 STOP mode

(1) STOP mode set and operating status
The STOP mode is set by executing the STOP instruction. It can be set only with the main system
clock.

Cautions: 1. When the STOP mode is set, the X2 pin is internally connected to Vbb via a pull-
up resistor to minimize leakage current at the crystal oscillator. Thus, do not use
the STOP mode in a system where an external clock is used for the main system
clock.

2. Because the interrupt request signal is used to clear the standby mode, if there
is an interrupt source with the interrupt request flag set and the interrupt mask
flag reset, the standby mode is immediately cleared if set. Thus, the STOP
mode is reset to the HALT mode immediately after execution of the STOP
instruction. After the wait set using the oscillation stabilization time
select register (OSTS), the operating mode is set.

The operating status in the STOP mode is described below.

Table 19-3: STOP Mode Operating Status

STOP mode setting With subsystem clock Without subsystem clock
Item
Clock generator Only main system clock stops oscillation
CPU Operation stops
Port (output latch) Status before STOP mode setting is held

16-bit timer /event counter (TMO) Operation stops

8-bit timer event counter 5 and 6 Operable when TI50 or TI51 are selected as count clock

Watch timer Operable when fxt is selected as Operation stops
count clock

Watchdog timer Operation stops

A/D converter Operation stops

Serial I/F - SIO3 Operable at external SCK

Serial I/F - UART Operation stops

VAN Operation stops

Sound generator Operation stops

External interrupt (INTPO to INTP2) | Operable

LCD Operation stops
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(2) STOP mode release
The STOP mode can be cleared with the following three types of sources.

(a) Release by unmasked interrupt request
An unmasked interrupt request is used to release the STOP mode. If interrupt acknowledge is
enabled after the lapse of oscillation stabilization time, vectored interrupt service is carried out.
If interrupt acknowledge is disabled, the next address instruction is executed.

Figure 19-4: STOP Mode Release by Interrupt Generation

Wait
STOP ‘ (Time set by OSTS) ‘
Instruction ‘ ‘
Standby 4 T
Release Signal | l_ _ _ _ _
Operationg Oscillation Stabilization Operating
Mode STOP Mode Wait Status ‘ Mode
Oscillation Oscillation Stop Oscillation
Clock

Remark: The broken line indicates the case when the interrupt request which has cleared the
standby status is acknowledged.
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(b) Release by RESET input
The STOP mode is cleared and after the lapse of oscillation stabilization time, reset operation is

carried out.
Figure 19-5: Release by STOP Mode RESET Input
Wait
STOP 2"/f:163ms) |
Instruction ‘
RESET ‘ s
Signal
Oscillation
Operating Reset Stabilization Operating
Mode STOP Mode Period Wait Status Mode
Oscillation Oscillation Stop Oscillation
Clock
Remarks 1. fx: Main system clock oscillation frequency

2. Values in parentheses apply to operation at fx = 5.0 MHz

Table 19-4: Operation after STOP Mode Release

Release Source MKxx PRxx IE ISP Operation
0 0 0 X Next address instruction execution
0 0 1 X Interrupt service execution
i 0 1 0 1
Maskable interrupt Next address instruction execution
request 0 1 X 0
0 1 1 1 Interrupt service execution
1 X X X STOP mode hold
Non-maskable interrupt - - X X Interrupt service execution
request
RESET input - - X X Reset processing

x: Don'’t care.
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Chapter 20 Reset Function

20.1 Reset Function
The following two operations are available to generate the reset signal.

(1) External reset input with RESET pin
(2) Internal reset by watchdog timer overrun time detection

External reset and internal reset have no functional differences. In both cases, program execution starts
at the address at 0000H and 0001H by RESET input.

When a low level is input to the RESET pin or the watchdog timer overflows, a reset is applied and each
hardware is set to the status as shown in Table 20-1. Each pin has high impedance during reset input
or during oscillation stabilization time just after reset clear.

When a high level is input to the RESET input, the reset is cleared and program execution starts after
the lapse of oscillation stabilization time (217/fx). The reset applied by watchdog timer overflow is
automatically cleared after a reset and program execution starts after the lapse of oscillation stabilization
time (217/fx) (see Figure 20-2 to 20-4).

Cautions: 1. For an external reset, input a low level for 10 ys or more to the RESET pin.
2. During reset input, main system clock oscillation remains stopped but subsystem
clock oscillation continues.
3. When the STOP mode is cleared by reset, the STOP mode contents are held during
reset input. However, the port pin becomes high-impedance.

Figure 20-1: Block Diagram of Reset Function

— | Feso
RESET © IJ Reset Control Circuit Sizsr;I
Over-
! flow Interrupt
Count Clock Watchdog Timer Functign
Stop
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Figure 20-2: Timing of Reset Input by RESET Input

VAVAVAWA I WAVAVAE

i Oscillation ;
: ! Reset Period ! A Normal Operation
Normal Operation ————————1=— - ™= Stabilization 4’“7 i
| |
| | (Oscillation Sto;‘)) | Time Wait (Reset Processing)
| +
I | | |
RESET \ | A |
| ! b
| | | |
| | | |
1 | | )
Internal i ; i |
Reset Signal ; | ‘ |
[ E—— |
| | | |
| Delay | b
Delay
High Impedance
Port Pln ——————————————————————————

Figure 20-3: Timing of Reset due to Watchdog Timer Overflow

VAVAVAWA I VAVAWANS

Normal Operation — s« ResetPeriod —=i~—— Oscillation —»%— Normal Operation
(

i (Oscillation Stop) i Stabilization Reset Processing)
Watchdog T ! Time Wait
Timer Overflow i 1
| |
| |
1 |
Internal ;\ /}
Reset Signal } }
| |
| |
High Impedance
portPin  m m = = e e e e m m m m — m m m - - - === ===

Figure 20-4: Timing of Reset Input in STOP Mode by RESET Input

VAVAWA I VAVAVAWN

STOP Instruction Execution

! ) ! Oscillation ;
! Stop Status I Reset Period I natior Normal Operation
Normal Operation =" (Oscillation Stop) ™" (Oscillation Stop) ~ " ?.tab'"zat.'on (Reset Processing)
| | ime Wait
| .
| ! | !
RESET AN /i
| | |
! | ! |
3 1 L
Internal ! | ! |
. | |
Reset Signal | ! ‘ !
- = ~
Delay Delay
. High Impedance
PortPn e e e e e e e e e e e e e e e e m m m — — ===
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Table 20-1: Hardware Status after Reset (1/2)

Hardware Status after Reset
The contents of reset
Program counter (PC) Noe ! (oo(\)/gat%rnt; %|881 H)
are set
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined) :::
General register Undefined)
Port (Output latch) I(DISOrTSPcz)I,, ‘gsstgogfz) 00H
Port mode register (PM0, PM4, PM8 to PM12) FFH
Port function register (PF8 to PF12) O00H
Processor clock control register (PCC) 04H
Memory size switching register (IMS) CFH
Internal expansion RAM size switching register (IXS) O0CH
Oscillation stabilization time select register (OSTS) 04H
Timer register (TMO) 0000H
Capture/compare register (CR00, CR01) 0000H
16-bit timer/event Prescaler selection register (PRMO) OOH
counter 0 Mode control register (TMCO) OOH
Capture/compare control register 0 (CRCO) OOH
Output control register (TOCO) OOH
Timer register (TM50, TM51) 00H
8-bit timer/event Compare register (CR50, CR51) OOH
counters 50 and 51 Clock select register (TLC50, TLC51) OOH
Mode control register (TMC50, TMC51) 04H
Watch timer Mode register (WTM) O00OH
, Clock selection register (WDCS) OOH
Watchdog timer -
Mode register (WDTM) OO0H
PCL clock output Clock output selection register (CKS) 00H
Control register (SGCR) OoH
Sound generator Amplitude control register (SGAM) OOH
Buzzer control register (SGBC) O0H

Notes: 1. During reset input or oscillation stabilization time wait, only the PC contents among the
hardware statuses become undefined. All other hardware statuses remains unchanged
after reset.

2. The post-reset status is held in the standby mode.
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Table 20-1: Hardware Status after Reset (2/2)

Hardware Status after Reset
Operating mode register 0 (CSIM30) OOH
Shift register 0 (CSIO30) OOH
Operating mode register 1 (CSIM31) O0H
Shift register 1 (CSIO31) OO0H
Serial interface Asynchronous mode register (ASIMO) OOH
Asynchronous status register (ASIS0) OOH
Baudrate generator control register (BRGCO) OOH
Transmit shift register (TXSO0) FEH
Receive buffer register (RXBO0)
Mode register (ADM1) O0H
Conversion result register (ADCR1) O0H
A/D converter Input select register (ADS1) OOH
Power fail comparator mode (PFM) O0H
Power fail threshold register (PFT) O0H
) Mode register (LCDM) OO0H
LCD controller/driver -
Control register (LCDC) OOH
Request flag register (IFOL, IFOH, IF1L) O0H
Mask flag register (MKOL, MKOH, MK1L) FFH
Interrupt Priority specify flag register (PROL, PROH, PR1L) FFH
External interrupt rising edge register (EGP) OOH
External interrupt falling edge register (EGN) OOH
VAN UDL clock control register (UDLCCL) 00OH

339



pPD1615A(A), pPD1615B(A), pPD1615F(A), pPD1616F(A), pPD16F15A NIEC

[Memo]

340



NEC [ prD1615A(A), yPD1615B(A), pPD1615F(A), pPD1616F(A), uPD16F15A

Chapter 21 pPD16F15A

The pPD16F15A replaces the internal mask ROM of the yPD1615A(A) series with flash memory to which
a program can be written, deleted and overwritten while mounted on the substrate.
Table 21-1 lists the differences among the yPD16F15A and the mask ROM versions.

Table 21-1: Differences among uyPD16F15A and Mask ROM Versions

Iltem

uPD16F15A

Mask ROM Versions

IC pin

None

Available

VPP pin

Available

None

Electrical characteristics

See data sheet of each product

Caution: Flash memory versions and mask ROM versions differ in their noise tolerance and
noise emission. If replacing flash memory versions with mask ROM versions when
changing from test production to mass production, be sure to perform sufficient

evaluation with CS versions (not ES versions) of mask ROM versions.
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21.1 Memory Size Switching Register (IMS)

This register specifies the internal memory size by using the memory size switching register (IMS),
so that the same memory map as on the mask ROM version can be achieved.

IMS is set with an 8-bit memory manipulation instruction.

RESET input sets this register to CFH.

Figure 21-1: Memory Size Switching Register Format

Symbol 7 6 5 4 3 2 1 0 Address ;;tseert R/W
IMS |RAM2|RAM1|RAMO| 0 |ROM3|ROM2/ROM1ROMO FEFOH Note RIW
L ] \ | | |

\— ROM3|ROM2|ROM1|ROMO| Internal ROM size selection

1 0 0 0 |32 Kbytes

1 1 0 0 |48 Kbytes
1 1 1 1 |60 Kbytes
Other than above Setting prohibited

RAM2|RAM1|RAMO|Internal high-speed RAM size selection

0 0 0 768 bytes

1 1 0 1024 bytes

Other than above | Setting prohibited

Note: The values after reset depend on the product (See Table 21-2).

Table 21-2: Values of the Memory Size Switching Register for the Different Devices

Part Number Value
UPD1615A(A) CFH
uPD1615B(A) CCH
uPD1615F(A) 08H

uPD1616F(A) 08H

uPD16F15A CFH

Caution: Whenthe yPD1615A(A), yPD1615B(A), uPD1615F(A),uPD1616F(A), and the yPD16F15A
are used, be sure to set the value of the IMS register as given in the Table 21-2.
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21.2 Internal Extension RAM Size Switching Register

The yPD16F15A allow users to define its internal expansion RAM size by using the internal expansion
RAM size switching register (1XS), so that the same memory mapping as that of a mask ROM version

with a different internal extension RAM is possibl

e.

The IXS is set by an 8-bit memory manipulation instruction.

RESET signal input sets IXS to OCH.

Caution: WhentheuyPD1615A(A),uPD1615B(A), uPD1615F(A),uPD1616F(A),andthe uyPD16F15A
are used, be sure to set the value specified in the Table 21-3 to IXS. Other settings

are prohibited.

Figure 21-2: Internal Extension RAM Size Switching Register Format

Symbol 7 6 5 4 3 2 1 0 Address R”g;i't RAW
IXS 0 0 0 0 | IXRAM3 | IXRAM2 | IXRAM1 | IXRAMO | FFF4H  OCH W
IXRAM3 | IXRAM2 | IXRAM1 | IxRAMo | !ntermal extension RAM
capacity selection
1 0 1 1 512 bytes
1 0 1 0 1024 bytes

Other than above

Setting prohibited

The value whitch is set in the IXS that has the identical memory map to the mask ROM versions is

given in the Table 21-3.

Table 21-3: Examples of internal Extension RAM Size Switching Register Settings

Relevant Mask ROM Version IXS Setting
uPD1615A(A) 0AH
uPD1615B(A) 0BH
uPD1615F(A) 0BH
uPD1616F(A) 0BH

uPD16F15A O0AH

Caution: Whenthe yPD1615A(A), uPD1615B(A), uPD1615F(A),uPD1616F(A), and the yPD16F15A

are used, be sure to set the value of the IXS register as given in the Table 21-3.
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21.3 Flash memory programming

On-board writing of flash memory (with device mounted on target system) is supported.

On-board writing is done after connecting a dedicated flash writer to the host machine and target system.
Moreover, writing to flash memory can also be performed using a flash memory writing adapter
connected to the Flash Programmer.

21.3.1 Selection of transmission method

Writing to flash memory is performed using Flashpro and serial communication. Select the transmission
method for writing from Table 21-4. For the selection of the transmission method, a format like the one
shown in Figure 21-3 is used. The transmission methods are selected with the Vpp pulse numbers shown
in Table 21-4.

Table 21-4: Transmission Method List

L Number of . Number of
Transmission Method Channels Pin Used VPP Pulses
SI3/P127
3-wire serial I/0 1 S03/P126 0
SCK3/P125
P40 (Serial clock input)
Pseudo 3-wire serial I/O 1 P41(Serial data input) 12
P42(Serial data input)
RxD0/P123
UART ! TxDO/P124 8

Cautions: 1. Be sure to select the number of Vrr pulses shown in Table 25-3 for the transmission
method.
2. If performing write operations to flash memory with the UART transmission
method, set the main system clock oscillation frequency to 4 MHz or higher.

Figure 21-3: Transmission Method Selection Format

Vep pulses

A

[ (

|

|

|

|

|

|

|

|

|

|

|

|
Vob : )Y

RESET U Flash write mode

Vss |

21.3.2 Initialization of the programming mode

When Vpp reaches up to 10 V with RESET terminal activated, on-board programming mode becomes
available.

After release of RESET, the programming mode is selected by the number of Vrp pulses.
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21.3.3 Flash memory programming function
Flash memory writing is performed through command and data transmit/receive operations using the
selected transmission method. The main functions are listed in Table 21-5.

Table 21-5: Main Functions of Flash Memory Programming

Function

Description

Reset

Detects write stop and transmission synchronization.

Batch verify

Compares entire memory contents and input data.

Batch delete

Deletes the entire memory contents.

Batch blank check

Checks the deletion status of the entire memory.

High-speed write

Performs writing to flash memory according to write start address and number of write data
(bytes).

Continuous write

Performs successive write operations using the data input with high-speed write operation.

Status

Checks the current operation mode and operation end.

Oscillation frequency setting

Inputs the resonator oscillation frequency information.

Delete time setting

Inputs the memory delete time.

Baud rate setting

Sets the transmission rate when the UART method is used.

Silicon signature read

Outputs the device name, memory capacity, and device block information.

21.3.4 Flash programmer connection
Connection of Flash programmer and pPD16F15A differs depending on communication method (3-wire
serial 1/0, UART). Each case of connection shows in Figures 21-4, 21-5 and 21-6.

Figure 21-4: Connection of Flash Programmer Using 3-Wire Serial I/O Method

Flash Programmer uPD16F15A
Vpp Vep
Vop Vop
RESET RESET

SCK SCK3

SO SI3
S| SO3
GND Vss
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Figure 21-5: Flash Programmer Connection Using UART Method

Flash Programmer uPD16F15A
Vep Vep
Vop Vob
RESET RESET
SO RXDO
SI TXDO
GND Vss

Figure 21-6: Flash Programmer Connection Using Pseudo 3-wire Serial I/O

Flash Programmer uPD16F15A
Vep Vee
Voo Voo
RESET RESET
SCK (Serial clock input)
SO (Serial data input)
Sl (Serial data output)
GND Vss
Vpp: 10.3 V applied from the on-board programming tool.
RESET: A RESET is generated and the device is set to the on-board programming mode.

System clock: The CPU clock for the device may be supplied by the on-board program tool. Alternatively
the crystal or ceramic oscillator on the target H/W can be used in the on-board programming
mode. The external system clock has to be connected with the X1 pin on the device.

Vbb: The power supply forthe device may be supplied by the on-board program tool. Alternatively
the power supply on the target H/W can be used in the on-board programming mode.

GND: Ground level Vss.

SCK: Serial clock generated by the on-board programming tool.
Sl: Serial data sent by the on-board programming tool.

SO: Serial data sent by the device.

RxDO: Serial data sent by the on-board programming tool.

TxDO: Serial data sent by the device.

21.3.5 Flash programming precautions
* Please make sure that the signals used by the on-board programming tool do not conflict with other
devices on the target H/W.
¢ A read functionality is not supported because of software protection. Only a verify operation of the
whole Flash EPROM is supported. In verify mode data from start address to final address (EFFFH)
has to be supplied by the programming tool. The device compares each data with on-chip flash content
and replies with a signal for O.K. or not O.K.
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Chapter 22 Instruction Set

This chapter describes each instruction set of the pPD1615A subseries as list table. For details of

its operation and operation code, refer to the separate document “78K/0 series USER’S MANUAL -
Instruction (U12326E).”
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22.1 Legends Used in Operation List

22.1.1 Operand identifiers and description methods
Operands are described in “Operand” column of each instruction in accordance with the description
method of the instruction operand identifier (refer to the assembler specifications for detail). When there
are two or more description methods, select one of them. Alphabetic letters in capitals and symbols,
#,!1,$ and [] are key words and must be described as they are. Each symbol has the following meaning.

# : Immediate data specification

e | : Absolute address specification
¢ $ : Relative address specification
e [ ]: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label,
be sure to describe the #, !, $, and [ ] symbols.
For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names
in parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 22-1: Operand Identifiers and Description Methods

Identifier Description Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7),
rp AX (RPO0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbolNote
sfrp Special-function register symbol (16-bit manipulatable register even addresses only)Note
saddr FE20H-FF1FH Immediate data or labels
saddrp FE20H-FF1FH Immediate data or labels (even address only)
addr16 0000H-FFFFH Immediate data or labels
(Only even addresses for 16-bit data transfer instructions)
addri1 0800H-0FFFH Immediate data or labels
addr5 0040H-007FH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3
Note: Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark: For special-function register symbols, refer to "Table 3-3: Special-Function Register List".
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22.1.2 Description of “operation” column

A . A register; 8-bit accumulator

X : Xregister

B : B register

C : Cregister

D : Dregister

E : E register

H : Hregister

L : Lregister

AX : AX register pair; 16-bit accumulator
BC : BC register pair

DE : DE register pair

HL : HL register pair

PC : Program counter

SP : Stack pointer

PSW : Program status word

cY : Carry flag

AC : Auxiliary carry flag

Z : Zero flag

RBS : Register bank select flag

IE : Interrupt request enable flag

NMIS : Non-maskable interrupt servicing flag
() : Memory contents indicated by address or register contents in parentheses
XH, XL : Higher 8 bits and lower 8 bits of 16-bit register
A : Logical product (AND)

V. : Logical sum (OR)

v : Exclusive logical sum (exclusive OR)

. Inverted data
addri16 : 16-bit immediate data or label
jdisp8 : Signed 8-bit data (displacement value)

22.1.3 Description of “flag operation” column
(Blank) : Not affected

0 : Clearedto 0

1 : Setto 1

X . Set/cleared according to the result
R : Previously saved value is restored
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22.2 Operation List

Insct;:gcl:ltri)on Mnemonic Operands Byte oo :JIoc:ll;ez Operation = ';IanCY
r, #byte 2 4 - r < byte
saddr, #byte 3 6 7 (saddr) « byte
sfr, #byte 3 - 7 sfr « byte
A, r Note3 | 4 2 - Acr
rA Note3 | 4 2 - reA
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr « A
A, laddr16 3 8 9+n |A« (addr16)
laddr16, A 3 8 | 9+m |(addr16) « A
MoV PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A« PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5+n |A« (DE)
8-bit data [DE], A 1| 4 | 5+m |[(DE)<A
transfer A, [HL] 1 4 5+n |A« (HL)
[HL], A 1 4 | 5+4m |(HL) « A
A, [HL + byte] 2 8 9+n |A« (HL + byte)
[HL + byte], A 2 8 9+ m |(HL + byte) « A
A, [HL + B] 1 6 7+n |A« (HL+B)
[HL+B], A 1 6 | 7+m |(HL+B)« A
A, [HL + C] 1 6 7+n |A« (HL+C)
[HL+C], A 1 6 | 7+m |[(HL+C)«A
Ar Note3 | 4 2 - Aor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - 6 A & (sfr)
A, laddr16 3 8 10+n+m | A < (addr16)
XCH A, [DE] 1 4 | 6+n+m |A < (DE)
A, [HL] 1 4 | 6+n+m |A & (HL)
A, [HL + byte] 2 8 10+n+m | A < (HL + byte)
A, [HL + B] 2 8 10+n+m |A < (HL + B)
A, [HL + C] 2 8 10+n+m |A < (HL + C)
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed.
3. Except “r = A”
Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC

register.

H WODN

. This clock cycle applies to internal ROM program.
. n is the number of waits when external memory expansion area is read from.
. m is the number of waits when external memory expansion area is written to.
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NEC

Insél:.cj)itri)on Mnemonic Operands Byte oo 1Cloc:ll;e ) Operation = 2ZQCY
rp, #word 3 6 - rp « word
saddrp, #word 4 8 10 (saddrp) « word
sfrp, #word 4 - 10 sfrp « word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 6 8 (saddrp) « AX
16-bit data
transfer MOVW AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Note3 | 4 4 - AX < 1p
rp, AX Note3| 4 - p « AX
AX, laddr16 3 10 | 12 + 2n | AX « (addr16)
laddr16, AX 3 10 |12 + 2m | (addr16) « AX
XCHW AX, rp Note 3| 1 4 - AX x 1p
A, #byte 2 4 - A, CY « A + byte X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Noted| 2 4 - |ACY«A+r X X X
r, A 2 4 — r,CY«<r+A X X X
ADD A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9+n |A CY « A+ (addr16) X X X
A, [HL] 1 4 | 5+n |A CY < A+ (HL) X X X
A, [HL + byte] 2 8 9+n |A CY « A+ (HL + byte) X X X
A, [HL + B] 2 8 9+n |A, CY«< A+ (HL +B) X X X
8-bit A, [HL + C] 2 8 9+n |A,CY«< A+ (HL+C) X X X
operation A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar Noted| 2 4 - |ACY <« A+r+CY X X X
r, A 2 4 — r,CY «<r+A+CY X X X
ADDC A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9+n |A CY « A+ (addr1i6) + CY X X X
A, [HL] 1 4 5+n |A CY « A+ (HL) +CY X X X
A, [HL + byte] 2 8 9+n |A CY <« A+ (HL + byte) + CY X X X
A, [HL + B] 2 8 9+n |A CY«< A+ (HL +B) + CY X X X
A, [HL + C] 2 8 9+n |A,CY«< A+ (HL+C)+CY X X X
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4. Except “r = A”
Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC
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register.
2. This clock cycle applies to internal ROM program.
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. n is the number of waits when external memory expansion area is read from.
. m is the number of waits when external memory expansion area is written to.
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In%:t;ﬁ;i)on Mnemonic Operands Byte oo ::IO‘:;ez Operation = T;QCY
A, #byte 2 4 - A, CY « A — byte X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Note3| 2 4 - |ACY«A-r X X X
r, A 2 4 — rhCY«r-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
suB A, laddr16 3 8 9+n |A CY « A-(addri6) X X X
A, [HL] 1 4 5+n |A CY« A-(HL) X X X
A, [HL + byte] 2 8 9+n |A CY « A-(HL + byte) X X X
A, [HL + B] 2 8 9+n |[A CY« A-(HL +B) X X X
A, [HL + C] 2 8 9+n |[AJCY«<A-(HL+C) X X X
A, #byte 2 4 - A, CY « A — byte — CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Note3| 2 4 - |ACY«A-r-CY X X X
r, A 2 4 — r,CY«<r—-A-CY X X X
8-bit SUBC A, saddr 2 4 5 A, CY « A — (saddr) — CY X X X
operation A, laddr16 3 8 9+n |A CY« A-(addr16) — CY X X X
A, [HL] 1 4 5+n [A CY« A-(HL)-CY X X X
A, [HL + byte] 2 8 9+n |A CY « A-(HL + byte) - CY X X X
A, [HL + B] 2 8 9+n |[A CY«< A-(HL +B)-CY X X X
A, [HL + C] 2 8 9+n [AJCY«< A-(HL+C)-CY X X X
A, #byte 2 4 - A «— AAbyte X
saddr, #byte 3 6 8 (saddr) « (saddr) Abyte X
Ar Note3| 2 4 - |A«AAr X
r, A 2 4 — r<rAA X
AND A, saddr 2 4 5 A « A/\(saddr) X
A, laddr16 3 8 9+n [A«AA(addri6) X
A, [HL] 1 4 5+n |A«AA[HL] X
A, [HL + byte] 2 8 9+ n |A« AA[HL + byte] X
A, [HL + B] 2 8 9+n |A« AA[HL + B] X
A, [HL + C] 2 8 9+n |A« AA[HL + C] X
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access

2. When an area except the internal high-speed RAM area is accessed
3. Except “r = A”

Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC
register.
2. This clock cycle applies to internal ROM program.
3. n is the number of waits when external memory expansion area is read from.
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Insél:.cj)itri)on Mnemonic Operands Byte oo 1Cloc:ll;e ) Operation = 2ZQCY
A, #byte 2 4 - A « AVbyte X
saddr, #byte 3 6 8 (saddr) « (saddr)Vbyte X
Ar Note3| 2 4 - |A«Avr X
r, A 2 4 - r<rVvA X
A, saddr 2 4 5 A « AV (saddr) X
OR A, laddr16 3 8 | 9+n |A« AV(addri6) X
A, [HL] 1 4 | 5+n |A«AV(HL) X
A, [HL + byte] 2 8 9+n |A« AV(HL + byte) X
A, [HL + B] 2 8 9+n |A« AV(HL +B) X
A, [HL + C] 2 8 | 9+n |A< AV(HL +C) X
A, #byte 2 4 - A «— A Dbyte X
saddr, #byte 3 6 8 (saddr) « (saddr) * byte X
Ar Note3| 2 4 - |Ae Avr X
r, A 2 4 - r<rvA X
8-bit XOR A, saddr 2 4 5 A « A~ (saddr) X
operation A, laddr16 3 8 9+n |Ac AV (addri6) X
A, [HL] 1 4 | 5+n |AeAM(HL) X
A, [HL + byte] 2 8 9+n |A« AV (HL + byte) X
A, [HL + B] 2 8 9+n |A« A~ (HL +B) X
A, [HL + C] 2 8 | 9+n |A< AW (HL+0) X
A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Note3| 4 - A-r X X X
r, A 2 4 - r—A X X X
CMP A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9+n |A-(addr16) X X X
A, [HL] 1 4 5+n |A-(HL) X X X
A, [HL + byte] 2 8 9+n |A—-(HL + byte) X X X
A, [HL + B] 2 8 9+n |A-(HL +B) X X X
A, [HL + C] 2 8 9+n |A-(HL+C) X X X
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except “r = A”
Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC
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| .
n%:,gﬁgon Mnemonic Operands Byte Operation
ADDW AX, #word 3 6 - AX, CY « AX + word
16-bit
) SuBw AX, #word 3 6 - AX, CY « AX — word
operation
CMPW AX, #word 3 6 - AX — word
Multiply/ | MULU X 2 16 - AX « Ax X
divide DIVUW C 2 25 - AX (Quotient), C (Remainder) « AX + C
r 1 2 - rer+1
INC
saddr 2 4 6 (saddr) « (saddr) + 1
Increment/ r 1 2 - rer-1
d i DEC
ecremen saddr 2 4 6 (saddr) « (saddr) — 1
INCW mn 1 4 - rp«rp+1
DECW 9] 1 4 - p«rp—1
ROR A1 1 2 - (CY, A7 < Ao, Am-1 < Am) x 1 time
ROL A1 1 2 - (CY, Ao « A7, Am+1 < Am) x 1 time
RORC A1 1 2 - (CY « Ao, A7 < CY, Am-1 « Am) x 1 time
Rotate ROLC A1 1 2 - (CY « A7, Ao « CY, Am+1 <« Am) x 1 time
ROR4 HL o 10 As-0 ¢« (HL)3-o, (HL)7-4 < As-o,
(HL] 120+ e o (HL)7 -4
ROL4 HL 5 ] As-o0 « (HL)7-4, (HL)3-0 « As-o,
(HL] O [ 124m+m |1y, 4 (HL)s o
Decimal Adjust Accumulator after
ADJBA 2 4 - .
BCD Addition
adjust Decimal Adjust Accumulator after
ADJBS 2 4 -
Subtract
CY, saddr.bit 3 6 CY « (saddr.bit)
CY, sfr.bit 3 - 7 CY « sfr.bit
CY, A.bit 2 4 - CY « A.bit
CY, PSW.bit 3 - 7 CY « PSW.bit
Bit CY, [HL].bit 2 6 | 7+n [CY« (HL).bit
manipu- | MOV1 - -
late saddr.bit, CY 3 6 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY
[HL].bit, CY 2 6 | 8+n+m |[(HL).bit « CY
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC

register.
2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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Insél:.cj)itri)on Mnemonic Operands Byte oo 1Cloc:ll;e ) Operation = 2ZQCY
CY, saddr.bit 3 6 7 CY « CY A(saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY Asfr.bit X
AND1 CY, A.bit 2 4 - |CY « CYAA.bit X
CY, PSW.bit 3 - 7 CY « CYAPSW.bit X
CY, [HL].bit 2 6 | 7+n |CY« CYA(HL).bit X
CY, saddr.bit 3 6 7 CY « CYV(saddr.bit) X
CY, sfr.bit 3 - 7 CY « CYVsfr.bit X
OR1 CY, A.bit 2 4 —  |CY « CYVADit X
CY, PSW.bit 3 - 7 CY « CYVPSW.bit X
CY, [HL].bit 2 6 | 7+n [CY« CYV(HL).bit X
CY, saddr.bit 3 6 7 CY « CY ¥ (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY*sfr.bit X
Bit XOR1 CY, A.bit 2 4 - |CY « CY~Abit X
manipu- CY, PSW. bit 3 - 7 CY « CY v PSW.bit X
late CY, [HL].bit 2 | 6 | 7+n |CY < CY(HL).bit x
saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
SET1 A.bit 2 4 - |Abit« 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 | 8+n+m [(HL).bit < 1
saddr.bit 2 4 6 (saddr.bit) « 0
sfr.bit 3 - 8 sfr.bit « 0
CLR1 A.bit 2 4 - |Abit<o0
PSW.bit 2 - 6 PSW.bit « 0 X X X
[HL].bit 2 6 | 8+n+m [(HL).bit«< 0
SET1 cY 1 2 - |CY 1 1
CLR1 cY 1 2 - |CY«o0 0
NOT1 cY 1 2 - |cyeoy X
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC
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2. This clock cycle applies to internal ROM program.
3. nis the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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Instruction Clock Flag
Mnemonic Operands Byte Operation
Group P Y Note 1| Note 2 P Z ACCY
(SP-1) « (PC+3)4,(SP-2) « (PC+3)1,
| —
CALL tagdrie 817 PC « addr16, SP « SP - 2
(SP = 1) « (PC + 2, (SP = 2) « (PC + 2)
CALLF |laddri1 2 5 - PCis-11 < 00001, PC10-0 « addri1,
SP«SP-2
(SP = 1) « (PC + 1), (SP = 2) « (PC + 1)
CALLT [addr5] 1 6 3 PCh « (00000000, addr5 + 1),
PCL « (00000000, addr5),
SP«SP-2
Call/return
(SP = 1) « PSW, (SP = 2) « (PC + 1)n,
BRK 1 6 - |(SP =3) « (PC + 1)i, PCH « (003FH),
PCL « (003EH), SP « SP -3, IE« 0
RET ] 5 PCH « (SP + 1), PCL « (SP),
T |SP«SP+2
PCH « (SP + 1), PCL « (SP),
RETI 1 6 - PSW « (SP +2), SP « SP + 3, R R R
NMIS « 0
RETB ] 5 PCH « (SP + 1), PCL « (SP), R R R
"~ |PSW - (SP+2),SP« SP+3
PSW 1 2 - |[(SP—1) < PSW, SP « SP —1
PUSH ] 4 _ |(SP—1) « 1pn, (SP - 2) « rpy,
P SP« SP-2
Stack PSW 1 2 - PSW « (SP), SP « SP + 1 R R R
manipu- POP ’ 4 _ rpH < (SP + 1), rpL « (SP),
late P SP« SP+2
SP, #word 4 - 10 SP « word
MOVW SP, AX 2 - 8 SP « AX
AX, SP 2 - 8 AX  SP
Uncondi- laddr16 3 6 — PC « addr16
tional BR $addr16 2 6 - PC « PC + 2 + jdisp8
branch AX 2 8 - PCh« A, PCL« X
BC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY = 1
Conditional | BNC $addr16 2 6 - PC « PC +2 +jdisp8if CY =0
branch BZ $addr16 2 6 - PC « PC + 2 + jdisp8if Z = 1
BNZ $addr16 2 6 - PC « PC +2 +jdisp8ifZ=0
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC

register.
2. This clock cycle applies to internal ROM program.
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Insct;:gcl:ltrl)on Mnemonic Operands Byte Operation
saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if(saddr.bit) = 1
sfr.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit = 1
BT A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 | 10 | 11 +n |PC « PC + 3 + jdisp8 if (HL).bit = 1
saddr.bit, $addr16 4 | 10 1 PC « PC + 4 + jdisp8 if(saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit = 0
BF A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit = 0
[HL].bit, $addr16 3 | 10 | 11 +n |PC « PC + 3 + jdisp8 if (HL).bit = 0
. PC « PC + 4 + jdisp8
Conditional saddr.bit, $addr16 4 | 10 | 12 |if(saddr.bit) = 1
branch then reset(saddr.bit)
Sfr.bit, $addr16 4 _ 12 PC« PC+4 +.Jd|sp8 if sfr.bit =1
then reset sfr.bit
BTCLR Abit, Saddri6 3 8 B PC « PC+3 + jdisp8 if A.bit = 1
then reset A.bit
. PC « PC + 4 + jdisp8 if PSW.bit = 1
PSW.bit, $addr16 4 - 12 | reset PSW bit
. PC « PC + 3 + jdisp8 if (HL).bit = 1
[HL].bit, $addr16 8 | 10 [12enem |2t (HL).bit
B « B -1, then
B, $addr16 216 T |PC«PC+2+disp8ifB#0
C « C -1, then
DBNZ C, $addr16 2|68 T |PC«—PC+2+disp8ifC#0
(saddr) « (saddr) — 1, then
saddr. $addr16 8| 8 10 1pC  PC + 3 + jdisp8 if(saddr) % 0
SEL RBn 2 4 - RBS1,0 «n
NOP 1 2 - No Operation
CPU El 2 - 6 IE « 1(Enable Interrupt)
control DI 2 - 6 IE < O(Disable Interrupt)
HALT 2 6 - Set HALT Mode
STOP 2 6 - Set STOP Mode
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
Remarks: 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC
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3. n is the number of waits when external memory expansion area is read from.
4. m is the number of waits when external memory expansion area is written to.
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22.3 Instructions Listed by Addressing Type
(1) 8-bitinstructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR,
ROL, RORC, ROLC, ROR4, ROL4, PUSH, POP, DBNZ
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Second Operand HL + byte]
#byte | A Note | sfr | saddr | laddri6 | PSW | [DE] | [HL] | [HL+B] |$addri6| 1 None
First Operand [HL+C]
A ADD MOV MOV [MOV [MOV |[MOV |MOV |MOV |MOV ROR
ADDC XCH |XCH |XCH |XCH XCH |XCH |XCH ROL
SuB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC|ADDC ADDC|ADDC ROLC
AND SUB SUB |SUB SUB |SUB
OR SUBC SUBC|SUBC SUBC|SUBC
XOR AND AND |AND AND |AND
CMP OR OR |OR OR |OR
XOR XOR |XOR XOR |XOR
CMP CMP |[CMP CMP |[CMP
r MOV |MOV INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B,C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV |MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MJUU
C DIVUW
Note: Exceptr=A
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(2) 16-bit instructions

MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand
—— #word AX rpNote sfrp saddrp laddr16 SP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
rp MOVW MOWANoE INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note: Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand
—— A.bit sfr.bit saddr.bit | PSW.bit [HL].bit CcY $addr16 None
First Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CcY MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call/instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand
—— AX laddr16 laddri1 [addr5] $addr16
First Operand
Basic instruction BR CALL CALLF CALLT BR
BR BC
BNC
BZ
BNz
Compound BT
instruction BF
BTCLR
DBNZ

(5) Other instructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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Appendix A Development Tools

The following development tools are available for the development of systems that employ the
uPD1615A subseries.

e Support for PC98-NX series
Unless otherwise specified, products compatible with IBM PC/ATTM computers are compatible with
PC98-NX series computers. When using PC98-NX series computers, refer to the explanation for
IBM PC/AT computers.

* Windows
Unless otherwise specified, “Windows” means the following OSs.
- Windows 95
- Windows NT™ ver 4.0
- Windows 2000

Figure A-1 shows the development tool configuration.
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NEC

Figure A-1: Development Tool Configuration

When using the in-circuit emulator IE-78K0-NS-A

Language Processing Software

[

(]

* Assembler package
» C compiler package
* C library source file
* Device file

Debugging Tool

]

* System simulator
* Integrated debugger
* Device file

Flash Memory
Write Environment
1

Embedded Software

D * Real-time OS
*0OS

Host Machine (PC)

Interface adapter,
PC card interface, etc.

Flash programmer

Flash memory
write adapter

On-chip flash
memory version

In-circuit Emulator

Emulation board

Power supply unit

Emulation probe

Conversion socket or
conversion adapter

Target system

Remark: Items in broken line boxes differ according to the development environment. See B.3.1
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A.1 Language Processing Software

RA78K/0
Assembler Package

This assembler converts programs written in mnemonics into an object code
executable with a microcomputer.

Further, this assembler is provided with functions capable of automatically creating
symbol tables and branch instruction optimization.

This assembler is used in combination with an optional device file.

<Precaution when using RA78K/0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Win-
dows, however, by using the Project Manager (included in assembler package) on
Windows.

CC78K/0
C Compiler Package

This compiler converts programs written in C language into object code executable
with a microcomputer.

This compiler is used in combination with an optional assembler package and device
file.

<Precaution when using CC78K/0 in PC environment>
This C compiler package is a DOS-based application. It can also be used in Win-

dows, however, by using the Project Manager (included in assembler package) on

C Library Source File

Windows.
Device File This file contains information peculiar to the device.
This device file should be used in combination with an optional tool (RA78K/0,
CC78K/0, SM78KO0, ID78K0-NS, and ID78KO0).
Corresponding OS and host machine differ depending on the tool to be used with.
CC78K/0-L This is a source file of functions configuring the object library included in the C

compiler package (CC78K/0).
It is required to match the object library included in C compiler package to the
customer’s specifications.

IAR Software

A78000

Assembler package used for the 78K0 series

ICC78000

C compiler package used for the 78K0 series

XLINK

Linker package used for the 78K0 series

367



HPD1615A(A), pPD1615B(A), uPD1615F(A), uPD1616F(A), pPD16F15A NIEC

A.2 Flash Memory Writing Tools

FlashMASTER Flash programmer dedicated to microcontrollers with on-chip flash memory.
Flashpro 111

(partnumber: FL-PR3, PG-FP3)
Flash Programmer

FA-80GC Flash memory writing adapter used connected to the Flash Programmer
Flash Memory Writing Adapter « FA-80GC : 64-pin plastic QFP (GC-8BT type)

Note: Under development

Remark: FL-PR2, FL-PR3, FA-64CW, FA-64GC, and FA-64GK are products of Naito Densei Machida
Mfg. Co., Ltd.
Phone: (044) 822-3813 Naito Densei Machida Mfg. Co., Ltd.
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A.3 Debugging Tools

A.3.1 Hardware

(1) When using the in-circuit emulator IE-78K0-NS-A

IE-780K0-NS-A
In-Circuit Emulator

In-circuit emulator serves to debug hardware and software when developing
application systems using the 78K/0 Series product. It corresponds to integrated
debugger ID78K0-NS. This emulator is used in combination with power supply unit,
emulation probe, and interface adapter which is required to connect this emulator to
the host machine.

IE-70000-MC-PS-B
Power Supply Unit

This adapter is used for supplying power from a receptacle of 100-V to 240-V AC.

IE-70000-98-IF-C
Interface Adapter

This adapter is required when using the PC-9800 series computer (except
notebook type) as the IE-78K0-NS-A host machine (C bus compatible).

IE-70000-CD-IF-A
PC Card Interface

This is PC card and interface cable required when using notebook type computer
as the IE-78K0-NS-A host machine (PCMCIA socket compatible).

IE-70000-PC-IF-C
Interface Adapter

This adapter is required when using the IBM PC compatible computers as the |E-
78K0-NS-A host machine (ISA bus compatible).

IE-70000-PCI-IF-A
Interface Adapter

This adapter is required when using a computer with PCI bus as the IE-78K0-NS-A
host machine.

IE-78K0-NS-P04
Emulation Board

This board emulates the operations of the peripheral hardware peculiar to a device.
It should be used in combination with an in-circuit emulator.

IE-1615-NS-EM4
Probe Board

This probe is used to connect the in-circuit emulator to a target system.

NP-80GC-TQ This probe is used to connect the in-circuit emulator to a target system and is
Emulation Probe designed for use with 80-pin plastic QFP (GC-8BT type).
NQPACKO080SB
HQPACKO080SB This conversion socket connects the NP-80GC-TQ to a target system board
YQPACKO080SB designed for a 80-pin plastic QFP (GC-8BT type).
YQSOCKET080SBF

(2) Socket Details

NQPACKO080SB Socket for soldering on the target

YQPACKO080SB Adapter socket for connecting the probe to the NQPACK080SB
HQPACK080SB Lid socket for connecting the device to the NQPACK080SB
YQSOCKET080SBF Height adapter between the YQPACKO080SB and the probe

369



HPD1615A(A), pPD1615B(A), uPD1615F(A), uPD1616F(A), pPD16F15A NIEC

A.3.2 Software

SM78K0 This system simulator is used to perform debugging at C source level or assembler level while simulating
System Simulator the operation of the target system on a host machine. This simulator runs on Windows. Use of the SM78K0
allows the execution of application logical testing and performance testing on an independent basis from
hardware development without having to use an in-circuit emulator, thereby providing higher development
efficiency and software quality.

The SM78KO0 should be used in combination with the optional device file .

ID78K0-NS This debugger is a control program to debug 78K/0 Series microcontrollers. It adopts a graphical user
Integrated Debugger interface, whichis equivalent visually and operationally to Windows or OSF/Motif™. It also has an enhanced
(supportingin-circuit debugging function for C language programs, and thus trace results can be displayed on screen in C-
emulator |E-78K0- language level by using the windows integration function which links a trace result with its source program,
NS-A) disassembled display, and memory display. In addition, by incorporating function modules such as task
debugger and system performance analyzer, the efficiency of debugging programs, which run on real-time
OSs can be improved.

It should be used in combination with the optional device file.
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Appendix B Embedded Software

For efficient development and maintenance of the yPD1615A Subseries, the following embedded
software products are available.

B.1 Real-Time OS

RX78K/0 is a real-time OS conforming to the ITRON specifications. Tool
(configurator) for generating nucleus of RX78K/0 and plural information tables is
supplied. Used in combination with an optional assembler package (RA78K/0) and
device file.

<Precaution when using RX78K/0 in PC environment>

The real-time OS is a DOS-based application. It should be used in the DOS Prompt
when using in Windows.

RX78K/0
Real-time OS

Caution: When purchasing the RX78K/0, fill in the purchase application form in advance and
sign the user agreement.

MX78KO0 is an OS for ITRON specification subsets. A nucleus for the MX78KO0 is also
included as a companion product.
MX78KO This manages tasks, events, and time. In the task management, determining the task
oS execution order and switching from task to the next task are performed.

<Precaution when using MX78KO0 in PC environment>
The MX78K0 is a DOS-based application. It should be used in the DOS Prompt when
using in Windows.
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Appendix C Register Index

C.1 Register Index (In Alphabetical Order with Respect to Register Names)

[A]

A/D conversion result register 1 (ADCR1) ... 187

A/D converter mode register (ADM1) ... 189

Analog input channel specification register (ADS1) ... 190

Asynchronous serial interface mode register (ASIMO) ... 213, 214, 217, 218
Asynchronous serial interface status register (ASIS0) ... 215, 219

[B]
Baud rate generator control register (BRGCO) ... 215, 217, 220

[C]

Capture/compare control register (CRCO) ... 119, 121, 122, 123, 125, 127, 129, 130, 136
Capture/compare register 00 (CR00) ... 111, 130

Capture/compare register 01 (CRO1) ... 112, 131

Clock output selection register (CKS) ... 182, 183

[D]
D/A converter mode register (DAMO) ... 200

[E]

8-bit compare register 50 (CR50) ... 148, 160

8-bit compare register 51 (CR51) ... 148, 160

8-bit counter 50 (TM50) ... 147, 148, 149, 158

8-bit counter 51 (TM51) ... 147, 148, 149, 158

8-bit timer mode control register 50 (TMC50) ... 152, 154
8-bit timer mode control register 51 (TMC51) ... 153, 154
External interrupt falling edge register (EGN) ... 314
External interrupt rising edge register (EGP) ... 314

(1]

Internal extension RAM size switching register (IXS) ... 343
Interrupt mask flag register OH (MKOH) ... 312, 315
Interrupt mask flag register OL (MKOL) ... 312, 315
Interrupt mask flag register 1L (MK1L) ... 312, 315
Interrupt request flag register OH (IFOH) ... 311, 314
Interrupt request flag register OL (IFOL) ... 311, 314
Interrupt request flag register 1L (IF1L) ... 311, 314

[L]
LCD display mode register (LCDM) ... 273
LCD display control register (LCDC) ... 274
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M]
Memory size switching register (IMS) ... 342

[O]
Oscillation stabilization time selection register (OSTS) ... 331

[P]

Port 0 (PO) ... 87
Port 1 (P1) ... 89
Port 4 (P4) ... 90
Port 8 (P8) ... 91

Port 9 (P9) ... 92

Port 10 (P10) ... 93

Port 11 (P11) ... 94

Port 12 (P12) ... 95

Port function register 8 (PF8) ... 96, 98

Port function register 9 (PF9) ... 96, 98

Port function register 10 (PF10) ... 96, 98

Port function register 11 (PF11) ... 96, 98

Port function register 12 (PF12) ... 96, 98, 117, 184
Port mode register 0 (PMO) ... 90, 91, 113, 154
Port mode register 4 (PM4) ... 90, 91

Port mode register 8 (PM8) ... 90, 91

Port mode register 9 (PM9) ... 90, 91

Port mode register 10 (PM10) ... 90, 91

Port mode register 11 (PM11) ... 90, 91

Port mode register 12 (PM12) ... 90, 91, 119, 124, 184
Power-fail compare mode register (PFM) ... 191
Power-fail compare threshold value register (PFT) ... 191
Prescaler selection register (PRMO) ... 119, 123
Priority specify flag register OH (PROH) ... 313
Pirority specify flag register OL (PROL) ... 313
Priority specify flag register 1L (PR1L) ... 313
Processor clock control register (PCC) ... 103
Program status word (PSW) ... 315

[R]
Receive buffer register (RXBO0) ... 212
Receive shift register (RXS0) ... 212
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[S]

Serial I/O shift register 3 (SIO3) ... 204, 205, 209

Serial operation mode register 3 (CSIM3) ... 206, 207, 208

16-bit timer mode control register (TMCO) ... 119, 120, 122, 123, 125, 127, 130, 136
16-bit timer output control register (TOCO) ... 119, 122, 127, 133

16-bit timer register (TMO) ... 115, 116

Sound generator control register (SGCR) ... 300

Sound generator buzzer control register (SGBR) ... 301

Sound generator amplitude register (SGAM) ... 303

Successive approximation register (SAR) ... 187

[T]

Timer clock selection register 50 (TCL50) ... 150
Timer clock selection register 51 (TCL51) ... 151
Transmit shift register (TXS0) ... 212

[Vl

VAN UART Rank0 Transmission Register (RKO_REG) ... 245
VAN UART In Frame Response Register (IFR_REG) ... 246, 247
VAN UART Control Register (CTRL_REG) ... 248, 249

VAN UART Configuration Register (CONF_REG) ... 251

VAN UART Diagnosis Control Register (DIAG_CTRL_REG) ... 254
VAN UART Mask1 register (MSK1_MSB_REG ) ... 257

VAN UART Mask2 register (MSK2_MSB_REG) ... 259

VAN UART Mask1 register ( MSK1_LSB_REG) ... 257

VAN UART Mask2 register (MSK2_LSB_REG) ... 259

VAN UART Acceptance Code 1 register (AC1_MSB_REG) ... 258
VAN UART Acceptance Code 1 register ( AC1_LSB_REG) ... 258
VAN UART Acceptance Code 2 Register (AC2_MSB_REG) ... 260
VAN UART Acceptance Code 2 Register (AC2_LSB_REG) ... 260
VAN UART Acceptance Code 3 Register (AC3_MSB_REG) ... 260
VAN UART Acceptance Code 3 Register (AC3_LSB_REG) ... 260
VAN UART Acceptance Code 4 Register (AC4_MSB_REG) ... 260
VAN UART Acceptance Code 4 Register (AC4_LSB_REG) ... 260
VAN UART Receive register (REC_REG) ... 263

VAN UART Diagnosis Status Register (DIAG_STAT_REG) ... 264
VAN UART Interrupt enable register (INT_ENABLE_REG) ... 265
VAN clock selection register (UDLCCL) ... 267

VAN UART Status Register (STAT_REG) ... 261

(W]

Watch timer mode control register (WTM) ... 170

Watchdog timer clock selection register (WDCS) ... 176, 177
Watchdog timer mode register (WDTM) ... 174, 177

376



NEC

HPD1615A(A), pPD1615B(A), uPD1615F(A), uPD1616F(A), uPD16F15A

C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

ADCR1
ADM1
ADSH1
ASIMO
ASIS0
BRGCO :
CKS :
CRO00
CRO1
CR50
CR51
CRCO
CSIM30 :
DAMO
EGN
EGP
IFOH
IFOL
IF1L

IMS

IXS
LCDC
LCDM
MKOH
MKOL
MK1L
OSTS

A/D conversion result register 1

A/D converter mode register

Analog input channel specification register
Asynchronous serial interface mode register
Asynchronous serial interface status register
Baud rate generator control register

Clock output selection register
Capture/compare register 00

Capture/compare register 01

8-bit compare register 50

8-bit compare register 51

Capture/compare control register

Serial operation mode register 0

D/A converter mode register

External interrupt falling edge enable register
External interrupt rising edge enable register
Interrupt request flag register OH

Interrupt request flag register OL

Interrupt request flag register 1L

Memory size switching register

Internal extension RAM size switching register
LCD display control register

LCD display mode register

Interrupt mask flag register OH

Interrupt mask flag register OL

Interrupt mask flag register 1L

Oscillation stabilization time selection register
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PO : PortO

P1 : Port 1

P4 : Port4

P8 : Port 8

P9 : Port9

P10 : Port 10

P11 : Port 11

P12 : Port 12

PCC . Processor clock contrtol register
PF8 . Port function register 8

PF9 : Port function register 9

PF10 : Port function register 10

PF11 : Port function register 11

PF12 : Port function register 12

PFM . Power-fail compare mode register
PFT . Power-fail compare threshold value register
PMO : Port mode register 0

PM4 : Port mode register 4

PM8 . Port mode register 8

PM9 : Port mode register 9

PM10 : Port mode register 10

PM11 : Port mode register 11

PM12 : Port mode register 12

PROH : Priority specify flag register OH
PROL : Priority specify flag register OL
PR1L  : Priority specify flag register 1L
PRMO : Prescaler mode register O

PSW : Program status word

RXB0O : Receive buffer register

RXS0 : Receive shift register

378



NEC

HPD1615A(A), pPD1615B(A), uPD1615F(A), uPD1616F(A), uPD16F15A

SAR
SGAM
SGBC
SGCR
SI030
TCL50
TCL51
TMO
TM50
TM51
TMCO
TMC50
TMC51
TOCO
TXS0
UDLCCL:
WDCS
WDTM
WTM

Successive approximation register
Sound generator amplitude register
Sound generator buzzer control register
Sound generator control register

Serial I/O shift register 30

Timer clock selection register 50

Timer clock selection register 51

16-bit timer register 0

8-bit counter 50

8-bit counter 51

16-bit timer mode control register 0
8-bit timer mode control register 50
8-bit timer mode control register 51
16-bit timer output control register
Transmit shift register

UDL clock control register

Watchdog timer clock selection register
Watchdog timer mode register

Watch timer mode control register
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Appendix D Revision History

The following shows the revision history up to present. Application portions signifies the chapter

of each edition.

Edition No.

Major items revised

Revised Sections
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Appendix D Revision History

Edition No. Major items revised Revised Sections
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