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Introduction

Readers
This manual has been prepared for user engineers who want to understand the functions of the
HPD780949 subseries and design and develop its application systems and programs.

pnPD780949 Subseries: uPD780949, uPD78F0949, uPD780948, uPD78F0948.

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

Organization
The uPD780949 subseries manual is separated into two parts: this manual and the instruction edition
(common to the 78K/0 series).

uPD780949 78K/0 series
subseries User’'s Manual
This Manual Instruction
» Pin functions » CPU functions
 Internal block functions  Instruction set
* Interrupt « Explanation of each instruction

Other on-chip peripheral functions

How to Read This Manual
Before reading this manual, you should have general knowledge of electric and logic circuits and
microcontrollers.

* When you want to understand the function in general:
— Read this manual in the order of the contents.
« How to interpret the register format:
— For the bit number enclosed in square, the bit name is defined as a reserved word in RA78K/0,
and in CC78K/0, already defined in the header file named sfrbit.h.
* 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.

uPD780948 HPD78F0948 uPD780949 HPD78F0949
Chapter Subseries Subseries Subseries Subseries
Chapter 1 Outline (uPD780949 Subseries) O O @) O
Chapter 2 Pin Function (uPD780949 Subseries) O @) (@) (@)
Chapter 3 CPU Architecture O O @) O
Chapter 4 EEPROM — — ) O
Chapter 5 Port Functions O O @) O
Chapter 6 Clock Generator O O (e} (e}
Chapter 7 16-Bit Timer/Counter O O @) O
Chapter 8 16-Bit Timer 2 TM2 O O (@] O
Chapter 9 8-Bit Timer/Event Counters 50, 51 O O @) O
Chapter 10 Watch Timer O O (@] O
Chapter 11 Watchdog Timer O O @) O
Chapter 12 Clock Output Control Circuit (@] O O O
Chapter 13 A/D-Converter O O (e} O
Chapter 14 Serial Interface Outline O O O O
Chapter 15 Serial Interface Channel 30 O O (e} O
Chapter 16 Serial Interface Channel 31 O O @) O
Chapter 17 Serial Interface UART O O (e} O
Chapter 18 CAN Controller O @) O O
Chapter 19 LCD Controller/Driver O O (e} O
Chapter 20 Sound Generator O O O O
Chapter 21 Interrupt Functions (@] O @) O
Chapter 22 External Device Expansions ©] O @) O
Chapter 23 Standby Function (@] O @) O
Chapter 24 Reset Function ©) O @) O
Chapter 25 HPD78F0949, yPD78F0948 O @) O O
Chapter 26 Instruction Set ©) O @) O
Appendix A Development Tools O @) O O
Appendix B Embedded Software ©) O O O
Appendix C Register O O O O
Appendix D Revision History 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 uPD780949 subseries

Document name Document No.
Japanese English

HPD780949 Preliminary Product Information Planned U12273E
pPD78F0949 Preliminary Product Information Planned U12375E
pPD780949 Subseries User's Manual Planned 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 —
HPD780949 Subseries Special Function Register Table — —

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

Document name Document No.
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 U11517J —

Language U11518J —
CC78K/0 C Compiler Application Note Programming Note EEA-618 EEA-1208
CC78K Series Library Source File EEU-777 —
IE-78001-R-A U10057J U10057E
IE-780948-SL-EM1 Planned U12412E
IE-780948-SL-EM4
EP-100GF-SL Planned TEMPR-2093
SM78K0 System Simulator Windows™ Base Reference U10181J U10181E
SM78KO0 Series System Simulator External part user open Interface u10092J U10092E
ID78KO Integrated Debugger EWS Base Reference U11151J —
ID78KO Integrated Debugger PC Base Reference U11539J U11539E
ID78KO0 Integrated Debugger Windows Base Guide U11649J U11649E
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* Related documents for embedded software (User's Manual)

Document name Document No.
Japanese English

78K/0 Series Real-Time OS Basics U11537J —

Installation U11536J —

Technicals U11538J —
78K/0 Series OS MX78K0 Basics EEU-5010 —
Fuzzy Knowledge Data Creation Tool EEU-829 EEU1438
78KJ0, 78IK/Il, 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
78KJ/0 Series Fuzzy Inference Development Suppport System- Fuzzy Inference Debugger EEU-921 EEU-1458

» Other Documents
Document name Document No.
Japanese English

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

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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1.1 Features

Chapter 1 Outline (UPD780949 Subseries)

« Internal high capacity ROM and RAM

Item | Program Data Memory

Part Memory Internal High- LCD Display Internal

Number (ROM) | Speed RAM RAM Expansion RAM | FEPROM Package
uPD780948 60K bytes 1024 bytes 40 bytes 992 bytes —_ 100-pin plastic QFP (fine pitch)
uPD780949 60K bytes 1024 bytes 40 bytes 992 bytes 256 bytes 100-pin plastic QFP (fine pitch)
UPD78F0948 60K bytes 1024 bytes 40 bytes 992 bytes —_ 100-pin plastic QFP (fine pitch)
uPD78F0949 60K bytes 1024 bytes 40 bytes 992 bytes 256 bytes 100-pin plastic QFP (fine pitch)

» External memory expansions space : 1K bytes * CAN-Interface

Instruction execution time can be changed from

high speed (0.25 ps) to ultra low speed

« Sound generator

1.2 Application

I/0 ports: 79 (N-ch open drain : 5)
8-bit resolution A/D converter : 8 channels

LCD-controller / driver

Dashboard, climate controller, security unit etc.

1.3 Ordering Information

PartNumber

Package

Supply voltage :

Serial interface : 3 channels
« 2-wiremode : 1 channel
« 3-wiremode : 1 channel
« UART mode : 1 channel

Timer : 6 channels

Voo =4.0t0 55V

HPD780948GF(A)-3BA
HPD780949GF(A)-3BA
HPD780F948GF-3BA
HPD780F949GF-3BA

26

100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm)
100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm)
100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm)
100-pin plastic QFP (14 x 20 mm, resin thickness 2.7 mm)




NEC UPD780948, uPD78F0948, uPD780949, uPD78F0949

1.4 Pin Configuration (Top View)
1100-pin plastic QFP (14 x 20 mm)

HPD780948GF(A)-XXX-3BA
HPD780949GF(A)-XXX-3BA

HPD78F0948GF-XXX-3BA
HPD78F0949GF-XXX-3BA

Figure 1-1: Pin Configuration

R
O  NmsworddlLlL208
B 29222922398373372¢
EIB58ITPINeE3INTIBEE
(@ 2 W a W o WY WA o MY o WY WY o MR WA Y WO N A N MY N a Y a o 1§
10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 8382 81
CTxD =—— 1 80 |=+— P70/S31
POO/INTPO ~—| 2 O 79 |=~—— P71/S30
PO1/INTP1 -—» 3 78 f=—> P72/S29
P0O2/INTP2 -—» 4 77 |=— P73/S28
PO3/INTP3/T2PO 5 76 |=—> P74/S27
PO4/INTP4/TIO1L +—™ 6 75 [+~ P75/S26
PO5/TI00/TO0 7 74 ~— P76/S25
PO6/TI50/TO50 -—= 8 73 f+— P77/S24
PO7/TI51/TO51 =—» 9 72 f+— P120/S23
P20/SI0 =-— 10 71 +— P121/S22
P21/SO0 11 70 f+~— P122/S21
P22/SCKQ =—= 12 69 f+— P123/S20
P23/S11/SO1 ~—] 13 68 f+— P124/S19
P24/SCK1 =-—{ 14 67 f+— P125/S18
P25/RXD ~«—» 15 66 |-—» P126/S17
P26/TXD -—»{ 16 65 |«—» P127/S16
RESET —»{ 17 64 f«—» P130/S15
X1 18 63 |«—» P131/S14
X2 19 62 f«—» P132/S13
VPP(/IC) 20 61 |« = P133/S12
CL1/CCLK 21 60 f=— P134/S11
CL2 22 59 f+—> P135/S10
Vss2 23 58 j«—> P136/S9
Vbp2 24 57 j«—» P137/S8
AVDD 25 56 j«——> P140/S7
P10/ANI0O —{ 26 55 f+— P141/S6
P11/ANI1 —= 27 54 |«— P142/S5
P12/ANI2 —={ 28 53 j=—» P143/S4
P13/ANI3 —{ 29 52 |=— P144/S3
P14/ANI4 — 30 51 [+~ P145/S2
31 32 3334 3536 37383940 41 42 43 44 45 46 47 4849 50
iilﬁiii112§888iiiii£
I IIIEEE >>5355993985¢
5 © = S 9 O 000 Y
g5 ER8F oo

P33/PCL/SGOA
P34/SGO/SGOF

Cautions: 1. Connect IC (internally connected) pin directly to V Ss.
2. AVop pin should be connected to V bp.
3. AVss pin should be connected to V = ss.
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Pin Identifications

POO to PO7
P10 to P17
P20 to P26
P30 to P34
P40 to P47
P50 to P57
P64, P65, P67
P70 to P77
P120 to P127
P130 to P137
P140 to P147
INTPO to INTP4

TI100, TI01, TI50, TI51

T120 to TI22

TOO, TOS51, TO52

T2PO

CRxD

CTxD

CCLK

SI0

SO0

SI01

SCKO, SCK1

. PortO

. Portl

: Port2

: Port3

. Portd

. Port5

: Port6

. Port7

. Portl2

. Portl3

. Portl4

. Interrupt from Peripherals
. Timer Input

: Timer Input

: Timer Output

: Timer Output

. CAN Receive Data
: CAN Transmit Data
: CAN Clock

. Serial Input

. Serial Output

. Serial Input / Output
. Serial Clock

RxD

TxD

SGO
SGOA
SGOF
PCL

ADO to AD7
A8 to Al15
RD

WR
ASTB

SO to S39

X1, X2

CL1, CL2
RESET
ANIO to ANI7
AVss

AVDpD

VoD

Vpp

Vss

IC

: Receive Data

: Transmit Data

: Sound Generator Output

: Sound Generator Amplitude
: Sound Generator Frequency
: Programmable Clock Output
: Address / Data Bus

: Address Bus

. Read Strobe

. Write Strobe

: Address Strobe

: Segment Output

COMO to COMS3::

Common Output

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

: Reset

: Analog Input

: Analog Ground

. Analog Reference Voltage

. Power Supply

: Programming Power supply
: Ground

. Internally 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.

: Products in mass production

For control

TOO-pin

uPD78078 uPD78078Y / Timer added to the HPD78054, external interface functions enhanced
100-pin ROM:-less product for the pPD78078
_|80-pin  / ;iPD78054 / UART and D/A added to the pPD78014, I/O enhanced
64-pin uPD78018FY/ Low-voltage (1.8 V) operation version of the yuPD78014, ROM and RAM variations enhanced
64-pin / uPD78014 [/ uPD78014Y / A/D and 16-bit timer added to the uPD78002
64-pin ! uPD780001 / A/D added to the pPD78002
64-pin /' 1PD78002 / /11PD78002Y / Basic subseries for control
42/44-pin Z uPD78083 / Internal UART, low-voltage (1.8 V) operation possible
For FIP driving
100-pin I/0, FIP C/D of the uPD78044A enhanecd, display output total: 53
;8(;205 | 80-pin 6-bit U/D counter added to the uPD78024, display output total: 34
64-pin Basic subseries for FIP driving, display output total: 26

For LCD driving
— 100-pin  / uPD78064 [/ uPD78064Y / Subseries for LCD driving, internal UART

For IEBus™

— 80-pin uPD78098 IEBus controller added to the uPD78054

For CANBus

— 100-pin 1PD780949 CANBus controller

Major functional differences among the subseries

AOTEe ROM UUmET 8-bit | 8-bit Serial Voo External
Capacity A/ID | D/IA Interface JEr | R Expansion
Subseries Name 8-bit [ 16-bit |Watch| WDT Value
For Control | uPD78078 |32 K-60K | 4ch | 1ch | 1ch | 1ch | 8ch | 2ch |3ch (UART: 1ch) | 88 |18 V O
uPD78070A _ 61 |27 V
uPD78054 |16 K-60 K | 2ch 69 [20V
uPD78018F [8 K-60 K — |2ch 53 |18V
uPD78014 [8 K-32 K 27V
uPD780001 |8 K - — 1ch 39 —
uPD78002 |8 K-16 K ich — 53 @)
uPD78083 — 8ch 1ch (UART: 1ch) | 33 |18 V —
For FIP uPD780208 [32 K-60K | 2ch | 1ch | 1ch | 1ch | 8ch — |2ch 74 27V —
driving UPD78044A |16 K-40 K 68
uPD78024 (24 K-32 K 54
For LCD uPD78064 |16 K-32 K | 2ch | 1ch | 1ch | 1ch | 8ch — |2ch (UART: 1ch)| 57 [2.0 V -
driving
For IEBus |uPD78098 |32 K-60K | 2ch | 1ch | 1ch | 1ch | 8ch | 2ch |3ch (UART: 1ch) | 69 [2.7 V O
For CANBus| uPD780949 60 K 2ch | 2ch | 1ch | 1ch | 8ch — |3ch (UART: 1ch) | 79 |40V O

29
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1.6 Block Diagram

Figure 1-2: Block Diagram

o
o
TIOO/TOO ~—] — ] 88842 ]
Tio1 16 bit Timer 0 > > > > 9 Port 0 8
o0 00O
T & T
or
TI21 ——» I
Ti22 16 bit Timer 2 <:>
T2PO «——] <:‘> Port 2 @
TI50/TO50 8 bit Timer 50 <:>
Port 3
TI51/TO51 =—»| 8 bit Timer 51 <:>
Watch Timer <:>
<:> Port5
Watchdog Timer <:>
<:> Port 6 <:E>
SI0 78K/0 RAM
SO0 Serial Interface CPU 1K EEPROM
SCKO Channel 0 Core Byte 256 Byte <:> Port 7
SIO1 =——1 Serial Interface _
SCK1 =—=| Channel1 @ @ @ “ Port12 «»
RXD ———
ce— I e K
g iy iy ST
A/D Converter <:>
AVss —— Interface
AVDD ——+] <::‘> S0-S7
00 () oseon| I ] P o
A8- < External K » $16-S23
A5 Access RAM LCD
/IRD =—— CCLK ——»] Inl?;g'\cle 992 <;> Controller $24-531
WR CRxD ——»] Byte driver
ASTB = CTXD — $32-539
INTPO- Interrupt
INTP4 - Control <;::>7 » COMO-COM3
System O RESET
Control o X1 VLCO-VLC2
8MHz / SV O X2

P SGO/SGOF
o | (Do
RC Oscillator SGOA
O CL2
Clock Output PCL
Control
Standby
Control

Remark: The internal ROM and RAM capacity depends on the product.
The EEPROM is only available in the p PD78F0949 and not in the p PD78F0948.
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1.7 Overview of Functions

Part Number
- pPD780948 | pPD780949 | pPD78F0948 | pPD78F0949
ROM 60 Kbytes
Internal high-speed RAM 1024 bytes
Internal :
LCD Display RAM 40 bytes
memory
Internal Expansion RAM 992 bytes
EEPROM — ’ 256 bytes ’ — ’ 256 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 ps/0,5 ps/1 us/2 us/4 ps (at 8 MHz)
When subsystem clock 122 pis (at 32.768 kH2)

selected

Instruction set

»  16-bit operation

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

I/0 ports

Total .79
« CMOS input . 8
« CMOSI/O 171

A/D converter

« 8 bit resolution x 8 channels

Serial Interface

* 3-wire mode : 1 channel
e 2-wire mode : 1 channel
« UART mode : 1 channel

Timer

e 16 bit timer / event counter : 2 channels
e 8 hit timer / event counter : 2 channels
«  Watch timer : 1 channel
» Watchdog timer : 1 channel

Timer output

3 ( 16-bit RWM output x 1, 8-bit RWM 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)

CAN 1 channel
Vectored Maskable interrupts :En;?e:?r?!ll 252
interrupts | Non-maskable interrupts | Internal : 1
Software interrupts Internal : 1
Supply voltage Vob=4,0Vto55V
Package 100-pin plastic QFP ( 14 mm x 20 mm )

31
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1.8 Mask Options

The mask ROMversion (UPD780948, uPD780949) provides LCD splitresistor which allows user to specify
whether to connect LCD split resistor externally.
The mask options provided in the uPD780949 subseries are shown in Table 1-1.

Table 1-1: Mask Options of Mask ROM Versions

Pin Names Mask Options

Vico, Vice, Vic?2 LCD-split resistor can be specified internally

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
LCD Split Resistor None Mask Option
VpP Pin Yes None (IC pin)
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Chapter 2 Pin Function (uPD780949 Subseries)

2.1 Pin Function List

Normal Operating Mode Pins / Pin Input/Output Types

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

Input / Pin : Alternate After
Output Name glnclon Function Reset
POO INTPO Input
P01 INTP1 Input
P02 Port 0 INTP2 Input
Input/ | PO3 8 bit input / output port o INTP3/T2P0 Input
Outout Input / output mode can be specified bit-wise
P P04 If used as an input port, a pull-up resistor can be INTP4/TIO1 Input
PO5 connected by software bit-wise TI00/TOO Input
P06 TI50/TO50 Input
PO7 TI51/TO51 Input
Port 1
Input P10-P17 | 8 bit input port ANIO-ANI7 Input
Input_ mode can be specified bit-wise
P20 SI0 Input
P21 SO0 Input
nout ) P22 Port 2 /SCKO Input
Oﬁtput P23 7 bit input/output port SI/SO1 Input
P24 Input / output mode can be specified bit-wise /SCK1 Input
P25 RxD Input
P26 TxD Input
Port 4
Inout/ 8 bit input / output port
Op P40-P47 | Input/ output mode can be specified bit-wise ADO-AD7 Input
utput . .
If used as an input port, a pull-up resistor can be
connected by software
Port 5
8 bit input / output port
Input / output mode can be specified bit-wise
Inout/ This port can be used in External Memory
OEt ut P50-P57 | Expansion Mode with the 4, 6 or 8 bit address by A8/S39-A15/S32 | Input
P setting the
Memory Expansion Mode Register
Not for external memory expansion used ports can
be used either for LCD or port function
out P64 Port 6 /RD Input
OStput P65 3 bit input / output port /WR Input
P67 input / output mode can be specified bit-wise ASTB Input

34
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Table 2-1: Pin Input/Output Types (2/2)

Input /
Output

Pin Name

Function

Alternate
Function

After
Reset

Input/
Output

P70-P77

Port 7

8 bit input / output port

Input / output mode can be specified bit-wise

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

This port can be used as a segment signal output port
or an I/O port in 1 bit units by setting port function

S31-S24

Input

Input/
Output

P120-P127

Port 12

8 bit input / output port

Input / output mode can be specified bit-wise

This port can be used as a segment signal output port
or an I/O port in 8 bit units by setting LCD control
register

S23-S16

Input

Input/
Output

P130-P137

Port 13

8 bit input / output port

Input / output mode can be specified bit-wise

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

This port can be used as a segment signal output port
or an I/O port in 8 bit units by setting LCD control
register

S15-S8

Input

Input/
Output

P140-P147

Port 14

8 bit input / output port

Input / output mode can be specified bit-wise

This port can be used as a segment signal output port
or an 1/O port in 8 bit units by setting LCD control
register

S7-S0

Input

35
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2.2 Non-Port Pins

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

. . After Alternate
Pin Name /0 Function Reset Function Pin
INTPO P00
INTP1 P01
External interrupts with specifiable valid edges (rising
INTP2 Input edge, falling edge, both rising and falling edges) Input P02
INTP3 PO3/T2P0
INTP4 P04/T101
SI0 . i ) P20
Input Serial interface serial data input Input
SI1 P23/S0O1
SO0 . i P21
Output | Serial interface serial data output Input
SO1 P23/SI1
SCKO |nput/ L i . P22
Serial interface serial clock input / output Input
SCK1 Output P24
RxD Input Asynchronous serial interface data input Input P25
TxD Output | Asynchronous serial interface data output Input P26
CRxD Input CAN serial data input Input -
CTxD Output | CAN serial data output Output | -
CCLK Input CAN serial clock input - CL1
TIOO i L PO5/TO0
- External count clock input to 16-bit timer (TMO)
Tiol P0O4/INTP4
T120 Capture trigger input P30
TI21 Input Capture trigger input Input P31
TI22 Capture trigger input P32
T150 External count clock input to 8-bit timer (TM50) P06/TO50
TI51 External count clock input to 8-bit timer (TM51) P0O7/TO51
TOO 16-bit timer output PO5/TIO0
T2PO 16-bit timer output PO3/INTP3
Output — Input
TO50 8-bit timer output (also used for PWM output) PO6/TI50
TO51 8-bit timer output (also used for PWM output) PO7/TI51
PCL Output | Clock output (for main system clock trimming) Input P33/SGOA
ADO to AD7 Input/ Low—or(_jer address/data bus at external memory Input P40 to P47
Output | expansion
High-order address/data bus at external memory P50 to P57
AB to A1S Output expansion Input S39 to S32
RD Strobe signal output for read operation from external P64
Output Memory - Input
WR Strobe signal output for read operation from external P65
memory
ASTB i Strobe output externally latching address information Input P67
output to ports 4, 5 to access external memory
S0 to S7 P147 to P140
S81to S15 P137 to P130
S16 to S23 Output | Segment signal output of LCD controller / driver Input P1271to P120
S24 to S31 P77 to P70
P57 to P50
S32 to S39 A5 to A8
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Table 2-2: Non-Port Pins (2/2)

MaskROM version)

Pin Name I/O Function F?étseert Flfrltcetirggtlgin
COMO-COM3 | Output | Common signal output of LCD controller/driver Output -
VicO to Vic2 - LCD drive voltage - -
SGO Output | Sound generator output Input | P34/SGOF
SGOA Output | Sound generator amplitude output Input | P33/PCL
SGOF Output | Sound generator frequency output Input | P34/SGO
ANIO to ANI7 Input | A/D Converter analog input Input | P10 — P17
AVoD i A/D Converter reference voltage input and power i i

supply
AVss - A/D Converter ground potential. Connect to Vss. - -
RESET Input | System reset input - -
X1 - Crystal connection for main system clock - -
X2 - - -
cL1 Input | RC connection for subsystem clock - CCLK
CL2 - - -
Vobl, Vbp2 - Positive power supply - -
Vssl, Vss2 - Ground potential - -
Vep i High volta_ge supply for flash programming (only i IC

flash version)
IC i Internal connection. Connect directly to Vss (only i Vep
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2.3 Description of Pin Functions

2.3.1 P00 to P07 (Port 0)
These are 8-bit input/output ports. Besides serving as input/output ports, they function as an external
interruptinput, an external count clock input to the timer, a capture trigger signal input, atimer signal output.
The following operating modes can be specified bit-wise.

(1) Port mode
P00 to P07 function as input/output ports. P00 to PO7 can be specified forinput or output ports bitwise
with a port mode register 0. When they are used as input ports, pull-up resistors can be connected
to them by defining the pull-up resistors bitwise in the pull-up resistor option register 0.

(2) Control mode
In this mode, these ports function as an external interrupt input, an external count clock input to
the timer, and a timer signal output.

() INTPO to INTP4
INTPO to INTP4 are external interrupt input pins which can specify valid edges (rising edge,
falling edge, and both rising and falling edges). INTP4 becomes a 16-bit timer/event counter
capture trigger signal input pin with a valid edge input.

(b) TIOO
Pin for external count clock input to 16-bit timer/event counter and pin for capture trigger signal
input to the 16-bit timer/event counter capture register (CRO1).

(c) TIo1
Pin for capture trigger signal input to capture register of 16-bit timer/event counter (CR0O0).

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

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

(fy TOO
Pin for output of the 16-bit timer/event counter.

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

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

(i) T2PO
Pin for output of the 16-bit timer (TM2).
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2.3.2 P10 to P17 (Port 1)

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

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bit input ports.

(2) Control mode
These ports function as A/D converter analog input pins (ANIO to ANI7).

2.3.3 P20 to P26 (Port 2)

These are 7-bit input/output ports. Besides serving as input/output ports, they function as data input/
output to/from the serial interface, clock input/output.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 7-bit input/output ports. They can be specified bit-wise as input or output
ports with port mode register 2. P20 to P24 are selectable as N-ch open drain or as CMOS output.

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

(a) Slo, SI1, SO0, sO1
Serial interface serial data input/output pins

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

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

Caution:  When this port is used as a serial interface, the 1/0 and output latches must be set
according to the function the user requires.
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2.3.4 P30to P34 (Port 3)

These are 5-bitinput/output ports. Beside serving asinput/output ports, they function as timer input, clock
ouput and sound generator ouput.

The following operating modes can be specified bit-wise.

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

(2) Control mode
These ports function as timer input, clock output, and sound generator output.

(a) TI20, TI21 and TI22
Pin for external capture trigger input to the 16-bit timer/capture registers of TM2.

(c) PCL
Clock output pin.

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

2.3.5 P40 to P47 (Port 4)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address/
data bus.

The following operating mode can be specified in 8-bit units.

(1) Port mode
These ports function as 8-bitinput/output ports. They can be specified in 8-bit units for input or output
ports by using the memory expansion mode register. When they are used as input ports, pull-up
resistors can be connected bitwise by defining the pull-up resistor option register 4.

(2) Control mode
These ports function as low-order address/data bus pins (ADO to AD7) in external memory
expansion mode. When pins are used as an address/data bus, the pull-up resistor is automatically
disabled.
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2.3.6 P50 to P57 (Port 5)

These are 8-bit input/output ports. Besides serving as input/output ports, they function as an address
bus and LCD controller/driver.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 8-bitinput/output ports. They can be specified bit-wise as input/output ports
with port mode register 5.

(2) Control mode
These ports function as high-order address bus pins (A8 to A15) in external memory expansion mode
or as segment signal ouput pins (S32 to S39) of LCD controller/driver output.

2.3.7 P64, P65 and P67 (Port 6)

These are 3-bit input/output ports. Besides serving as input/output ports, they are used for control in
external memory expansion mode.

The following operating modes can be specified bit-wise.

(1) Port mode
These ports function as 3-bit input/output ports. They can be specified bit-wise as input or output
ports with port mode register 6.

(2) Control mode
These ports function as control signal output pins (RD, WR, ASTB) in external memory expansion
mode, therefore a pin has to be used as a control signal output.

2.3.8 P70 to P77 (Port 7)

This is a 8-bit input/output port. In addition to its use as an input/output port, it also segment sognal
output functions of the LCD controller/driver.

The following operating modes can be specified bit-wise.

(1) Port mode
Port 7 functions as a 8-bit input/output port. Bit-wise specification as an input port or output port
is possible by means of port mode register 7. When used as input ports, pull-up resistors can be
connected by defining the pull-up resistor option register 7.

(2) Control mode
Port 7 functions as segment signal output pins (S24 to S31) of LCD controller/driver.
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2.3.9 P120 to P127 (Port 12)

These are 8-bitinput/output ports. Besides serving as input/output ports, they function as segment signal
output pins of LCD controller/driver.

The following operating modes can be specified bit-wise or byte-wise.

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

(2) Control mode
These ports function as segment output signal pins (S16 to S23) of LCD controller/driver.

2.3.10 P130 to P136 (Port 13)

These are 8-bitinput/output ports. Besides serving as input/output ports, they function as segment signal
output pins of LCD controller/driver.

The following operating modes can be specified bit-wise or byte-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output
ports with port mode register 13. When used as input ports, pull-up resistors can be connected by
defining the pull-up resistor option register 7.

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

2.3.11 P140 to P147 (Port 14)

These are 8-bitinput/output ports. Besides serving as input/output ports, they function as segmentsignal
output pins of LCD controller/driver.

The following operating modes can be specified bit-wise or byte-wise.

(1) Port mode
These ports function as 8-bit input/output ports. They can be specified bit-wise as input or output
ports with port mode register 14.

(2) Control mode

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

2.3.12 CTxD
These pin functions as CAN-controller transmit output.

2.3.13 CRxD
These pin functions as CAN-controller receive input.



NEC UPD780948, uPD78F0948, uPD780949, uPD78F0949

2.3.14 COMO to COM3
These are LCD controller/driver common signal output pins. They output common signals under the
following condition:

- 4-time-devision is performed in 1/3 bias mode

2.3.15 Vicoto Vic2
These are LCD drive voltage pins. In the MaskROM product, a split resistor for LCD drive voltage
generation can be incorporated by a mask option, without connecting external split resistors.

2.3.16 AVbD
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 Vop.

2.3.17 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.

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

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

2.3.20 CL1 and CL2

Crystal resonator connect pins for subsystem clock oscillation.
For external clock supply, input it to CL1 and its inverted signal to CL2. For CAN-clock, input it to CL1
and leave CL2 open.

2.3.21 Vop
Positive power supply pin

2.3.22 Vss
Ground potential pin

2.3.23 Vpp (UPD78F0948, uPD78F0949 only)
High-voltage apply pin for FLASH programming mode setting. Connectdirectlyto Vssinnormal operating
mode.
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2.3.24 IC (Mask ROM version only)

The IC (Internally Connected) pinis provided to set the test mode to check the yPD78F0948, uPD78F0949
at delivery.

Connect it directly to the VSS with the shortest possible wire in the normal operating mode.
When avoltage 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

» Connect IC pins to Vss pins directly

7_7' As short as possible
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2.4 Pin I/O Circuits and Recommended Connection of Unused Pins

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

For the input/output circuit configuration of each type, see table.

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

Input/Output

LI I/0 | Recommended Connection for Unused Pins
Circuit Type

Pin Name

POO/INTPO
PO1/INTP1
PO2/INTP2
PO3/INPT3/T2P0O
P0O4/INTP4/TI01
PO5/TI00/TO0
PO6/TI50/TO50
PO7/TI51/TO51
P10/ANIO
P11/ANI1
P12/ANI2
P13/ANI3
P14/ANI4
P15/ANI5
P16/ANI6
P17/ANI7
P20/SI10
P21/S0O0
P22/SCKO 10
P23/S11/SOA I/0 | Connect to Vdd or Vss via a resistor individually
P24/SCK1
P25/RxD 8
P26/TxD 5
P30/TI120
P31/TI21 8
P32/TI22 I/0 | Connect to Vdd or Vss via a resistor individually
P33/PCL/SGOA
P34/SGO/SGOF
P40/ADO
P41/AD1
P42/AD2
P43/AD3
P44/ADA4
P45/AD5
P46/AD6
P47/AD7

8-A I/0 | Connect to Vdd or Vss via a resistor individually

11-B I Connect to Vdd or Vss via a resistor individually

5-A I/O | Connect to Vdd or Vss via a resistor individually
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Table 2-3: Types of Pin Input/Output Circuits (2/3)

Pin Name

Input/Output
Circuit Type

I/0

Recommended Connection for Unused Pins

P50/A8/S39

P51/A9/S38

P52/A10/S37

P53/A11/S36

P54/A12/S35

P55/A13/S34

P56/A14/S33

P57/A15/S32

17

I/0

Connect to Vdd or Vss via a resistor individually

P64/RD

P65/WR

P67/ASTB

5-A

I/0

Connect to Vdd or Vss via a resistor individually

P70/S31

P71/S30

P72/S29

P73/S28

P74/S27

P75/S26

P76/S25

P77/S24

17-B

I/0

Connect to Vdd or Vss via a resistor individually

P120/S23

P121/S22

P122/S21

P123/S20

P124/S19

P125/S18

P126/S17

P127/S16

17-C

I/0

Connect to Vdd or Vss via a resistor individually

P130/S15

P131/S14

P132/S13

P133/S12

P134/S11

P135/S10

P136/S9

P137/S8

17-A

I/0

Connect to Vdd or Vss via a resistor individually

P140/S7

P141/S6

P142/S5

P143/S4

P144/S3

P145/S2

P146/S1

P147/S0

17-A

I/0

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

Pin Name In_put/_Output I/0 | Recommended Connection for Unused Pins
Circuit Type

COMO - COM3 18 O

Leave open
VicO - Vic2 - -
CRxD 1 I Connect to Vdd or Vss via a resistor individually
CTxD 2 O | Leave open
CL1/CCLK - - Connect to Vdd or Vss via a resistor individually
C2 - - Leave open
RESET 1 I -
AVbD - - Connect to Vbp
AVss - - Connect to Vss
IC

- - Connect directly to Vss

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

Type 1 Type 2

P-ch
O IN
Data O OUT

Type 5 Type 5-A Vop

Pullup |
Voo enable D P-ch

Data

———0 INJOUT Data

N Voo
Output —ch
disable IN/OUT
Output N-ch

disable
Input
disable

Input ;

enable

Type 8 Type 8-A

Vob
Pullup
enable 'l> | P-ch
— o [=pn v
DD

»——O IN/OUT

Output ch Data :Do_l P-ch
disable
Output N-ch
disable

Data

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

Type 10

Data

:DO—|

Open drain
output disable

———OIN/OUT

Type 11-B

Comparator

Vrer (Threshold Voltage)

Input
enable
Type 17 Type 17-A Voo
Pullup
V%D enable Il> | P-ch
O IN/OUT Data -ch
Output
disable O IN/OUT
Output N ch
disable
Input
enable
4 Input
Vico m enable n
P-ch =—
Vi ¢ Vico m
LC1 >
f L
N-ch — P-ch
P-ch Vici V; 1]
SEG J N-ch— o
Data
HE |
p.ch . N-ch Data Ll E
Vicz2 - boch | Neh
c
Bl Vic2 I V; 1]
LU N-ch -
T LU
T
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Figure 2-2: Pin Input/Output Circuits (3/3)

Type 17-B Voo

Pullup Il> | ér
enable P-ch

O IN/OUT
Output N-ch
disable

Type 17-C

Data

r:Do—l éP—ch

Output b@—' ch
disable

O IN/JOUT

o OUT
COM |
B 1y
Vicz HB—A
T
Lt
-
N-ch

- o@ L
e Vico m
Vies T y P-ch ——
Vict E e P-ch
N-ch 4 E
T pech SEG J
Data Ll
SEG
Data LlE p.ch - N-ch E
b.ch L N-ch Vice
N-ch
Vic2 ¢ T
N-ch LU
T
LU ’L T
T
Type 18
P-ch
£
Vico m
4
Vici E
T




NEC

UPD780948, uPD78F0948, uPD780949, uPD78F0949

[Memo]
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3.1 Memory Space

Chapter 3 CPU Architecture

The memory map of the uPD780949 is shown in Figure 3-1.

Figure 3-1: Memory Map (UPD780949)

«

«

«

«

«

FFFFH Special Function Registers
EFF20H (SFRs) 256 x 8 bits
FFIFH| """~~~ "~~~ 77°7°7°7°7
FFOOH
FEFFH General Registers
FEEOH 32 x 8 hits
FEDFH Internal High-speed RAM
FEZOHFJ 1024 x 8 bits 1
FBOOH| "~~~ "~~~ "~~~ """ T
FAFFH
FASOH Not usable
FATFH LCD Display RAM
FAS58H 40 x 4 bits
FASTH Not usable
FAOOH
FOFFH EEPROM
E900H 256 x 8 bits
FBFFH;g Not usable A
F800H
F7DFH
|, Internal Expansion RAM |
B 992 x 8 bits
F400H
sl Not usable A
F3FFH
ay External Memory -
FOOOH
EFFFH
A Internal ROM B
T 61440 x 8 bits ]
0000H

C

EFFF

)
«

1000H

Program Area

OFFFH

0800H

C

CALLF Entry Area

)

07FFH

)
C

0080H

Program Area

C

007FH

0040H

CALLT Table Area

003FH

0000H

Vector Table Area

Note:

The EEPROM is only valid in the uPD780949 and not in the uPD780948.
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The memory map of the uPD78F0949 is shown in Figure 3-2.

Figure 3-2: Memory Map (UPD78F0949)

FFFFH Special Function Registers
FF20H (SFRS) 256 x 8 bits
FFAFH| """ """~ "~~~ 7"°"7"77°7°7
FFOOH
FEFFH General Registers
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
FE20H| l024xshbits T
FBOOH
FAFFH
FASOH Not usable
FATFH LCD Display RAM
EA58H 40 x 4 bits
FASTH Not usable
FAOOH
FOFFH EEPROM EFFF
i A Program Area F
F900H 256 x 8 bits 9
F8FFH [ Not usabl 1 1000H
F800H T ot usable o~ OFFEH
F7DFH _ Ay CALLF Entry Area Ay
|, Internal Expansion RAM |
i 992 x 8 bits i 0800H
F400H 07FFH
A Not usable A Y Program Area Y
F3FFH 0080H
a9 External Memory a9 007FH
FOOOH
EEEEH CALLT Table Area
0040H
|, Internal Flash EEPROM | 003FH
T 61440 x 8 bits T
Vector Table Area
0000H 0000H

Note: The EEPROM is only valid in the uPD78F0949 and not in the uPD78F0948.
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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 uPD780949 subseries have various size of internal ROMs or Flash EPROM
as shown below.

Table 3-1: Internal ROM Capacities

Part Number Internal ROM
Type Capacity
nPD780949 Mask ROM 61440 x 8-bits
pPD780948 Mask ROM 61440 x 8-bits
nPD78F0949 Flash 61440 x 8-bits
uPD78F0948 Flash 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 INTAD
0008H INTOVF
000AH INTTM20
000CH INTTM21
000EH INTTM22
0010H INTPO
0012H INTP1
0014H INTP2
0016H INTP3
0018H INTP4
001AH INTCE
001CH INTCR
001EH INTCTO
0020H INTCT1
0022H INTCSIO
0024H INTCSI1
0026H INTSER
0028H INTSR
002AH INTST
002CH INTTMOO
002EH INTTMO1
0030H INTTM50
0032H INTTM51
0034H INTWE
0036H INTWTI
0038H INTWT
003EH BRK

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

(3) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).
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3.1.2 Internal data memory space
The uPD780949 subseries units incorporate the following RAMs.

(1) Internal high-speed RAM
This is a 1024 x 8-bit configuration in the area FBOOH to FEFFH 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.

(2) LCD-Display RAM
Buffer RAM is allocated to the 40 x 4 bits area from FA58H to FA7FH. LCD-Display RAM can also
be used as normal RAM.

(3) Internal expansion RAM
Internal expansion RAM is allocated to the 992-byte area from F400H to F7DFH.

3.1.3 Special function register (SFR) area

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

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

The external memory space is accessible by setting the memory expansion mode register. External
memory space can store program, table data, etc. and allocate peripheral devices.
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3.1.5 Data memory addressing

The uPD780949 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 3-3 and 3-4 show the data memory addressing modes.

For details of addressing, refer to 3.4 Operand Address Addressing

Figure 3-3: Data Memory Addressing (UPD780949)

FFFFH Special Function Registers
FF20H (SFRs) 256 x 8 bits SFR Addressing
[ [ .
FFOOH
FEFFH i 1 Short Direct
General Registers Register Addressing Addressing
FEEOH 32 x 8 bits
FEDFH Internal High-speed RAM
FE2OH| _____768x8bis T
FBOOH
FAFFH
FASOH Not usable
FATFH LCD Display RAM Direct
i Addressin
FA58H 40 x 4 bits g
FASTH Not usable Register
FAOOH Indirect
Addressin
FOFFH EEPROM [¢]
256 x 8 bits Based
F900H Addressing
F8FFH
Y Not usable a2
F800H Based
E7DFH Indexe_d
|, Internal Expansion RAM | Addressing
K 992 x 8 bits K
F400H
o] Not usable ~
F3FFH
ay External Memory ay
FOOOH
EFFFH
A Internal ROM A
T 61440 x 8 bits T
0000H
Note: The EEPROM is only valid in the pPD780949 and not in the uPD780948.
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Note:

Figure 3-4: Data Memory Addressing (UPD78F0949)

FFFFH Special Function Registers
FF20H (SFRs) 256 x 8 bits SFR Addressing
L T I R e
FFOOH
FEFFH i [} Short Direct
General Registers Register Addressing Addressing
FEEOH 32 x 8 bits ¥
FEDFH Internal High-speed RAM
FEZOHF 768 x 8 bits T
=100 S
FAFFH
FASOH Not usable
FATFH LCD Display RAM Direct
i Addressin
FABSH 40 x 4 bits g
FA57H Register
FAOOH Not usable Indirect
Addressin
FOFFH EEPROM 9
256 x 8 bits Based
F900H Addressing
F8FFH
Y Not usable ~
F800H Based
F7DFH Indexed
|, Internal Expansion RAM | Addressing
992 x 8 bits K
F400H
o] Not usable o]
F3FFH
N External Memory N
FOOOH
EFFFH
B Internal Flash EEPROM A
] 61440 X 8 bits T
0000H

The EEPROM is only valid in the yPD78F0949 and not in the uPD78F0948.
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3.2 Processor Registers

The uPD780949 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.

@

()

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 3-5: 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 interruptrequest 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 3-6: Program Status Word Configuration

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

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

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

When 1, the IE is set to interrupt enabled (EI) status and interrupt request acknowledge is 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). Itis reset (0) in all
other cases.

(e) In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When 0, acknowledg-
ment of the vectored interrupt request specified to low-order priority with the priority specify flag registers
(PROL, PROH, and PRL1L) 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 3-7: Stack Pointer Configuration

15

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:

instruction execution.

SP <SP -2

SP-2

SP-1

SP >

Sp >

SP+1

SP=SP+2

Figure 3-8: Data to be Saved to Stack Memory

PUSH rp Instruction

Register Pair Lower

Register Pair Upper

SP <SP -2

SP-2

SP-1

SP >

CALL, CALLF, and

CALLT Instruction

PC7 to PCO

PC15 to PC8

SP=<SP-3

SP-3

SP-2

SP-1

SP >

Figure 3-9: Data to be Reset to Stack Memory

POP rp Instruction

Register Pair Lower

Register Pair Upper

SP >

SP+1

SP=SP +2

RET Instruction

PC7 to PCO

PC15 to PC8

sp >

SP+1

SP+2

SP=-SP+3

Since RESET input makes SP contents indeterminate, be sure toinitialize the SP before

Interrupt and
BRK Instruction

PC7 to PCO

PC15 to PC8

PSW

RETI and RETB
Instruction

PC7 to PCO

PC15to PC8

PSW
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3.2.2 General registers

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

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

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

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

Figure 3-10: 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
FEE8H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function Name
16-Bit Processing 8-Bit Processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
C
FEE8H
A
BANKS 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.

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

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

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

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

e Symbol
The assembler software RA78KO0 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.
* RIW
This column shows whether the corresponding special function register can be read or written.
R/W : Both reading and writing are enabled.
R . The value in the register can read out. A write to this register is ignored.
w : Avalue can be written to the register. Reading values from the register is impossible.
¢ Manipulation
The register can be manipulated in bit units.
« After reset
The register is set to the value immediately after the RESET signal is input.

63



64

LPD780948, uPD78F0948, uPD780949, uPD78F0949

NEC

Table 3-3: Special Function Register List (1/4)

Address SFR Name Symbol R/W Manipulatable Bit Unit After
1 bit | 8 bits | 16 bits | Reset
FFOOH | Port 0 PO RIW O O — O0H
FFO1H | Port 1 P1 R O O — O0H
FFO2H | Port 2 P2 RIW O O — 00H
FFO3H | Port 3 P3 RIW O O — 00H
FFO4H | Port 4 P4 RIW O O — 00H
FFO5H | Port 5 P5 RIW O O — 00H
FFO6H | Port 6 P6 RIW O O — 00H
FFO7H | Port 7 P7 RIW O O — 00H
FFOCH | Port 12 P12 R/W O O — O0H
FFODH | Port 13 P13 R/W O O — O0H
FFOEH | Port 14 P14 R/IW O O — O0H
FF10H | 16bit timer/counter register O TMO | TMOL R — — O OOH
FF11H TMOH R — — O OOH
FF12H TM50 R — O — OOH
FF13H TM51 R — O — OOH
FF14H | 16bit capture/compare register 00 CROO | CROOL R/W — — O OOH
FF15H CROOH R/W — — O OOH
FF16H | 16bit capture/compare register 01 CRO1 | CRO1L R/W — — O OOH
FF17H CRO1H R/W — — O OOH
FF18H | Compare register 50 CR50 R/W — O — 00H
FF19H | Compare register 51 CR51 R/W — O — 00H
FF1BH | A/D conversion result register ADCR1 R — O — OOH
FF1FH | Serial I/O shift register 30 SI030 R/W — O — 00H
FF20H | Port mode register 0 PMO R/W O O — FFH
FF22H | Port mode register 2 PM2 R/W O O — FFH
FF23H | Port mode register 3 PM3 R/W @) O — FFH
FF24H | Port mode register 4 PM4 R/W O O — FFH
FF25H | Port mode register 5 PM5 R/W @) O — FFH
FF26H | Port mode register 6 PM6 R/W @) O — FFH
FF27H | Port mode register 7 PM7 R/W O O — FFH
FF2CH [ Port mode register 12 PM12 R/W @) O — FFH
FF2DH | Port mode register 13 PM13 R/W O O — FFH
FF2EH | Port mode register 14 PM14 R/W @) O — FFH
FF30H | Pull-up res. option register 0 PUO R/W @) O — OOH
FF34H | Pull-up res. option register 4 PU4 R/W @) O — OOH
FF37H | Pull-up res. option register 7 PU7 R/W @) O — OOH
FF3DH | Pull-up res. option register 13 PU13 R/IW @) O — OOH
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Table 3-3: Special Function Register List (2/4)

Address SFR Name Symbol R/W Manipulatable Bit Unit After
1 bit | 8 bits | 16 bits | Reset
FF40H | Clock output select register CKS R/W O O — OOH
FF41H | Watch timer mode register WTM R/IW O O — OOH
FF42H | Watch dog timer clock sel. register WDCS R/W O O — O0OH
FF47H | Memory expansion mode register MEM R/W O O — OOH
FF48H | Ext. INT rising edge enable register EGP R/W O O — OOH
FF49H | Ext. INT falling edge enable register EGN R/W O O — OOH
FF4AH | LCD timer mode ctrl. register " LCDTM R/W
FF52H | Port function register 2 PF2 R/W O O — O0OH
FF55H | Port function register 5 PF5 R/W O O — OOH
FF57H | Port function register 7 PF7 R/W O O — OOH
FF5CH | Port function register 12 PF12 R/W O O — OOH
FF5DH | Port function register 13 PF13 R/W O O — OOH
FF5EH | Port function register 14 PF14 R/IW O O — OOH
FF60H | 16-bit timer mode control register O TMCO R/W O O — OOH
FF61H | Prescaler mode register O PRMO R/W — O — OOH
FF62H | Capture/compare control register 0 CRCO RIW — O — 00H
FF63H | 16-bit timer output control register O TOCO R/W O O — OOH
FF65H | 16-bit timer mode control register 2 TMC2 R/W O O — OOH
FF66H | Prescaler mode register 2 PRM?2 RIW — O — O0H
FF67H | Capture/compare control register 2 CRC2 R/W — O — OOH
FF68H | 16-bit timer/counter register 2 ™2 | TM2L R — — O O0OH
FF69H TM2H R — — O O0OH
FF6AH | 16-bit capture register 20 CR20 | CR20L R — — O O0OH
FF6BH CR20H R — — O O00H
FF6CH [ 16-bit capture register 21 CR21 | CR21L R — — O O0OH
FF6DH CR21H R — — O O0OH
FF6EH | 16-bit capture register 22 CR22 | CR22L R — — O OOH
FF6FH CR22H R — — O O0H
FF70H | 8-bit timer mode control register 50 TMC50 R/W O O — 04H
FF71H | Timer clock selection register 50 TCL50 R/W — O — 00H
FF74H | 8-bit timer mode control register 51 TMC51 R/W O O — 04H
FF75H | Timer clock selection register 51 TCL51 R/W — O — O0H
FF80H | EEPROM write control register EEWC R/W O O — O0OH

Note: Only emulator has his register (D78P0308).
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Table 3-3: Special Function Register List (3/4)

Address SFR Name Symbol R/W Manipulatable Bit Unit After
1 bit | 8 bits | 16 bits | Reset
FFO0H | LCD display mode register LCDM R/W O O — OOH
FF92H | LCD display control register LCDC R/W O O — OOH
FF98H | A/D converter mode register 1 ADM1 R/W O O — OOH
FF99H | Analog channel select register 1 ADS1 R/W @) — O0OH
FF9AH | Power fail comparator mode reg. PFM R/W @) O — O0OH
FF9BH | Power fail comp. threshold reg. PFT R/IW @) — O0OH
FFOCH | D/A conv. channel 0 mode reg. "*° DAMO R/W @) O — 00H
FFAOH | UART operation mode register ASIMO R/W @) O — O0OH
FFA1H | UART receive status register ASISO R/W — @) — O0OH
FFA2H | Baud rate generator control register BRGCO R/W — @) — O0OH
FFA3H | Transmit shift register TXS0 w — @) — FFH
Receive buffer register RXBO R — O — FFH
FFA8H | Serial mode register 0 CSIM30 R/W O O — O0H
FFAAH | Serial mode register 1 CSIM31 R/W O O — 00H
FFABH | Serial I/O shift register 31 SI031 R/W — O — OOH
FFBOH | CAN control register CANC R/W O O — 01H
FFB1H | Transmit control register TCR R/W — O — OOH
FFB2H | Received message register RMES — O — 00H
FFB3H | Redefinition control register REDEF R/W O O — OOH
FFB4H | CAN error status register CANES R/W — O — OOH
FFB5H | Transmit error counter TEC R — O — O0OH
FFB6H | Receive error counter REC R — O — O0OH
FFB7H | Message count register MCNT R — @) — O0OH
FFB8H | Bit rate prescaler BRPRS R/W @) O — 3FH
FFB9H | Synchronous control register O SYNCO R/W — @) — 18H
FFBAH | Synchronous control register 1 SYNC1 R/W — @) — OEH
FFBBH | Mask control register MASKC R/W @) O — O0OH
FFCOH | Sound generator control register SGCR R/W @) O — 04H
FFC1H | Sound gen. ampitude ctrl. register SGAM R/IW — O — 00H
FFC2H | Sound gen. buzzer control register SGBR R/W — O — OOH
Note: This register is needed for the emulation of power fail detect (PFD) function.




NEC UPD780948, uPD78F0948, uPD780949, pPD78F0949

Table 3-3: Special Function Register List (4/4)

Address SFR Name Symbol R/W Manipulatable Bit Unit After
1 bit | 8bits | 16 bits | Reset
FFEOH | Interrupt request flag register OL IFO IFOL R/W O O o 00H
FFE1H | Interrupt request flag register OH IFOH R/W O O O0H
FFE2H | Interrupt request flag register 1L IF1 IF1L R/W O O o 00H
FFE3H | Interrupt request flag register 1H IF1H R/W O O 00H
FFE4H | Interrupt mask flag register OL MKO | MKOL | R/W O O o FFH
FFE5H | Interrupt mask flag register 1L MKOH | R/W O O FFH
FFE6H | Interrupt mask flag register 1L MK1 | MKIL | R/W O O o FFH
FFE7H | Interrupt mask flag register 1H MK1H | R/W O O FFH
FFESH | Priority order special flag OL PRO | PROL | R/W O O o FFH
FFE9H | Priority order special flag OH PROH | R/W O O FFH
FFEAH | Priority order special flag 1L PR1 | PRIL | R/W O O o FFH
FFEBH | Priority order special flag 1H PR1IH | R/W O O FFH
FFFOH | Memory size switching register IMS R/W — O — CFH
FFF4H | Internal exp. RAM size switch. reg. IXS R/W — O — OCH
FFF8H | Memory expansion wait register MM R/W O O — 10H
FFFOH | Watch dog timer mode register WDTM R/W O O — O0H
FFFAH | Oscillation stabilization time register OSTS R/W — O — 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 ofinstructions,
refer to 78K/0 User's Manual - Instructions (U12326EJ3VOUMO00)

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 3-11: Relative Addressing

15 0

__ PCindicates the start address
pC of the instruction
after the BR instruction.

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 'addrl6 or BR !addrl6 or CALLF !addrll instruction is
executed.
CALL laddrl6 and BR 'addr16 instructions can branch to all the memory space.
CALLF 'addrl1l instruction branches to the area from 0800H to OFFFH.

Figure 3-12: Immediate Addressing

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

PC

In the case of CALL !'addrl6 and BR !'addrl6 instructions

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

PC| O O O O 1

In the case of CALLF 'addrll 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. Thisinstruction
can refer to the address stored in the memory table 40H to 7FH and branch to all the memory space.

Figure 3-13: Table Indirect Addressing

7 6 5 10
Operation Code 1 1 tas-o 1
15 8 7 6 5 i 10

o
o
=
o

Effective Address 0 0 0 0 0 0 O
7 Memory (Table) 0

Low Addr.
Effective Address+1 High Addr. T

15 { 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 3-14: Register Addressing

15 8 7 0

PC
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3.4 Operand Address Addressing

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

3.4.1 Implied addressing
The register which functions as an accumulator (A and AX) in the general register is automatically

(implicitly) addressed.

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.

Operand format

Table 3-5: Register Addressing

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

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

Description example

Figure 3-15: Register Addressing

Operation code 0110001 0|

Register specify code

MOV A, C; when selecting C register as r

Operation code 1000010 O|

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
addrl6 Label or 16-bit immediate data

Description example
MOV A, IOFEOOH; when setting 'addr16 to FEOOH

Operation code | 1000111 0| OP code

[ooo000000]| 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 setto 0. When it is at OOH
to 1FH, bit 8 is setto 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(saddroffset)

[01010000] 50H(mmediate data)

Illustration

Figure 3-16: Short Direct Addressing

OP code

saddr-offset ﬁ

15 8 7 0

Short Direct Memory

Effective Address 11 1 1 1 1 1 |a -

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

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

This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However,
the SFR mapped at FFOOH to FF1FH can be accessed with short direct addressing.

Operand format

Table 3-8: 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 11101 10 | OPcode

00100000 | 20H (sfroffset)

Illustration

Figure 3-17: Special-Function Register (SFR) Addressing

OP code

sfr-offset

SFR
15 8 7 0

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 (1000010 1|

Illustration
Figure 3-18: Special-Function Register (SFR) Addressing
16 8 7 0
DE D E
Memory address specified
The contents of addressed 7 Memory 0 by register pair DE
memory are transferred
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3.4.7 Based addressing

8-bit immediate data is added to the contents of the base register, that is, the HL register pair, and the
sum is used to address the memory. The HL register pair to be accessed is in the register bank 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

Operation code | 1010111 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 selectflag (RBS0 and RBS1).
Addition is performed by expanding the contents of the B or C register as a positive number to 16 bits.
A carry from the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

Operand format
Table 3-11: 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 calland RETURN
instructions are executed or the register is saved/reset upon generation of an interrupt request.

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

Description example
In the case of PUSH DE

Operation code |1 0110101
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Chapter 4 EEPROM

4.1 EEPROM Functions

The uPD780949 Subseries contain on-chip 256 x 8-bit EEPROM (Electrically Erasable PROM) in
addition to internal high-speed RAM, as data memory.

EEPROM differs from ordinary RAM in that its contents are saved even after power is cut off. Moreover,
unlike EPROM, its contents can be erased electrically without using UV light. For this reason, itis suitable
for applications where the setting values of the odometer and trip meter on the dash board are saved, etc.

EEPROM can be manipulated with 8-bit memory manipulation instructions.

The EEPROM contained on-chip in the yPD780949 Subseries has the following features.

@
@
3

Written contents are saved even when the power is cut off.

Can be manipulated with 8-bit memory manipulation instructions in the same way as ordinary RAM.
Erasure and writing is performed in the time set with EWCS0 and EWCS1 (EEPROM write control
register (EEWC) bits 4 and 5) (see Figure 4-2). Therefore, the write time control software load is
reduced. Moreover, during writing, instructions other than instructions related to EEPROM writing
and reading can also be executed.

* Rewrite frequency per 1 chip : 100.000 times

Caution:  Thevalues shown above are target values. These values are subject to change without

4)
)

©)
@

notice, so please contact your NEC sales representative for the latest value before
designing.

When write is completed, interrupt request signal (INTWE) is issued.

The write enabled/disabled status can be checked with EWST (EEPROM write control register
(EEWC) bit 1).

No code fetch is possible.

No write operation is available in subsystem clock mode.

Note: The EEPROM is only available in the up  PD780949, uPD78F0949 and not in the

pPD780948, yPD78F0948.
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4.2 EEPROM Configuration

EEPROM is composed of EEPROM itself and a control area.
The control area consists of the EEPROM write control register (EEWC) that controls EEPROM writing,
and an area that generates an interrupt request signal (INTWE) upon detecting write termination.

Figure 4-1: EEPROM Block Diagram

S Internal bus S

iI EEPROM write control register (EEWC) @

Data latch EWCS1|EWCSO0 |EWCC | EWST | EWE
] ‘
@ ‘ 1 }

EEPROM timer |=— Prescaler le— fX

I

~|Address :> EEPROM

latch (256 x 8 hits) Read/write

controller

Write termination
INTWE
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4.3 EEPROM Control Register

EEPROM is controlled with the EEPROM write control register (EEWC).
EEWC is set with either a 1-bit or 8-bit memory manipulation instruction.
RESET input sets EEWC to 00H.

Figure 4-2: EEPROM Write Control Register (EEWC) Format

Symbol 7 6 5 4 3 2 1 0
eewc | o | o |ewcsi|ewcso| o | Ewcc | ewst | Ewe |
EWCS1 | EWCS0 EEPROM Write Time
0 1 (2 + 8x 2")/fx (at 4 MHz)
1 0 (2" + 8x 2°/fx (at 8 MHz)
1 1 (2" + 8x 2°)/fx (at 8 MHz)
Other than above Setting prohibited
EWCC EEPROM Operation Control

0 Operating mode
1 EEPROM stop

EWST EEPROM Write Status

0 Not currently writing to EEPROM (EEPROM write/read is enabled. However, when
EWE = 0, write is disabled)

1 Currently writing to EEPROM (EEPROM write/read is disabled)

EWE EEPROM Write Operation Control
0 EEPROM write disabled
1 EEPROM write enabled

Cautions: 1. WhenEWE scleared (to 0) during EEPROM writing, writing is immediately interrupted.
Data that was being written becomes undefined. Be sure to clear EWE before
stopping the main system clock during the write period.

2. After EWCC is cleared (to 0), set a wait time of 20  us or more by software to read
EEPROM contents.

3. Be sure to check that EWST is 0 before performing EEPROM access.
4. Bits 3, 6, and 7 must be set to 0.
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4.4 EEPROM Reading
Reading of EEPROM data is performed with the following procedure.

<1> Check that EWST (EEPROM write control register (EEWC) bit 1) is 0 (EEPROM writing is not in
progress).
<2> Execute read instruction.

Cautions: 1. Before reading, be sure to check that EWST is 0. If an EEPROM read instruction is
executed during EEPROM write, read values are undefined.
2. If reading EEPROM contents immediately after changing EWCC (EEPROM write
control register (EEWC) bit 2) from 1 to 0, set a wait time of at least 20 us by software.
If no wait time is set, the correct values cannot be read.
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4.5 EEPROM Writing
Data writing to EEPROM is performed with the following procedure.

<1> Check that EWST (EEPROM write control register (EEWC) bit 1) is 0 (EEPROM writing is not in
progress).

<2> Set the write time with EWCS0 and EWCS1 (EEWC bits 4 and 5).

<3> Set EWE (EEWC bit 0) to 1 (EEPROM writing enabled).

<4> Execute write instruction.

If performing several write operations in succession, perform the next write operation after the current
write operation has been completed. The following methods can be used for write termination and time
control.

(1) Method using write termination interrupt request (INTWE)
After writing 1 data, wait for generation of write termination interrupt request while processing other
than write is performed. When write termination interrupt request is generated, start next write
operation.

(2) Method using write status flag (EWST)
Poll EWST (EEPROM write control register (EEWC) bit 1), and wait for EWST to become 0. When
EWST becomes 0, start the next write operation.

4.6 EEPROM Control-Related Interrupt

EEPROM write termination interrupt request (INTWE) is generated from EEPROM.

INTWE is an interrupt request generated upon termination of EEPROM writing.

This interrupt request is generated when the time set with EWCS0 and EWCS1 (EEPROM write control
register (EEWC) bits 4 and 5) has elapsed.

When this interrupt request is generated, data writing to EEPROM is terminated, indicating that writing
of the next data is enabled.
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5.1 Port Functions

The uPD780949 subseries units incorporate eight input ports and eighty-six input/output ports. Figure
5-1 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.

Port6

Port7

Portl12

Port13

Port14

Chapter 5 Port Functions

Figure 5-1: Port Types

P64
P65
P67

P70

P77
P120

P127
P130

P137
P140

P147

P00

P07
P10

P17
P20

P26
P30

P34
P40

P47
P50

P57

Port0

Portl

Port2

Port3

Port4

Port5
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Table 5-1: Pin Input/Output Types (1/2)

Input / Pin . Alternate After
Output Name AL Function Reset
P00 INTPO Input
PO1 INTP1 Input
P02 Port 0 INTP2 Input
Input/ | PO3 8 bit input / output port o INTP3/T2P0 Input
Outout Input / output mode can be specified bit-wise
P P04 If used as an input port, a pull-up resistor can be INTP4/TIO1 Input
PO5 connected by software bit-wise TI00/TOO Input
P06 TI50/TO50 Input
PO7 TI51/TO51 Input
Port 1
Input P10-P17 | 8 bit input port ANIO-ANI7 Input
Input mode can be specified bit-wise
P20 SI0 Input
P21 SO0 Input
out P22 Port 2 /SCKO Input
P P23 7 bit input/output port SI/so1 Input
Output Input / output mode can be specified bit-wise
P24 /SCK1 Input
P25 RxD Input
P26 TxD Input
Port 4
Inout/ 8 bit input / output port
Op P40-P47 | Input/ output mode can be specified bit-wise ADO-AD7 Input
utput . .
If used as an input port, a pull-up resistor can be
connected by software
Port 5
8 bit input / output port
Input / output mode can be specified bit-wise
Inout/ This port can be used in External Memory
OEt ut P50-P57 | Expansion Mode with the 4, 6 or 8 bit address by A8/S39-A15/S32 | Input
P setting the
Memory Expansion Mode Register
Not for external memory expansion used ports can
be used either for LCD or port function
out P64 Port 6 /RD Input
P P65 3 bit input / output port /WR Input
Output input / output mode can be specified bit-wise
P67 ASTB Input
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Table 5-1: Pin Input/Output Types (2/2)

Input /
Output

Pin Name

Function

Alternate
Function

After
Reset

Input/
Output

P70-P77

Port 7

8 bit input / output port

Input / output mode can be specified bit-wise

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

This port can be used as a segment signal output port
or an I/O port in 1 bit units by setting port function

S31-S24

Input

Input/
Output

P120-P127

Port 12

8 bit input / output port

Input / output mode can be specified bit-wise

This port can be used as a segment signal output port
or an I/O port in 8 bit units by setting LCD control
register

S23-S16

Input

Input/
Output

P130-P137

Port 13

8 bit input / output port

Input / output mode can be specified bit-wise

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

This port can be used as a segment signal output port
or an I/O port in 8 bit units by setting LCD control
register

S15-S8

Input

Input/
Output

P140-P147

Port 14

8 bit input / output port

Input / output mode can be specified bit-wise

This port can be used as a segment signal output port
or an 1/O port in 8 bit units by setting LCD control
register

S7-S0

Input
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5.2 Port Configuration
A port consists of the following hardware:

Table 5-2: Port Configuration

Iltem Configuration

Port mode register (PMm: m =0, 2to 7, 12, 13, 14)
Pull-up resistor option register (PUm: m =0, 4, 7, 13)
Port function register (PFm: m =2, 5, 7, 12, 13, 14)

Note

Control register

Memory expansion mode register (MEM)

Port Total: 79 ports

Mask ROM versions ..... Total: 79 pins
Pull-up resistor (software-specifiable for 32 pins)
UPD78F048..... Total: 79 pins

Note: Memory expansion mode register specifies port 4, port 5 and port 6 as port mode.

5.2.1 Port0

Port 0 is an 8-bit input/output port with output latch. P00 to P07 pins can specify the input mode/output
mode in 1-bit units with the port mode register 0 (PM0). When P0OO to P07 pins are used as input ports,
a pull-up resistor can be connected to them bitwise with a pull-up resistor option register (PUO).

Dual-functions include external interrupt request input, external count clock input to the timer and timer
output.

RESET input sets port 0 to input mode.

Figure 5-2 shows block diagram of port 0.

Caution: Because port 0 also serves for external interrupt request input, when the port function
output mode is specified and the output level is changed, the interrupt request flag is
set. Thus, when the output mode is used, set the interrupt mask flag to 1.
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Figure 5-2: POO to P07 Configurations

WRpuo

i

PUOO ): | poch
{ Selector

A

RD

j@\,k

%)
a WRPpoRT

©

g POO/INTPO,

g *l>—> Output Latch > © POL1/INTP1to
c (P00 to PO7) P0O7/TI51/TO51

WRem

i

PMOO to PMO7

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 0 read signal
WR : Port O write signal
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5.2.2 Portl
Port 1 is an 8-bit input only port.
Dual-functions include an A/D converter analog input.

Figure 5-3 shows a block diagram of port 1.

Figure 5-3: P10 to P17 Configurations

RD : Port 1 read signal
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5.2.3 Port 2
Port 2 is an 7-bit input/output port with output latch. P20 to P26 pins can specify the input mode/output

mode in 1-bit units with the port mode register 2 (PM2).
Dual-functions include serial interface data input/output, clock input/output. When P20 to P24 pins are
used as output ports, the output buffer is selectable between CMOS-type or N-channel open drain.
RESET input sets port 2 to input mode.
Figure 5-4 shows a block diagram of port 2.

Caution: When used as a serial interface, set the input/output and output latch according to its
functions. For the setting method, refer to the Serial Operating Mode Register Format
and Serial Operating Mode Register Format.

Figure 5-4: P20 to P26 Configurations

Py
gko
|

Selector -

WRPpoRT P20/sl0,
P21/S00,
Output Latch P22/SCKO,
(P20 to P26) P23/SI1, SO1,
P24/SCK1,
P25/RxD,
P26/TxD

Internal bus

©

WRpm

i

PM20 to PM26

Dual Function

PM : Port mode register
RD : Port 2 read signal
WR : Port 2 write signal
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5.2.4 Port3
Port 3 is an 5-hit input/output port with output latch. P30 to P34 pins can specify the input mode/output

mode in 1-bit units with the port mode register 3 (PM3).
Dual-functions include timer input, clock output and sound generator output.

RESET input sets port 3 to input mode.
Figure 5-5 shows a block diagram of port 3.

Figure 5-5: P30 to P34 Configurations

% e T
o
|
T

Selector

8 1

o WRpoRrT

§ J P30/TI120,

5 Output Latch . P31/TI21,

S (P30 to P34) © P32ITI22,
P33/PCL/ISGOA,
P34/SGO/SGOF

WRem

PM30 to PM34

Dual Function

PM : Port mode register
RD : Port 3 read signal
WR : Port 3 write signal
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5.2.5 Port4

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

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

RESET input sets port 4 to input mode.

Figure 5-6 shows a block diagram of port 4.

Figure 5-6: P40 to P47 Configurations

WRpuo

PUA40 to PO47 )o—' P-ch
{ Selector

A

AT

WRPpoRrT

P40/ADO

Output Latch ® to
(P40 to P47) P47/AD7

Internal bus

WRpm

i

PM40 to PM47

N\

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 4 read signal
WR : Port 4 write signal
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5.2.6 Port5

Port 5 is an 8-hit input/output port with output latch. P50 to P57 pins can specify the input mode/output
mode in 1-bit units with the port mode register 5 (PM5).

Dual-functions include address bus function in external memory expansion mode and segment signal
outputs of LCD controller driver.

RESET input sets port 5 to input mode.

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

Caution:  See port 7 with change of PE7 to PFb5.

Figure 5-7: P50 to P57 Configurations

i.m
S

A

Fa
Selector

WRpoRrT [
Output Latch P50/A8/S39
(P50 to P57) © to
P57/A15/S32

2]

>3

Ke)

©

£

Q WRpm

£

4£—> PM50 to PM57

PM50to PM57 | ——

S

PM : Port mode register
RD : Port 5 read signal
WR : Port 5 write signal
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5.2.7 Port 6
Port 6 is a 3-bit input/output port with output latch. P64, P65, P67 pins can specify the input mode/

output mode in 1-bit units with the port mode register 6 (PM6).
Dual-functions include the control signal output function in external memory expansion mode.

RESET input sets port 6 to input mode.
Figure 5-8 shows block diagrams of port 6.

Figure 5-8: P64, P65 and P67 Configurations

%1:0
S
|
[

Selector
A
§ WRPpoRrT
TEU J; Output Latch o Egg;\%
Q P64, P65, P67 P67/ASTB
=

WRpm

i

PM64, PM65, PM67

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

This is a 8-bit input/output port with output latches. Input mode/output mode can be specified in 1-bit
units with a port mode register 7. When pins P70 to P77 are used as input port pins, an on-chip pull-up
resistor can be connected bitwise with a pull-up resistor option register (PU7).

Dual-functions include segment signal output of LCD controller/driver.

RESET input sets the input mode.

Port 7 block diagram is shown in Figure 5-9.

Figure 5-9: P70 to P77 Configurations

PUO7

{J

B

Selector

Output Latch

(P70 to P77)

-

PM70 to PM77

DualFunction

Pull-up resistor option register

Caution:
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N\
RD
O o<
%]
a WRPpoRrT
g
E VAR
< N\
WRpm
N/
PUO :
PM : Port mode register
RD : Port 7 read signal
WR : Port 7 write signal

p————— O

When used as segment lines, set the port function PF7 according to its functions.

P70/S21
to
P77/S28
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5.2.9 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 the port mode register 12.
These pins are dual function pin and serve as segment signal output of LCD controller/driver.
RESET input sets the input mode.
The port 12 block diagram is shown in Figure 5-10.

Caution:  When used as segment lines, set the port function (PF12) according to its function.

Figure 5-10: P120 to P127 Configurations

i‘x
"o

{ Selector
WRepoRT )

Output Latch l P120/S23
(P120 to P127) © to
P127/S16
(2]
>
o]
©
c
Q WRem
£
PM120 to PM127
Dual Function
N/

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 12 read signal
WR : Port 12 write signal

99



MPD780948, pyPD78F0948, pPD780949, pyPD78F0949 NEC

5.2.10 Port 13

This is a 8-bit input/output port with output latches. Input mode/output mode can be specified in 1-
bit units with the port mode register 13. When pins P130 and P137 are used as input port pins, an on-
chip pull-up resistor can be connected bitwise with a pull-up resistor option register (PU13).

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

RESET input sets the input mode.

The port 13 block diagram is shown in Figure 5-11.

Caution: See port 12 with change to PF12.

Figure 5-11: P130 to P137 Configurations

WRpuo

i

PU130 to PU137 ): | P-ch

{ Selector -
WRPpoRT A

RD

j@\,k

i Output Latch i P130/S15
(P130 to P137) O o
P137/S8

Internal bus

WRem

i

PM130 to PM137

Dual Function [——

PUO : Pull-up resistor option register
PM : Port mode register
RD : Port 13 read signal
WR : Port 13 write signal
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5.2.11 Port 14
This is a 8-bit input/output port with output latches. Input mode/output mode can be specified in 1-bit

units with the port mode register 14.
These pins are dual function pin and serve as segment signal output of LCD controller/driver.
RESET input sets the input mode.
The port 14 block diagram is shown in Figure 5-12.

Caution:  See port 7 with change of PF7 to PF14.

Figure 5-12: P140 to P147 Configurations

i.;o
O

-]
Selector

WRepoRT A

Output Latch 1 P140/S7
(P140 to P147) © to

@ P147/S0

2

©

£

9]

<

- WRpm

4l>—> PM140 to PM147

Dual Function

PM : Port mode register
RD : Port 14 read signal
WR : Port 14 write signal
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5.3 Port Function Control Registers

The following four types of registers control the ports.
e Port mode registers (PMO to PM7, PM12, PM13, PM14)
e Pull-up resistor option register (PUm : m =0, 4, 7, 13)
e Port function registers (PFm : m =2, 5, 7, 14)
* Memory expansion mode register (MEM)

(1) Port mode registers (PMO to PM7, PM12, PM13, PM14)

These registers are used to set port input/output in 1-bit units.
PMO to PM7, PM12, PM13 and PM14 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 P17 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.

3. The memory expansion mode register specifies P40 to P47, P50 to P57 and P64, P65
and P67 as port pins.
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Symbol
PMO

PM2

PM3

PM4

PM5

PM6

PM7

PM12

PM13

PM14

Figure 5-13: Port Mode Register Format

7 6 5 4 3 2 1 0
| Pmo7 | PMos | Pm05 | PMmo4 | PM03 | PMo2 | PMOL | PMOO |  FF20H
| 1 | Pm26 | Pm25 | PM24 | PM23 | PM22 | PM21 | PM20 |  FF22H
| 2 | 1 | 1 | Pwm34 | Pv33 | Pm32 | PM3L | PM30 |  FF23H
| PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 | FF24H
| PM57 | PMs6 | Pms5 | PMs4 | PMs3 | PM52 | PMsL | PM50 | FF25H
| pme7 | 1 | Pmes | Pme4 | 1 | 1 | 1 | 1 | FF2eH
| PM77 | Pm76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | FF27H
| PM127 | PM126 | PM125 | PM124 | PM123 | PM122 | PMI121 | PM120 |  FF2CH
| PM137 | PM136 | PM135 | PM134 | PM133 | PM132 | PM131 | PM130 |  FF2DH

| PM147 | PM146 | PM145 | PM144 | PM143 | PM142 | PM141 | PM140 | FF2EH

|

FFH

FFH

FFH

FFH

FFH

FFH

FFH

FFH

FFH

FFH

Address  After Reset R/W

R/IW

R/W

R/W

R/IW

R/IW

R/W

R/IW

R/IW

R/IW

R/IW

PMmn PMmn Pin Input/Output Mode
Selecton(m=0-7,12,13,14;,n=0-7)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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(2) Pull-up resistor option register

Thisregisteris used to set whether to use aninternal pull-up resistor at each port or not. A pull-up resistor
is internally used at bits which are set to the input mode at a port where on-chip pull-up resistor use has
been specified with PUO, PU4, PU7 and PU13. No on-chip pull-up resistors can be used to the bits set
to the output mode, irrespective of PUO, PU4, PU7 and PU13 setting.

PUO, PU4, PU7 and PU13 are set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to OOH.

Caution: When ports PO, P4, P7, and P13 pins are used as dual-function pins, an on-chip pull-
up resistor cannot be used even if 1 is set in PUm (m =0, 4, 7, or 13).

Figure 5-14: Pull-Up Resistor Option Register (PUO, PU4, PU7 and PU13) Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
PUO | PUO7 | PUO6 | PUO5 | PUO4 | PUO3 | PUO2 | PUOL | PUOO |  FF30H 00H  RW
PU4 | PU47 | PU46 | PU4s | Pu44 | PU43 | PU42 | PU4L | PU40 |  FF34H 00H  RW
Pu7 | Pu77 | PU76 | PU75 | PU74 | PUT3 | PU72 | PU7L | PU70 |  FF37H 00H  RW
PU13 | PU137 | PU136 | PU135 | PU134 | PU133 | PU132 | PU131 | PU130 |  FF3DH 00H  RW

PMmn | Pmn Pin Internal Pull-up Resistor
Selection(m=0,4,7,13;n=0-7)
0 On-chip pull-up resistor not used

1 On-chip pull-up resistor used
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3) Port function register (PF2, PF5, PF7, PF12 to PF14)

This register is used to set the output buffer of port 2 (P20 to P24) and the LCD segment function of ports

5,7,12, 13, and 14.

PF2, PF5 and PF7 are set with an 1-bit or 8-bit manipulation instruction. PF12 to PF14 are set with an

8-bit manipulation instruction.
RESET input set this registors to 00H.

Figure 5-15: Port Function Register (PF2, PF5, PF7, PF12 to PF14) Format

Symbol 7 6 5 4 3 2 1 0 Address  AfterReset R/W
PF2 | 0 | 0 | 0 | PF24 | PF23 | PF22 | PF21 | PF20 | FF52H OOH RIW

| | | | | | | |

PM2n | P2n Port Function Selection
(n=0-4)

0 Push pull output buffer

1 N-channel open drain output buffer
PF5 | PF57 | PF56 | PF55 | PF54 | PF53 | PF52 | PF51 | PF50 | FF55H 00H R/W
PF7 | PF77 | PF76 | PF75 | PF74 | PF73 | PF72 | PF71 | PF70 | FF57H OOH RIW
PF12 | PF127 | PF126 | PF125 | PF124 | PF123 | PF122 | PF121 | PF120 | FF5CH 00H RIW
PF13 | PF137 | PF136 | PF135 | PF134 | PF133 | PF132 | PF131 | PF130 | FFSDH 00H RIW
PF14 | PF147 | PF146 | PF145 | PF144 | PF143 | PF142 | PF141 | PF140 |  FFSEH 00H RIW

7]

PMmn | PFmn Port Function Selection
(m=5,7,12, 13, 14)

0 Port function

1 LCD segment function

Caution:  For PF12 to PF14 it is only allowed to set 00h or FFh.
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(4) Memory expansion mode register (MEM)
This register is used to set input/output of port 4, 5 and 6.
MM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 0O0H.

Figure 5-16: Memory Expansion Mode Register Format

Symbol 7 6 5 4 3 2 1 0 Address  AfterReset R/W
Mem | o | o | o | o | o | mm2 | wmmi | mvmo | FRazH 00H  RW

Single-chip/Memory P40-P47, P50-P57, P64, P65, P67 Pin State
MM2 | MM1 | MMO . .
B (MR Ssein Pao-P47 | P50-P53 | P54, P55 | P56, P57 | P64-P6T
0 0 0 Single-chip mode Port mode Port mode
0 1 1 256-byte mode Port mode
1 0 0 Memory | 4k-byte mode Port mode P64=RD
expansion ADO-AD7 P65=WR
1 0 1 mode 16K-byte mode A8-All AL2 AL3 Port mode | pg7=ASTB
1 1 1 Full address mode " ’ Al4, A15
Other than above Setting prohibited
Note: The fulladdress mode allows external expansion for all areas of the 64-Kbyte address space,

except the internal ROM, RAM, SFR, and use-prohibited areas.
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5.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.

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

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

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

(2) Input mode

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

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

Caution: In thecase of 1-bitmemory manipulation instruction, although a single bitis 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.

5.4.2 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.

5.4.3 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 thecase of 1-bitmemory manipulation instruction, although a single bitis 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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Chapter 6 Clock Generator

6.1 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 4 to 8.5 MHz. Oscillation can be stopped by executing the STOP

instruction or setting the processor clock control register.

(2) Subsystem clock oscillator
The circuit oscillates at a typical frequency of 40 kHz. Oscillation cannot be stopped.
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6.2 Clock Generator Configuration

110

The clock generator consists of the following hardware.

Table 6-1: Clock Generator Configuration

Item

Configuration

Control register

Processor clock control register (PCC)

Oscillator

Main system clock oscillator

Subsystem clock oscillator

CL1 ©——| Subsystem

Clock
Cl2 o Oscillator

Figure 6-1: Block Diagram of Clock Generator

fxr

X1 ©——+ Main
System

X2 ©— cClock
Oscillator

Watch Timer
Prescaler
EZ Clogk to
fx Peripheral
Prescaler fxr Hardware
fx 2
CRERERE I
2 22| 28| 2* S Standby
S | control CPU Clock
g Circuit (feeu)

STOP

| MCC| CLS |CSS |PCC2|PCC]_|PCCO|

ProcessorClock
ControlRegister

Internal Bus §
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6.3 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 6-2: Processor Clock Control Register Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
pcc [ mcc | o [ cs | css | o |Pccz | pect | Pcco | FRRBH 04H  RW ™
R/W CSss PCC2 | PCC1 | PCCO CPU Clock Selection (fcpu)
0 0 0 fx (0.25 ps)
0 0 1 x/2 (0.5 ps)
0 0 1 0 X/2% (1 ps)
0 1 1 x/2° (2 ps)
1 0 0 /2" (4 ps)
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 possible
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 V pp 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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6.4 System Clock Oscillator

6.4.1 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 6-3 shows an external circuit of the main system clock oscillator.

Figure 6-3: External Circuit of Main System Clock Oscillator

(a) Crystal and ceramic oscillation (b) External clock
]I
p— IT X2 X2
: —
! External
WL—C—| |L X1 Clock X1
e uPD74HCUO4
Crystal or -
Ceramic
Resonator

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. Thisis because whenthe STOP
instruction or MCC is set to 1, the main system clock operation stops and the X2 pin
is connected to V bb1 via a pull-up resistor.
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6.4.2 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 6-4 shows an external circuit of the subsystem clock oscillator.

Figure 6-4: External Circuit of Subsystem Clock Oscillator

(a) RC oscillation (b) External clock
cL2 CL2

=
CL1

External
Clock —Po——{CLt

Cautions: 1. When an external clock is used for CAN, the CPU operation and the watch timer
operation with subsystem clock are prohibited.

The setting of the CSS-bit (PCC-register) and the WTM 7-bit (WTM-register) to 1 is
prohibited.

2.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 6-5 shows examples of oscillator having bad connection.
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Figure 6-5: 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=0to 10, 12, 13)

IC X2 IC X2 X1

G |
/TN :

—

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

Figure 6-5: 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 Vob

X1

X2
—— IC X2 X1
[ |
High

-[ ]— Current
a High
Current
77
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Figure 6-5: Examples of Oscillator with Bad Connection (3/3)

(e) Signals are fetched

Remark: When using a subsystem clock, replace X1 and X2 with CL1 and CL2, respectively.

Caution: In Figure 6-5 (f), CL1 and X1 are wired in parallel. Thus, the cross-talk noise of X1
may increase with CL1, resulting in malfunctioning. To preventthat from occurring,
itisrecommended to wire CL1 and X1 so that they are not in parallel, and to connect

(f) Signal conductors of the main and sub-

system clock are parallel and near
each other

» -
S T —]

CL1 and CL2 are wiring in parallel

the IC pin between CL1 and X1 directlyto V  ss.

6.4.3 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 Vpbp or Gnp
CL2: Open
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6.5 Clock Generator Operations

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

¢ Main system clock fx

e Subsystem clock fxr

CPU clock fcpu

Clock to peripheral hardware

L]

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) Withthe 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) Withthe subsystem clock selected, main system clock oscillation can be stopped withthe PCC. The

HALT mode can be used. However, the STOP mode cannot be used. (Subsystem clock oscillation
cannot be stopped.)
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6.5.1 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) Becausethe operation guarantee instruction execution speed depends onthe power supply voltage,

the instruction execution time can be changed by bits 0 to 2 (PCCO 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 6-6).

Figure 6-6: 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 is set in case of main system clock operation

MCC
CsS
CLS

Main System Clock Oscillation

Subsystem Clock Oscillation

CPU Clock

)

L

/

L

Oscillation does not stop.

1
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Figure 6-6: 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 ||||||||||||}|||||

6.5.2 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) Theinstruction executiontime remains constant (122 us when operated at 32.768 kHz) irrespective
of bits 0 to 2 (PCCO0 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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6.6

Changing System Clock and CPU Clock Settings

6.6.1 Time required for switchover between system clock and CPU clock
The system clock and CPU clock can be switched over by means of bit 0 to bit 2 (PCCO0 to PCC2) 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 6-2).
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 6-2: Maximum Time Required for CPU Clock Switchover

Set Values after Switchover Set Values before Switchover
MCS |CSS | PCC2 [PCCL |PCCO| CSS|PCC2PCCLPCCO[CSS|PCC2PCCLPCCO[CSS|PCCAPCCYPCCO(CSS|PCC2PCCYUPCCO(CSS|PCC2PCCLPCCO |CSS|PCC2PCCLPCCO
ojo|jofofofO|jOf1(|Of0Of12|O0OfO|Of1]|1f0|2|0|0 [1|X]|X|X
X |10 0 0 0 8 instructions | 4 instructions | 2 instructions | 1 instruction 1 instruction
0 0 1 | 16 instructions 4 instructions | 2 instructions | 1 instruction 1 instruction
0 1 0 | 16 instructions | 8 instructions 2 instructions | 1 instruction 1 instruction
0 1 1 | 16 instructions | 8 instructions | 4 instructions 1 instruction 1 instruction
1 0 0 | 16 instructions | 8 instructions | 4 instructions | 2 instructions 1 instruction
1|1 X X X | fx/2fxr instruction | fx/4fxr instruction | fx/8fxr instruction | fx/16fxr instruction | fx/32fxr instruction
(77 instructions) | (39 instructions) | (20 instructions) | (10 instructions) | (5 instructions)
0 fx/4fxr instruction | fx/8fxr instruction | fx/16fxr instruction | fx/32fxr instruction | fx/64fxr instruction
(39 instructions) | (20 instructions) | (10 instructions) | (5 instructions) | (3 instructions)
Caution: Selection of the CPU clock cycle scaling factor (PCCO to PCC2) and switchover from
the main system clock to the subsystem clock (changing CSS from 0 to 1) should not
be performed simultaneously. Simultaneous setting is possible, however, for selection
ofthe CPU clock cycle scaling factor (PCCO0to 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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6.6.2 System clock and CPU clock switching procedure
This section describes switching procedure between system clock and CPU clock.

Figure 6-7: System Clock and CPU Clock Switching

Voo
RESET I_I

Interrupt

Request

Signal \\

SystemClock fx fx fxr 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 Vop 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 Vbp 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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Chapter 7 16-Bit Timer/ Event Counter

7.1 16-bit Timer/Event Counter Function
16-bit timer/event counter (TMO) has the following functions:

Interval timer

PPG output

Pulse width measurement
« External event counter

e Square wave output
One-shot pulse output

L]

(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-bittimer/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.

(6) One-shot pulse output
16-bit timer/event counter can output a one-shot pulse with any output pulse width.
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7.2 16-bit Timer/Event Counter Configuration

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

Table 7-1: Configuration of 16-bit Timer/Event Counter (TMO)

Item

Configuration

Timer register

16 bits x 1 (TMO)

Register

CRO1)

Capture/compare register: 16 bits x 2 (CROO,

Timer output

1 (TOO)

Control register

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

Figure 7-1: Block Diagram of 16-Bit Timer/Event Counter (TMO)
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control register 0
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|CRCOZ|CRC01|CRCOO|
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INTP4/ circuit %)
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P05
CRCO02
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{

123



MPD780948, pyPD78F0948, pPD780949, pyPD78F0949 NEC

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.

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

<5>

124

The count value is reset to 0000H in the following cases:

RESET is input.

TMCO03 and TMCO2 are cleared.

Valid edge of TIOO is input in the clear & start mode by inputting valid edge of TI0O0.

TMO and CROO coincide with each other in the clear & start mode on coincidence between TMO
and CROO.

Bit 6 of TOCO (OSPT) is set or if the valid edge of TIOO0 is input in the one-shot pulse output mode.
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2) Capture/compare register 00 (CR00)

CROO0 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 0.

¢ When using CR0O0 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.

« When using CROO as capture register
The valid edge of the TIOO or TIO1 pin can be selected as a capture trigger. The valid edge of TI0O0
and TIO1 is performed via the prescaler mode register 0 (PRMO).
Tables 7-2 and 7-3 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.

Table 7-2: Valid Edge of TIOO Pin and Valid Edge of Capture Trigger of Capture/Compare Register

ESO1 | ESO00 Valid Edge of TI00 Pin Capture Trigger of CR00
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation

Table 7-3: Valid Edge of TIO1 Pin and Valid Edge of Capture Trigger of Capture/Compare Register

ESO1 | ESO00 Valid Edge of TI00 Pin Capture Trigger of CR00
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited Setting prohibited
1 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.

Caution:

Set a value other than 0000H in CROO. This means, that an 1-pulse count operation

cannot be performed when CROO is used as an event counter.
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(3) Capture/compare register 01 (CR01)

This is a 16-bit register that can be used as a capture register and a compare register. Whether it is
used as a capture register or compare register is specified by bit 2 (CRC02) of the capture/compare control
register 0.

¢ When using CR01 as compare register
The value set to CRO1 is always compared with the count value of the 16-bit timer register (TMO).
When the values of the two coincide, an interrupt request (INTTMO01) is generated.

* When using CRO1 as capture register
The valid edge of the TI00 pin can be selected as a capture trigger. The valid edge of TI0O0 is specified
by using the prescaler mode register 0 (PRMO).
CROL1 is set by a 16-bit memory manipulation instruction.
After RESET input, the value of CROO is undefined.

Caution:  Set a value other than 0000H in CRO0O. This means, that an 1-pulse count operation
cannot be performed when CROO is used as an event counter.
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7.3 16-Bit Timer/Event Counter Control Register

The following four types of registers control 16-bit timer/event counter (TMO).

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

e Port mode register 0 (PMO)

(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, O (operation stop
mode) is setto TMCO02 and TMCO3. To stop the operation, set 0, 0to TMC02 and TMCO03.
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Address: FF60H After Reset:

Symbol
TMCO

Figure 7-2: Format of 16-Bit Timer Mode Control Register (TMCO)

00H R/W

N

3

2 1

©

TMCO03

TMCO02

TMcol | ovFo |

TMCO03

TMCO02

TMCO1

Operating Mode
Clear mode and
clear mode

Selection of TOO
output timing

Generation of
interrupt

Operation stop
(TMO is cleared
to 0).

Not affected

Does not
generate.

Free running
mode

Coincidence
between TMO
and CROO or
coincidence
between TMO
and CRO1

Coincidence
between TMO
and CROO,
coincidence
between TMO
and CRO1, or
valid edge of
TI00

Clears and
starts at valid
edge of TI00.

Coincidence
between TMO
and CROO or
coincidence
between TMO
and CRO1

Coincidence
between TMO
and CROO,
coincidence
between TMO
and CRO1, or
valid edge of
TI00

Clears and
starts on
coincidence
between TMO
and CRO0O.

Coincidence
between TMO
and cROO or
coincidence
between TMO
and CRO1

Coincidence
between TMO
and CROO,
coincidence
between TMO
and cRO1, or
valid edge of
TI00

Generates on
coincidence
between TMO
and CR0OO and
coincidence
between TMO
and CRO1.

OVFO

Detection of overflow of 16-bit timer register

Overflows.

Does not overflow.
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Cautions 1. Before changing the clear mode and TOO output timing, be sure to stop the timer
operation (reset TMC02 and TMCO3 to 0, 0).
2. The valid edge of the TIOO 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 CRO0O, the OVFOflagis setto 1 when the count value of TMO changes from FFFFH
to 0000H with CROO set to FFFFH.

Remark: TOO : output pin of 16-bit timer/counter (TMO)
TIOO : input pin of 16-bit timer/counter (TMO)
TMO : 16-bit timer register
CRO0: compare register 00
CRO1: compare register 01
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(2) Capture/compare control register 0 (CRCO)

This register controls the operation of the capture/compare registers (CR00 and CRO01).

CRCQO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRCO to O0OH.

Figure 7-3: Format of Capture/Compare Control Register 0 (CRCO)

Address: FF62H After Reset: 04H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO 0 0 0 0 0 CRCO02 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 CR0O0
0 Captured at valid edge of TI01
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. Whenthe mode in which the timeris cleared and started on coincidence between TMO
and CROO0 is selected by the 16-bit timer mode control register (TMCO), do not specify
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3. If valid edge of TI00 is both falling and rising, the capture operation is not available

when CRCO1 = 1.
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(3) 16-bit timer output control register (TOCO)
Thisregister controls the operation of the 16-bittimer/event counter (TMO) output control circuit by setting
or resetting the R-S flip-flop (LVO), enabling or disabling reverse output, enabling or disabling output of
16-bit timer/counter (TMO), enabling or disabling one-shot pulse output operation, and selecting an output
trigger for a one-shot pulse by software.
TOCO is set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TOCO to O0H.

Figure 7-4 shows the format of TOCO.

Figure 7-4: Format of 16-Bit Timer Output Control Register (TOCO)

Address: FF63H After Reset: O0H

Symbol 7 @

R/W

® 4 ® ® 1 ©@

TOCO o | ospt | ospE | Toco4 | Lvso | Lvro | Toco1 | TOEO |

OSPT Output trigger control of one-shot pulse by software
0 No one-shot pulse trigger
1 Uses one-shot pulse trigger

OSPE Controls of one-shot pulse output operation
0 Continuous pulse output
1 One-shot pulse output

TOCO04 Timer output F/F control on coincidence between CR01 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

TOCO01 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. OSPT is 0 when read because it is automatically cleared after data has been set.
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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 TI0O0,
TI01 input. PRMO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PRMO to O0H.

Figure 7-5: Format of Prescaler Mode Register 0 (PRMO)

Address: OFF1CH  After Reset : OOH R/W
Symbol 7 6 5 4 3 2 1 0
PRMO ES11 ES10 ESO01 ES00 0 0 PRMO1 PRMO0O
ES11 ES10 Selection of valid edge of TI0O1
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ESO1 ES00 Selection of valid edge of TIOO
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO1 PRMOO Selection of count clock
0 0 x/21 (4 MHz)
0 1 fx/24 (500 kHz)
1 0 x/27 (62.5 kHz)
1 1 Valid edge of TI00
Caution:  When selecting the valid edge of TIOO as the count clock, do not specify the valid edge

of TI0O to clear and start the timer and as a capture trigger.

Remark:
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(5) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.

When using the PO5/TOO/TIOO0 pin for timer output, set PMO05 and the output latch of P05 to 0.
PMO is et with an 1-bit or 8-bit memory manipulation instruction.
RESET input sets PMO value to FFH.

Figure 7-6: Port Mode Register 0 (PMO) Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
pMo | Pmo7 | Pmos | Pmos | Pmos4 | Pmos | Pmo2 | Pmoi | Pmoo | Fr2oH  FFH RW
PM7n P7n 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 16-Bit Timer/Event Counter Operations

7.4.1 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 7-7.

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 (CRO0O0).

When the count value of the 16-bit timer register (TMO) coincides with the set value of CR0OO, 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 7-7: Control Register Settings When Timer 0 Operates as Interval Timer
(a) 16-bit timer mode control register (TMCO)

TMCO03 TMC02 TMCO01 OVFO

TMCO 0 0 0 0 1 1 0/1 0

\_’_1

Clears and starts on
coincidence between
TMO and CROO.

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

CRC02 CRCO01 CRCO00

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

L CROO0 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 7-2 and 7-3.
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Figure 7-8: Configuration of Interval Timer

fx/2t ——=

fx/2t ——

fx/2"

Selector

16-bit capture/compare
register 00 (CR0OO0)

TI0O1/P04 ©—=

Count clock | | | | | |
|

TMO count value

CROO

INTTMOO

TOO

16-bit timer register (TMO)

OVFO

INTTMOO

Figure 7-9: Timing of Interval Timer Operation
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'Count starts (Clear (Clear

|

1 1) } 1) ‘ 1)
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! \\ ! \\ ! \\ !

| | | !

| | | !
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|

|

|
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| A A |
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} ‘ )) ! I

| (

} ) ) |_

1 [ 0 |

| | | !

| | | |

[} Il I |

| | | |
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i Interval time | Interval time | Interval time |
| | |

Remark: Interval time = (N+1) x t: N = 0000H to FFFFH
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7.4.2 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 (CRCO) as shown in
Figure 7-10.

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 (CRO1).

Figure 7-10: Control Register Settings in PPG Output Operation
(a) 16-bit timer mode control register (TMCOQ)

TMCO03 TMCO02 TMCO01 OVFO

TMCO 0 0 0 0 1 1 0 0

—r—

Clears and starts on
coincidence between
TMO and CRO0O.

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

CRCO02 CRCO01 CRCO0

CRCO 0 0 0 0 0 0 X 0

L CRO0O0 as compare register

CROL1 as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

TOCO 0 0 0 1 0/1 0/1 1 1

L L L Enables TOO output

Reverses output on coincidence
between TMO and CR0OO

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

Caution: Make sure that 0000H < CRO1 < CRO0O < FFFFH is set to CR00 and CRO1.
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7.4.3 Pulse width measurement

The 16-bit timer register (TMO0) can be used to measure the pulse widths of the signals input to the TI00
and TIO1 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 TI00 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 TI00 pin when the 16-bit
timer register (TMO) is used as a free running counter (refer to Figure 7-11), 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 (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.

Figure 7-11: Control Register Settings for Pulse Width Measurement with Free Running Counter
and One Capture Register

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

TMCO03 TMCO02 TMCO01 OVFO

TMCO 0 0 0 0 0 1 0/1 0

\—‘—1— Free running mode

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

CRCO02 CRCO01 CRCO0

CRCO 0 0 0 0 0 1 0/1 0

L CRO0O 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 7-2 and 7-3.
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Figure 7-12: Configuration for Pulse Width Measurement with Free Running Counter

fx/2t —
S
fx/2* % 16-bit timer register (TM0) OVFO
n
fx2" ——
16-bit capture/compare register 01
TI00/PO5 © (CRO1)

‘ ‘ INTTMOO

S Internal bus g

Figure 7-13: Timing of Pulse Width Measurement with Free Running Counter and One Capture
Register (with both edges specified)

-t

| | | |
| | | |
1 \ ‘

TMO count value  X0000HX0001HY \/\\/ XooX / Xo1X [/ XFFFFHXOOOOHX \/\\/ X b2 X \/\\/\ X b3 X

\ \

.

Valucic:ogggci /\/\ X DO /\/\ X D1 \/\/ \/\\/\ X D2 // X D3
INTTMOO PPJ‘_l ”J_l

OVFO

TIOO pin input

L
£

(10000H - D1 + D2) x t
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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 7-14).

When the edge specified by bits 4 and 5 (ES00 and ES01) of the prescaler mode register 0 (PRMO) is
input to the T100 pin, the value of the TMO is loaded to the 16-bit capture/compare register 01 (CR01) and
an external interrupt request signal (INTTMO01) 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 TI00 and TIO1 pins are specified by bits 4 and 5 (ES00 and ES01) and bits 6 and 7
(ES10and ES11) of PRMO, respectively. Therising, falling, or both rising and falling edges can be specified.

The valid edge of TIO0/P0O5 pin and TI01/P04 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.

Figure 7-14: Control Register Settings for Measurement of Two Pulse Widths with Free Running

Counter
(&) 16-bit timer mode control register (TMCO)
TMCO03 TMCO02 TMCO1 OVFO
TMCO 0 0 0 0 0 1 0/1 0
\—‘—1— Free running mode
(b) Capture/compare control register 0 (CRCO)
CRC02 CRCO1 CRCO00
CRCO 0 0 0 0 0 1 0 1

\— CROO as capture register

Captures valid edge of TI01/P04 pin to CROO.

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 7-2 and 7-3.
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» Capture operation (free running mode)
The following figure illustrates the operation of the capture register when the capture trigger is input.

Figure 7-15: CRO1 Capture Operation with Rising Edge Specified

Count clock _| | | | | | | | | | |
T™MO0 X n-3 X n-2 X n-1 X n X n+1 X

| | |

TIOO | A :A % :A
A | !
Rising edge detection | |
|

| |

CRO1 I n

INTTMO1 I |

Figure 7-16: Timing of Pulse Width Measurement with Free Running Counter (with both edges

specified)
| t |
I 1
o
Count clock ||||||||||||||||||||I|||I|||
| | | | |
W . \ ‘ 1 o
TMO countvalue  YoooorXooorHX 4/ X po X // X br X // XerreHXooooHX /X o2 X // X b3 X
T T \C ! T T
— | .
TIOO pin input ‘ | ?_ll N | ‘ |i ! |i
= } T( } (ol |
| | | | ! |
Value loaded to W I\ 1\ ! N LN
) ) | 1
CRo1 X ooy X o1 ) | X b2/ X o3
T T \C ; T ™
: : : : 3 :
|
INTTMOL ] | | \ | | N } ‘ | | L | |
15 T T( ; (e T e
| | | | | |
| | | | | |
| ; (¢ ; (‘}-v—l‘ ! |
TI01 pin input N >Jl 1 | )
i ! | | e
| | | ! | !
W i Wl 1 i 3 o
Value loaded to // ! // D( D1 // ! // ! XNote |
CROO T \ 1\ ; T AT
- L
| | | |
INTTMOO N ! , N ! N ! ‘ !
( ; ( | ( ; ( | | ( ;
| | | | | |
| | | | |
| | )l ! A
| | [ H [
OVFO I I I ! |
)Ll )y | )) | | I
( ; ( ; ( } | }
| | | | |
1 1 1 ! |
| (D1-DO)xt | (10000H - D1 + D2) x t '(D3-D2) xt'
| | |
| f
‘ (10000H - D1 + (D2+1)) x t ‘
Note: D2 +1
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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 7-17), 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 TIOO pin, the value of TMO is loaded to the 16-bit capture/compare register 01 (CR01), and
an external interrupt request signal (INTTMO01) 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 (PRMO). The rising or falling edge can be specified.

The valid edge of TIO0/P0O5 pin and TI01/P04 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: Ifthe valid edge of the TI00 pin is specified to be both the rising and falling edges, the
capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 7-17: Control Register Settings for Pulse Width Measurement with Free Running Counter
and Two Capture Registers

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

TMCO03 TMCO02 TMCO01 OVFO

TMCO 0 0 0 0 0 1 0/1 0

—r—

Free running mode

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

CRC02 CRCO1 CRCO00

CRCO 0 0 0 0 0 1 1 1

\— NCROO as capture register

Captures to CROO at edge reverse to valid
edge o f TIOO/P35pin.

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 7-2 and 7-3.
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Figure 7-18: Timing of Pulse Width Measurement with Free Running Counter and Two Capture
Registers (with rising edge specified)

| | |
| | | |
1\

TMO count value  ¥0000HX0001HX \/\/ po X /\/ X b1 X \/\/\ XFFFFI-‘ 0000HY \/\/ X b2 X \/\/\ D3 X

\\

| | |
| | | i i
| |
TI0O pin input ‘ |1 ?_ll N | ‘ |; |i
{ } } T( } { } T
| | | ! !
W 0 W ! Wl W i
Value loaded to // D( DO / | // | / D( D2/ !
CRO1 T A \C ; T T
W } W \ } | .
Value loaded to // } / X D1 // | / i / D( D3
CROO \— T ¥ ! T \
| | | ] i
| | |
INTTMOl ) | | )) } )) } ) | | )) 1
{ | ( | f | [ (A
| | | } }
I I )L )y !
} } f | ( |
OVFO oy N ) | |
1 1T s | |
| | | |
! ! | |
| | 1 1
'(D1-DO) xt | (10000H-D1+D2)xt | (D3-D2)xt
! ! |
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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 TI00 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: Ifthe valid edge of the TI0O0 pin is specified to be both the rising and falling edges, the
capture/compare register 00 (CR00) cannot perform its capture operation.

Figure 7-19: Control Register Settings for Pulse Width Measurement by Restarting

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

TMCO03 TMCO02 TMCO01 OVFO

TMCO 0 0 0 0 1 0 0/1 0

\—‘—1— Clears and starts at valid edge of TI00/P35 pin.

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

CRC02 CRC01 CRCO00

CRCO 0 0 0 0 0 1 1 1

L NCROO as capture register

Captures to CR0O at edge reverse to
valid edge of TI00/P35.

L 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 7-2 and 7-3.
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Figure 7-20: Timing of Pulse Width Measurement by Restarting (with rising edge specified)
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7.4.4 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 (TMO0).

Each time the valid edge specified by the prescaler mode register 0 (PRMO0) 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 TI00 pin is specified by bits 4 and 5 (ES00 and ES01) of the prescaler mode register
0 (PRMO). 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 7-21: Control Register Settings in External Event Counter Mode

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

TMCO03 TMC02 TMCO01 OVFO

TMCO 0 0 0 0 1 1 0/1 0

\—‘—1— Clears and starts on coincidence

between TM0 and CR00

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

CRC02 CRCO01 CRCO00

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

L

CROO0 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 7-2 and 7-3.

Figure 7-22: Configuration of External Event Counter

16-bit capture/compare
register (CR00)

INTTMO0
Clear
Valid edge of TI00 ( 16-bit timer register (TMO) OVFO
/2 Noise t_allm_lnatlon
circuit
[ 16-bit capture/compare

register 01 (CRO1)

s

S Internal bus S

2t ——

I

fx/2’

Selector
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Figure 7-23: Timing of External Event Counter Operation (with rising edge specified)

TIOOplnlnput||||||||||||||||||I|||||||||

|
|
|
TMO count value  Y0000HX0001H¥0002+Y0003+HX0004HY0005HX /\ XN-1 )X N X0000HX0001HK0002HX0003HX
\\

|

|

\) 1

|

CROO N / |
' |

|

|

INTTMOO N |_|
O(

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

7.4.5 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 (CR00).

By setting bits 0 (TOEOQ) and 1 (TOCO01) of the 16-bit timer output control register to 1, the output status
of the TOO/PO5 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 7-24: Set Contents of Control Registers in Square Wave Output Mode

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

TMC03 TMC02 TMCO01 OVFO

TMCO 0 0 0 0 1 1 0/1 0

\—‘—1— Clears and starts on coincidence

between TMO and CR0O0.

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

CRCO02 CRCO1 CRCO0

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

L CROO0 as compare register

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

OSPT OSPE TOC04 LVSO LVRO TOCO1 TOEO

TOCO 0 0 0 0 0/1 0/1 1 1
LI LI \— Enables TOO output

Reverses output on coincidence

between TMO and CROO

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 7-2, 7-3, and 7-4.

Figure 7-25: Timing of Square Wave Output Operation

Count clock l | | | | | | | | | | | l | | | | | | | | | | | | | |
| | |
! A\ ! A\ !
TMO count value  /o00or¥0001HX0002HX  // XN -1X N XoooorXooorXooozHK /) Xn-1X N X ooooH
\\ I \\ ]

1\ A\

| !
i_l

CRO0

INTTMOO

h

|
|
|
1
|
|
|
|
|
|
|
i
|
TOO pin output J
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7.4.6 Operation to output one-shot pulse
16-bit timer/event counter can output a one-shot pulse in synchronization with a software trigger and an
external trigger (TI00/TOO/PO5 pin input).

(1) One-shot pulse output with software trigger

A one-shot pulse can be output from the TOO0/P05 pin by setting the 16-bit timer mode control register
(TMCO), capture/com7-26, and by setting bit 6 (OSPT) of TOCO by software.

By setting OSPT to 1, the 16-bit timer/event counter is cleared and started, and its output is asserted
active at the count value set in advance to the 16-bit capture/compare register 01 (CR01). After that, the
output is deasserted inactive at the count value set in advance to the 16-bit capture/compare register 00
(CRO0O0).

Even after the one-shot pulse has been output, TMO continues its operation. To stop TMO, TMCO must
be reset to O0H.

Caution: Do not set OSPT to 1 while the one-shot pulse is being output. To output the one-shot

pulse again, wait until INTTMOO, which occurs on coincidence between TMO0 and CROO,
occurs.
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Figure 7-26: Control Register Settings for One-Shot Pulse Output with Software Trigger

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

TMCO03 TMCO02 TMCO01 OVFO

0

\—‘—1— Clears and starts on coincidence

between TMO and CR0O0

0

L CROO as compare register

CRO1 as compare register

TMCO 0 1 1 0

(b) Capture/compare control register 0 (CRCO0)
CRC02 CRCO01 CRCO00

CRCO 0 0 0 0/1
(c) 16-bit timer output control register (TOCO)
OSPT OSPE TOCO04 LVSO LVRO TOCO1 TOEO

TOCO 0 0 1 1 0/1 0/1 1 1
L

Remark:

Caution:

L Enables TOO output

Reverses output on coincidence
between TMO and CROO

Reverses output on coincidence
between TMO and CRO1

0000H - CRO1 < CROO - FFFFH

Set to 1 for output

Set a value in the following range to CR00 and CROL1.

Specifies initial value of TOO output F/F

Sets one-shot pulse output mode

0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with
the one-shot pulse output function. For details, refer to Figures 7-2, 7-3, and 7-4.
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Figure 7-27: Timing of One-Shot Pulse Output Operation with Software Trigger

Sets OCH to TMCO
(TMO count starts)

|
|
\ ) 1 )

TMO count value 0000H X0001HY /) X N XN + 1 Yoooor{ /\/ Xn-1X N X /\XM-1X M X0000HX0001H)0002H

T ; \ .
| |
| |

\ A

CROLsetvae N ) N T~ N
\\ } } \\ } \\ }
AN } } A } 1\ }
CROO set value M // M // M // M

\ \

| |

| |

| |

OSPT 1 | | 1
) ) I )L I )L
T( T T¢( T T(

| |

| |

| |

INTTMO1 ) | | ) | |(‘
3
|
|

INTTMO0 ) } ) | |
|
|
|

) )
[

TOO pin output

Caution: The 16-bit timer register starts operating as soon as a value other than 0, 0 (operation
stop mode) has been set to TMC02 and TMCO03.

(2) One-shot pulse output with external trigger

A one-shot pulse can be output from the TOO/TI00/P05 pin by setting the 16-bit timer mode control register
(TMCO0), capture/compare control register 0 (CRCO0), and 16-bit timer output control register (TOCO) as shown
in Figure 7-28, and by using the valid edge of the TOO/TI00/P05 pin as an external trigger.

The valid edge of the TIO0/PO05 pin is specified by bits 4 and 5 (ES00 and ESO01) of the prescaler mode
register 0 (PRMO). The rising, falling, or both the rising and falling edges can be specified.

When the valid edge of the TIOO pin is detected, the 16-bit timer/event counter is cleared and started,
and the output is asserted active at the count value set in advance to the 16-bit capture/compare register
01 (CRO1).

Afterthat, the outputis deasserted inactive atthe countvalue setin advance to the 16-bit capture/compare
register 00 (CR00).

Caution: Even if the external trigger is generated again while the one-shot pulse is output, it
is ignored.
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Figure 7-28: Control Register Settings for One-Shot Pulse Output with External Trigger

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

TMCO03 TMCO02 TMCO01 OVFO0

TMCO 0 0 0 0 1 0 0 0

\—‘—1— Clears and starts at valid edge of TI00/TO0/P35 pin

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

CRCO02 CRCO1 CRCO0

CRCO 0 0 0 0 0 0 0/1 0

\— CRO00 as compare register

CRO1 as compare register

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

OSPT OSPE TOCO04 LVSO LVRO TOCO1 TOEO

TOCO 0 0 1 1 0/1 0/1 1 1
LI \— Enables TOO output

Reverses output on coincidence between
TMO and CR0OO

Specifies initial value of TOO output F/F

Reverses output on coincidence between
TMO and CRO1

Set one-shot pulse output mode

Caution:  Set a value in the following range to CR00 and CROL1.
0000H < CRO1 < CR0O < FFFFH

Remark: 0/1: When these bits are reset to 0 or set to 1, the other functions can be used along with

the one-shot pulse output function. For details, refer to Figures 7-2, 7-3, and 7-4.
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Figure 7-29: Timing of One-Shot Pulse Output Operation with External Trigger (with rising edge
specified)

Sets 08H to TMCO
(TMO count starts)

2\

TMO count value 0000 X 0001 X \/\\/\ X{Xooob( \/\/ X N XNt X N2 X \/\\/\ X vz X v X M X vt X me2 Xmes

0 ! N !

CROL1 set value N // | N / N // N
\\

|

1\ j AN i 1\ |
CROO set value M // M // M // M
T \T

|
i
i
TI00 pin input : | | . :
{ ( ;
i
INTTMO1 ) . |_|
00 (( i

INTTMOO

7
|

|
|
|
|
1
|
|
TOO pin output |

Caution:  The 16-bittimer register starts operating as soon as a value otherthan 0, 0 (operation
stop mode) has been set to TMC02 and TMCO03.
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7.5 16-Bit Timer/Event Counter Operating Precautions
(1) Error on starting timer
Anerror ofupto 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 7-30: 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, CR01. This means, that
a 1-pulse count operation cannot be performed, when it is used as event counter.

(3) Setting compare register during timer count operation

Ifthe 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 (TMQ), TMO continues counting, overflows, and starts
countingagainfrom 0. Ifthe newvalue of CR0O (M) is lessthanthe old value (N), the timer must be restarted
after the value of CROO has been changed.

Figure 7-31: Timing after Changing Compare Register during Timer Count Operation

compse /" \__/T\_/ L/ S\

M

—~—

CROO N X

TMO count :X X-1 X X X

o
=

FFFFH X 0000H X 0001H X 0002H

.

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

If the valid edge is input to the TI00 pin while the 16-bit capture/compare register 01 (CR01) isread, CR0O1
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 7-32: Data Hold Timing of Capture Register

Count pulse j \ / \ / \ /_\_“_/_\_/_\_/_\_
TMO count N X~ X N2 X \)D( Mo X ML X Me2

Edge input \ " /

Interrupt request flag | |

Capture read signal /—\—

CROL1 interrupt value X X

N+1 p

|

Capture

—

=
=

(5) Setting valid edge

Before setting the valid edge of the TIOO/TOOQ/PO05 pin, stop the timer operation by resetting bits 2 and
3 (TMCO02 and TMCO03) of the 16-bit timer mode control register to 0, 0. Set the valid edge by using bits
4 and 5 (ESO0 and ESO01) of the prescaler mode register 0 (PRMO).

(6) Re-triggering one-shot pulse
(a) One-shot pulse output by software
When a one-shot pulse is output, do not set OSPT to 1. Do not output the one-shot pulse again

until INTTMOO, which occurs on coincidence between TMO and CROO, occurs.

(b) One-shot pulse output with external trigger
If the external trigger occurs while a one-shot pulse is output, it is ignored.
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7) Operation of OVFO flag
The OVFO flag is set to 1 in the following case:
Select mode inwhich 16-bittimer/counteris cleared and started on coincidence between TMO and CR0OO.
l
Set CR0OO to FFFFH
l
When TMO counts up from FFFFH to 0000H

Figure 7-33: Operation Timing of OVFO Flag

Countpulse_
CROO FFFFH /
TMO FFFEH X FFFFH /X 0000H X 0001H X
OVFO \

INTTMOO \—|

(8) Contending operations

(a) The contending operation between the read time of 16-bit capture/compare register (CR00/
CRO01) and capture trigger input (CRO0/CRO01 used as capture register)
Capture/trigger input is prior to the other. The data read from CR0O0/CRO01 is not defined.

(b) The coincidence timing of contending operation between the write period of 16-bit capture/
compare register (CR0O0/CRO01) and 16-bit timer register (TM0) (CRO0/CRO0O1 used as a
compare register)

The coincidence discriminant is not performed normally. Do not write any datato CRO0/CRO01 near
the coincidence timing.
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[Memo]
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Chapter 8 16-Bit Timer 2 TM2

8.1 16-Bit Timer 2 Functions
The 16-bit timer 2 (TM2) has the following functions.
¢ Pulse width measurement
 Divided output of input pulse
» Time stamp function for the DCAN

Figure 8-1 shows 16-Bit Timer 2 Block Diagram.

Figure 8-1: Timer 0 (TMO) Block Diagram

S Internal bus S
Prescaler mode Capture pulse control 16-bit timer mode control
register (PRM2) register (CRC2) register (TMC2)
ES21|ES20| ES11|ES10| ES01|ES00PRM21PRM20] CRC21CRC20) [TMC22| TPOE
x4 —— =
e — | 8 - .
fx/32 % 16-bit timer register (TM2) — INTOVF
fx/128 —=| @
¢ ES21, ES20
—
Noise rejection| Prescaler Edge detection i :
TI22/P32 ©—= cireuit 1%, Y 1/8 wircuit 16-bit capture register (CR22)
E511l ES10 % ] INTTM22
Noise rejection| Edge detection _hi i
TI21/P31 ©—= circuit cirouit 16-bit capture register (CR21)
ES01, ES00 % — INTTM21
Noise rejection Edge detection hi ;
TI20/P30 ©—= circuit <irouit 16-bit capture register (CR20)
— —— INTTM20
TPO/PO3/INTP3 @<—C
TPOE — O DCAN
S Internal bus S

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

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

(3) Timer stamp function for the DCAN

Aninternal signal output of the DCAN-module can be used to build atime stamp function of the system
(please refer to the chapter of the DCAN-module).
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8.2 16-Bit Timer 2 Configuration

158

Timer 2 consists of the following hardware.

(1)

(2)

(3)

(4)

Table 8-1: Timer 2 Configuration

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

16 bit timer mode control register (TMC2)
Control register | Capture pulse control register (CRC2)
Prescaler mode register (PRM2)

16-bit timer register (TM2)

TM2 is a 16-bit read-only register that counts count pulses.

The counter is incremented in synchronization with the rising edge of an input clock. 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> At RESET input
<2> If TMC22 is cleared

Capture register 20 (CR20)

The valid edge of the TI120/P30 pin can be selected as the capture trigger. Setting of the T120 valid
edge is performed by setting of the prescaler mode register (PRM2). When the valid edge of the
TI120 is detected, an interrupt request (INTTM20) is generated.

CR20 is read by a 16-bit memory manipulation instruction.

After RESET input, the value of CR20 is undefined.

Capture register 21 (CR21)

The valid edge of the TI21/P31 pin can be selected as the capture trigger. Setting of the TI21 valid
edge is performed by setting of the prescaler mode register (PRM2). When the valid edge of the
TI21 is detected, an interrupt request (INTTM21) is generated.

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

After RESET input, the value of CR21 is undefined.

Capture register 22 (CR22)

The valid edge of the TI122/P32 pin can be selected as the capture trigger. Setting of the T122 valid
edge is performed by setting of the prescaler mode register (PRM2). When the valid edge of the
TI22 is detected, an interrupt request (INTTM22) is generated.

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

After RESET input, the value of CR22 is undefined.
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8.3 16-Bit Timer 2 Control Registers

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

« 16-bit timer mode control register (TMC2)
e Capture pulse control register (CRC?2)
« Prescaler mode register (PRM2)

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

This register sets the 16-bit timer operating mode and controls the prescaler output signals.
TMCO is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMC2 value to O0H.

Figure 8-2: 16-Bit Timer Mode Control Register (TMCZ2) Format

Symbol 7 6 5 4 3 1 E Address  After Reset R/W
™mc2 | o | o | o | o | o [wmco2| o | TtPoE | FFesH  ooH  RW
TMC2 Timer 2 Operating Mode Selection
0 Operation stop (TM2 cleared to 0)
1 Operation enabled
TPOE Timer 2 Prescaler Output Control
0 Prescaler signal output disabled
1 Prescaler signal output enabled

Cautions: 1. Before changing the operation mode, stop the timer operation (by setting 0 to TMC22).
2. Bit 1 and bits 3 to 7 must be set to 0.

159



160

MPD780948, pyPD78F0948, pPD780949, pyPD78F0949 NEC

(2) Capture pulse control register (CRC2)

Thisregister specifies the division ratio of the capture pulse input to the 16-bit capture register (CR22)
from an external source.

CRC2 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CRC2 value to 04H.

Figure 8-3: Capture Pulse Control Register (CRC2) Format

Symbol 7 6 5 4 3 2 1 0 Address  AfterReset R/W
crRec2 | o | o | o | o | o | o |crecol|cCRrCoo| FFR67H 00H RIW
CRC21 | CRC20 Capture Pulse Selection
0 0 Does not divide capture pulse
0 1 Divides capture pulse by 2
1 0 Divides capture pulse by 4
1 1 Divides capture pulse by 8

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

2. Bits 2 to 7 must be set to 0.
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(3) Prescaler mode register (PRM2)
This register is used to set 16-bit timer (TM2) count clock and valid edge of TI12n (n = 0 to 2) input.
PRM2 is set with an 8-bit memory manipulation instruction.
RESET input sets PRM2 value to O0H.

Figure 8-4: Prescaler Mode Register (PRMZ2) Format

Symbol 7 6 5 4 3 2 1 0 Address  AfterReset R/W
PRM2 | ES21 | ES20 | ES11 | ES10 | ESO1 | ES00 | PRMO1 | PRMO0O | FF66H 00H RIW

ES21 ES20 TI22 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ES11 ES10 TI21 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

ESO1 ES00 TI20 Valid Edge Selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges

PRMO1 | PRMOO Count Clock Selection

0 0 fx/2?
0 1 fx/2°
1 0 fx/2°
1 1 fx/2’

Caution:  Timer operation must be stopped before setting PRM2.
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8.4 16-Bit Timer 2 Operations

8.4.1 Pulse width measurement operations
It is possible to measure the pulse width of the signals input to the TI20/P30 to TI22/P32 pins by using
the 16-bit timer register (TM2). TM2 is used in free-running mode.

(1) Pulse width measurement with free-running counter and one capture register (T120)
When the edge specified by the prescaler mode register (PRM2) is input to the T120/P30 pin, the
value of TM2 is taken into 16-bit capture register 20 (CR20) and an external interrupt request signal
(INTTM20) is set.
Any of three edge specifications can be selected - rising, falling, or both edges - by means of bits
2 and 3 (ES00 and ESO01) of PRM2.
For valid edge detection, sampling is performed at the count clock selected by PRM2, and a capture
operation is only performed when a valid level is detected twice, thus eliminating noise with a short
pulse width.

Figure 8-5: Configuration Diagram for Pulse Width Measurement by Using the Free Running
Counter

fx/2? ——

/2 —=| 8

3 16-bit timer register (TM2) INTOVF
fx2° — @

%)
X2 ——» ‘ ‘
T120 © 16-bit capture register 20 (CR20)

INTTM20
{ Internal bus ¢

Figure 8-6: Timing of Pulse Width Measurement Operation by Using the Free Running Counter
and One Capture Register (with Both Edges Specified)

ot

| ——

Count clock _ﬂ_ﬂ_ﬂ.--m"'m--_ﬂ_’m---m"m—

|
e (D Ty s 2 e 9 g G G0 Sy 3 G 3
| | |
| e ! -
TIOQpir; __|3 ” .. ___|3 ]_
inpu ‘ | \
| | |
Value loaded -- -
A R0 N x Do x DI “HX p2 X D3
| | |
| | |
INTTMOO __J_| ___J_| . ___J_l R
| | |
| | - -
INTOVF 1 o - |
| | |
| | |
‘ 3 (10000H — D1 + D2) x t }(Ds-Dz)xt

162



NEC UPD780948, UPD78F0948, uPD780949, uPD78F0949

(2) Measurement of three pulse widths with the free running counter
The 16-bit timer register (TM2) allows simultaneous measurement of the pulse widths of the three
signals input to the T120/P30 to T122/P32 pins.
When the edge specified by bits 2 and 3 (ES00 and ES01) of prescaler mode register (PRM2) is
input to the TI20/P30 pin, the value of TM2 is taken into 16-bit capture register 20 (CR20) and an
external interrupt request signal (INTTM20) is set.
Also, when the edge specified by bits 4 and 5 (ES10 and ES11) of PRMO is input to the TI21/P31
pin, the value of TM2 is taken into 16-bit capture register 21 (CR21) and an external interrupt request
signal (INTTM21) is set.
When the edge specified by bits 6 and 7 (ES20 and ES21) of PRM2 is input to the TI22/P32 pin,
the value of TM2 is taken into 16-bit capture register 22 (CR22) and external interrupt request signal
(INTTM22) is set.
Any of three edge specifications can be selected - rising, falling, or both edges - as the valid edges
for the TI120/P30 to T122/P32 pins by means of bits 2 and 3 (ES00 and ES01), bits 4 and 5 (ES10
and ES11), and bits 6 and 7 (ES06 and ES07) of PRM2, respectively.
For T120/P30 pin valid edge detection, sampling is performed at the interval selected by the prescaler
mode register (PRM2), and a capture operationis only performed when avalid level is detected twice,
thus eliminates the noise of a short pulse width.

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

Figure 8-7: CR2m Capture Operation with Rising Edge Specified

Count clock _| | | | | |

!
™2 Y n3 J n2 T nu X

TI2m | A A A
Rising edge detection | '

CR2m I n

INTTM2m I |

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

CountclockEﬂ_l_l___J_l_l_l___l | I |___|_|_!_|_|_|____!_I_l_|.--

TM2 count value __ §0000HY 0001HY X o ) X DL\ XFFFFHXOOOOHX X DzX DEE

|
TI2m pin input __h |
|

XDl

Value loaded to CR2m » X DO » X D2 X D3
| | T
|
INTTM2m l | e . . I | | I |

| |
| |
- - |
TI2n pin input | } | !
. - . o
Value loaded to CR2n » } X D1 } » X

INTTM2n B B | | B B
| - ..
INTOVF B | . i
| | |
-
(D1 - DO) x t (10000H — DO + D2) x t

(10000H — D1 + (D2 + 1) x t

Remark: m=0to2,n=1,2
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8.5 16-Bit Timer 2 Precautions
(1) Timer start errors
An error with a maximum of one clock may occur until counting is started after timer start, because
the 16-bit timer register (TM2) is started asynchronously with the count pulse.
Figure 8-9: 16-Bit Timer Register Start Timing

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

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

Timer start

(2) Capture register data retention timings
If the valid edge of the TI2m/P3m pin is input during the 16-bit capture register Om (CR2m) is read,
CR2m performs capture operation, but the capture value is not guaranteed. However, the interrupt
request flag (INTTM2m) is set upon detection of the valid edge.

Figure 8-10: Capture Register Data Retention Timing

compuse [ | | | | | [__J L1 L1 [
TM2countvalue X N X N+ X N+2 X :: X M X w1 Xme2
Edgeinput | [
Interrupt request flag [] [ ]
Capture read signal . [

CR2m interrupt value X X N+1 ! X |

Capture operation

Remark: m=0to 2

(3) Valid edge setting
Set the valid edge of the TI2m/P3m pin after setting bit 2 (TMCO02) of the 16-hit timer mode control
registerto 0, and then stopping timer operation. Valid edge settingis carried out with bits 2to 7 (ESmO
and ESm1) of the prescaler mode register (PRM2).

Remark: m=0to 2

(4) Occurrence of INTTM2n
INTTM2n occurs even if no capture pulse exists, immediately after the timer operation has been
started (TMCO02 of TMC2 has been set to 1) with a high level applied to the input pins T120 to TI22
of 16-bit timer 2. This occurs if the rising edge (with ESn1 and ESn0O of PRMO set to 0, 1), or both
the rising and falling edges (with ESn1 and ESn0 of PRM2 setto 1, 1) are selected. INTTM2n does
not occur if a low level is applied to TI120 to TI22.
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[Memo]
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Chapter 9 8-Bit Timer/Event Counters 50 and 51

9.1 8-Bit Timer/Event Counters 5 and 6 Functions

The 8-bit timer event counters 5 and 6 (TM5, TM6) have the following functions.

* Interval timer

« External event counter
e Square-wave output

« PWM output
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(1) 8-bit interval timer

Remarks:

168

Interrupts are generated at the preset time intervals.

Table 9-1: 8-Bit Timer/Event Counter 50 Interval Times

Minimum Interval Width

Maximum Interval Width

Resolution

1/fx (125 ns)

2° x 1/x (32 ps)

1/fx (125 ns)

2! x 1/fx (250 ns)

2° x 1/fx (64 ps)

2" x 1/x (250 ns)

2° x 1/fx (1 us)

2" x 1/fx (256 ps)

2° x 1/fx (1 ps)

2° x 1/fx (4 ps)

2" x 1/fx (1 ms)

2° x 1/fx (4 us)

2" x 1/fx (16 ps)

2% x 1/fx (4 ms)

2" x 1/fx (16 ps)

2° X 1/fx (64 us)

2" x 1/fx (16 ms)

2° X 1/fx (64 us)

Table 9-2: 8-Bit Timer/Event Counter 51 Interval Times

Minimum Interval Width

Maximum Interval Width

Resolution

1/fx (125 ns)

2° x 1/fx (32 ps)

1/fx (125 ns)

2' x 1/fx (250 ns)

2° x 1/fx (64 us)

2' x 1/x (250 ns)

2° x 1/fx (1 ps)

2" x 1/fx (256 ps)

2° x 1/fx (1 ps)

2° X 1/fx (4 us)

2" x 1/fx (1 ms)

2° x 1/fx (4 ps)

2" x 1/fx (16 ps)

2" x 1/fx (4 ms)

2" x 1/ix (16 ps)

2% x 1/fx (512 ps)

2% x 1/fx (131 ms)

2% x 1/fx (512 ps)

. fx: Main system clock oscillation frequency
. 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.

Remarks:

Table 9-3: 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 ps)

1/fx (125 ns)

2" x 1/fx (250 ns)

2° x 1/fx (64 ps)

2' x 1/fx (250 ns)

2° x 1/fx (1 us)

2" X 1/fx (256 ps)

2° x 1/fx (1 ps)

2° X 1/fx (4 us)

2" x 1/x (1 ms)

2° x 1/fx (4 ps)

27 x 1/fx (16 ps)

2" x 1/tx (4 ms)

27 x 1/fx (16 ps)

2° x 1/fx (64 us)

2" x 1/fx (16 ms)

2° x 1/fx (64 ps)

Table 9-4: 8-Bit Timer/Event Counter 50 Square-Wave Output Ranges

Minimum Pulse Width

Maximum Pulse Width

Resolution

1/fx (125 ns)

2° x 1/x (32 ps)

1/fx (125 ns)

2! x 1/fx (250 ns)

2° x 1/fx (64 ps)

2" x 1/fx (250 ns)

2° x 1/fx (1 us)

2" x 1/fx (256 ps)

2° x 1/fx (1 ps)

2° x 1/fx (4 ps)

2" x 1/fx (1 ms)

2° x 1/fx (4 us)

2" x 1/fx (16 ps)

2% x 1/fx (4 ms)

2" x 1/fx (16 ps)

2% x 1/fx (512 ps)

2% x 1/fx (131 ms)

2% x 1/fx (512 ps)

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

(4) PWM output
TM50 and TM51 can generate an 8-bit resolution PWM output.
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9.2 8-Bit Timer/Event Counters 50 and 51 Configurations

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

Table 9-5: 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)

Control register

Timer clock select register 50 and 51 (TCL50, TCL51)
8-bit timer mode control registers 5 and 6 (TMC50, TMC51)
Port mode registers 0 (PMO0)

Figure 9-1: 8-Bit Timer/Event Counter 50 Block Diagram
Internal Bus S
8-Bit Compare
Register (CR50)
fx ‘ ‘ Match _
/2L ~ ) > INTTMn
fX/23 I: ote
ng 5 8-Bit Timer OVF Output
3] N Control
ot % Register n (TM50) ——© TO50/P06/TIS0
%) i
TI50/P06/TO50 ©—
Clear
Selector |-
6
4
2
TCL| TCL| TCL TCE | TMC| LVS| LVR | TMC | TOE
502 | 501 | 500 50 | 506 | 50 | 50 | 501 | n
Timer Clock Select 8-Bit Timer Mode
Register 50 Control Register 50
Internal Bus S
Note: Refer to Figure 9-2 for details of configurations of 8-bit timer/event counters 50 and 51 output

control circuits.
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Figure 9-2: 8-Bit Timer/Event Counter 51 Block Diagram

Internal Bus

i

8-Bit Compare

Register (CR51)
fx ‘ ‘ Match - INTTM
fx/21 ﬁ ” > n
o — -
ng 5 8-Bit Timer OVF 7| Output
© - i Control
212 % | Register n (TM51) —O TO51/P07/TI51
n T i
TI51/PO7/TO51 ©—
Clear
Selector |-
L 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
Note: Refer to Figure 9-3 for details of configurations of 8-bit timer/event counters 50 and 51 output

control circuits.
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Figure 9-3: Block Diagram of 8-Bit Timer/Event Counters 50 and 51 Output Control Circuit

P06, PO7
Output Latch

TMCn6 —
INTTMn —

PMO7

T™MCn1 TMCn6
RESET —
)
RPN R e 1
Q - 8
LVSn -[s ks iD TO50/P06/TISO0,
— & ) >O—1> O 1os1/P07ITIS1
T™MCnL ——
INV
PMO6,

PWM Output Circuit
Timer Output F/F2

TCEn
INTTMn i} R Level

™ FF

OVFn =S

TOEn

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

(1) Compare register 50 and 51 (CR50, 51)

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

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

RESET input sets CR50 and CR51 values to 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 OOH.
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9.3 8-Bit Timer/Event Counters 50 and 51 Control Registers

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

« Timer clock select register 50 and 51 (TCL50, TCL51)
« 8-bit timer mode control registers 50 and 51 (TMC50, TMC51)
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 9-4: Timer Clock Select Register 50 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset
TCL50 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘TCLSOZ‘TCLSO].‘TCLSOO' FF71H 00H
[TCL502 | TCL501TCL500]| 8-bit Timer Register 50 Count Clock Selection

0 0 0 | 7150 falling edge "

0 0 1 TI50 rising edge Note

0 1 0 fx (8.0 MHz)

0 1 1 | 2" (4.0 MHz)

1 0 0 | m2® @omHz)

1 0 1| tx2® (250 kHz)

1 1 0 | 2" (62.5kHz)

1 1 1 | w2°® (15.6kH2)

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

R/W

RIW
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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 9-5: Timer Clock Select Register 51 Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
TCL51 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘TCLSlZ‘TCLSll’TCLSlOl FF75H 00H R/W
[TCL512|TCL511/TCL510]| 8-bit Timer Register 51 Count Clock Selection

0 0 0 | TI51 falling edge "*°

0 0 1 TI51 rising edge Note

0 1 0 | fx (80MHz)

0 1 1 | 2! (4.0 MHz)

1 0 0 | &2° (1.0MHz)

1 0 1 | 2% (250 kHz)

1 1 0 | 2" (62.5kH2)

1 1 1 | w2"™ 1.9kHz)

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.

TMCH50 is set with a 1-bit or 8-bit memory manipulation instruction.

RESET input sets TMC50 to 04H.

Figure 9-6: 8-Bit Timer Output Control Register Format

Symbol <7> 6 5 4 <3>  <2> 1 <0> Address  After Reset R/W
TMC50|TCE50‘TMC506‘ 0 ‘ 0 ‘LVSSO‘LVRSO‘TMCSOl‘TOESOl FF70H 04H RIW

TOES0| 8-Bit Timer/Event Counter 50 Output Control

0 Output 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)

TCES50 | 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.
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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 9-7: 8-Bit Timer Output Control Register 51 Format

Symbol <7> 6 5 4 <3>  <2> 1 <0> Address  After Reset R/W
TMC51|TCE51‘TMC516‘ 0 ‘ 0 ‘LVSSl‘ LVRG‘TMCSllhOESll FF74H 04H R/W

TOES1| 8-Bit Timer/Event Counter 51 Output Control

0 Output disabled (Port mode)

6 Output 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

LVS51ILVRS1 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

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)

TCE51| 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. I1f 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 PO6/TI50/TO50 and PO7/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.

Symbol
PMO

Figure 9-8: Port Mode Register 0 Format

After
7 6 5 4 3 2 1 0 Address Reset R/W
PMO7 | PM06 | PMO5 | PM04 | PMO03 | PM02 |PMO1 | PMOO FF20H FFH R/W
\ \ \ |
\— PMON | POn Pin Input/Output Mode Selection (n=0 to 7)

Output mode (output buffer ON)

Input mode (output buffer OFF)
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9.4 8-Bit Timer/Event Counters 50 and 51 Operations

9.4.1 Interval timer operations

Setting the 8-bit timer mode control registers (TMC50 and TMC51) as shown in Figure 8-9 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 setto 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 9-9: 8-Bit Timer Mode Control Register Settings for Interval Timer Operation

TCEn TMCn6 LVSn LVRn TMCnl TOEn

TMCn 1 0 0 0 o/1 | 01 | 01 | 01

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 9-10: Interval Timer Operation Timings (1/3)

(@) When N = 00H to FFH

t o

I

N N ‘ N ‘
TMn Count Value oo X o1 ) fD N X oo X o1 ) fD N X 00 X o1 u N
A A

| |
i Clear Clear i
| |
| | | |
1 N 1 N 1 N 1
CRn N // N // N /)N

i (C i (C i N¥ i
| | | |
| N | 2 | N |

TCEn ! | | | 3
2 | | |
}Count Start ! ! !
|

INTTMn ) |_| )) |_| ) |—
T ¢ } € } € }
i i Interrupt Acknowledge i Interrupt Acknowledge i
‘ ))
|
| (C
Ton | N )N |_

} CC | | ¢ |
| | | |
! | | |
i Interval Time | Interval Time | Interval Time |

Remarks: 1. Interval time = (N + 1) xt: N = O0H to FFH

2. n=50, 51
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Figure 9-10: Interval Timer Operation Timings (2/3)

(b) When CRn = 00H

Count clock I:lllll'lllllll

TMn O0OH, 1 OOH | OOH '

00H | 00H

CRn

I
|NTTMnl||||||||||||

Tion | [ L1 |
Interval time
(c) When CRn = FFH
| t |
Count clock I:l I | I | __ I | I | I | I | I | . I | I | I | I | I |
™R | [ o1 | - [FE [ FF [ 00 ] N IESEIEE
CRn___' FF - FF - FF

TCEn J
INTTMn H H

A . A

. Interrupt received . Interrupt

| 1 received
TIOn __

! Interval time !

Remark: n =50, 51
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Figure 9-10: Interval Timer Operation Timings (3/3)

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

Countclocklllllllllllllllllllllll

TMn N-OOHI [ m | [ N | |FFH‘OOH| [ M-OOHI
CRn 3 N : ; M 3
TCEn } i i :
INTTMA [ ]
TIOn _| |‘
éRn transition 'T’Mn overflows since M <N

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

CountclockIllllllllllllllllllllll

T™n | ND1| NIOOHloiHI [ N | |M£1|M|00H|01H|
| ! |
CRn N 3 X M 3
‘
TCEn i i i
INTTMn |_| |_|
‘ ‘
Tion _| I
éRn transition

Remark: n =50, 51
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Table 9-6: 8-Bit Timer/Event Counters 50 Interval Times

TCLn2 | TCLnl | 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 us) 1/fx (125 ns)
0 1 1 2' x 1/fx (250 ns) 2° x 1/fx (64 ps) 2' x 1/fx (250 ns)
1 0 0 2° x 1/fx (1 ps) 2" x 1/fx (256 ps) 2° x 1/fx (1 us)
1 0 1 2° x 1/fx (4 ps) 2" x 1/fx (1 ms) 2° x 1/fx (4 ps)
1 1 0 27 x 1/fx (16 ps) 2% x 1/fx (4 ms) 27 x 1/fx (16 ps)
1 1 1 2° x 1/fx (64 ps) 2" x 1/fx (16 ms) 2° x 1/fx (64 ps)
Other than above Setting prohibited

Table 9-7: 8-Bit Timer/Event Counters 51 Interval Times

TCLn2 | TCLnl | 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/fx (250 ns) 2° x 1/fx (64 ps) 2! x 1/fx (250 ns)
1 0 0 2° x 1/ix (1 ps) 2" x 1/fx (256 ps) 2° X 1/ix (1 us)
1 0 1 2° x 1/fx (4 ps) 2" x 1/fx (1 ms) 2° X 1/fx (4 us)
1 1 0 2" x 1/fx (16 ps) 2" x 1/fx (4 ms) 2" x 1/fx (16 ps)
1 1 1 2% x 1/fx (512 ps) 2% x 1/fx (131 ms) 22 x 1/ix (512 ps)
Other than above Setting prohibited

Remarks:

3.n=50,51

1. fx: Main system clock oscillation frequency
2. Values in parentheses apply to operation with fx = 8.0 MHz.
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9.4.2 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 9-11: 8-Bit Timer Mode Control Register Setting for External Event Counter Operation

TCEn TMCn6 LVSn LVRn TMCnl 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 9-12: External Event Counter Operation Timings (with Rising Edge Specified)

TMn Count Value 00 o1 fo2 )13 oa)os) //Xna) n foo) o) o2) os)

CRn N //

i
|
TCEn J = |
|
|
|
|

INTTMn b)) |_|

Remarks: 1. N = 00H to FFH
2.n=50, 51

182



NEC UPD780948, UPD78F0948, uPD780949, uPD78F0949

9.4.3 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/TI51 pin output status is reversed at intervals of the count value preset
to CR50 or CR51 by setting bit 1 (TMC501) and bit 0 (TOE50) 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 9-13: 8-Bit Timer Mode Control Register Settings for Square-Wave Output Operation

TCEn TMCn6 LVSn LVRn TMCnl TOEn

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

LJ L TON 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 pinis used as the timer output, set port mode
register (PMOO or PMO07) and output latch to O.

Remark: n =50, 51

Figure 9-14: Square-wave Output Operation Timing

couteock [ LI LI LI LTI T

TMn countvalue __ 00H X01HXo02HX _ XN-1 X N Xoon¥otH¥oz2HX  XnN-1)X N XooH
A

Count start

CRn N

TOnNote . | |_

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

Remark: n =50, 51
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Remarks:
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1.

Table 9-8: 8-Bit Timer/Event Counters 50 Square-Wave Output Ranges

Minimum Pulse Time

Maximum Pulse Time

Resolution

1/fx (125 ns)

2° x 1/x (32 ps)

1/fx (125 ns)

2! x 1/fx (250 ns)

2° x 1/fx (64 ps)

2" x 1/fx (250 ns)

2° x 1/fx (1 ps)

2" x 1/fx (256 ps)

2° x 1/fx (1 ps)

2° x 1/fx (4 ps)

2" x 1/fx (1 ms)

2° x 1/fx (4 ps)

2" x 1/fx (16 ps)

2% x 1/fx (4 ms)

2" x 1/fx (16 ps)

2° x 1/fx (64 ps)

2" x 1/fx (16 ms)

2° x 1/fx (64 ps)

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

Minimum Pulse Time

Maximum Pulse Time

Resolution

1/fx (125 ns)

2° x 1/x (32 ps)

1/fx (125 ns)

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 ps)

2° x 1/fx (1 ps)

2° x 1/fx (4 ps)

2" x 1/fx (1 ms)

2° X 1/fx (4 ps)

27 x 1/fx (16 ps)

2" x 1/fx (4 ms)

2" x 1/fx (16 ps)

2% x 1/fx (512 ps)

2% x 1/fx (131 ms)

2% x 1/fx (512 ps)

f: Main system clock oscillation frequency

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

3.n=50, 51



NEC UPD780948, UPD78F0948, uPD780949, uPD78F0949

9.4.4 PWM output operations

Setting the 8-bit timer mode control registers (TMC50 and TMC51) as shown in Figure 8-14 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/TI51 pin.

Select the active level of PWM pulse with bit 1 of the 8-hit 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-bitresolution. 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 9-15: 8-Bit Timer Control Register Settings for PWM Output Operation

TCEn TMCn6 LVSn LVRn TMCnl TOEn

TMCn 1 1 0 0 X X 0/1 1

L TOn output enable

—— Sets active level

PWM mode

TMn operation enable

Remarks: 1. n=50, 51
2.Xx: don't care
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Figure 9-16: PWM Output Operation Timing (Active high setting)

CRn Changing
M—N)

M T
Count Clock i ZJ_l_I_l_I_l_l_L_l_

TMn Count Value 00 X o1 X o2 )QZX FF X oo X o1 X o2 )QZX N XN+ K N+2 X@( 00

CRn M /) N /) N

) )

i i i
[SS 1 1 S8 1
TCEn ! ! !
4 | | | | o ——
3 | 3 * :
INTTMn ! ! ! | | |
1 ) 1 1 ) |
} NS } } C ;
|
OVFn 1 | | 1 !
! b)) ! )) |
| (C | € }
} | ) }
! 146 |
TOnNn ! 1 |
\C ‘
Inactive Level —
Inactive Level Active Level Inactive Level

Remark: n =50, 51
Figure 9-17: PWM Output Operation Timings (CRn0O = 00H, active high setting)

CRn Changing
(M —00)

CountCIock|||||||||||I|'||||||I|I||||
|
|

TMn Count Value 00 X o1 X o2 )QZX FF X 0o X o1 X o2 )QZX FF X 00 X o1 00

|
|
CRn M / / 00 / / 00
i i i
| 2] } ) | | }
146 T 146 T T
TCEn | | |
J | | | | o ——
| | I |
|
INTTMn ! ! ! | | 1
. ) I ) I )
! ¢ i 16 [ |
|—| |—| |
OVFn i D) D) i
; 186 146 !
! |
! |
TOn i b)) b)) i
146 16
Inactive Level Inactive Level

Remark: n =50, 51
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Figure 9-18: PWM Output Operation Timings (CRn = FFH, active high setting)

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

| |
TMn Count Value 00 X o1 X o2 )QZX FF X 00 X o1 X 02 )QD( FF X 00 X 01 00
| | | |
| | |

|
|
CRn FF )/ FF /) FF
| N | | ’ L
NS ; ; ¢ ; ; |
TCEn } } } } !
:' | | | | o
|
INTTMn ! | | ! | | ! b
‘ ) ‘ )) ‘ ! !
| « | | ¢ I
| | | | ["] | ! !
OVFn } b)) } ) } i i
! 1SS i ¢ i [ T
| | ) | } }
| C
TOn ! .
[€8
Inactive Level
Inactive Level Active Level Inactive Level

Active Level

Remark: n =50, 51

Figure 9-19: PWM Output Operation Timings (CRn changing, active high setting)

CRn Changing
(N—M)

| | |
TMn | | | | | | | |
Count :X FF X 00 X o1 f 02 )sz N XN+1XN+2X2ZX FF Y 0o X o1 X 02 XjZX M XM+1XM+2@@
alue f f f f f f f
| | | | | | | |
|
CRNO N /) N i X M /| M
: : \C : : : : : : !
| | | | | | | | |
: — — —
TCEn | | | | | | | |
o | - T
|
INTTMn } } )) I_l } )) } } )) I_l }
i i 1€ i U | i U i
I
| | | |
OVFn ] | | ] | |
! ) ! b)) | ) |
| « | « | « |
| )) | | ) |
TOn | € | | 148
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T T “ T 1
Active Level Inactive Level Active Level Inactive Level

Remark: n =50, 51

Caution: If CRnis changed during TMn operation, the value changed is not reflected until TMn
overflows.
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9.5 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 9-20: 8-bit Timer Registers 50 and 51 Start Timings

Count Pulse _/_\_/_\_/_\_/_\_/_\_

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 9-21: External Event Counter Operation Timings

s /N /N S

CRn 00H

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

TOn /—\—/—\—
Interrupt Request Flag I_l I_l I_l 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 9-22: Timings after Compare Register Change during Timer Count Operation

- N % ) v

TMn Count Value X-1 X X X /D( FFFFH X 0000H X 0001H X 0002H

Remark: n =50, 51
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10.1 Watch Timer Functions

Chapter 10 Watch Timer

The watch timer has the following functions:

* Watch timer
* Interval timer

The watch timer and the interval timer can be used simultaneously.

The figure 10-1 shows Watch Timer Block Diagram.

Figure 10-1: Block Diagram of Watch Timer

Clear

S
Clear i
3]
fx/2° 5 [ 9-bit prescaler 2 5-bit counter
3 | fw
3 fw | fw | fw | fw| fw| Lt
fr— » 24| 28| 28| 27| 28| 2°
S
(8]
Q
(5]
n
|WTM7|WTM6|WTM5|WTM4|WTM3| 0 |WTM1|WTMO|
Watch timer mode
control register (WTM)
2 Internal bus 2

INTWT

INTWTI

191



pPD780948, pnPD78F0948, uPD780949, uPD78F0949 NEC

(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.

Table 10-1: Interval Timer Interval Time

Interval Time When operated at When operated at When operated at
fx = 8.00 MHz fx = 5.00 MHz fxT = 32.768 kHz

24fw 512 us 819 us 488 us

25/fw 1ms 1.6 ms 977 us

26/fw 2ms 3.2ms 1.95 ms
27/fw 4 ms 6.55 ms 3.91 ms
28/fw 8.19 ms 13.1 ms 7.81 ms
29/fw 16.38 ms 26.2 ms 15.6 ms

Remark: fx:

Main system clock oscillation frequency

fxt: Subsystem clock oscillation frequency

10.2 Watch Timer Configuration

The watch timer consists of the following hardware.

192

Table 10-2: Watch Timer Configuration

Item Configuration
Counter 5bitsx 1
Prescaler 9 bitsx 1

Control register| Watch timer mode control register (WTM)
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10.3 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 OOH.

Symbol 7

6

5

4 3

1 0

WTM | WTM7 | WTM6 | WTM5 | WTM4 | WTM3 |

| WTM1 | WTMO |

Figure 10-2: Watch Timer Mode Control Register (WTM) Format

Address
FF41H

AfterReset
00H

R/W
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 = 8.08 MHz Operation | fx = 5.00 MHz Operation | fx = 32.768 kHz Operation
0 0 0 2'ffw (512 ps) 2'ffw (819 ps) 2'ffw (488 ps)
0 0 1 2°/fw (1 ms) 2°/fw (1.6 ms) 2°lfw (977 ps)
0 1 0 2°/fw (2 ms) 2°%fw (3.2 ms) 2°/fw (1.95 ms)
0 1 1 2w (4 ms) 2'/fw (6.55 ms) 2w (3.91 ms)
1 0 0 2°/fw (8.19 ms) 2°/fw (13.1 ms) 2°/fw (7.81 ms)
1 0 1 2°/fw (16.38 ms) 2°/fw (26.2 ms) 2°/fw (15.6 ms)
Other than above Setting prohibited

WTM3

Watch Operating Mode Selections

Normal operating mode (interrupt generation at 2*“/fw)

Fast feed operating mode (interrupt generation at 2°/fw)

5-Bit Counter Operation Control

Clear after operation stop

Operation enable

Prescaler Operation Control

Clear after operation stop

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:
2. fx:

1. fw: Watch timer clock frequency (fx/28 or fxt)

Main system clock oscillation frequency
3. fxt: Subsystem clock oscillation frequency
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10.4  Watch Timer Operations

10.4.1 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 is set to 1, the 5-bit counter
is cleared and the count operation stops.

For simultaneous operation of the interval timer, zero-second start can be achieved by setting WTM1
to 0.

10.4.2 Interval timer operation

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

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

Table 10-3: Interval Timer Operation

WTM6 | WTM5 | WTM4 | Interval Time |fx =8.08 MHz Operation |fx =5.00 MHz Operation | fx = 32.768 MHz Operation
0 0 0 2* x 1w 512 ps 819 ps 488 s
0 0 1 2°x 1w 1ms 1.6 ms 977 us
0 1 0 2°x 1/fw 2ms 3.2ms 1.95 ms
0 1 1 2" x 1fw 4ms 6.55 ms 3.91ms
1 0 0 2°x 1w 8.19 ms 13.1ms 7.81ms
1 0 1 2°x 1w 16.38 ms 26.2ms 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 10-3: Operation Timing of Watch Timer/Interval Timer

5-bit counter

Overflow Overﬂow

Count clock fw SRR I I o I U Iy B
|
Watch timer | '—l '_l

interrupt INTWT

Interval timer
interrupt INTWTI

M. M o R

| |
| k |
Interval timer | | T | |

M

Remark: fw:  Watch timer clock frequency
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Chapter 11 Watchdog Timer

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

« Watchdog timer
* Interval timer

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

(1) Watchdog timer mode
An inadvertent program loop is detected. Upon detection of the inadvertent program loop, a non-
maskable interrupt request or RESET can be generated.

Table 11-1: Watchdog Timer Inadvertent Program Overrun Detection Times

Runaway Detection Time
2% x 1/fx 2" x 1/fx (512 ps)
2% x 1/fx 27 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/x (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 11-2: Interval Times

Interval Time
2 x 1/fx 2'2 x 1/fx (512 ps)
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)
27 x 1/fx 27 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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11.2 Watchdog Timer Configuration

The watchdog timer consists of the following hardware.

fx /2"

198

Table 11-3: Watchdog Timer Configuration

Item

Configuration

Control register

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

Figure 11-1: Watchdog Timer Block Diagram

S Internal Bus S
Prescaler
TMMK4
L I ' B YO I Y B fXL RUN INTWDT
4 5 6 7 8 9 11
21272 2|2 i | TMIF4 Maskable Interrupt
= Request
o
o |_ .| 8Bit Control
§ Counter Circuit RESET
INTWDT
L Non-Maskable
Interrupt Request
3
WDCS2/WDCS1{WDCS0 WDTM4| WDTM3
Watchdog Timer Clock Watchdog Timer
Selection Register Mode Register
) Internal Bus S
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11.3 Watchdog Timer Control Registers
The following two types of registers are used to control the watchdog timer.

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

(1) Watchdog timer clock select register (WDCS)
This register sets the watchdog timer count clock.
WDCS is set with 8-bit memory manipulation instruction.
RESET input sets WDCS to 00H.

Figure 11-2: Watchdog Timer Clock Select Register Format

Symbol 7 6 5 4 3 2 1 0 Address  AfterReset R/W
WDCS| 0 | 0 | 0 | 0 | 0 |WDCSZ|WDCSl|WDCSO| FF42H 00H R/W

WDCS2 | WDCS1 | WDCSO0 Overflow time of watchdog 1 interval timer
0 0 0 /2 (512 ps)

/2% (1 ms)

x/2" (2 ms)

x/2*° (4 ms)

x/2%° (8.19 ms)

x/2" (16.38 ms)

/2 (32.76 ms)

/2% (131 ms)

= =RE=]
R |lkr|lo|lOo|r |k |O
R |lo|r|O|kr|O|F

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 O0H.

Figure 11-3: Watchdog Timer Mode Register Format

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

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)

Note 2

RUN Watchdog Timer Operation Mode Selection
0 Count stop
1 Counter is cleared and counting starts
Notes: 1. Once setto 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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11.4 Watchdog Timer Operations

11.4.1 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 withinthe setoverrun detection time interval. The watchdog timer can be cleared and counting is started
by setting RUN to 1. If RUN is not setto 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. Whenthe subsystem clock is selected for CPU clock, watchdog timer count operation
is stopped.

Table 11-4: Watchdog Timer Overrun Detection Time

WDCS2 | WDCS1 | WDCSO0 Runaway Detection Time
0 0 0 /2" (512 ps)
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 x/2" (16.38 ms)
1 1 0 /2 (32.76 ms)
1 1 1 /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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11.4.2 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 0O,
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 intervaltimer continues operating inthe HALT mode butit stopsin STOP mode. Thus, sethit 7 (RUN)
of WDTM o 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. Whenthe subsystem clock is selected for CPU clock, watchdog timer count operation

is stopped.
Table 11-5: Interval Timer Interval Time
WDCS2 | WDCS1 | WDCSO0 Interval Time
0 0 0 /2 (512 ps)
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 x/2" (16.38 ms)
1 1 0 /2 (32.76 ms)
1 1 1 /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 12 Clock Output Control Circuit

12.1 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/P33/SGOA 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 (CCSO
to CCS2) of CKS.

(2) Set the P33 output latch to 0.

(3) Set bit 3 (PM33) of port mode register 3 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 P33 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 12-1: Remote Controlled Output Application Example

CLOE ‘

PCL/P33/SGOA Pin Output
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12.2 Clock Output Control Circuit Configuration
The clock output control circuit consists of the following hardware.

Table 12-1: Clock Output Control Circuit Configuration

Iltem Configuration

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

Control register

Figure 12-2: Clock Output Control Circuit Block Diagram

fx —————
fxl2 —————

fx[2? ——————=

fxj2? —| £
[} L.
fx/2t — | © Synchronizing |
P Circuit iD |/< © PCL/P33/SGOA
X
fx/28 —™
fx/2"
[
4
e —
CLOE | CCS2|CCS1|CcCso P33 PM
Output Latch 33
@Clock Output Selection Register Port Mode Register 3
y
S Internal Bus S
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12.3 Clock Output Function Control Registers
The following two types of registers are used to control the clock output function.

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

(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: When enabling PCL output, set CCS50to CCS52, thenset 1 in CLOE with a 1-bitmemory
manipulation instruction.

Figure 12-3: Clock Output Selection Register Format

Symbol @ 6 5 4 3 2 1 0 Address  AfterReset R/W
cks | o | o | o |coe| o |ccsz2|cesi|occso| FRaoH oo Rw
CCS2 | CCs1 | CcCso PCL Output Clock Selection
0 0 0 X (8 MHz)
0 0 1 /2" (4 MHz)
0 1 0 X/2? (2 MHz)
0 1 1 x/2° (1 MHz)
1 0 0 x/2* (500 kHz)
1 0 1 x/2° (250 kHz)
1 1 0 X/2° (125 kHz)
1 1 1 /2" (62.5 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. Figures in parentheses apply to operation with fx = 8.0 MHz.
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(2) Port mode register 3 (PM3)
This register set port 3 input/output in 1-bit units.

When using the P33/PCL/SGOA pin for clock output function, set PM33 and output latch of P33 to 0.
PM3 is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 12-4: Port Mode Register 3 Format

Symbol 7 6 5 4 3 2 1 0 Address  AfterReset R/W
M3 | o | o | o [ Pvsa| pvss | pms2 | Pm31 | Pm3o | FrosH FFH  RW

PM3n | P3n pin input/output mode selection (n = 0 to 4)
0 Output mode (output buffer ON)
1 Input mode (output buffer OFF)
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Chapter 13 A/D Converter

13.1 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 8 analog input channels (ANIO to ANI7).
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 ANI7, 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 a voltage drop in the battery of an automobile. The result of A/D conversion
(value ofthe 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 13-1: A/D Converter Block Diagram

________

1 1

1 1

ANIO/P10 © Sample & hold circuit E E

ANI1/P11 ©—= T | L

! ! Voltage comparator ' &
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ANI3/P13 ©— g 1 1 | 2.

Q 1 1 1 1

ANI4P14 O— & | ; i e

L _______ ! 1 I

ANI5/P15 O— Successive -

approximation o

ANIE/P16 ©O— register (SAR) Lot
ANI7/P17 ©—

Control INTAD
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IADS12|ADS11JADS10 ADCS] FR12 | FR11| FR10
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Figure 13-2: Power-Fail Detection Function Block Diagram
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13.2 A/D Converter Configuration

Caution:
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A/D converter consists of the following hardware.

Table 13-1: A/D Converter Configuration

Item 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).
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.

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

INTAD

Each time when the A/D conversion ends, the
conversion result is loaded from the successive approximation register.

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 ADSL1. If atiming other than the above is used, the correct conversion result may
not be read.
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(3) 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.

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

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

(6) ANIO to ANI7 pins
These are eight analog input pins to input analog signals to the A/D converter. ANIO to ANI7 are
alternate-function pins that can also be used for digital input.

Caution: Use ANIO to ANI4 input voltages within the specification range. If a voltage higher
than AV pp or lower than AV ssis 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.

(7) AVop pin (Shared with AV Rer pin)
This pin inputs the A/D converter reference voltage and is used as the AD-converter power supply
pin. The supply power has to be connected when the A/D converter is used.
It converts signals input to ANIO to ANI7 into digital signals according to the voltage applied between
AVbp and AVss.
The current flowing in the series resistor string can be reduced by setting the voltage to be input
to the AVop pin to AVss level in the standby mode.

(8) 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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13.3 A/D Converter Control Registers
The following 4 types of registers are used to control A/D converter.

« 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) 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 an 8-bit memory manipulation instruction.
RESET input clears ADM1 to O0OH.

Figure 13-3: A/D Converter Mode Register (ADM1) Format

Symbol 6 5 4 3 2 1 0 Address After Reset R/W
aomi [Apcsi| o | Priz | PR | PRIO|] o | o | o | FrosH 00H  RW
ADCS1 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 721X
1 0 1 60/fx
1 1 0 48/fx
Other than above Setting prohibited
Note: Set so that the A/D conversion time is 18 us or more.

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

Remark: fx: Main system clock oscillation frequency

212



NEC UPD780948, UPD78F0948, uPD780949, uPD78F0949

(2) Analog input channel specification register (ADS1)
This register specifies the analog voltage input port for A/D conversion.
ADSL1 is set with an 8-bit memory manipulation instruction.
RESET input clears ADS1 to 00H.

Figure 13-4: 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 |Apsiz]apsii]|apsio| FrogH 00H  RW
ADS12 | ADS11 | ADS10 Analog Input Channel Specification

0 0 o |Anio

0 0 1 [ANi

0 1 S

0 1 1 |ANi

1 0 0o |ANi

1 0 1 |ANI5

1 1 o |anie

1 1 1 |ANy

Caution: Bits 3 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.
RESET input clears PFM to OOH.

Figure 13-5: Power-Fail Compare Mode Register (PFM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
pMm [ PrEN [PreM | o | o | o | o | o | o | FreaH oo  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
ADCR1 < PFT Does not generate interrupt request signal INTAD
1 ADCR1 = PFT Does not generate interrupt request signal INTAD
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 athreshold 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 O0H.

Figure 13-6: Power-fail compare threshold value register (PFT)

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
peT | PET7 | Prte | PrTs | PrT4 | PET3 | PET2 | PFT1 | PFTO | FFoBH 00H  RW
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13.4  A/D Converter Operations

13.4.1 Basic operations of A/D converter
<1> Selectone channel for A/D conversion with the analog input channel specification register (ADS1).
<2> The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

<3> 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.

<4> Set bit 7 of the successive approximation register (SAR) so that the tap selector sets the series
resistor string voltage tap to (1/2) AVoo.

<5> The voltage difference between the series resistor string voltage tap and analog input is compared
with the voltage comparator. Ifthe analoginputis greater than (1/2) AVoo, the MSB of SAR remains
set. If the analog input is smaller than (1/2) AVopb, the MSB is reset.

<6> 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) AVbD
*Bit 7 = 0: (1/4) AVopp
The voltage tap and analog input voltage are compared and bit 6 of SAR is manipulated as follows.
» Analog input voltage > Voltage tap: Bit6 =1
 Analog input voltage < Voltage tap: Bit6 =0

<7> Comparison is continued in this way up to bit O of SAR.
<8> 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 13-7: Basic Operation of 8-Bit A/D Converter

Conversion time
Sampling time

A/D converter
operation

COH .
SAR Undefined 80H or Conversion
40H result

Conversion
result

INTAD _|

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 00H.

Sampling A/D conversion

ADCR1
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13.4.2 Input voltage and conversion results

The relation between the analog input voltage input to the analog input pins (ANIO to ANI7) and the
A/D conversion result (stored in the A/D conversion resultregister (ADCR1)) is shown by the following

expression.

X 256 + 0.5)

ADCR1 = INT ( VIN

AVDD

or

(ADCR1 — 0.5) x AVop - Vin < (ADCRL1 + 0.5) X AVpp

256

256

Function which returns integer part of value in parentheses

Analog input voltage
AVbD pin voltage

where, INT()

VIN

AVDD

A/D conversion result register (ADCR1) value

ADCRL1 :

Figure 13-8 shows the relation between the analog input voltage and the A/D conversion result.

Figure 13-8: Relation between Analog Input Voltage and A/D Conversion Result

(ADCR1)

A/D conversion result

Input voltage/AVoo
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13.4.3 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 ANI7 with the analog input channel specification register (ADS1) and A/D conversion is
performed.

(1)
(@)

(1)

(@)

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

Normal 8-bit A/D converter (PFEN = 0)
Power-fail detection function (PFEN = 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
operationis started and ended, the next conversion operation isimmediately 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.

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 setto 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),
and 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
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Figure 13-9: A/D Conversion

ADM1 rewrite

ADCS1=1 ADS1 rewrite ADCS1=0
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—
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Remarks:
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13.5 A/D Converter Precautions

220

(1) Current consumption in standby mode

@

©)

A/D converter stops operating in the standby mode. Atthis time, currentconsumption can be reduced
by setting bit 7 (ADCS1) of the A/D converter mode register (ADM1) to 0 to stop conversion.
Figure 13-10 shows how to reduce the current consumption in the standby mode.

Figure 13-10: Example Method of Reducing Current Consumption in Standby Mode

J\ AVbp
AVop AD-converter power supply

P-ch | o<} ADCS1

Series resistor string

AVss ©

Input range of ANIO to ANI7

The input voltages of ANIO to ANI7 should be within the specification range. In particular, if a voltage
higher than AVob 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.

Contending operations

<1> Contention between A/D conversion result register (ADCR1) write and ADCRL1 read by
instruction upon the end of conversion
ADCRL1 read is given priority. After the read operation, the new conversion result is written
to ADCR1.

<2> Contention between ADCR1 write and A/D converter mode register (ADM1) write or analog
input channel specification register (ADS1) write upon the end of conversion
ADML1 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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(4) Noise countermeasures
To maintain 8-bit resolution, attention must be paid to noise input to pin AVob and pins ANIO to ANI7.
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 Figure 13-11 to reduce noise.

Figure 13-11: Analog Input Pin Handling

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

Reference
voltage O : AVRer
input /
j_ ANIO to ANI7
C =100 to 1000 pF T
AVss

J; Vss
(5) ANIO to ANI7

The analog input pins (ANIO to ANI7) also function as input port pins (P10 to P17).

When A/D conversion is performed with any of pins ANIO to ANI7 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.

(6) AVREeF pin input impedance
A series resistor string of approximately 21 kQ is connected between the AVop pin and the AVss pin.
Therefore, ifthe outputimpedance of the reference voltage is high, this will result in 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)
Theinterrupt 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 13-12: A/D Conversion End Interrupt Request Generation Timing

ADSL1 rewrite ADSL1 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

ADCR1 ANIn ANIn >< ANIm ANIm
INTAD
Remarks: 1. n=0,1, .., 7
2m=0,1,..,7

(8) Read of A/D conversion result register (ADCR1)
When awrite 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, ADSL1. If a timing other than the above is used, the
correct conversion result may not be read.
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13.6 Cautions on Emulation

To perform debugging with anin-circuitemulator (IE-78001-R-A), the D/A converter mode register (DAMO)
must be set. DAMO is a register used to set the I/O board (IE-780948-SL-EM1).

13.6.1 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 IE-780948-SL-EM1 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 13-13: 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 |opace| FrecH  ooH @ 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 uPD780948
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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Chapter 14 Serial Interface Outline

14.1 Serial Interface Outline

The uPD780948 subseries incorporates three channels of serial interfaces.

Table 14-1: Differences between the Serial Interface Channels

Serial Transfer Mode uPD780948 uWPD78F0948 UPD780949 UPD78F0949
S10 30 (3-wire serial 1/0) O O O O
SI10 31 (2-wire serial 1/0) (@] O O O
UARTO ) O O @)
Remark: O : Provided

— : Not provided
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Chapter 15 Serial Interface Channel 30

15.1 Serial Interface Channel 30 Functions
The SI030 has the following two modes.

« Operation stop mode
« 3-wire serial /O 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 I/0O mode (fixed as MSB first)

This is an 8-bit data transfer mode using three lines: a serial clock line (SCKO), serial output line (SO0),
and serial input line (SI0).

Since simultaneous transmit and receive operations are enabled in 3-wire serial I/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 I/0O mode is useful for connection to a peripheral I/0O device thatincludes a clock-synchronous
serial interface, like a display controller, etc. For details see 15.5.2 Three-Wire Serial /0O Mode .

Figure 15-1 shows a block diagram of the S1030.

Figure 15-1: Block Diagram of SIO30

2 Internal bus 8
J8¢C

| Direction control circuit |

8
| Serial 1/0 shift register
Slo/P20 O Iﬂ 30 (S1030)
Soo/P21 O I
SCKO/P22 O Iﬁ Serial clock Interruption request | _\\regio
| — counter signal generator
Serial clock Select -~ ;xgj
P, elector - fx
I control circuit T™MS0

[ [ |
CSIE30 | MODEO | scL30l | scCL300 |
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15.2 Serial Interface Channel 30 Configuration
The SIO30 includes the following hardware.

Table 15-1: Composition of SIO30

ltem Configuration
Registers Serial 1/0O shift register 30 (SI030)
Control registers Serial operation mode register 30 (CSIM30)

(1) Serial I/O shift register 30 (SIO30)

This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift
operations) synchronized with the serial clock.

SIO30 is set by an 8-bit memory manipulation instruction.

When “1” is set to bit 7 (CSIE30) of the serial operation mode register 30 (CSIM30), a serial operation
can be started by writing data to or reading data from SIO30.

When transmitting, data written to SIO30 is output via the serial output (SOO).

When receiving, data is read from the serial input (SI0) and written to SIO30.

The RESET signal resets the register value to OOH.

Caution: Do not access SIO30 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))

15.3 List of SFRs (Special Function Registers)

Table 15-2: List of SFRs (Special Function Registers)

Units available for bit manipulation
SFR name Symbol R/W Value when reset
1 bit 8 bits 16 bits
Serial operation mode register 30 CSIM30 RIW O O — OOH
Serial 1/O shift register 30 S1030 — O —
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15.4 Serial Interface Control Registers

The SIO3 uses the following type of register for control functions.

 Serial operation mode register 30 (CSIM30)

(1) Serial operation mode register 30 (CSIM30)

This register is used to enable or disable SI0O30’s serial clock, operation modes, and specific operations.
CSIM30 can be set via a 1-bit or 8-bit memory manipulation instruction.
The RESET input sets the value to O0H.

Figure 15-2: Format of Serial Operation Mode Register 30 (CSIM30)

Address: FFA8H When reset: O0H R/W

Symbol 6 5 4 3 1 0
CSIM30 | CSIE30 | 0 0 0 0 MODEO SCL301 SCL300
Enable/disable specification for SIO30
CSIE30
Shift register operation Serial counter Port Note 1
0 Operation stop Clear Port function
1 Operation enable Count operation enable Serial operation + port function
Transfer operation modes and flags
MODEO
Operation mode Transfer start trigger P21/S0O0
0 Transmit/receive mode Write to SIO30 SO0 output
1 Receive-only mode Nt 2 | Read from SI030 Port function
SCL301 SCL300 Clock selection (fx = 8.00 MHz)
0 0 External clock input
0 8-bit timer 0 (TM50) output
1 0 238
1 1 27

Notes:

be used for port functions.
2. When MODEO = 1 (Receive mode), pin P21 can be used for port function.

1. When CSIE30 = 0 (SIO30 operation stop status), the pins connected to S10 and SO0 can
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15.5 Serial Interface Operations
This section explains on two modes of SIO3.

15.5.1 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 30 (CSIM30).
CSIM30 can be set via 1-bit or 8-bit memory manipulation instructions.
The RESET input sets the value to O0H.

Figure 15-3: Format of Serial Operation Mode Register 30 (CSIM30)

Address: FFA8H When reset: 00H R/W

Symbol 6 5 4 3 2 1 0
CSIM30 | CSIE30 | 0 0 0 0 MODEO SCL301 SCL300
SI030 operation enable/disable specification
CSIE30
Shift register operation Serial counter Port Note
0 Operation stop Clear Port function
1 Operation enable Count operation enable Serial operation + port function
Note: When CSIE30 = 0 (SIO30 operation stop status), the pins connected to SI0 and SO0 can be

used for port functions.
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15.5.2 Three-wire serial /0O 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.
This mode executes the data transfer via three lines: a serial clock line (m), serial output line (SOO0),
and serial input line (SI0).

(1) Register settings

The 3-wire serial I/O mode is set via serial operation mode register 30 (CSIM30).

CSIM30 can be set via 1-bit or 8-bit memory manipulation instructions.

The RESET input set the value to OOH .

Figure 15-4: Format of Serial Operation Mode Register 30 (CSIM30)

Address: FFA8H When reset: 00H R/W

Symbol 6 5 4 3 1 0
CSIM30 | CSIE30 | 0 0 0 0 MODEO SCL301 SCL300
Enable/disable specification for SIO30
CSIE30
Shift register operation Serial counter Port Note 1
0 Operation stop Clear Port function
1 Operation enable Count operation enable Serial operation + port function
Transfer operation modes and flags
MODEO
Operation mode Transfer start trigger P21/SO0
0 Transmit/receive mode Write to SIO30 SO0 output
1 Receive-only mode No 2 | Read from SIO30 Port function
SCL301 SCL300 Clock selection (fx = 8.00 MHz)
0 0 External clock input
0 1 8-bit timer 0 (TM50) output
1 0 23
1 1 27
Note: 1. When CSIE30 = 0 (SI030 operation stop status), the pins connected to SI0 and SO0 can

be used for port functions.
2. When MODEO = 1 (Receive mode), pin P21 can be used for port function.
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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/O shift register 30 (S1030) is shifted synchronized with the falling edge of the serial clock.

The transmission data is held in the SOOQ latch and is output from the SOO pin. The data is received via
the SI30 pin synchronized with the rising edge of the serial clock is latched to SIO30.

The completion of an 8-bit transfer automatically stops operation of SIO30 and sets a serial transfer
completion flag.

Figure 15-5: Timing of Three-wire Serial I/0O Mode

Serial clock 1| [2f 3] |4 |5] [e] [7] |8
SI3 X Djl? X Di6 X D15 X D14 X DI3 X DI2 X D11 |j3|o
so3 :X D107 X po6 J DO5 f Do4 { DO3 ) DO2 ) DO1 ) D:OO
Serial transfer i ;
completion flag T Trangmpletion

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 30 (SI030).

The S1030 operation control bit (CSIE30) = 1
After an 8-bit serial transfer, the internal serial clock is either stopped or is set to high level.
» Transmit/receive mode
When CSIE30 = 1 and MODEO = 0, transfer starts when writing to SIO30.
* Receive-only mode
When CSIE30 = 1 and MODEO = 1, transfer starts when reading from S1030.

Caution: After the data has been written to SIO30, the transfer will not start even if the CSIE30
bit value is set to “1”.

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 16 Serial Interface Channel 31

16.1 Serial Interface Channel 31 Functions
The SIO3 has the following two modes.

« Operation stop mode
« 2-wire serial I/0O mode

(1) Operation stop mode
This mode is used if the serial transfers are not performed. For details, see 16.5.1 Operation Stop Mode .

(2) 2-wire serial I/0 mode (fixed as MSB first)

This is an 8-bit data transfer mode using two lines: a serial clock line (SCK1), and serial input/output
line (SIO1).

Since simultaneous transmit and receive operations are enabled in the 2-wire serial I/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.

2-wire serial 1/0 mode is useful for connection to a peripheral 1/0O device that includes a clock-
synchronous serial interface, like a display controller, etc.

Figure 16-1 shows a block diagram of the SIO30 macro.

Figure 16-1: Block Diagram of SIO3 Macro

2 Internal bus

| Direction control circuit |

Serial 1/0O shift register

I
SI1/SO1/P23 O Iﬂ 31 (SI031)
| }

| Serial clock Interruption request
Sckup24 O |ﬂ — counter signal generator INTCSI1
Serial clock -~ fx/2°
Selector -~ fx/27

| control circuit M50

]

| csiea1 | MopEL | scisii | scisio |
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16.2 Serial Interface Channel 31 Configuration
The SI031 includes the following hardware.

Table 16-1: Composition of SIO30

ltem Configuration
Registers Serial 1/0 shift register 30 (SI030)
Control registers Serial operation mode register 30 (CSIM30)

(1) Serial I/O shift register 31 (SI031)

This is an 8-bit register that performs parallel-serial conversion and serial transmit/receive (shift

operations) synchronized with the serial clock.
SI031 is set by an 8-bit memory manipulation instruction.

When “1” is set to bit 7 (CSIE31) of the serial operation mode register 30 (CSIM31), a serial operation

can be started by writing data to or reading data from SIO31.

When transmitting the data is written to SIO31 and is output via the serial output (SO31).

When receiving, data is read from the serial input (S130) and written to SIO31.
The RESET signal resets the register value to OOH.

Caution: Do not access SIO31 during a transmit operation unless the access is triggered by

a transfer start.

16.3 List of SFRs (Special Function Registers)

Table 16-2: List of SFRs (Special Function Registers)

Units available for bit manipulation
SFR name Symbol R/W Value when reset
1 bit 8 bits 16 bits
Serial operation mode register 31 CSIM31 RIW O O — OOH
Serial /O shift register 31 SI031 — O —
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16.4 Serial Interface Control Registers
The SI1031 uses the following type of register for control functions.
 Serial operation mode register 31 (CSIM31)
(1) Serial operation mode register 31 (CSIM31)
This register is used to enable or disable SI031’s serial clock, operation modes, and specific operations.

CSIM31 can be set via a 1-bit or 8-bit memory manipulation instruction.
The RESET input sets the value to 00H.

Figure 16-2: Format of Serial Operation Mode Register 31 (CSIM31)

When
Symbol 6 5 4 3 2 1 0 Address oot RW
CSIM31’ CSIE31 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ MODE1 ‘ scL311 ‘ SCL310 ‘ FFAAH  00H R/W

Enable/disable specification for SIO31

CSIE31 - - ; X Note
Shift register operation | Serial counter Port
0 Operation stop Clear Port function
1 Operation enable Count operation enable | Serial function
MODEL Transfer operation modes and flags
Operation mode Transfer start trigger P23/SO1/SI1
0 Transmit/receive mode | Write to SIO31 SO1/si1
1 Receive-only mode Read from SI031 Si1
SCL311 | SCL310 | Clock selection (fx = 8.00 MHz)
0 0 External clock input
0 1 8-bit timer 0 (TM50) output
1 0 2°
1 1 27
Note: When CSIE31 = 0 (SIO31 operation stop status), the pins connected to SI11/SO1 and SCK1

can be used for port functions.
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16.5 Serial Interface Channel 31 Operations
This section explains on two modes of SIO31.

16.5.1 Operation Stop Mode
This mode is used if the serial transfers is performed to reduce power consumption.
When in operation stop mode, the pins can be used as normal 1/O ports as well.

(1) Register settings
Operation stop mode are set via serial operation mode register 31 (CSIM31).
CSIM31 can be set via 1-bit or 8-bit memory manipulation instructions.
The RESET input sets the value to O0H.

Figure 16-3: Format of Serial Operation Mode Register 31 (CSIM31)

When

Symbol 6 5 4 3 2 1 0  Address oot RW
CSIM31’ CSIE31 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ MODE1 ‘ SCL311 ‘ SCL310 ‘ FFAAH 00H RW
Enable/disable specification for SIO30
CSIE30 - - : A Note
Shift register operation | Serial counter Port
0 Operation stop Clear Port function
. . Serial function
1 Operation enable Count operation enable | 1 port function
Note: When CSIE31 = 0 (SI031 operation stop status), the pin connected to S11/SO1 can be used

for port function.
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16.5.2 Two-wire serial /O mode

The two-wire serial /0O mode is useful when connecting a peripheral 1/0 device that includes a clock-
synchronous serial interface, like display controller, etc. _

This mode executes data transfers via two lines: a serial clock line (SCK1) and serial input/output line
(SI1/s01).

(1) Register settings
2-wire serial I/0 mode is set via serial operation mode register 31 (CSIM31).
CSIM31 can be set via 1-bit or 8-bit memory manipulation instructions.
The RESET input set the value to O0H .

Figure 16-4: Format of Serial Operation Mode Register 31 (CSIM31)

When
Symbol 6 5 4 3 2 1 0 Address oot RW
CSIM31’ CSIE31 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ MODE1 ‘ scL311 ‘ SCL310 ‘ FFAAH  00H R/W

Enable/disable specification for SIO31

CSIE31 - - ; X Note
Shift register operation | Serial counter Port
0 Operation stop Clear Port function
1 Operation enable Count operation enable | Serial function
MODEL Transfer operation modes and flags
Operation mode Transfer start trigger P23/S0O1/sSlI1
0 Transmit/receive mode | Write to SIO31 SO1/si1
1 Receive-only mode Read from SI031 Si1
SCL311 | SCL310 | Clock selection (fx = 8.00 MHz)
0 0 External clock input
0 1 8-bit timer 0 (TM50) output
1 0 2°
1 1 27
Note: When CSIE31 = 0 (SI031 operation stop status), the pin connected to SI11/SO1 can be used

for port function.
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(2) Communication Operations

In the two-wire serial I/O mode, the 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/O shift register 31 (S1031) is shifted synchronized with the falling edge of the serial clock.

Transmission data is held in the SO31 latch and is output from the SO31 pin. The data that is received
via the SI31 pin synchronized with the rising edge of the serial clock is latched to SIO31.

The completion of an 8-bit transfer automatically stops operation of SIO31 and sets a serial transfer
completion flag.

Figure 16-5: Timing of Three-wire Serial I/O Mode

Serial clock 1 2 3 4 5 6 7 8
| | |
b |
! | |
SI1/S01 X D7 D6 Y D5 X D4 X D3 X D2 f D1 \ Do

| |

Serial transfer ! '—

completion flag : )
T Transfer completion

Transfer starts in synchronized with the serial clock’s falling edge

(3) Operation start
A serial operation starts when the following two conditions have been satisfied and transfer data has
been set to serial I/O shift register 31 (SIO31).

The SI031 operation control bit (CSIE31) = 1
After an 8-bit serial transfer, the internal serial clock is either stopped or is set to high level.
» Transmit/receive mode
When CSIE31 = 1 and MODE1 = 0, transfer starts when writing to SI031.
* Receive-only mode
When CSIE31 = 1 and MODEL1 = 0, transfer starts when reading from SI031.

Caution: After data has been written to SIO31, transfer will not start even if the CSIE31 bit value
is set to “1".

Completion of an 8-bit transfer automatically stops the serial transfer operation and sets a serial transfer
completion flag.
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(4) 2-wire serial communication

The SCK1 and SI1/SO0 pins can be used with N-ch open drain output buffer. Therefore, the external
pull-up resistors have to be used as in figure 16-6. In order to set these pins to N-ch open drain type, write
1 to PF24 and PF23 registers.

When this product is used as a master, PM23, PM24, the output latch P23 and P24 should be 0. When
used as a slave, PM23 and PM24 should be 1. A static output by software is always possible by
manipulating the output latches.

If it is necessary to turn off the N-ch transistor for data reception, FFH must be written to SIO1 register
in advance.

Figure 16-6: 2-Wire Mode Connection

R
SCK1 ‘ SCK1
Master Slave
S11/S01 SI1/S01
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Chapter 17 Serial Interface UART

17.1 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 17.5.1 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 17.5.2 Asynchronous Serial Interface (UART) Mode

Figure 17-1 shows a block diagram of the UART macro.

Figure 17-1: Block Diagram of UART

S Internal bus S

ib ASIMO
RXBO R§S§e¥e TXEO | RXEO | PSO1 | PS00 | CLO | SLO |ISRMO
RXSF? , ASISO T\/ -
eceive ransmi
RXD/P25 shit | [PEO|FEO |OVED XSO} shite
register register
TxD/P26Q—£
Receive \ Transmit
trol trol
—| Tty | NS oy [ NTsT
check [ INTSR addition

Baud rate o £/2 - /28
generator
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17.2 Serial Interface UART Configuration
The UART includes the following hardware.

Table 17-1: Configuration of UART

Item Configuration

Registers Transmit shift register 1 (TXSO0)
Receive shift register 1 (RXSO0)
Receive buffer register (RXBO0)

Control registers Asynchronous serial interface mode register (ASIMO)
Asynchronous serial interface status register (ASIS0)
Baud rate generator control register (BRGCO)

(1) Transmit shift register 1 (TXSO0)
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 O to 6 of the data written to TXSO are transmitted as serial
data. Writing data to TXSO0 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 TXSO during a transmit operation.
The same address is assigned to TXS0 and the receive buffer register (RXB0). Aread
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 (RXBO)

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 RXB0O. 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 TXSO0.

(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 asynchronous
serial interface mode register (ASIM0). During a receive operation, it performs error checking, such as
parity errors, and sets various values to the asynchronous serial interface status register (AS1S0) according
to the type of error that is detected.
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17.3 List of SFRS (Special Function Registers)

Table 17-2: List of SFRs (Special Function Registers)

Units available for bit manipulation
SFR name Symbol R/W Value when reset
1 bit 8 bits 16 bits
Transmit shift register TXSO0 w — O — FFH
Receive buffer register RXBO R
Asynchronous serial interface mode register | ASIMO RIW O O — O0H
Asynchronous serial interface status register | ASISO w — O —
Baud rate generator control register BRGCO R/W — O —

17.4 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 (ASIS0)
« 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 17-2 shows the format of ASIMO.
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Figure 17-2: Format of Asynchronous Serial Interface Mode Register (ASIMO)

Symbol
ASIMO

Address: FFAOH When reset: 00H R/W
7 6 5 4 3 2 1 0
TXEO RXEOQ PSO01 PS00 CLO SLO ISRMO 0
TXEO RXEOQ Operation mode RxDO/P25 pin function | TxDO/P26 pin 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:

Do not switch the operation mode until after the current serial transmit/receive
operation has stopped.
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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.
ASISO0 can be read using an 8-bit memory manipulation instruction.

When RESET is input, its value is O0H.

Figure 17-3: Format of Asynchronous Serial Interface Status Register (ASIS0)

Address: FFA1H When reset: O0H 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
(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), 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 (BRGC)

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 O0H.

Figure 17-4 shows the format of BRGC.
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Figure 17-4: Format of 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 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/28 3

0 1 1 fx/24 4

1 0 0 fx/25 5

1 0 1 fx/26 6

1 0 fx/27 7

1 1 fx/28 8

MDLO03 MDLO02 MDLO1 MDLO0O Input clock selection for baud rate generator k

0 0 0 0 fsck/16 0

0 0 0 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

0 1 0 fsck/26 10

0 1 1 fsck/27 11

1 1 0 0 fsck/28 12

1 1 0 1 fsck/29 13

1 1 0 fsck/30 14

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 <8)
3. k: Value set via MDLOO to MDLO3 (0 < k < 14)
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17.5 Serial Interface Operations
This section explains the three modes of the UART.

17.5.1 Operation stop mode
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 (ASIM).
ASIMO can be set via 1-bit or 8-bit memory manipulation instructions.
When RESET is input, its value is O0H.

Figure 17-5: 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 RxDO/PXX pin function | TxDO/PXX pin 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.

17.5.2 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 (ASIMO0),

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 00H.

Figure 17-6: Asynchronous serial interface mode register (ASIMO)

Address: FFAOH When reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ASIMO TXEO RXEQ PS01 PS00 CLO SLO ISRMO 0
TXEO PEXO Operation mode RxDO/PXX pin function | TxDO/PXX pin 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.
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(b) Asynchronous serial interface status register (ASISO0)
ASISO0 can be read using an 8-bit memory manipulation instruction.
When RESET is input, its value is O0H.

Figure 17-7: Asynchronous serial interface status register (ASIS0)

Address: FFA1H When reset: O0H 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.
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(c) Baud rate generator control register (BRGCO)
BRGCO can be set by an 8-bit memory manipulation instruction.
When RESET is input, its value is O0H.

Figure 17-8: Baud rate generator control register (BRGCO)

Address: FFA2H When reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

BRGCO 0 TPS02 TPSO01 TPS00 MDLO3 MDLO02 MDLO1 MDLOO
(fx = 8.00 MHz)

TPS02 TPSO01 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/23 3

0 1 1 fx/24 4

1 0 0 fx/25 5

1 0 1 fx/26 6

1 0 fx/27 7

1 1 1 fx/28 8

MDLO03 MDLO02 MDLO1 MDLO0O Input clock selection for baud rate generator k

0 0 0 0 fsck/16 0

0 0 0 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

0 1 0 fsck/26 10

0 1 1 fsck/27 11

1 1 0 0 fsck/28 12

1 1 0 1 fsck/29 13

1 1 0 fsck/30 14

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 <8)
3. k: Value set via MDLOO to MDLO3 (0 < k < 14)

251



UPD780948, uPD78F0948, uPD780949, uPD78F0949 NEC

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.

[Baud rate] = — X [Hz]
2k + 16)

fx: Oscillation frequency of main system clock

n : Value set via TPS00 to TPS02 (1 < n <8)
For details, see Table 17-3.

k : Value set via MDLOO to MDL0O2 (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 17-3: 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 0 fx/27 7

1 1 1 fx/28 8

Remark:  fx: Oscillation frequency of main system clock.
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 Error tolerance range for baud rates
Thetolerance range for baud rates depends on the number of bits per frame and the counter’s division

rate [1/(16 + k)].

Table 17-4 describes the relation between the main system clock and the baud rate and Figure
17-9 shows an example of a baud rate error tolerance range.

Table 17-4: Relation between Main System Clock and Baud Rate

Baud rate fx = 8.386 MHz fx = 8.000 MHz fx = 7.3728 MHz fx = 5.000 MHz fx = 4.1943 MHz
(bps) BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%) | BRGCO | ERR (%)
600 - - - - - - - - 7BH 1.14
1200 7BH 1.10 7AH 0.16 78H 0 70H 1.73 6BH 1.14
2400 6BH 1.10 6AH 0.16 68H 0 60H 1.73 5BH 1.14
4800 5BH 1.10 5AH 0.16 58H 0 50H 1.73 4BH 1.14
9600 4BH 1.10 4AH 0.16 48H 0 40H 1.73 3BH 1.14
19200 3BH 1.10 3AH 0.16 38H 0 30H 1.73 2BH 1.14
31250 31H -1.3 30H 0 2DH 1.70 24H 0 21H -1.3
38400 2BH 1.10 2AH 0.16 28H 0 20H 1.73 1BH 1.14
76800 1BH 1.10 1AH 0.16 18H 0 10H 1.73 - -
115200 12H 1.10 11H 2.12 10H 0 - - - -
Remarks: 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 MDLO3 (0 < k < 14)
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Remark:
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Figure 17-9: Error Tolerance (when k = 0), including Sampling Errors

Ideal
sampling
point
32T 64T  256T 288T  §  320T 3527
304T 336T
Basic timing \ 4 \ 4
(clock cycle T) \ starT DO XjCX bz \ P SsToP
High-speed clock 15.5T
(clock cycle T') Xj
; \ START DO D7 P STOP
enabllng normal 4 A / X Z Sampling error
reception 30.45T 60.9T 304.5T —~|=-05T
Low-speed clock 15.5T
(clock cycle T") Xj
enabling normal \_START { Y A 4 ) D7 X P / STOP
reception 33.55T 67.1T 301.95T 335.5T
T: 5-bit counter’s source clock cycle

+15.5

Baud rate error tolerance (when k = 0) =

X 100 = 4.8438 (%)
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(2) Communication operations

(a) Data format

As shown in Figure 17-10, 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 17-10: Format of Transmit/Receive Data in Asynchronous Serial Interface

| 1 data frame }

Start DO D1 D2 D3 D4 D5 D6 D7 Parity Stop bit

bit bit
 Start bit ............. 1 bit

» Character bits ... 7 bits or 8 bits

* Parity bit ........... Even parity, odd parity, zero parity, or no parity
* 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.

(i) 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”

* 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.

(i) Odd parity

» During transmission
The number of bits in transmit data that includes a parity bitis 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”

* 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.

(iii)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".

(iv)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 datain TXSO0, thereby emptying TXSO0, after which a transmit
completion interrupt (INTST) is issued.

The timing of the transmit completion interrupt is shown in Figure 17-11.

Figure 17-11: Timing of Asynchronous Serial Interface Transmit Completion Interrupt

(i) Stop bit length: 1 bit

nom  \srast/ o0 { o1 ) o X?@( ov o7 Yruy oo

INTST |_|

(i) Stop bit length: 2 bits

TxD (output) \START/ DO X D1 X D2 X?gx D6 X D7 XParity / STbP l

INTST |_|

Caution: Do not write to the asynchronous serial interface mode register (ASIMO) 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

Thereceive operationis enabled when “1” is setto 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 RxD pin.

When the RxD 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
starttiming signal yields alow-level result, a start bitis recognized, after which the 5-bit counterisinitialized
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 RXBO
and INTSR occurs (see Figure 17-9).

If the RXEO bitis 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 17-12 shows the timing of the asynchronous serial interface receive completion interrupt.

Figure 17-12: Timing of Asynchronous Serial Interface Receive Completion Interrupt

RXD (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 datareceive 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), areceive errorinterrupt (INTSER) will occur. Receive errorinterrupts 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 17-5 and Figure 17-13).
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 17-5: Causes of Receive Errors

Receive error Cause ASISO value
Parity error Parity specified during transmission does not match parity of receive data 04H
Framing error | Stop bit was not detected 02H
Overrun error | Reception of the next data was completed before data was read from the 01H
receive buffer register
Figure 17-13: Receive Error Timing
STOP

RXDO (input) \START/ DO X D1 X D2 X?gx D6 X D7 ) Parity

INTSRO

INTSERO

INTSERO
(When parity error occurs)

|

Cautions: 1. The contents of ASISO are reset (to “0”) when the receive buffer register (RXBO) is
read or when the next datais received. To obtaininformation about the error, be sure

to read the contents of ASISO before reading RXBO.

2. 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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17.6 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 TxD 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 18 CAN Controller

Table 18-1: Outline of the Function

Feature Details
Protocol CAN2.0 with_a_lcti\_/e extended frame capability
(Bosch specification 2.0 part B)
Baudrate Max. 500Kb at 8 MHz clock supply
Bus line control CMOS in / out for external transceiver

Clock

Selected by register

Data storage

CPU RAM area with shared access
DCAN uses up to 288 byte of RAM
Unused bytes can be used by CPU for other tasks

Message organisation

Received messages will be stored in RAM area
depending on message identifier

Transmit messages have two dedicated buffers in RAM
area

Message number

Up to 16 received messages including 2 masks
Two transmit channels

Message sorting

Unique identifier on all 16 received messages
Up to 2 messages with mask
Global mask for all messages

DCAN protocol

SFR access for general control

Interrupt

Transmit interrupt for each channel
One receive interrupt with enable control for each message

Time functions

Support of time stamp and global time system

Diagnostic

Readable error counters
“Valid protocol activity flag” for verification of bus connection
“Receive only” mode for automatic baudrate detection

Power down modes

Sleep mode: Wake up from CAN bus
Stop mode: No wake-up from CAN bus
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18.1 Protocol

CAN is an abreviation of "Controller Area Network", and is a class C high speed multiplexed commu-
nication protocol for real time communication in vehicle. CAN is being standardized in ISO (International
Organization for Standardization) and SAE (Society of Automotive Engineers). For more detailed
information please refer to Bosch, CAN specification 2.0 from September 1991.

18.1.1 Protocol mode function
(1) Standard format mode
« This mode supports an 11-bit message identifier thus making it possible to differentiate between
2032 types of messages.

(2) Extension format mode
« In the standard format mode, the identifier has 11 bits. However, in the extension format mode,
the identifier is extended to 29 bits (11 + 18).
* When the IDE bits of the arbitration field is "recessive", it becomes the extension format mode.
* When the message of the extension format mode and the remote frame of the standard format
mode are simultaneously transmitted, the node transmitting the message with the standard mode
wins arbitration.

(3) Bus values

* The bus can have one of two complementary logical values: "dominant” or "recessive". During
simultaneous transmission of "dominant" and "recessive" bits, the resulting bus value will be
"dominant".

« For example, in case of a wired-AND implementation of the bus, the "dominant” levelwould be
represented by a logical "0" and the "recessive" level by a logical 1.

« Physical states (e.g. electrical voltage, light) that represent the logical levels are not given in this
specification.

18.1.2 Message format
The CAN protocol message supports different types of frames. The output conditions of each frame are
as follows:

e Data frame: Carries the data from a transmitter to the receiver.
« Remote frame: Transmission demand frame from the requesting node.
 Error frame: Frame output on error detection.

Overload frame: Frame output when a frame would be overwritten by the next one before the re-
ceiving mode could process it. The reception side does not finish its preparation.
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18.1.3 Data frame/remote frame

Figure 18-1: Data Frame

|~ Data frame -
(11 +1)
R 1 (29 + 3) 6 0..64 16 2 7 3

A I I E N N W 1
6 ® O ®

A *
Bus idle

Interframe space
End of frame
ACK field
CRC field

Data field

Control field

Arbitration field

Start of frame

Figure 18-2: Remote Frame

ri Remote frame 4>‘
R

I — |
© %

Mo
® ® ® @ ©® O

Bus idle
Interframe space
End of frame
ACK field

CRC field
Control field

Arbitration field

Start of frame

Note: This frame is transmitted when the reception node requests transmission. Data field is not
transmitted even if the data length code # '0' in the control field.
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Description of each field
1. Start of frame: The start of data frame and remote frame are indicated.

Figure 18-3: Data Frame

(Interframe space Start of frame (Arbitration field)
on bus idle)
R ] ——

D | 1 bit |

« The start of frame is denoted by the falling edge of the bus signal.
* Reception continues when 'Dominant level' is detected at the sample point.
* The bus becomes idle state when 'Recessive level' is detected at a sample point.

2. Arbitration field: Sets priority, data frame/remote frame and protocol mode.

Figure 18-4: Arbitration Field/Standard Format Mode

Arbitration field (Control field)
R T T

o] -

Identifier RTR! IDE | r0

ID28 ...1D18
(11 bits) (1 bit) (1 bit)

Figure 18-5: Arbitration Field/Expanded Format Mode

«—— Arbitration field (Control field)
R
D —I ! l [ 1 |

ri | r0

RTR

Identifier SRR' IDE Identifier
ID28 ...1D18 ID17 ...1DO
(11 bits) (1 bit) (1 bit) (18 hits) (1 bit)

* |ID28 - IDO is the identifier.
* The identifier is transmitted at MSB first.

Table 18-2: Bit Number of the Identifier

Protocol Mode Identifier Number
Standard format mode 11 bits
Expanded format mode 29 bits
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Table 18-3: RTR Setting

Frame Type RTR Bit
Data frame 0
Remote frame 1

Table 18-4: Mode Setting

Protocol Mode IDE Bit
Standard format mode 0
Expanded format mode 1

3. Control field: Data byte number N in the data field is set (N: O to 8).

Figure 18-6: Control Field

(Arbitration field)Ti (Control field) 4T(Data field)

T 1 T T T 7

'RTR! rl | r0 DLC3DLC2DLC1DLCO
I \(IDE)\ | I I | I

« |IDE bit and rl1 bit in the arbitration field are in the same at the standard format mode.

Table 18-5: Data Length Code Setting

Data Length Code Number of Data Bytes
DLC3 | DLC2 | DLC1 | DLCO
0 0 0 0 0
0 0 0 1 1
1 1 1 7
1 0 0 8
Note: In case of the remote frame, data field is not generated even if data length code #'0'.

4. Data field: Data group of the number is set in the control field. Up to 8 bits can be set.

Figure 18-7: Data Field

(Control field) Tﬁ (Data field) —T (CRC field)

R
—T
| Data | . Data |
' (8 bits) ' ' (8 bits) '

266



NEC UPD780948, UPD78F0948, uPD780949, uPD78F0949

5. CRC field: 15 bits CRC sequence to check the transmission error.

Figure 18-8: CRC Field

(Data field and control field) Tﬁ (CRC field) —T (ACK field)

R ! m

D | |

CRC sequence

CRC delimiter

(15 bits) (1 bif)

« 15 bits CRC generation polynomial is expressed by P(X) = X15 + X14 + X10 + X8 + X7 + X4 + X3 + 1.

« Transmission node: Transmits the CRC sequence calculated from all basic data bit that is not bit stuffed
from, the start of frame, arbitration field, control field and data field.

« Reception node: Compares CRC sequence calculated from the data bit except the reception data stuff
bit and the CRC sequence in CRC field. In case when these are disagreement, the node shifts to

the error frame.
6. ACK field: For check of normal reception.

Figure 18-9: ACK Field

(CRC field) (ACK field) T (End of frame)

R
p—| L l
ACK slott  ACK !

(1 bit)  delimiter
(1 bit)

* Receive node sets the ACK slot to dominant level if no error was detected.
« Transmission node outputs '‘Recessive level' of 2 bits, and checks the reception state of the reception

node.
7. End of frame: Indicates the end of the transmission/reception.
Figure 18-10: End of Frame
(ACK field) T« (End of frame) T (Interframe space of overload frame)
i | | |
D (7 bits)
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8. Interframe space: This frame is inserted between the data frame, remote frame, error frame, overload
frame and the next frame to indicate partitions between each frame.

(A) Error active: Consists of 3 bits intermission and bus idle.

Figure 18-11: Interframe Space/Error Active

(Each frame) T— (Interframe space) —T— (Each frame)

R L

D |
' Intermission Busidle
(3 bits) (0 to o hits)

B) Error passive: Consists intermission, suspend transmission and bus idle.

Figure 18-12: Interframe Space/Error Passive

(Each frame) Ti (Interframe space) —T— (Each frame)

R ; ;
D | | | -
' Intermission ! Suspend | Busidle
(3 bits) transmission (0 to oo bits)
(8 bits)

Table 18-6: Bit Length of the Intermission

Protocol Mode Bit Length
Standard format mode 3 bits

Table 18-7: Operation in the Error State

Error State Operation

State of each code can be transmitted at bus idle. The node

Error active required to transmit starts the transmission.

State of each code can be transmitted after 8 bits bus idle
Error passive has continued. When the other nodes begin the
transmission, it becomes the reception state.
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18.1.4 Error frame
« This frame is output from the node if an error is detected.
« When other nodes output ‘'Dominant level' to flag the passive error, the dominant level continues for
6 consecutive bits. The passive error flag consists of 6 consecutive Recessive bits unless a dominant
bit from other nodes overwrite it.

Figure 18-13: Error Frame

-« Error frame ﬂ

| | L
@ o o 06 @ »

Interframe space or overload frame

Error delimiter

Error flag
Error flag
Error bit
Table 18-8: Definition of each Field
No. Name Bit Number Definition
0] Error flag 6 Error active node: output 6 bits ‘dominant level’ continuously.
Error passive node: output 6 bits ‘recessive level’ continuously.
@ Error flag 0to6 Node received ‘error flag’ detects the bit stuff error and outputs ‘error
flag’ again.
® | Error delimiter 8 Output 8 bits ‘recessive level’ continuously.

In case of monitoring ‘dominant level’ at 8th bit, the overload frame is
transmitted after the next bit.

@ Error bit — Output continuously after the bit where error has occured (in case of
the CRC error, output continues after the Ack delimiter).
® Interframe space/ 3/14 ‘Interframe space’ or ‘overload frame’ continues.
overload frame 20 MAX
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18.1.5 Overload frame
« This frame is output from the first bit of the intermission when the reception node has not completed
the receiving operation.
« When the bit error is detected in the intermission, this frame is output following the next bit after the
bit error detection.

Figure 18-14: Overload Frame

-«——— Overload frame ﬂ

S)
®

(@)

Interframe space or overload frame

Overload delimiter

Overload flag (Node n)

Overload flag (Node m)

Each frame
Table 18-9: Definition of each Frame
No. Name Bit Number Definition
@® | Overload flag 6 Output 6 bits ‘dominant level’ continuously.
@ | Overload flag Oto6 Node n that receives ‘overload flag’ in ‘interframe space’ outputs
from node n ‘overload flag’.
® | Overload 8 Output 8 bits ‘recessive level’ continuously.
delimiter In case of monitoring ‘dominant level’ at 8th bit, the overload frame is
transmitted from the next bit.
@ Each frame — Output following the end of frame, error delimiter and overload
delimiter.
® Interframe space/ 3/14 ‘Interframe space’ or ‘overload frame’ continues.
overload frame 20 MAX
Note: Node n/node m means any mode
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18.2 Function
18.2.1 Bus priority decision

(1) When 1 node starts transmission
« During bus idle, the node having the output data can transmit.

(2) When more than 2 nodes start transmission
* The node with the lower identifier wins the arbitration.
e The transmission node compares its output arbitration field and the data level on the bus.
« It looses arbitration, when it outputs recessive level and sees dominant on bus.

Table 18-10: Bus Priority Decision

Conformity of Level Continuous Transmission

Non-conformity of level The data output is stopped from the next bit and reception operation starts.

(3) Priority of data frame and remote frame
« When the data frame and remote frame are on the bus, the data frame has priority in which RTR is
‘Dominant level'. The data frame wins the arbitration.

18.2.2 Bit stuffing
When the same level continues for more than 5 bits, bit stuffing (insert 1 bit with inverse level) takes place
to prevent an error.

Table 18-11: Bit Stuffing

During the transmission of a data frame and a remote frame,
when the same level continues for 5 bits in the data between the
start of frame and ACK field, 1 bit level with reverse level of data
is inserted before the following bit.

During the reception of a data frame and a remote frame, when
the same level continues for 5 bits in the data between the start of
frame and ACK field, the reception is continued by deleting
following 1 bit.

Transmission

Reception

18.2.3 Multi master
As the bus priority is determined by the identifier, any node can be the bus master.

18.2.4 Multi cast
If there are different nodes, is only one, an identifier has to be transmitted only one node. The same
reception can be done in more than 2 nodes simultaneously.

18.2.5 Sleep mode/Stop function

Thisis afunctionto putthe CAN controllerin waiting mode to achieve low power consumption. The SLEEP
mode is defined like in the CAN specification.

Additional to this SLEEP mode, which can be woken up by bus activities, the STOP mode is fully controlled
by the CPU device.
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18.2.6 Error control function

(1) Error types

Table 18-12: Error Types

Description of Error Detection State
Type Detection Method Detection Condition Transmission/ Field/Frame
Reception
Bit error Comparison of output Disagreement of both Transmission/ Bit that output data on the
level and level on the levels reception node bus at the start of frame to
bus (except stuff bit) the end of frame, error frame
and overload frame.
Stuff error | Check of the reception Continuous 6 bits of the | Transmission/ Start of frame to CRC
data at the stuff bit same level data reception node sequence
CRC error | Comparison of the CRC | Disagreement of CRC Reception node | Start of frame to data field
generated from the
reception data and
received CRC sequence
Form error | Field/frame check of Detection of the fixed Reception node CRC delimiter
the fixed format format error ACK field
End of frame
Error frame
Overload frame
ACK error | Check of the ACK slot by Detection of ‘recessive Transmission ACK slot
the transmission node level’ in ACK slot node

(2) Output timing of the error frame

NEC

Table 18-13: Output Timing of the Error Frame

Type

Output timing

error

Bit error, stuff error,
form error, ACK

Error frame is output from the next bit timing which detects error

CRC error

Error frame is output from the next bit timing of the ACK
delimiter

(3) Measures when error occurs
* Transmission node re-transmits the data frame or the remote frame after the error frame.
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(4) Error state
1. Types of error state
Three types of error state. These are error active, error passive and bus off.

The transmission error counter and the reception error counter control the error state.
The error counter is incremented at each error.

Output error flag is different whether the operation of error state is transmission or reception.

If the value of error counter exceeds 96, warning level for an error passive is reached.
When only one node is active at start-up, ACK is not returned even if data is transmitted so that the
re-transmission of the error frame and data are repeated. In this case, the state does not become
bus off. In adddition, the bus off state is also not entered even if the error state is repeated at a node
transmitting wake up message.
Receiving operation can be executed even if the transmitting operation is in bus off state.

Table 18-14: Types of Error State

Type Operation Value of Error Output Error Flag Type
Counter
Error active Transmission/ Active error flag (6 bits of ‘dominant level’ continue)
reception 0to 127
Error passive Transmission 128 to 255 Passive error flag (6 bits of ‘recessive level’ continue)
Reception 128 or more
Bus off Transmission 256 or more Communication cannot be made

When the following states are generated 128 times, the state
can be returned to the error active by error counter = 0.
1. ‘Recessive level’ continues 11 bits

Reception

Does not exist
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2. Error counter
 Error counter counts up when error has occured, and counts down when transmission and reception
are operated normally. Timing of count up and count down is first bit of the error deliminiter.

Note:

Table 18-15:

Error Counter

State

Transmission Error Counter

Reception Error Counter

When reception node detects error (except bit
error in the active error flag and overload flag).

No change

+1

When reception node detects ‘dominant level’
next to the error flag of the error frame.

No change

+8

When transmission node transmits error flag

[Error counter = +0]

@ When ACK error is detected in the error
passive state and ‘dominant level' is not
detected in outputting passive error flag.

@ Stuff error generation in arbitration field.

+8

No change

Bit error detection during active error flag and
overload flag are output (transmission node of
error active).

+8

No change

Bit error detection during active error flag and
overload flag are output (reception node of error
active).

No change

+8

When each node detects fourteen continuous
‘dominant level’ from the beginning of active error
flag and overload flag, and every time eight
continuous ‘dominant level’ after that are
detected.

Every time when each node detects eight
continuous ‘dominant level’ after the passive error
flag.

+8

+8

When the transmission node has completed to
receive without error.

-1
(0 when error counter = 0)

No change

When the reception node has completed to
receive without error.

No change

-1 (1 < REC < 127)
+0 (REC = 0)
Sets 127 (REC > 127)

REC: Reception error counter

3. Bit error generation during intermission
¢ Overload frame is generated.
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18.2.7 Baud rate control function

1. Nominal bit time (8 to 25 time quantum)
« Definition of 1 data bit time is as follows.

Figure 18-15: Nominal Bit Time (8 to 25 Time Quantum)

«—— Normal bit time

Sync Prop Phase Phase
segment segment segment 1 segment 2
A L
r— SJW —» SIW -+
Sample point

[1 Minimum time quantum = 1/fx]

* Sync segment: This segment becomes beginning when bit snchronization is taken.

« Prop segment: This segment is to absorb delays of the output buffer, CAN bus and input buffer. It
is to make ACK return until the phase segment 1 starting.
Prop segment time > (output buffer delay) + (CAN bus delay) + (input buffer delay).

« Phase segment 1/2: This segment is to compensate the data bit time error. The larger the size is,
the larger is the tolerable error.

* SJW: This means resynchronization Jump Width. This is a bit to set a bit synchronization range.

Table 18-16: Segment Name and Segment Length

Segment Name Segment Length

Sync segment 1

(Synchronization segment)

Prop segment Programmable 1 to 8

(Propagation segment)

Phase segment 1 Programmable 1 to 8

(Phase buffer segment 1)

Phase segment 2 Maximum value (IPT"* =0 to 2)

(Phase buffer segment 2) of phase segment 1, + IPT

(IPT=0t0 2)

SIW Programmable 1 to 4

Note: IPT = Information Processing Time
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2. Adjusting synchronization of the data bit
« Transmission node transmits data synchronizing with the transmission node bit timing.
« Reception node adjusts synchronization at the level changing on the bus caused on hardware or
software synchronization.

(A) Hardware synchronization
Bit synchronization adjustment when reception node detects the start of frame in the bus idle state.

« Gets sampling a level on the bus to detect falling edge, that bit and the next bit become sync segment
and prop segment, respectively. In this case, synchronization is adjusted to have no relation with
SIW.

 Afterresetting, itis necessary to take bit synchronization after the wake up, only the first level change
on the bus is taken for hardware synchronization (afterwards, following bit synchronization is
performed).

Figure 18-16: Adjusting Synchronization of the Data Bit

Bus idle Start of frame

CAN busﬁ¢ /—

Sync Prop Phase Phase
segment segment segment 1 segment 2

Bit timing
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(B) Bit synchronization
When the level change on the bus is detected during reception, bit synchronization is performed.

2 types of synchronization can be performed.
Normal operation: Level falling edge
Low speed operation: Level falling edge and rising edge

< Synchronization is performed only when an edge is detected while the bit timing specified as SJW.

« By a baud rate 'difference' between transmission node and reception node, data sample point at the
reception node shifts relatively.

« Allowable range of 'difference' is defined as 'SJW'. Range of SJW is set in front and behind (+/- of
baud rate) of the sync segment. When an edge is generated at the SJW range, synchronization is
achieved. When the edge is generated out of SJW range, synchronization is not achieved.

* Thebitdetected inthe edge becomes sync segmentforcibly, and the next one becomes prop segment,
bit rate starts again.

Figure 18-17: Bit Synchronization

X

Phase Sync Prop
segment segmept segment
_-SIW_ |
e E— ]

X

Phase Sync Prop
segment 2 segment segment

_+SIW._|

|
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18.2.8 State shift chart
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Figure 18-18: Transmission State Shift Chart
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Transmission

Figure 18-19: Reception State Shift Chart
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Figure 18-20: Error State Shift Chart

(A) Transmisssion

Y
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\
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18.3 Outline Description

Figure 18-21: Structural Block Diagram

High Speed
RAM
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This interface part handles all protocol activities by hardware in the CAN protocol part. The memory
access engine fetches information for CAN protocol transmission from the dedicated RAM area to the CAN

protocol part or compares and sorts incoming information and stores it into predefined RAM areas.

The DCAN interfaces directly to the RAM area that is accessable by the DCAN and by the CPU without

any influence to the CPU.
The CAN part works with an external bus transceiver which converts the transmit data and receive data

lines to the electrical characteristics of the CAN bus itself.

18.4 Connection with Target System

The uPD78(F)0948/uPD78(F)0949 has to be connected to the CAN bus with an external transceiver.

Figure 18-22: Connection to the CAN Bus

HPD78(F)0948
HPD78(F)0949

CTxD

CRxD

Transceiver

Bus Line

281



nuPD780948, nPD78F0948, pyPD780949, uPD78F0949

NEC

18.5 CAN Module Configuration
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The CAN-module consists of the following hardware.

Table 18-17: CAN Configuration

Item Configuration
Message definition | In RAM areas
. 1 (CTxD)
CAN input/output 1 (CRxD)

Control register

CAN control register (CANC)

Transmit control register (TCR)
Received message register (RMES)
Redefinition control register (REDEF)
CAN error status register (CANES)
Transmit Error Counter (TEC)

Receive error counter (REC)

Message count register (MCNT)

Bit rate prescaler (BRPRS)
Synchronous control register 0 (SNYCO)
Synchronous control register 1 (SYNC1)
Mask control register (MASKC)
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18.6 Operation

18.6.1 Special function register for CAN-module

Table 18-18: SFR Definitions

Address Register Name Symbol | R/W | Bit Manipulation Units After
1Bit | 8Bit | 16 Bit | Reset
FFBOH | CAN control register CANC R/W (0] 0] — 01H
FFB1H | Transmit control register TCR R/W — 0] — 00H
FFB2H | Received message register RMES R — O] — O00OH
FFB3H | Redefinition control register REDEF R/W (0] O] — O00OH
FFB4H | CAN error status register CANES | R/W — o — 00H
FFB5H | Transmit error counter TEC R — 0] — 00H
FFB6H | Receive error counter REC R — o — O00OH
FFB7H | Message count register MCNT R — O] — COH
FFB8H | Bit rate prescaler BRPRS | R/W — 0 — OOH
FFB9H | Synchronous control register 0 | SYMCO | R/W — 0] — 18H
FFBAH | Synchronous control register 1 | SYNC1 R/W — @) — OEH
FFBBH | Mask control register MASKC | R/W — (@) — 00H

The following SFR-bits can be defined as 1-bit instruction. The other SFR-registers have to be defined

by 8-bit instruction.
Table 18-19: SFR Bit Definitions

Name Description Bit
SOFE Start of frame enable CANC.4
SLEEP Sleep mode CANC.2
INIT Initialize CANC.O0
DEF Redefinition enable REDEF.7
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18.7 Message and Buffer Configuation

Notes:
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Table 18-20: Message and Buffer Structure

Address"*** Register Name Symbol | R/IW HAED
Reset
00xH Transmit buffer 0 R/W notet
01xH Transmit buffer 1 R/W notet
02xH Rec. message 0 / Mask 0 R/W notet
03xH Rec. message 1 R/W notet
04xH Rec. message 2 / Mask 1 R/W note
05xH Rec. message 3 RIW note
06xH Rec. message 4 R/W note
07xH Rec. message 5 RIW note
08xH Rec. message 6 RIW note
09xH Rec. message 7 R/W note
0AXH Rec. message 8 R/W note
0BxH Rec. message 9 R/W note
0CxH Rec. message 10 R/W note
ODxH Rec. message 11 RIW Notet
OExH Rec. message 12 R/W notet
OFxH Rec. message 13 R/W notet
10xH Rec. message 14 R/W notet
11xH Rec. message 15 R/W notet

1. Contents is undefined, because data resides in normal RAM area.
2. This addess is an offset to the RAM area starting address, defined with CADD in the
Message Count Register (MCNT).
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18.8 Transmit Buffer Structure

The DCAN has two independent transmit buffers. The two buffers have a 16 byte data structure for
standard and extended frames with a possibility to send 8 message data bytes. The structure of the transmit
bufferis similarto the structure of the receive buffers. The CPU can use by itself unused addresses, unused
message data addresses, and unused transmit buffer. The control bits, the identification and the message
data has to be stored in the message RAM area.

The transmission control is done by the TCR register. A transmission priority selection allows the
customer to realize an application specific priority selection.

After the priority selection the transmission can be started by setting the TXRQn flag.
In the case that both transmit are used, the transmit priorities can be set. For this purpose the DCAN
has the TXP flag inthe TCR register. The application software has to set this priority befor the transmission

is started.

The two transmit buffers have two independent vectorized interrupts.
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18.9 Transmit Message

Note:
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Table 18-21: Transmit Message Structure

Name | Address "* Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

TCON nOH IDE RTR 0 0 DLC3 | DLC2 | DLC1 | DLCO
nlH Unused

IDTX0 n2H ID standard part

IDTX1 n3H IDstandardpat | 0o | o | o | o | o

IDTX2 n4H ID extended part

IDTX3 n5H ID extended part

IDTX4 n6H ID extended 0 0 0 0 0 0
n7H Unused

DATAO n8H Message data byte 0

DATA1l n9H Message data byte 1

DATA2 nAH Message data byte 2

DATAS nBH Message data byte 3

DATA4 nCH Message data byte 4

DATAS nDH Message data byte 5

DATAG6 nEH Message data byte 6

DATA7 nFH Message data byte 7

This addess is an relative offset to the starting address of the transfer buffer.
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Transmit Message Definition

This register controls the message definition bits of the control field of the CAN protocol.

TCON is set with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets TCON to an undefined value.

Figure 18-23: Transmit Message Definition Bits

Symbol 7 6 5 4 3 2 1 0 Address
TCON | IDE | RTR | 0 | 0 | DLC3 | DLC2 | DLC1 | DLCO | XXXOH

IDE Identifier Extension Select
0 Transmit standard frame message; 11 bit identifier
1 Transmit extended frame message; 29 bit identifier

RTR Remote Transmission Select
0 Transmit data frames
1 Transmit remote frames

Data Length Code Selection of
DLC3 DLC2 DLC1 DLCO -
Transmit Message
0 0 0 0 0 data bytes
0 0 0 1 1 data bytes
0 0 1 0 2 data bytes
0 0 1 1 3 data bytes
0 1 0 0 4 data bytes
0 1 0 1 5 data bytes
0 1 1 0 6 data bytes
0 1 1 1 7 data bytes
1 0 0 0 8 data bytes
Others than above Note

After Reset
undefined

R/W
R/IW

Remark: The control part describes the type of Frame that is generated and its length. The reserved
bits of the CAN protocol are always transferred in dominant state (0).

Note: The data length code selects number of bytes which has to be transmitted. Valid entries for
the Data Length Code are 0 to 8. If a value greater than 8 is selected, 8 bytes are transmitted
in the data frame with the Data Length Code specified in DLC.
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Transmit Identifier Definition
These registers set the message identifier in the arbitration field of the CAN protocol.
IDTXO to IDTX4 can be set with a 1-bit or an 8-bit memory manipulation instruction.

RESET input sets IDTXO0 to IDTX4 to an undefined value.

Figure 18-24: Transmit Identifier

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
IDTX0 | ID28 | ID27 | ID26 | D25 | D24 | D23 | D22 | D21 | xxx2H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
IDTX1 | ID20 | ID19 | ID18 | 0 | 0 | 0 | 0 | 0 | xxx3H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
IDTX2 | ID17 | ID16 | ID15 | D14 | D13 | D12 | ID11 | ID10 | xxx4H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
IDTX3 | ID9 | ID8 | ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | xxx5H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
IDTX4 | ID1 | IDO | 0 | 0 | 0 | 0 | 0 | 0 | xxx6H  undefined R/W
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Transmit Data Definition

These registers set the transmit message data of the data field in the CAN frame.
DATAO to DATA7 can be set with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets DATAO to DATA7 to an undefined value.

Figure 18-25: Transmit Data

4 3 2 1
| | |

4 3 2 1
| | |

4 3 2 1
| | |

4 3 2 1
| | |

4 3 2 1
| | |

4 3 2 1
| | |

4 3 2 1
| | |

4 3 2 1

Symbol 7 6
DATAO | |
Symbol 7 6
DATA1 | |
Symbol 7 6
DATA2 | |
Symbol 7 6
DATA3 | |
Symbol 7 6
DATA4 | |
Symbol 7 6
DATAS5 | |
Symbol 7 6
DATAG | |
Symbol 7 6
DATA7 | |

Address
XXx8H

Address
XXX9H

Address
XXXAH

Address
XXxBH

Address
XXXCH

Address
XxxDH

Address
XXXEH

Address
XXXFH

After Reset

undefined

After Reset
undefined

After Reset
undefined

After Reset

undefined

After Reset
undefined

After Reset
undefined

After Reset

undefined

After Reset

undefined

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W
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18.10 Transmit Structure

The DCAN has up to 16 receive buffers. The number of used buffers is defined by the MCNT register.
Unused receive buffers can be used as application RAM for the CPU. The receive data is stored direktly
in this RAM area.

The 16 buffers have a 16 byte data structure for standard and extended frames with a possibility to send
8 message data bytes. The structure of the receive buffer is similar to the structure of the transmit buffers.
The semaphore bits DN and MUC enable a secure reception detection and data handling. In case of the

first 8 receive message buffers the successful reception is mirrored by the DN-flags in the RMES register.

The receive interrupt request can be enabled/disabled for each used buffer separately.
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18.11 Receive Message

Note:

Table 18-22: Receive Message Structure

Name Address "*° Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IDCON nOH 0 0 0 0 0 ENI RTR IDE
DSTAT niH DN MUC R1 RO DLC
IDRECO n2H ID standard part
IDREC1 n3H IDstandardpat | o | o | o | o | o
IDREC2 n4H ID extended part
IDREC3 n5H ID extended part
IDREC4 n6H ID e;taerrt‘ded 0 0 0 0 0 0

n7H unused
DATAO n8H Message data byte 0
DATA1 n9H Message data byte 1
DATA2 nAH Message data byte 2
DATA3 nBH Message data byte 3
DATA4 nCH Message data byte 4
DATAS nDH Message data byte 5
DATAG6 nEH Message data byte 6
DATA7 nFH Message data byte 7

This addess is an relative offset to the starting address of the receive buffer.
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Receive Control Bits Definition
This register sets the receive control bits of the control field of the CAN protocol.
IDCON can be set with a 1-bit or an 8-bit memory manipulation instruction.

RESET input sets IDCON to an undefined value.

Figure 18-26: Control Bits for Receive Identifier

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
IDCON| 0 | 0 | 0 | 0 | 0 | ENI | RTR | IDE | xxxOH  undefined R/MW
IDE Identifier Extension Select
0 Receive standard frame message; 11 bit identifier
1 Receive extended frame message; 29 bit identifier
RTR Remote Transmission Select
0 Receive data frames
1 Receive remote frames
ENI Enable Interrupt on Receive"™®
0 No interrupt generated
1 Generate receive interrupt after reception of valid message

The control bits define the type of message that should be received in the associated buffer.

Note: The user has to define whether he wants to create areceive interrupt request, when new data
is received on this buffer.
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Receive Status Bits Definition

This register sets the receive status bits of the arbitration field of the CAN protocol.
DSTAT can be set with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets DSTAT to an undefined value.

Figure 18-27: Receive Status Bits

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
DSTAT| DN | MUC | R1 | RO | DLC3 | DLC2 | DLC1 | DLCO | xxx1H  undefined R/W

The receive status reflects the current status of this message. It signals whether new data is stored,
or if the DCAN currently tranfers data into this buffer.

In addition the data length of the last transfered data and the reserved bits of the protocol are shown.

DN Data New
No change in data

Data changed

The CAN-module sets DN, when it starts transferring a message into the buffer.

The CPU can clear this bit, to signal that it has read the data.

The CPU must clear this bits during initialization of the message area. Otherwise the CPU has no
information on the status of the messages after start of the CAN activities.

MUC Memory Update
0 CAN does not access data part
1 CAN is transfering new data to message buffer

The CAN-module sets MUC, when it starts transferring a message into the buffer and clears the MUC
bit, when the transfer data is finished.
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R1 Reserved Bit 1
0 Reserved bit 1 of received message was “0”
1 Reserved bit 1 of received message was “1”
RO Reserved Bit 0
Reserved bit 0 of received message was “0”
Reserved bit 0 of received message was “1”
DLC3 | DLC2 | DLC1 | DLCO E:Laek/ee”&tzsgggs Selection of

0 0 0 0 0 data bytes
0 0 0 1 1 data bytes
0 0 1 0 2 data bytes
0 0 1 1 3 data bytes
0 1 0 0 4 data bytes
0 1 0 1 5 data bytes
0 1 1 0 6 data bytes
0 1 1 1 7 data bytes
1 0 0 0 8 data bytes

Others than above Note

This register is written by the DCAN two times during message storage.

As the first access to this buffer area. DN = 1, MUC = 1, reserved bits, DLC are written.
As the last access to this buffer area. DN = 1, MUC = 0, reserved bits, DLC are written.

Note:
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Valid entries for the data length code are 0 to 8. If a value higher than 8 is received, 8 bytes

are received in the data frame with the data length code specified in DLC.



NEC

UPD780948, uPD78F0948, uPD780949, uPD78F0949

Receive ldentifier Definition

These registers set the receive identifier definition of the control field of the CAN protocol.
IDRECO to IDREC4 can be set with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets IDRECO to IDREC4 to an undefined value.

Figure 18-28: Receive Identifier

Symbol 7 6 5 4 3 2 1 0
IDRECO| ID28 ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 |
Symbol 7 6 5 4

IDREC1 | ID20 ID19 | ID18 | 0 | 0 | 0 | 0 | 0 |
Symbol 7 6 5 4 3 2 1 0
IDREC2| ID17 ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10 |
Symbol 7 6 5 4 3 2 1 0
IDREC3 | ID9 ID8 | ID7 | ID6 | ID5 | ID4 | ID3 | ID2 |
Symbol 7 6 2

IDREC4 | ID1 IDO | | | | 0 | 0 | |

Address

XXX2H

Address
Xxx3H

Address
Xxx44H

Address
XXX5H

Address
XXX6H

After Reset
undefined

After Reset

undefined

After Reset
undefined

After Reset
undefined

After Reset

undefined

The identifier of the receive message has to be defined during the initialization of the DCAN.
The DCAN uses this data for the comparison with the identifiers received on the CAN bus. For normal
messages without mask function this data is only read by the DCAN.

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W

R/W
R/W

The identifier of the receive messages should not changed without being in the initialization phase or
the the receive buffer is set to redefinition in the RDEF register, because the change of the contents can
happen at the same time when the DCAN uses the data for comparison, what may cause unusable
receptions in this buffer.

Note: The unused parts of the identifier may be written by the DCAN to “0”. They are not open to
other use by the CPU.
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Receive Message Data Part

These registers set the receive message data part of the CAN protocol.
DATAO to DATA7 can be set with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets DATAO to DATA7 to an undefined value.

Figure 18-29: Receive Data

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
DATAO | | | | | | | | | xxx8H  undefined R/MW
Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
DATA1 | | | | | | | | | xxx9H  undefined R/MW
Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
DATA2 | | | | | | | | | XXXAH undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
DATA3 | | | | | | | | | XXXBH undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
DATA4 | | | | | | | | | XXXCH undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
DATAS | | | | | | | | | XXXDH undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
DATA6 | | | | | | | | | XXXEH undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
DATA7 | | | | | | | | | xxxFH  undefined R/MW

The DCAN stores received data bytes in this memory area. Only those data bytes which are actually
received and fits with the identifier are stored in the receive buffer memory area.

If the DLC is less than eight, the DCAN will not write the additional bytes up to eight. The DCAN stores
a maximum of 8 bytes (conforming to the CAN protocol rules) even when the received DLC is greater than
eight.
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18.12 Mask Function

Table 18-23: Mask Function

Name | Address "' | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MCON nOH RTR
niH Unused
MRECO n2H ID standard part
MREC1 n3H IDstandardpart | 0o | o [ o | o | o
MREC2 n4H ID extended part
MREC3 n5H ID extended part
MREC4 né6H ID extended 0 0 0 0 0 0
part
n7H Unused
n8H Unused
n9H Unused
nAH Unused
nBH Unused
nCH Unused
nDH Unused
nEH Unused
nFH Unused

Message Buffer 0 and Buffer 2 may be switched for masked operation with the Mask Control Register.
In this case the message does not hold message identifier and data, but only holds identifier and RTR mask
information for masked compares on the next higher message number. Inthe case of a global mask select,
it keeps mask information for all higher messages.

A mask does not store any information about identifier length. The same mask can therefor be used
for both types of frames (standard and extended ) during global mask operation.

Identifier Compare with Mask
The identifier compare with mask provides the possibility to exclude some bits from the comparison
process. That means each bit is ignored when the corresponding bit in the mask definition is set to one.

The setup of the mask control register (MASKC) defines which receive bufferis used as a mask and which
receive buffer uses which mask for comparison.

The mask does not include any information about the identifier type to be masked. A global mask can
serve for standard receive buffers at the same time as for extended receive buffer.
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Figure 18-30: Identifier Compare with Mask

Received Identifier

Store on equal

Compare
Bit by Bit

Mask stored in Receive Buffer 0 or 2

Disable
Compare
for masked
Bits

Identifier stored in Receive Buffer

This function implements the so-called basic-CAN behavior.

The type of identifier is in this case fixed to standard or extended by the setup of the IDE bit in the receive

buffer. The comparison of the RTR bit can also be masked. Itis possible to receive data and remote frames
on the same masked receive buffer.

Caution:
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The following information is stored in RAM:

Identifier (11/29 bit as defined by IDE bit)
Remote bit. RTR

Reserved bits

Data length code. DLC

Data bytes as defined by DLC.

All writes into DCAN are byte accesses. Unused bits in the same byte will be written
zero.
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Mask Identifier Control Bit Definition
This register sets the mask identifier control bit of the CAN protocol.
MCON can be set with a 1-bit or an 8-bit memory manipulation instruction.

RESET input sets MCON to an undefined value.

Figure 18-31: Control Bits for Mask Identifier

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
MCON | 0 | 0 | 0 | 0 | 0 | 0 | RTR | 0 | xxxOH  undefined R/W
RTR Remote Transmission Select

0 Check RTR bit of received message

1 Receive message independent from RTR bit
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Mask Identifier Definition
These register sets the mask identifier definition of the DCAN.
MRECO to MREC4 can be set with a 1-bit or an 8-bit memory manipulation instruction.

RESET input sets MRECO to MREC4 to an undefined value.

Figure 18-32: Mask Identifier

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
MRECO | MID28 | MID27 | MID26 | MID25 | MID24 | MID23 | MID22 | MID21 | xxx2H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
MREC1 | MID20 | MID19 | MID18 | 0 | 0 | 0 | 0 | 0 | xxx3H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
MREC2 | MID17 | MID16 | MID15 | MID14 | MID13 | MID12 | MID11 | MID10 | xxx4H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
MREC3| MID9 | MID8 | MID7 | MID6 | MID5 | MID4 | MID3 | MID2 | xxx5H  undefined R/W
Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
MREC4| MID1 | MIDO | 0 | 0 | 0 | 0 | 0 | 0 | xxx6H  undefined R/W
MIDn Mask Identifier Bit (n = 0...28)
0 Check IDn bit of received message
1 Receive message independent from IDn bit
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18.13 CAN
18.13.1 Status register

CAN Control Register
These register sets the CAN control definition of the CAN module.
CANC can be set with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets CANC to 01H.

Figure 18-33: CAN Control Register

Symbol 7 6 5 @ 3 @ 1 © Address After Reset R/W
canc | rRee | ™xF | o | sore [sorseL| steep | stop | NT | FFBOH 01h RIW
INIT Initialize
0 Normal operation
1 Initialization mode

RxF and TxF are read only bits.

INIT is used configure savely all bus and compare parameters, without creating unsolicited behaviour.

INIT initiates the DCAN to set all internal activities to inactive states. Due to actual bus protocol activities
this may need some time. The actual status is shown in the INITSTATE bit in the CANES register.

The CTxD output stays recessive (logical high) during this initialization.

Changing of the following registers is only permitted when INIT is active:

MCNT, SYNCO, SYNC1, MASKC.

Any write to these registers when INIT = 0 is ignored.

SLEEP Sleep/Stop Request for CAN protocol
0 Normal operation

1 CAN protocol goes to sleep or stop mode depending on STOP bit

STOP Stop Mode Selection
0 Normal sleep operation / Sleep mode is released when a transition on
the CAN bus is detected
1 Stop operation / Sleep mode is cancelled only by CPU access. No

wake up from CAN bus

The clock supply to the DCAN is switched off during sleep and stop condition of the DCAN.
The sleep condition is cleared under following conditions:

a) CPU clears the SLEEP bit.

b) Transition on CAN Bus. Only when STOP = 0.

¢) CPU sets SLEEP, but CAN protocol is active due to bus activity.

The WAKE bit in CANES is set under condition b) and c). An error interrupt is activated at the same time.
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SOFE

Start of Frame Enable

SOFOUT does not change

SOFOUT toggles depending on the selected mode

SOFSEL

Start of Frame Output Function Select

0

SOFOUT works as time stamp function

1

SOFOUT signals SOF on the bus / Global time function

Figure 18-34: DCAN Support

Receive

SOF

Int.

Data|CRC| |[EOF
é FRC

Y

- v SOFOUT > Capture Register
Receive
Buffer 4
. Clear
DCAN 16 Bit Timer

The generation of an SOFOUT signal can be used for time measurements and for global time base
synchronisation of different CAN nodes.

Table 18-24: Possible Setup of the SOFOUT Function

SOFSEL | SOFC SOFE SOFOUT Function

X X 0 SOFOUT does not change

0 X 1 Time stamp mode
Toggle with each receive interrupt

1 0 1 Toggles with each start of frame on
the CAN bus

1 1 1 Toggles with each start of frame on
the CAN bus

Clear SOFE bit when DCAN starts to
store a message in receive buffer 4

SOFC is located in the synchronisation register SYNCL1.

RESET and setting of the

INIT bit clear the SOFOUT to 0.

Table 18-25: Transmission/Reception Flag

TxF

Transmission Flag

No transmission

Transmission active on CAN bus

Reception Flag

No data on the CAN bus

Reception active on the CAN bus
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Figure 18-35: Time Stamp Function
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Figure 18-36: SOFOUT Toggle Function
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Figure 18-37: Global Time System Function
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18.13.2 CAN error status register

These register sets the CAN error status of the transmission and reception.
CANES has to be set with an 8-bit memory manipulation instruction.
RESET input sets CANC to 00H.

Figure 18-38: CAN Error Status Register

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
CANES | BOFF | RECs | TECs | 0 [mimstae| VALD | WAKE | OVER |  FFB4H 0oh  RW

BOFF, RECS, TECS and INITSTATE are read only bits.

BOFF Bus Off Flag
0 Transmission error counter < 255
1 Transmission error counter = 255

It changes when the contents of the transmission error counter has changed.

RECS Reception error counter status
0 Reception error counter < 96
1 Reception error counter = 96 / Warning level for error passive reached

It changes when the contents of the reception error counter changes.

TECS Transmission error counter status
0 Transmission error counter < 96
1 Transmission error counter = 96 / Warning level for error passive
reached

It changes when the contents of the reception error counter changes.

INITSTATE INIT accepted
0 CAN is in normal operation
1 CAN is stopped and ready to accept new configuration data

It changes with a delay to the INIT bit in CANC. The delay is dependent on running bus activity and
the time to set all internal activities to inactive state. Time can be several bit times long.

VALID Valid protocol activity detected
0 No valid message detected by the CAN protocol

1 Error free message reception from CAN bus

This bit shows valid protocol activities independent from the message definitions.
Whenever a frame is successsfully received by the protocol, it is irrespective of the identifier and mask
settings of the DCAN. It is set at the end of the frame part.

Cautions: 1. The VALID bit is cleared if CPU writes “1” to it, or when the INIT-bit in CANC is set.
2. Writing a 0 to the valid bit has no influence.
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WAKE Wakeup Condition
0 Normal operation
1 Sleep mode has been cancelled

This bit is set and an error interrupt is generated under the following circumstances:
a) A CAN bus activities occurs during SLEEP condition of CAN protocol.

b) Any try to set sleep mode in CAN control register during receive or transmit operation will immediately
set the Wake up condition.

The CPU must clear this bit after recognition, because the error interrupt line is kept active as long as
this bit is set.
Cautions: 1. The WAKE bit is cleared to “0” if CPU writes “1” to it, or when the INIT-bit in CANC
is set.
2. Writing a 0 to the WAKE bit has no influence.

OVER Overrun Condition
0 Normal operation
1 Overrun occured during access to RAM

The Overrun condition is set whenever the CAN can not make all RAM accesses that are necessary for
sorting and storing receive data or fetching transmit data. An error interruptis generated at the same time.

An overrun condition will not occur under the following circumstances:
The DCAN clock as defined with the PRM bits in the BRPRS register is at minimum 16 times of the CAN

baudrate and the selected CPU clock (defined in the DCC register) is at minimum 8 times of the baudrate.

Possible reasons are:

« Too many messages are defined.
 DMA access to RAM area is too slow compared to the CAN Baudrate.

The possible reactions of the DCAN differ depending on the situation, when the overrun occurs.

Table 18-26: Possible Reactions of the DCAN

Overrun Situation
Cannot get transmit data.

When detected
Next data byte request from
protocol.
Immediate during the frame.

DCAN Behavior
The frame itself conforms to the
CAN specification, but its content
is faulty.

Corrupted data or ID in the
e

TXRQ1/0 is not cleared. DCAN
will retransmit the correct frame
after synchronization to the bus.

Cannot store receive data.

Data storage is ongoing during
the six bit of the next frame.

Data in RAM is inconsistent. No
receive flags. DN and MUC bit
may be set in message.

Cannot get data for ID
comparison

ID compare is ongoing during six
bits of next frame.

Message is not received and its
data is lost.
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Caution:  Don’t use bit operations on this SFR.
The VALID, WAKE and OVER bits have a special behavior during CPU write operations.

« Writing a zero “0” to them do not change them.
» Writing a one “1” clears the associated bit.

This avoids any timing conflicts between CPU access and internal activities. An internal set condition
of a bit overrides a CPU clear request at the same time.
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CAN Transmit Error Counter

These register builds the transmit error counter of the data transmission.
TEC can be read with an 8-bit memory manipulation instruction.
RESET input sets TEC to O0H.

Figure 18-39: Transmit Error Counter

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
TEC | TEc7 | Tece | TEcs | TECc4 | TEC3 | TEC2 | TEC1 | TECO | FFBSH 00H R

The transmit error counters reflects the status of the error counter for transmission errors as it is defined
in the CAN Protocol.
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CAN Receive Error Counter

These register builds the receive error counter of the data reception.
REC can be read with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets REC to 00H.

Figure 18-40: Receive Error Counter

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
REC | Rec7 | Receé | Recs | Reca | REc3 | REC2 | REC1 | RECO |  FFBEH 00H R

The receive error counters reflects the status of the error counter for reception errors as it is defined in
the CAN Protocol.
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Message Count Register

These register sets the number of receive message buffers and the RAM area of the receive message

buffers which are handled by the DCAN-module.
MCNT can be read with an 8-bit memory manipulation instruction.
RESET input sets MCNT to COH.

Figure 18-41: Message Count Register

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
MCNT | CADD1 | CADDO | 0 | MCNT4 | MCNT3 | MCNT2 | MCNT1 | MCNTO | FFB7H COH RIW

This register is readable at any time. Write is only permitted when the CAN is in initialization mode.

MCNT4 | MCNT3 | MCNT2 | MCNT1 | MCNTO Receive Message Count
0 0 0 0 0 No receive message handling
0 0 0 0 1 1 receive buffer
0 0 0 1 0 2 receive buffer
0 0 0 1 1 3 receive buffer
0 0 1 0 0 4 receive buffer
0 0 1 0 1 5 receive buffer
0 0 1 1 0 6 receive buffer
0 0 1 1 1 7 receive buffer
0 1 0 0 0 8 receive buffer
0 1 0 0 1 9 receive buffer
0 1 0 1 0 10 receive buffer
0 1 0 1 1 11 receive buffer
0 1 1 0 0 12 receive buffer
0 1 1 0 1 13 receive buffer
0 1 1 1 0 14 receive buffer
0 1 1 1 1 15 receive buffer
1 0 0 0 0 16 receive buffer

Setting prohibited, will be
automatically changed to 16

CADD1 | CADDO DCAN Address Definition
0 0 Setting prohibited
0 1 Setting prohibited
1 0 DCAN uses address range starting at 0F400h
1 1 DCAN uses address range starting at OF600h, reset value

The DCAN can use differentaddress areas inthe IXRAM. Thisregister defines the lower starting address

for the DCAN area. The upper limit is defined by the number of messages defined with MCNT.

The DCAN address definition gives the possibility to initialize the 78K0 with different memory configu-
ration with the IXS register. In case of this product it is recommended to use a short address of the

expansion RAM (F400h) and to set CADD1 and CADDO to 1.0.
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18.14 Baudrate Generation

Bitrate Prescaler
These registers set the bitrate prescaler for the DCAN.
BRPRS can be set with an 8-bit memory manipulation instruction.
RESET input sets BRPRS to 00H.

Figure 18-42: Bit Rate Prescaler

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
BRPRS| PRM1 | PRMO |BRPRSSlBRPRS4|BRPRS3|BRPRSZ|BRPR81|BRPRSO| FFB8H 00H RIW

The bit rate prescaler defines the clock sources for DCAN operation.

PRM1 PRMO Clock Selector for DCAN
0 0 fx is input for DCAN
0 1 fx/2 is input for DCAN
1 0 fx/4 is input for DCAN
1 1 CCLK is input for DCAN

This PRM selector influences all DCAN activities.

BRPRS5 | BRPRS4 | BRPRS3 | BRPRS2 | BRPRS1 [ BRPRSO | Bit Rate Prescaler
0 0 0 0 0 0 DCAN clock / 2
0 0 0 0 0 1 DCAN clock / 4
0 0 0 0 1 0 DCAN clock / 6
0 0 0 0 1 1 DCAN clock / 8

DCAN clock / 118
DCAN clock / 120
DCAN clock / 122
DCAN clock / 124
DCAN clock / 126
DCAN clock / 128

Rl |lo|lo]-
R lo|lr|lolr]|o]-

Rlr|lo|lo|r]|F |-

IR

RlRr|Rr|Rr|R ]|~
RlRrRr|Rr|R ]|~

DCAN clock (PRMn)
2 x BRPRS + 2

Baudrate =

The BRPRS selects the base clock system for the protocol part of the DCAN. The Baudrate is defined
by this setting in conjunction with the SYNC1 and SYNCO registers.

Writing to the BRPRS register is only possible when INIT bit of CANC register is set to initialization mode.
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Synchronisation Control Registers 0 and 1
These registers define the bit timing of the DCAN. It selects the length of one data bit on the CAN bus
and the position of the sample point during the bit timing.

SYNCO and SYNC1 can be read or written with an 8-bit memory manipulation instruction.
RESET input sets SYNCO to 18H.
RESET input sets SYNC1 to OEH.

Figure 18-43: Synchronization Control Register 0 and 1 (1/2)

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

synco | spT2 | spTi | spro | pBT4 | DBT3 | DBT2 | DBTL | DBTO |  FFBOH 18H  RW

SYNC1 | pBT4 | DBT3 | DBT2 | DBT1 | DBTO Data Bit Time

Other than under Setting prohibited
0 0 1 1 1 (Output cycle of BRPRS) x 8
0 1 0 0 0 (Output cycle of BRPRS) x 9
0 1 0 0 1 (Output cycle of BRPRS) x 10
0 1 0 1 0 (Output cycle of BRPRS) x 11
0 1 0 1 1 (Output cycle of BRPRS) x 12
0 1 1 0 0 (Output cycle of BRPRS) x 13
0 1 1 0 1 (Output cycle of BRPRS) x 14
0 1 1 1 0 (Output cycle of BRPRS) x 15
0 1 1 1 1 (Output cycle of BRPRS) x 16
1 0 0 0 0 (Output cycle of BRPRS) x 17
1 0 0 0 1 (Output cycle of BRPRS) x 18
1 0 0 1 0 (Output cycle of BRPRS) x 19
1 0 0 1 1 (Output cycle of BRPRS) x 20
1 0 1 0 0 (Output cycle of BRPRS) x 21
1 0 1 0 1 (Output cycle of BRPRS) x 22
1 0 1 1 0 (Output cycle of BRPRS) x 23
1 0 1 1 1 (Output cycle of BRPRS) x 24
1 1 0 0 0 (Output cycle of BRPRS) x 25
Other than above Setting prohibited

The length of one data bit on the CAN bus is selected.
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Figure 18-43: Synchronization Control Register 0 and 1 (2/2)

sp14 | spt3 | spr2 | sp11 | spTo | sample Point Position
Other than under Setting prohibited
0 0 0 0 1 (Output cycle of BRPRS) x 2
0 0 0 1 0 (Output cycle of BRPRS) x 3
0 0 0 1 1 (Output cycle of BRPRS) x 4
0 0 1 0 0 (Output cycle of BRPRS) x 5
0 0 1 0 1 (Output cycle of BRPRS) x 6
0 0 1 1 0 (Output cycle of BRPRS) x 7
0 0 1 1 1 (Output cycle of BRPRS) x 8
0 1 0 0 0 (Output cycle of BRPRS) x 9
0 1 0 0 1 (Output cycle of BRPRS) x 10
0 1 0 1 0 (Output cycle of BRPRS) x 11
0 1 0 1 1 (Output cycle of BRPRS) x 12
0 1 1 0 0 (Output cycle of BRPRS) x 13
0 1 1 0 1 (Output cycle of BRPRS) x 14
0 1 1 1 0 (Output cycle of BRPRS) x 15
0 1 1 1 1 (Output cycle of BRPRS) x 16
1 0 0 0 0 (Output cycle of BRPRS) x 17
Other than above Setting prohibited

The sample point during the bit timing is selected.
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Synchronization Control Register 1
This register defines the bit timing of the DCAN. It defines the synchronization jump width. This gives
the possible range of resynchronization to different transmission speeds.

SYNC1 can be read or written with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets SYNC1 to OEH.

Figure 18-44: Synchronization Control Register 1

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
SYNC1 | 0 | SOFC | SAMP |RXONLY| Sywi | Siwo | SPT4 | SPT3 | FFBAH OEH RIW
SYNCO SJw1 SJWO0 Synchronization Jump Width
0 0 (Output cycle of BRPRS) x 1
0 1 (Output cycle of BRPRS) x 2
1 0 (Output cycle of BRPRS) x 3
1 1 (Output cycle of BRPRS) x 4

SJWO0 and SJW1 define the synchronisation jump width as specified in the Bosch CAN specification 2.0.
This determines the possible range of synchronisation to different transmission speeds.

Limits on defining bit timing:
2<SPT<16

7<DBT <24
2<(DBT-SPT)<8

SJW < ( DBT - SPT -1)

The following rule must be kept to be conform with the CAN protocol specification:
1<(2xSPT-DBT)<8

These limits represent the CAN protocol limits. Violating these limits cause to violate the CAN protocol.

Example:
System clock:  fx 8 MHz
CAN parameter: Baudrate 500kBaud
Sample point 75%

SIW 2 BTL
BRPRS = 00h (Clock selector = fx: PRM = 00b)
(DCAN Prescaler = 1/2: DBT = 000000b)

SYNCO = A7h (CAN Bit in BTL =8
[7 < (fx/DBT/Baudrate) < 26] DBT = 00111b)
SYNC1 = x4h (sample point 75% = 6: SPT = 00101b)
(SIw =2 SJW = 01b)

x depends on the setting of:

- Number of sampling points

- Receive only function

- Use of time stamp or global time system
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RXONLY Receive Only Operation
0 Normal operation
0 Only receive operation, CAN does not activate transmit line

This operation mode can be used for baudrate detection. It makes it possible to try different baudrate
configurations without disturbing other CAN nodes on the bus.

Differences to CAN protocol:

* Never sends acknowledge, error frames or transmit messages.
 Error counters do not count.

The VALID bit in CANES shows whether the protocol receives any valid message.

SAMP Bit Sampling
0 Sample receive data one time at receive point
1 Sample receive data three times and take majority decision at sample
point
SOFC Start of Frame Control
0 SOFE bit is independent from CAN bus activities
1 SOFE bit will be cleared when a message for receive message 4 is
received and SOF mode is selected

SOFC works in conjunction with the SOFE and SOFSEL bits in the CAN Control Register CANC.
For detailed information please refer to the bit description of the SFR register and the time function mode.

Caution:  CPU can read SYNCO0/1 register at any time. Writing to the SYNCO/1 registers is only
possible when INIT bit of CANC register is set to initialization mode.
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18.15 Function Control
18.15.1 Transmit control

Transmit Control Register

This register controls the transmission of the DCAN-module. The Transmit Control register provides
complete control over the two transmit buffers and their status. It is possible to request and abort
transmission of both buffers independently.

TCR can be set with a an 8-bit memory manipulation instruction.
RESET input sets TCR to 00H.

Figure 18-45: Transmit Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
TcR | t™xp | o | txc1 | txco | TxA1 | txA0 | TXRQ1 | TXRQ0 | FFBIH  0OH  RW

TXC1 and TXCO are read only bits.

TXP Transmission Priority

0 Buffer O has priority over buffer 1

1 Buffer 1 has priority over buffer 0

The user defines which buffer has to be send first in the case of both request bits are set. If only buffer
is requested, TXP has no influence.

This bit is checked by the DCAN immediately before the frame is started. The order in which the
TXRQ1/0 bits will be set does not influence as long as the first requested frame is not started on the
bus.

TXAn Transmission Abort Flag

0 Write: normal operation
Read: no abort pending

1 Write: aborts current transmission request for this buffer n
Read: abort is pending

TXCn Transmission Complete Flag
0 Transmit was aborted / no data sent
1 Transmit was complete / abort had no effect

Setting the TXAn bit by the CPU request the CAN to free this buffer.
The TXAn bits have dual function:
1. The CPU can request an abort by writing a “1” into the bit.

2. The DCAN signals whether such an request is still pending. The bit is cleared at the same time when
the TXRQn is cleared.

This abort does not affect any rules of the CAN protocol. An already started frame will continue to its end.
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An abort operation can cause different results dependent on the time it is set..

a) Abort is received before the start of the arbitration for transmit.

The TXCn bit is reset showing that the buffer was not send to other nodes.

b) Abort is received during the arbitration, but arbitration is lost.

The TXCn bit is reset showing that the buffer was not send to other nodes.

c) Abort is received during frame transmission, but transmission ends with an error.

The TXCn bit is reset showing that the buffer was not send to other nodes.

d) Abort is received during the frame transmission and transmission ends without error.
The TXCn bit is set showing a successful transfer of the data before the abort gets active.

In all cases the TXRQn bit and the TXAn bit will be cleared at the end of the abort operation, when the

receive buffer is available again.

Cautions: 1. The bits are cleared when the INIT-bit in CANC is set.

2. Writing a 0 to TXAn bit has no influence

The TXCn bit are updated at the End of every frame transmission or abort.

TXRQnN Transmission Request Flag

0 Write: no transmission requested for this buffer
Read: transmit buffer is free

1 Write: request transmission for buffer n

Read: transmit buffer is occupied by former transmit request

The TXRQn bits have dual function:
1. Request the transmission of a transmit buffer.
2. Inform the CPU whether a buffer is available or is still occupied by a former transmit request.

Setting the transmission request bit requests the CAN to sent the buffer contents onto the bus. The CAN

clears the bit after completion of the transmit. Completion is either a normal transfer free of error or an
abort request.

An error during the transmission does not influence the transmit request status. The DCAN will

automatically retry the transfer.

Cautions: 1. The bits are cleared when the INIT-bit in CANC is set.
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18.15.2 Receive control

The receive message register mirrors the current status of the first 8 receive buffers. Each buffer has
one status bit in this register. This bit is always set when a new message is completely stored in the
associated buffer. The CPU can easily find the last received message during receive interrupt handling.

The bits in this register always correspond to the DN bit in the data buffers. They are cleared when the

CPU clears the DN bit in the data buffer. The register itself is read only.

Receive Message Register
These register controls the reception of the messages of the DCAN-module

RMES can be read with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets RMES to 00H.

Figure 18-46: Receive Message Register

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
RMES | DN7 | DNe | DNs | bna | bns | bn2 | DNi | pno | FRB2H 00H R
DNn Data New Bit for Message n (n =0...7)
0 No message received on message n, CPU has cleared DN bit in message n
1 New data received in message n

This register is read only and it is cleared when the INIT bit in CANC is set.

DNO has no meaninig when Rec. Buffer 0 is configured for mask operation in the Mask Control Register.

DN2 has no meaninig when Rec. Buffer 2 is configured for mask operation in the Mask Control Register.

317



nuPD780948, nPD78F0948, pyPD780949, uPD78F0949 NEC

18.15.3 Mask control

The mask Control Register defines whether the DCAN compares the identifier of a received message
in its whole length or some bits are not used for comparison.

This functionality is provided by the use of mask information. The mask information defines for each bit
of the identifier whether it is used for comparison or not.

The DCAN uses a receive buffer for this information, when it is enabled in this register. This buffer is
not used for normal message storage then.

Mask Control Register
These register controls the mask function of the receive messages of the DCAN-module.

MASKC can be written with an 8-bit memory manipulation instruction.
RESET input sets MASKC to 0O0H.

Figure 18-47: Mask Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
maske [ o | o | o | o | o [GLOBAL| mMski | mMsko | FFBEH 00H RIW
MSKO Mask 0 Enable
0 Rec. buffer 0 and 1 in normal operation
1 Rec. buffer 0 is mask for buffer 1
MSK1 Mask 1 Enable
0 Rec. buffer 2 and 3 in normal operation
1 Rec. buffer 2 is mask for buffer 3
GLOBAL Enable Global Mask
0 Normal mask operation
1 Highest defined mask is active for all following buffers

This register is readable at any time. Write is only permitted when the CAN is in initialization mode.
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The following table shows which compare takes place for the different receive buffers. The ID in this
table always represents the ID stored in the mentioned receive buffer. The table also shows which buffers
are used as mask information and do not receive messages. A global mask can be used for standard and
extended frames at the same time. The frame type is only controlled by the IDE bit of the receiving buffer.

Table 18-27: Mask Operation Buffers

GLOBAL| MSK1 MSKO Receive Buffer Operation
0 1 2 3 4-15
0 Compare ID | Compare ID | Compare ID [ Compare ID | Compare ID | Normal
0 Mask0 Compare ID [ Compare ID | Compare ID | Compare ID | One mask
& maskO
0 1 0 Compare ID | Compare ID | Maskl Compare ID | Compare ID | One mask
& maskl
0 1 1 Mask0 Compare ID [ Mask1 Compare ID | Compare ID | Two mask
& maskO & maskl
1 0 1 Mask0 Compare ID [ Compare ID | Compare ID | Compare ID | Global mask
& maskO & mask0 & maskO & maskO
1 1 0 Compare ID | Compare ID | Maskl Compare ID | Compare ID | Two normal, rest global
& maskl & maskl mask
1 1 1 Mask0 Compare ID [ Mask1 Compare ID | Compare ID | One mask, rest global
& maskO0 & maskl & maskl1 mask

Priority of receive buffers during compare
It is possible that more than one receive buffer is configured to receive an incoming message. In this
case it is necessary to priorize the receive buffers.

The priority of the 16 receive buffers depend on the setup of the mask register.

The rules for priority are:

« Lower numbered receive buffers have higher priority
« A masked receive buffer has a lower priority than all non-masked receive buffers.
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18.15.4 Special functions

Redefinition Control Register
These register controls redefinition of an identifier of a receive messages of the DCAN-module.
REDEF can be written with a 1-bit or an 8-bit memory manipulation instruction.
RESET input sets REDEF to 00H.

Figure 18-48: Redefinition Control Register

Symbol @ 6 5 4 3 2 1 0 Address  After Reset R/W
REDEF | DEF | o | o | o | sew3 | set2 | set1 | sewo | FrB3H 00H RIW

The redefinition register provides a way to change identifiers and other control information for one receive
buffer, without disturbing the operation of the other buffers.

DEF Redefine Permission Bit
0 Normal operation
1 Receive operation for selected message is disabled
CPU can change definition data for this message

This bit is cleared when INIT bit in CANC is set.

SEL3 SEL2 SEL1 SELO Buffer selection (n =0...15)
0 0 0 0 Buffer O is selected for redefinition
0 0 0 1 Buffer 1 is selected for redefinition
0 0 1 0 Buffer 2 is selected for redefinition
0 0 1 1 Buffer 3 is selected for redefinition
0 1 0 0 Buffer 4 is selected for redefinition
0 1 0 1 Buffer 5 is selected for redefinition
0 1 1 0 Buffer 6 is selected for redefinition
0 1 1 1 Buffer 7 is selected for redefinition
1 0 0 0 Buffer 8 is selected for redefinition
1 0 0 1 Buffer 9 is selected for redefinition
1 0 1 0 Buffer 10 is selected for redefinition
1 0 1 1 Buffer 11 is selected for redefinition
1 1 0 0 Buffer 12 is selected for redefinition
1 1 0 1 Buffer 13 is selected for redefinition
1 1 1 0 Buffer 14 is selected for redefinition
1 1 1 1 Buffer 15 is selected for redefinition

Other than above Setting prohibited

Cautions: 1.Donotchange DEF and SEL atthe same time. Change SEL only when DEF is cleared.
2. Write first SEL with DEF cleared. Write than SEL with DEF, or use bit manipulation
instruction.
3. Clear DEF but keeping SEL set to same value.
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Setting the redefinition bit removes the selected receive buffer from the list of possible ID hits during
identifier comparisions.

There is one special case:

The message is complete and the DCAN started the storage into the RAM. In this case the complete
message is stored and the redefinition request is ignored. Programmers should be prepared to receive
this message immediately during redefinition. The user can identify this situation because the data new
bit (DN) in the receive buffer will be set. The user must monitor this bit when he changes the identifier

and the buffer is in mask operation, because in this case the DCAN also writes the identifier part of the
message.

321



nuPD780948, nPD78F0948, pyPD780949, uPD78F0949 NEC

18.16 Interrupt Information

18.16.1 Interrupt vectors
The DCAN peripheral supports four interrupt sources as shown in the following table.

Table 18-28: Interrupt Sources

Function Source Interrupt Flag
Error counter
Error Overrun error CEIF
Wake up
Receive Received frame is valid | CRIF
Transmit buffer 0 TXRQO is cleared CTIFO
Transmit buffer 1 TXRQL1 is cleared CTIF1

18.16.2 Transmit interrupt
The transmit interrupt is generated when all following conditions are fulfilled:

* The transmit interrupt O is generated when TXRQO bit is cleared.
* The transmit interrupt 1 is generated when TXRQ1 bit is cleared.

Clearing of this bits mean that the buffer gets free for writing a new message into it. The clear can occur

due to a successful transmission or due to an abort of a transmission and can only cleared by the DCAN.

18.16.3 Receive interrupt
The receive interrupt is generated when all following conditions are fulfilled:

CAN protocol port marks received frame valid

« Memory access engine finds a message buffer with a identifier/mask combination that fits to the
receive frame

* Memory access engine successfully stored data in the message buffer

* The message buffer is marked for interrupt generation with ENI bit set

The Memory access engine compare and storage function can delay the interrupt up to the 7th bit of the
next frame.

18.16.4 Error interrupt
The error interrupt is generated when all following conditions are fulfilled:

e Transmission error counter (BOFF) changes it state.

« Transmission error counter status (TECS) changes it state.
* Reception error status (RECS) changes it state.

e Overrun during RAM access (OVER) changes it state.

« The wake-up condition (WAKE) occurs.

The internal WAKE conditions sets the interrupt high. The interrupt is kept high until the DCAN has got
enough clock cycles to safely restart all internal activities. This may need several bit periods of the CAN
bus.
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18.17 Standby Function

18.17.1 CPU halt mode
The Halt mode is possible in conjunction with CAN sleep mode.

18.17.2 CPU stop mode
The DCAN stops any activity when its clock supply stops. This may cause an errorneous behavior on
the CAN bus when the clock is not sychronized to bus activities.

The DCAN will reach an overrun condition, when it receives clock supply again.

Stop mode is possible in conjunction with CAN sleep mode.

18.17.3 DCAN sleep mode
The DCAN has a sleep mode that is original defined in the CAN specification from Bosch.

The CPU requests the sleep mode from DCAN. The DCAN will signal, if it is not possible to enter the
sleep mode due to ongoing bus activities. After a successful switch to the sleep mode, the CPU can safely
go into HALT or STOP mode. The DCAN can futhermore scan the CAN bus and interrupt the CPU. This
WAKEUP is independent from the clock. The release time for the STOP mode of the device is not critical,
since the DCAN synchronizes again to the CAN bus after clock supply has started.

18.17.4 DCAN stop mode

The CPU requests the stop mode from DCAN. The DCAN will signal, if it is not possible to enter the
stop mode due to ongoing bus activities. After a successful switch to the stop mode, the CPU can safely
go into HALT or STOP mode. The DCAN can only wake up by the CPU in order to clear the SLEEP bit
in the CANC register.
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18.18 Functional Description by Flowcharts

18.18.1 Initialization
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set INIT=1 in CANC

'

set
BRPRS
SYNCO0/1

Y

Initilialize
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Figure 18-49: |Initialization Flow Chart
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18.18.2 Prepare transmit

Figure 18-50: Transmit Preparation

Wait or
=1 Abort or
Try other Buffer

=0

Y

Write data

\

Select Priority
TXP

Set
TXROn =1

Y

1 End Transmit )
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18.18.3 Abort transmit
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Figure 18-51: Transmit Abort, Software Flow
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18.18.4 Handling by the DCAN

Figure 18-52: Handling of Semaphore Bits by DCAN-Module
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18.18.5 Receive event oriented
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Figure 18-53: Receive with Interrupt, Software Flow
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18.18.6 Receive task oriented

Figure 18-54: Receive, Software Polling

( Receive Polled )
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329



nuPD780948, nPD78F0948, pyPD780949, uPD78F0949 NEC

[Memo]
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19.1 LCD Controller/Driver Functions

Chapter 19 LCD Controller/Driver

The functions of the LCD controller/driver incorporated in the uPD780949 Subseries are shown below.

(1) Automatic output of segment signals and common signals is possible by automatic reading of the
display data memory.

(2) Display mode

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).

All segment outputs can be switched to input/output ports.

P147/S0 to P140/S7, P137/S8 to P130/S15 and P127/S16 to P120/S23 are bytewise switchable.

P77/S24 to P70/S31 and P57/S32 to P50/S39 are bitwise switchable.
(5) The operation with the subsystem clock is not available.

The maximum number of displayable pixels is shown in Table 19-1.

Table 19-1: Maximum Number of Display Pixels

Bias Method

Time Division

Common Signals Used

Maximum Number of Display Pixels

1/3

4

COMO to COM3

160 (40 segments x 4 commons)
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19.2 LCD Controller/Driver Configuration
The LCD controller/driver consists of the following hardware.

Table 19-2: LCD Controller/Driver Configuration

Item Configuration

Segment signals: 40 Segment signal with alternate function: 40
Common signals: 4 (COMO0 to COM3)

LCD display mode register (LCDM)

LCD display control register (LCDC)

Display outputs

Control registers

Figure 19-1: LCD Controller/Driver Block Diagram

S Internal bus S

Display data memory it LCD display mode register (LCDM) ii LCD [dis;()II_aCych)ntrol
register
LIPS

FA7TFH FAG8H FAG7H FA58H

Port function register (PFn)
|76543210| |76543210|76543210| |76543210| |LC"°N

LCDM6 |LCDMS |LCDM4 (n=5,7,12,13, 14)

LCD clock selector

Timing controller

3210 3210 3210 3210
selector| T selector] selector| " | selector

Segment selector

tage controller

NOH NOH I_iote I:\l—ote Common driver LCD driver vol

P77 output P50 output|
buffer buffer
© © ©) © O O 0 0O ©)
SO0/P147.. ... ... ... ...S23/P120 S24/P77 ... S39/P50 COMO COM1 COM2 COM3 Vico Vier Viez
Note: Segment driver
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Figure 19-2: LCD Clock Select Circuit Block Diagram

fx/2* Prescaler
fLeo/2®
fLen/2? -
e
(8]
flen/2 % LCDCL
n
freo
3
LCDM6|LCDM5|LCDMA4|
@ LCD display mode register
S Internal bus S

Remarks: 1. LCDCL : LCD clock
2. fLep : LCD clock frequency
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19.3 LCD Controller/Driver Control Registers

The LCD controller/driver is controlled by the following two registers.
* 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 clock, frame frequency.
LCDM is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears LCDM to 00H.

Figure 19-3: LCD Display Mode Register (LCDM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
Lcom |Lcoon|icome |ieoms|iecoma]| o | o [ o | o | EFreoH oo RW
LCDON LCD Display Enable/Disable
0 Display off (all segment outputs are non-select signal outputs)

1 Display on

LCDM6 | LCDM5 | LCDM4 LCD Clock Selection (fx = 8.00 MHz)
0 0 0 x/2" (61 Hz)
0 0 1 /2" (122 Hz)
0 1 0 /2" (244 Hz)
0 1 1 fx/2** (488 Hz)
Other than above Setting prohibited

Remark: fx = Main system clock oscillation frequency
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(2) LCD display control register (LCDC)
This register sets cutoff of the current flowing to split resistors for LCD drive voltage generation and
switchover between segment output and input/output port functions.
LCDC is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears LCDC to O0H.

Figure 19-4: LCD Display Control Register (LCDC) Format

Symbol 7 6 5 4 3 2 1 0 Address After Reset R/W
tecoc | 1 | o | o | o | o | o | o | ups | FroH 0OH  RW
LIPS LCD Driving Power Supply Selection

0 Does not supply power to LCD

1 Supplies power to LCD from VDD pin

Caution: Set bit7 to 1 and bit 1 to bit 6 to 0.
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19.4 LCD Controller/Driver Settings
LCD controller/driver settings should be performed as shown below.
<1> Set the initial value in the display data memory (FA58H to FA7FH).
<2> Setthe pins to be used as segment outputs in port function registers (PF5, PF7, PF12, PF13 and
PF14).
<3> Set the LCD power supply in the LCD display control register (LCDC).
<4> Set the LCD clock in the LCD display mode register (LCDM).

Next, set data in the display data memory according to the display contents.
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19.5 LCD Display Data Memory

The LCD display data memory is mapped onto addresses FA58H to FA7FH. The data stored inthe LCD
display data memory can be displayed on an LCD panel by the LCD controller/driver.

Figure 19-5 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 19-5: Relationship between LCD Display Data Memory Contents and Segment/Common

Outputs

Address b7 be bs ba bs b2 b1 bo
T T . T

FATFH | | | | —= S0/P147

FA7CH | | | | -~ S1/P146
MU S S —

FA7DH | [~ S2/P145

FA7CH | = S3/P144

% 1

FASAH | 1 1 1 —= S37/P52
SRR T S —

FASOH | -~ S38/P51
B S e

FA58H | ! ! ! -~ S39/P50

]

COM3 COM2 COM1 COMO

Caution:  The higher 4 bits of the LCD display data memory do not incorporate memory. Be
sure to set them to O.

Note: The data of SO is stored at the highest address in the LCD display data memory.
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19.6 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 Vicp). The light
goes off when the potential difference becomes Vicp or lower.

As an LCD panel deteriorates if a DC voltage is applied in the common signals and segment signals,
it is driven by AC voltage.

(1) Common signals
For common signals, the selection timing order is as shown in Table 19-3, and operations are

repeated with these as the cycle.

Table 19-3: COM Signals

COM Signal
COMO CcoM1 COM2 COM3
Time Division

4-Time Division Al

(2) Segment signals
Segment signals correspond to a 40-byte LCD display data memory (FA58H to FA7FH). 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 bitis 1, itis converted to the selection
voltage. Ifthe value of the bitis 0, itis converted to the non-selection voltage and output to a segment
pin (SO to S39) (S39 to SO have an alternate function as input/output port pins).
Consequently, itis necessary to check what combination of front surface electrodes (corresponding
to the segment signals) and rear surface electrodes (corresponding to the common signals) of the
LCD panel 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.
Bits 4 to 7 are fixed at 0.

(3) Common signal and segment signal output waveforms
The voltages shown in Table 19-4 are output in the common signals and segment signals.
The £Vicp 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 19-4: LCD Drive Voltage

Segment Select Level Non-Select Level
Common Vss1, ViLco Vici, Vicz
Select Level VLco, Vss1 -VLcp, +VLeD -1/3 Vieb, +1/3 Vieb
Non-Select Level | VLc2, ViLc1 -1/3 VLeb, +1/3 Viep -1/3 VLcp, +1/3 VicD
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Figure 19-6 shows the common sighal waveform, and Figure 19-7 shows the common signal and segment
signal voltages and phases.

Figure 19-6: Common Signal Waveform

COMn
(Divided by 4)

Vico

T: One LCDCL cycle
TF: Frame frequency

Figure 19-7: Common Signal and Segment Signal Voltages and Phases

Selected Not selected

e Ve
Common signal \ [ [ [ Vico
e e
| | | |
| | | |
T Vi
Segment signal i i [ | Vico
e
| | | |
| T | | T |

T: One LCDCL cycle
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19.7 Supplying LCD Drive Voltage V Lco, Vici, and Vic2
The uPD780949 Subseries have a split resistor to create an LCD drive voltage, and the drive voltage
is fixed to 1/3 bias.

To supply various LCD drive voltages, internal Vob or external Vicp supply voltage can be selected.

Table 19-5: LCD Drive Voltage Suupy

Bias Method | 1/3 Bias Method
LCD Drive Voltage

VLco ViLco
Vica 2/3 VLco
Vic2 1/3 Vico

Figure 19-8 shows an example of supplying an LCD drive voltage from an internal source according to
Table 19-5. By using variable resistors r1 and r2, a non-stepwise LCD drive voltage can be supplied.
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Figure 19-8: Example of Connection of LCD Drive Power Supply

(@) To supply LCD drive voltage from V  bp

Vop2
©

LPS (D) >0 [=P-ch

Vico —7r—O)— — -

[ 0

Vici %O} -

(b) To supply LCD drive voltage from external source

Vop2
O Vob

LIPS (= 0) 4[>o4 | P-ch

ra

Vico r © T

[Fg B -
VLCl 4+7 O} - VSS
Viee ———t— O} -

Remarks: 1. The flash version uyPD78F0948/uPD78F0949 has no interval split resistor.
2. The Mask version uPD780948/uPD780949 has the possibility to implement interval split
resistors.
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19.8 Display Mode

19.8.1 4-time-division display example

Figure 19-10 shows the connection of a 4-time-division type 10-digit LCD panel with the display pattern
shown in Figure 19-9 with the uPD780949 Subseries segment signals (S0 to S19) and common signals
(COMOto COM3). Thedisplay exampleis “1234567890,” and the display data memory contents (addresses
FA59H to FA6CH) correspond to this.

An explanation is given here taking the example of the 5th digit “6” (). In accordance with the display
pattern in Figure 19-9, selection and non-selection voltages must be output to pins S8 and S9 as shown
in Table 19-6 at the COMO to COM3 common signal timings.

Table 19-6: Selection and Non-Selection Voltages (COMO to COM3)

Segment S8 S9
Common
COMO S S
COoM1 NS S
COM2 S S
COM3 NS S

S: Selection, NS: Non-selection

From this, it can be seen that 0101 must be prepared in the display data memory (address FA77H)
corresponding to S8.

Examples of the LCD drive waveforms between S8 and the COMO and COM1 signals are shown in Figure
19-11 (for the sake of simplicity, waveforms for COM2 and COM3 have been omitted). When S8 is at the
selection voltage atthe COMO selection timing, it can be seen that the +Vico/-Vico AC square wave, which
is the LCD illumination (ON) level, is generated.

Figure 19-9: 4-Time-Division LCD Display Pattern and Electrode Connections

San

COMO com1
<>
com2 *U*U
m com3

Son+1

n=0to9
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Figure 19-10: 4-Time-Division LCD Panel Connection Example
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Figure 19-11: 4-Time-Division LCD Drive Waveform Examples (1/3 Bias Method)
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19.9 Cautions on Emulation

To perform debugging with an in-circuit emulator (IE-78001-R-A), the LCD timer control register
(LCDTM) must be set. LCDTM is a register used to set a /0 board (IE-780948-SL-EM1).

19.9.1 LCD timer control register (LCDTM)

LCDTM is a write-only register that controls supply of the LCD clock. Unless LCDTM is set, the LCD
controller/ driver does not operate. Therefore, set bit 1 (TMC21) of LCDTM to 1 when using the LCD
controller/driver.

Figure 19-12: LCD Timer Control Register (LCDTM) Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
tcom| o | o | o | o | o | o [wmcaa| o | FrAH  00H  w
TMC21 LCD Clock Supply Control

0 LCD controller/driver stop mode (supply of LCD clock is stopped)

1 LCD controller/driver operating mode (supply of LCD clock is enabled)

Cautions: 1. LCDTM 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 uPD780948
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 2, and bit 0 must be set to 0.
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Chapter 20 Sound Generator

20.1 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)
Abuzzer signal with a variable frequency in arange of 0.5to 3.8 kHz (at fx =8.38 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 20-1 shows the sound generator block diagram and Figure 24-2 shows the concept of each signal.

Figure 20-1: Sound Generator Block Diagram

q Internal bus 5

@ Sound generator control register (SGCR)
| TCE ‘seos%ecu‘secu‘secml
SGCLO I Lﬁ I

5-bit counter

Prescaler

Selector

S

3 ©SG0o/

3 SGOF/
P34

PWM amplitude

©PCL/
SGOA/
P33

4
[ [T 1
[SGBR3SGBR2|SGBRISGBRO|

SGAM6SGAMSSGAMASGAMSSGAMZSGAM]‘SGAMO' Ps?ia(;gft‘lpu’[l congﬁi‘;gﬂ:ﬁggcu PM33
Sound generator buzzer Sound generator amplitude Port mode
control register (SGBR) register (SGAM) register 3 (PM3)
q Internal bus g
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Figure 20-2: Concept of Each Signal

Basic cycle output SGOF
(without amplitude)

Amplitude output SGOA

Basic cycle output SGO
(with amplitude)

TR

20.2 Sound Generator Configuration

The sound generator consists of the following hardware.

Table 20-1: Sound Generator Configuration

Item

Configuration

Counter

8 bits x 1, 5 bits x 1

SG output

SGO/SGOF (with/without append bit of basic cycle output)
SGOA (amplitude output)

Control register

Sound generator control register (SGCR)
Sound generator buzzer control register (SGBR)
Sound generator amplitude register (SGAM)
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20.3 Sound Generator Control Registers
The following three types of registers are used to control the sound generator.
e Sound generator control register (SGCR)
* Sound generator buzzer control register (SGBR)

* 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

» Selects sound generator input frequency fsc1
Selects 5-bit counter input frequency fsc2

SGCR is set with a 1-bit or 8-bit memory manipulation instruction.
RESET input clears SGCR to 00H.
Figure 20-3 shows the SGCR format.
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Figure 20-3: Sound Generator Control Register (SGCR) Format

Symbol 7 6 5 4 3 2 1 0 Address  After Reset R/W
seccR | Tce | o | o | o | scos|sccle|scer|sceo| Frcon oam Rw
TCE Sound Generator Output Selection
0 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 fsGz2 = fsG1/2°
0 1 fsGz2 = fsG1/2°
1 0 fsG2 = fsG1/2’
1 1 fsGz = fsG1/2°
SGCLO Sound Generator Input Frequency Selection
0 fsG1 =fx/2
1 fsG1=1fx

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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Table 20-2: Maximum and Minimum Values of the Buzzer Output Frequency

Maximum and Minimum Values of Buzzer Output
SGCL2 SGCL1 SGCLO fsc2 fx =8 MHz fx = 8.38 MHz
Max. (kHz) | Min. (kHz) |Max. (kHz) | Min. (kHz)
0 0 0 fsc1/2° 3.677 1.953 3.851 2.046
0 0 1 fsG1/2° 7.354 3.906 7.702 4.092
0 1 0 fsc1/2’ 1.838 0.976 1.926 1.024
0 1 1 fsc1/2° 3.677 1.953 0.481 2.046
1 0 0 fsc1/2° 0.919 0.488 0.963 0.512
1 0 1 fsc1/2’ 1.838 0.976 1.926 1.024
1 1 0 fs61/2° 0.460 0.244 0.481 0.256
1 1 1 fsc1/2° 0.919 0.488 0.963 0.512

The sound generator output frequency fsc can be calculated by the following expression.

fsg = 2 (SGCLO - SGCL1 -2 x SGCL2 - 7) x {fx/(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,

fsg =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 20-4 shows the SGBR format.
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Note:

Cautions:

352

Figure 20-4: Sound Generator Buzzer Control Register (SGBR) Format

Symbol 7 6 5 4 3 2 1 0
sBR | o | o | o | o0 |SGBR3|SGBR2|SGBRIL | SGBRO |
SGBR3 | SGBR2 | SGBR1 | SGBRO Buzzer Output Frequency (kHz) "
fx =8 MHz) fx = 8.38 MHz)
0 0 0 0 3.677 3.851
0 0 0 1 3.472 3.637
0 0 1 0 3.290 3.446
0 0 1 1 3.125 3.273
0 1 0 0 2.976 3.117
0 1 0 1 2.841 2.976
0 1 1 0 2.717 2.847
0 1 1 1 2.604 2.728
1 0 0 0 2.500 2.619
1 0 0 1 2.404 2.518
1 0 1 0 2.315 2.425
1 0 1 1 2.232 2.339
1 1 0 0 2.155 2.258
1 1 0 1 2.083 2.182
1 1 1 0 2.016 2.112
1 1 1 1 1.953 2.046

2. Bits 4 to 7 must be set to 0.

(3) Sound generator amplitude register (SGAM)

Address  After Reset R/W
FFC2H OOH R/W

Output frequency where SGCLO, SGCL1, and SGCL2 are 0, 0, and O.

1. When rewriting SGBR to other data, stop the timer operation (TCE = 0) beforehand.

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 20-5 shows the SGAM format.
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Figure 20-5: Sound Generator Amplitude Register (SGAM) Format

Symbol 7 6 5 4 3 2 1 0
SGAM | 0 | SGAM6 | SGAMS5 | SGAM4 | SGAM3 | SGAM2 | SGAM1 | SGAMO |
SGAM6 | SGAM5 | sGAM4 | SGAM3 | SGAM2 | SGAML | 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
i i
1 | 1 1 1 1 1 1 | 128/128
Cautions: 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.

Address
FFC1H

After Reset R/W

00H

R/W
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20.4

Sound Generator Operations

20.4.1 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 SGAMS6 is output

from the SGOA pin.

Figure 20-6: Sound Generator Output Operation Timing

Timer

Comparator 1 coincidence

SGOF

SGOA

n n

7

|
|

e

s

UL
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20.4.2 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.

UUUUuiut

When SGO output is selected, the SGOA pin can be used as a PCL output (clock output) or I/O port pin.

Figure 20-7: Sound Generator Output Operation Timing
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Chapter 21 Interrupt Functions

21.1 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 alow 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 21-1).

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. Itis acknowledged even
in a disabled state. The software interrupt does not undergo interrupt priority control.
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21.2 Interrupt Sources and Configuration

There are total of 24 non-maskable, maskable, and software interrupts in the interrupt sources.

Table 21-1: Interrupt Source List

Interrupt Source Note 2
Note 1
Maska- Int ) Internal/ External Basic
ilit nterrup i Vector | Address
y Priority Name Trigger St_rrL;ggre
Non- Overflow of watchdog timer (When the
maskable - INTWDT watchdog timer NMI is selected) 0004H (A)
0 INTWDT Overflow of watchdog timer (When the
interval timer mode is selected)
1 INTAD End of A/D converter conversion 0006H
2 INTOVF Overflow of 16-bit timer 2 Internal 0008H
Generation of 16-bit timer 2 capture register (B)
3 INTTM20 | cR20) match signal O00AH
Generation of 16-bit timer 2 capture register
4 INTTM21 (CR21) match signal 000CH
Generation of 16-bit timer 2 capture register
5 INTTM22 (CR22) match signal O00EH
6 INTPO 0010H
7 INTP1 0012H
8 INTP2 Pin input edge detection External 0014H ©
9 INTP3 0016H
10 INTP4 0018H
11 INTCE CAN Error 001AH
12 INTCR CAN Receive 001CH
13 INTCTO CAN Transmitbuffer O 001EH
Maskable 14 INTCT1 CAN Transmitbuffer 1 0020H
15 INTCSIO | End of serial interface channel O transfer 0022H
16 INTCSI1 | End of serial interface channel 1 transfer 0024H
17 INTSER Serial interface channel 1 UART reception 0026H
error generation
18 INTSR IrEer::c(iegtfigsrlal interface channel 1 UART 0028H
End of serial interface channel 1 UART
19 INTST 002AH
transfer Internal (B)
Generation of 16-bit timer O capture/compare
20 INTTMOO register (CR0O0) match signal 002CH
Generation of 16-bit timer O capture/compare
21 INTTMO1 register (CR01) match signal 002EH
22 INTTM50 Generat_lon of 8-bit timer/event counter 50 0030H
match signal
Generation of 8-bit timer/event counter 51
23 INTTM51 match signal 0032H
24 INTWE EEPROM write completion interrupt 0034H
o5 INTWTI Reference time interval signal from watch
timer — : 0036H
26 INTWT Reference time interval signal from watch
timer
Software - BRK BRK instruction execution Internal 003EH (D)
Notes: 1. Default priorities are intended for two or more simultaneously generated maskable interrupt

requests. 0 is the highest priority and 26 is the lowest priority.

2. Basic configuration types (A) to (E) correspond to (A) to (E) of Figure 21-1.
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Figure 21-1: Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

S Internal Bus S

Interrupt Priority Control Vector Table
Circuit Address
Request treut Generator
Standby

Release Signal

(B) Internal maskable interrupt

S Internal Bus S

MK IE PR ISP
Priority Control Vector Table
Interrupt PR Address
IF Circuit Generator
Request
Standby
Release Signal
IF : Interrupt request flag
IE : Interrupt enable flag
ISP : Inservice priority flag

MK : Interrupt mask flag
PR : Priority specify flag
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Figure 21-1: Basic Configuration of Interrupt Function (2/2)

(D) External maskable interrupt (except INTPO)

S Internal Bus S
External Interrupt
Mode Register MK IE PR ISP
(EGN, EGP)
\ \
Priority Control Vector Table
Interrupt Edge = Circuit Address
Request Detector Generator
Standby
Release Signal
(E) Software interrupt
Internal Bus
Interrupt Priority Control Xﬁ‘étgslable
Request Circuit Generator
IF : Interrupt request flag
IE : Interrupt enable flag
ISP : Inservice priority flag

MK : Interrupt mask flag
PR : Priority specify flag
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21.3 Interrupt Function Control Registers

The following six types of registers are used to control the interrupt functions.

« Interrupt request flag register (IFOL, IFOH, IF1L, IF1H)

Interrupt mask flag register (MKOL, MKOH, MK1L, MK1H)

* Priority specify flag register (PROL, PROH, PR1L, PR1H)

External interrupt mode register (EGP, EGN)
e Program status word (PSW)

Table 21-2 gives a listing of interrupt request flags, interrupt mask flags, and priority specify flags
corresponding to interrupt request sources.

Table 21-2: Various Flags Corresponding to Interrupt Request Sources

Interrupt Request Signal Name Interrupt Request Flag Interrupt Mask Flag Priority Specify Flag
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTP4 PIF4 PMK4 PPR4
INTTMO0 TMIFO0O0 TMMKO00 TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTOVF OVFIF OVFMK OVFPR
INTTM20 TMIF20 TMMK20 TMPR20
INTTM21 TMIF21 TMMK21 TMPR21
INTTM22 TMIF22 TMMK22 TMPR22
INTM50 TMIF50 TMMK50 TMPR50
INTM51 TMIF51 TMMK51 TMPR51
INTWTI WTIIF WTIMK WTIPR
INTWI WTIF WTMK WTPR
INTWDT TMIF4 TMMK4 TMPR4
INTAD ADIF ADMK ADPR
INTCSI0 CSIIF0 CSIMKO CSIPRO
INTCSI1 CSlIF1 CSIMK1 CSIPR1
INTSER SERIF SERMK SERPR
INTSR SRIF SRMK SRPR
INTST STIF STMK STPR
INTCE CEIF CEMK CEPR
INTCR RRF CRMK CRPR
INTCTO CTIFO CTMKO CTPRO
INTCT1 CTIF1 CTMK1 CTPR1
INTWE WEIF WEMK WEPR
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)
Theinterruptrequestflagis setto 1 whenthe corresponding interrupt requestis generated or an instruction
is executed. Itis clearedto 0 when aninstruction is executed upon acknowledgment of an interrupt request
or upon application of RESET input.
IFOL, IFOH, IF1L and IF1H are set with a 1-bit or 8-bit memory manipulation instruction. If IFOL and

IFOH are used as a 16-bit register IF0, use a 16-bit memory manipulation instruction for the setting.

RESET input sets these registers to O0H.

Symbol

IFOL

IFOH

IF1L

IF1H

Cautions:

Figure 21-2: Interrupt Request Flag Register Format

After

7 6 5 4 3 2 1 0 Address Reset R/W
PIF1 | PIFO [TMIF22|TMIF21 TMIF20| OVFIF| ADIF | TMIF4 FFEOH O0H R/W
CSIIFO|CTIF1|CTIFO| CRIF | CEIF | PIF4 | PIF3 | PIF2 FFE1H 00H R/W
TMIF51TMIF50| TMIFOLTMIFOO| STIF | SRIF |SERIF|CSIIF1 FFE2H O00H R/W
0 0 0 0 0 | WTIF | WTIIF| WEIF FFE3H O00H R/W

\ ! ! ! ! ! ! |

XXIFX Interrupt Request Flag

0 No interrupt request signal

1. TMIF4 flag is R/W enabled only when a watchdog timer is used as an interval timer.

Interrupt request signal is generated;
Interrupt request state

If used in the watchdog timer mode 1, set TMIF4 flag to O.
2. Set always 0 in IF1H bit 3 to bit 7.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H)

The interrupt mask flag is used to enable/disable the corresponding maskable interrupt service and to
set standby clear enable/disable.
MKOL, MKOH, MK1L and MK1H 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 21-3: Interrupt Mask Flag Register Format

After
Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
MKOL | PMK1| PMKO |[TMMK22| TMMK21 TMMK20|OVFMK|ADMK TMMK4 FFE4H 00H RIW
MKOH  |CSIMKO|CTMK1CTMKO|CRMK|CEMK| PMK4|PMK3 | PMK2 FFE5H 00H R/W
MK1L  [TMMK51TMMK50| TMMKOLTMMK00| STMK | SRMK |[SERMK|CSIMK1 FFE6H 00H R/W
MK1H 1 1 1 1 1 |WMKFWTIMK|WEMK FFE7H 00H R/W
\ | | | | | | |
XXMKX Interrupt Servicing Control
0 Interrupt servicing enabled
1 Interrupt servicing disabled
Cautions: 1. If TMMKA4 flag is read when a watchdog timer is used as a non-maskable interrupt,
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(3) Priority specify flag registers (PROL, PROH, PR1L, PR1H)
The priority specify flag is used to set the corresponding maskable interrupt priority orders.
PROL, PROH, PR1L and PR1H 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 21-4: Priority Specify Flag Register Format

After

Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
PROL |PPR1|PPRO [TMPR22|TMPR21|TMPR20|OVFPR|ADPR [TMPR4 FFESH 00H R/W
PROH [CSIPRO|CTPR1|CTPRO|CRPR|CEPR|PPR4 |PPR3 |PPR2 FFESH 00H R/W
PRIL [TMPR5L{TMPR50 TMPROLTMPRO0| STPR |SRPR |SERPR |CSIPR1 FFEAH 00H RIW
PR1H 1 1 1 1 1 |WPRF|WTIPR|WEPR FFEBH 00H R/W
\ | | | | | | |
XXPRX Priority Level Selection
0 High priority level
1 Low priority level

Cautions: 1. When a watchdog timer is used as a non-maskable interrupt, set 1 in TMPR4 flag.
2. Set always 1 in PR1H bit 3 to bit 7.
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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 P04.
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 21-5: Formats of External Interrupt Rising Edge Enable Register and External Interrupt
Falling Edge Enable Register

Symbol 7 6 5 4 3 2 1 0 Address On Reset R/W
eEcP | o | o | o | ecra | ecps | EcP2 | EGP1 | EGPO |  FFasH 00H  RW
Symbol 7 5 4 3 2 1 0 Address  On Reset R/W
N | o | o | o | EecNa | Ecns | EcN2 | EGN1 | EGNO | FFagH 00H RIW
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 also saved
into the stack with the PUSH PSW instruction. It is reset from the stack with the RETI, RETB, and POP
PSW instructions.

RESET input sets PSW to 02H.

Figure 21-6: Program Status Word Format

After
7 6 5 4 3 2 <1> <0> Reset
PSW | IE Z |RBS1| AC |[RBSO| O ISP | CY 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
1 interrupt servicing
(all-maskable interrupts enable)

IE Interrupt Request Acknowledge Enable/Disable
0 Disable
1 Enable
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21.4  Interrupt Servicing Operations

21.4.1 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 requestis generated twice or more during non-maskable interrupt service program
execution, only one non-maskable interrupt requestis acknowledged after termination of the non-maskable
interrupt service program execution.
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Figure 21-7: 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
interrupt selected)?

No

Interrupt request generation |

No

1
1

WDT interrupt servicing?

Interrupt request
held pending

Interrupt control
register unaccessed?

Yes
Interrupt
service start

WDTM: Watchdog timer mode register
WDT: Watchdog timer

Figure 21-8: Non-Maskable Interrupt Request Acknowledge Timing

PSW and PC Save, Jump| Interrupt Sevicing

CPU Instruction Instruction Instruction o Interrupt Servicing Program

TMIF4 / / \

TMIF4: Watchdog timer interrupt request flag
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Figure 21-9: 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

B —

1 Instruction NMI Request —| NMI Request Reserve

\ 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
. Request —| Reserved

1 Instruction
NMI

Execution
Although two or more NMI requests
have been generated, only one
request has been acknowledged.
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21.4.2 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 21-3: 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: _1 (fcpu: CPU clock)

fcpu

Iftwo 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 21-10 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 21-10: Interrupt Request Acknowledge Processing Algorithm

{ Start }

No
xxIF =1?
Yes (Interrupt Request
Generation)
No
xXMK = 07?
Yes
( Interrupt request )
reserve ) .-
Yes (High priority)
xXPR = 0?

No (Low Priority)

Any high-
priority interrupt among
simultaneously generated
xXPR = 0 interrupts?

Any
simultaneously
generated xxPR =0
interrupts?

Yes

Interrupt request
reserve

Interrupt request
No reserve

No

Any
simultaneously
generated high-priority
interrupts?

Yes

Interrupt request
reserve

Interrupt request
reserve

Vectored interrupt
servicing

No

o

Yes Interrupt request
reserve

No

G

Yes Interrupt request
reserve
Vectored interrupt
servicing

xXIF : Interrupt request flag

xXMK : Interrupt mask flag

xXPR : Priority specify flag

IE : Flag to control maskable interrupt request acknowledge

ISP : Flagtoindicate 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 21-11: Interrupt Request Acknowledge Timing (Minimum Time)

6 Clocks
i PSW and PC Save, Interrupt
CPU Processing Instruction Instruction Jump to Interrupt Servicing
Servicing Program
I\
xxIF / ( / \_,
(xxPR = 1) \ ;
| 8 Clocks
xxIF / I / .
(xXPR = 0) \ ;
| 7 Clocks
1
Remark: 1 clock: $.; (fcru: CPU clock)
Figure 21-12: Interrupt Request Acknowledge Timing (Maximum Time)
25 Clocks 6 Clocks
. i PSW and PC Save, Interrupt
CPU Processing Instruction Divide Instruction Jump to Interrupt Servicing
Servicing Program
xxIF / W / \
(xxPR = 1) B
! 33 Clocks
xxIF / M / \__,
(XxPR = 0) \ B
! 32 Clocks

Remark: 1 clock: (fcpu: CPU clock)

fcpu

21.4.3 Software interrupt request acknowledge operation

A software interrupt request is acknowledged by BRK instruction execution. Software interrupt cannot

be disabled.

If a software interruptis acknowledged, the contents of program status word (PSW) and program counter
(PC) are saved to stacks, in this order. Thenthe IE flag is reset (to 0), and the contents of the vector tables

(0O03EH 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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21.4.4 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 El instruction during interrupt servicing.

Even in an interrupt enabled state, a multiple interrupt may not be enabled. However, it is controlled
accordingtothe 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 21-4 shows aninterrupt request enabled for multiple interrupt during interrupt servicing, and Figure
21-13 shows multiple interrupt examples.

Table 21-4: Interrupt Request Enabled for Multiple Interrupt during Interrupt Servicing

Multiple g;zr;:g: Non-maskable Maskable Interrupt Request
Interrupt xXPR =0 xxPR =1
Interrupt being Serviced Request 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 = 0: 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
xXPR = 1: Lower priority level
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Figure 21-13: Muiltiple Interrupt Example (1/2)
Example 1. Two multiple interrupts generated

Main Processing INTXx INTyy INTzz
Servicing Servicing Servicing

INTXX —
(PR=1)

During interrupt INTxx servicing, two interrupt requests, INTyy and INTzz are acknowledged, and a
multiple interruptis 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 INTXxX INTyy
Servicing Servicing

INTXX —
(PR=0)

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 21-13: Muiltiple 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 notacknowledged, and a multiple interruptis not generated. The INTyy requestisreserved
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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21.4.5 Interrupt request reserve

Some instructions may reserve the acknowledge of an instruction request until the completion of the
execution of the nextinstruction evenifthe interupt requestis generated during the execution. The following
shows such instructions (interrupt request reserve instruction).

« MOV PSW, #byte

« MOV A, PSW

« MOV PSW, A

« MOV1 PSW.bhit, CY

« MOV1 CY, PSW.hit

« AND1 CY, PSW.bhit

« OR1 CY, PSW.hit

« XOR1 CY, PSW.hit

+ SET1/CLR1 PSW.hit

 RETB

* RETI

« PUSH PSW

« POP PSW

* BT PSW.bit, $addr16

* BF PSW.bit, $addr16

« BTCLRPSW.bit, $addrl16

* El

« DI

« 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 21-14 shows the interrupt request hold timing.

Figure 21-14: Interrupt Request Hold

Save PSW and PC, Interrupt service
Jump to interrupt service program

xXxIF 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).

375



MPD780948, pyPD78F0948, pPD780949, pyPD78F0949 NEC

[Memo]
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22.1 External Device Expansion Functions

Chapter 22 External Device Expansion

The external device expansion functions connect external devices to areas other than the internal ROM,
RAM, and SFR. Connection of external devices uses ports 4 to 6. Ports 4 to 6 control address/data, read/
write strobe, wait, address strobe etc.

Table 22-1: Pin Functions in External Memory Expansion Mode

Pin function at external device connection Alternate function
Name Function

ADO to AD7 Multiplexed address/data bus P40 to P47

A8 to A15 Address bus P50 to P57

RD Read strobe signal P64

WR Write strobe signal P65

ASTB Address strobe signal P67

Table 22-2: State of Port 4 to Port 6 Pins in External Memory Expansion Mode

Ports and bits Port 4 Port 5 Port 6
Modes 0-7 0 12 3 456 7 45
Single-chip mode Port Port Port
256-byte expansion mode Address/data Port RD, WR, ASTB
4K-byte expansion mode Address/data Address Port RD, WR, ASTB
16K-byte expansion mode Address/data Address Port RD, WR, ASTB
Full address mode Address/data Address RD, WR, ASTB
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Figure 22-1: Memory Map when Using External Device Expansion Function (1/2)

(a) uPD780948/78F0948, uPD780949/78F0949 Memory map when internal ROM size is 32 Kbytes

Note:
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FFFFH

FFOOH
FEFFH

FBOOH
FAFFH

FB8OH
FA7FH

FA58H

Special Function Registers

Internal High-Speed RAM

Not usable

LCD Display RAM

FA57H

FAOOH

Not usable

FOFFH

F900H

EEPROM

F8FFH

F800H

Not usable

F7FFH

F400H

Internal Expansion RAM

FA7FH

))
(¢

CO0OH
BFFFH

9000H
8FFFH

8100H
80FFH

8000H

Full-Address Mode
(when MM2-MM0=111)

16-Kbyte Expansion Mode
(when MM2-MMO0=101)

4-Kbyte Expansion Mode
(when MM2-MMO0=100)

256-byte Expansion Mode
(when MM2-MM0=011)

))
(

7FFFH

Single-chip Mode

0000H

The EEPROM is only available in the pyPD78(F)0949.
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Figure 22-1: Memory Map when Using External Device Expansion Function (2/2)

(b) uPD780948/78F0948, uPD780949/78F0949 (c) uPD780948/78F0948, pPD780949/78F0949
Memory map when internal ROM (PROM) size Memory map wheninternal ROM (PROM) size

is 56 Kbytes is 60 Kbytes
FFFFH FFFFH
Special Function Registers Special Function Registers
FFOOH FFOOH
FEFFH FEFFH
Internal High-Speed RAM Internal High-Speed RAM
FBOOH FBOOH
FAFFH FAFFH
Not usable Not usable
FB80OH FB8OH
FA7FH FA7FH
LCD Display RAM LCD Display RAM
FA58H FA58H
FAS7H FASTH
Not usable
FAOOH FAOOH Not usable
FOFFH FOFFH
EEPROM EEPROM
F900H FO00H
F8FFH F8FFH
Not usable Not usable
F800H F800H
F7FFH F7FFH
Internal Expansion RAM Internal Expansion RAM
F400H F400H
F3FFH F3FFH
Full-Address Mode
(when MM2-MM0=111) Not usable
or
16-Kbyte Expansion Mode
(when MM2-MM0=101)
FOOOH
FOOOH | EFFFH
EFFFH
4-Kbyte Expansion Mode
(when MM2-MMO0=100)
EI1OOH (
FOFFH
256-byte Expansion Mode
(when MM2-MM0=011)
EOO0OH
DFFFH
Single-chip Mode
Single-chip Mode
0000H 0000H

Caution:  When the internal ROM (PROM) size is 60 Kbytes, the area from FOOOH to F3FFH
cannot be used. FOOOH to F3FFH can be used as external memory by setting the
internal ROM (PROM) size to less than 56 Kbytes by the memory size switching
register (IMS).

Note: The EEPROM is only available in the pPD78(F)0949.
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22.2 External Device Expansion Function Control Register

The external device expansion function is controlled by the memory expansion mode register (MEM),
the memory expansion wait register (MM), and memory size switching register (IMS).

(1) Memory expansion mode register (MEM)
MM sets the wait count and external expansion area, and also sets the input/output of port 4.
MM is set with an 1-bit memory or 8-bit memory manipulation instruction.
RESET input sets this register to 10H.

Figure 22-2: Memory Expansion Mode Register Format

When

Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
MEM 0 0 0 0 0 | MM2 | MM1 | MMO FFA7H 10H RIW
Single-chip/ P40-P47, P50-P57, P64, P65, P67 Pin state
MM2 | MM1 | MMO | Memory Expansion
Mode Selection P40-P47 | P50-P53 | P54, P55 | P56, P57 | P64, P65,P67
0 0 0
Single-chip mode Port mode
0 0 1
256-byte
0 1 1 mode Port mode
P64=RD
4K-byte __
1 0 0 Port mode =
Memory | mode P65=WR
expansion ——— ADQ-AD7 P67=ASTB
mode
1| 0| 1 16K-byte A8-A11 Port mode
mode
A12, A13
Full
1 1 1 address Al4, A15
modeNOte
Other than above Setting prohibited
Note: The fulladdress mode allows external expansion to the entire 64-Kbyte address space except

for the internal ROM, RAM, and SFR areas and the reserved areas.
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(2) Memory expansion wait register (MM)
MM sets the wait count.

MM is set with an 1-bit memory or 8-bit memory manipulation instruction.
RESET input sets this register to 10H.

Figure 22-3: Memory Expansion Wait Register Format

When
Symbol 7 6 5 4 3 2 1 0 Address Reset RIW
MM 0 0 0 pwo| O 0 0 0 FFF8H 10H R/W
PWO Wait Control
0 No wait
1 Wait (one wait state insertion)
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(3) Memory size switching register (IMS)

This register specifies the internal memory size. In principle, use IMS in a default status. However,
when using the external device expansion function with the uPD780949, set IMS so that the internal ROM
capacity is 56 Khytes or lower.

IMS is set with an 8-bit memory manipulation instruction.

RESET input sets this register to the value indicated in Table 22-3.

Figure 22-4: Memory Size Switching Register Format

Symbol 7 6 5 4 3 2 1 0 After

Address Reset
IMS |RAM2 |RAM1|RAMO| O ROM3|ROM2|ROM1|/ROMO FEFOH Note RIW
| \ \ \ |

\—ROMS ROM2 |ROM1|ROMO

1 0 0 0 | 32 Kbytes

R/W

Internal ROM size selection

1 1 1 0 |56 Kbytes

1 1 1 1 |60 Kbytes

Other than above Setting prohibited

RAM2|RAM1 |[RAMO| Internal high-speed RAM size selection

1 1 0 1024 bytes

Other than above Setting prohibited

Note: The values after reset depend on the product (See Table 22-3).

Table 22-3: Values when the Memory Size Switching Register is Reset

Part Number Reset Value
uPD780948,

upD78F0948 | CFH
uPD780949,

UPD78F0949 CFH

382



NEC UPD780948, uPD78F0948, uPD780949, uPD78F0949

22.3 External Device Expansion Function Timing
Timing control signal output pins in the external memory expansion mode are as follows.

(1) RD pin (Alternate function: P64)
Read strobe signal output pin. The read strobe signal is output in data accesses and instruction
fetches from external memory.
During internal memory access, the read strobe signal is not output (maintains high level).

(2) WR pin (Alternate function: P65)
Write strobe signal output pin. The write strobe signal is output in data access to external memory.
During internal memory access, the write strobe signal is not output (maintains high level).

(3) ASTB pin (Alternate function: P67)
Address strobe signal output pin. Timing signal is output without regard to the data accesses and
instruction fetches from external memory. The ASTB signal is also output when the internal memory
is accessed.

(4) ADO to AD7, A8 to A15 pins (Alternate function : P40 to P47, P50 to P57)
Address/data signal output pin. Valid signal is output or input during data accesses and instruction
fetches from external memory.

These signals change when the internal memory is accessed (output values are undefined).

Timing charts are shown in Figure 22-5 to 22-8.
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Figure 22-5: Instruction Fetch from External Memory

(a) No wait (PWO0 = 0) setting

ASTB / \
RD \ /

ADO-AD7 XLower Address ><)peration Code X

AB-A15 X Higher Address X

(b) Wait (PWO = 1) setting

ASTB / \
RD \ /

ADO-AD7 ><L0wer Address >< Operation Code ><
A8-A15 X Higher Address X
Internal Wait Signal = = =~ —= — === ===~ \ re--T-T-S-T- S-S oS Ts s

(1-clock wait)
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Figure 22-6: External Memory Read Timing

ASTB / \

(a) No wait (PWO0 = 0) setting

RD

\ /

ADO-AD7

X Lower Address X Read Data X

A8-A15

>< Higher Address

ADO-AD7

A8-A15

Internal Wait Signal
(1-clock wait)

(b) Wait (PWO0 = 1) setting

><Lower Address>< Read Data X

X Higher Address
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Figure 22-7: External Memory Write Timing

(a) No wait (PWO0 = 0) setting

ASTB [\
WR \ /
ADO-AD7 XLower Address )— — — — Hz . < Write Data X
A8-A15 X Higher Address X
(b) Wait (PWO = 1) setting
ASTB / \
WR \ /[
ADO-AD7 Xlower Addressy — — — — — Wz - < Write Data X
AB8-A15 X Higher Address X__
Internal Wait Signal ~ ~ ~ ~ -~ -~ -~~~ -~ ~--T-T-T- o T T T 7 \__ /Tt s T
(1-clock wait)
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Figure 22-8: External Memory Read Modify Write Timing

(a) No wait (PWO0 = 0) setting

ASTB —/_\
RD \ /
WR \ /[
ADO-AD7 XLower Address X Read Data > _H_i—_Z_< Write Data X
A8-A15 X Higher Address X
(b) Wait (PWO0 = 1) setting
ASTB /_\
RD \ /
WR \ /[
ADO-AD7 X tower address X Read Data ﬁ'—z< Write Data X
A8-A15 X Higher Address X__
Internal Wait Signal — — = = = = = — — — ST T T

(1-clock wait)
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22.4 Example of Connection with Memory

This section provides pPD780948 and external memory connection examples in Figure 22-9. SRAMs
are used as the external memory in these diagrams. In addition, the external device expansion function
isusedinthe full-address mode, and the address from 0000H to 7FFFH (32 Kbytes) are allocated for internal
ROM, and the addresses after 8000H for SRAM.

Figure 22-9: Connection Example of uPD780948 and Memory

1PD780948 Voo Voo 1PD432568B L

(™ [

3] e

RD OE
WR = Data
WE Bus

1/01-1/08
A8-Al4 > A0-Al4
Address
uPD74HC573 Bus
ASTB LE
ér Q0-Q7 )
ADO-AD7 D0-D7
T -
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Chapter 23 Standby Function

23.1 Standby Function and Configuration

23.1.1 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 = 4.0 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 awaittime 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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23.1.2 Standby function control register

Awaittime afterthe STOP mode is cleared upon interrupt requesttill 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.
Figure 23-1: Oscillation Stabilization Time Select Register Format
After
Symbol 7 6 5 4 3 2 1 0 Address Reset R/W
OSTS| o0 0 0 0 0 |0STS2|0STS1/OSTSO FFFAH 04H RIW
I
Selection of Oscillation Stabilization
OSTS20STSI0STS] Time when STOP Mode is Released
0| 0| o |2%« (512us)
0| 0| 1 |2"k (2ms)
0| 1| 0 |2%f (41ms)
0| 1| 1 |2%fk (8.19ms)
1 0 | 0 |2/« (16.38 ms)

Other than above| Setting prohibited

Caution: 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

Remarks: 1. fx: Main system clock oscillation frequency
2. Values in parentheses apply to operating at fx = 8.00 MHz
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23.2

23.2.1 HALT mode

Standby Function Operations

(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.

392

Table 23-1: HALT Mode Operating Status

HALT mode setting

Item

HALT execution during main
system clock operation

HALT execution during
subsystem clock operation
(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

Operable when Tl is selected as

16-bit timer /event counter (TMO0) | Operable
count clock

16-bit timer (TM2) Operable Operation stops

8-bit timer event counter Operable Operable when Tl is selected as

(TM50/TM51) count clock

Watch timer Operable Operable when fxt is selected as
count clock

Watchdog timer Operable Operation stops

A/D converter Operation stops

Serial I/F Operable | Operable at external SCK

CAN Operation stops

Sound generator Operable | Operation stops

External interrupt (INTPO to INTP4) | Operable

LCD Operable | Operation stops

Bus lines in external expansion

ADO to AD7 High impedance

A8 to Al15 Status before HALT mode is held
PSTB Low level

WR, RD High level
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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 23-2: HALT Mode Clear upon Interrupt Generation

HALT
Instruction Wait ‘
Standby T
Release Signal |
—-— o ——.
Operating
Mode HALT Mode Wait ‘ Operating Mode
!
Clock Oscillation

Remarks: 1. The broken line indicates the case when the interrupt request which has cleared the
standby status is acknowledged.
2. Wait time will be as follows:
« When vectored interrupt service is carried out: 8 to 9 clocks
« When vectored interrupt service is not carried out: 2 to 3 clocks

(b) Clear upon non-maskable interrupt request
The HALT mode is cleared and vectored interrupt service is carried out whether interrupt acknowledge
is enabled or disabled.

(c) Clear upon unmasked test input

The HALT mode is cleared by unmasked test input and the next address instruction of the HALT
instruction is executed.
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(d) Clear upon RESET input
As is the case with normal reset operation, a program is executed after branch to the reset vector

address.
Figure 23-3: HALT Mode Release by RESET Input
Wait
HALT | (2"/f«: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 23-2: 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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23.2.2 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 V pp 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 isimmediately 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 23-3: 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) | Operable when Tl is selected as count clock
16-bit timer (TM2) 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 Operable at external SCK
CAN Operation stops
Sound generator Operation stops
External interrupt (INTPO to INTP4) | Operable
LCD Operation stops
Bus lines in external expansion

ADO to AD7 High impedance

A8 to Al15 Status before STOP mode is held

ASTB Low level

WR, RD High level
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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

Anunmasked interruptrequestis usedto release the STOP mode. Ifinterruptacknowledge 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 23-4: STOP Mode Release by Interrupt Generation

Wait

STOP (Time set by OSTS) ‘
Instruction ‘
Standby 5 T
Release Signal 1 _ _ _
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.

(b) Release by unmasked test input

The STOP mode is cleared by unmasked test input. After the lapse of oscillation stabilization time,
the instruction at the next address of the STOP instruction is executed.
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(c) Release by RESET input
The STOP mode is cleared and after the lapse of oscillation stabilization time, reset operationis carried
out.

Figure 23-5: Release by STOP Mode RESET Input

Wait
STOP (21163 ms) |
Instruction ‘
RESET ! 2
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 23-4: 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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24.1 Reset Function

The following two operations are available to generate the reset signal.

(1) External reset input with RESET pin

Chapter 24 Reset Function

(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 24-1. 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 24-2 to 24-4).

Cautions: 1. For an external reset, input a low level for 10
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.

RESET ©

Figure 24-1: Block Diagram of Reset Function

v

Reset Control Circuit

Count Clock

Watchdog Timer

Over-
flow

Stop

s or more to the RESET pin.

Reset
Signal

Interrupt
Function
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Figure 24-2: Timing of Reset Input by RESET Input

VAVAVAVA I AVAVAE

. ' Reset Period ! Oscillation Normal Operation
I - P
Normal Operation -— (Oscillation Stop)w‘ S_tablllzat_lon "‘ - (Reset Processing)

‘ | ‘ | Time Wait
| T
| | | |
RESET \ | / |
| 1 b
| | | |
| | | |
1 | | |
Internal i ; i ‘
Reset Signal ; ! \ !
' Delay | ; |
Delay

High Impedance
pPortPn )T T T S s s s s s s s s s S S s s s s s ===

Figure 24-3: Timing of Reset due to Watchdog Timer Overflow

SAVAVAWA I WAVAWAE

Normal Operation — s« ResetPeriod —=<—— Oscillation ——‘«— Normal Operation

i (Oscillation Stop) i Stabilization (Reset Processing)
Watchdog ‘ ! Time Wait
Timer Overflow i 1
| |
| |
1 |
Internal ! !
Reset Signal A /!
| |
| |
| |
| |
High Impedance
portPn T m m e e e e e e m m m m m ===

Figure 24-4: Timing of Reset Input in STOP Mode by RESET Input

SAVAVA I VAVAVAWN

STOP Instruction Execution

| 1 0 .
Stop Status Reset Period [ Oscillation Normal Operation

|
. | - N
Normal Operation —|=- cciiation Stop) *ik (Oscillation Stop) ai - Jubilzaton (Reset Processing)
| L
| ! | !
RESET AN /i
I ! I
| | ! |
3 1 L
Internal ! i ! i
Reset Signal ! ! ! !
D |
| | ! |
Delay Delay
) High Impedance
PortPn e e e e e e e = = = === == - -
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Table 24-1: Hardware Status after Reset (1/3)

Hardware

Status after Reset

Program counter (PC)Note 1

The contents of reset vector tables
(0000H and 0001H) are set.

Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2
General register UndefinedNote 2
Ports 0 to 7, Port 12, 13, 14 OOH
Port (Output latch) (PO to P7, P12, P13, P14)
Port mode register (PMO to PM7, PM12, PM13, PM14) FFH
Pull-up resistor option register (PUO, PU4, PU7, PU13) OOH
Port function selection (PF2, PF5, PF7, PF12 - PF14) OOH
Processor clock control register (PCC) 04H
Memory size switching register (IMS) CFH
Internal expansion RAM size switching register (IXS) 0CH
Memory expansion mode register (MEM) OOH
Expansion wait register (MM) 10H
EEPROM Write control register (EEWC) O00H
Oscillation stabilization time select register (OSTS) 04H
Timer register (TMO) O0OH
Capture/compare register (CR00, CR01) OOH
16-bit timer/event counter 0 Prescaler selection register (PRMO) O00H
Mode control register (TMCO) O0H
Capture/compare control register 0 (CRCO) 04H
Output control register (TOCO) OOH
Timer register (TMO) O00H
16-bit timer/event counter 2 Capture control register (CR20, CR21, CR22) O0H
Prescaler mode register (PRM2) O0H
Mode control register (TMC2) OOH

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 24-1: Hardware Status after Reset (2/3)

Hardware Status after Reset
8-bit timer/event counters Timer register (TM50, TM51) 00H
50 and 51 Compare register (CR50, CR51) 00H

Clock select register (TCL50, TCL51) 00H

Mode control register (TMC50, TMC51) 04H
Watch timer Mode register (WTM) 00H
Watchdog timer Clock selection register (WDCS) OOH

Mode register (WDTM) O00H
PCL clock output Clock output selection register (CKS) O00H
Sound generator Control register (SGCR) 04H

Amplitude control (SGAM) OOH

Buzzer control (SGBC) 00H
Serial interface Operating mode register 0 (CSIM30) 00H

Shift register 0 (SIO30) O00OH

Operating mode register 1 (CSIM31) O00H

Shift register 1 (SI031) 00H

Asynchronous mode register (ASIMO) OOH

Asynchronous status register (ASIS0) O0OH

Baudrate generator control register (BRGCO) 00H

_Transmit shift register (TXS0) ____ __ __ FFH

Receive buffer register (RXB0)

A/D converter Mode register (ADM1) O0H

Conversion result register (ADCR1) 00H

Input select register (ADS1) 00H

Power fail comparator mode (PFM) 00H

Power fail threshold register (PFT) 00H
LCD-controller/driver Mode register (LCDM) O00OH

Control register (LCDC) O0OH
Interrupt Request flag register (IFOL, IFOH, IF1L, IF1H) 00H

Mask flag register (MKOL, MKOH, MK1L, MK1H) FFH

Priority specify flag register FFH

(PROL, PROH, PR1L, PR1H)

External interrupt rising edge register (EGP) O00H

External interrupt falling edge register (EGN) 00H
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Table 24-1: Hardware Status after Reset (3/3)

CAN

Hardware Status after Reset
Control register (CANC) 01H
Transmit control register (TCR) O0OH
Receive message register (RMES) O00H
Redefinition register (REDEF) 00H
Error status register (CANES) O00OH
Transmit error counter register (TEC) 00OH
Receive error counter register (REC) O0OH
Message count register (MCNT) OCH
Bit rate prescaler register (BRPRS) O00H
Synchronous control register (SYNCO) 18H
Synchronous control register (SYNC1) OEH
Mark control register (MASKC) O0OH
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Chapter 25 uPD78F0948, uPD78F0949

The flash memory versions of the uPD780949 Subseriesincludesthe uPD78F0948 and the uPD78F0949.
The uPD78F0948/uPD78F0949 replaces the internal mask ROM of the uPD780948/uPD780949 with
flash memory to which a program can be written, deleted and overwritten while mounted on the substrate.

Table 25-1 lists the differences among the uyPD78F0948/uPD78F0949 and the mask ROM versions.

Table 25-1: Differences among uPD78F0948/uPD78F0949 and Mask ROM Versions

Item uPD78F0948/uPD78F0949 Mask ROM Versions
IC pin None Available
Vee 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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25.1 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 the value indicated in Table 25-2.

Figure 25-1: Memory Size Switching Register Format

Symbol 7 6 5 4 3 2 1 0 After

Address Reset
IMS |RAM2 |RAM1|RAMO| 0 ROM3|ROM2|ROM1|/ROMO FEFOH Note RIW
| \ \ \ |

\—ROMS ROM2 |ROM1|ROMO

1 0 0 0 | 32 Kbytes

R/W

Internal ROM size selection

1 1 1 0 |56 Kbytes

1 1 1 1 |60 Kbytes

Other than above Setting prohibited

RAM2|RAM1 |[RAMO| Internal high-speed RAM size selection

1 1 0 1024 bytes

Other than above Setting prohibited

Note: The values after reset depend on the product (See Table 25-2).

Table 25-2: Values when the Memory Size Switching Register is Reset

Part Number Reset Value
pnPD780948, 78F0948 CFH
pnPD780949, 78F0949 CFH
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25.2 Internal Extension RAM Size Switching Register

The uPD78F0948 und pPD78F0949 allow users to define its internal extension RAM size by using the
internal extension RAM size switching register (IXS), so that the same memory mapping as that of a
mask ROM version with a different internal extension RAM is possible.

The IXS is set by an 8-bit memory manipulation instruction.

RESET signal input sets IXS to 0AH.

Caution: Whenthe uPD780948/uPD78F0948 and the uyPD780949/uPD78F0949 are used, be sure
to set the value specified in the Table 25-3 to IXS. Other settings are prohibited.

Figure 25-2: Internal Extension RAM Size Switching Register Format

After R/W
Symbol 7 6 5 4 3 2 1 0 Address Reset
IXS 0 0 0 0 IXRAM3 | IXRAM2 IXRAM1 IXRAMO FFF4H OAH W

IXRAM3 | IXRAM2 | IXRAM1 | IXRAMo | Mternal extension RAM
capacity selection

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 24-3.

Table 25-3: Examples of internal Extension RAM Size Switching Register Settings

Relevant Mask ROM Version IXS Setting
UPD780948, uPD78F0948
HPD780949, uPD78F0949

OAH

407



MPD780948, pyPD78F0948, pPD780949, pyPD78F0949 NEC

25.3 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 (Flashpro) to the host machine and
target system.

Moreover, writing to flash memory can also be performed using a flash memory writing adapter connected
to Flashpro.

Remark: Flashpro is a product of Naitoudensei Machida Seisakusho, Co., Ltd.

25.3.1 Selection of transmission method

Writing to flash memory is performed using Flashpro and serial communication. Select the transmission
method for writing from Table 25-4. For the selection of the transmission method, a format like the one
shown in Figure 25-3 is used. The transmission methods are selected with the Vrp pulse numbers shown
in Table 25-4.

Table 25-4 Transmission Method List

. Number of . Number of
Transmission Method Channels Pin Used Vep Pulses
S10/P20
3-wire serial 1/0 1 SO0/P21 1
SCKO0/P22
P30 (Serial clock input)
Pseudo 3-wire serial 1/0 1 P31(Serial data input) 12
P32(Serial data input)
RxD0/P25
UART ! TXDO/P26 8

Cautions: 1. Be sureto selectthe number of Vpp 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 3 MHz or higher.

Figure 25-3: Transmission Method Selection Format

Vpp pulses

((
)

Flash write mode

Vob
RESET \ /
Vss !

25.3.2 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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25.3.3 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 25-5.

Table 25-5: 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 opera-
tion.

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.

25.3.4 Flashpro connection
Connection of Flashpro and uPD78F0948/uPD78F0949 differs depending on communication method (3-
wire serial 1/0, UART). Each case of connection shows in Figures 25-4, 25-5 and 25-6.

Figure 25-4: Connection of Flashpro Using 3-Wire Serial I/0 Method

Flashpro HMPD78F0948/uPD78F0949
Veep Vep
Voo Vop
RESET RESET

SCK SCKO

SO SI0
Sl SO0
GND Vss
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VPp:
RESET:

Figure 25-5: Flashpro Connection Using UART Method

Flashpro HPD78F0948/uPD78F0949
Vep Vep
VVob Vop
RESET RESET
SO RXDO
Sl TXDO
GND Vss

Figure 25-6: Flashpro Connection Using Pseudo 3-wire Serial I/0

Flashpro UPD78F0948/uPD78F0949
Vpp Vep
Voo \Vop
RESET RESET
SCK (Serial clock input)
SO (Serial data input)
Sl (Serial data output)
GND Vss

10.3 V applied from the o-board programming tool.
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. Altenatively

VbD:

GND:
SCK/PSCK:
SI/PSI:
SO/PSO:
RxD:

TxD:

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.
The power supply for the 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.
Ground level Vss.

Serial clock generated by the on-board programming tool.

Serial data sent by the on-board programming tool.

Serial data sent by the device.

Serial data sent by the on-board programming tool.

Serial data sent by the device.

25.3.5 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 26 Instruction Set

This chapter describes each instruction set of the pPD780949 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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26.1 Legends Used in Operation List

26.1.1 Operand identifiers and description methods

Operands are described in “Operand” column of each instruction in accordance with the description method
of the instruction operand identifier (refer to the assembler specifications for detail). When there are two
or more description methods, select one of them. Alphabetic letters in capitals and symbols, #, !, $ and
[ ] are key words and must be described as they are. Each symbol has the following meaning.

« # : Immediate data specification
« | : 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 (hames
in parentheses in the table below, RO, R1, R2, etc.) can be used for description.

Table 26-1: Operand Identifiers and Description Methods

Identifier Description Method
r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7),
rp AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbolNote
sfrp Special-function register 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)
addrl6 0000H-FFFFH Immediate data or labels
(Only even addresses for 16-bit data transfer instructions)
addrll 0800H-OFFFH 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
RBnN 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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26.1.2 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 . L register

AX : AX register pair; 16-bit accumulator
BC . BC register pair

DE . DE register pair

HL : HL register pair

PC . Program counter

SP . Stack pointer

PSW : Program status word

CcY . 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
addrl6 : 16-bit immediate data or label
jdisp8 : Signed 8-bit data (displacement value)

26.1.3 Description of “flag operation” column
(Blank) : Not affected

0 : Clearedto 0

1 : Settol

X . Set/cleared according to the result
R . Previously saved value is restored

414



NEC

uPD780948, uPD78F0948, uPD780949, uPD78F0949

26.2 Operation List

ti(l)r:]sglrjgl;p Mnemonic Operands Byte o flozzez Operation = ';IanCY
r, #byte 2 4 - r — byte
saddr, #byte 3 6 7 (saddr) ~ byte
sfr, #byte 3 - 7 sfr — byte
Ar Notes | 7 2 - |Acrx
rA Noes | 7 2 - r—A
A, saddr 2 4 5 A ~ (saddr)
saddr, A 2 4 5 (saddr) « A
A, sfr 2 - 5 A — sfr
sfr, A 2 - 5 sfr « A
A, laddrl6 3 8 9+n |A ~ (addrl6)
laddri6, A 3 8 9+m |(addrl6) — 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
At Noes | 7 2 - Ao
A, saddr 2 4 6 A o (saddr)
A, sfr 2 - 6 A o (sfr)
A, laddrl6 3 8 10+n+m |A o (addrl6)
XCH A, [DE] 1 4 6+n+m [A o (DE)
A, [HL] 1 4 6+n+m |A o (HL)
A, [HL + byte] 2 8 | 10+n+m |A o (HL + byte)
A, [HL + B] 2 8 | 104n+m |A o (HL +B)
A, [HL + C] 2 8 | 10+n+m |A o (HL+C)
Notes: 1. When the internal high-speed RAM area is accessed or instruction with no data access

2.
3.

Remarks: 1.

w

When an area except the internal high-speed RAM area is accessed.

Except “r = A”

One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the PCC

register.

. This clock cycle applies to internal ROM program.
. h 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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tig;sglrj;l;p Mnemonic Operands Byte o flozzez Operation = ';IZQCY
rp, #word 3 6 - rp — word
saddrp, #word 4 8 10 (saddrp) ~ word
sfrp, #word 4 - 10 sfrp ~ word
AX, saddrp 2 6 8 AX ~ (saddrp)
16-bit saddrp, AX 2 6 8 (saddrp) ~ AX
data MOVW AX, sfrp 2 - 8 AX ~ sfrp
transfer sfrp, AX 2 - 8 sfrp « AX
AX, 1p Note3 | 1 4 _ AX < 1p
p, AX Note3 | 7 4 - p < AX
AX, laddrl6 3 10 |12 +2n |AX < (addrl6)
laddrl6, AX 3 10 |12 + 2m | (addrl6) — AX
XCHW AX, 1p Note3 | 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 Note4 | 2 4 - A CY  A+r X X X
r,A 2 4 - nCY «r+A X X X
ADD A, saddr 2 4 5 A, CY — A + (saddr) X X X
A, laddrl6 3 8 9+n |A CY « A+ (addrl6) 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 Nowe4 | 2 4 - A, CY « A+r+CY X X X
r,A 2 4 - CY «r+A+CY X X X
A, saddr 2 4 5 A, CY — A+ (saddr) + CY X X X
ADDC
A, laddrl6 3 8 9+n |A CY ~ A+ (addrl6) + 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 c 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.
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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tig:]Sthrj;l;p Mnemonic Operands Byte o flozzez Operation ';IZQCY
A, #byte 2 4 - A, CY « A—byte X X
saddr, #byte 3 6 8 (saddr), CY ~ (saddr) — byte X X
AT Note3 | 2 4 - A CY « A—r X X
rA 2 4 - ncCY «r—A X X
A, saddr 2 4 5 A, CY — A — (saddr) X X
SuB A, laddrl6 3 8 9+n |A CY « A-(addrl6) X X
A, [HL] 1 4 5+n [A CY « A—(HL) X X
A, [HL + byte] 2 8 9+n |A CY « A—(HL + byte) X X
A, [HL + B] 2 8 9+n |A CY « A—(HL+B) X X
A, [HL + C] 2 8 9+n [A CY « A—(HL+C) X X
A, #byte 2 4 - A, CY « A—byte - CY X X
saddr, #byte 3 6 8 (saddr), CY ~ (saddr) — byte — CY X X
Ar Note3 | 2 4 - A CY « A—r—CY X X
rA 2 4 - CY « r—A-CY X X
8-bit ‘ SUBC A, saddr 2 4 5 A, CY — A —(saddr) - CY X X
operation A, laddrl6 3 8 9+n |A CY « A—(addrl6) - CY X X
A, [HL] 1 4 5+n |A CY « A—(HL)-CY X X
A, [HL + byte] 2 8 9+n [A CY « A—(HL + byte) - CY X X
A, [HL + B] 2 8 9+n [A/CY « A-(HL+B)-CY X X
A, [HL + C] 2 8 9+n [A,CY «c A—(HL+C)-CY X X
A, #byte 2 4 - A — AAbyte
saddr, #byte 3 6 8 (saddr) ~ (saddr)/A\byte
At Note3 | 2 4 - A — AAT
r A 2 4 - r « r\NA
AND A, saddr 2 4 5 A — A/ (saddr)
A, laddrl6 3 8 9+n |A < AA(addrl6)
A, [HL] 1 4 5+n [A < AA[HL]
A, [HL + byte] 2 8 9+n [A « AA[HL + byte]
A, [HL + B] 2 8 9+n |A— AA[HL+B]
A, [HL + C] 2 8 9+n |A <« AA[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.

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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tig;sglrj;l;p Mnemonic Operands Byte o flozzez Operation = ';IZQCY
A, #byte 2 4 - A — AVbyte X
saddr, #byte 3 6 8 (saddr) — (saddr)Vbyte X
A Nowes | 2 4 - A« AVr X
r,A 2 4 - r—rvA X
A, saddr 2 4 5 A — AV(saddr) X
OR A, laddrl6 3 8 9+n |A ~ AV(addrl6) X
A, [HL] 1 4 5+n |A < AV(HL) X
A, [HL + byte] 2 8 9+n [A < AV(HL + byte) X
A, [HL + B] 2 8 9+n |A < AV(HL +B) X
A, [HL +C] 2 8 9+n |A -~ AV(HL+C) X
A, #byte 2 4 - A — A byte X
saddr, #byte 3 6 8 (saddr) — (saddr)byte X
A Nowes | 2 4 - |AcAvr X
r, A 2 4 - r — rvvA X
8-bit XOR A, saddr 2 4 5 A — A (saddr) X
operation A, laddr16 3 8 9+n |A < AV (addrl6) X
A, [HL] 1 4 5+n |A < AM(HL) X
A, [HL + byte] 2 8 9+n [A < AV (HL + byte) X
A, [HL + B] 2 8 9+n |A < AM(HL+B) X
A, [HL +C] 2 8 9+n |A < AV (HL+C) X
A, #byte 2 4 - A — byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
At Note3 | 2 4 - A-r X X X
r,A 2 4 - r—A X X X
cMP A, saddr 2 4 5 A — (saddr) X X X
A, laddrl6 3 8 9+n |A - (addrl6) 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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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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Instruc- . ;
tion Group 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 - r—r+1
INC
saddr 2 4 6 (saddr) ~ (saddr) + 1
Increment/ r 1 2 - rer-1
d DEC
ecrement saddr 2 | 4 6 |(saddr) — (saddr) — 1
INCW rp 1 4 - m—rmp+l
DECW p 1 4 - me—rmp-1
ROR Al 1 2 - (CY, A7 « Ao, Am-1 « Am) x 1 time
ROL A 1 1 2 - (CY, Ao « A7, Am+1 « Am) X 1 time
RORC Al 1 2 - (CY « Ao, A7 « CY, Am-1 « Am) x 1 time
Rotate ROLC Al 1 2 - (CY « A7, Ao « CY, An+1 « Am) x 1 time
N : B As-o « (HL)s-o, (HL)7-4 « As-o,
ROR4 [HL] 10| 1250em |y ML
ROL4 HL ) 1 As-0 « (HL)7-4, (HL)3-0 < As-o,
o (HL] 0 |12¢n+m (HL)7-4 « (HL)3-0
Decimal Adjust Accumulator after
ADJBA 2 4 - .
BCD Addition
adjust Decimal Adjust Accumulator after
ADJBS 2 4 -
Subtract
CY, saddr.bit 3 6 7 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.hit
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. 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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tig;sglrj;l;p Mnemonic Operands Byte o flozzez Operation = ';IZQCY
CY, saddr.bit 3 6 7 CY ~ CY A (saddr.hit) X
CY, sfr.bit 3 - 7 CY ~ CYASsfr.bit X
AND1 CY, A bit 2 4 - CY — CYAA.bit X
CY, PSW.bit 3 - 7 CY < CYAPSW.hit 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 < CYVA.hit 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*vsfr.bit X
Bit XOR1 CY, A bit 2 4 - CY « CY ™ A.bit X
manipu- CY, PSW. bit 3 - 7 CY < CY ¥ PSW.hit X
late CV, [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 g+n+m |(HL).bit — 1
saddr.bit 2 4 6 (saddr.bit) —~ O
sfr.bit 3 - 8 sfr.bit < O
CLR1 A.bit 2 4 - |Abit <0
PSW.bit 2 - 6 PSW.hit — 0 X X X
[HL].bit 2 6 8+n+m |(HL).bit — O
SET1 cYy 1 2 - CY <1 1
CLR1 (03% 1 2 - CY -0 0
NOT1 (% 1| 2 - |eyecy 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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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.
4. m is the number of waits when external memory expansion area is written to.
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| - Clock Flag
i r;]sgl:c Mnemonic Operands Byte Operation
o (el Note1| Note2 Z ACCY
(SP = 1) « (PC + 3, (SP - 2) « (PC + 3)I,
CALL laddr16 3 7 -
addr PC . addr16, SP — SP -2
(SP-1) « (PC + 2, (SP = 2) « (PC + 2)1,
CALLF laddr11 2 5 - PCis-11 « 00001, PCwo-0 « addrll,
SP . SP-2
(SP-1) « (PC + 14, (SP = 2) « (PC + 1)1,
CALLT |[addrs] 1 6 B 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), PCx ~ (003FH),
PCL « (003EH), SP « SP-3,IE < 0
RET 1 6 PCh « (SP + 1), PCL — (SP),
T |SP-SP+2
PCH (SP + l), PCL ~ (SP),
RETI 1 6 - PSW  (SP +2),SP « SP + 3, R R R
NMIS — 0
RETB 1 6 PCh « (SP + 1), PCL ~ (SP), R R R
- PSW  (SP+2),SP - SP+3
PSW 1 2 - (SP-1) « PSW,SP - SP-1
PUSH -1) - -2 -
tp 1 4 3 (SP —1) « rpn, (SP —2) « rp,
SP . SP-2
Stack PSW 1 2 - PSW ~ (SP),SP - SP +1 R R R
manipu- | POP ] 1 4 B 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- laddrl6 3 6 - PC -~ addrl6
tional BR $addrl6 2 6 - PC « PC + 2 + jdisp8
branch AX 2 | 8 —  |PCu < A PCL-X
BC $addrl6 2 6 - PC -« PC+2+jdisp8ifCY =1
Conditionall BNC $addrl6 2 6 - PC - PC+2 +jdisp8if CY =0
branch BZ $addr16 2 6 - PC - PC+2 +jdisp8ifz=1
BNZ $addrl6 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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ti(l)l:]sgl:;l;p 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.hit=1
BT A.bit, $addr16 3 8 - PC ~ PC + 3 +jdisp8 if A.bit=1
PSW.bit, $addr16 3 - 9 PC ~ PC + 3 +jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 | 10 | 11+n |PC  PC + 3 + jdisp8 if (HL).bit = 1
saddr.bit, $addr16 4 10 11 PC — PC + 4 + jdisp8 if(saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC — PC + 4 + disp8 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
?O”d" saddr.bit, $addr16 4 | 10 12 |if(saddr.bit) = 1
tional then reset(saddr.bit)
branch — : o
sfr.bit, $addr16 4 B 12 PC - PC+4 +.deSp8 if sfr.bit =1
then reset sfr.bit
BTCLR A.bit, $addr16 3 8 _ PC - PC+3 '.'-deSpB if Abit=1
then reset A.bit
. PC —~ PC + 4 + jdisp8 if PSW.bit =1
PSW.bit, $addr16 4 - 12 then reset PSW bit X X X
. PC — PC + 3 +disp8 if (HL).bit = 1
[HL].bit, $addr16 3 10 | 12+n+m then reset (HL).bit
B - B-1, then
B, $addrl6 2| e T |PC . PC+2+jdisp8ifB#0
C - C-1, then
DBNZ |, $addrl6 216 T |PC — PC+2+]disp8ifC#0
(saddr) — (saddr) — 1, then
saddr. $addr16 31 8 | 10 Ipc . 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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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.
4. m is the number of waits when external memory expansion area is written to.
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26.3 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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SecondOperand [HL + byte]
#oyte| A rNete | sfr | saddr |laddrl6 | PSW | [DE] | [HL] |HL + B]|$addrl6| 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 SuUB 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
SuUB
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 MU
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 rphote sfrp saddrp laddr16 SP None
1st Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
rp MOVW MOWWNoE 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 CY $addrl6 None
First Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.bit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CY 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 laddrl6 | 'addrll [addr5] | $addrl6
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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[Memo]
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Appendix A Development Tools

The following development tools are available for the development of systems that employ the

HPD780949 Subseries.
Figure A-1 shows the development tool configuration.

Figure A-1: Development Tool Configuration

Embedded Softvare ———————— — Language Processing Software

) » Assembler package

* Realtime OS, OS « C compiler package

* Fuzzy inference development « C library source file

support system « System simulator
« Integrated debugger
O 5| * Device file
] ]

Host machine
(PC or EWS)

Interface adapter

— Flash memory = In-circuit emulator

| CPU core board |
Flash writer |

1/0 board |

|
Flash memory | Probe board |

write adapter

On-chip flashl Emulation probe
memory version

Conversion socket or
conversion adapter

Target system
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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 (DF780949).

Part Number: PSxxxxRA78K0

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 (RA78K/0)
and device file (780949).

Part Number: pSxxxxCC78K0

DF78094gNote 1, 2 This file contains information peculiar to the device.

Device File This file is used in combination with the RA78K/0, CC78K/0, SM78K0, and ID78KO0.
Part Number: HSxxxxDF780949
CC78K/0-L This is a source program of functions configuring the object library included in the C

C Library Source File compiler package (CC78K/0).
It is required for matching the object library included in the CC78K/0 with to the

customer’s specifications.

Part Number: HSxxxxCC78KO0-L

Notes: 1. Used in common with DF780948, RA78K/0, CC78K0, SM78K0 and ID78K0.
2. Under development

Remark: xxxx in the part number differs depending on the host machine and OS used.

USxxxxXxRA78K0

pSxxxxCC78KO0

uSxxxxDF780948
puSxxxxCC78K0-L

XXXX Host Machine (05 Supply Medium
5A13 | PC-9800 Series MS-DOS 3.5-inch 2HD
5A10 (Ver.3.30 to Ver.6.2Not) | ¢ .. b oHD
7B13 IBM PC/AT or compatible See A4 3.5-INCH 2HD
7B10 5-inch 2HD
3H15 HP9000 Series 300™ HP-UX™ (rel.7.05B) Cartrige tape (QIC-24)
3P16 HP9000 Series 700™ HP-UX (rel.9.01) Digital audio tape (DAT)
3K15 SPARCstation™ SunOS™ (rel.4.1.1) Cartridge tape (QIC-24)
3M15 EWS4800 Series (RISC) EWS-UX/V (rel.4.0)

Note: The task swap function is not supported by the software listed above, although it is provided

in MS-DOS version 5.0 and later.
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A.2 Flash Memory Writing Tools

Flashpro Dedicated flash writer for microcontrollers with on-chip flash memory.
Flash Writer Flashpro is a product of Naitoudensei Machida Seisakusho, Co., Ltd.
Flash memory writing adapter UPD780949 Subseries flash memory writing adapter used connected to Flashpro.
FA-100GF-SL These are products of Naitoudensei Machida Seisakusho, Co., Ltd.
* FA-100GF-SL: 100-pin plastic QFP (14 x 20 mm)

A.3  Debugging Tools

A.3.1 Hardware

IE-78001-R-A Note This in-circuit emulator serves to debug hardware and software when developing
In-Circuit Emulator application systems using the 78K/0 Series. It corresponds to integrated debugger
ID78K0. This emulator is used in combination with an emulation probe an interface
adapter for connection to a host machine.

IE-70000-PC-IF-C This adapter is required when using an IBM PC/AT or compatible as the IE-780000-SL

Interface Adapter host machine.

IE-780948-SI-EM1Note This board is used to perform emulation of device specific peripheral hardware. This

I/0 Board board is used in combination with an in-circuit emulator, CPU core board, and probe
board.

IE-780948-SL-EM4Note This board is used to perform mask option settings and pin connection changes.

Probe Board

EP-100GF-SLNote This probe is used to connect the in-circuit emulator and the target system.
Emulation Probe It is for 100-pin plastic QFP .
A 100-pin conversion socket is included to facilitate target system development.

NO PACK 100 KB | This conversion socket is used to connect a target system substrate designed
Y0 PACK 100 KB to allow mounting of a 100-pin plastic QFP and the EP-100GF-SL.

Note: Under development.
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A.3.2 Software (1/2)

SM78K0
System Simulator

This system simulator is used to perform debugging at C source level or assembler
level while simulating the operatin of the target system on a host machine.

The SM78K0 operates on Windows.

Use of the SM78KO0 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 is used in combination with the optional device file DF78F0949.

Part Number: USxxxxSM78KO0-L

Remark: xxxx in the part number differs depending on the host machine and OS used.

USXxxxSM78K0
XXXX Host Machine (O} Supply Medium
AA13 | PC-9800 Series MS-DOS (Ver.3.30 to Ver.6.2N) + | 3 5.inch 2HD
Windows (Ver. 3.0 to Ver. 3.1)
AB13 IBM PC/AT and compatible | See A.4 3.5-inch 2HC
(Windows Japanese version
BB13 IBM PC/AT and compatible 3.5-inch 2HC
(Windows English version)
Note: The task swap funtion is not supported by the software listed above, although it is provided

in MS-DOS version 5.0 and later.
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A.3.2 Software (2/2)

ID78K0 This is a control program used to debug the 78K/0 Series.

Integrated Debugger The graphical user interfaces employed are Windows for personal computers and
OSF/Motif for EWSs, offering the standard appearance and operability typical of
these interfaces. Further, debugging functions supporting C language are rein-
forced, and the trace result can be displayed in C language level by using a window
integrating function that associates the source program, disassemble display, and
memory display with the trace result. In addition, it can enhance the debugging
efficiency of a program using a real-time OS by incorporating function expansion
modules such as a task debugger and system performance analyzer.

This debugger is used in combination with an optional device file.

Part Number: PSXXXXID78K0

DF780949Notes 1, 2 File containing information peculiar to the device.
Device File Used in combination with optional RA78K/0, CC78K/0, SM78KO0, or ID78K0.

Part Number: HSXXXXDF780949.

Notes: 1. The DF780948 can be used in conjunction with the RA78K/0, CC78K/0, SM78K0, and
ID78KO.
2. Under development.

Remark: xxxx in the part number differs depending on the host machine and OS used.

pSxxxxID78KO0

uSxxxxDF780948
XXXX Host Machine oS Supply Medium
AA13 | PC-9800 Series Ms-DOS (Ver.3.30toVer.6.2N)+ | 3 5.inch 2HD
Windows (Ver. 3.1)
AB13 IBM PC/AT or compatible See A4 3.5-inch 2HC
(Japanese Windows)
BB13 IBM PC/AT or compatible 3.5-inch 2HC
(English Windows)
3P16 HP9000 Series 700 HP-UX (rel.9.01) Digital audio tape (DAT)
3K15 SPARCstation SunOS (rel.4.1.1) Cartridge tape (QIC-24)
3K13 3.5-inch 2HC
3R16 | NEWS™ (RISC) NEWS-OS™ (6.1x) 1/4 inch CGMT
3R13 3.5-inch 2HC
3M15 EWS4800 Series (RISC) EWS-UX/V (rel.4.0) Cartridge tape (QIC-24)
Note: The task swap function is not supported by the software listed above, although it is provided

in MS-DOS version 5.0 and later.
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A.4 OS for IBM PC

The following OSs for IBM PCs are supported.
To operate SM78K0, ID78K0, and FE9200 (see B.2 Fuzzy Inference Development Support System ),
Windows (Ver. 3.0 to Ver. 3.1) is necessary.

(OS] Version

PC DOS Ver. 5.02 to Ver. 6.3

J6.1/vNote g 36 .3yNote

IBM DOS™ J5.02/vNote

MS-DOS Ver. 5.0 to Ver. 6.22

5.0/vNote tg g 2/yNote

Note: Only English mode is supported.

Caution: Although Ver. 5.0 and above have a task swapping function, this function cannot be
used with this software.
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A.5 Development Environment when Using IE-78001-R-A

When using the IE-78001-R-A as the in-circuit emulator, the following debugging tools are required.

IE-78001-R-A
In-Circuit Emulator

This in-circuit emulator is used to debug hardware and software when an applica-
tion system using the 78K/0 Series is developed. It supports the integrated
debugger (ID78K0). This emulator is used in combination with an emulation probe
and an interface adapter that connects the emulator with the host machine.

IE-70000-98-IF-B
IE-70000-98N-IN
IE-70000-PC-IF-C
Interface adapter

See A.3.1 Hardware .

E-78000-R-SV3
Interface Adapter

Adapter cable necessary when using an EWS as the host machine of the IE-
780000-R-A. This cable is connected to the board in the IE-780000-R-A.

As Ethernet™, 10Base-5 is supported. If other methods are used, a commercially
available conversion adapter is necessary.

IE-780948-SL-EMm1Note
1/0 Board

This board is used to emulate peripheral hardware peculiar to the device.

It is used in combination with an in-circuit emulator, interface board, and probe
board.

See also A.3.1 Hardware .

IE-780948-SL-EM4Note
Probe Board

EP-100GF-sLNote
Emulation Probe

Conversion Adapter

See A.3.1 Hardware .

Note:
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Appendix B Embedded Software

For efficient development and maintenance of the uPD780949 Subseries, the following embedded
software products are available.
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B.1 Real-Time OS (1/2)

RX78K/0 RX78K/0 is a real-time OS conforming with the HITRON specifications.
Real-time OS 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.
Part number: HUSxxxxRX78013-AAAA
Caution: When purchasing the RX78K/0, fill in the purchase application form in advance and
sign the User Agreement.
Remark: xxxx and AAA in the part number differ depending on the host machine and OS used.

prxxxMX?SOlB—AAﬁA

Note:

AAAA Product Outline Upper limit of mass-production quantity
001 Evaluation object Do not use for mass-produced products.
100K Object for mass-produced product | 0.1 million units
001M 1 million units
01oM 10 million units
S01 Source_program Source program for_mass-produced object
XXXX Host Machine (05 Supply Medium
5A13 PC-9800 Series MS-DOS 3.5-inch 2HD
5A10 (Ver. 3.30 to Ver.6.2N°®) | 5_inch 2HD
7B13 IBM PC/AT and compatible See A4. 3.5-inch 2HC
7B10 5-inch 2HC
3H15 HP9000 Series 300 HP-UX (rel.7.05B) Cartrige tape (QIC-24)
3P16 HP9000 Series 700 HP-UX (rel.9.01) Digital audio tape (DAT)
3K15 SPARCstation SunOS (rel.4.1.1) Cartridge tape (QIC-24)
3M15 EWS4800 Series (RISC) EWS-UX/V_(rel.4.0)

The task swap function is not supported by the software listed above, although it is provided
in MS-DOS version 5.0 and later.
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B.1 Real-Time OS (2/2)

MX78KO0 UTRON specification subset OS. Nucleus of MX78KO0 is supplied.

oS This OS performs task management, event management, and time management.
It controls the task execution sequence for task management and selects the task
to be executed next.

Part number: PUSxxxxMX78K0-AAA

Remark: xxxx and AAA in the part number differ depending on the host machine and OS used.

HSX0XMXT78KO-AAA

—|: AAA Product Outline Note

001 Evaluation object Use for trial product.
XX Object for mass-produced product | Use for mass-produced product.
S01 Source program Can be purchased only when object for

mass-produced product is purchased.

XXXX Host Machine oS Supply Medium
5A13 PC-9800 Series MS-DOS 3.5-inch 2HD
5A10 (Ver. 3.30 to Ver.6.2N0®) | 5o h 2HD
7B13 IBM PC/AT and compatible See A 4. 3.5-inch 2HC
7B10 5-inch 2HC
3H15 HP9000 Series 300 HP-UX (rel.7.05B) Cartrige tape (QIC-24)
3P16 HP9000 Series 700 HP-UX (rel.9.01) Digital audio tape (DAT)
3K15 SPARCstation SunOS (rel.4.1.1) Cartridge tape (QIC-24)
3M15 EWS4800 Series (RISC) EWS-UX/V (rel.4.0)

Note: The task swap function is not supported by the software listed above, although it is provided

in MS-DOS version 5.0 and later.
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B.2 Fuzzy Inference Development Support System

FE9000/FE9200

Fuzzy knowledge data creation tool

Program that supports input, edit, and evaluation (simulation) of fuzzy knowledge
data (fuzzy rule and membership function).
FE9200 works on Windows.

Part number: PSxxxxFE9000 (PC-9800 Series)
HSxxxxFE9200 (IBM PC/AT and compatible machines)

FT9080/FT9085

Program that translates fuzzy knowledge data obtained by using fuzzy knowledge
Translator data creation tool into assembler source program for RA78KO0.

Part number: PSxxxxFT9080 (PC-9800 Series)
HSxxxxFT9085 (IBM PC/AT and compatible machines)

FI78K0

Program that executes fuzzy inference. Executes fuzzy inference when linked with
Fuzzy inference module fuzzy knowledge data translated by translator.

Part number: PSxxxxFI78K0 (PC-9800 Series, IBM PC/AT and compatible
machines)

FD78K0

Support software for evaluation and adjustment of fuzzy knowledge data by using
Fuzzy inference debugger in-circuit emulator and at hardware level.

Part number: pSxxxxFD78K0 (PC-9800 Series, PC/AT and compatible machines)

Remark: xXxX in the part number differs depending on the host machine and the OS used.

USxXxxxFE9000

USXXXXFT9080

USXXXXFI78K0

HSXxxXFD78K0
XXXX Host machine os Supply media
5A13 | PC-9800 Series MS-DOS 3.5" 2HD
5A10 (Ver. 3.30 to Ver. 6.2Note) | 5" 2HD

Note: MS-DOS Ver. 5.0 and later have the task swap function, but this function cannot be used

for the above software.

USXXXXFE9200

USXXXXFT9085

USXXXXFI78K0

HSXXXxXFD78K0
XXXX Host machine os Supply media
7B13 IBM PC/AT and compatible | See A.4. 3.5" 2HC
7B10 machines 5" 2HC
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Appendix C Register Index

C.1 Register Index (In Alphabetical Order with Respect to Register Names)

[Al

A/D conversion result register 1 (ADCR1) ... 210, 222

A/D converter mode register (ADM1) ... 212

Analog input channel specification register (ADS1) ... 213
Asynchronous serial interface mode register (ASIMO) ... 244, 245, 249
Asynchronous serial interface status register (ASISO) ... 246, 250

[B]
Baud rate generator control register (BRGCO) ... 247, 251
Bit rate prescaler (BRPRS) ... 310

[C]

CAN control register (CANC) ... 301

CAN error status register (CANES) ... 304
Capture/compare control register (CRCO) ... 130
Capture/compare register 00 (CRO0O) ... 125
Capture/compare register 01 (CRO01) ... 126
Capture pulse control register (CRC2) ... 160
Capture register 20 (CR20) ... 158

Capture register 21 (CR21) ... 158

Capture register 22 (CR22) ... 158

Clock output selection register (CKS) ... 206

[D]
D/A converter mode register (DAMO) ... 223

[E]

EEPROM write control register (EEWC) ... 83

8-bit compare register 50 (CR50) ... 172

8-bit compare register 51 (CR51) ... 172

8-bit counter 50 (TM50) ... 172

8-bit counter 51 (TM51) ... 172

8-bit timer mode control register 50 (TMC50) ... 161, 175
8-bit timer mode control register 51 (TMC51) ... 161, 176
External interrupt falling edge enable register (EGN) ... 364
External interrupt rising edge enable register (EGP) ... 364

U

Internal extension RAM size switching register (IXS) ... 407
Interrupt mask flag register OH (MKOH) ... 362

Interrupt mask flag register OL (MKOL) ... 362

Interrupt mask flag register 1H (MK1H) ... 362

Interrupt mask flag register 1L (MK1L) ... 362

Interrupt request flag register OH (IFOH) ... 361

Interrupt request flag register OL (IFOL) ... 361

Interrupt request flag register 1H (IF1H) ... 361

Interrupt request flag register 1L (IF1L) ... 361
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[L]
LCD display mode register (LCDM) ... 334, 345
LCD display control register (LCDC) ... 335

[M]

Mask control register (MASKC) ... 318

Message count register (MCNT) ... 309

Memory expansion wait setting register (MM) ... 381
Memory size switching register (IMS) ... 382, 406
Memory expansion mode register (MEM) ... 106, 380

[O]
Oscillation stabilization time selection register (OSTS) ... 391

[P]

Port 0 (PO) ... 91

Port 1 (P1) ... 92

Port 2 (P2) ... 93

Port 3 (P3) ... 94

Port 4 (P4) ... 95

Port 5 (P5) ... 96

Port 6 (P6) ... 97

Port 7 (P7) .. 98

Port 12 (P12) ..

Port 13 (P13) ...

Port 14 (P14) ... 101

Port function register 2 (PF2) ... 105
Port function register 5 (PF5) ... 105
Port function register 7 (PF7) ... 105
Port function register 12 (PF12) ... 105
Port function register 13 (PF13) ... 105
Port function register 14 (PF14) ... 1

Port mode register 0 (PMO) ...

102, 103, 133, 177

Port mode register 2 (PM2) ... 102, 103

Port mode register 3 (PM3) ... 102, 103, 207
Port mode register 4 (PM4) ... 102, 103

Port mode register 5 (PM5) ... 102, 103

Port mode register 6 (PM6) ... 102, 103

Port mode register 7 (PM7) ... 102, 103

Port mode register 12 (PM12) ... 102, 103
Port mode register 13 (PM13) ... 102, 103
Port mode register 14 (PM14) ... 102, 103

Power-fail compare mode register (PFM) ... 214
Power-fail compare threshold value register (PFT) ... 214
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[P]

Prescaler mode register (PRMOQ) ... 132
Prescaler mode register (PRM2) ... 161
Priority specify flag register OH (PROH) ... 363
Pirority specify flag register OL (PROL) ... 363
Priority specify flag register 1H (PR1H) ... 363
Priority specify flag register 1L (PR1L) ... 363
Processor clock control register (PCC) ... 111
Program status word (PSW) ... 365

Pull-up resistor option register 0 (PUO) ... 104
Pull-up resistor option register 4 (PU4) ... 104
Pull-up resistor option register 7 (PU7) .. 104
Pull-up resistor option register 13 (PU13) ..

R]

Receive buffer register (RXBO) ... 243
Receive error counter (REC) ... 308
Receive message register (RMES) ... 317
Receive shift register (RXSO0) ... 243
Redefinition control register (REDEF) ... 320

[S]

Serial I/O shift register 30 (SI030) ... 228, 229, 230, 231
Serial I/O shift register 31 (SIO31) ... 235

Serial operation mode register 30 (CSIM30) ... 228

Serial operation mode register 31 (CSIM31) ... 235, 236, 237, 238
16-bit timer mode control register (TMCO) ... 127

16-bit timer mode control register (TMC2) ... 159

16-bit timer output control register (TOCO) ... 131

16-bit timer register (TMO) ... 124

16-bit timer register (TM2) ... 158

Sound generator control register (SGCR) ... 350

Sound generator buzzer control register (SGBR) ... 351
Sound generator amplitude register (SGAM) ... 352
Successive approximation register (SAR) ... 210
Synchronisation control register 0 (SYNCDO) ... 311, 313
Synchronisation control register 1 (SYNC1) ... 311

[T]
Timer clock selection register 50 (TCL50) ... 173

Timer clock selection register 51 (TCL51) ... 174
Transmit control register (TCR) ... 315

Transmit error counter (TEC) ... 307

Transmit shift register (TXSO0) ... 243

W]
Watch timer mode control register (WTM) ... 193

Watchdog timer clock selection register (WDCS) ... 199
Watchdog timer mode register (WDTM) ... 200
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C.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

ADCR1
ADM1
ADS1
ASIMO
ASISO
BRGCO
BRPRS :
CANC
CANES :
CKS
CROO
CRO1
CR20
CR21
CR22
CR50
CR51
CRCO
CRC2 :
CSIM30 :
CSIM31 :
DAMO
EEWC
EGN
EGP
IFOH
IFOL
IF1H
IF1L

IMS

IXS
LCDC
LCDM
MASKC :
MCNT
MEM
MKOH
MKOL
MK1L
MK1H
MM
OSTS
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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

Bit rate prescaler

CAN control register

CAN error status register

Clock output selection register
Capture/compare register 00
Capture/compare register 01

Capture register 20

Capture register 21

Capture register 22

8-bit compare register 50

8-bit compare register 51
Capture/compare control register

Capture pulse control register

Serial operation mode register 30

Serial operation mode register 31

D/A converter mode register

EEPROM write control 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 1H

Interrupt request flag register 1L

Memory size switching register

Internal extension RAM size switching register
LCD display control register

LCD display mode register

Mask control register

Message count register

Memory expansion mode register
Interrupt mask flag register OH
Interrupt mask flag register OL
Interrupt mask flag register 1L

Interrupt mask flag register 1H

Memory expansion wait setting register
Oscillation stabilization time selection register
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PO
P1
P2
P3
P4
P5
P6
P7
P12
P13
P14
PCC
PF2
PF5
PF7
PF12
PF13
PF14
PFM
PFT
PMO
PM2
PM3
PM4
PM5
PM6
PM7
PM12
PM13
PM14
PROH
PROL
PR1H
PRIL
PRMO
PRM2
PSW
PUO
PU4
PU7
PU13
REC
REDEF
RMES
RXBO
RXS0

Port O

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Port 12

Port 13

Port 14

Processor clock contrtol register
Port function register 2

Port function register 5

Port function register 7

Port function register 12

Port function register 13

Port function register 14
Power-fail compare mode register
Power-fail compare threshold value register
Port mode register 0

Port mode register 2

Port mode register 3

Port mode register 4

Port mode register 5

Port mode register 6

Port mode register 7

Port mode register 12

Port mode register 13

Port mode register 14

Priority specify flag register OH
Priority specify flag register OL
Priority specify flag register 1H
Priority specify flag register 1L
Prescaler mode register 0
Prescaler mode register 2
Program status word

Pull-up resistor option register 0
Pull-up resistor option register 4
Pull-up resistor option register 7
Pull-up resistor option register 13
Receive error counter
Redefinition control register
Receive message register
Receive buffer register

Receive shift register
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SAR
SGAM
SGBR
SGCR
S1030
S1031
SYNCO
SYNC1
TCR
TEC
TCL50
TCL51
T™MO
T™2
TM50
TM51
TMCO
T™MC2
TMC50
TMC51
TOCO
TXSO0
WDCS
WDTM

446

Successive approximation register
Sound generator amplitude register
Sound generator buzzer control register
Sound generator control register
Serial 1/O shift register 30

Serial 1/0 shift register 31
Synchronisation control register 0
Synchronisation control register 1
Transmit control register

Transmit error counter

Timer clock selection register 50
Timer clock selection register 51
16-bit timer register 0

16-bit timer register 2

8-bit counter 50

8-bit counter 51

16-bit timer mode control register 0
16-bit timer mode control register 2
8-bit timer mode control register 50
8-bit timer mode control register 51
16-bit timer output control register
Transmit shift 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.
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to our customers is complete, bug free

and up-to-date, we readily accept that
errors may occur. Despite all the care and
precautions we've taken, you may
Name encounter problems inthe documentation.
Please complete this form whenever
you'd like to report errors or suggest

From:

Company improvements to us.
Tel. FAX
Address
Thank you for your kind support.
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NEC Electronics Inc. NEC Electronics Hong Kong Ltd.  NEC Electronics Singapore Pte. Ltd.
Corporate Communications Dept. Fax: +852-2886-9022/9044 Fax: +65-250-3583
Fax: 1-800-729-9288
Europe Korea Japan
NEC Electronics (Europe) GmbH NEC Electronics Hong Kong Ltd.  NEC Corporation
Technical Documentation Dept.  Seoul Branch Semiconductor Solution Engineering Division
Fax: +49-211-6503-274 Fax: 02-551-0451 Technical Information Support Dept.
Fax: 044-548-7900
South America Taiwan
NEC do Brasil S.A. NEC Electronics Taiwan Ltd.
Fax: +55-11-889-1689 Fax: 02-719-5951

I would like to report the following error/make the following suggestion:

Document title:

Document number: Page number:

If possible, please fax the referenced page or drawing.

Document Rating Excellent Good Acceptable Poor
Clarity a a a a
Technical Accuracy a a a a

Organization a a a a
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