PRELIMINARY PRODUCT INFORMATION

NEC MOS INTEGRATED CIRCUIT
©PD780921, 780922, 780923, 780924

8-BIT SINGLE-CHIP MICROCONTROLLER

The pPD780921, 780922, 780923, and 780924, which are members of the uPD780924 subseries of the 78K/0 series,
are suited to control general-purpose inverters.

Compared to the conventional pPD78014 subseries or uPD78018F subseries products, EMI (Electro Magnetic Interface)
noise is reduced for the uPD780924 subseries products.

A flash memory version, the pPD78F0924, that can operate within the same power supply voltage range as the mask
ROM version, and various development tools are also provided.

The details of functions are described in the following user’s manuals. Be sure to read them before designing.
uPD780924 Subseries User’s Manual : Planned
78K/0 Series User's Manual! Instructions : IEU-1372

FEATURES
* internal ROM and RAM
item | Program memory Data memory Package
Part Number (ROM) (internal high-capacity RAM)
uPD780921 8 Kbytes 512 bytes * 64-pin plastic shrink DIP (750 mil}
uPD780922 16 Kbytes * 64-pin plastic QFP (14 x 14 mm)
uPD780923 24 Kbytes 1024 bytes
nPD780924 32 Kbytes

¢ External memory expansion space: 48 Kbytes

* Minimum instruction execution time: 0.24 us (@ fx = 8.38-MHz operation)
* /O ports: 47

* 8-bit resolution A/D converter: eight channels
* Serial interface: two channels

» Timer: Five channels

* Power supply voltage: Voo = 2.7 to 6.5 V

APPLICATIONS
Motor control for inverter-type air conditioners, washing machines, etc.

The information in this d t i pplications using a device in advance of the production cycle. The parameters for the device
may change before final production or NEC Corporation, at its own discretion. may withdraw the device prior to its production.

Document No. U1 1804EJ1VOPMOO (1st edition)
Date Published November 1996 N
Printed in Japan

© NEC Corporation 1996
BN Lu27525 0099400 240 WA
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NEC uPD780921, 780922, 780923, 780924

ORDERING INFORMATION

Part Number Package
uPD780921CW-xxx 64-pin plastic shrink DIP (750 mil}
HPD780922CW-xxx 64-pin plastic shrink DIP (750 mil)
uPD780923CW-xxx 64-pin plastic shrink DIP (750 mil)
BpPD780924CW->xx 64-pin plastic shrink DIP (750 mil)
UPD780921GC-xxx-ABB 64-pin plastic QFP (14 x 14 mm)
uPD780922GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm)
uPD780923GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm)
uPD780924GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm)

Remark xxx indicates the ROM code suffix.

M b427525 0099401 117 WA
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NEC 1PD780921, 780922, 780923, 780924

78K/0 SERIES DEVELOPMENT

The 78K/0 series product line-up is shown below. Subseries names are shown inside frames.

: Products in mass production

L’l_ _________ 17 Products under development
Y subseries products are compatible with 1°C bus.
- Control
100-pin uPD78078 uPD78078Y / A timer is added to the puPD78054 and extemal interface function 1s enhanced
100-pin I ROM:-lgss versions of the uPD78078
100-pin 7" ,PD780018" 7 pPD780018Y The serial O of the uPD78078 is enhanced and only selected functions are provided
80-pin / uPD78056F mﬁb.ﬁﬁf_}éﬁ EMI noise reduced version of the uPD78054
80-pin  / .PD78054 // uPD78054Y / UART and D/A converter are added to the uPD78014 and /O is enhanced
64-pin 7 uPD780924 - On-chip inverter control circuit and UART, EMI noise reduction
"] 84-pin uPD78018F //uPD78018FY / Low-voltage (1.8 V) operation versions of the PD78014 with several ROM and RAM capacites available
64-pin  / .PD78014 /7 uPD78014Y / An A/D converter and 16-bit timer are added to the uPD78002
64-pin Lpponoom / An A/D converter is added to the uPD78002
64-pin [ uPD78002 [/ uPD78002Y / Basic subseries for control
42/44-pin / _puPD78083 / On-chip UART, capable of operating at a low voltage (1.8 V)
FIP™ drive
[ 100-pin The O and FIP C/D of the uPD78044F are enhancad, display output total: 53
—1 80-pin A 6-bit U/D counter is added to the pPD78024, display output total: 34
_ 64-pin Basic subseries for driving FIP, display output total: 26
78K/0 ~ LCD drive
series 100-pin  /.uPD780308 7+ uPD780308Y + The SIO of the uPD78064 is enhanced and ROM and RAM are expanded
— 100-pin WPo7806aE S T “"""" EMI noise reduced version of the pPD78064
L 100pin /" ,PD78064 // uPD78084Y / Basic subseries for driving LCDs, on-chip UART

IEBus™ supported

— 80-pin The IEBus controller is added to the uPD78054

Lv

GPD7aR0aT 7

’ )
| Aty [

— 64-pin PWM output, LV digita! code decoder, and on-chip Hsync counter

Note Under planning

B bL427?525 0099402 053 WA
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NEC pPD780921, 780922, 780923, 780924

The table below shows the main differences between subseries.

Funetions | gom Timer 8-bit | 8-bit Serial Voo | e rtemal
Capacity AD | D/A Interface o MIN. Expansion

Subseries 8-bit | 16-bit |Watch| WDT Value
For Control |uPD78078 |32Kto60K| 4ch 1ch 1ch 1ch 8¢ch 2ch (3ch (UART: 1¢h) 88 1.8V Available

pPD78070A —_ 61 27V

uPD780018 | 48 Kto 60 K — |2ch 88

nPD78058F 2ch 2ch |3ch (UART : ich) 69

pPD78054 |16 Kto 60K 20V

uPD780924 |8 K to 32K | 3ch | Note —_ — |2ch (UART : 2¢ch) 47 2.7¢ch

uPD78018F |8 Kto 60 K| 2ch | 1ch | 1ch 2ch 53 1.8V

uPD78014 |8 Kto 32K 27V

uPD780001 |8 K - — 1ich 39 —

uPD78002 |[BKto 16 K 1ch — 53 Available

puPD78083 |8Kto 16 K —_ 8ch 1ch (UART : 1ch) 33 1.8V —
For FIP pPD780208 |32 Kto 60K| 2ch 1ch ich 1ch Bch - |2ch 74 27V —_
drive rPD78044F (16 Kto 40K 68

uPD78024 |24 Kto 32K 54
For LCD pPD780308 [48 Kto 60K| 2ch 1ch 1ich ich | 8ch — | 3ch (UART: 1ch) 57 18V -—
drive uPD78064B {32 K 2ch (UART : 1ch) 20V

uUPD78064 |16 K10 32K
IEBus pPD78098 {32 K1o60K| 2ch ich ich ich 8ch 2ch |3ch (UART: 1ch) 69 27V Available
Support
For LV uPD78P0914 | 32K 6ch -_— _ 1ch 8ch — |2ch 54 45V Available

Note 10-bit timer: one channel

B L427525 0099403 TIT N
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NEC uPD780921, 780922, 780923, 780924

FUNCTION OVERVIEW

Product Name
ltem uPD780921 uPD780922 nPD780923 nPD780924

Internal ROM 8 Kbytes 16 Kbytes 24 Kbytes 32 Kbytes
memory Internal 512 bytes 1024 bytes

high-speed RAM
Memory space 64 Kbytes
General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Instruction cycle On-chip instruction execution time variable function

0.24 ps/0.48 ps/0.96 ps/1.9 us/3.8 ps (@ 8.38-MHz operation with system clock)

Instruction set * 16-bit operation

* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

+ Bit manipulate (set, reset, test, Boolean operation)
* BCD adjust, etc.

/O ports Total . 47

*CMOS inputs : 8

*CMOS I/0Os  : 39

Real-time output ports 8 bits x 1 or 4 bits x 2
A/D converter + B-bit resolution x 8 channels
* Power supply voltage: AVoo = 2.7t0 5.5 V
Serial interface UART x 2 channels
Timer + B-bit timer/event counter : 3 channels
* 10-bit timer : 1 channel
» Watchdog timer ;1 channel
Timer output 9 (8-bit PWM output x 3, and inverter control output x 6)

Vectored Maskable interrupts | Internal: 12, external: 4
interrupt Non-maskable interrupt| Internal: 1
Software interrupt | 1

Power supply voltage Voo=2.7t05.5V
Operating ambient temperature | Ta = —40 to +85 °C
Package ¢ 64-pin plastic shrink DIP (750 mil)

* 64-pin plastic QFP (14 x 14 mm)

H Luy27?525 0099404 926 IW
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NEC ©PD780921, 780922, 780923, 780924
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NEC ©PD780921, 780922, 780923, 780924

1. PIN CONFIGURATION (Top View)

« 64-Pin Plastic Shrink DIP (750 mil)
uPD780921CW-xxx, 780922CW-xxx, 780923CW-xxx, 780924CW-xxx

P40/ADO O=—={ 1 -/ 64 [0 P§7/ASTB
P41/AD1 O=—adf 2 63 [=—=O PE6/WAIT
P42/AD2 O=—+{3 62 O P65/WR
P43/AD3 O~—{ 4 61 p=—O P64/RD
P44/AD4 Q== 5 60 f=—=O P37/RTP7
P45/AD5 O~—1 6 59 f=—=O PI6/RTPE
P46/ADE Q=i 7 58 t=—=0O P35/RTPS5
P47/AD7 O=—e 8 57 f=—=0O P34/RTP4
P50/A8 O=—= 9 56 O P33/RTP3
P51/A9 O=— 10 55 f=—O P32/RTP2
P52/A10 Ol 11 54 O P31/RATP1
PS3/A11 O=—] 12 53 f=—=0O P30/RTPO
P54/A12 O=— 13 52 f=—0O PO1/INTP1
P55/A13 O~— 14 51 |=——0O POO/INTPO/TOFF7
P56/A14 O~—={ 15 50 —O Vss1
P57/A15 O=—{ 16 49 —0 x1
Vsso O—— 17 48—0Ox2
Vooo O—] 18 47 ———O TEST
TO70 O~—] 19 46 [=—=0O PO3/INTPIADTRG
TO71 O=—{ 20 45 [=—0 PO2INTP2
TO72 O=—{ 21 44 ~—O RESET
TO73 O~—{ 22 43 +—0 AVoo
TO74 O-— 23 42 »—O AVrer
TO75 O=—] 24 41 |=—0 P10/ANIO
P20/RxD00 O=—e{ 25 40 =—O0 P11/ANI1
P21/TxD00 O=— 26 39 }=—O P12/ANIZ
P22/RxD01 O=— 27 38 +—0O P13/ANI3
P23/TxD01 O~—{ 28 37 —O P14/ANI4
P24/TI50/TO50 O~—{ 29 36 [=—O P15/ANI5
P25/TI51/TO51 O=—=130 35 =—O P16/ANI6
P26/TI52/TO52 O=—=i 31 34 }=—O P17/ANI7
Voo O—— 32 33 }—O Avss

Cautions 1. Connect the TEST pin to Vsso directly.
2. Connect the AVoo pin to Vooo.
3. Connect the AVss pin to Vsso.

Remark When the nPD780921, 780922, 780923, or 780924 is used in application fields that require reduction of the
noise generated from inside the microcontroller, the implementation of noise reduction measures, such as

supplying voltage to Vopo and Vsss individually and connecting Vsso and Vss1 to different ground lines, is
recommended.

B 6427525 009940k 7?79 R
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NEC : uPD780921, 780922, 780923, 780924

¢ 64-Pin Plastic QFP (14 x 14 mm)
uPD780921GC-xxx-AB8, 780922G C-xxx-AB8, 780923GC-xxx-ABS8, 780924GC-xxx-AB8

o o B E EERF
588338838855 tEEE
S s £ £ = <= <= = K2 g oo
S92 3337858835883
[ VR « WY o TORY U + VO « VN < WO « VO o SO - W « WA « Y + MY « N « S « 1
1 ¥ BRI r 1y l 1
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
PSO/AB Oe—=f 1 48 pe———= P3Z/RTP3
P51/AQ O=—e{ 2 O 47 j=——=C P32/RTP2
P52/A10 O=——n{ 3 46 |+———=O P31/RTP1
P53/A11 Oe——=f 4 45 |~———=0 P30/RTPO
P54/A12 O~—+]5 44 f+——=D PO1/ANTP1
P55/A13 O~—=l§ 43 fe——=0 POO/INTPO/TOEF7
P56/A14 Oe—={ 7 42 ——0O Vss1
P57/A15 O~—|8 41 ——O X1
Veso O—] g 40— x2
Vooo O———— 10 39— OTEST
TO70 O=——] 11 38 [~——=0O PO3/INTP3/ADTRG
TO71 Oe— 12 37 =0 PO2/INTP2
TO72 O=~—{13 36 [=———O RESET
TO73 O=———{ 14 35} ——C Avoo
TO74 O——{ 15 34 f»—O AVRer
TO75 O~—— 16 33 +——O P10/ANIO
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
b= - 0 v o a ~ O W T MmN -
£§§85835882:z2:22¢¢%
ge*ggss K33 3¥ a8 =
8'&%«1’22 & & a a&aaana
£&8EEEE
N N N
a o a

Cautions 1. Connect the TEST pin to Vsso directly.
2. Connect the AVoo pin to Vooo.
3. Connect the AVss pin to Vsse.

Remark When the uPD780921, 780922, 780923, or 780924 is used in application fields that require reduction of the
noise generated from inside the microcontroller, the implementation of noise reduction measures, such as
supplying voltage to Vooo and Vss: individually and connecting Vsso and Vss: to different ground lines, is
recommended.

B L427525 0099407 L35 =
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NEC

uPD780921, 780922, 780923, 780924

AB to A15
ADO to AD7
ADTRG
ANIO to ANI7
ASTB

AVpD

AVRer

AVss

P00 to PO3
P10 to P17
P20 to P26
P30 to P37
P40 to P47
P50 to P57
P64 to P67

. Address Bus

. Address/Data Bus

. AD Trigger Input

. Analog Input

. Address Strobe

. Analog Power Supply

: Analog Reference Voltage
: Analog Ground

INTPO to INTP3 :

Interrupt From Peripherals

: Port0
: Port1
: Port2
: Port3
: Port4
: Ports
: Port 6

RD

RESET

RTPO to RTP7
RxDO00, RxD01
TEST

Ti50 to TI52
TOS50 to TO52,
TO70 to TO75
TOFF7
TxD0O, TxDO1
Vooo, Voor
Vsso, Vss1
WAIT

WR

X1, X2

B Luy2?525 0099408 571 N
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Read Strobe
Reset
Real-time Port
Receive Data
Test

Timer Input

Timer Output
Timer Output Off
Transmit Data
Power Supply
Ground

Wait

Write Strobe
Crystal



NEC

uPD780921, 780922, 780923, 780924
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2. BLOCK DIAGRAM

TOS50/TI50/P24 ~=—=

8-bit TIMER/
EVENT COUNTER 50

i

TO51/TI51/P25 =

Bit TIMER/
EVENT COUNTER 51

1

TOS52/TI52/P26 =—

8bit TIMER/
EVENT COUNTER 52

WATCHDOG TIMER

RTPO/P30 to
RTP7/P37 <::

REAL-TIME
QUTPUT PORT

TxDO0/P21 ~——
RxD0O0/P20

UARTO0

TxD01/P23 =—
RxD01/P22 —

UARTO1

g4 gu

ANIO/P10 to
ANI7/P17

AVop ——
AVss ——

AVRer —

AD CONVERTER

INTPO/TOFF7/PO0 ——=
INTP1/P01 and
INTP2/P02

INTP3/ADTRG/P03 —=1

INTERRUPT
CONTROL

TO70 to TO75 <

REAL-TIME
PULSE UNIT

g ¢ 3

Remark

10

78K/0

CPU CORE ROM

I

500 0 00

{

RAM

Vooe, Vsso, TEST
Voor  Vss

PORTO K > P00 to PO3
PORT1 K P10 10 P17
POoRT2 K __ >P20to P26
porT3 K >P30to P37
PORT4 P40 to P47
PORTs K > PS0to P57
PORT6 P64 to P67
ADO/P40 to
AD7/P47
AB/PS0 to
A15/P57
EXTERNAL __
ACCESS RD/P64
— WR/P65
—— WaArT/Pee
ASTB/PE7
}o—— RESET
SYSTEM 1
CONTROL
X2

Internal ROM and RAM capacity varies depending on the product.
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NEC

uPD780921, 780922, 780923, 780924

3. PIN FUNCTION LIST

3.1 PORT PINS

Alternate
Pin Name vo Function After Reset Function
P00 110 Port 0. Input INTPO/TOFF?7
P01 4-bit I/0 port. INTP1
P02 Input/output can be specified bit-wise. INTP2
P03 When used as an input port, an on-chip pull-up resistor can be INTP3/ADTRG
connected by software.
‘P10 to P17 |input Port 1. Input ANIO to ANI7
8-bit input only port.
P20 [l/o] Port 2. Input RxD00
P21 7-bit /Q port. TxD0O
P22 Input/output can be specified bit-wise. RxDO01
P23 When used as an input port, an on-chip puil-up resistor can be TxDOt
P24 connected by software. TISO/TO50
P25 TIS1/TO51
P26 | TI52/TO52
P30 to P37 |I/0 Port 3. Input RTPO to RTP7
8-bit I/O port.
input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be
connected by software.
P40 to P47 |10 Port 4. Input ADO to AD7
8-bit /O port.
Input/output can be specified bit-wisa.
When used as an input port, an on-chip pull-up resistor can be
connected by software.
P50 to P57 |1/ Port 5. Input A8 to A15
8-bit /O port.
input/output can be specified bit-wise.
LEDs can be driven directly.
When used as an input port, an on-chip pull-up resistor can be
connected by software..
P64 1o Port 6. Input RD
P65 4-bit 1/O port. WR
P66 Input/output can be specified bit-wise. WAIT
P&7 When used as an input port, an on-chip pull-up resistor can be ASTB
connected by software.

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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NEC uPD780921, 780922, 780923, 780924

3.2 NON PORT PINS

Alternate

Pin Name 1o Function After Reset Function
INTPO Input External interrupt input that can specify the effective edge Input POO/TOFF7
INTP1 (rising edge, fatling edge, or both rising and falling edges) can be Input PO1
INTP2 specified. Input Po2
INTP3 Input PO3/ADTRG
TI50 tnput External count clock input to timer (TM50). Input P24/TO50
Ti51 External count clock input to timer (TM51). Input P25/TO51
TI52 External count ciock input to timer (TM52). Input P26/TO52
TOS0 Output | Timer (TM50) output. Input P24/T150
TOS51 Timer (TM51) output. Input P25/T151
TO52 Timer (TM52) output. Input P26/Ti52
RTPO to RTP7 | Output | Real-time output port that outputs pulses in synchronization with Input P30 to P37

trigger signals outputs from the real-time pulse unit.
TxD0O Output | Asynchronous serial interface serial data output. Input P21
TxDO1 Input P23
RxD00 Input Asynchronous serial interface serial data input. Input P20
RxD0O1 Input P22
ANIO to ANI7 | input A/D converter analog input. input P10 to P17
ADTRG Input External trigger signal input to the A/D converter. Input PO3/INTP3
TO70 to TO75 | Output | Timer output for the 3-phase PWM inverter control. Hi-Z -
TOFF7 Input Timer output (TO70 to TO75) stop interrupt input. Input POO/INTPO
ADO to AD7 |1/O Lower address/data bus when memory is expanded externally. Input P40 to P47
A8 to A15 Output | Upper address bus when memory is expanded extemally. Input P50 to P57
RD Output | Strobe signal output for external memory read operation. input P64
WR Strobe signal output for external memory write operation. Input P65
WAIT Input | Wait insertion when accessing external memory. Input P66
ASTB Output | Strobe output that externally latches address information output Input P67
to ports 4 and 5 to access external memory.
AVaer Input A/D converter reference voltage input. - -
AVop - A/D converter analog power supply. Connect to Vooo. - -
AVss - A/D converter ground potential. Connect to Vsso. - -
RESET input System reset input. - -
X1 Input Crystal connection for system clock oscillation. - -
X2 - - -
Vooo - Positive power supply for ports. - -
Vsso - Ground potential for ports. - —
Voo - Positive power supply except for ports. - -
Vssi - Ground potential except for ports. - -
TEST - Test mode set pin. Connect to Vsso directly. - -
12
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NEC

1PD780921, 780922, 780923, 780924

3.3 RECOMMENDED CONNECTION OF UNUSED PINS
The recommended connections of unused pins are shown in Table 3-1.

Table 3-1. Recommended Connection of Unused Pins

Pin Name

o

Recommended Connection of Unused Pins

POO/INTPO/TOFF7

PO1/INTP1

PO2/INTP2

PO3/INTP3/ADTRG

170

Individually connect to Vsso via a resistor.

P10/ANIO to P17/ANI7

Input

P20/RAxD00

P21/TxD00

P22/AxDO1

P23/TxDO01

P24/T150/TO50

P25/TI51/TO51

P26/TI52/TO52

P30/RTPO to P37/RTP7

P40/ADO to P47/AD7

P50/A8 to P57/A15

P64/RD

PE5/WR

PE6/WAIT

PE7/ASTB

1710

Individually connact to Vooe or Vsso via a resistor.

TO70 to TO75

Output

Open

AVoo

AVaer

AVss

TEST

Connect to Vooo.

Connect to Vsso.

Connact to Vsso directly.

B Lu427525 0097412 TTS WA
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NEC 1PD780921, 780922, 780923, 780924

4. MEMORY SPACE

The memory map of the pPD780821, 780922, 780923, and 780924 is shown in Figure 4-1.

Figure 4-1. Memory Map

T FFFFH
Special Function
Register (SFR)
256 x 8 bits
FFOOH
FEFFH General-Purpose
Register
FEEOH 32 x B bits
FEDFH
Intonal High-Speed
RAMpNets
mmmmH nnnnH
mmmmH-—1 J J
pat Program Area 'f
Data Memory 1000H
Space
pa Use Prohibited OFFFH
4  CALLFEntryArea L
0800H T
F800OH O7FFH
F7FFH
BE Program Area
=~ Extemnal Memory :f 0080H (
( 007FH
Program nnnnH+1 CALLT Table Area
Memory Space nannH
0040H
| J 003FH
”f Internal ROMWow fd
F Vector Table Area
- COO0O0H 0000H

Note The internal ROM and internal high-speed RAM capagcity differ depending on the product (see the table below).

intermal High-Speed RAM
Product Name | 'ntenal ROM End Address Start Address
nnnnH mmmmH
uPD780921 1FFFH FDOOMH
nPD780922 3FFFH
uPD780923 SFFFH FBOOH
uPD780924 7FFFH

14
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NEC

©PD780921, 780922, 780923, 780924

S. PERIPHERAL HARDWARE FUNCTION FEATURES

5.1 PORTS

Two kinds of I/Q ports are provided.

* CMOS input (Port 1) : 8
* CMOS input/output (Port 0, ports 2 to 6) 1 39
Total 1 47

Table 5-1. Functions of Ports

Port Name Pin Name Function
Port 0 P01 1o PO3 1O port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
Port 1 P10 to P17 Input only port.
Port 2 P20 to P26 1/Q port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
Port 3 P30 to P37 /O port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
Port 4 P40 to P47 /O port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
Port 5 P50 to P57 1O port. Input/output can be specified bit-wise.
When used as an input port, an on-chip puli-up resistor can be connected by software.
LEDs can be driven directly.
Port 6 P64 to P67 /O port. Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be connected by software.
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5.2 CLOCK GENERATOR
A system clock generator is incorporated.
The instruction exection time can be changed.

* 0.24 us/0.48 us/0.96 us/1.9 us/3.8 ps (@ 8.38-MHz operation with system clock)

Figure 5-1. Clock Generator Block Diagram

Prescaler
X1 O——= Systen T
Clock 'x Prescaler Clock to
X2 O—— Oscillator Peripheral Hardware
S| & & &
2 22 23 24
STOP
S Standby Wait
§ —=1 Control Control g;tl)cwck
3 Circuit Circuit
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5.3 TIMER/EVENT COUNTERS
Five timer/event counter channels are incorporated.

* 8-bit timer/event counter : 3 channels
* 10-bit timer : 1 channel
* Watchdog timer : 1 channel

Table 5-2. Types and Functions of Timer/Event Counters

g—:lijtn‘t:rrnerlEvent 10-bit Timer Watchdog Timer
Type Interval timer 3 channels 1 channel 1 channel
External event counter | 3 channels - -
Functions | Timer output 3 outputs 6 outputs -
PWM output 3 outputs - -
Square wave output 3 outputs - -
Interrupt request 3 1 1

Figure 5-2. 8-Bit Timer/Event Counter Block Diagram

i Internal Bus S
U

8-Bit Compare
Register n = 8 Ny NTT
TI5n Ol (CRSn) § -]: ;—I INTTMSn
— ] Match 5]
[}
— k-
—] 5 % % k]
Count ClockMee { ] § || 8-Bit Countern |[OVF =| _:D—OTOSn
e (TMSn)
: Clear

| [
[TCESn [TMCSne[TMCEn4] LVSSn [LVRSA[TMCER 1 TOESN]

Timer Mode Control
<L RAegister n (TMCSn)

L Internal Bus W

Note  Count clock differs depending on the timer
TMS0 : w2, £x23, 25, £x27, fx29, fx"
TMS51 : 1x, 1w/2, tx22, x22, fx24, fx25
TMS2 : x24, 1x25, 1x28, 1x27, fx28, fx20

Timer Clock Selection
Register n (TCL5N)

Remark n=0to2
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Figure 5-3. 10-bit Timer Block Diagram

fx

/2
2
$= T™7 — RTMO INTTM7
/24
fx/2° 10
BFCM3_ l
CM3 DTIME
Qutput off function by
external input or INTWDT
]
l fx —
BFCMO I
~
™~ CMo DTMO TO70
(U phase)
> TO71
_I — (U phase)
BFCM1_
cm DTM1 Pulse TO72
Generator (V phase)
> TO73
_—I (V phase)
BFCM2_ i
cMm2 DTM2 1 TO74
(W phase)
D TO75
(W phase)
Figure 5-4. Watchdog Timer Block Diagram
x j
Clock Input Division Clock L IN
fx/2’— Control Divider Selaction = INTWDT
Circuit Circuit gurg;t Control
1 RESET
RUN Division Mode
Selection Circuit 3
WDT Mode Signal

[osTs2[osTs1|0sTS0|  [wbcszjwocsilwpeso] [woTMalwoTMa)

S Internal Bus
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5.4 REAL-TIME OUTPUT PORT

The real-time output port outputs data stored in buffers in synchronization with match interrupts of 8-bit timer/event
counters (TM50 and TM52) or external interrupts, enabling to output pulses without jitter.

Therefore, the real-time output method is suited for applications which output given patterns at set intervals.

Figure 5-5. Real-Time Output Port Block Diagram

L Internal Bus 8

OO

Real-Time Output Port Buffer Register
Contro! Register ; 8
(RTPCO) RTBHO ! RTBLO
|
INTP2 (from outside) — 4 4

INTTMS0 (from TM50) —e] ?:L;?::; |1£;r;3:?:?{ .
INTTMS2 (from TM52) —]

NS

T

RTP7 RTPO

Real-Time Output Port
Mode Register (RTPMO0)

o
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5.5 A/D CONVERTER
Eight 8-bit resolution A/D converter channels are incorporated.
A/D conversion by the fallowing two methods.

* Hardware start
* Software start

Figure 5-6. A/D Converter Block Diagram

Series Resistor String

ANIO/P10 O——wd Sample & Hold Circuit
ANI1/P11 O——nf \(} Voltage Comparator
ANI2/P12 O— —O T -
ANI3/P13 O——e -g ; §
ANI4/P14 O— B §
ANI5/P15 O— i :
ANIE/P16 O~—e] Successive Approximation
ANIZ/P17 O—e Register (SAR) f ‘ AVss
INTPa/P03 | ggtgeector gﬁggig’l INTAD
A/D Conversion Result
Edge Register (ADCR)
Detector | L {}  — .

S Internal Bus \
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5.6 SERIAL INTERFACE

Two independent serial interface channels (UARTOO and UARTO1) are incorporated.

Each serial interface incorporates a baud-rate generator. Therefore, it is possible to set a serial transter rate that is
independent of the operating clock frequency.

The serial transfer rate can be set from 75 to 76800 bps (@ fx = 8.38-MHz operation) by setting the mode register.

Table 5-7. Serial Interface Block Diagram

L — Internal Bus S
T i) ASIMOn

RxBn | Receve [XEon AXE0n|PSOn1]PS0N0/ CLON SLON ISAMOnIRDAMOn|

Receive ASISOn T}nﬁ\lt
RxDON Shif Psmlrson[ovﬁ] TXSn f ghig

Register Ragister
TxDOn o—é,L
Raceive Transmit
L] Control ] WNTSER{ Control - |+~ INTSTn
Parity = INTSRn Parity
Check Add
b= fx/2 to /28
Baud Rate (when UART00)
Generator
b=— fx/24 to /2"
(when UARTO1)

Remark n=0, 1
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6. INTERRUPT FUNCTIONS

There are 18 interrupt functions of three different kinds as shown below.

* Non-maskable interrupt N
* Maskable interrupts : 16
¢ Software interrupt .

Table 6-1. Interrupt Source List

Default Interrupt Source Internal/ | Vector Table Basic
Interrupt Type Priority Note 1 External Address Configuratin
Name Trigger Type Note 2
Non-maskable - INTWDT | Watchdog timer overflow Internat 0004H (A)
(when non-maskable interrupt is selected)
Maskable 0 INTWDT | Watchdog timer overflow (B)
(when interval timer is selected)

1 INTPOQ [ Pin input edge detection External 0006H (C)

2 INTP1 0008H

3 INTP2 000AH

4 INTP3 000CH

5 INTTM7 | TM7 under flow Internal 000EH (8)

6 INTSERQ| UARTOO receive error generation 0010H

7 INTSRO | UARTOO receive termination 0012H

8 INTSTO | UARTOO transmit termination 0014H

9 INTSER1| UARTO1 receive error generation 0016H

10 INTSR1 [ UARTO1 receive termination 0018H

11 INTST1 |{ UARTO1 transmit termination 001AH

12 INTTM50| TM50 and CR50 match signal generation 001CH

13 INTTMS51({ TM51 and CR51 match signal generation 001EH

14 INTTMS52| TM52 and CR52 match signal generation 0020H

15 INTADO | A/D conversion termination 0022H
Software — BRK | BRK instruction execution — 003EH (D}

Notes 1. The default priority is the priority applicable when more than one maskable interrupt is generated. Ois the highest
priority and 15, the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) on the next page.
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Figure 6-1. Basic Interrupt Function Configuration (1/2)

(A) Internal non-maskable interrupt

& Interal Bus S
interrupt Pfion';y Control Vector Table
Request Circuit Address Generator
Standby Release
Signal

(B) Internal maskable interrupt

s Internal Bus

s—o]

P11

MK IE PR ISP

==

Interrupt Priority Control Vector Table
ircui Address Generator
Request IF 1/ Circuit
Standby Release
Signal

(C) External Maskable Interrupt

S Internal Bus

)

i

External Interrupt Rising/Falling

(EGP, EGN)

Edge Enable Register MK IE PR ISP

U ol

Vector Table

Interrupt Edge I _‘1 } Priority Control

Request —— | Detector Circuit

Address Generator

Standby Release
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Figure 6-1. Basic Interrupt Function Configuration (2/2)

(D) Software Interrupt

% Intemal Bus 1

e E—

Interrupt Priority Control Vector Table
Request Circuit Address Generator

IF : Interrupt request flag

IE : Interrupt enable flag
ISP : In-service priority flag
MK : Interrupt mask flag

PR : Priority specification flag
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7. EXTERNAL DEVICE EXPANSION FUNCTION

The external device expansion function is used to connect external devices to areas other than the internal ROM, RAM
and SFR.

Ports 4 to 6 are used for connection with external devices.

8. STANDBY FUNCTIONS
There are the following two standby functions to reduce the current consumption.

* HALT mode : The CPU operating clockis stopped. The average current consumption can be reduced by intermittent

operation in combination with the normal operating mode.

* STOP mode : The system clock oscillation is stopped. The whole operation by the system clock is stopped, so that

the system operates with ultra-low power dissipation.

Figure 8-1. Standby Functions

System Clock Operation

Interrupt

Request HALT instruction

STOP Instruction Interrupt
Request

STOP Mode
(System clock oscillation
is stopped)

HALT Mode
{Clock supply to CPU is stopped,
and oscillation is maintained)

9. RESET FUNCTIONS

There are the following two reset methods.

* External reset by RESET input.
* Internal reset by watchdog timer runaway time detection

25
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10. INSTRUCTION SET

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ

nd Operand [HL+byte]
#byte A rNote | gf saddr |laddri6| PSW [DE] [HL] | [HL+B] | $addri6 1 None
1st Operand [HL+C]
A ADD MOV | MOV | MOV |MOV | MOV MOV | MOV | MOV ROR
ADDC XCH | XCH | XCH XCH XCH | XCH XCH ROL
sSuB ADD ADD ADD ADD ADD RORC
SUBC ADDC ADDC | ADDC ADDC | ADDC ROLC
AND suB suB suB SuB suB
OR SuBC SUBC |SuscC SUBC | SuBC
XOR AND AND AND AND AND
CMP OR OR OR OR OR
XOR XOR XOR XOR XOR
CMP CMP CMP CMP | CMP
r MOV |MOV INC
ADD DEC
ADDC
suB
SuBC
AND
OR
XOR
CMP
B, C DBNZ
sfr MOV | MOV
saddr MOV | MOV DBNZ INC
ADD DEC
ADDC
suB
SUBC
AND
OR
XOR
CMP
faddr16 MOV
PSW MOV | MOV PUSH
POP
[DE) MOV
ML) MOV ROR4
ROL4
[HL+byte) MOV
[HL+B]
[HL+C]
X MULU
c DIVUW

Note Except r=A

26
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

; :::Ic())p;;er;anr;d #byte AX rp Mote strp saddrp laddr16 SP None
AX ADDW MOvVwW MOovw Movw MOVW MOVW
SUBW XCHW
CcMPW
U~ MOVW MOV WhNete INCW, DECW,|
PUSH, POP
strp 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

2nd Operand
A.bit sfr.bit saddr.bit PWS.bit {HL).bit cY $addr16 None
1st Operand
A.bit MOV1 BT SETH
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
CYy 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 instruction/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

2nd Operand
AX laddrié taddr11 [addr5) $addr16
1st Operand
Basic instruction BR CALL, BR CALLF CALLT BR, BC, BNC
BZ, BNZ
Compound instruction BT,BF,BTCLR
DBNZ

(5) Other Instructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP

28
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11. PACKAGE DRAWINGS

64 PIN PLASTIC SHRINK DIP (750 mil)

64 33
annpoonooonononoanonnonoonoannononnonn

N
-’

L1ILILHJULILII.IUUUUUUUUUUUUUUUUUUUUUUU;}Z

A
L
}
-
o x F — M R
D& N @ [c]s
NOTE ITEM WMILLIMETERS  INCHES
1) Each lead centerline is located within 0.17 mm (0.007 Inch) of A 58.68 MAX.  2.311 MAX.
its true position (T.P.) at maximum material condition. B 1.78 MAX, 0.070 MAX.
2) item "K" to center of leads when formed parallel. c 1.778 (T.P.) 0.070 (T.P.)
+0.004
D 0.5020.10 0.020%5' 302
F 0.9 MIN. 0.035 MIN.
G 3.2+0.3 0.12620.012
H 0.51 MIN. 0.020 MIN.
[ 4.31 MAX. 0.170 MAX.
J 5.08 MAX. 0.200 MAX.
K 19.05 (T.P.) 0.750 (T.P.)
L 17.0 0.669
0.10 0.004
M 0252852  0.01025'503
N 0.17 0.007
R 0-~15° 0-15°
P64C-70-750A,C-1
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64 PIN PLASTIC QFP ((014)

B
48 33
4 321=
[ — I )
| e = | = —— detail of lead end
—r [—r—
T = e am— |
[ oo =  m o s | -
[ m— e | s |
= I
—rx] T
O = - — | e*
——— a—— Y
= O == o
——— | = = )
K 64 17|
w 1 16 P
G H
PB4GC-80-AB8-3
NoTe , ITEM| MILLIMETERS INCHES
Each lead centerline is located within 0.15
mm {0.006 inch) of its true position (T.P.} at A 17.620.4 0.693+0.016
maximum material condition. B 14.0£0.2 0.551+35%2
c 14.020.2 0.551:3:3%%
D 17.620.4 0.693£0.016
F 1.0 0.039
G 1.0 0.039
H 0.3520.10 0.014*3:332
1 0.15 0.006
J 0.8(T.P.) 0.031 (T.P.)
K 1.8£0.2 0.071£0.008
L 0.820.2 0.031:3:838
M 0.15:338 0.006*3.9%4
N 0.10 0.004
P 2.55 0.100
Q 0.120.1 0.004+0.004
S 2.85 MAX. 0.112 MAX.
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APPENDIX A. DEVELOPMENT TOOLS

The following development tools are available for system development using the yPD780924 subseries.

Language Processing Software

RA78K/Q Notes 1, 2, 3, 4

78K/0 series common assembler package

CC78K/Q Notes 1, 2,3,4

78K/0 series common C compiler package

DF780964 Notes 1,2,3,4,8

#PD780924 subseries common device file

CC78K/0-L Notes 1, 2,3, 4

78K/0 series common C compiler library source file

Flash Memory Writing Tools

Fiashpro

Dedicated flash memory writer. The Flashpro is a product of Naitou Densei Machida Seisakusho Co., Ltd.

PA-FLASHS4CW
(temporary name) Note 8
PA-FLASHB4GC
(temporary name) Nete 8

Adapter to write data to the flash memory

({temporary name) Now

Debugging Tools
|E-780000-SL 78XL, 78K/0S, 78K/0, and 78K/IV series common in-circuit emulator
(temporary name) Note 8
|E-78K0-SL-EM 78K/0 series common CPU core board

IE-780964-SL-EM1
{tamporary name) Now 3

Probe board to emulate pPD780924 subseries products

EP-64CW-SL Emulation probe for 64-pin piastic shrink DIP (CW type)
(temporary name) Nowe 8
EP-64GC-SL Emulation probe for 64-pin plastic QFP (GC-ABS type)
(temporary name) Note 8

EV-9200GC-64

Socket to be mounted on target system board created for the 64-pin plastic QFP (GC-ABB type)

SM78K( Notes 5,6, 7

78K/0 series common system simulator

ID78K( Notes 4,5,6,7

|E-780000-SL integrated debugger

DF780064 Notes 4,5,6,7, 8

Device file common to pPD780924 subseries

Real-Time OSs

RX78K/0 Notes 1,2, 3,4

78K/0 series real-time OS

MX78K(Q Notes 1, 2,3, 4

78K/0 series OS

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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Fuzzy Inference Development Support Systems
FES000 Note 1/FEQ200 Note & | Fuzzy knowledge data creation tool

FT9080 Note 1/FTgggs5 Note 2 | Transiator

FI78KQ Notes 1, 2 Fuzzy inference module

FD78K( Notes 1, 2 Fuzzy inference debugger

Notes 1. PC-9800 series (MS-DOS™) based
2. I1BM PC/AT™ and compatibles (PC DOS™/IBM DOS™/MS-DOS) based
HP9000 series 300™ (HP-UX™) based
HP9000 series 700™ (HP-UX) based, SPARCstation™ (SunOS™,) based, EWS4800 series (EWS-UX/V) based
PC-9800 series (MS-DOS + Windows™) based
IBM PC/AT and compatibles (PC DOS/IBM DOS/MS-DOS + Windows) based
NEWS™ (NEWS-0OS™) based
Under development

PN O s W

Remark RA78K/0, CC78K/0, SM78KO, ID78K0, and RX78K/0 are used in combination with DF780964.
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Power ed

APPENDIX B. RELATED DOCUMENTS

Device Related Documents

Document Name - Document No.

English Japanese
uPD780924 Subseries User's Manual Planned Planned
nPD780921, 780922, 780923, 780924 Preliminary Product Information This manual U11804J
1LPD78F0924 Preliminary Product Information Planned Planned
nPD780924 Subseries Special Function Register Table — Planned
78K/0 Series Usar's Manual Instructions IEU-1372 IEU-849
78K/0 Series Instruction Table - U10903J
78K/Q Series Instruction Set - U10904J

Development Tool Documents (User's Manuals)
Document Name - Document No.

English Japanese
RA78K Series Assembler Package Operation EEU-1399 EEU-809

Language EEU-1404 EEU-815
RA78K Series Structured Assembler Preprocessor EEU-1402 EEU-817
CC78K Series C Compiler Operation EEU-1280 EEU-656
Language EEU-1284 EEU-655
CC 78K0 C Compiler Operation UN1517E U11517J
Language U11518E U11518J
CC78K/0 C Compiler Application Note Programming Know-how EEA-1208 EEA-618
CC78K Series Library Source File — EEU-777
IE-780000-SL Planned Planned
|IE-78K0-SL-EM Pianned Planned
1E-780924-SL-EM1 Planned Planned
EP-84CW-SL Planned Planned
EP-64GC-SL Planned Planned
SM78K0 Systemn Simulator Windows-based Reference U10181E U101814
SM78BK Series System Simulator External parts user open U10082E u10092J
interface specification
ID78KO Integrated Debugger EWS-based Reference UT1151E U11151J
ID78KO Integrated Debugger PC-based Reference U115839E U11539J
ID78K0 Intagrated Debugger Windows-based Guide U11649E U116494

Caution The above related documents are subject to change without notice. Be sure to use the latest documents
when starting design.
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Embedded Software Documents (User's Manuals)

Document No.
Document Name English Japanese
78K/0 Series Real-Time OS Basics — U11537J
Instaltation — U11536J
Technical - U11538J
78K/0 Series OS MX78K0 Basics EEU-1532 EEU-5010
Fuzzy Knowledge Data Creation Tool EEU-1438 EEU-829
78K/0, 78K/, 87AD Series EEU-1444 EEU-862
Fuzzy Inference Development Support Systam Translator
78K/0 Series Fuzzy Inference Development Suport System EEU-1441 EEU-858
Fuzzy Inference Module
78K/0 Series Fuzzy Infarence Development Support System EEU-1458 EEU-921
Fuzzy Inference Debugger
Other Documents
Document Name Document No.
English Japanese
IC Package Manual C10943X
Semiconductor Device Mounting Technology Manual C10535E C10535J
Quality Grades on NEC Semiconductor Devices C11531E C11531J
NEC Semiconductor Device Reliability/Quality Control System C10983E C10983J
Electrostatic Discharge (ESD) Tast IEI-1201 MEM-539
Guide to Quality Assurance for Semiconductor Davices MEI-1202 MEI-603
Microcomputer Product Series Guide -—_ MEI-604

Caution The above related documents are subject to change without notice. Be sure to use the latest documents

when starting design.
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[MEMO]

The following supersedes any statement which may be found elsewhere in this document purporting to address the subjects of quality.
reliability or suitability of any devices listed in this document for applications other than as noted.

No part of this document may be copied or reproduced in any form or by any means without prior written consent of NEC Electronics Inc.
(NECEL). The information in this document is subject to change without notice. ALL DEVICES SOLD BY NECEL ARE COVERED BY THE
PROVISIONS APPEARING IN NECEL TERMS AND CONDITIONS OF SALE ONLY, INCLUDING THE LIMITATION OF LIABILITY,
WARRANTY, AND PATENT PROVISIONS. NECEL makes no warranty, express, statutory, implied or by description, regarding information
set forth herein or regarding the freedom of the described devices from patent infringement. NECEL assumes no responsibility for any errors
that may appear in this document. NECEL makes no commitments to update or to keep current information contained in this document. The
devices listedin this document are not suitable for use in applications such as, but notlimited to, aircraft control systems, aerospace equipment,
submarine cables, nuclear reactor control systems and life support systems. “Standard™ quality grade devices are recommended for
computers, office equipment, communication equipment, test and measurement equipment, machine tools, industrial robots, audio and visu
equipment, and other consumer products. For automotive and transportation equipment, traffic control systems, anti-disaster and anti-
systems, it is recommended that the customer contact the responsible NECEL salesperson to determine the refiability requirements .

such application and any cost adder. NECEL does not recommend or approve use of any of its products in lile support devices or sys.

or in any application where failure could result in injury or death. If customers wish to use NECEL devices in applications not intendea
NECEL, customer must contact the responsible NECEL sales people to determine NECEL's willingness to support a given application.

For literature, call toli-free 7 a.m. to 6 p.m. Pacific time: 1-800-366-9782
or FAX your request to: 1-800-729-9288
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NOTES FOR CMOS DEVICES

(@® PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

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

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

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

(® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Produc-
tion process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, I/0 settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.

38
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uPD780921, 780922, 780923, 780924

Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

* Device availability
* Ordering information

* Product release schedule

Availability of related technical literature

* Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

* Network requirements

tn addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics Inc. (U.S.)
Mountain View, California

Tel: 800-366-9782

Fax: 800-729-9288

NEC Electronics (Germany) GmbH
Duesseldort, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics ltaliana s.r.1.
Milano, ltaly

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 01-504-2787

Fax: 01-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby Sweden

Tel: 8-63 80 820

Fax: 8-63 80 388

NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-719-2377

Fax: 02-719-5951

NEC do Brasil S.A.
Sao Paulo-SP, Brasil

Tel: 011-889-1680
Fax: 011-889-1689

J9s. 3

39

M L427525 0099434 209 .

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



NEC uPD780921, 780922, 780923, 780924

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

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

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

NEGC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special”, and "Specific*. The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

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

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

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

The quality grade of NEC devices is “Standard” unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.

M4 86.5

FIP and IEBus are trademarks of NEC Corporation.

MS-DOS and Windows are trademarks of Microsoft Corporation.

IBM DOS, PC/AT, and PC DOS are trademarks of international Business Machines Corporation.
HP9000 Series 300, HP9000 series 700, and HP-UX are trademarks of Hewlett-Packard Company.
SPARCstation Is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

NEWS and NEWS-0S are trademarks of Sony Corporation.
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

(@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

(® STATUS BEFORE INITIALIZATION OF MOS DEVICES
Note:
Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/0 settings or contents of registers. Device is not initialized until

the reset signal is received. Reset operation must be executed immediately after power-on for
devices having reset function.

The following supersedes any statement which may be found elsewhere in this document purporting to address the subjects of quality,
reliability or suitability of any devices listed in this document for applications other than as noted.

No part of this document may be copied or reproduced in any form or by any means without prior written consent of NEC Electronics inc.
{NECEL). The information in this document is subject to change without notice. ALL DEVICES SOLD BY NECEL ARE COVERED BY THE
PROVISIONS APPEARING IN NECEL TERMS AND CONDITIONS OF SALE ONLY, INCLUDING THE LIMITATION OF LIABILITY,
WARRANTY, AND PATENT PROVISIONS. NECEL makes no warranty, express, statutory, implied or by description, regarding information
set forth herein or regarding the freedom of the described devices from patent infringement. NECEL assumes no responsibifity for any errors
that may appear in this document. NECEL makes no commitments to update or to keep current information contained in this document. The
devices listed inthis document are not suitable for use in applications such as, but not limited to, aireratt control systems, aerospace equipment,
submarine cables, nuclear reactor control systems and life support systems. “Standard” quality grade devices are recemmended for
computers, office equipment, communication equipment, test and measurement equipment, machine tools, industrial robots, audio and visual
equipment, and other consumer products. For automotive and transportation equipment, traffic control systems, anti-disaster and anti-crime
systems, it is recommended that the customer contact the responsible NECEL salesperson to determine the reliability requirements for any
such application and any cost adder. NECEL does not recommend or approve use of any of its products in life support devices or systems
or in any application where failure could result in injury or death. If customers wish to use NECEL devices in applications not intended by
NECEL, customer must contact the responsible NECEL sales people to determine NECEL’s willingness to support a given application.

For literature, call toll-free 7 a.m. to 6 p.m. Pacific time: 1-800-366-9782
or FAX your request to: 1-800-729-9288
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FIP and IEBus are trademarks of NEC Corporation.

MS-DOS and Windows are trademarks of Microsoft Corporation.

IBM DOS, PC/AT, and PC DOS are trademarks of International Business Machines Corporation.
HP9000 series 300, HP9000 series 700, and HP-UX are trademarks of Hewlett-Packard Co.
SPARCstation is a trademark of SPARC International, Inc.

SunOS is a trademark of Sun Microsystems, Inc.

Ethernet is a trademark of Xerox Corporation.

NEWS and NEWS-0S are trademarks of Sony Corporation.

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

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.
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The export of these products from Japan is regulated by the Japanese government. The axport of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a
country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed . uPD78F0924, 78F0964
The customer must judge the need for license uPD780921, 780922, 780923, 780924
¢PD780961, 780962, 780963, 780964

The application circurts and their parameters are for reference only and are not intended for use in actual design-ins.

The information contained in this document is being issued in advance of the production cycle for the
device. The parameters for the device may change before final production or NEC Corporation, at its own
discretion, may withdraw the device prior to its production.

No par of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of suchdevice. Nolicense, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard®, "Special®, and "Specific”. The Specific quality grade applies only to devices developed based on a
Customer designated “quality assurance program” tor a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

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

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

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

The quality grade of NEC devices is “Standard” unless otherwise specified in NEC's Data Sheets or Data Books.
It customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

= Device availability
= Ordering information

* Product release schedule

Availability of related technical literature

* Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voitages, and so forth)

* Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics Inc. (U.S.)
Santa Clara, California

Tel: 800-366-9782

Fax: 800-729-9288

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

NEC Electronics Italiana s.r.1.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

NEC Electronics (France) S.A.
Velizy-Villacoublay, France

Tel: 01-30-67 58 00

Fax: 01-30-67 58 99

NEC Electronics (France) S.A.
Spain Office

Madrid, Spain

Tel: 01-504-2787

Fax: 01-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

Fax: 08-63 80 388

E
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
United Square, Singapore 1130
Tel: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-719-2377

Fax: 02-719-5951

NEC do Brasil S.A.
Sao Paulo-SP, Brasil
Tel: 011-889-1680
Fax: 011-889-1689
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INTRODUCTION

Readers This manual is intended for user engineers who understand the functions of the
#PD780924 and uPD780964 subseries and wish to design and develop its application
systems and programs.

Target products are as follows:

¢ uPD780924 subseries:  uPD780921, 780922, 780923, 7680924, 78F0924
» uPD780964 subseries: uPD780961, 780962, 780963, 780964, 78F0964

Purpose This manual is designed to deepen your understanding of the following functions
using the following organization.

Organization Two manuals are available for the uPD780924 and uPD780964 subseries: this
manual and Instruction Manual {common to the 78K/0 series).

uPD780924, 780964 78K/0 series
subseries User's Manual User's Manual Instruction
* Pin functions * CPU function
* Internal biock functions » Instruction set
* Interrupt * Instruction description

« Other internal peripheral functions

How to Read This Manual It is assumed that the readers of this manual have general knowledge on electric
engineering, logic circuits, and microcontrollers.

O To understand the overall functions of the uPD780924 and uPD780964 subseries
— Read this manual in the order of the TABLE OF CONTENTS.
O How to read register formats
— The name of a bit whose number is encircled is reserved for the RA78K/0 and
is defined for the CC78K/0 by the header file sfrbit.h.
OTo learn the detailed functions of a register whose register name is known
— Refer to APPENDIX C REGISTER INDEX.
(3 To learn the details of the instruction functions of the uPD780924 and pPD780964
subseries
— Refer to 78K/0 Series User’s Manual - Instruction (IEU-1372) separately
available.
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Legend Data significance Left: higher digit, right: lower digit
Active low ;XXX (top bar over pin or signal name)
Note ¢ Footnote
Caution : Important information
Remark : Supplement

Numerical representation : Binary ... XXXX or XXXXB
Decimal ... XXXX
Hexadecimal ... XXXXH

Related Documents

The related documents indicated in this publication may include preliminary versions. However, preliminary versions

are not marked as such.

* Device-related documents

Document Name Document Number
Japanese English

#PD780921, 780922, 780923, 780924 Preliminary Product Information U11804J Planned to be published
uPD780961, 780962, 780963, 780964 Preliminary Product Information U11879J Planned to be published
uPD78F0924 Preliminary Product Information U11930J Planned to be published
uPD78F0964 Preliminary Product Information U11956J Planned to be published
uPD780924, 780964 Subseries User's Manual ut12071d This manual

78K/0 Series User's Manual - Instruction IEU-849 IEU-1372

78K/0 Series Instruction List U103803J -_

78K/0 Series instruction Set U109044 —
#PD780924, 780964 Subseries Special Function Register List Planned to be published —_

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

use the latest version of a document for designing.
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* Development tool-related documents {user's manual)

Document Name

Document Number

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
CC78K0 C Compiler Operation U11517J -
Language U115184 _—
CC78K/0 C Compiler Application Note Programming Know-how | EEA-618 EEA-1208
CC78K Series Library Source File EEU-777 —_
IE-780000-SL Pianned to be published | Planned to be published
IE-78K0-SL-EM Planned to be published | Planned to be published
IE-780964-SL-EM1 Planned to be published | Planned to be published
EP-64CW-SL | Planned to be published | Planned to be published
EP-64GC-SL Planned to be published | Planned to be published
SM78K0 System Simulator Windows Base Reference u10181J U10181E
SM78K Series Systam Simulator External Parts User Open | U10092J U10092E
Interface Specifications
ID78K0 Integrated Debugger EWS Bass Reference U11151J -
ID78KO Integrated Debugger PC Base Reference U11538J —
ID7BKO Integrated Debugger Windows Base Guide U11649J -

L]

Embedded software-related documents (user's manual)

Document Name Document Number
Japanese English

78K/O Series Real-time OS Fundamental U11537J —_

Instatiation U11536J _—

Technical U11538J —
7BK/0 Serias OS MX78K0 Fundamental EEU-5010 —_
Fuzzy Knowledge Data Creation Tool EEU-829 EEU-1438
78K/0, 78K/11, 87AD Series Fuzzy Inference Development Support System - Translator | EEU-862 EEU-1444
78BK/O Series Fuzzy Inference Development Support System - Fuzzy Inference Module | EEU-858 EEU-1441
78K/0 Series Fuzzy Inference Development Support System - Fuzzy Inference Debugger | EEU-921 EEU-1458

Caution The contents of the above related documents are subject to change without notice. Be sure to
use the latest version of a document for designing.

H

B Lu27?525 0099447 211 A

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



* Other related documents

Document Name Document Number
Japanese I English

IC Package Manual C10943X

Semiconductor Device Mounting Technology Manual C10535J C10535E
Quality Grades on NEC Semiconductor Devices C11531d C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983J C10983E
Electrostatic Discharge (ESD) Test MEM-538 —
Guide to Quality Assurance for Semiconductor Devices C11893J MEI-1202
Microcontroller Related Product Guide - Other Manufactures uit41eJ —_

Caution The contents of the above related documents are subject to change without notice. Be sure to
use the latest version of a document for designing.

k-t
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CHAPTER 4 PORT FUNCTIONS
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3.4.5 Short direct addressing ..............
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Power ed

1.1 Features

¢ On-chip ROM and RAM

CHAPTER 1 GENERAL

item| Program Memory Data Memory
Part Number (ROM) Internal High-Speed RAM
uPD780921, 780961 8 Kbytes 512 bytes
pPD780922, 780962 16 Kbytes
uPD780923, 780963 24 Kbytes 1024 bytes
uPD780924, 780964 32 Kbytes
uPD78F0924, 78F0964 32 KbytesNote 1 1024 byteshote 2

(flash memory)

Notes 1. 8, 16, 24, or 32 Kbytes is selectable by using memory size select register (IMS).

2. 512 or 1024 bytes is selectable by using IMS.

* Lower EMI (Electro Magnetic Interfarence) noise than existing uPD78014 and 78018F subseries

¢ External memory extension space: 48 Kbytes
¢ Minimum instruction execution time: 0.24 #s (fx = 8.38-MHz operation)
* Instruction set suitable for system control
- Bit processing in entire address space
- Multiplicatiorv/division instructions
* /O port: 47 lines
* A/D converter
- 8-bit resolution x 8 channels (uPD780924 subseries)
10-bit resolution x 8 channels (uPD780964 subseries)
+ Serial interface: UART x 2 channels
+ Timer: 5 channels
- 10-bit inverter control timer: 1 channel
- 8-bit timer/event counter
- Watchdog timer
* Vectored interrupt: 18 lines
* Supply voltage: Voo = 2.7 to 5.5 V

: 3 channels
: 1 channel

1.2 Application Field

Inverter air conditioners, washing machine, etc.

Hl 5427525 0099461 b9l WA
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CHAPTER 1 GENERAL

1.3 Ordering Information

#PD78F0964GC-ABS

64-pin plastic QFP (14 x 14 mm)

Remark oo indicates a ROM code suffix.

B Luy2?525 00994Le 528 W
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Part Number Package Internal ROM
pPD780921CW 64-pin plastic shrink DIP (750 mil) Mask ROM
HPD780921GC-»0cx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780922CW 64-pin plastic shrink DIP (750 mil) Mask ROM
HPD780922GC-»ocx-ABS 64-pin plastic QFP (14 x 14 mm) Mask ROM
_HPD780923CW 64-pin plastic shrink DIP (750 mil) Mask ROM
HPD780923GC-xxx-ABB 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780824CW 64-pin plastic shrink DIP (750 mil) Mask ROM
HPD780924GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
HUPD780961CW 64-pin plastic shrink DIP (750 mil) Mask ROM
HPD780961GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
uPD780962CW 64-pin plastic shrink DIP (750 mil) Mask ROM
HPD780962GC->ox-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
HPD780963CW 64-pin plastic shrink DIP (750 mil) ‘ Mask ROM
#PD780863GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
LPD780964CW 64-pin plastic shrink DIP (750 mil) Mask ROM
UPD780964GC-xxx-AB8 64-pin plastic QFP (14 x 14 mm) Mask ROM
UPD78F0924CW 64-pin plastic shrink DIP (750 mil) Flash memory
HPD7BF0924GC-AB8 64-pin plastic QFP (14 x 14 mm) Flash memory
uPD78F0964CW 64-pin plastic shrink DIP (750 mil) Flash memory

Flash memory



CHAPTER 1 GENERAL

1.4 Pin Configuration (Top View)

* 64-pin plastic shrink DIP (750 mil)
#PD78Q921CW-xxx, 780922CW-x¢cx, 780923CW-xxx, 780924CW-xxx, 78F0924CW
HPD780961CW-x0cx, 780962CW-00x, 780963CW-xxx, 780964CW-xxx, 78F0964CW

PAO/ADO Ommme] 1 /' sl—ors7asTE
P41/AD1 O— 2 63 f—CO PES/WAIT
P42/AD2 O——{3 62 —0 PE5/WR
P43/AD3 O——{ 4 61 —O P84/RD
P44/AD4 O 5 80 [=—=O P37/RTP7
P45/AD5 O~—{ 6 59 t=—e-0O P36/RTP6
P46/AD6 O——{ 7 58 O P35/RTPS
P47/AD7 O=—{8 57 f=—0O P34/RTP4
P50/A8 O-=—19 56 ~—-O P33/RTP3
P51/A8 O=—=] 10 55 —=0O P32/RTP2
P52/A10 O~ 11 54 [=—0O P31/RTP1
P53/A11 O~ 12 53 t~—=0O P30/RTPO
P54/A12 O=—n] 13 52 |=—0O PO1ANTP3
P55/A13 O=—e] 14 51 (~—=0 POO/INTPO/TOFF7
P56/A14 O] 15 50 —O Vsst
P57/A15 O~ 16 49 t=—0O X1
Vsso O— 17 48—0O X2
Vooo O— 18 47 —O TEST (Vee)
TO70 O=—] 19 46 |=—O POS/INTP3/ADTRG
TO71 O—1 20 45 f=—=0O PO2/INTP2
TO72 O——] 21 44 l=—O RESET
TO73 O— 22 43 ——O AVoo
TO74 O=—, 23 42 l>—0O AVrer
TO75 O— 24 41 =—0O P10/ANIO
P20/RxD00 O~—1 25 40 f=—0O P11/ANN
P21/TxD00 O~—{ 26 39 |0 P12/ANI2
P22/RxD01 O=—e] 27 38 ——0O P13/ANI3
P23/TxD01 O-—{ 28 37 —0 P14/ANI4
P24/TI50/TO50 O=— 29 36 —O P15/ANIS
P25/TI51/T051 O=~—={ 30 35 0 P16/ANI6
P26/TI52/TO52 Q=i 31 34 |—O P17/ANI7
Voo O——1 32 33}—0 AVss

Cautions 1. Connect the TEST pin to Vsso directly.
2. Connect the AVoo pin to Vooo.
3. Connect the AVss pin to Vssa.

Remarks 1. ( ): uPD78F0924, 78F0964
2. When the uPD780924 and 780964 subseries are used in application fields that require reduction
of the noise generated trom inside the microcontroller, the implementation of noise reduction

measures, such as supplying voltage to Vooo and Voo individually and connecting Vsso and Vss:
to different ground lines, is recommended.
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CHAPTER 1 GENERAL

* 64-pin plastic QFP (14 x 14 mm)

HPD780921GC-xxx-AB8, 780922GC-xxx-AB8, 780923GC-xxx-AB8, 780924GC->0x-AB8

HPD78FQ0924GC-AB8

HPD780961GC-»0¢cx-AB8, 780962GC-xxx-AB8, 780963GC-xxx-AB8, 780964GC-xxx-AB8

HPD78F0964GC-AB8
f«a T SO ~ (=] v <
essasﬁgeglglglggzgg
S22 3233538835883
o o a a a a 4 o 0o oo o o a s a
64 63 62 61 B0 59 58 57 56 55 54 53 52 51 50 49
P50/A8 Q=i 1 48 |=———=0O P33/RTP3
P51/A8 O=——={2 O 47 O P32/RTP2
P52/A10 O] 3 45 —-O P31/RTP1
P53/A11 O=—e] 4 45 ————0 P30/RTPO
PS4/A12 Q{5 44 ~=O PO1/INTP1
P55/A13 Ome—o{ & 43 =———0 POO/INTPO/TOFF7
P56/A14 O=——nl7 42 ———0 Vsss
P57/A15 O=—-=i38 41 f——0 X1
Vsso O——— 9 40 ———0 X2
Vooo O———] 10 39O TEST (Ver)
TO70 O—r 11 38 ———0 POZ/INTP/ADTRG
TO71 O=——i 12 37 f~——=0 PO2/INTP2
TO72 O 13 36 f}~——O RESET
TO73 Oe——114 35 b———0O AVoo
7074 O——{ 15 34 fa——O AVrer
TO7s 16 33 |———O P10/ANID
o] 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
I “ I ] l Jﬁ i l l l | l l
& 4458 cL J:
© O = e O v~ = 2 N O OV T O N -
2 © 9 9o v v w 8 L = = = 5 5 = =
5588888722222z2%3
g eces5Eg E &5 I3
S Y% 2 vw . 0o adaaa a
a & g a k 5 g
o (7=}
N N N
a o o

Cautions 1. Connect the TEST pin to Vsso directly.
2. Connect the AVoo pin to Vooo.
3. Connect the AVss pin to Vssa.

Remarks 1. ( ): uPD78F0924, 78F0964

2. When the uPD780924 and 780964 subseries are used in application fields that require reduction
of the noise generated from inside the microcontroller, the implementation of noise reduction
measures, such as supplying voltage to Vooo and Voo individually and connecting Vsso and Vss:

to different ground lines, is recommended.
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CHAPTER 1 GENERAL
AB to At5 : Address Bus RD Read Strobe
ADO to AD7 : Address/Data Bus RESET Reset
ADTRG : AD Trigger Input RTPO to RTP7 Real-time Port
ANIO to ANI7 : Analog Input RxD00, RxD01 Receive Data
ASTB : Address Strobe TEST Test
AVoo . Analog Power Supply TI50 to TI52 Timer input
AVaer . Analog Reference Voltage TOS50 to TOS2,

" AVss ¢ Analog Ground TO70 to TO75 Timer Output
INTPO to INTP3 : Interrupt From Peripherals TOFF7 Timer Qutput Off
P00 to PO3 : Port0O TxD00, TxDO1 Transmit Data
P10to P17 : Pont1 Vooe, Voot Power Supply
P20 to P28 : Port2 Vep Programming Power Supply
P30 to P37 : Port3 Vsso, Vssi Ground
P40 to P47 : Port4 WAIT Wait
P50 to P57 : Port5 WR Write Strobe
P64 to P67 : Port6 X1, X2 Crystal

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003
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CHAPTER 1 GENERAL

1.5 Product Development of 78K/0 Series

The products in the 78K/0 series are listed below. The names enclosed in boxes are subseries names.

: Products in mass-production

..............

s ;/ Products under development

fecacensecanesa

Y subseries are for {2C bus applications.
_ For control ’
100 pins  /uPD78078 // uPD78078Y 5 #PD78054 with added timers and enhanced extemal interface
100 pins  / uPD78070A // uPD78070AY/ 1PD78078 without internal ROM
100 pins pPD?BOOiB"* pPD780018Y"°" Enhances serial )/O and limits function of xPD78078
80 pins : ;Iﬁb'is'éééé"-. ”5’0.7.366-55-;;;; Enhances serial I/O of uPD78054. Low EMI noise model
80 pins uPD78058F ,uPD78058FY uPD78054 EMI noise reduction device
80 pins / uPD78054 // uPD78054Y pPD78014 with added UART and D/A converter and enhanced /O
64 pins : pPD780034 '. uPD780034Y . Enhances A/D of uPD780024

64 pins y; yPD780024 pPD780024Y Enhances serial IO of uPD78018F. Low EMI noise model

64 pins . pPD780964 ,-; Enhances A/D of uPD780924
64 pins | ;;557-8-655:1"" Inverter control circuit and UART provided. Low EMI noise model
64 pins /[ pPD78014H Low EMI noise model of uPD78018F
64 pins uPD78018F /f uPD78018FY / uPD78014 with low-voltage (1.8 V) operation and increased ROM/RAM size options
64 pins QPD?BOM MD‘IBOMY uPD78002 with added A/D converter and 16-bit timer
64 pins uPD780001 uPD78002 with added A/D converter
64 pins uPD78002 uPD78002Y Standard subseries microcontroliers for control applications
_42/44 pins! uPD78083 / With on-chip UART and low-voltage (1.8 V) operation enabled
_ For FIP™ drive
78K/0 100 pins 4PDT8044F with enhanced VO and FIP controller/driver. Total of display outputs : 53
seres /Ll gopins /uPD78044F #PD78024 with added 6-bit U/D counter. Total of display outputs : 34
L 64 pins uPD78024 Standard subseries microcontrollers for FIP drive. Total of dispiay outputs : 26
_ ForlcD L
100 pins b uPD780308 & pPD780308Y » uPD78064 with enhanced SIO and extended ROM and RAM
— 100 pins 1.; 557.8-652.8 ............... u#PD78064 EMI noise reduction device
_100 pins pPD78064 [yPD78064Y 7 Standard subseries microcontrollers for LCD drive with on-chip UART
For IEBus™
— 80 pins #PD78054 with added IEBus controller
Fortv ... -
— 100 pins : uPD78P0914 ;- PWM output, LV digital code decoder, and Hsync counter incorporated

..............

Note Under planning

6 B 42?7525 0099466 173 W
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The following shows the major differences among subseries products.

Function ROM Timer 8-bit {10-bit| 8-bit Serial 170 Voo Extemat
Subseries Name Capacity | 8-bit [16-bitjWatchiWDT| A/D | A’/D | D/A| Interface MIN. Value | Expansion
Control uPD78078 32K 60K | 4ch | tch | 1ch { 1ch | Bch - 2ch | 3¢h 88 18V v
£PDT8070A - (UART:1e) [ g9 [ 27 v
puPD780018 48 Kio60K - | 2¢ch (time- B8
division 3-
wire: 1ch)
uPD780058 24K 60K | 2ch 2ch | 3ch (time- 68 18V
division
UART: 1ch)
pPD78058F | 48K 1o 60K 3ch 69 | 27V
uPD78054 | 16K 060K (UART: 1ch) 20V
uPD780034 8Kt 32K - 8ch - | 3ch (UART:| 51 18V
£PD780024 gch | - o ame
wire: 1ch)
uPD780964 3ch [ New | - - | 8ch 2ch 47 | 27V
HPD780924 geh | - (UART: 2ch)
uPD78014H 2ch | 1ch | 1ch 2¢ch 53 18V
uPD78018F 8Kt060K
uPD78014 8Kto32K 2.7V
uPD780001 8K - - 1ch 39 -
HPD78002 8Kto 16K 1ch - 53 v
uPD78083 - 8ch ich 33 1.8V -
{(UART: 1ch)
FIP drive uPD780208 32K 60K | 2ch | 1ch | 1ch | 1ch | 8ch - - |2ch 74 27V -
HPD78044F 16 K10 40K 68
uPD78024 24 K10 32K 54
LCD uPD780308 48K1060K | 2¢ch | 1ch | 1ech | 1ch | Beh - - 1 3ch {time- 57 18V -
drive division
UART: 1ch)
pPD78064B | 32K 2ch 20V
uPD78064 | 16K1032K (UART: 1ch)
IEBus uPD78098 32Kt060K | 2¢h | tch | 1ch | 1ch | 8ch | - | 2¢ch | 3ch 69 | 27V v
(UART: 1ch)
Lv uPD78P0914 | 32 K 6ch | - - | 1ch | 8ch | - - |2ch 54 | a5V v
Note 10-bit timer: 1 channel
M Luyc2?525 009947 00T M 2
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1.6 Block Diagram

TOS0/TI50/P24 ~—

B-bit TIMER/
EVENT COUNTER 50

TO51/TI51/P25 =——o

8-bit TIMER/
EVENT COUNTER 51

TOS2/TIS2/P26 o

8-bit TIMER/
EVENT COUNTER 82

WATCHDOG TIMER

RTPO/P30 to
RTP7/P37

<

REAL-TIME
OUTPUT PORT

TxD00/P21 =—
RxD00/P20 ——=]

UARTOO

TxD01/P23 ——
RxDQ1/P22 —=

UARTO1

ANIO/P10 to —\
ANI7/P17 ——

AVpp ——
AVss
AVrer

AD CONVERTER

INTPO/TOFF7/P00 —
INTP1/P01 and
INTP2/P02

INTPYADTRG/PO3 ——

INTERRUPT
CONTROL

TO70 to TO75 <

REAL-TIME
PULSE UNIT

U g s g

|

-

—

78K/0

CPU CORE ROM

g U

il

RAM

|

Vooo, Vsse, TEST
Voor  Vssi  (Vep)

Remarks 1. The intemal ROM and RAM capacities_ differ depending on the product.

2. () yPD78F0924, 78F0964
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1.7 Functional Outline

Product Name uPD780921 uPD780922 pPD780923 uPD780924 uPD78F0924
Item uPD780961 HPD780962 uPD780963 uPD780964 uPD78F0964
Internat ROM capacity 8 Kbytes 16 Kbytes 24 Kbytes 32 Kbytes 32 Kbytes
memory ROM structure | Mask ROM Flash memory
High-speed RAM | 512 bytes 1024 bytes
capacity
Memory space 64 Kbytes

General-purpose register

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

Instruction cycle

On-chip instruction execution time variable function
0.24 ps/0.48 us/0.96 us/1.9 us/3.8 us (@ 8.38-MHz operation with system clock)

Instruction set

* 16-bit operation

» Muitiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

» Bit manipulate (set, resst, test, Boolean operation)
* BCD adjust, etc.

VO ports

Totai . 47

*CMOS inputs : 8
*CMOSI/Os : 39

Real-tme output ports

8 bits x 1 or 4 bits x 2

A/D converter

* 8-bit resolution x 8 channels (uPD780921, 780922, 780923, 780924, 78F0924)
* 10-bit resolution x 8 channels (uPD780961, 780962, 780963, 780964, 78F0964)
* Power supply voltage: AVop=2.7t0 5.5V

Serial interface

UART x 2 channels

Timer » 8-bit timer/event counter : 3 channels
* 10-bit inverter control timer : 1 channel
« Watchdog timer 1 channel
Timer output 9 (8-bit PWM output x 3, and inverter control output x 6)
Vectored Maskable Internal: 12, external: 4
interrupt Non-maskable Internal: 1
source
Sottware 1

Power supply voltage

Voo=271055V

Operating ambient temperature

Ta=~40to +85 °C

Package

* 64-pin plastic shrink DIP (750 mil)
* 64-pin plastic QFP (14 x 14 mm)

B L427525 0099469 982 M
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CHAPTER 2 PIN FUNCTIONS

2.1 List of Pin Functions

(1) Port pins

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

. Altermate
Pin Name 170 Function After Reset Function
P00 /0 Port 0 Input INTPO/TOFF?7
PO1 4-bit /0 port INTP1
P02 Input/output can be specified bit-wise. INTP2
P03 When usad as an input port, an on-chip pull-up resistor can be INTP3/ADTRG
connected by software.
P10 to P17 {Input Port 1 input ANIO to ANI7
8-bit input only port
P20 l[e] Port 2 input RxD00O
P21 7-bit /O port TxD0O
P22 Input/output can be specified bit-wise. RxDO1
P23 When used as an input port, an on-chip pull-up resistor can be TxDO1
P24 connected by software. TI50/TO50
P25 Ti51/TO51
P26 TIS2/TO52
P30 to P37 VO Port 3 Input RTPO to RTP7
8-bit /O port
Input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be
connected by software.
P40 to P47 (1/O Port 4 Input ADO to AD7
8-bit VO port
input/output can be specified bit-wise.
When used as an input port, an on-chip pull-up resistor can be
connected by software.
P50 to P57 {11O Port 5 Input AB to A15
8-bit /O port
Input/output can be specified bit-wise.
LEDs can be driven directly.
When used as an input port, an on-chip pull-up resistor can be
connected by software..
P64 Vo Port & Input RD
P65 4-bit 1/0 port WR
P6s Input/output can be specified bit-wise. WAIT
Pe7 When used as an input port, an on-chip pull-up resistor can ba ASTB
' connected by softwara.
M L427525 0099471 530 Em 11
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(2) Pins other than port pins

Altemate
Pin Name (e} Function After Reset Function
INTPO Input External interrupt input that can specify the effective edge Input POO/TOFF7
INTPA (rising edge, falling edge, or both rising and falling edges) can be Input PO1
INTP2 specified. Input P02
INTP3 input PO3/ADTRG
TI50 Input External count clock input to timer (TM50) Input P24/TO50
Ti51 External count clock input to timer (TM51) Input P25/TO51
TI52 External count clock input to timer (TM52) Input P26/TO52
TOS50 Output | Timer (TM50) output Input P24/Ti50
TOS51 Timer (TM51) output Input P25/TI51
TOSs2 Timer (TM52) output ] Input P26/Ti52
RTPO to RTP7 | Output | Real-time output port that outputs pulses in synchronization with Input P30 to P37
trigger signals outputs from the real-time puise unit.
TxD0O Output | Asynchronous serial interface serial data output input P21
TxD0O1 fnput P23
RxD00 input Asynchronous serial interface serial data input Input P20
RxDO1 ' input p22
ANIO to ANI7 | Input A/D converter analog input Input P10 to P17
ADTRG Input External trigger signal input to the A/D converter Input PO3/INTP3
TO70 to TO75 | Output | Timer output for the 3-phase PWM inverter controt Hi-Z -
TOFF7 input Timer output (TO70 to TO75) stop interrupt input Input POO/INTPO
ADO to AD7 |10 Lower address/data bus when memory is expanded externally Input P40 to P47
AB to A15 OQutput | Upper address bus when memory is expanded externaily Input P50 to P57
RD Output | Strobe signal output for external memory read operation Input P64
WR Strobe signal output for extarnal memory write operation input P65
WAIT Input Wait insertion when accessing external memory Input P&6
ASTB Output | Strobe output that extemally fatches address information output input P67
to ports 4 and 5 to access external memory
AVrer input A/D converter reference voltage input - -
AVoo - A/D converter analog power supply. Connect to Vooe - -
AVss - A/D converter ground potential. Connect t0 Vsso - -
RESET Input Systemn reset input - -
X1 Input Crystal connection for systern clock oscillation - -
X2 - - -
Vooe - Positive power supply for ports - -
Vsso - Ground potential for ports - -
Voo - Positive power supply except for ports - -
Vssi - Ground potential excapt for ports - -
TEST - Test mode set pin. Connect to Vsso directly - -
Vephete - High-voltage appiication for program write/verify. Directly connect - -
this pin to Vsso in normal mode.

Note uPD78F0924, 78F0964 only

12 BN L427525 0099472 477 HE
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CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P0O to P03 (Port0)

These pins constitute a 4-bit /O port, port 0. in addition, these pins are also used to input external interrupt signals,
a timer output stop interrupt signal and an external trigger signal of the A/D converter.

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

(1) Port mode
In this mode, POO to P03 function as 4-bit input/output port pins.
Port 0 can be set in the input or output port mode in 1-bit units by using port mode register 0. When these
pins are used as an input port, an internal pull-up resistor can be used if so specified by the pull-up resistor
option register.

(2) Control mode
In this mode, P0O to P03 are used to input external interrupts, a timer output stop interrupt, and an external
trigger signat of the A/D converter.

(a) INTPO to INTP3
These pins are external interrupt input pins for which valid edge can be specified (rising edge, falling
edge, and both rising and falling edges). INTP2 also functions as an external trigger signal input pin
of the real-time output port when a valid edge is input.

(b) TOFF7
Timer output (TO70 to TO75) stop interrupt input pin

(¢) ADTRG
Extemnal trigger signal input pin of the A/D converter

2.2.2 P10 to P17 (Port1)
These pins constitute an 8-bit input port, port1. In addition to the general-purpose port function, these pins also
serve as the analog input pins of the A/D converter.

(1) Port mode
In this mode, P10 to P17 function as 8-bit input port pins.

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

B L427525 0099473 303 EE 13
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CHAPTER 2 PIN FUNCTIONS

2.2.3 P20 to P26 (Port2)
These pins constitute an 7-bit /O port, port 2. In addition, these pins are also used to input/output the data of -

the serial interface, input/output timer.
Port 2 can be specified in the following operation moades in 1-bit units.

(1) Port mode
In the port mode, P20 and P27 function as an 7-bit I/O port. Port 2 can be set in the input or output mode
in 1-bit units by using the port mode register 2. When the port is used as an input port, an internal puli-up
resistor can be used if so specified by the pull-up resistor option register.

(2) Control mode
In this mode, P20 to P27 input/output the data of the serial interface, input/output timer.

(a) RxD00, RxDO1, TxD0O, TxDO1
These are the serial data I/O. pins of the serial interface.

{b) TI50 to TIs2
External count clock input pins of the 8-bit timer/event counter.

{c) TOS0 to TO52
Timer output pins.

14 B L427?525 0099474 24T WE
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2.2.4 P30 to P37 (Port3)
These pins constitute an 8-bit /O port, port 3. In addition, they aiso functions as a real-time output port.
Port 3 can be set in the following operation modes in 1-bit units.

(1) Port mode
In this mode, port 3 functions as an 8-bit I/O port which can be set in the input or output mode in 1-bit units
by using the port made register 3. When used as an input port, an internal pull-up resistor can be used if so
specified by the pull-up resistor option register.

{2) Control mode
In this mode, the pins of port 3 can be used as a real-time output port (RTPO through RTP7) that outputs data
in synchronization with a trigger.

2.2,5 P40 to P47 (Port4)
These pins form an 8-bit /0 port, port 4. In addition, they also form an address/data bus.
This port can be set in the following cperation modes in 1-bit units.

(1) Port mode
in this mode, P40 to P47 function as an 8-bit I/O port which can be set in the input or output mode in 1-bit
units by using the port mode register 4. When used as an input port, an internal pull-up resistor can be used
if so specified by the pull-up resistor option register.

(2) Control mode
Inthis mode, P40to P47 function as the lower address/data bus pins (ADO through AD7) in the external memory
extension mode. The pins used as address/data bus pins are automatically disconnected from the internal
pull-up resistor.

M Lu27?525 0099475 18 WM 15
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2.2.6 P50 to P57 (Port5)
These pins form an 8-bit /O port, port 5, which also serves as an address bus.

These pins can directly drive LEDs.
Port 5 can be set in the following operation modes in 1-bit units.

(1) Port mode
In this mode, P50 to P57 constitute an 8-bit I/0 port which can be set in the input or output mode in 1-bit units

by using the port mode register 5. When used as an input port, an internal pull-up resistor can be used if so
specified by the pull-up resistor option register.

(2) Control mode
In this mode, P50 to P57 function as the higher address bus pins (A81o A15) in the external memory extension
mode. The pins used as address bus pins are automatically disconnected from the internal pull-up resistor.

2.2.7 P64 to P67 (Porté)
These pins constitute an 4-bit /O port, port 6, which can be also used to output control signals in the external

memory extension mode.
Port 6 can be set in the following operation modes in 1-bit units.

(1) Port mode
In this mode, P60 to P67 constitute an 4-bit I/O port, which can be set in the input or output mode in 1-bit units

by using the port mode register 6.
When using P64 to P67 as input port pins, an internal pull-up resistor can be used if so specified by the pull-
up resistor option register.

(2) Control mode
In this mode, P60 to P67 functions as control signal output pins (RD, WR, WAIT, and ASTB) in the external
memory extension mode. The pins used as control signal output pins are automatically disconnected from
the internal pull-up resistor.

Caution if the external wait state is not used in the external memory extension mode, P66 can be used
as an /O port pin.

2.2.8 TO70 to TO75
These are the timer output pins for the 3-phase PWM inverter control.

2.2.9 AVeer
This pin inputs a reference voltage ta the A/D converter.
Connect this pin to Vsso when the A/D converter is not used.

2.2.10 AVop
This is the analog power supply pin of the A/D converter.
Keep this pin at the same voitage as the Vooo pin even when the A/D converter is not used.

2.2.11 AVss
This is the ground pin of the A/D converter.
Keep this pin at the same voltage as the Vsso pin even when the A/D converter is not used.
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2.2,12 RESET
This pin inputs an active-low system reset signal.

2,213 X1 and X2
These pins are used to connect a crystal resonator for system clock oscillation.
To supply an external clock, input the clock to X1 and input the inverted signal to X2.

2.2.14 Vobo, Voo
Vooo is the positive power supply pin for ports. Voot is the positive power supply pin for blocks other than ports.

2.2.15 Vsso, Vss1
Vsso is the ground pin for ports. Vss: is the ground pin for blocks other than ports.

2.2.16 Vee (uPD78F0924, 78F0964 only)
A high voltage should be applied to this pin when the program is written or verified.
Directly connect this pin to Vsso in the normal operation mode.

2.2.17 TEST (mask ROM model only)
Pin used or IC testing. Must be directly connected to Vssa.

B Lu27525 0099477 T59 WA 17
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2.3 Recommended Connection of Unused Pins
The recommended connections of unused pins are shown in Table 2-1.

Tabile 2-1. Recommended Connection of Unused Pins

Pin Name 10 Recommended Connection of Unused Pins

POO/INTPO/TOFF7 7o Individually connect to Vsso via a resistor.
PO1/INTP1
PO2/INTP2
POS/INTP3/ADTRG

P10/ANIO to P17/ANI7 | Input Individually connect to Vooo or Vsse via a resistor.
P20/RxD00 Vo
P21/TxD00

P22/RxD01

P23/TxDO1
P24/T150/TO50
P25/TI51/TO51
P26/TI52/TO52
P30/RTPO to P37/RTP7
P40/ADO to P47/AD7
P50/A8 to P57/A15
P64/RD

PES/WR

P66/ WAIT

P67/ASTB

TO70 to TO75 Output Open

AVoo - Connect to Vooo.

AVrer Connect t0 Vsso.
AVss ‘

TEST (Mask ROM Version) Connect to Vsso directly.

Vee (Flash memory version)
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CHAPTER 3 CPU ARCHITECTURE
3.1 Memory Space

Each model in the uPD780924, 780964 subseries can access a memory space of 64 Kbytes. Figures 3-1 to 3-
5 show memory maps of the respective models.

Caution The initial value of the memory size select register (IMS) is fixed (to CFH) for all the models in
the yPD780924 and 780964 subseries, regardless of the capacity of the internal memory.
Therefore, set the value specified for each model to this register.

uPD780921, 780961 : 42H
HPD780922, 780962 : 44H
pPD780923, 780963 : C6H
4PD780924, 780964 : CBH
uPD78F0924, 78F0964 : Value corresponding to those of mask ROM models

Figure 3-1. Memory Map (¢#PD780921, 780961)

T FFFFH
Special function
register (SFR)
256 x 8 bits
FFOOH
FEFFH}| Generai-purpose
register
FEEOH 32 x B bits
FEDFH
i Internal high-speed RAM 3
512 x 8 bits
FDOOH ‘ TFFFH
FCFFH J
= Program area >~
Data memory 1000H
space Reserved OFFFH
A= CALLF entryarea 7=
0800H
FB80OH 07FFH
F7FFH
2= Program area =
£ Extermnal memory L
55296 x 8 bits B 0080H
007FH
Program
2000H CALLT table area
memory 1FFFH
space
0040H
L Intemai ROM g 003FH
8192 x8 bits Vector table area
X 0000H Q000H
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Data memory

space

20

|
I

memory
space

Figure 3-2. Memory Map (1xPD780922, 780962)

FFFFH
Special function
register (SFR)
256 x 8 bits
FFOOH
FEFFH| General-purpose
register
FEEOH 32 x 8B bits
FEDFH
" Internal high-speed RAM |
512 x B bits
FDOOH 3FFFH
FCFFH
= Program area
1000H
Reserved OFFFH
= CAlLLFentryarea A
0800H
FBOOH 07FFH
F7FFH
= Program area
External memory S
T 47104 x 8 bits T 0080H
007FH
4000H CALLT table area
3FFFH
0040H
- internal ROM L 003FH
16384 x8 bits Vector table area
0000H 0000H
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I(

(4
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{4
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Data memory
space
-I-
Program
memory
space
RIS

Figure 3-3. Memory Map (uPD780823, 780963)

L

FFFFH
Special function
register (SFR)
256 x 8 bits
FFOOH
FEFFH| General-purpose
register
FEEOM 32 x B bits
FEDFH
i Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Reserved
FB80O0H
F7FFH
=L External memory A
38912 x 8 bits
6000H
SFFFH
4 Internal ROM A
T 24576 x8 bits )
0000H

I
{(

b}
4]

SFFFH
X Program area
1000H
OFFFH
= CALLF entry area
0800H
07FFH
= Program area
= 0080OH
007FH
CALLT table area
0040H
003FH
Vector table area
0000H
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Figure 3-4. Memory Map (¢PD780924, 780964)

1(

9\
(4

X FFFFH
Special function
register (SFR)
256 x 8 bits
FFOOH | _
FEFFH| General-purpose
register
FEEOH 32 x 8 bits
FEDFH
Intemnal high-speed RAM i
1024 x 8 bits
FBOCH 7FFFH
FAFFH
= Program area 3
Data memory 1000H
space
P Reserved OFFFH
=f-' CALLF entry area
0800H
_ FBOOH O7FFH
) F7FFH
. = Program area
=L External memory e
- 30720 x 8 bits - gggg:
Program
S 8000H CALLT table area
mamory 7FFFH
space 0040H
~L Internal ROM A 003FH
32768 x 8 bits Vector table area
. - 0000H 0000H
2
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Figure 3-5. Memory Map (:PD78F0924, 78F0964)

{4

L{

I

KN FFFFH
Special function
register (SFR)
256 x 8 bits
FFOOH
FEFFH| General-purpose
register
FEEOH 32 x 8 bits
FEDFH
| intemal high-speed RAM |
1024 x B bits
FBOOH
FAFFH
Program area S
Data memory
space
Reserved
CALLF entry area
_ F800H
b F7FFH
Program area
<4 External memory
T 30720 x 8 bits
Program
8000H
memory 7EFFH CALLT table area
space 0040H
L Flash memory A 003FH
32768 x 8 bits Vector table area
¥ R 0000H 0000H
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CHAPTER 3 CPU ARCHITECTURE

3.1.1 Internal program memory space
The intemal program memory space stores programs and table data. This space is usually addressed by the-

program counter (PC).
Each model in the uPD780924, 780964 subseries is provided with the following internal ROM (or flash memory):

Table 3-1. internal ROM Capacity

Part Number Capacity
Structure
uPD780921, 780961 Mask ROM 8192 x 8 bits (0000H to 1FFFH)
pPD780922, 780962 16384 x 8 bits (0000H to 3FFFH)
pPD780923, 780963 24576 x 8 bits (0000H to SFFFH)
uPD780924, 780964 32768 x 8 bits (0000H to 7FFFH)
uPD78BF0924, 78F0964 flash memory | 32768 x 8 bits (0000H to 7FFFH)

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

(1) Vector table area
A 64-byte area of addresses 0000H to 003FH is reserved as a vector table area. This area stores program
stant addresses to which execution branches when the RESET signal is input or when an interrupt request
is generated. Of a 16-bit program start address, the lower 8 bits are stored in an even address, and the higher
8 bits are stored in an odd address.

Table 3-2. Vector Table

Vector Table Address Interrupt Request Vector Table Address Interrupt Request
0000H RESET input 0014H INTSTO
0004H INTWDT 0016H INTSER1
0006H INTPO 0018H INTSR1
0008H INTP1 001AH INTSTH
CO00AH INTP2 001CH INTTMS0
000CH INTP3 001EH INTTM51
000EH INTTM7 0020H INTTMS2
0010H INTSERO 00224 INTADO
0012H INTSRO 003EH BRK instruction

{2) CALLT instruction table area
In a 64-byte area of addresses 0040H to O07FH, the subroutine entry address of a 1-byte call instruction
(CALLT) can be stored.

(3) CALLF instruction entry area
From an area of addresses 0BOOH to OFFFH, a subroutine can be directly called by using a 2-byte call
instruction (CALLF).

24 B L427525 0099484 199 EE
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3.1.2 Internal data memory space

The 4PD780924 and 780964 subseries are provided with the following internal high-speed RAM.

Table 3-3. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM

uPD780921, 780961 512 x 8 bits (FDOOH to FEFFH)
#PD780922, 780962

4PD780923, 780963 1024 x 8 bits (FBOOH to FEFFH)
HPD780924, 780964

#PD78F0924, 78F0964

A 32-byte area of addresses FEEOH to FEFFH is assigned four banks of general registers. Each bank consists
of eight 8-bit registers.

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

3.1.3 Special function register (SFR) area

Special function registers (SFRs) of on-chip peripheral hardware are allocated to an area of FFO0OH to FFFFH (refer
to Table 3-6).

Caution Do not access an address to which no SFR is allocated.

3.1.4 External memory space

This is an external memory space that can be accessed by using the memory extension mode register (MM). This
space can store programs and table data, and can be assigned periphera! devices.
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3.2 Processor Registers
The uPD780924, 780964 subseries are provided with the following processor registers:

3.2.1 Control registers
Each of these registers has a dedicated function such as to control the program sequence, status, and stack

memory. The control registers include the program counter, program status word, and stack pointer.

(1) Program counter (PC)
The program counter is a 16-bit register that holds an address of the program to be executed next.

The contents of this register are automatically incremented according to the number of bytes of an instruction
to be fetched when a normai operation is performed. When a branch instruction is executed, immediate data

or the contents of a register is set to the program counter. _
When the RESET signal is input, the value of the reset vector table at addresses 0000H and 0001H is set

to the program counter.
Figure 3-6. Program Counter Configuration

15 0

| PC

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of flags that are set or reset as a result of instruction
execution.
The contents of the program status word are automatically pushed to the stack when an interrupt request is
generated or when the PUSH PSW instruction is executed, and are automatically popped from the stack when
the RETB, RET!, or POP PSW instruction is executed.
The contents of the program status word are set to 02H when the RESET signal is input.

Figure 3-7. Program Status Word Configuration

7 0
I e | z |mes1| ac |meso| o | isp | cov |

(a) Interrupt enable flag (IE)
This flag controls acknowledgement of an interrupt request by the CPU.
When this flag is reset to 0 (DI status), only the non-maskable interrupt can be acknowledged, and all
the other interrupts are disabled.
When this flag is set to 1 (El status), interrupts are enabled, and acknowledging interrupt requests is
controiled by the in-service priority flag (ISP), interrupt mask flag corresponding to each interrupt source,
and priority flag.
The IE flag is reset to 0 when the DI instruction is executed or when an interrupt acknowledged, and is
set to 1 when the E! instruction is executed.

(b) Zero flag (2)
This flag is set to 1 when the result of an operation performed is 0; otherwise, it is reset to 0.
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(c) Register bank select flags (RBS0 and RBS1)
These 2-bit flags select one of the four register banks.
Information of 2 bits that indicate the register bank selected by execution of the “SEL RBn" instruction
is stored in these flags.

(d) Auxiliary carry flag (AC)
This flag is set to 1 when a carry occurs from bit 3 or a borrow to bit 3 occurs as a result of an operation
pertormed; otherwise, it is reset to 0.

(e) In-service priority flag (ISP)
This flag controls the priority of maskable vectored interrupts that can be acknowledged.
When this flag is 0, acknowledgement of the vectored interrupt with the lower priority specified by the
priority specification flag register (PROL, PROH) is disabled.
When itis 1, any interrupt is acknowledged regardiess of its priority. Actually, acknowledging interrupts
is controlled by the interrupt enable flag (IE).

(f) Carry flag (CY)
This flag records an overflow or underflow that occurs as the result of executing an add or subtract
instruction. It also records the value shifted out when a rotate instruction is executed. In addition, it also
tunctions as a bit accumulator when a bit operation instruction is executed.

(3) Stack pointer (SP)
This is a 16-bit register that holds the first address of the stack area in the memory. As the stack area, only

the internal high-speed RAM area can be specified. The internal high-speed RAM area of each product is
as follows:

Table 3-4. internal High-Speed RAM Area

Part Number Internal High-Speed RAM Area
#PD780921, 780961, 780922, 780962 FDOOH to FEFFH
#PD780923, 780963, 780924, 780964 FBOOH to FEFFH
pPD78F0924, 78F0864

Figure 3-8. Stack Pointer Configuration

: ; ;

The contents of the stack pointer are decremented when data is written (saved) to the stack memory, and
incremented when data are read (restored) from the stack memory.
The data saved/restored as a result of each stack operation are as shown in Figures 3-9 and 3-10.

Caution The contents of the SP become undefined when the RESET signal is input. Be sure to
initialize the SP before executing an instruction.
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SP=SP-2
SP-2
SP-1

sp -

sP—~

|

SP+1

'

SP~SP +2

28

PUSH rp instruction

Register pair, low

Register pair, high

CALL, CALLF, CALLT instructions

SPp—<-SP-2
SPf— 2 PC7 to PCO
SP -1 PC15 to PC8
sp -

Figure 3-9. Data Saved to Stack Memory

SP~-SP -3
SP-3

SP-2

f

SP-1

!

sp -

Figure 3-10. Data Restored from Stack Memory

POP rp instruction

Register pair, tow

Register pair, high

sP—
I

Y
SP+1

SP=-S5P+2

RET instruction

PC7 to PCO

PC15to PC8

sp -~

SP +1

SP+2

SP=SP+3
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CHAPTER 3 CPU ARCHITECTURE

3.2.2 General-purpose registers

General-purpose registers are mapped to the specific addresses of the data memory (FEEOH to FEFFH). Four
banks of general-purpose registers, each consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H) are available.

Each register can be used as an 8-bit register. Moreover, two 8-bit registers can be used as a register pair, which
are 16-bit registers (AX, BC, DE, and HL).

Each register can be described not only in function name (X,A,C,B,E D, L, H, AX, BC, DE, or HL) but also in
absolute name (RO to R7, RPO to RP3).

The register bank used for instruction execution is set by the CPU control instruction (SEL RBn). Because four
register banks are provided, an efficient program can be developed by using one register bank for ordinary processing
and another bank for interrupt processing.

Table 3-5. Absolute Addresses of General-Purpose Registers

Register Register
Bank Name Fonct Absolute Bank Name . Absolute
unction Absolute Address Function Absolute Address
Name Name Name Name

H R7 FEFFH H R7 FEEFH

L R6 FEFEH L Ao FEEEN

D RS FEFDH 0 . FEEDR

BANKO E R4 FEFCH BANK2 E R4 FEECH
B R3 FEFBH B A3 o—

¢ R2 FEFAH c R2 FEEAH

A R FEFSH A R p———r

X RO FEF8H X paps p—

H R7 FEF7H H a7 FEETH

L R6 FEFBH L R6 FEE6H

D RS FEF5H D RS FEESH

BANK1 £ R4 FEF4H BANK3 E R4 FEE4H
B ! A3 FEF3H B R3 FEE3H

c i R2 FEF2H c R2 FEE2H

A R1 FEF1H A R1 FEE1H

x RO FEFOH X o ——
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Figure 3-11. Genefal-Purpose Register Configuration

(a) Absolute name

16-bit processing 8-bit processing
FEFFH g
. R7
BANKO RP3
R6
FEF8H
FEF7H
-RS
BANK1 RP2
R4
FEFOH
FEEFH
R3
BANK2 RP1
FEESH R2
FEE7H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
FEF8H L
FEF7H
(o]
BANK1 DE
FEFOH E
FEEFH
B
BANK2 BC
FEESH c
FEE7H
A
BANK3 AX
FEEOH X
15 . 0 7 0
30
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3.2.3 Special function registers (SFRs)

Unlike the general-purpose registers, special function registers have their own functions and are allocated to an
area of addresses FFOOH to FFFFH,

The special function registers can also be manipulated in the same manner as the general-purpose registers by
using operation, transfer, and bit manipulation instructions. The bit units in which one register is to be manipulated
(1, 8, or 16 bits) differ from that of another register. ’

The bit unit for manipulation is specified as follows:

* 1-bit manipulation
A symbol reserved by the assembler is described as the operand (sfr.bit) of a 1-bit manipulation instruction. An
address can also be specified.

¢ 8-bit manipulation
A symbol reserved by the assembler is described as the operand (stfr) of an 8-bit manipulation instruction. An
address can also be specified.

¢ 16-bit manipulation
A symbol reserved by the assembler is described as the operand (sfrp) of a 16-bit manipulation instruction. To
specity address, describe an even address.

Table 3-6 lists the special function register. The meanings of the symbols in this table are as follows:

* Symbol
These symbols indicate the addresses of the internal special function registers.
They are reserved words for the RA78K/0 and defined by header file sfrbit.h for the CC78K/0. These symbols
can be described as the operands of instructions when the RA78K/0 or ID7BKO is used.
« R/W
Indicates whether the special function register in question can be read or written.
R/W : Read/write
R : Read only
W : Write only
* Bit units for manipulation

Indicates the bit units (1, 8, 16) in which the special function register in question can be manipulated.
¢ At reset

Indicates the status of the special function register when the RESET signal is input.

B Lu27?525 00994491 329 W 31
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Table 3-6. Special Function Register List (1/3)

Address Spacial Function Register (SFR) Name Symbol RW Address Unit On Reset
1 bit | 8 bits {16 bits
FFOOH | Port 0 PO RW olo]| - 00H
FFO1H | Port 1 P1 R Q1 ol -
FFO2H |Port2 P2 RW Q1o =
FFO3H | Port3 P3 Q101 =
FFO4H [ Port4 P4 O O - Undefined
FFOSH | Port 5 P5 Q10 | =
FFOSH | Port 6 P6 Q1O 1 -
FFOBH | 10-bit buffer register 0 BFCMO | BFCMOL| AW | RW | - '®) @) 000H
FFO9H = - -
FFOAH | 10-bit buffer register 1 BFCM1 | BFCMIL| RW | RW [ - OO
FFOBH - - -
FFOCH | 10-bit buffer register 2 BFCM2 | BFCM2L|{ R'W |RW | -~ O | O
FFODH - - -
FFOEH | 10-bit butfer register 3 BFCM3 [ BFCM3L{RW |RW | - O (@) OFFH
FFOFH — - -
FF10H | 8-bit compare register 50 CR50 RrW - O - Undefined
FF11H ! 8-bit compare register 51 CR51 - @) -
FF12H | 8-bit timer counter 50 TM5 TMS0 | R - C ®) 00H
FF13H | B-bit timer counter 51 TM51 - O
FF14H | B-bit compare register 52 CR52 RW - O - Undefined
FF15H | 8-bit timer counter 52 TM52 R - O - 00H
FF16H | A/D conversion result register ADCRO | ADCROL - - [Nt Undefined
FF17H ADCROH — |ONote
FF18H | Transmit shitt register 0 TX500 w - @] - FFH
Receive buffer register 0 RXB0O R - @) -
FF1AH | Transmit shift register 1 TXS01 W - e} -
Receaive buffer register 1 RXB01 R - @) -
FF20H | Port mode register 0 PMO RW O @) -
FF22H | Port mode register 2 PM2 @) O -
FF23H | Port mode register 3 PM3 @) O -
FF24H | Port mode register 4 PM4 O O -
FF25H | Port mode register 5 PM5 O @) -
FF26H | Port mode register 6 PM6 O @) -
Note Use ADCRO when the A/D conversion result register is accessed.
These registers of the uPD780924 subseries can be accessed only in B-bit units. When ADCRO is read,
the value of FF17H can be read.
These registers of the uPD780964 subseries can be accessed only in 16-bit units and cannot be accessed
in 8-bit units.
32 B L4y27525 0099492 265 Hl
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Table 3-6. Special Function Register List (2/3)

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

Address Special Function Register (SFR) Name Symbol RW Address Unit On Reset
1 bit | 8 bits [16 bits
FF30H | Pull-up resistor option register 0 PUO RW @) O - 00H
FF32H | Pull-up resistor option register 2 PU2 O O -
FF33H Pull-up resistor option register 3 PU3 O O -
FF34H Pull-up resistor option register 4 PU4 O O -
FF35H | Pull-up resistor option register 5 PU5 e O -
FF36H | Pull-up resistor option register 6 PUS @) @) -
FF42H | watchdog timer clock select register wDCs - O -
FF47H | Memory extension mods ragister MEM @) @) -
FF48H | External interrupt rising edge enable register EGP @) O -
FF49H | External interrupt falling edge enable register EGN O e} -
FFE8H | B-bit timer mode control register 50 TMCS50 O O - 04H
FFE69H | Timer clock select register 50 TCL50 - QO - 00H
FF70H | 8-bit timer mode control register 51 TMCS51 O @) - 044
FF71H | Timer clock select register 51 TCLS1 - O - 00H
FF78H | 8-bit timer mode control register 52 TMCS2 @) O - 04H
FF79H | Timer clock select register 52 TCLS2 - @) - 00H
FFBOH | A/D converter mode register 0 ADMO O O -
FFB1H | Analog input channe! specification register 0 ADSO - o -
FF84H | Real-ime output buffer register L RTBLO O e -
FFasH Reai-time output buffer register H RTBHO @) O -
FF86H | Real-time output port mode register RTPMO e} e -
FFB7H | Real-time output port control register RTPCO e e -
FF90H | Invener timer control register 7 TMC?7 @) O -
FF91H | Inverter timer mode register 7 TMM?7 ®) @) -
FF92H | 10-bit compare register 0 CMO - - @)
FF93H
FF94H | 10-bit compare register 1 CMm1 - - @)
FF95H
FF96H | 10-bit compare register 2 CM2 - - O
FF97H
FF98H | 10-bit compare register 3 cMm3 - - O FFH
FFO0H
FF9AH | Dead time reload register DTIME - O -
FFAOH | Asynchronous serial interface mode register 0 | ASIMQO @) O - O0H
FFA1H | Asynchronous serial interface status register 0 | ASISQ0 - O -
FFA2H | Baud rate generator control register 0 BRGCO00 RW - @) -
FFA4H | Asynchronous serial interface mode register 1 ASIMO1 O @) -
FFASH | Asynchronous serial interface status register 1 | ASISO1 — O -
FFA6H | Baud rate generator control register 1 BRGCO1 RW - O -
B Lu27525 0099493 171 EW 33
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Table 3-6. Special Function Register List (3/3)

Address Special Function Register (SFR) Name Symbol RW Address Unit On Reset
1 bit | 8 bits |16 bits

FFDOH | External access areaNote ! RW O | O | - | Undefined

FFEt)?:H

FFEOH | Interrupt request flag register OL IFOL IFO ®) ®) @) 00H

FFE1H | Interrupt request flag register OH IFOH O O

FFE4H | Interrupt mask flag register OL MKOL MKO @) ollNe)] FFH

FFESH | Interrupt mask flag register OH MKOH ol e

FFE8H | Priority specification flag register OL PROL PRO O @) @)

FFEQH | Priority specification flag register OH PROH o) O

FFFOH | Memory size select register _ IMS - ®) - CFHNote2

FFF8H | Memory extension wait setting register MM O e} - 10HM

FFF9H | Watchdog timer mode register WDTM O O - Q0H

FFFAH | Oscillation stabilization time select register OsTS - @) - 04H

FFFBH | Processor clock control register PCC ®) @) -

Notes 1. The external access area cannot be addressed in the SFR addressing mode. Access this area with
an instruction that can specify an address with 16 bits.
2. The initial value of this register is CFH. Set the following value to this register of each model.
pPD780921, 780961: 42H
uPD780922, 780962: 44H
uPD780923, 780963: C6H
pPD780924, 780964: CsH
HPD78F0924, 78F0964: Value corresponding to those of mask ROM models
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3.3 Addressing Instruction Address

Aninstruction address is determined by the contents of the program counter (PC). The contents of the PC is usually
automatically incremented by the number of bytes of an instruction to be fetched (by 1 per byte) every time an
instruction is excuted. When an instruction that causes program execution to branch is performed, the address
information of the branch destination is set to the PC by means of the following addressing (for details of each
instruction, refer to 78K/0 Series User's Manual - Instruction (IEU-1372)).

3.3.1 Relative addressing

[Function]
The 8-bit immediate data (displacement value: jdisp8) of the instruction code is added to the first address of the
next instruction, the resultant sum is transferred to the program counter (PC). and the program branches. The
displacement value is treated as signed 2's complement data {(-128 to +127), and bit 7 serves as a sign bit.
This addressing is used when “BR $addr16” instruction or conditional branch instruction is executed.

[Operation]

15 0
PC holds first address of instruction
I PC I next to BR instruction.
-+
15 8 7 & 0
L : B |
jdisp8

PCE ]

When S = 0, all bits of c are 0.
When S = 1, all bits of ¢z are 1.
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3.3.2 Immediate addressing

[Function]
The immediate data in an instruction word is transferred to the program counter (PC), and execution branches.

This addressing is used when the “CALL !addr16”, “BR !laddr1€”, or “CALLF laddr11” instruction is executed.

[Operation]
When “CALL laddr16” or “BR !addr16” instruction is executed

CALL or BR

Low addr. )

High addr. -—}
15 [’ 87 . ]

e | ]

When *CALLF laddr11“ instruction is executed

7 6 4 3 0
4 fawos l CALLF
farwo
15 11 10 ] 87 0

pclo o o o 1| l
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3.3.3 Table indirect addressing

[Function]
The contents of a specific location table (branch destination address) addressed by the immediate data of bits
1 to 5 of an instruction code are transferred to the program counter (PC), and program execution branches.
This addressing is used when the “CALLT [addr5]” instruction is executed.

[Operation]

7 6 5 10

Instruction code L1 1 I taso l 1]
L

15 8 7 6 5 $ 10
Effective address LO ¢ 0 0 0 0 O 0‘0 1| !O—I

J

7 Memory (table) [}

Low addr. _ﬁ
Effective address+1 High addr. —J |
i
]

PC |
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3.3.4 Register addressing

[Function]
The contents of the register pair {AX) specified by an instruction word are transferred to the program counter
(PC), and program execution branches.
This addressing is used when the “BR AX” instruction is executed.

[Operation]
7 0 7 0
P A | X l
\]
15 8 7 (4}
PC }
38 M L427525 0099498 783 WA
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3.4 Addressing of Operand Address

3.4.1 Data memory addressing

The uPD780924, 780964 subseries are provided with many addressing modes to facilitate manipulation of the
memory. By using these addressing modes, special function registers (SFRs) and general-purpose registers can
be addressed according to their own functions. Figures 3-12 to 3-16 illustrate the addressing of the data memory.

Figure 3-12. Data Memory‘Addressing (#PD780921, 780961)

FFFFH
Special function
registers (SFRs
3.56 x 8(bits ) SFR addressing
FR20H | e e .
FF1FH 4
FFOOH : L
FEFFH .
General-purpose registers . .
32 x 8 bits Register addressing )
FEEOH |' Short direct
FEDFH addressing
Intemnal high-speed RAM
== 512 x 8 bits =
PE20H . Y
FE1FH bi ad .
FDOOH irect addressing
FCFFH Register indirect
addressing
Based addressing
Reserved
Based indexed
addressing
F8OOH
F7FFH
A External memory 4
" 55296 x 8 bits [~
2000H
1FFFH
L Internal ROM L
T 8192 x 8 bits T
0000H
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Figure 3-13. Data Memory Addressing (uPD780922, 780962)

Short direct
addressing

FFFFH
Special function
registers (SFRs
256 x B(bits ! SFR addressing
FR20H | e
FF1FH A
FFOOH
FEFFH General-purpose registers ) .
32 x 8 bits Register addressing
FEEOH
FEDFH
Internal high-speed RAM
= 512 x 8 bits =
FE20H |
FE1FH
FDOOH
FCFFH
Reserved
F800H
F7FFH
=L Extemal memory A
B 47104 x 8 bits T
40004
3FFFH
- Internal ROM A
T 16384 x 8 bits T
0000H

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing

40
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Figure 3-14. Data Memory Addressing (uPD780923, 780963)

FFFFH
Special function
registers (SFRs) .
256 x 8 bits SFR addressing
FR20H | e .
FF1FH
FFOOH 1
Y
FEFFH General-purpose registers X .
32 x 8 bits Register addressing
FEEOH l Short direct
FEDFH i addrassing
Internal high-speed RAM
== 1024 x 8 bits =
FE20H | Y
FE1FH . .
FBOOH Direct addressing
FAFFH Register indirect
addressing
Based addressing
Reserved
Based indexed
addressing
F80OOH
F7FFH
e External memory y
i 38912 x B bits T
6000H
SFFFH
A Internal ROM 1
T 24576 x 8 bits T
0000H 3
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Figure 3-15. Data Memory Addressing (uPD780924, 780964)

FFFFH
Special function
registers (SFRs) .
256 x 8 bits SFR addressing
FR20H | o .
FF1FH
FFOOH
FEFFH General-purpose registers ) 3
32 x 8 bits Register addressing
FEEOH I Short direct
FEDFH addressing
Intemnat high-speed RAM
*= 1024 x 8 bits =
FE20H | e _
FE1FH ! )
FBOOH Direct addressing
FAFFH Register indirect
addressing
Based addressing
Reserved
Based indexed
addressing
FB00H
F7FFH
= External memory A
B 30720 x 8 bits T
8000H
TFFFH
L Internal ROM A
T 32768 x 8 bits T
0000H Y
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FFFFH
Special function
registers (SFRs) R
256 x 8 bits SFR addressing
FE20H | e Y .
FF1FH
FFOOH y
FEFFH .
General-purpose registars . .
32 x 8 bits Register addressing
FEEOH
FEDFH
Internal high-speed RAM
=< 1024 x B bits =~
FE2OH |
FE1FH
FBOOH
FAFFH
Reserved
FBOOH
F7FFH
L External memory iR
i 30720 x 8 bits T
8000H
7FFFH
L Flash memory A
T 32768 x 8 brts T
0000H

Figure 3-16. Data Memory Addressing (uPD78F0924, 78F0964)

Short direct
addressing

Direct addressing

Register indirect
addressing

Based addressing

Based indexed
addressing
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3.4.2 Implied addressing

[Function]
This addressing is to automatically address a register that functions as an accumulator (A or AX) in the general-
purpose register area.
Of the instruction words of the uPD780924 and 780964 subseries, those that use implied addressing are as

follows:
Instruction Register Specified by Implied Addressing
MULU Register A to store multiplicand and register AX to store product
Divuw Hegister AX to store dividend and quotient

ADJBA/ADJBS Register A to store numeric value subject to decimal adjustment

ROR4/ROL4 Register A to store digit data subject to digit rotation

[Operand Format}
No specific operand format is used because the operand format is automatically determined by an instruction.

[Example]
MULU X
The product between registers A and X is stored in register AX as a result of executing a multiply instruction of
8 bits x 8 bits. In this operation, registers A and AX are specitied by implied addressing.

44
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3.4.3 Register addressing

[Function]

This addressing accesses as an operand a general-purpose register selected by the register specification code

(Rn, RPn) in an instruction word from the register bank specified by the register bank select flags (RBSO and
RBS1).

Register addressing is used when an instruction that has the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified by 3 bits in the instruction code.

[Operand Format]

Representation Description
r X,A,C,B,E.D,L H
p AX, BC, DE, HL

rand rp can be described not only in function name (X, A, C, B, E, D, L, H, AX, BC, DE, or HL) but also in absolute
name (RO to R7, RP0O to RP3).

[Example]
MOV A, C; To select C register as r

Instructioncode |0 11000 10|

INCW DE; To select DE register pair as P

Instructioncode | 1 0 0 0 0 10 0]

M L427525 0099505 743 A 45
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3.4.4 Direct addressing

[Function]

This addressing is to address a memory area to be manipulated by using the immediate data in an instruction

word as an operand address.

[Operand Format]

Representation

Description

addri6

Label or 16-bit immediate data

[Example]

MOV A, IFEOOH; To specify FEOOH as laddr16

Instruction code |1 000111 O]

46
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3.4.5 Short direct addressing

[Function]
This addressing directly addresses a memory area to be manipulated from a fixed space by using the 8-bit data
in an instruction word.
This addressing is applicable to a 256-byte space of FE20H to FF1FH. The internal high-speed RAM is mapped
to addresses FE20H to FEFFH, and special function registers (SFRs) are mapped to addresses FFOOH to FF1FH,
To the SFR area (FFOOH to FF1FH) to which short direct addressing is applied, ports, and compare and capture
registers of timer/event counters that are frequently accessed on program are mapped. These SFRs can be
manipulated with a few bytes and clocks.
Bit 8 of the effective address is 0 if the 8-bit immediate data is in a range of 20H to FFH, and 1 if the data is in
a range of 00H to 1FH.

[Operand Format}

Representation Description
saddr Label or immediate data FE20H to FF1FH
saddrp Label or immediate data FE20H to FF1 FH_ (even address only)
B Ly27525 0099507 S51L N 47
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[Exampie]

MOV FE30H, #50H; To specify FE30H as saddr and 50H as immediate data

Instructioncode [0 0 0 1 0 0 0 1 |

foo110000)]

[o1010000]

[Operation]

OP code

saddr-offset ﬁ

15 8 o]

Short direct memory

Effectveaddress [1 1 1 1 1 1 1 |a |

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

[Function}

This addressingis to address special function registers (SFRs) mapped to the memory by using an 8-bitimmediate
data in an instruction word.

This addressing is applied to a 240-byte space of FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs
mapped to an area of FFOOH to FF1FH can also be accessed by means of short direct addressing.

[Operand Format]

Representation Description

sfr Special function register name

sfrp Name of special function register that can be manipulated in 16-bit units (even address only)
[Example]

MOV PMQO, A: To select PMO as sfr

Instruction code 1111011 O]

[oo100000]

[Operation)

OP code

sfr-offset

SFR
15 8 7

Effective address 11 1 1 1 1 1 1 1—’- ]
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3.4.7 Register indirect addressing

[Function]
This addressing is to address a memory area to be manipulated by using as an operand address the contents
of a register pair specified by the register pair specification code in an instruction word from the register bank
specified by the register bank select flags (RBS0 and RBS1). This addressing can address the entire memory

space.

[Operand Format]

Representation Description

— [DE], (HU]

[Example]
MOV A, [DE]; To select [DE] as register pair

Instruction code |1 0 0 0 0 1 0 1}

{Operation]

15 8 7 0
DE D [ E

50 '
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3.4.8 Based addressing

[Function]

This addressing is to address a memory area by using the result of adding 8-bit immediate data as offset data,
to the contents of the HL register pair in an instruction word as a base register. The base register is selected
from the register bank specified by the register bank select flags (RBS0 and RBS1). The addition is executed

by extending the offset data to 16 bits as a positive number. A carry from the 16th bit is ignored. This addressing
is used to address the entire memory space.

[Operand Format]

Representation Description

- [HL + byte]

[Example]
MOV A, [HL+10H]; To specify 10H as byte

Instruction code [1 010111 01

l[ooo10000]

B LH427?525 0099511 Tu? WM 51
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3.4.9 Based indexed addressing

[Function]
This addressing is to address a memory area by using the result of adding the contents of the B or C register
specified in an instruction word to the HL register pair in an instruction word as a base register. The base register
is selected from the register bank specified by the register bank select flags (RBS0 and RBS1). The addition
is executed by extending the offset data to 16 bits as a positive number. A carry from the 16th bit is ignored.
This addressing is used to address the entire memory space.

[Operand Format]

Representation Description

_ [HL + B], {HL + C)]

[Example]
When MOV A, [HL+B]

instruction code [1 0101011

52 B E427525 0099512 943 WM
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3.4.10 Stack addressing

[Function]
This addressing is to indirectly address the stack area by using the contents of the stack pointer (SP).
This addressing is automatically used to save/restore register contents when the PUSH, POP, subroutine call,
or return instruction is executed, or when an interrupt request is generated.
The stack addressing can access the internal high-speed RAM area only.

[Example]
When PUSH DE is executed

Instruction code r1 011010 1—I

M tue2?525 0099513 81T WA 53
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CHAPTER 4 PORT FUNCTIONS

4.1 Functions of Ports
The uPD780924, 730964 subseries is provided with eight input port pins and 39 I/O port pins. Figure 4-1 shows
these port pins. Each cort can be manipulated in 1-bit or 8-bit units and controlled in various ways. Moreover, some

port pins also serve as the /O pins of the internal hardware.

Figure 4-1. Types of Ports

-t P40 POO -
—-—] e
Port ¢
e e
——] PO3 e
Po=4
D P10-P17 Port 1
—-—— P20 ———
P47 BaSEE——
|t e
~—— P50 ~—— t Port2
R e e ————
—gprd -
_ | ————— P26 O e
Po=3
———-d
—— P30 ——p.
S ————— g
—————— PsS7 ——
R ey
Po~ &
Y ———-1 et i,
-] P37  ——
P67
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Table 4-1. Port Functions

Pin Name Function Shared by:
Port 0 POO 4-bit 1/O port INTPO/TOFF?7
PO1 Can be specified for input/output bitwise. INTP1
- When used as input port, intemal pull-up resistor can be connected by software.
PO2 INTP2
PO3 INTP3/ADTRG
Port1 |P10 to P17| 8-bit input port ANI0 to ANI7
Port 2 P20 7-bit O port RxD00
P21 Can be specified for input/output bitwise. TxDOO
When used as input port, internal pull-up resistor can be connected by software.
P22 RxDO01
P23 TxDO1
P24 Ti50/TO50
P25 TI51/TO51
P26 TI52/TO52
Port 3 P30 to P37| 8-bit 10 port RTPQ to RTP?7
Can be specified for input/output bitwise.
When used as input port, intemal pull-up resistor can be connected by software.
Port 4 |P40 to P47| B-bit IO port ADC to AD7
Can be specified for input/output bitwise.
When used as input port, internal pull-up resistor can be connected by software.
Port 5 (P50 to P57( 8-bit I/O port A8 to AlS
Can directly drive LED.
Can be specified for input/output bitwise.
When used as input port, internal pull-up resistor can be connected by sottware.
Port 6 P64 4-bit 1/O port RD
PE5 Can be specified for input/output bitwise. WR
When used as input port, internal pull-up resistor can be connected by software. pme—
P&6 WAIT
P67 ASTB
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4.2 Port Configuration

A port consists of the following hardware:

Table 4-2. Port Configuration

item Configuration
Control register Port mode register (PMm: m = 0, 2 to 6)
Pull-up resistor option register (PUm: m =0, 2 to 6)
Port Total 47 lines
Input 8 lines
70 39 lines

Pull-up resistor

39 lines (software control)

4.21 Porto

This is a 4-bit IO port with output latch. Port 0 can be specified in the input or output mode in 1-bit units by using
the port mode register 0. When P00 to PO3 pins are used as input port pins, internal puli-up resistors can be connected
in bit-wise by using the pull-up resistor option register 0.

The five port pins are also used to input external interrupts, a timer output stop interrupt, and an external trigger
signal for the A/D converter.

Port 0 is set in the input mode when the RESET signal is input.

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

Caution Because port0isalsoused as an external interrupt input pin, an interrupt request flag is set when
the port is specified in the output mode and its output level is changed. When using port 0 in
the output mode, therefore, set the interrupt mask flag to 1.

M Lu27525 0099517 4bL5 HE
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CHAPTER 4 PORT FUNCTIONS

Figure 4-2. Block Diagram of P00 to P03

Voo

WRem
é

-~
PU
PM
RD
WR
4.2.2 Port 1

PMOO to PMO3

WReu

& PUOO to PU03 DD_I P-ch

RD ‘

S OQ_C Selector

3
§ WReorT
3 l POO/INTPO/TOFF7,
£ Output tatch ™~ © POVINTP1,
E ~ (P00 to P03} PO2/INTP2,
PO3/INTP3/ADTRG

. puli-up resistor option register
. port mode register

: read signal of port O

. write signal of port 0

This is an 8-bit input port. The pins of this port are used as the analog input pins of the A/D converter.
Figure 4-3 shows the block diagram of port 1.
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Figure 4-3. Biock Diagram of P10 to P17

RO

Inlgrnal bus

C

S 04 c{ L_© P10/ANIO to
P17/ANI7
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CHAPTER 4 PORT FUNCTIONS

4.2.3 Port 2

This is an 7-bit /O port with output latch. P20 to P26 pins can be specified in the input or output mode in 1-bit
units by using the port mode register 2. When using P20 to P26 pins as input port pins, internal pull-up resistors can
be connected bit-wise by using the pull-up resistor option register 2.

The pins of this port are also used as the data IO pin and timer /O pin of the serial interface.

This port is set in the input mode when the RESET signal is input.

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

Caution When performing transmission using the serial interface or timer output, set the pins to be used
to the output mode, and set the output latch to 0.

When performing reception or timer input, set the pins to be used to the input mode.

Figure 4-4. Block Diagram of P20 to P26

Voo
WRey
[t
& PU20 to PU26 Do__l Pch
RD
1 ]
S O< Selector
E :
L
§ WRpeorT P20/RxD00,
s l — P21/TxD0O.
= Y utput latch P22/RxD01,
© (P20 to P26) —)_/l\ N —© P23/TxDOA,
P24/TIS0/TO50,
P25/TIS1/TQ51,
P26/T152/T0O52
WReu
< PM20 to PM26
Muitiplexed
function
PU : pull-up resistor option register
PM : port mode register
RD : read signal of port 2
WR : write signal of port 2
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CHAPTER 4 PORT FUNCTIONS

4.24 Port3

This is an B-bit ¥O port with output latch. P30 to P37 pins can be specified in the input or output mode in 1-bit-
units by using the port mode register 3. When using P30 to P37 pins as input port pins, internal pull-up resistors can
be connected bit-wise by using the pull-up resistor option register 3.

The pins of this port are also used as the real-time output port.

This port is set in the input mode when the RESET signal is input.

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

Figure 4-5. Block Diagram of P30 to P37

Voo
——
WReu
-
S PU30 to PU37 )o | Pch
RD ‘ ‘
! 1
°<_CC Selector
(7]
3| WRsorr
gl
s . Output latch
£ © (P30 to P37) > N © pomIe
WRen
4\1 PM30 to PM37
-
Muttiplexed
function

PU : pull-up resistor option register
PM : port mode register

RD : read signal of port 3

WR : write signal of port 3
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CHAPTER 4 PORT FUNCTIONS

4.2.5 Port 4

This is an 8-bit /O port with output latch. P40 to P47 pins can be specified in the input or output mode bit-wise
by using the port mode register 4. When using P40 to P47 pins as input port pins, internal pull-up resistors can be
connected bit-wise by using the pull-up resistor option register 4.

These port pins are also multiplexed with an address/data busthatis used in the external memory extension mode.

_ This port is set in the input mode when the RESET signal is input.

Figure 4-8 shows the block diagram of port 4.

Figure 4-6. Block Diagram of P40 to P47

Voo
WRery
F\‘ \J) PUA40 to PU47 | b | P-ch
RD ‘
Fax) -_I
S OQ—OC_ Selector
[}
2 4
21 WReonr
g
s é Output latch N
= (P40 to P47)
WRem
é PM40 to PM47
o
PU : pull-up resistor option register
PM : port mode register
RD : read signal of port 4
WR : write signal of port 4
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CHAPTER 4 PORT FUNCTIONS

4,26 Port$S
This is an 8-bit 1O port with output latch, P50 to P57 pins can be specified in the input or output mode in 1-bit

units by using the port mode register 5. When using P50 to P57 pins as input port pins, internal pull-up resistors can
be connected bit-wise by using the pull-up resistor option register 5.

Port 5 can directly drive an LED.
These port pins are also multiplexed with an address bus that is used in the external memory extension mode.

This port is set in the input mode when the RESET signal is input.
Figure 4-7 shows the block diagram of port 5.

Figure 4-7. Block Diagram of P50 to P57

Voo
WRpru
[t
& PUS0 to PUS7 Do___1 P-ch
RD
S M Selector
2 i
B WRpront
s
§ J\ Output latch N o FsuAsto
£ ~ (P50 to P57) P57/A15
WRem
j’l’) PMS50 to PM57
S
PU : pull-up resistor option register
PM : port mode register
RD : read signal of port 5
WR : write signal of port 5
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CHAPTER 4 PORT FUNCTIONS

4.2.7 Port 6

This is an 4-bit 1/O port with output latch. Pins P64 to P67 can be specified in the input or output mode in 1-bit
units by using the port mode register 6. When pins P64 to P67 are used as input ports, an on-chip pull-up resistor
can be connected to them bit-wise with a pull-up resistor option register 6.

These port pins are also used to output control signals in the external memory extension mode.

This port is set in the input mode when the RESET signal is input.

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

Caution P66 can be used as an /O port pins when no external wait state is used in the external memory
extension mode.

Figure 4-8. Block Diagram of P64 to P67

Voo
WReu
S PUS4 to PUS7 b_ ___l P-ch
RD
Voul J
~ <l :( Selector
g
a WReorT
] P64/RD,
5 l Output lateh I~ _@ PESWR,
£ ~ (P64 to PE7) PE6/AWAIT,
P67/ASTB
WReu
c_L, PM64 to PM57
PU : pull-up resistor option register
PM . port mode register
RD : read signal of port 6
WR . write signal of port 6
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CHAPTER 4 PORT FUNCTIONS

4.3 Registers Controlling Port Functions

The following two types of registers controi the ports: '

* Port mode registers (PMO, PM2, PM3, PM4, PM5, PM6)
» Pull-up resistor option register (PUO, PU2, PU3, PU4, PUS, PUB)

(1) Port mode registers (PMO, PM2, PM3, PM4, PM5, PM6)
These registers set the corresponding ports in the input or output mode in 1-bit units.
PMO, PM2, PM3, PM4, PM5, and PM6 are manipulated by a 1-bit or 8-bit memory manipulation instruction.
When the RESET signal is input, these registers are set to FFH.

Caution Because port 0 is multiplexed with external interrupt input pins, interrupt request flags are

Symbol
PMO

PM2

PM3

PM4

PMS

PM6

64

set when the output mode of the port function is specified and the output level is changed.
To use this port in the output mode, therefore, set 1 to the interrupt mask flags in advance.

Figure 4-9. Format of Port Mode Register

7 6 5 4 3 2 1 0  Addess Onreset RW
| 1 ] 1] 1] 1 |Pmos|pmoz|Pmor|Pmoo]  Frzom FFH RW
{PM27|PM26| Pu2s | Pmas | Pmas | Puaz | Pm21 [Pmzo| P22 FFH AW
| PMa7 | Pm3s | Pmas | Pmaa | Puas | Pumaz | PMat i PMao]  FraaH FFH RW
| PMa7| PMas | PMas [Pras | PMas] PMaz | Puat jpmao]  FF2eH FFH AW
| PM7 | Puse | s | Pmsa | Pmsa | Pumsz | Pust [puso]  Frask FFH AW
[Pmo7|Puss|pumss|pveal 1 | 1 | 1 [ 1| Fr2en FFH RW

—— ; ‘

I — — o (Sr:lzcct)s vo g'lt&:)dg)of Pmn pin

(m=2:n=0to6)
(M=3,4,5:n=0107)
(M=6:n=4107)

o} Output mode (output buffer ON)
1 Input mode (output buffer OFF)

B L427525 0099524 LTS5 M
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CHAPTER 4 PORT FUNCTIONS

(2) Pull-up resistor option register (PUQ, PU2, PU3, PU4, PUS, PUs)
This register sets whether the internal puli-up resistor is connected to each port. PUm (m =0, 2 to 6) can
specify connection of a.pull-up resistor to the pins of each pont.
PUm (m = 0, 2 to 6) is set by a 1-bit or 8-bit memory manipulation instruction.
This register is set to 00H when the RESET signal is input.

Caution Port 1 is not provided with an internal pull-up resistor.

Figure 4-10. Format of Pull-Up Resistor Option Register

Symboi 7 6 5 4 3 2 1 0  Addess Onreset  RMW
Puo | 0 | o | o | o [puosruoz|puotipuco|  Fraok 0oH AW
PU2 | 0 |PuzsiPuzs|puz4 [Puz3|Puz2]Pu2t PUZ0|  FRazH 00H AW
PUS | 0 |Puss|Pu3s[Pusa [Puss|Pus2 [PUSTIPUSD|  FraaH 00H AW
PU4  [PUs7 |PUss [PUss [Pusa [Puss [PUsz | PUS1 PUAD]  Fraam 0oH AW
PUS |PUS7 | PUSS | PUSS |PUS4 [PUS3 |PUS2 [PUST PUSO | FFasH 00H RW
PUS [PUS7 |PUss |[PUss[PUss| 0 | o | 0 | o |  FrasH 00H AW
]

{ ! ] | ] ]

Selects intemal pull-up resistor of Pmn pin
PUmn (mM=0:n=0t0 3)
(mM=2:n=0to0 6)
(Mm=3,4,5:n=0to7)
(m=6:n=4t07)

o] Internal pull-up resistor is not used

Intemal pull-up resistor is used

M L427525 0099525 531 mE 65
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CHAPTER 4 PORT FUNCTIONS

4.4 Operation of Port Functions

The operation of a port differs depending on whether the port is set in the input or output mode, as described below.

4.4.1 Writing to VO port

()] In output mode
A value can be written to the output latch of a port by using a transfer instruction. The contents of the output

latch can be output from the pins of the port.
The data once written to the output latch is retained until new data is written to the output latch.

(2) In input mode
A value can be written to the output latch by using a transfer instruction. However, the status of the port pin

is not changed because the output buffer is OFF.
The data once written to the output latch is retained until new data is written to the output latch.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port. However,
this instruction accesses the port in 8-bit units. When this instruction is executed to
manipulate a bit of an input/output port, therefore, the contents of the output latch of the pin
that is set in the input mode and not subject to manipulation become undefined.

4.4.2 Reading from /O port

(1) In output mode
The contents of the output latch can be read by using a transfer instruction. The contents of the output latch

are not changed.

(2) In input mode
The status of a pin can be read by using a transfer instruction. The contents of the output latch are not changed.

4.4.3 Arithmetic operation of IO port

(1) In output mode
An arithmetic operation can be performed with the contents of the output latch. The result of the operation
is written to the output latch. The contents of the output latch are output from the port pins.
The data once written to the output latch is retained until new data is written to the output latch.

(2) In input mode
The contents of the output latch become undefined. However, the status of the pin is not changed because
the output buffer is OFF.

Caution A 1-bit memory manipulation instruction is executed to manipulate 1 bit of a port. However,
this instruction accesses the port in B-bit units. When this instruction is executed to
manipulate a bit of an input/output port, therefore, the contents of the output latch of the pin
that is set in the input mode and not subject to manipulation become undefined.

66
BN L427525 0099526 478 EN

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



5.1 Function of Clock Generation Circuit

CHAPTER § CLOCK GENERATION CIRCUIT

The clock generation circuit generates the clock to be supplied to the CPU and peripheral hardware.

The system oscillation circuit oscillates a frequency of 1.0 to 8.38 MHz. Oscillation can be s

the STOP instruction.

5.2 Configuration of Clock Generation Circuit

The clock generation circuit consists of the following hardware:

Table 5-1. Configuration of Clock Generation Circuit

Item

Configuration

Control register

Processor clock control register (PCC)

Oscillation circuit

System clock oscillation circuit

Figure 5-1. Clock Generator Block Diagram

X1 O——= System
Clock
X2 O—— Oscillator

T
!

STOP
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| Prescaler
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12 2| 2

B k42?525 0099527 304 W

topped by executing

Clock to
Peripheral Hardware

CPU Clock

Prescaler
L
g Standby Wait
o Control Control
& Circuit Circuit

(feru)
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CHAPTER S CLOCK GENERATION CIRCUIT

5.3 Register Controlling Clock Generation Circuit

The clock generation circuit is controlied by the processor clock control register (PCC). This register selects the
CPU clock.

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

This register is set to 04H when the RESET signal is input.

Figure 5-2. Format of Processor Clock Control Register

Symbol 7 6 5 4 3 2 1 0 Address On reset RW
pcc| o | o | o | o] o |pccalpccipeco|  FrreH 04H AW
I R
PCC2| PCC1| PCCO| Salects CPU clock (fepu)
0 0 0 |t (0.24 us)
o} 0 1 | /2 (0.48 us)
0 1 0 | #/2%0.96 us)
0 1 1 | ftWw2*(1.9us)
1 0 0 | f/2'(3.8 us)
Others Setting prohibited
Caution Be sure to clear bit 3 to bit 7 to 0.
Remarks 1. fx : system clock oscillation frequency
2. { ): atfx=8.38 MHz operation
68 B Lu27525 0099528 2u0 WA
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CHAPTER S5 CLOCK GENERATION CIRCUIT

5.4 System Clock Oscillation Circuits

5.4.1 System clock oscillation circuit

Themain system clock oscillation circuit is oscillated by the crystal or ceramic resonator (8.38 MHz TYP.) connected
across the X1 and X2 pins.

An extemnal clock can also be input to the circuit. In this case, input the clock signal to the X1 pin, and input the
reversed signal to the X2 pin.

Figure 5-3 shows the external circuit of the system clock oscillation circuit.

Figure 5-3. External Circuit of System Clock Oscillation Circuit

{a) Crystal or ceramic oscillation (b) External clock
% x2
¢ —

L—: b =
: tL T X1
: ) v External D 5 X1
oo ss1 clock
Crystal ‘ pPD74HCUO4

ceramic resonator

Cautions 1. The STOP instruction cannot be excuted when the external clock is input because the X2 pin
is pulled up to Voo1.

2, When using the subsystem clock oscillation circuit, to avoid influence of wiring capacity, etc.
wire the portion enclosed by dotted line in Figure 5-3 as follows:

* Keep the wiring length as short as possible.

+ Do not cross the wiring with any other signal lines. Do not route the wiring in the vicinity
of a line through which a high alternating current flows.

* Always keep the ground of the capacitor of the oscillation circuit at the same potential

as Vssi. Do not ground the capacitor to a ground pattern through which a high current
flows.

+ Do not extract a signal from the oscillation circuit.

Figure 5-4 shows incorrect examples of resonator connection.

B L427525 0099529 a7 W 69
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CHAPTER S CLOCK GENERATION CIRCUIT

Figure 5-4. Incorrect Examples of Resonator Connection (1/2)

{a) Too long wiring (b) Crossed signal line

(c) Wiring near high alternating current (d) Current fiowing through ground line of
oscillation circuit (potential at points A, B,
and C fluctuates)

70
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CHAPTER § CLOCK GENERATION CIRCUIT

Figure 5-4. Incorrect Examples of Resonator Connection (2/2)

(e) Signal are fetched

5.4.2 Divider circuit

The divider circuit divides the output of the system clock oscillation circuit {fx) to generate various clocks.

Bl Lu27525 0099531 835 W
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CHAPTER § CLOCK GENERATION CIRCUIT

5.5 Operation of Clock Generation Circuit

The clock generation circuit generates the following clocks and control the operation modes of the CPU, such as
the standby mode:

. System- clock fx
* CPUclock fcru
* Clock to peripheral hardware

The operation of the clock generation circuit is determined by the processor clock control register (PCC), as follows:

(a) The slowest mode (3.8 us: at 8.38-MHz operation) of the system clock is selected when the RESET signal
is generated (PCC =04H). While a low levelisinputto the RESET pin, oscillation of the system clock s stopped.

(b) Fivetypes of CPU clocks (0.24 us, 0.48 us, 0.96 ps, 1.9 us, and 3.8 us: at B.38-MHz operation) can be selected
by the PCC setting with the system clock selected.

(c) Two standby modes, STOP and HALT, can be used.

(d) The clock to the peripheral hardware is supplied by dividing the system clock. Therefore, the other peripheral
hardware is stopped when the system clock is stopped {except, however, the external clock input operation).

72 B Lu27525 0099532 771 WE
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CHAPTER 5 CLOCK GENERATION CIRCUIT

5.6 Changing Setting of CPU Clock

5.6.1 Time required for switching CPU clock
The CPU clock can be selected by using bits O to 2 (PCCO to PCC2) of the processor clock control register (PCC).
Actually, the specified clock is not selected immediately after the setting of PCC has been changed, and the oid
clock is used for the duration of several instructions after that (refer to Table 5-2).

Table 5-2. Maximum Time Required for Switching CPU Clock

g:}it\c.{t?ilrl:ge before Set Value after Switching
PCC2 ] PCC1 | PCCO | PCC2 | PCCt | PCCO | PCC2 | PCC1 | PCCO § PCC2 | PCCY | PCCO | PCC2 | PCCY | PCCO
PCC2 | PCCY | PCCO -
0o lo|o]o 0 1 o | 1]0fo |1 1 1 o | o
0 0 o 16 instructions | 16 instructions | 16 instructions | 16 instructions
0 0 1 8 instructions 8 instructions 8 instructions 8 instructions
o 1 0 4 instructions 4 instructions 4 instructions 4 instructions
0 1 1 2 instructions 2 instructions 2 instructions 2 instructions
1 0 0 1 instruction 1 instruction 1 instruction 1 instruction

Remark One instruction is the minimum instruction execution time of the CPU clock before switching.

B Ly27525 0099533 L04 W 73
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CHAPTER 5 CLOCK GENERATION CIRCUIT

5.6.2 Switching CPU clock
The following figure iliustrates how the CPU clock is switched.

Figure 5-5. Switching between System Clock and CPU Clock

Voor /

D
m
7]
9

CPU clock I L
| Slowest I Fastest
L operation operation

Wait (15.6 ms: at 8.38-MHz operation)
Internal reset operation

<1> The CPU is reset when the RESET pin is made low on power application. The effect of resetting is released
when the RESET pin is later made high, and the system clock starts oscillating. At this time, the time during
which oscillation stabilizes (217/ix) is automatically secured.
After that, the CPU starts instruction execution at the slowest speed of the system clock (3.8 us: at 8.38-
MHz operation).

<2> After the time during which the Voo voltage rises to the level at which the CPU can operate at the highest
speed has elapsed, processor clock control register (PCC) is rewritten so that the highest speed can be
selected.

74 B L427525 0099534 544 WA
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CHAPTER 6 REAL-TIME OUTPUT PORT

6.1 Real-Time Output Port Functions

Data set previously in the real-time output buffer register can be transterred to the output latch by hardware
concurrently with timer interrupts or external interrupt generation, then output externally. This is called the real-time
output function. The pins that output data externally are called real-time output ports.

By using a real-time output, a signal which has no jitter can be output. This port is therefore suitable for control
of stepping motors, etc.

Port mode/real-time output port mode can be specified bit-wise.

B Ly27525 0099535 440 HR 75
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CHAPTER 6 REAL-TIME OUTPUT PORT

6.2 Real-Time Output Port Configuration
The real-time output port consists of the following hardware.

Table 6-1. Real-Time Output Port Configuration

Iitem Configuration
Real-time output buffer register (RTBLO, RTBH0)

Register

Control register Real-time output port mode register (RTPMO)

Real-time output port control register (RTPCO)

Figure 6-1. Real-Time Output Port Block Diagram

S Internal Bus
Real-time Output Port > ERS
Control Register (RTPCO0)
RTPOEO]ATPEGO| BYTEO | EXTRO
A4
INTP2 ~
— . Real-time Qutput| Real-time Output
INTTMS0 |  Qutput Trigger Buffer Register | Buffer Register
Control Circuit Higher 4 Bits Lower 4 Bits
INTTMS2 — (RTBHO) (RTBLO) l
bd
Real-time Output Port
Mode Register (RTPMO)
z 7
Output Latch <:
‘ |
|
Y \
RTPO = =~ e e e — RTP7
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CHAPTER 6 REAL-TIME OUTPUT PORT

(1) Real-time output buffer register (RTBLO, RTBHO)
These are 4-bit registers that hold output data in advance.
Addresses of RTBLO and RTBHO are mapped individually in the Special function register (SFR) area as shown

in Figure 6-2.

When specifying 4 bits x 2 channels as the operating mode, data are set individually in RTBLO and RTBHO.

The data of both RTBLO and RTBHO can be read all at once regardiess of which address is specified.

When specifying 8 bits x 1 channel as the operating mode, data are set to both RTBLO and RTBHO by writing
8-bit data to either RTBLO or RTBHQ. The data of both RTBLO and RTBHO can be read all at once regardless

of which address is specified.

Table 6-2 shows operations during manipulation of RTBLO and RTBHO.

Figure 6-2. Real-Time Output Buffer Register Configuration

Higher Lower
4 Bits 4 Bits

RTBLO l

FFB5H l RTBHO

Table 6-2. Operation in Real-Time Output Buffer Register Manipulation

; In Read Note? In Write Note2
Operating Mode Heglsfter to be
Manipulated Higher 4 Bits | Lower 4 Bits | Higher 4 Bits | Lower 4 Bits
. RTBLO RTBHO RTBLO Invalid RTB!
4 Bits x 2 Channels = =0
RTBHO RTBHO RTBLO RTBHO Invalid
s RTBLO RT8BH RT! T
8 Bits x 1 Channel T 0 BLO RTBHO RTBLO
RTBHO RTBHO RTBLO RTBHO RTBLO

Notes 1. Only the bits set in the real-time output port mode can be read. When a bit set in the port mode

is read, 0 is read.

2. After setting data in the real-time output port, output data should be set in RTBLO and RTBHO by
the time a real-time output trigger is generated.

B L427?525 0099537 253 W
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CHAPTER 6 REAL-TIME OUTPUT PORT

6.3 Registers Controlling Real-Time Output Port
The following two types of registers control the real-time output ports.

* Real-time output port mode register (RTPMO)
* Real-time output port control register (RTPCO)

(1) Real-time output port mode register (RTPMO0)
This register sets the real-time output port mode or port mode in 1-bit units.
RTPMO is manipulated by a 1-bit or 8-bit memory manipulation instruction.
When the RESET signal is input, this register is set to O0H.

Figure 6-3. Format of Real-Time Output Port Mode Register

Symbol 7 6 5 4 3 2 1 (o} Address On reset

AW
RTPMO [Fm’w} muoslarmosimmoal mmos[muoz‘ RTPMo1 ]mwool FFasH 00H RIW

RTPMOm | Real-Time Output Port Selection (m =0 to 7)
(o} Port mode
1 Real-time output port mode

Cautions 1. When using a real-time output port, set the port to be used as a real-time output port in the
output mode.
2. The port specified as a real-time output port cannot set data to its output latch. To set an
initial value, therefore, set data to the output latch before setting the reai-time output port
mode.

78 B Luy27525 0099538 19T A

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



CHAPTER 6 REAL-TIME OUTPUT PORT

(2) Real-time output port control register (RTPCO)
This register sets an operating mode of real-time output port and output trigger.
The relation between the operating mode of the real-time output port and output trigger is as shown in Table
6-3.
RTPCO is manipulated by a 1-bit or 8-bit memory manipulation instruction.
When the RESET signal is input, this register is set to 00H.

Figure 6-4. Format of Real-Time Output Port Control Register

symod @ ® ® @ a3 2 1 0 Address  Onreset  RW
RTPCO |FTPoEo|ATPece| &v7es x| o | o | o | o |  FravH 00H RW

RTPOED | Controls operation of real-time output port.
0 Disables operation®ete,

1 Enables operation.

RTPEGO | Specifies valid edge of INTP2.
0 Falling edge

1 Rising edge

BYTE0 | Operating mode of real-time output port
0 4 bits x 2 channels
1 8 bits x 1 channel

EXTRO | Controls real-time output by INTP2.
0 | Does not use INTP2 as real-time output trigger.

1 | Usaes INTP2 as real-time output trigger.

Note When the real-time output operation is disabled (RTPOEO = 0), RTPO to RTP7 output “0".

Table 6-3. Real-Time Output Port Operating Mode and Output Trigger

BYTEO EXTRO Operating Mode RTBHO — Port Output [RTBLO — Port Output
0 0 4 bits x 2 channels INTTM52 INTTMS50
0 1 . INTTM50 INTP2
1 0 8 bits x 1 channel INTTMS50
1 1 INTP2
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CHAPTER 6 REAL-TIME OUTPUT PORT

6.4 Operation of Real-Time Output Port

If the real-time output operation is enabled by setting bit 7 (RTPOED) of the real-time cutput port control register
(RTPCO) to 1, the data of the real-time output buffer registers (RTBHO and RTBLO) are transferred to the output latch
in synchronization with the generation of a transfer trigger (which is selected by EXTRO and BYTEONOte)  Of the
transferred data, only the data of the bits specified as the real-time output port by the real-time output port mode register
(RTPMO) are output from bits RTP0 to RTP7. The port pin set by RTPMO in the port mode can be used as a general-

purpose /O port pin.
If the real-time output operation is disabled by RTPOEOQ = 0, RTPO to RTP7 output 0 regardless of the setting of

RTPMO.

Note EXTRO: Bit 4 of real-time output port control register (RTPCO)
BYTEQ: Bit 5 of real-time output port control register (RTPCO)

Figure 6-5. Example of Operation Timing of Real-Time Output Port (when EXTRO = 0, BYTEOQ = 0)

e ] I M I

INTTMS0

CPU operation

RTBHO DOo1

D02 X Dos X D04 X

RTBLO

Output latch

Al X Do1 X D02 X D03 X D04
Output latch

P33 1o P30 D11 X D12 X D13 X D14

A: Software processing by INTTM52 (RTBHO write)
B: Software processing by INTTM50 (RTBLO write)
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CHAPTER 6 REAL-TIME OUTPUT PORT

6.5 Using Real-Time Output Port
When using the real-time output pon, perform the setting in the following procedure.

(1) Disable real-time output operation.
Clear bit 7 (RTPOEQ) of the real-time output port control register (RTPCO) to 0.

(2) initial setting
* Set the initial value to the output latch.
» Specify the real-time output port mode or port mode bitwise.
Set the real-time output port mode register (RTPMO).
+ Select a trigger and a valid edge.
Set bits 4, 5, and 6 (EXTRO, BYTEOQ, and RTPEGO) of RTPCO.
* Set the same initial value as the output latch to the real-time output buffer registers (RTBHO and RTBL0).

(3) Enabie the real-time output operation.
RTPOEO =1

(4) Set the next output to RTBHO and RTBLO until the selected transfer trigger is generated.

(5) Sequentially setthe next real-time output value to RTBHO and RTBLO by using the interrupt processing
corresponding to the selected trigger.

6.6 Notes on Real-Time Output Port

(1) Before performing the initial setting, disable the real-time output operation by clearing bit 7 (RTPOEOD)
of the real-time output port control register (RTPCO) to 0.

(2) Once the real-time output operation has been disabled (RTPOEQ = 0), be sure to set the same initiaj
value as the output latch to the real-time output buffer registers (RTBHO and RTBLO) before enabling
the real-time output operation (RTPOEO = 0 -> 1).
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

7.1 Functions of 10-Bit Inverter Control Timer

The 10-bit inverter control timer (TM7) realizes inverter control. |t incorporates an 8-bit timer for dead time
generation and can output waveforms that don’t overlap active levels. A total of six positive phase and negative
phase channels are output. In addition, an active level change function and output stop function by external
interrupt or watchdog timer interrupt are provided.
7.2 Configuration of 10-Bit Inverter Control Timer

The 10-bit inverter control timer (TM7) consists of the following hardware.

Table 7-1. Configuration of 10-Bit Inverter Control Timer

Item Function
Timer counter 10-bit up/down counter (TM7) x 1 .
8-bit down counters (DTM6, DTM1, DTM2) x 3
3-bit down counter (RTMO) x 1

Register 10-bit compare registers (CM0, CM1, CM2, CM3) x 4

10-bit buffer registers (BFCM0, BFCM1, BFCM2, BFCM3) x 4
8-bit reload register (DTIME) x 1

Timer output 6 (TO70, TO71, TO72, TO73, TO74, TO75)

Control register Inverter timer control register 7 (TMC7)
Inverter timer mode register 7 (TMM7)
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CHAPTER7 10-BIT IﬁVERTER CONTROL TIMER

Figure 7-1. Block Diagram of 10-Bit Inverter Control Timer

Output off function by
externally input INTWDT

fx
2
/22
/2 ™7 — RTMO INTTM7
7o
/25 410
BFCM3_ I
™~ CM3 DTIME
A8
I fx—
BFCMO_| !
™~ CMO OTMO
BFCM1_ I |
[~ CM1 DTM1
BFCM2 I ?
S~
CM2 DTM2

Pulse
Generation
Circuit

TO70
(U phase)

) TO7
(U phase)
TO72
(V phase)

) TO73
(V phase)
TO74
(W phase)
TO75

B Lu27525 0099544 493 HE

(W phase)

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



CHAPTER 7 10-BIT INVERTER CONTROL TIMER

(1) 10-bit inverter control timer (TM7)
TM7 is a 10-bit up/down counter that counts count pulses in synchronization with the rising edge of the
count clock. When thé timer starts, the number of count pulse count is incremented from 0, while when
the value of the preset compare register 3 (CM3) and the TM7 counting match, it is switched to the count
down operation.
An underflow signal is generated if the value becomes 000H during the count down operation and an
interrupt request signal INTTM?7 is generated. ‘When underfiow occurs, it is switched from the count down
operation to the count up operation. INTTM?7 is normally generated at every underfiow but the number
of occurrences can be divided by the IDEVO to IDEV2 bits of inverter timer control register 7 (TMC7).
TM7 cannot be read/written.
The cycle of TM7 is controlled by CM3.
The count clock can be selected among 6 types: fx, fx/2, fx/4, fx/8, fx/16, fx/32.
RESET input or clearing the CE7 bit of the TMC7 register sets TM7 to 000H.

(2) 10-bit compare registers 0.to 2 (CM0 to CM2)
CMO to CM2 are 10-bit compare registers that always compare their own value with that of TM7, and if
they coincide the contents of the flip-flops are changed.
Each of CMO to CM2 are provided with a buffer register (BFCMO to BFCM2), so that the contents of the
buffer can be transterred to CMO to CM2 with the timing of interrupt request signal INTTM7 generation.
Write operation to CMO to CM2 is possible only during TM7 stop.
To set the output timing, perform data write to BFCMO to BFCMS3.
RESET input or clearing the CE7 bit of the TMC7 register sets these registers to O00H.

(3) 10-bit compare register 3 (CM3)
CM3 is a 10-bit compare register that controls the high limit value of TM7. If the count value of TM7
coincides with the value CM3 or 0, count up/down is switched at the next count clock.
CM3 provides a buffer register (BFCM3) whose contents are transferred to CM3 with the timing of interrupt
request signal INTTM7 generation.
CM3 can be written to only during TM7 stop.
To set the cycle to TM7, write data to BFCM3.
RESET input sets CM3 to OFFH.
Do not set CM3 to 000H.

(4) 10-bit buffer registers 0 to 3 (BFCMO to BFCM3)
BFCMO to BFCM3 are 10-bit registers. They transfer data to the compare register (CM0 to CM3)
corresponding to each buffer with the timing of the interrupt request signal INTTM7 generation.
BFCMO to BFCM3 can be read/written irrespective of TM7 count stop or operation.
RESET input sets BFCMO to BFCM2 and BFCM3, to 000H and OFFH, respectively.

These registers can be read/written in word and byte units. For read/write operations of less than 8 bits,
BFCMOL to BFCM3L are used.
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

(5) Dead time reload register (DTIME)
DTIME is an 8-bit register to set dead time and is common to three dead time timers {DTMO to DTM2).
However, the data load timing from DTIME to DTMO, DTM1 and DTM2 is independent.
DTIME can be written only during TM7 count stop. Data does notchange even if an instruction to rewrite
DTIME is executed during timer operation.
RESET input sets DTIME to FFH.
Even it O0H is set to DTIME, an output with dead time fx is performed.

{6) Dead time timers 0 to 2 (DTMO0 to DTM2)
DTMO to DTM2 are 8-bit down counters that generate dead time. v
Count down is performed after the value of the dead time reload register (DTIME) is reloaded with the
timing of compare match between CMO to CM2 and TM7. DTMO to DTM2 generate an underflow signal
when 00H changes to FFH and stop with FFH.
The count clock is fx.
DTMO to DTM2 cannot be read/written.
RESET input or clearing the CE7 bit of the TMC7 register sets these registers to FFH.

(7) Buffer transfer control timer (RTMO)
RTMO is a 3-bit up counter. It has the function to divide interrupt request signal INTTM7.
The number of division that is set with bits IDEV2 to IDEVO of the TCM7 register is loaded at TM7 count
start and at the generation timing of INTTM7. Incrementing is performed with the TM7 underflow signal
and INTTM7 is generated when the value matches with the loaded value.
RTMO cannot be read/written.
RESET input sets RTMO to 7H. The division number that is set with bits IDEV2 to IDEVO is set by
generating INTTM7 and clearing the CE7 bit of the TMC7 register.
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

7.3 Registers Controlling 10-bit Inverter Control Timer
The following two types of registers are available to control the 10-bit inverter control timer.

* Inverter timer control register 7 (TMC7)
* Inveter timer mode register 7 (TMM7)

(1) Inverter timer control register 7 (TMC7)
TMC?7 controls the operation of TM7, DTMO to DTM2, and RTMO, specifies the count clock of TM7, and
selects the compare register transfer cycle.
TMC?7 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMC7 to O0H.
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

Figure 7-2. Inverter Timer Control Register 7 Format

symbot @D 6 5 4 3 2 1 0 Address  On reset R/W
TMC? I?Eﬂ 0 ’TCL72,TCL71 fTCL70[IDEV2] IDEV1|IDEVOI FFI0H O0H R/W

CE7 | TM?7, DTMO to DTM2, RTMO operation control

0 | Clear and stop (TO70 to TO75 are Hi-z)

1 Count enable

ITCL72[TCL71|TCL70} Count clock selection

0 | 0 | 0 |&(838MHz)

0 1 | 6/2 (.19 MHz)

1 0 |f22(2.1 MHz)

=N =1 K=}

1 1 | t2° (1.05 MHz)

1 0 0 | fx/2* (524 kHz)

1 0 1 | t/2® (262 kHz)

Other than the above| Setting prohibited

IDEV2|IDEV1|IDEVO] INTTM7 occurrence frequency selection

0 0 0 | Occurs once avery TM7 underflow.

0 0 1 Qccurs once every two TM7 underflows,

0 1 0 | Occurs once every three TM7 underflows.
] 1 1 | Occurs once every four TM7 underflows.

1 0 0 | Occurs once every five TM7 underfiows.

1 0 1 | Ocecurs once every six TM7 underflows.

1 1 0 | Occurs once every seven TM7 underfiows.
1 1 1 Occurs once every eight TM7 underflows.

Remark Figures in parentheses apply to operation with fx = 8.38 MHz.
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

(2) Inverter timer mode register 7 (TMM7)
TMM7 controls the operation of and specifies active level of TO70 to TO75 outputs, and sets the valid
edge of TOFF7.
TMM?7 is set by a 1-bit or 8-bit memory manipulation instruction. RESET input sets TMM7 to O0H.

Figure 7-3. Inverter Timer Mode Register 7 Format

Symbol 7 6 5 4 3 2 1 0 Address  On reset R/W
TMM? [ V] | 0 l 0 FNOFNFB.l ALV lTOEDGITOSPFiTOSPWl FF91H O0H R/W
Mote

PNOFFB Control status flag of TM7 output to TO70 to TO75

0 TM7 output disable status (TO70 to TO75 are Hi-z)

1 TM7 output enable status

ALV | TO70 to TO75 output active level specification

0 Low level

1 High level

[TOEDG| TOFF7 valid edge specification

0 Falling edge

1 Rising edge

[TOSPPl TO70 to TO75 output stop control by valid edge

0 Does not stop output

1 Stops output (TO70 to TO75 are Hi-2)

TOSPW] TO70 to TO75 output stop control by INTWDT

0 Does not stop output

1 Stops output (TO70 to TO75 are Hi-z)

Note The PNOFFB bit is a read-only flag. This bit cannot be set or reset by software. PNOFFB is reset
when an output stop is caused by TOFF7 and INTWDT during TM7 stop (CE7 = 0) or operation
(CE7 =1).

Caution Always set bits 5 to 7 of TMM7 to 0.
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

Remarks 1. TO70to TO75 become Hi-z state in the following cases. However, the TM7, DTMQ to DTM2,
and RTMO timers do not stop if CE7 = 1 is set. ‘

« A valid edge is input to the TOFF7 pin while TOSPP = 1.
« A specified interrupt is generated while TOSPW = 1.

To restore the output of TO70 to TO75, perform the procedure below.
<1> Write 0 to CE7 and stop the timer.
<2> Write 0 to the output stap function flag that is used.

<3> Reset the registers to their default values.

2. PNOFFB, ALV, CE7, and TO70 to TO75 are related as foilows.

PNOFFB ALV CE7 TO70, TO72, TO74 | TO71, TO73, TO75
0 0 0 Hi-2 Hi-z
0 1 0 Hi-z Hi-z
0 01 1 Hi-z Hi-z
1 0/1 1 PWM wave output PWM wave output

90
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CHAPTER. 7 10-BIT INVERTER CONTROL TIMER

7.4 Operation of 10-Bit Inverter Control Timer

(1) Setting procedure

(@

(b)

(c)

(d)

(e)

®

(9)

(h)

0]

)

The TM7 count clock is set with the TCL70 to TCL72 bits of inverter timer control register 7 (TMC7?)
and the occurrence frequency of INTTM7 is set with the IDEVO to IDEV2 bits.

The active level of the TO70 to TO75 pins is set with the ALV bit of inverter timer mode register 7
(TMM7).

Set the half width of the first PWM cycle to CM3.
* PWM cycle = CM3 value x 2 x TM7 clock rate
(The clock rate of TM7 is set with the TMC7 register)
Set the half width of the second PWM cycle to BFCM3.
Set the dead time width to DTIME.
* Dead time width = (DTIME + 1) x fx
fx: internal system clock
Set F/F set/reset timing that is used during the first cycle to CMO to CM2.

Set F/F setreset timing that is used during the second cycle to BFCM3.

After the CE7 bit of the TMC7 register is set (1), the operation of TM7, DTMO0 to DTM2, and RTMO
is enabled.

Caution  Always use a bit manipulation instruction to set the CE7 bit.
Setthe F/F set/reset timing that is used for the next cycle to BFCMO to BFCM3 during TM7 operation.
To stop the TM7 operation, set the CE7 bit of the TMC? register to 0.

Caution  Another bit cannot be rewritten at the same time that the CE7 bit is being rewritten.
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

(2) Output waveform widths corresponding to set values

* PWM cycle = CM3 x 2 x Ttwz

« Dead time width = Totm = (DTIME + 1) x fx

* Active width of positive phase (TO70, TO72, TO74 pin)
= {{CM3 = CMup) + (CM3 = CMoown)} x Ttm7 — Totu

* Active width of negative phase (TO71, TO73, TO75 pin)
= (CMdown + CMup) x Ttmz — Totm

fx

Trm?
CMup
CMaown

Caution

92

: System clock oscillation frequency

: TM7 count clock

: Set value of CM0 to CM2 during TM7 count up

: Set value of CMO to CM2 during TM7 count down

If a value whose active width in the positive phase or negative phase becomes 0 or
negative via the above calculation, TO70 to TO75 output a waveform fixed at inactive
level during active width 0.
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CHAPTER 7 10-BIT INVERTER CONTROL TIMER

(3) Operation timing

Figure 7-4. TM7 Operation Timing (Basic Operation)

Y

X
™7
/ ) |
0
BFCMn b X i c \
CMn a h b )2 e
BFCM3 v C ; Xz : -
CcM3 X A g Y : )2 \Z
INTTM7 5 INTTM?
F/F | |
DTMN \ '\
1070, TO72, TO74 ' '| 1
TO71, TO73, TO75

Remarks 1.n=01t0 2
2. t: Dead time = (DTIME + 1) x fx
(fx: System clock oscillation frequency)
3. The above figure assumes an active high and undivided INTTM7 occurrence.
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T™M7

BFCMn

CMn

BFCM3

CM3

FIF

DTMn

TO70, TO72, TO74 ‘ [ '
TO71, TO73. TO75 e Fo

94

Figure 7-5. TM7 Operation Timing (CMn (BFCMn) 2 CM3 (BFCM3))

Y

b A X [+]
a X b (2Y) e
v — Xz Y
i \
X X‘ Y ,X\ Z
IN'IjI'M7 INTTM?

N |
NN N

Remarks 1.n=01t02
2. t: Dead time = (DTIME + 1) x fx
(ix: System clock oscillation frequency)
3. The above figure assumes an active high and undivided INTTM7 occurrence.

It a value higher than CM3 is set to BFCMn, high-level output in the positive phases (TO70, TO72, TO74
pins), and low-level output in the negative phases (TO71, TO73, TO75 pins) are continued. This setting
is effective to output signals whose low and high widths are longer than the PWM cycle when controlling
the inverter, etc.
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Figure 7-6. TM7 Operation Timing (CMn (BFCMn) = 000H)

T™?

BFCMn b y X c(>0) ; X d \

CMn a \‘ b = 00H g\‘ e ;\Qd

BFCM3 Y A X z \

cM3 X X\‘ Y )}‘ z : :E‘
INTTM? INTTM? :

FiF ___J L_l |__

DTMn ™~ ,\_’\ I\

TO70. TO72. TO74

TO71.T073. 1075 | l—l I——-

Remarks 1.n=0to 2
2. t: Dead time = (DTIME + 1) x fx
(fx: System clock oscillation frequency)
3. The above figure assumes an active high and undivided INTTM7 occurrence.
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Figure 7-7. TM7 Operation Timing (CMn (BFCMn) = CM3 -~ 1/2DTM, CMn (BFCMn) > CM3 - 1/2DTM)

™7

BFCMn T b \ X o \

CMn a(=X--+DTM) ! é X Vb (> Y —4-DTM) i )2 A

BFCM3 Py N X 2 §

cM3 PoX X\ Py i >2 Nz
INTTM? INTTM?

FE ! ! | |
DTMn : : | [\r\_____

TO70, TO72, TO74

TO71, TO73, TO7S | |

Remarks 1.n=0to 2
2. The above figure assumes an active high and undivided INTTM7 occurrence.
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

8.1 Function of 8-Bit Timer/Event Counter
The 8-bit timer/event counters (TM50, TM51, and TM52) have the following two modes:

¢ Mode in which an 8-bit timer/event counter is used alone (single mode)
* Modein which two or more B-bit timer/event counters are connected in cascade (16-bit resolution: cascade mode)

These two modes are explained below.

(1) Mode in which an 8-bit timer/event counter is used alone (single mode)
in this mode, the following functions can be used.

* Interval timer

* External event counter
* Square wave output

* PWM output

(2) Modeinwhich TM50and TM51, or TM51 and TM52 are connected in cascade {16-bit resolution: cascade
mode)

By connecting 8-bit timer/event counters in cascade, they can be used as a 16-bit timer/event counter.
In the cascade mode, the following functions can be used.

* 16-bit resolution interval timer
* 16-bit resolution external event counter
* 16-bit resolution square wave output

Figures 8-1 to 8-3 show the block diagrams of 8-bit timer/event counters,
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

8.2 Configuration of 8-Bit Timer/Event Counter

An 8-bit timer/event counter consists of the following hardware:

Table 8-1. Configuration of 8-Bit Timer/Event Counter

item

Configuration

Timer register

8-bit counter Sn (TM5n)

Register

8-bit compare register 5n (CR5n)

Timer output

TOSn

Control register

8-bit timer mode control register 5n (TMC5n)
Timer clock select register 5n (TCLS5n)

Remark n=0to?2
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

Figure 8-1. 8-Bit Timer/Event Counter 50 (TM50) Block Diagram
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Figure 8-2. 8-Bit Timer/Event Counter 51 (TM51) Block Diagram
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Figure 8-3. 8-Bit Timer/Event Counter 52 (TM52) Biock Diagram
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

(1) 8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52)
TMS0, TMS1, and TM52 are 8-bit read-only registers that count count pulses.
These counters are incremented in synchronization with the rising edge of the count clock.
TMS0 and TM51, or TM51 and TM52 can be connected in cascade and can be used as a 16-bit timer.
When TMS0 and TM51 are connected in cascade and used as a 16-bit timer, the values of these timers/
counters can be read by using a 16-bit manipulation instruction. TM50 and TM51 are connected with aninternal
8-bit bus, and TM50 and TM51 are read one at a time. This means that the value of, say, TM50 may change
while that of TM51 is read. Therefore, read TM50 and TM51 two times to compare their first and second values
for the sake of accuracy.
When TM51 and TM52 are connected in cascade and used as a 16-bit timer, they cannot be read by using
a 16-bit manipulation instruction. When reading the TM51 and TM52, read the TM51 and TM52 separately
by using an 8-bit manipulation instruction.
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 cleared to 00H in the following cases:
<1> RESET input
<2> Clearing TCE5n
<3> Coincidence between TM5n and CR5n in clear & start mode

Caution inthe cascade mode, the 16-bit timer is cleared to 00H regardless of whether TCES1 of TM51
or TCES2 of TM52 is cleared.

Remark n=0tc2

(2) 8-bit compare registers 50, 51, and 52 (CR50, CR51, and CR52)
The value set to CR5n is always compared with the count value of 8-bit timer counter 5n (TM5n). When the
value of the compare register coincides with the value of the timer counter, an interrupt request (INTTM5n)
is generated (in a mode other than the PWM mode).
The value of CR5n can be set in a range of 00H to FFH and can be rewritten during counting.
If TMS0 and TM51 are connected in cascade and used as a 16-bit timer, CR50 and CR51 operate as a 16-
bit compare register. Therefore, the count value and register value are compared in 16-bit units, and if the
two values coincide with each other, an interrupt request (INTTMS0) is generated. At this time, INTTMS1
interrupt request is also generated. When connecting TM50 and TM51 in cascade, therefore, mask the
INTTM51 interrupt request.
The same applies when TM51 and TM52 are connected in cascade. If the value of the 16-bit timer coincides

with that of the 16-bit compare register, the INTTM51 interrupt request is generated (mask the INTTMS2
interrupt request).

Caution When setting data to the timers connected in cascade, be sure to stop the timer operation.

Remark n=0to 2
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

8.3 Registers Controlling 8-Bit Timer/Event Counters

The foliowing six registers control 8-bit timer/event counters §0, 51, and 52.

= 8-bit timer mode control registers 50, 51, and 52 (TMC50, TMC51, and TMC52)
» Timer clock select registers 50, 51, and 52 (TCL50, TCL51, and TCL52)

(1) 8-bit timer mode control registers 50, 51, and 52 (TMCS50, TMCS1, and TMC52)
TMCS50, TMC51, and TMC52 perform the foliowing six operations:

<1>
<2>
<3>
<4>
<5>
<6>

Control of count dperation of 8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52)
Selection of operation mode of 8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52)
Selection of single mode or cascade mode

Setting of status of timer output F/F (fiip-flop)

Control of timer F/F or seiection of active level in PWM (free running) mode

Control of timer output

TMCS50, TMCS1, and TMC52 are set by using a 1-bit or 8-bit memory manipulation instruction.
The values of these registers are set to 04H at RESET.
Figures 8-4 to 8-6 show the formats of TMC50, TMC51, and TMC52.
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

Figure 8-4. Format of 8-Bit Timer Mode Control Register 50

symiot @) & 5 a4 @ @ 1 @

T™CS0 fTeeso[tacsed 0 | o [Lvsso|LvmsojmcsorToEs0)

Address On raset R/W

FF68H 04H R/W

TCES0| Controls count operation of TM50.

Y Disables count operation after clearing counter
to 0 (disables prescaler).

1 Starts counting.

TMC506| Selscts operating mode of TM50.

0 Clears and starts on coincidence between TM50
and CR50.

1 PWM (free running) mode

LVS50 | LVRS0 | Sets status of timer output F/F.
0 0 Not affected
0 1 Resets timer output F/F (to 0).
1 0 Sets timer output F/F (to 1).
1 1 Setting prohibited
TMCS01; Other than PWM PWM mode
mode (TMC506 =0) | (TMC506=1)
Controls timer F/F. Selects active level.
0 Disables inverted High active
operation.
1 Enables inverted Low active
operation.

TOESO | Controls timer output.
0 Disablas output (port mode).
1 Enables output.

Remarks 1. The PWM output is at the inactive level in the PWM mode because TCES0 = 0.
2. If LVSS0 and LVR50 are read immediately after data has been set, these bits are 0.
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Figure 8-5. Format of 8-Bit Timer Mode Control Register 51

symol @) 6 5 4+ @ @ 1 ©

TMcs1 [roesi[tMostg 0 [roste]Lvsst|LvRs fTucsti{ToEs 1 On reset

Address
FF70H 04H

TCES1{ Controls count operation of TM51.

Y Disables count operation after clearing counter
to 0 {disables prescaler).

1 Starts counting.

TMCS16| Selects operating mode of TMS1.

0 Clears and starts on coincidance between TM51
and CR51.

1 | PWM (free running) mode

TMC514| Selects single mode or cascade mode.

0 | single mode
1 Cascade mode (connected to TM50)

RW
RW

LVSS51 | LVRS1 | Sets status of timer output F/F.
0 0 Not affected
0 1 Resets timer output F/F (to 0).
1 0 Sets timer output F/F (to 1).
1 1 Setting prohibited
TMC511{ Other than PWM PWM mode
mode (TMC516=0) | (TMC516= 1)
Controls imer F/F. | Selects active level.
0 Disables inverted High active
operation.
1 Enables inverted Low active
operation.

TOES1] Controls timer output.
o Disables output (port mode).
1 Enables output.

Remarks 1. The PWM output is at the inactive level in the PWM mode because TCES1 = 0.

104

2. If LVS51 and LVR51 are read immediately after data has been set, these bits are 0.
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Figure 8-6. Format of 8-Bit Timer Mode Control Register 52

symot & 6 5 4 3 @ 1 ©

TMCs2 [TCEs2iTMCs28 O [TmCsd) Lvssz|LvRsz |Tucszi|ToEs?

Address On reset

g 2

FF78H 04H

TC=52| Controls count operation of TM52.

0 Disables count operation after clearing counter
to 0 (disables prescaler).

1 Starts counting.

TMC526| Selects operating mode of TMS2.

0 Clears and starts on coincidence between TM52
and CRS2.

1 PWM (free running) mode

T™MC524) Selects single mode or cascade mode.
0 | Singie mode
1 | Cascade mode (connected to TM51)

LVS32 | LVR52 | Sets status of imer output F/F.

0 1 0 | Notaffected
0 ' 1 Resets timer output F/F {to 0).
1 ! 0 | Sets timer output F/F (to 1).
1 1 ! Setting prohibited
TMZ321 Other than PWM PWM mode
mode (TMC526 =0) | (TMC526=1)
' Controis timer F/F. Selects active level.
0 ' Disables inverted High active
* operation.
1 . Enables inverted Low active
. Operation.

TOE32 Controls tmer output.
0 ! Disadles output (port mode).
1 i Enables output.

Remarks 1. The PWM output is at the inactive level in the PWM mode because TCES2 = 0.
2. I LVSS2 and LVR52 are read immediately after data has been set, these bits are 0.
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CHAPTER S &-BIT TIMER/EVENT COUNTER

(2) Timer clock select registers 50, 51, and 52 (TCL50, TCL51, and TCL52)

These registers specify the count clock of the 8-bit timer counters 50, 51, and 52 (TM50, TM51, and TM52)

and the valid edges of TI50, Ti51, and Ti52 inputs.

TCL50, TCL51, and TCL52 are set by using an 8-bit memory manipulation instruction.

When the RESET signal is input, these registers are set to 00H.
Figures 8-7 to 8-9 show the formats of TCL50, TCL51, and TCLS52.

Figure 8-7. Format of Timer Clock Select Register 50

Symbot 7 6 5 4 3 2 1 0 Address On reset
Teso | o [ o [ o | o | o |rouse|tousorfroiseo|  FresH 0OH
TCL502| TCL501 | TCL500 | Selects count clock.

0 0 0 | Falling edge of TI50

0 0 1 Rising edge of TI50

0 1 0 [#v2(4.19 MH2)

0 1 1 | /22 (1.05 MHz)

1 0 0 | w2t (262 kHz)

1 0 1 | /27 (65.5 kHz)

1 1 0 | #2° (16.4 kH2)

1 1 1 [tw2' (4.00 kHz)

Cautions 1. Before rewriting the data of TCL50, stop the timer operation once.
2. Be sure to clear bits 3 to 7 of TCL50 to 0.

Remark (): at fx = 8.38-MHz operation
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CHAPTER 8 B8-BIT TIMER/EVENT COUNTER

Figure 8-8. Format of Timer Clock Select Register 51

Symbol 7 5 5 4 3 2 1 0 Address On reset RW
Totst | o | o | o | o | o [rasieftasfrose] Frrim 00H AW
TCL512| TCLS11 | TCLS10 | Selects count clock.
0 0 | Falling edge of TI51
0 0 1 Rising edge of Ti51
0 1 0 {x (8.38 MHz)
0 1 1 | /2 (4.19 MH2)
1 0 0 /22 (2.1 MHz)
1 0 1 1/2® (1.05 MHz)
1 1 0 fx/2* (524 kHz)
1 1 1 | fx/2® (262 kHz)
Cautions 1. Before rewriting the data of TCL51, stop the timer operation once.
2. Be sure to clear bits 3 to 7 of TCL51 to 0.
Remark (): at fx = 8.38-MHz operation
Figure 8-9. Format of Timer Clock Select Register 52
Symbol 7 6 5 4 3 2 1 0 Address On reset R/wW
Tes2 [ o [ o] o | o | o [rewsz2|reusar|rousz0]  Fr7eH 00H AW
TCLS522 | TCLS21 | TCL520 | Selects count clock.
0 0 0 | Falling edge of TI52
¢} 0 1 Rising edge of T152
0 1 0 | fw2* (524 kHz)
0 1 1 | /2% (262 kHz2)
1 0 0 x/2% (131 kH2)
1 0 1 /27 (65.5 kHz)
1 1 0 | w2® (32.7 kM2)
1 1 1 | f/2° (16.4 kHz)
Cautions 1. Before rewriting the data of TCL52, stop the timer operation once.
2. Be sure to clear bits 3 to 7 of TCL52 to 0.
Remark (): at fx = 8.38-MHz operation
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

8.4 Operation of 8-Bit Timer/Event Counter

8.4.1 Operation as interval timer (8-bit operation)

The 8-bit timer/event counters operate as interval timers that repeatedly generate an interrupt at time intervals
specified by the count values set to the corresponding 8-bit compare registers (CR5n) in advance.

When the count values of the 8-bit timer counter (TM5n) coincide with the values set to the corresponding compare
register CR5n, the value of TM5n is cleared to 0, TM5n continues counting, and at the same time, interrupt request

signal (INTTMSn) is generated.
The count clock of the TM5n can be selected by bits 0 to 2 (TCLSn to TCL5n2) of the timer clock select register

(TCL5n).

<Setting>
<1> Set each register.
« TCLSn: Selects count clock.
* CRSn: Compare value
e TMCS5n: Selects clear and start mode on coincidence between TM5n and CR5n
(TMCSn = 0000xxx0B x = don't care).
<2> The count operation is started when TCE5n is set to 1.
<3> INTTMSn occurs when the values of TM5n and CRSn coincide (TM5n is cleared to 00H).
<4> After that, INTTMSn repeatedly occurs at the same interval. To stop the count operation, clear TCESn
to 0. :

Remark n=0to 2

Figure 8-10. Interval Timer Operation Timing (1/3)

(a) Basic operation
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Remarks 1. Intervaltime = (N+ 1) xt: N = 00H to FFH
2. n=0to2
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Figure 8-10. Interval Timer Operation Timing (2/3)

{b) When CR5n = 00H
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Figure 8-10. Interval Timer Operation Timing (3/3)

(d) Operation when CR5n is changed (M < N)
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{e) Operation when CR5n is changed (M > N)
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8.4.2 Operation as external event counter

The external event counter counts the number of clock pulses externally input to the TI50/P24 to TIS2/P26 pins
by using the 8-bit timer counter (TM5Sn).

Each time the valid edge specified by the timer clock select register (TCL5n) is input, the value of TM5n is
incremented. Either the rising edge or falling edge can be specified as the valid edge.
~ When the count value of TM5n coincide with the values of the corresponding 8-bit compare register (CR5n), TMSn
is cleared to 0, and interrupt request signal (INTTM5n) is generated.

Remark n=0to 2

Figure 8-11. External Event Counter Operation Timing (with rising edge specified)
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CR5n N Vi
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INTTMSn }) I—‘
{8

Remark N = 00H to FFH
n=0to 2
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8.4.3 Square wave output operation (8-bit resolution)

Square wave of any frequency can be output at the interval set in advance to an 8-bit compare register (CR5n).

When bit 0 (TOE5n) of the 8-bit timer mode control register (TMC5n) is set to 1, the output status of TOSnis inverted
at the interval time secified by the count value set in advance to CR5n. In this way, square wave of any frequency
(duty factor = 50%) can be output. '

<Setting>

<>

<2>
<3>

<4>

Remark

112

Set each register.

» Clear the port latch and port mode register 2 to “0™.

* TCL5n: Selects count clock

* CRs&n: Compare value

e TMC5n: Clear and start mode on coincidence between TM5n and CR5n

LvS5n LVRSn Sets status of timer output F/F
1 0 High-level output
0 1 Low-level output

Enables inverting timer output F/F
Timer output enabled — TOE5n = 1
The count operation is started if TCESn is setto 1.
The timer output F/F is inverted if the values of TM5n and CR5n coincide.
INTTMSn occurs and TM5n is cleared to O0H.
After that, the timer output F/F is inverted at the same interval, and square wave is output from TOS5n.

n=0to2
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8.4.4 8-bit PWM output operation

The PWM output operation is performed when bit 6 (TMCSn6) of the 8-bit timer mode control register (TMC5n)
is set to “1°,

The pulse with a duty factor determined by the value set to the 8-bit compare register (CR5n) is output from TOS5n.

Set the width of the active level of the PWM pulse to CR5n. The active leve! can be selected from bit 1 (TMC5n1)
of TMC5n.

The count clock can be selected by bits 0 to 2 (TCL5n0 to TCL5n2) of the timer clock select register (TCL5n).

The PWM output can be enabled or disabled by bit 0 (TOESn) of TMCSn.

(1) Basic operation of PWM output

<Setting>
<1> Clear the port latch and port mode register 2 to “0".
<2> Set an active level width with the 8-bit compare register (CR5n).
<3> Select a count clock with the timer clock select register (TCL5n).
<4> Set an active level by using the bit 1 (TMC5n1) of TMC5n.
<5> The count operation is started when bit 7 (TCE5n) of TMC5n is set to “1".
To stop the count operation, clear TCESn to “0".

<PWM output operation>

<1> When the count operation is started, an inactive level is output as the PWM output (output from TO5n)
until an overflow occurs.

<2> When an overflow occurs, the active level setin step <1> above is output. This active level is continuously
output until the value of CR5n coincides with the count value of an 8-bit timer register (TM5n).

<3> Aninactive level is output as the PWM output after the value of CRSn has coincided with the count value
of TM5n, until an overflow occurs again.

<4> After that, <2> and <3> are repeated until the count operation is stopped.

<5> When the count operation is stopped by clearing TCESn to 0, the PWM output becomes inactive.

Remark n=0to2
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(a) Basic operation (when active level =

Figure 8-12. PWM Output Operation Timing
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Figure 8-13. Operation Timing When CR5n is Changed

(a) If value of CR5n is chénged from N to M before TM5n overflows
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(b) If value of CR5n is changed from N to M after TM5n overflows
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(c) If value of CR5n is changed from N to M during 2 clocks (00H, 01 H) immediately after TM5n overflows
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8.4.5 Operation as interval timer (16-bit operation)

(1) Cascade (16-bit timer) mode (TM50 and TM51)
The 16-bit resolution timer/counter mode is set by setting bit 4 (TMC514) of the 8-bittimer mode control register
51 (TMC51) to “1~.
In this mode, TM50 and TM51 operate as a 16-bit interval timer that repeatedly generates an interrupt at
intervals specified by the count value set in advance to 8-bit compare registers (CR50 and CR51).

<Setting>
<1> Set each register.
« TCL50: TMS0 selects a count clock.
TMS1, which is connected in cascade, does not have to be set.
* CR50 and CR51: Compare values (Each compare value can be set in a range of 00H to FFH).

e TMCS50 and TMC51: Selectthe mode that clears and starts the timer on coincidence between TM50
and CR50 (TM51 and CR51).
TM50 — TMCS0 = 0000xxx0B x: don’t care:l
':TM51 - TMC51 = 0001xxx0B x: don't care
<2> By setting TCES51 to 1 for TMC51 first, and then setting TCESO to 1 for TMC50, the count operation is
started.
<3> When the value of TM50 connected in cascade coincides with the value of CR50, TM50 generates
INTTMS0 (TM50 and TMS51 are cleared to O0H).
<4> After that, INTTMS50 is repeatedly generated at the same interval.

Cautions 1. Besure to set the compare registers (CR50 and CR51) after stopping the timer operation.
2. Even if the timers are connected in cascade, TM51 generates INTTM51 when the count
value of TM51 coincides with the value of CR51. Be sure to mask TM51 to disable it from
generating an interrupt.
3. To set TCE50 and TCES1, first manipulate TM51 and then TM50.
4. Counting can be started or stopped by setting or clearing only TCES50 of TM50 to 1 or
0.

Figure 8-14 shows an example of timing in the 16-bit resolution cascade mode.

Figure 8-14. 16-Bit Resolution Cascade Mode (with TM50 and TM51)
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(2) Cascade (16-bit timer) mode (TM51 and TM52)
The 16-bit resolution timer/counter mode is set by setting bit 4 (TMC524) of the 8-bit timer mode control register
§2 (TMC52) to *1".
In this mode, TM51 and TM52 operate as a 16-bit interval timer that repeatedly generates an interrupt at
intervals specified by the count value set in advance to B-bit compare registers (CR51 and CR52).

<Setting>
<1> Set each register.
e TCL51: TMS51 selects a count clock.
TMS2, which is connected in cascade, does not have to be set.
* CR51 and CR52: Compare values (Each compare value can be set in a range of 00H to FFH).
» TMC51 and TMC52: Select the mode that clears and starts the timer on coincidence between TM51
and CR51 (TM52 and CR52).
TM51 — TMC51 = 0000xxx0B x: don't care:]
[TMSZ — TMC52 = 0001xxx0B x: don't care
<2> By setting TCES2 to 1 for TMCS2 first, and then setting TCE51 to 1 for TMCS51, the count operation is
started.
<3> When the value of TM51 connected in cascade coincides with the value of CR51, TM51 generates
INTTM51 (TM51 and TM52 are cleared to O0H).
<4> After that, INTTM51 is repeatedly generated at the same interval.

Cautions 1. Be sure to set the compare registers (CR51 and CR52) after stopping the timer operation.
2. Even if the timers are connected in cascade, TM52 generates INTTM52 when the count
value of TM52 coincides with the value of CR52. Be sure to mask TM52 to disable it from
generating an interrupt.
3. To set TCES1 and TCES52, first manipulate TM52 and then TM51.

4. Counting can be started or stopped by setting or clearing only TCES1 of TM51 to 1 or
0.

Figure 8-15 shows an example of timing in the 16-bit resolution cascade mode.

Figure 8-15. 16-Bit Resolution Cascade Mode (with TM51 and TM52)
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CHAPTER 8 8-BIT TIMER/EVENT COUNTER

8.5 Notes on Using 8-Bit Timer/Event Counters

(1) Error on starting timer
An error of up to 1 clock occurs after the timer has been started until a coincidence signal is generated. This

is because the 8-bit timer counter (TM5n) is started in asynchronization with the count pulse.

Figure 8-16. Start Timing of 8-Bit Timer Counter

campise / \_ /7 \_/ N S

TM5n count value 00H X om X oz X osH X osH

Timer starts

Remark n=0to 2

{2) Operation after changing value of compare register during timer count operation
It a new value of an 8-bit compare register (CRSn) is less than the value of the corresponding B-bit timer counter
(TM5n), TM5n continues counting, overflows, and restarts counting from 0. Therefore, if the new value of CR5n

(M) is less than their old value (N), it is necessary to restart the timers after changing the value of CRSn.

Figure 8-17. Timing after Changing Values of Compare Registers during Timer Count Operation

o /N /N /TN, N\
CR5n D( N X \ M
TMSn count value :X x1 X x X \D( FFFFH X 0o0oH X 0001H X 0002H

Caution Exceptwhen TI5ninputis selected, be sureto clear TCESn to 0 before setting the STOP mode.

Remark N> X>M
n=0to2

(3) Reading TM5n during timer operation
Because the count clock is stopped when TMSn is read during operation, select a count clock with a waveform
whose high-flow-level are longer than two CPU clock cycles. For example, in the case of a CPU clock (fcru)
equal to fx, TM5n can be read as long as the selected count clock is fx/4 or lower.

Remark n=0to 2
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CHAPTER 9 WATCHDOG TIMER

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

* Oscillation stabilization time specification

Caution Select the watchdog timer mode or interval timer mode by using the watchdog timer mode
register (WDTM). (The watchdog timer and interval timer cannot be used simultaneously.)

(1) Watchdog timer mode

The watchdog timer is used to detect inadvertent program loop. When the inadvertent loop is detected, a non-
maskable interrupt or the RESET signal can be generated.

Table 9-1. Inadvertent Loop Detection Time of Watchdog Timer

Inadvertent Loop At fx = 8.38 MHz Inadvertent Loop At fx = 8.38 MHz
Detection Time Detection Time
212 ¢ 1/fx 488.8 us 218 x 1/x 7.82 ms
213 5 1/ 977.6 us 217 x 1/6x 15.6 ms
214 < 1/ix 1.96 ms 218 < 1/tx 31.3ms
215 x 1/ix 3.9t ms 220 x 1/fx 125.1 ms

Remark fx system clock oscillation frequency

(2) Interval timer mode
When the watchdog timer is used as an interval timer, it generates an interrupt at time intervals set in advance.

Table 9-2. Interval Time

Interval Time At fx = 8.38 MHz Interval Time At fx = 8.38 MHz
212 x 1/« 488.8 us 218 x 1/fx 7.82ms
213 » 1/ix 977.6 us. 277 x 1/1x 15.6 ms
214 x 1/ix 1.96 ms 218 x 1/tx 31.3ms
215 x 1/1x 3.91ms 220 x 1/fx 125.1 ms

Remark fx: system clock oscillation frequency
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CHAPTER 9 WATCHODOG TIMER

9.2 Configuration of Watchdog Timer

The watchdog timer consists of the following hardware:

Table 9-3. Configuration of Watchdog Timer

Item Configuration

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

Figure 9-1. Watchdog Timer Block Diagram

i ;
Clock input Division Clock ——— INTWDT
/27— Control Divider Selection —1 o | :
Circuit Circuit utput Control
Circuit
t RESET
RUN Division Mode .,
Selection Circuit 3
WDT Mode Signal

{OsTs2|0STS1/0STS0|  WDCS2WDCS1/WDCS0) [WDTM4|WDTM3]

Intemal Bus
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CHAPTER 9 WATCHDOG TIMER

9.3 Registers Controliing Watchdog Timer
The following three registers control the watchdog timer:

* Watchdog timer clock select register (WDCS)
¢ Watchdog timer mode register (WDTM)
s Qscillation stabilization time specification register (OSTS)

(1) Watchdog timer clock select register (WDCS) (refer to Figure 9-2)
This register sets the watchdog timer and overflow time of interval timer.
WDCS is set by an 8-bit memory manipulation instruction.

This register is set to 00H when the RESET signal is input.

Figure 9-2. Format of Watchdog Timer Clock Select Register

Sympol 6 5 4 3 2 1 0 Address Onreset RW
WODCS 0 l 0 | 0 0 0 |WDCS2|WDCS1|WDCS0} FF42H 00H RW
1
WDCS2 | WDCS1 | WDCSo Salects watchdog timer/overflow
time of interval timer.
0 0 | 2'%x (488.8 ps)
0 0 1 2¥4x (977.6 us)
0 1 0 2/ (1.96 ms)
0 1 1 2'%/x (3.91 ms)
1 0 0 2'%x (7.82 ms)
1 0 1 2'"/x (15.6 ms)
1 1 0 | 2 (31.3ms)
1 1 1 2%ffx (125.1 ms)
Remarks 1. fx : system clock oscillation frequency
2. ( ): attx = 8.38-MHz operation
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CHAPTER 9 WATCHDOG TIMER

(2) Watchdog timer mode register (WDTM)
This register sets an operation mode of the watchdog timer, and enables/disables counting of the watchdog

timer.
WODTM is set by a 1-bit or 8-bit memory manipulation instruction.
This register is set to 00H when the RESET signal is input.
Figure 9-3. Format of Watchdog Timer Mode Register

Symbdl @ 6 5 4 3 2 1 0  Address Onreset RW

wot™M |RUN| o | o [WOMWOT™MI o | o | 0 | FFFOH  O0OH RW

[ WDTM bvom Selects operation mode of watchdog
4 3 timernNete 1 and controls reset by watchdog
timer and interrupt of timer.

0 Interval timer mode®ets 2 (overflow and
* | maskabie internupt occurYPWM output off
function of TM7 by INTWDT can be used.

1 0 Watchdog timer mode 1 {overflow and non-
maskable interrupt occur)/PWM output off
function of TM7 by INTWDT can be used.

Watchdog timer mode 2 (overflow occurs
and reset operation started)

RUN | Selects operation of watchdog timerNet3,

0 Stops counting.

1 Clears counter and starts counting.

Notes 1. Once WDTM3 and WDTM4 have been set to 1, they cannot be cleared to O by software.
2. The watchdog timer starts operating as an interval timer as soon as the RUN bit has been set
to 1.
3. Once RUN has been set to 1, it cannot be cleared to 0 by software. Therefore, when counting
is started, it cannot be stopped by any means other than RESET input.

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

Remark x: don't care
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CHAPTER 9 WATCHDOG TIMER

(3) Oscillation stabilization time select register (OSTS)

This register selects the oscillation stabilization time that elapses since the RESET signal has been applied
or the STOP mode has been released, until oscillation is stabilized.

OSTS is set by an B-bit memory manipulation instruction.

This register is set to 04H when the RESET signal is input. Therefore, to release the STOP mode by inputting
the RESET signal, the ime required to release the mode is 217/fx.

Figure 9-4. Format of Oscillation Stabilization Time Select Register

Symbol 7 6 5 4 3 2 1 0  Address Onreset RW
OsTS 0 0 0 0 0 |OSTS2|0STS1j0STS0| FFFAH O4H RW
] ]
Selects oscillation stabilization time
0STS2/0STS1|OSTSO when released the STOP mode.
0 0 0 | 2'/x (488.8 us)
0 0 1 2'%fx (1.96 ms)
0 1 0 2'%/x (3.91 ms)
0 1 1 | 2'%x(7.82 ms)
1 0 0 2'/tx (15.6 ms)
Others Setting prohibited
Remarks 1. fx: system clock oscillation frequency
2. ( ) atfx = 8.38-MHz operation
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CHAPTER 9 WATCHDOG TIMER

9.4 Operation of Watchdog Timer

9.4.1 Operation as watchdog timer
The watchdog timer detects an inadvertent program loop when bit 4 (WDTM4) of the watchdog timer mode register

(WDTM) is set to 1.

Theinadvertent loop detection time interval of the watchdog timer can be selected by bits 0 to 2 (WDCS0to WDCS2)
of the watchdogtimer clock select register (WDCS). By settingbit 7 (RUN) of WDTM to 1, the watchdog timer is started.
Set RUN to 1 within the set inadvertent loop detection time interval after the watchdog timer has been started. By
setting RUN to 1, the watchdog timer can be cleared and started counting. If RUN is not setto 1, and the inadvertent
loop detection time is exceeded, the system is reset or a non-maskable interrupt is generated by the value of bit 3

(WDTM3) of WDTM.
The watchdog timer continues operation in the HALT mode, but stops in the STOP mode. Therefore, set RUN

to 1 before entering the STOP mode to clear the watchdog timer, and then execute the STOP instruction.

Cautions 1. The actual inadvertent loop detection time may be up to 0.5% shorter than the set time.
2. The count operation of the watchdog timer is stopped when the subsystem clock is selected
as the CPU clock.

Table 9-4. Inadvertent Loop Detection Time of Watchdog Timer

TCL22 | TCL21 | TCL20 | Inadvertent Loop Detection Time At fx = 8.38 MHz
0 ] 0 212 x 1/fx 488.8 us
0 0 1 213 % 1/ 977.6 us
0 1 ] 214 x 1/ix 1.96 ms
0 1 1 215 x 1/« 3.91 ms
1 0 0 216 x 1/ix 7.82ms
1 (] 1 217 x 1/ix 15.6 ms
1 1 0 218 5 1fix 31.3ms
1 1 1 220 x 1/fx 125.1 ms

Remark fx: system clock oscillation frequency
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CHAPTER 9 WATCHDOG TIMER

9.4.2 Operation as interval timer

When bit 4 (WDTM4) of the watchdog timer mode register (WDTM) is set to 0, the watchdog timer also operates
as an interval timer that repeatédly generates an interrupt at time intervals specified by a count value set in advance.

Bits 0 to 2 (WDCSO0 to WDCS2) of the watchdog timer clock select register (WDCS) can be used to select interval
time of interval timer. When bit 7 (RUN) of WDTM is setto 1, the watchdog timer starts operating as an interval timer.

In the interval timer mode, the interrupt mask flag (WDTMK) and priority specification flag (WDTPR) are valid, and
a maskable interrupt (INTWDT) can be generated. The default priority of INTWDT is set the highest of all the maskable
interrupts. .

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

Cautions: 1. Once bit 4 (WDTM4) of WDTM has been set to 1 (when the watchdog timer mode is
selected), the interval timer mode is not set, unless the RESET signal is input.
2. The interval time immediately after it has been set by WDTM may be up to 0.5% shorter
than the set time.

Table 9-5. Interval Time of Interval Timer

WDCS2 |WDCS1| WDCSO0 Interval Time At fx = 8.38 MHz
0 0 0 212 x 1Mx 488.8 us
0 0 1 213 x 1/ix 977.6 us
0 1 0 214 x 1fix 1.96 ms
0 1 1 215 x 14ix 391 ms
1 o] 0 216 x 1/« 7.82 ms
1 0 1 217 x 1/x 15.6 ms
1 1 0 218 5 1fix 31.3ms
1 1 1 220  1/fx 125.1 ms

Remark fx: system clock oscillation frequency
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CHAPTER 10 8-BIT A/D CONVERTER (uPD780924 SUBSERIES)

10.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of eight channels (ANIOto ANI7)
with a resolution of 8 bits.

This A/D converter is of successive approximation type, and the result of conversion is held by an 8-bit A/D
conversion result register (ADCRO).

A/D conversion can be started in the following two ways:

(1) Hardware start .
Conversion is started by trigger input (P03) (rising, falling, both rising and falling edges can be specified).

(2) Software start
Conversion is started by setting the A/D converter mode register 0.

One channel of analog input is selected from ANIO to ANI7 and A/D conversion is executed. The A/D conversion
is stopped, if it has been started by means of hardware start, after the conversion has been completed, and aninterrupt
request (INTADO) is generated. When A/D conversion has been started by means of software start, conversion is
repeatedly performed. Each time conversion has been completed once, an interrupt request (INTADO) is generated.
10.2 Configuration of A/D Converter

The A/D converter consists of the following hardware:

Table 10-1. Configuration of 8-Bit A/D Converter

ltem Configuration
Analog input 8 channels (ANIO to ANI7)
Control register A/D converter mode register 0 (ADMO)

Analog input channel specification register 0 (ADSO0)

Register Successive approximation register (SAR)
AJ/D conversion result register (ADCRO0)
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CHAPTER 10 8-BIT A/D CONVERTER (uPD780924 SUBSERIES)

Figure 10-1. Block Diagram of 8-Bit A/D Converter

ANI0 @—— r_T__'i
o—| { —©@ AVoo
ANI Sample and hold circuit : 51 \
ANIZ @—= . frm——————— 1 Voltage | 5 | AVrer
ANIZ @— & N ! comparator | 2 | i
- © -1 1wl ]
ANl4 ©r———ei g i : 1 g.l 1
ANIS ©— ! ;; ! el
ANIE ©— L | asggf:’gs'r;‘gm P! AVss
L-L__3
ANI7 @ register (SAR)
IEdge :
INTP3/PO3 & 098 ] Control | | INTADO
Joro {—Df airouit
INTP3
]|
cireut N
13 T A/D conversion
result register
Note (ADCRO
—— Trigger enable l
ADSO?‘ADSM ADS00 [TRGO| FRO2|FRO1 | FROQ| EGAD1 EGA0Y] O
Analog input channel A/D converter mode
specification register 0 (ADS0) register (ADMO) Ly
Internal Bus 5

Note Spercify the valid edge by using bit 3 of the EGP and EGN registers (refer to Figure 13-5 Formats of
External interrupt Rising Edge Enable Register and External Interrupt Falling Edge Enable Regis-
ter).
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CHAPTER 10 8-BIT A/D CONVERTER (uPD780924 SUBSERIES)

(1) Successive approximation register (SAR)
This register compares the voltage value of analog input with the value of a voltage tap (compare voltage)
from the series resistor string, and holds the result of the comparison starting from the most significant bit
(MSB).
When the result is held down to the least significant bit (LSB) (end of A/D conversion), the contents of SAR
are transferred to the A/D conversion result register.

(2) A/D conversion resuit register (ADCRO0)
This register holds the result of A/D conversion result. Each time A/D conversion has been completed, the
result of the conversion is loaded to this register from the successive approximation register.
ADCRO can be read by an 8-bit memory manipulation instruction.
The contents of this register become undefined when the RESET signal is input.

(3) Sample and hold circuit
The sample and hold circuit samples analog input signals sequentially sent from the input circuit on a one-
by-one basis, and sends the sampled signals to the voltage comparator. This circuit holds the sampled analog
input voltage value during A/D conversion.

(4) Voitage comparator
The voltage comparator compares the analog input with the output voltage of the series resistor string.

(5) Series resistor string

The series resistor string is connected between AVrer and AVss and generates a voltage to be compared with
an analog input.

(6) ANIO to ANI? pins

These are eight channels of analog input pins of the A/D conventer. They input analog signals that are
converted to digital values.

Caution Observe the specified input voltage range of ANIO to ANI7. If a voitage of AVrer or higher,
or AVss or lower (even within the range of absolute maximum ratings) is applied to a channel,

the converted value of that channel becomes undefined, or the converted value of the other
channels may be affected,

(7) AVser pin
This pin inputs a reference voltage to the A/D converter.
Based on the vohage applied between AVrer and AVss, the signal input to ANIO to ANI7 is converted into a

digital signal.
{8) AVss pin

This is a ground pin of the A/D converter. Be sure to use this pin at the same voltage as that on the Vsso pin
always even when the A/D converter is not used.
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CHAPTER 10 8&-BIT A/D'CONVERTER (:PD780924 SUBSERIES)

(9) AVoo pin
This is an analog pin of the A/D converter. Be sure to use this pin at the same volitage as that on the Vooo -
pin always even when the A/D ‘converter is not used.

10.3 Registers Controlling A/D Converter
The following two registers control the A/D converter:

* A/D converter mode register 0 (ADMO}
* Analog input channel specification register 0 (ADS0)

(1) A/D converter mode register 0 (ADMO)
This register sets conversion time ofan analog input to be converted into a digital value, starts/stops conversion
operation, and sets an external trigger.
ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
This register is set to 00H when the RESET signal is input.
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CHAPTER 10 8-BIT A/D CONVERTER (¢PD780924 SUBSERIES)

Figure 10-2. Format of A/D Converter Mode Register 0

Symbol 7 (® s 4 3 2 1 0
ADMO JADCSO| TRGO| FRO2 | FRO1 | FROO [EGAO1|EGACO[ ©
ADCS0} Controls A/D conversion operation.
[+] Stops operation.
1 Enables operation.
TRGO | Selects software/hardware start.
0 Software start
1 Hardware start
FR02 | FRO1 | FROO | Selects A/D conversion time.
o 0 0 | 144/tx (17.2 us)
0 0 1 120/x (14.3 us)
1 0 0 288/fx (34.4 us)
1 0 1 240/1x (28.6 ps)
1 1 0 | 192 (22.9 ps)
Others Saetting prohibited
EGAO01|EGA00] Specifies valid edge of extemal trigger.
0 0 No edge is detected.
0 1 Detects falling edge.
1 0 Detects rising edge.
1 1 Detects both rising and falling edges.

Caution Do not set the A/D conversion time to less than 14 us.

Remark ( ) atfx = 8.38-MHz operation

Address On reset

FF80H
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CHAPTER 10 8-BIT A/D CONVERTER (uPD780924 SUBSERIES)

(2) Analog input channel specification register 0 (ADS0)
This register sets the input port of analog voltage to be converted into a digital value.
ADSO is set by an 8-bit memory manipulation instruction.
This register is set to 00H when the RESET signal is input.

Figure 10-3. Format of Analog Input Channel! Specification Register 0

Symbol 5 6 5 4 3 2 1 0 Address Onreset RW

ADSO | © 0 0 0 Y ADSOZiADSN ADS00} FF8iH 00H R/W

ADS02 ADS01]ADS00| Specifies analog input channel,
0 0 0 ANIO
0 0 1 ANI
0 1 0 ANI2
] 1 1 ANI3
1 (1] V] ANI4
1 0 1 ANIS
1] o | anis
LR | 1 ANI7
132 IR L427525 0099592 14k A
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CHAPTER 10 8-BIT A/D CONVERTER (:PD780924 SUBSERIES)

10.4 Operation of A/D Converter

10.4.1 Basic operation of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion by using the analog input channel specification register 0 (ADSO0).
The voltage input to the selected analog input channel is sampled by the sample and hold circuit.

When the voltage has been sampled for a specific time, the sample and hold circuit enters the hold status,
and holds the input analog voltage until A/D conversion is completed.

Set bit 7 of the successive approximation register (SAR). The tap selector selects (1/2)AVrer as the voltage
tap of the series resistor string.

The voltage ditference between the voltage tap of the series resistor string and the analog input is compared
by the voltage comparator. If the analog input is higher than (1/2)AVrer, the MSB of SAR remains set. If
it is less than (1/2)AVeer, the MSB is reset.

Next, bit 6 of SAR is automatically set, and the next voitage difference is compared. Here the voltage tap
of the series resistor string is selected as follows, according to the value of bit 7 to which the result of the
first comparison has been aiready set.

e Bit7=1: (3/4)AVrer

* Bit7=0: (1/4)AVrer

This voltage tap and analoginput voltage are compared, and bit 6 of SAR is manipulated as follows, according
to the result of the comparison:

* Analog input voltage 2 voltage tap : bit 6 = 1

* Analog input voltage < voltage tap : bit6 =0

In this way, all the bits of SAR, including bit 0, are compared.

When all the B bits of SAR have been compared, SAR holds the valid digital result whose values are
transterred and latched to the A/D conversion result register (ADCRO).

At the same time, an A/D conversion end interrupt request (INTADO) can be generated.
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CHAPTER 10 8-BIT A/D CONVERTER (uPD780924 SUBSERIES)

Figure 10-4. Basic Operation of A/D Converter

Conversion
time
Sampling time
N%p:;tic;r;:: Sampling A/D conversion
un- o Conversion
o defined <8°H X 43:" <\ result
3
ADCRO Conversion
result
INTADO —I

The A/D conversion is performed continuously, until the bit 7 of ADMO (ADCSO0) is reset to 0 by software.

if the data of the ADMO register or ADSO register is rewritten during the A/D conversion, the conversion is initialized.
It the ADCSO bit is set to 1 at this time, conversion is performed again from the start.

The contents of the ADCRO register become undefined when the RESET signal is input.
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CHAPTER 10 8-BIT A/D CONVERTER (uPD780924 SUBSERIES)

10.4.2 Input voltage and conversion result
The relation between the analog voltage input to the analog input pins (ANIO to ANI7) and A/D conversion result
(value stored to A/D conversion result register (ADCRO)) is as follows:

= Vin
ADCRO = INT (———AVREF x 256 + 0.5)

or,

(ADCRO ~ 0.5) x AVREF ¢ vy « (ADCRO + 0.5) x AVREF.
256 256

Remark INT() : function returning integer of value in ()
Vin . analog input voltage
AVRmer @ AVrer pin voltage
ADCRO: value of A/D conversion result register (ADCRO0)

Figure 10-5 shows the relations between the analog input voltage and A/D conversion result.

Figure 10-5. Relations between Analog Input Voltage and A/D Conversion Result

255 —1————— -
254 f———1—1———— ===
253. 1 ] ] t t 1 == ] 1 i ] 1 ] 1
A/D conversion FH T R S - S R S
resutt e T T
(ADCRO) 3 : ] ) 1 H ] 1 _: . 1 ¥ 1 1 ] 1
2 ——————
PN W I N S N NN N
O e —— 1 .
S 1 3 2 5 3 507 254 509 255 511 1
512 256 512 256 512 256 512 256 512 256 512
Input voltage/AVrer
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CHAPTER 10 B-BIT A/D CONVERTER (uPD780924 SUBSERIES)

10.4.3 Operation mode of A/D converter _

The A/D converter operates in the select mode only. One analog input channel is selected from ANIO-ANI7 for
A/D conversion by using the analog input channel specification register 0 (ADS0).

The A/D conversion can be started in the following two ways:

* Hardware start : Conversion is started by trigger input (P03).
» Software start : Conversion is started by setting ADMO.

The result of the A/D conversion is stored in the A/D conversion result register (ADCRO), and at the same time,
an interrupt request signal (INTADOQ) is generated.

(1) A/D conversion operation by hardware start
The A/D conversion stands by when both bits 6 (TRG0) and 7 (ADCS0) of A/D converter mode register (ADMO0)
are setto 1. When an external trigger signal (P03) is input, the voltage applied to the analog input pin specified
by ADSO is converted into a digital value.
When the A/D conversion has been completed, the result of the conversion is stored in the A/D conversion
result register (ADCRO), and an interrupt request signal (INTADD) is generated. Once the A/D conversion
has been started and when one A/D conversion has been completed, the next A/D conversion is not started
unless a new external trigger signal is input.
If data whose ADCS0 is 1 is written again to ADMO during A/D conversion, the AD conversion under execution
is stopped, and stands by until a new external trigger signal is input. When the extemnal trigger signal is input,
A/D conversion is performed again from the start.
When 0 is written to the ADCSO0 bit of ADMO during A/D conversion, the conversion is immediately stopped.

Figure 10-6. A/D Conversion by Hardware Start (When falling edge is specified)

LU U L LU

Rewritng ADM Rewriting ADM
ADCSO= 1, TRGO =1 ADCS0=1,TRGO=1
l |
: Standb: Standby Standb
A/D conversion ’ statusy , ANIn ANIn | ANIn statusy ANIm. ANIm , ANIm

L\ _ !
R Yo RN
ADCRO X ANIn)( ANIn —>L ANin X anim >< ANIm

INTADO l—l ﬂ _ _I |_| _I

Remark n =0,1,...,7
m=0,1,..,7
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(2) A/D conversion by software start
By setting bit 6 (TRGO) of the A/D converter mode register (ADMO) to 0 and setting bit 7 (ADCSO) to 1, the
voltage applied to the analog input pin specified by ADSO is converted into digital values.
When the A/D conversion has been completed, the result of the conversion is stored in the A/D conversion
result register (ADCRO), and an interrupt request signal (INTADO) is generated. When the A/D conversion
has been started once, and one A/D conversion has been completed, the next A/D conversion is immediately
started. In this way, A/D conversion is repeatedly executed until new data is written to ADMO.
If data whose ADCSO0 is 1 is written again to ADMO during A/D conversion, the conversion under execution
is stopped, and the A/D conversion of the newly written data is started.
If data whose ADCSO is O is written to ADMO during A/D conversion, the conversion is immediately stopped.

Figure 10-7. A/D Conversion by Software Start

Conversion start Rewriting ADM Rewriting ADM
ADCS0 =1, TRG0O=0 ADCS0=1,TRGO=0 ADCSO=0, TRGO=0
A/D conversion ANin ANIn ANIn ANIm ANIm
_V—'
Conversion is stopped. {
Convarsion resultpp Stopped
is not retained.

A RN R
(e X e X wm

ADCRO

NS

INTADO

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

(1) Current consumption in standby mode
The A/D converter stops operating in the standby mode. At this time, the current consumption can be reduced

by stopping the conversion operation (by clearing bit 7 (ADCSO0) of the A/D converter mode register 0 (ADMO0)
to 0). An example of reducing the current consumption in standby mode is shown in Figure 10-8.

Figure 10-8. Example of Reducing Current Consumption in Standby Mode

AVRer

P-ch l—o< }-— ADCS0

Series resistor string

AVss

(2) ANIO to ANI!7 input range
Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVrer or higher, or AVss or lower
(even in the range of absolute maximum ratings) is input to an analog input channe!, the converted value of
that channel becomes undefined. In addition, the converted values of the other channels may also be affected.

(3) Conflicting operations

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

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

<3> Conflict between writing ADCRO on completion of conversion and writing A/D converter mode
register 0 (ADMO) or writing analog input channel specification register 0 (ADS0)
Writing ADMO or ADSO takes precedence. ADCRO is not written. The conversion end interrupt request
signal (INTADO) is not generated.
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(4) Countermeasures against noise
To keep the resolution of 8 bits, noise superimposed on the AVrer and ANIO to ANI7 pins must be suppressed
as much as possible. The higher the output impedance of the analog input source, the greater the effect. To
suppress noise, connecting an external capacitor as shown in Figure 10-9 is recommended.

Figure 10-9. Processing Analog Input Pin

If there is a possibility that noise
AVrer or higher, or AVss or lower is input,
/_ clamp the noise by using a diode with a low V¢ (0.3 V MAX.).

Reference AVrer

voltage input © * / AVRer

_l_ ANIO to ANI7
C=100- i |
1000 pF J; ! Voo

AVoo

1

AVss

Vsso

(5) ANIO/P10 to ANI7/P17
The analog input pins (ANIO to ANI7) are also used as input port pins (PORT 1).
When A/D conversion is performed with any of ANIO to ANI7 selected, do not execute the input instruction
of PORT 1 while conversion is in progress; otherwise, the conversion resolution may be degraded.
If a digital pulse is applied to the pins adjacent to the pins currently used for A/D conversion, the expected
value of the A/D conversion may not be obtained due to coupling noise. Theretore, do not apply a pulse to
the adjacent pins to the pin under A/D conversion.

(6) Input impedance to AVaer pin
A series resistor string of about 21 kQ is connected between the AVeer and AVss pins.
If the output impedance of the reference voltage source is high, therefore, an error of the reference voltage

increases by connecting the impedance in parallel with the series resistor string between the AVrer and AVss
pins.
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(7) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even when the contents of the A/D converter mode register -

0 (ADMO) are changed.

When the analog input pin is changed during A/D conversion, therefore, the chances are that the A/D
conversion result of the old analog input and interrupt request flags are set immediately betore the contents
of ADMO are rewritten. Consequently, ADIF may be set even if A/D conversion for the newly specified analog
input pin has not yet been completed when ADIF is read immediately after ADMO has been rewritten (refer

to Figure 10-10).
To resume A/D conversion that has been once stopped, clear ADIF before resuming the conversion.

Figure 10-10. A/D Conversion End Interrupt Generation Timing

Rewriting ADMO Rewriting ADMO ADIF is set, but conversion
(ANIn conversion starts) (ANIm conversion starts) of ANIm is not completed
A
A/D conversion ANin ANIn E ANIm ANIim
)

ADCRO X ANIn X ! ANIn X ANIm X ANIm
i
1
L]

INTADO
Remark n=0,1, .. .. . 7
n=01, ... ... 7
(8} AVoo pin )
The AVoo pin is the power supply pin to the analog circuit and supplies power to the input circuit of ANIO/P10
to ANI7/P17.

Therefore, even in the application which can be switched over to backup power source, be sure to apply the
same voltage as Vooo as shown in Figure 10-11.

Figure 10-11, Processing of AVoo Pin

N AVaer

P : Vooo
Main power source ~—__ _L Backup capacitor AVeo
Vsso
AVss
TT
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CHAPTER 11 10-BIT A/D CONVERTER (uPD780964 SUBSERIES)

11.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of eight channels (ANIO to ANI7)
with a resolution of 10 bits.

This A/D converter is of successive approximation type, and the result of conversion is held by a 10-bit A/D
conversion result register (ADCRO0). '

A/D conversion can be started in the following two ways:

(1) Hardware start
Conversion is started by trigger input (P03} (rising edge, falling edge, or both rising and falling edges can be

specified).

(2) Software start
Conversion is started by setting the A/D converter mode register 0.

One channel of analog input is selected from ANIO to ANI7 and A/D conversion is executed. The A/D conversion
is stopped, if it has been started by means of hardware start, after the conversion has been completed, and aninterrupt
request (INTADO) is generated. When A/D conversion has been started by means of software start, conversion is
repeatedly performed. Each time conversion has been completed once, an interrupt request (INTADO) is generated.
11.2 Configuration of A/D Converter

The A/D converter consists of the following hardware:

Table 11-1. Configuration of 10-Bit A/D Converter

Item Configuration
Analog input 8 channels (ANIO to ANI7)
Control register A/D converter mode register 0 (ADMO)

Analog input channel specification register 0 (ADS0)

Register Successive approximation register (SAR)
A/D conversion result registers (ADCROH, ADCROL)
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Figure 11-1, Block Diagram of 10-Bit A/D Converter

ANIO ©——v HE R
ANl @— Sample and hold circuit Lol O AVe
ANI2 &—— . po——————— 2 Vohtage 5 AVeer
ANI3 @——a & ! o ! comparator | 21 Sy
@ +—0 )8 s ]l w | t
ANl4 ©— 3 : oy : E-7 i
ANIS ©— ! 2 LIRS
ANIS ©—] L I Sucg:ssn?;%on bl AVss
i L_L__
ANI? ©— ragiter (SAR) !
INTP3/P03 © o )] Control L INTADO
circuit
INTP3
e |
circuit ~/
+3 t A/D conversion
result register
Note {ADCRO
—— Trigger enable l
ADS02{ ADSO1|ADS00) ITRGO| FRO2|FRO1 | FROO{ EGAO1| EGACC| O
Analog input channel A/D converter mode
specification register 0 (ADSO0) register (ADMO) b
5 intemal Bus ' \

Note Specify the valid edge by using bit 3 of the EGP and EGN registers (refer to Figure 13-5 Formats of
External Interrupt Rising Edge Enable Register and External Interrupt Falling Edge Enable Regis-
ter).
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(1) Successive approximation register (SAR)
This register compares the voltage value of analog input with the value of a voltage tap (compare voltage)
from the series resistor string, and holds the result of the comparison starting from the most significant bit
(MSB).
When the result is held down to the least significant bit (LSB) (end of A/D conversion), the contents of SAR
are transferred to the A/D conversion result register.

{2) AJ/D conversion result register (ADCRO)
This register holds the result of A/D conversion result. Each time A/D conversion has been completed, the
result of the conversion is loaded to this register from the successive approximation register. The higher 8
bits of the conversion result are stored to ADCROH, and the lower 2 bits are stored to bits 6 and 7 of ADCROL.
ADCROH and ADCROL are used in combination as a 16-bit register, ADCRO, which is read by using a 16-
bit memory manipulation instruction.
The contents of this register become undefined when the RESET signal is input.

(3) Sample and hold circuit
The sample and hold circuit samples analog input signals sequentially sent from the input circuit on a one-
by-one basis, and sends the sampled signals 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 with the output voltage of the series resistor string.

(5) Series resistor string
The series resistor string is connected between AVaer and AVss and generates a voltage to be compared with
an analog input.

(6) ANIO to ANI7 pins

These are eight channels of analog input pins of the A/D converter. They input analog signals that are
converted to digital vailues.

Caution Observe the specified input voltage range of ANIO to ANI7. ifa voltage of AVrer or higher,
or AVss or lower (even within the range of absolute maximum ratings) is applied to a channel,
the converted value of that channel becomes undefined, or the converted value of the other
channels may be affected.

(7) AVrer pin
This pin inputs a reference voltage to the A/D converter.

Based on the voltage applied between AVaer and AVss, the signal input to ANIO to ANI7 is converted into a
digital signal.

(8) AVss pin

This is a ground pin of the A/D converter. Be sure to use this pin at the same voltage as that on the Vsso pin
ailways even when the A/D converter is not used.
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(9) AVoo pin
This is an analog pin of the A/D converter. Be sure to use this pin at the same voitage as that on the Vooo
pin always even when the A/D converter is not used.

11.3 Registers Controlling A/D Converter
The following two registers control the A/D converter:

* A/D converter mode register 0 (ADMO)
¢ Analog input channel specification register 0 (ADSO0)

(1) A/D converter mode register 0 {ADMO)
This register sets conversion time of an analog input to be converted into a digital value, starts/stops conversion
operation, and sets an external trigger.
ADMO is set by a 1-bit or 8-bit memory manipulation instruction.
This register is set to 00H when the RESET signal is input.
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Figure 11-2. Format of A/D Converter Mode Register 0

Symbol (7) (® 5 4 3 2 1 0  Address Onreset RW

ADMO JADCSO| TRGO

FRO2 | FRO1 | FROO |EGA01{EGACO| O

ADCS0| Controls A/D conversion operation.

0 Stops

operation.

1 Enables operation.

TRGO| Selects software/hardware start.

0 Software start

1 Hardware start

FRO2 | FRO1 | FROO | Selects A/D conversion time.
0 0 0 144/fx (17.2 us)
0 0 1 120/fx (14.3 us)
1 0 0 288/fx (34.4 ps)
1 0 1 240/fx (28.6 ps)
1 1 0 192/fx (22.9 ps)
Others Setting prohibited
EGAO1]EGAQ00| Specifies valid edge of external trigger.
[« 0 No edge is detected.
0 1 Detacts falling edge.
1 0 Detects rising edge.
1 1 Detects both rising and falling edges.

Caution Do not set the A/D conversion time to less than 14 ps.

Remark ( ):

M Lu2?525 0099605 by I

at fx = B.38-MHz operation
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{2) Analog input channel specification register 0 (ADS0)
This register sets the input port of analog voltage to be converted into a digital value.
ADSO is set by an 8-bit memory manipulation instruction.
This register is set to 00H when the RESET signal is input.

Figure 11-3. Format of Analog Input Channel! Specification Register 0

Symbol 7 ¢ 5 4 3 2 1 0  Address Onreset RW
ADSO | © 0 0 0 0 |ADS02/ADS01{ADS00] FF81H 00H RW
ADSOZ?ADSO1 ADS00| Specifies analog input channel,
0| o 0 | AN
o] o | 1 |aNn
o | 1 0 | ANI2
o | 1 1 | AN
1 ] 0 o | ANI4
1] o 1 | anis
101 o | ANIB
1] 1 1 | ANI7
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11.4 Operation of A/D Converter

11.4.1 Basic operation of A/D converter

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

Select one channel for A/D conversion by using the analog input channel specification register 0 (ADS0).
The voltage input to the selected analog input channel! is sampled by the sample and hold circuit.

When the voltage has been sampled for a specific time, the sample and hold circuit enters the hold status,
and holds the input analog voltage untit A/D conversion is completed.

Setbit 9 of the successive approximation register (SAR). The tap selector selects (1/2)AVrer as the voltage
tap of the series resistor string.

The voltage difference between the voltage tap of the series resistor string and the analog input is compared
by the voltage comparator. If the analog input is higher than (1/2)AVerer, the MSB of SAR remains set. If
it is less than (1/2)AVrer, the MSB is reset.

Next, bit 8 of SAR is automatically set, and the next voltage difference is compared. Here the voltage tap
of the series resistor string is selected as follows, according to the value of bit 9 to which the result of the
first comparison has been already set.

e Bit9=1: (3/4)AVnaer

* Bit9=0: (1/4)AVarer

This voltage tap and analog input voltage are compared, and bit 8 of SAR is manipulated as follows, according
to the result of the comparison:

* Analog input voltage > voltage tap : bit 8 = 1

* Analog input voltage < voltage tap : bit 8 = 0

In this way, all the bits of SAR, including bit 0, are compared.

When all the 10 bits of SAR have been compared, SAR holds the valid digital result whose values are
transferred and latched to the A/D conversion result register (ADCRO).

At the same time, an A/D conversion end interrupt request (INTADO) can be generated.
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Figure 11-4. Basic Operation of A/D Converter

Conversion
time
Sampling time
Operation of Sampling A/D conversion
A/D converter

C

- 0000000000
ADCRO lXCo::l:J:ion
INTADO ,_I

The A/D conversion is performed continuously, untit the bit 7 of ADMG (ADCSQO) is reset to 0 by software.

If the data of the ADMO register or ADSO register is rewritten during the A/D conversion, the conversion is initialized.
If the ADCSO bit is set to 1 at this time, conversion is performed again from the start.

The contents of the ADCRO register become undefined when the RESET signal is input.
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11.4.2 Input voltage and conversion result
The relation between the analog voltage input to the analog input pins (ANIQ to ANI7) and A/D conversion result
(value stored to A/D conversion result register (ADCRO0)) is as follows:

ADCRO = INT (=Y _ 1024 + 0.5)
AVRer
or,
(ADCRO - 0.5) x ’:X%s Vin < (ADCRO + 0.5) x _‘:V"EF

024

Remark INT() : function returning integer of value in ()
Vin : analog input voltage
AVrer : AVreF pin voltage
ADCRO: value of A/D conversion result register (ADCRO)

Figure 11.5 shows the relations between the analog input voltage and A/D conversion result.

Figure 11-5. Relations between Analog Input Voltage and A/D Conversion Result

1023 —————F——- -
102 —— -
1021 v | 1 ] [} 1 1 = . ] 1 [ ] . ]
A/D conversion -
result A
(ADCRO) 3 : H i 1 1 1 ) : i | 1 ] ] 1
2 ------
1 —p———— L . __
I S SRV NN I A,
1 1 3 2 5 3 2043 1022 2045 1023 2047 1
2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048
Input voltage/AVaer
BN 5427525 0099609 277 EM 148
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11.4.3 Operation mode of A/D converter
The A/D converter operates in the select mode only. One analog input channel is selected from ANIO to ANI7 for -

A/D conversion by using the analog input channel specification register 0 (ADS0).
The A/D conversion can be started in the following two ways:

¢ Hardware start : Conversion is started by trigger input (P03).
* Software start : Conversion is started by setting ADMO.

The result of the A/D conversion is stored in the A/D conversion result register (ADCRO0), and at the same time,
an interrupt request signal (INTADO) is generated.

(1) A/D conversion operation by hardware start
The A/D conversion stands by when both bits 6 (TRGO) and 7 (ADCS0) of A/D converter mode register (ADMO)
are setto 1. When an external trigger signal (P03) is input, the voltage applied to the analog input pin specified
by ADSO is converted into a digital value.
When the A/D conversion has been completed, the result of the conversion is stored in the A/D conversion
result register (ADCRO), and an interrupt request signal (INTADQO) is generated. Once the A/D conversion
has been started and when one A/D conversion has been completed, the next A/D conversion is not started
uniess a new external trigger signal is input.
If data whose ADCSO0is 1 is written again to ADMO during A/D conversion, the AD conversion under execution
is stopped, and stands by until a new external trigger signal is input. When the external trigger signal is input,
A/D conversion is performed again from the start.
When 0 is written to the ADCSO bit of ADMO during A/D conversion, the conversion is immediately stopped.

Figure 11-6. A/D Conversion by Hardware Start (When falling edge is specified)

Po3 ou U ool U

Rewriting ADM Rewriting ADM
ADCS0=1,TRGO=1 - ADCS0=1,TRGO=1
Y
- Standby Sandoy Standb
A/D conversion pruied ANIn ANIn ne]|  ANIn statusy ANIm ANIm ANIm

ADCRO

N
AN
-
><
Z
N
7N
2
5
NG
ZAN
2
3

INTADO —" _'l l_l r_l —I

~

Remark n =0, 1, ...,
m=0,1,.. 7
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A/D conversion ANIn ANIn ANIn ANImM ANIm

(2) A/D conversion by software start

By setting bit 8 (TRGO) of the A/D converter mode register (ADMO) to 0 and setting bit 7 (ADCSO0) to 1, the
voltage applied to the analog input pin specified by ADSQ is converted into digital values.

When the A/D conversion has been completed, the result of the conversion is stored in the A/D conversion
result register (ADCRO), and an interrupt request signal (INTADO) is generated. When the A/D conversion
has been started once, and one A/D conversion has been completed, the next A/D conversion is immediately
started. In this way, A/D conversion is repeatedly executed until new data is written to ADMO.

If data whose ADCSQ is 1 is written again to ADMO during A/D conversion, the conversion under execution
is stopped, and the A/D conversion of the newly written data is started.

It data whose ADCSO is 0 is written to ADMO during A/D conversion, the conversion is immediately stopped.

Figure 11-7. A/D Conversion by Software Start

Conversion start Hewriting ADM Rewriting ADM
ADCS0=1,TRGO=0 ADCS0=1,TRGO=0 ADCS0=0,TRGO=0

| l |

v
Convaersion is stopped.
Conversion resultpp *—— Stopped
is not retained.
w ' e e—
ADCRO >< ANIn >< ANIn > < i

INTADO

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

(1) Current consumption in standby mode
The A/D converter stops operating in the standby mode. Atthis time, the current consumption can be reduced

by stopping the conversion operation (by clearing bit 7 (ADCS0) of the A/D converter mode register 0 (ADMO)
to 0). An example of reducing the current consumption in standby mode is shown in Figure 11-8.

Figure 11-8. Example of Reducing Current Consumption in Standby Mode

AVRer

P-ch |—a<— ADCS0

Series resistor string

AVss

(2) ANIO to ANI7 input range
Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVaer or higher, or AVss or lower
(even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of
that channel becomes undefined. In addition, the converted values of the other channels may also be affected.

(3) Contlicting operations

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

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

<3> Conflict between writing ADCRO on completion of conversion and writing A/D converter mode
register 0 (ADMO) or writing analog input channel specification register 0 (ADS0)
Writing ADMO or ADSO_takes precedence. ADCRO is not written. The conversion end interrupt request
signal (INTADO) is not generated.
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(4) Countermeasures against noise
To keep the resolution of 10 bits, noise superimposed on the AVaer and ANIO to ANI7 pins must be suppressed
as much as possible. The higher the output impedance of the analog input source, the greater the effect. To
suppress noise, connecting an extemal capacitor as shown in Figure 11-9 is recommended.

Figure 11-9. Processing Analog Input Pin

if there is a possibility that noise
AVeer or higher, or AVss or lower is input,
/ clamp the noise by using a diode with a low Vr (0.3 V MAX.).

Reference AVrer
voltage input O— / AVrer
-l- ANIO to ANI7

C =100 T

1000 pF I Vooo
AVoo
AVss
Vsso

T

(5) ANIO/P10 to ANIZ/P17
The analog input pins (ANIO to ANI7) are also used as input port pins (PORT 1).
When A/D conversion is performed with any of ANIO to ANI7 selected, do not execute the input instruction
of PORT 1 while conversion is in progress; otherwise, the conversion resolution may be degraded.
It a digital pulse is applied to the pins adjacent to the pins currently used for A/D conversion, the expected
value of the A/D conversion may not be obtained due to coupling noise. Therefore, do not apply a pulse to
the adjacent pins to the pin under A/D conversion.

{6) Input impedance to AVrer pin
A series resistor string of about 47 kQ is connected between the AVrer and AVss pins.
If the output impedance of the reference voltage source is high, therefore, an error of the reference voltage

increases by connecting the impedance in parallel with the series resistor string between the AVrer and AVss
pins.
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CHAPTER 11 10-BIT A/D CONVERTER (1:PD780964 SUBSERIES)

(7) Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even when the contents of the A/D converter mode register

0 (ADMO) are changed.

When the analog input pin is changed during A/D conversion, therefore, the chances are that the A/D
conversion result of the old analog input and interrupt request flags are set immediately before the contents
of ADMO are rewritten. Consequently, ADIF may be set even if A/D conversion for the newly specified analog
input pin has not yet been completed when ADIF is read immediately after ADMO has been rewritten (refer

to Figure 11-10).
To resume A/D conversion that has been once stopped, clear ADIF before resuming the conversion.

Figure 11-10. A/D Conversion End Interrupt Generation Timing

Rewriting ADMO Rewriting ADMO ADIF is set, but conversion
(ANIn conversion starts) (ANIm conversion starts) of ANim is not completed
A/D conversion ANIn ANIn 5 ANIm ANIm

ADCRO X ANIn X ' ANIn X ANIm X ANIm
‘
]

INTADO
Remark n=0,1, ... ... . 7
n=0,1, .. .. o 7
(8) AVoo pin
The AVoo pin is the power supply pin to the analog circuit and supplies power to the input circuit of ANIO/P10
to ANI7/P17.

Therefore, even in the application which can be switched over to backup power source, be sure to apply the
same voltage as Vooo as shown in Figure 11-11.

Figure 11-11. Processing of AVoo Pin

N AVRerF
|
’I Vono

A — i AVoeo
Main power source ~_ ____ DBackup capacitor
Vsso
AVss
7T
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CHAPTER 12 SERIAL INTERFACE

12.1 Serial Interface Functions
Serial interface has the following three modes.

* Operation stop mode
* Asynchroncus serial interface (UART) mode
* Infrared data transfer (IrDA) mode (UARTOQO only)

(1) Operation stop mode
This mode is used when serial transfer is not carried out to reduce power consumption.

(2) Asynchronous serial interface (UART) mode
In this mode, one byte of data is transmitted/received following the start bit, and full-duplex operation is
possible.
A dedicated UART baud rate generator is incorporated, allowing communication over a wide range of baud
rates. In addition, the baud rate can be defined by scaling the input clock to the ASCK pin.
The MIDI standard baud rate (31.25 kbps) can be used by employing the dedicated UART baud rate generator.

(3) intrared data transfer (IrDA) mode

155
B bLbu2?525 0099615 573 HE

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



CHAPTER 12 SERIAL INTERFACE

12.2 Serial Interface Configuration

Serial interface consists of the following hardware.

Table 12-1. Serial Interface Configuration

item

Configuration

Register

Transmit shift registers (TXS00, TXS01)
Receive shift registers (RX00, RX01)
Receive buffer registers (RXB00, RXB01)

Control register

Asynchronous serial interface mode registers (ASIMO0O, ASIMOT)
Asynchronous serial interface status registers (ASIS00, ASIS01)
Baud rate generator control registers (BRGC00, BRGCO01)

Figure 12-1, Serial Interface (UARTO00) Block Diagram

Internal Bus
TN
| ASIMOO
AXB00 | Receive [xE0o|xEcc]soo1]sod] cLoo| oo isruoo o)
AN
RX00 ;| ASIS00 N
Repenve TXS00 Transmit
RxD0O Shift lpeoolrsoo]ovmol Shitt
Register Register
TXDOO o—é
Receive ) Transmit
] Control j NTSERO | control = INTSTO
Party |—INTSRO Party
Check Add

Baud Rate
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CHAPTER 12 SERIAL INTERFACE

Figure 12-2. Serial Interface (UARTO01) Block Diagram

Intemal Bus 1
T
: ASIMO1
Recesive
RXBO1 | Fgoe [szm lnxem lPsm 1|Pso1o[ cLo1 |3L01 ||snM01|
RX01 ] | ASISO1 N7
Receive TXS01 Transmit
AXDO1 Shift IPEO1 [Feot|oven | Shift
Register Register
TxDO1 o—i}
Receive \ Transmit
—{ Contral D‘MSER‘ Control = INTST1
Paity |~ INTSR1 Parity
Check Add

Baud Rate

Generator [~ /2*to fx/2"

B L4y27525 0099bL17? 3ubL W

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

157



CHAPTER 12 SERIAL INTERFACE

(1) Transmit shift register (TXSOn)
This register is used to set the transmit data. The data written in TXSO0n is transmitted as serial data.
If the data length is specified as 7 bits, bits 0 to 6 of the data written in TXSOn are transferred as transmit data.
Writing data to TXSO0n starts the transmit operation.
TXSO0n is written to with an 8-bit memory manipulation instruction. It cannot be read.
TXSO0n value is FFH after RESET input.

Caution TXSO0n must not be written to during a transmit operation. TXSOn and the receive buffer
register (RXBOn) are allocated to the same address, and when a read is performed, the value
of RXBOn is read.

(2) Receive shift register (RX0n)
This register is used to convert serial data input to the RxDOn pin to parallel data. When one byte of data
is received, the receive data is transterred to the receive buffer register (RXBOn).
RXSO0n cannot be directly manipulated by a program.

(3) Receive buffer register (RXBOn)
This register holds receive data. Each time one byte of data is received, new receive data is transferred from
the receive shift register (RXS0n). : .
If the data length is specified as 7 bits, the receive data is transferred to bits 0 to 6 of RXBOn, and the MSB
of RXBON is always set to 0.
RXBOn is read with an 8-bit memory manipulation instruction. It cannot be written to.
RXBOn value is FFH after RESET input.

Caution RXBOn and the transmit shift register (TXS0n) are allocated to the same address, and when
a write is performed, the value is written to TXSOn.

(4) Transmission control circuit
This circuit performs transmit operation control such as the addition of a start bit, parity bit and stop bit to data
written in the transmit shift register (TXS0n) in accordance with the contents set in the asynchronous serial
interface mode register (ASIMOn).

(5) Reception control circuit
This circuit controls receive operations in accordance with the contents setin the asynchronous serial interface
mode register (ASIMOn). It performs error checks for parity errors, etc., during a receive operation, and if an
error is detected, sets a value in the asynchronous serial interface status register (ASISOn) in accordance with
the error contents.

Remark n=0,1
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CHAPTER 12 SERIAL INTERFACE

12.3 Registers Controlling Serial interface
The following six registers control the serial interface.

« Asynchronous serial interface mode registers (ASIM00, ASIMO1)
* Asynchronous serial interface status registers (ASIS00, ASIS01)
* Baud rate generator control registers (BRGC00, BRGCO01)

(1) Asynchronous serial interface mode registers (ASIM00, ASIMO1)
ASIMO00 and ASIMO1 are 8-bit registers that control the serial transmit operation of the asynchronous serial
interface. ’
These registers are set by a 1-bit or 8-bit memory manipulation instruction.
When the RESET signal is input, these registers are set to 00H.
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CHAPTER 12 SERIAL INTERFACE

Figure 12-3. Format of Asynchronous Serial Interface Mode Register 0

Symbol () (6 5 4 3 2 1 0  Address Onreset RW
AstMoo | TxEoo|RxEco|PSoo1|Psooo| cLoo | SLoo [isrmoojiRoaMe] FFAOH  00H  RMW

TXE00 | RXEQ)| Operating Mode Function of Function of
RxD00/P20 pin TxD00/P21 pin
0 Stop operation Port function Port function
1 UART mode Saerial function Port function
(reception only)
1 o UART mode Port function Serial function
(transmission only)
1 1 UART mode Saerial function Serial function
(transmission/reception),

PS001(PS000| Parity Bit Specification
0 0 No parity

o} 1 Transmission = Always 0 parity addition

Reception = Parity not checked (parity eror not generated)
1 0 Odd parity
1 1 Even parity

CLOO | Character Length Specification
0 7 bits
1 8 bits

SLO0 | Transmit Data Stop Bit Length Specification
0 1 bit
1 2 bits

ISAMO0| Controls Reception End Interrupt on Qccurrence of Error.

0 Generates reception end interrupt on occurrence of error.

1 Does not generate reception end interrupt on occurrence of error.

IRDAMO0] Specifies Operation of (rDA Mode™**'.
o] UART (transmission/reception) mode

1 IrDA {transmission/reception) mode™™**

Notes 1. The UART or I'DA mode is specified by TXE00 and RXEOQ. ,
2. When using the IrDA mode, be sure to clear bits 3 to 0 (MLD0O3 to MLD0O00) of the baud rate
generator control register (BRGC00) to 0000 (set the clock to fsck/16).

Caution Before changing the operating mode, be sure to stop the serial transmission/reception.
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Figure 12-4. Format of Asynchronous Serial Interface Mode Register 1

Symbol @ (® s 4 3 2 1 0 Address Onreset R/W
ASIMO1 {TXEOD1|RXED1|PS011|PS010} CLO1 | SLO1 [ISRMO1| O FFA4H 00H RW
TXEO1 | RXEQ1] Operating Mode Function of Function of
RxD01/P22 pin TxD01/P23 pin
0 Stop operation Port function Port function .
1 UART mode Serial function Port function
(reception only)
1 0 UART mode Port function Serial function
(transmission only)
1 1 UART mode Serial function Serial function
(transmission/reception)
PS011|PS010} Parity Bit Specification
0 0 No parity
0 1 Transmission = Always 0 parity addition
Reception = Parity not checked (parity error not generated)
1 0 Odd parity
1 1 Even parity

CLO1 | Character Length Specification

0 7 bits

1 8 bits

SLO1 | Transmit Data Stop Bit Length Specification

0 1 bit

1 2 bits

ISRMO1} Controls Reception End Interrupt on Occurrence of Error.

0 Generates reception end interrupt on occurrence of error.

1 Does not generate reception end interrupt on occurrence of error.

Caution Before changing the operating mode, be sure to stop the serial transmission/reception.
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CHAPTER 12 SERIAL INTERFACE

(2) Asynchronous serial interface status registers (ASIS00, ASIS01)
ASIS00 and ASISO1 are the registers that indicate the error contents when a receive error occurs.
These registers can be read by an 8-bit memory manipulation instruction.
When the RESET signal is input, these registers are set to 00H.

Figure 12-5. Format of Asynchronous Serial interface Status Register 0

Symbol 5 6 5 4 3 2 1 0 Address Onreset RW

ASIS00 0 0 0 0 0 | PEOO| FEOO |[OVEDO] FFAtH 00H R

PEO0O | Parity Emor Flag
0 Parity error does not occur.

1 Parity error occurs (transmit data parity specifi-
cation and receive data parity do not match).

FEOO | Framing Error Flag

0 Framing error does not occur.

1 Framing errar occurs™™',
(stop bit not detected)

OVE00| Overrun Error Fiag

0 Overrun error does not oceur.

1 Overrun error occurs™™*? (Next receive comple-
ted before data is read from receive buffer).

Notes 1. Even if the stop bit length is set to 2 bits by using bit 2 (SL00) of the asynchronous serial interface
mode register (ASIMOO), only 1 stop bit is detected during reception.
2. If an overrun error occurs, be sure to read the receive buffer register (RXB00). Until RXB0O is read,
an overrun error persistently occurs each time data has been received.
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Figure 12-6. Format of Asynchronous Serial Interface Status Register 1

Symbot 7

6 5 4 3 2 1 0

ASISO1 0

0 0 1] 0 |PEO1| FEC1 |OVEO1

Parity Error Flag

Parity error does not occur.

Parity error occurs (transmit data parity specifi-
cation and receive data parity do not match).

FEO1

Framing Error Flag

Framing error doas not occur.

Framing error occurs™®™”.
(stop bit not detected)

QOVEO1

Ovaerrun Error Flag

Overrun error does not occeur.

Overrun error occurs™™*? (Next receive comple-
ted before data is read from receive bufter).

Address On reset

FFASH

00H

RW
R

Notes 1. Even if the stop bit length is set to 2 bits by using bit 2 (SLO1) of the asynchronous serial interface
mode register (ASIM01), only 1 stop bit is detected during reception.

2. Itanoverrun error occurs, be sure to read the receive buffer register (RXB01). Until RXBO1 is read,

an overrun error persistently occurs each time data has been received.

(3) Baud rate generator control registers (BRGC00, BRGC01)

BRGCO0 and BRGCO1 are the registers that set the serial clock of the asynchronous serial interface.
These registers are set by an 8-bit memory manipulation instruction.

When the RESET signal is input, these registers are set to O0H.
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Figure 12-7. Format of Baud Rate Generator Control Register 0

Sympol 7 6 5 4 3 2 1 0 Address Onreset RW

BRGCOO | 0 [TPS002|TPS001|TPS000 MDL003|MDL002 MDLOO1IMDLOOO FFAZ2H 00H RW

TPS002 | TPS001 | TPS000| 5-Bit Counter Source Clock Selection)
0 ) 0 | 2 (4.19 MH2)

0 1 | w22 (2.1 MHZ)
0 1 o | 2 (1.05 MHz)
0 1 1 | 2" (524 kHz)
1 0 o | #2° (262 kHz2)
1 0 1| w2® (131 kH2)
1 1 o | w2’ (65.5kHz)
1 1 1 | w2®(32.7 kH2)

MDL003 | MDL002| MDLOO| MDLOOO| Baud Rate Generator| k

Input Clock Selection

0 ] 0 0 | fsew/16 0
) 0 0 1| fsext17
(] 0 1 0 | fsen/18 2
0 0 1 1 | tsew1s 3
0 1 0 0 | fsex/20 4
0 1 (] 1| fsowr21 5
(] 1 1 0 | fsew22 6
(] 1 1 1| feew23 7
1 0 0 0 fscx/24 8
1 0 ] 1 | fsew25 9
1 0 1 0 fscx/26 10
1 0 1 1| fsew27 1
1 1 ] 0 | fsex/28 12
1 1 (] 1 | tscx/29 13
1 1 1 0 | fses30 14
1 1 1 1 Setting prohibited -

Caution If a write to the BRGCO00 is performed during communication, the output of baud rate
generator may be disrupted, preventing normal communication from continuing. The
BRGCO00 should therefore not be written to during communication.

Remarks 1. ( ): at fx = B.38-MHz operation

2. fscx: 5-bit counter source clock
3. k: Value set in bits MDLO0O to MDLOO3 (0 £ k < 14)
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Figure 12-8. Format of Baud Rate Generator Control Register 1

Symbol 5 6 5 4 3 2 1 ) Address Onresst RW

BRGCO1 0 [TPS012{TPSO11{TPS010{MDLO13|MDLO12IMDLO11|MDLO10] FFAGH 00H R/W

TPS012{ TPS011| TPS010| 5-Bit Counter Source Clock Selection
0 0 0 | w2* (524 kH2)
o 0 1 | t2® (262 kH2)
0 1 0 | 2% (131 kHz)
0 1 1 | w27 (65.5 kHz)
1 ] 0 | t2°(32.7 kH2)
1 0 1 | tw2° (16.4 kHz)
1 1 0 | 2" (82kHz)
1 1 1 /2" (4.1 kHz)

MDLO13{MDLO12| MDLO11|MDLO10| Baud Rate Generator| k

Input Clock Selection

0 0 ] 0 | feew/16 )
0 0 1| fsew17 1
] 0 1 0 | fsex/18 2
0 0 1 1| fso/19 3
0 1 0 0 | fsew20 4
0 1 0 1| fsew21 5
0 1 1 0 | fsex22 6
0 1 1 1| teew23 7
1 0 0 0 | fsexsd 8
1 0 0 1| tsews25 )
1 0 1 0 fscx/26 10
1 0 1 1 fsex/27 11
1 1 ) 0 | fsex/28 12
1 1 0 1 fse/29 13
1 1 1 0 | fscw30 14
1 1 1 1 Setting prohibited -

Caution If a write to the BRGCO1 Is performed during communication, the output of baud rate
generator may be disrupted, preventing normal communication from continuing. The
BRGCO1 should theretore not be written to during communication.

Remarks 1. ( ): at fx = 8.38-MHz operation
2. fsck: S-bit counter source clock
3. ki Value set in bits MDLO10 to MDLO13 (0 < k £ 14)
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12.4 Operation of Serial interface

The following three operating modes are available to the serial interface.

* Operation stop mode
* Asynchronous serial interface (UART) mode
« Infrared data transfer (irDA) mode (UARTOO only)

12.4.1 Operation stop mode

Serial transfer is not executed in this mode. Consequently, the power dissipation can be reduced.
In the operation stop mode, the pins can be used as ordinary port pins.

(1) Register setting
The operation stop mode is set by using the asynchronous serial interface mode register (ASIM00, ASIMO1).

ASIMO0 and ASIMO1 are set by using a 1-bit or 8-bit memory manipulation instruction.
These registers are set to 00H when the RESET signal is input.

Symbol @ @ 5 4 3 2 1 0 Address Onreset RW

ASIMOn |TXEOn{RXEONn|PSONn1[PS0n0| CLON | SLON |ISRMOn |RDAMOHI 2523:' O0H RW
TXEOn| RXEOn| Operating Mode Function of RxD00/P20, | Function of TxDOO/P21,
RxD01/P22 pins TxD01/P23 pins
0 0 Stop operation Port function Port function
1 UART mode Serial function Port function
(reception only)
1 0 UART mode Port function Serial function
(transmission only)
1 1 | UART mode Serial function Serial function
{transmission/reception)

Caution Betore changing the operating mode, be sure to stop the serial transmission/reception.
Remark n=0,1

12.4.2 Asynchronous serial interface (UART) mode

In this mode, one byte of data is tranémitted/received following a start bit, and full-duplex operation is possible.
A baud rate generator is incorporated, enabling communication to be performed at any of a wide range of baud

rates.
The baud rate (31.25 kbps) conforming to the MIDI standard can be used by using the UART-dedicated baud rate

generator.

(1) Register setting
The UART mode is set by using the asynchronous serial interface mode registers (ASIMOO and ASIMO1),
asynchronous serial interface status registers (ASIS00 and ASIS01), and baud rate generator control registers
(BRGCO0 and BRGCO01).
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(a) Asynchronous serial interface mode registers (ASIM00, ASIMO1)

ASIMO0O and ASIMO1 are set by a 1-bit or 8-bit memory manipulation instruction.

These registers are set to 00H when the RESET signal is input.

Symbot () (® s 4 3 2 1 0

ASIM0OO {TXECORXEDO{PS001{PS000| CLOO | SLOO [ISRMOO(IRDAMOO] FFAOH 00H

Address On raset

TXEOO [ RXEOO{ Operating Mode Function of Function of
RxD00/P20 pin TxD00/P21 pin
0 0 Stop operation Port function Port function
0 1 UART mode Serial function Port function
(reception only)
1 0 UART mode Port function Serial function
(transmission only)
1 1 UART mode Serial function Serial function
(transmission/reception)
PS001[PS000} Parity Bit Specification
0 0 No parity
0 1 Transmission = Always O parity addition
Reception = Parity not checked (parity error not generated)
1 0 0Odd parity
1 1 Even parity

CLOO | Character Length Spacification
0 7 bits
1 8 bits

SL00 | Transmit Data Stop Bit Length Spacification
0 1 bit
1 2 bits

ISAMO0] Controts Reception End Interrupt on Occurrence of Error.

3} Generates reception end interrupt on occurrence of error.

1 Does not generate reception end interrupt on occurrence of error.

IRDAMOS| Specifies Operation of IrDA Mode™™".
0 UART (transmission/reception) mode

1 rDA {transmission/reception) mode™**?

Notes 1. The UART or IrDA mode is specified by TXEQ0 and RXEO0O.
2. When using the IrDA mode, be sure to clear bits 3 to 0 (MLD003 to MLDOO0O) of the baud rate
generator control register (BRGCO00) to 0000 (set the clock to fsck/16).
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RW
RW

Symbol @ ® s 4 3 2 1 0 Address  On reset
ASIMO1 {TXEO1|RXE01/PS011|PS010{ CLO1 | SLO1 |ISAMOY| O FFA4H O0OH
TXE01 |RXEO01| Operating Mode Function of Function of
RAxD01/P22 pin TxD0O1/P23 pin
0 0 Stop operation Port function Port function
UART mode Serial function Port function
(reception only)
1 0 UART mode Port function Sarial function
(transmission only)
1 1 UART mode Serial function Serial function
(transmission/reception)
PS011|PS010| Parity Bit Specification
0 (o] No parity
0 1 Transmission = Always 0 parity addition
Reception = Parity not checked (parity error not generated)
1 0 Odd parity
1 1 Even parity
CLO1 | Character Length Specification
0 7 bits
1 8 bits
SLO1 | Transmit Data Stop Bit Length Specification
0 1 bit
1 2 bits
ISRM01] Controls Reception End Interrupt on Occurrence of Error.
0 Generates reception end interrupt on occurrence of efror.
1 Does not generate reception end interrupt on occurrence of error.

Caution Betore changing the operating mdde, be sure to stop the serial transmission/reception.
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(b) Asynchronous serial interface status registers (AS{S00, ASIS01)
ASIS00 and ASIS01 can be read by an 8-bit memory manipulation instruction.
When the RESET signal is input, these registers are set to 00H.

Symbol 6 5 a4 3 2 1 0 Address Onreset RW

ASISOn 0 0 0 0 0 | PEOn|FEOn |OVEOn| FFA1H, 00H R
- FFASH

PEOn | Parity Error Flag

0 Parity error does not occur.

1 Parity error occurs (transmit data parity specifi-
cation and receive data parity do not match).

FEOn | Framing Error Flag

0 FraminQ error does not accur.
1 Framing error occurs™™’,
(stop bit not detected)

OVEQn} Overrun Error Flag

0 Overmrun error does not occur.

1 Overrun error occurs™™*? (Next receive comple-
ted before data is read from receive buffer).

Notes 1. Evenif the stop bit length is set to 2 bits by using bit 2 (SLOn) of the asynchronous serial interface
mode register (ASIMOn), only 1 stop bit is detected during reception.
2. If an overrun error occurs, be sure to read the receive buffer register (RXBOn). Until RXBOnis read,
an overrun error persistently occurs each time data has been received.

Remark n=0,1
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(¢) Baud rate generator control registers (BRGC00, BRGCO1)
BRGC00 and BRGCO1 are set by an 8-bit memory manipulation instruction.
These registers are set to 00H when the RESET signal is input.

- Symbol 7 6 5 4 3 2 1t 0 Address Onreset R/W

BRGC00 0 |TPSOQ2|TPS001 TPSOOOIMDLOOSIMDLOM MDLO001MDLO00| FFA2H 00H R/W

TPS002 | TPS001 [ TPS000| 5-Bit Counter Source Clock Selection!
0 ] o | f2(4.19 MHz)
0 1 | 27 (2.1 MHz)
0 1 o | w2 (1.05 MHz)
0 1 1 | w2 (524 kHz)
1 0 0 | fw2* (262 kHz)
1 0 1 | w2* (131 kHz)
1 1 0 | 2" (65.5 kHz)
1 1 1 w2 (32.7 kHz)

MDLOG3|MDLO0Z| MDLOO1| MDLOOG| Baud Rate Generator| k

Input Clock Selection

o 0 ] 0 | tsexr1 0
0 0 1| fsew17 1
0 0 1 0 | fscw/18 2
0 (] 1 1| fse19 3
0 1 0 0 | fsexi20 4
0 1 ] 1| tsews21 5
0 1 1 0 | fsew22 6
0 1 1 1| tsox/23 7
1 0 0 0 | fscx/24 8
1 0 (] 1 | fsew/25 9
1 0 1 0 | fscwi26 10
1 0 1 1| tsews27 1
1 1] 0 0 | fsow28 12
1 1 ] 1| tsexs29 13
1 1 1 0 | fsex/30 14
1 1 4 1 1 | Setting prohibited -

Caution If a write to the BRGC00 is performed during communication, the output of baud rate
generator may be disrupted, preventing norma! communication from continuing. The
BRGCO0 should therefore not be written to during communication.

Remarks 1. ( ): atfx = B8.38-MHz operation
2. fsck: 5-bit counter source clock
3. k: Value set in bits MDLOOO to MDL003 (0 < k < 14)
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Symbol 7 6 5 4 3 2 1 0
BRGCO1 | O [TPS012]{TPS011{TPS010 MDL013[MDL012[MDLO11 MDLO10}

TPS012{ TPSO11 | TPS010| 5-Bit Counter Source Clock Selection
0 ] 0 | 2 (524 kHz)
0 (i} 1 | t/2® (262 kHz)
] 1 0 | #/2° (131 kHz2)
0 1 1 | w2’ (85.5 kHZ)
1 0 0 | #2®(32.7 kHz)
1 0 1 | tv2° (16.4 kHZ)
1 1 0 |2 (8.2kHz)
1 1 1| 2" (4.1 kH2)

MDLO13| MDLO12| MDLO11|MDLD10| Baud Rate Generator| k

Input Clock Selection

0 0 0 0 | fsen/t6 0
0 ] 1] tsew/17 1
0 0 1 0 | tsew18 2
0 0 1 1| fsex/19 3
0 1 0 0 | fse20 4
0 1 0 1| tsew21 5
0 1 1 0 | fsew22 6
0 1 1 1 fsew/23 7
1 0 0 0 | fscw24 8
1 0 0 1 | fscx/25 9
1 0 1 0 fsex/26 i0
1 0 1 1| fsex/27 11
1 1 o] 0 fsex/28 12
1 1 0 1 fsex/29 13
1 1 1 0 | tsew30 14
1 1 1 1 Setting prohibited -

Caution If a write to the BRGCO1 is performed during communication, the output of baud rate
generator may be disrupted, preventing normal communication from continuing. The

Address On reset

FFAEH

00H

BRGCO1 should therefore not be written to during communication.

Remarks 1. ( ). atfx = 8.38-MHz operation
2. tsck: 5-bit counter source clock
3. ki Value set in bits MDLO10 to MDLO13 (0 s k € 14)
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CHAPTER 12 SERIAL INTERFACE

The transmit/receive clock for the baud rate to be generated is obtained by dividing the system clock.

« Generating transmit/receive clock for baud rate from system clock
The transmit/receive clock is generated by dividing the system clock. The baud rate generated from the system

clock can be calculated from the following expression:

fx
Baud rate] = —————+— [H
[ ! 2m+1 (k + 16) Hz)

fx: System clock oscillation frequency
m: Value set by TPSOn0 to TPSOn2

{1 < m < 8 for UARTOQ, 4 <m < 11 for UARTO1)
k: Value set by MDLONO to MDLON3 (0 <k < 14)

Tables 12-2 and 12-3 show the relations between the source clock of the 5-bit counter and the value of m. Table
12-4 shows the relation between the system clock and baud rate.

Table 12-2. Relations between Source Clock of 5-Bit Counter and Value of m (with UARTCO)

TPS002 | TPSCO1 | TPS000| 5-Bit Counter Source Clock Selection| m
] 0 0 | fv2(4.19 MHz) 1
0 0 1 | 22 (2.1 MH2) 2
0 1 0 | tv2°(1.05 MHz) 3
0 1 1 | 2" (524 kH2) 4
1 0 0 | t2® (262 kHz) s
1 0 1§ tW2° (131 kHz) 6
1 1 0 | tw2' (85.5 kHz) 7
1 1 1| tw2® (327 kHzZ) 8

Remark ( ): at fx = 8.38-MHz operation

Table 12-3. Relations between Source Clock of 5-Bit Counter and Value of m (with UARTO01)

TPS012 | TPSO11]{ TPS010| 5-Bit Counter Source Clock Selection| m
0 0 0 | tw2* (524 kHz2) 4
0 0 1 | 2® (262 kHz) 5
0 1 0 | tw2* (131 kH2) 6
0 1 1 | /27 (65.5 kH2) 7
1 0 0 | tw2*(32.7 kHz) 8
1 0 1| w2’ (16.4 kHZ) 9
1 1 0 | t2"° (8.2 kHz) 10
1 1 1 2" (4.1 kHz) 11

Remark ( ): atfx = 8.38-MHz operation
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CHAPTER 12 SERIAL INTERFACE
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CHAPTER 12 SERIAL INTERFACE

(2) Communication operation

(a) Data format
The transmit/receive data format is as shown in Figure 12-9. One data frame consists of a start bit,
character bits, parity bit and stop bit(s).
The specification of character bit length, parity selection, and specification of stop bit length for each data
frame is carried out with asynchronous serial interface mode register (ASIMOn).

Figure 12-9. Asynchronous Serial Interface Transmit/Receive Data Format

[ One Data Frame i

S;t“ po|D1|{p2|03|ps|Ds|ps| D7 P;?:y Stop Bit

* Start bits....cccceceraeenn 1 bit

* Character bits ......... 7 bits/8 bits

e Parity bits .....cceevuueene Even parity/odd parity/0 parity/no parity
* Stop bit(s) .ceveererennens 1 bit/2 bits

When 7 bits are selected as the number of character bits, only the lower 7 bits (bits 0 to 6) are valid; in
transmission the most significant bit (bit 7) is ignored, and in reception the most significant bit (bit 7) is
always "0".

The serial transfer rate is selected by means of the asynchronous serial interface mode register (ASIMOn)
and the baud rate generator control register (BRGCOn).

It a serial data receive error is generated, the receive error contents can be determined by reading the
status of the asynchronous serial interface status register (ASISOn).

Remark n=0, 1
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CHAPTER 12 SERIAL INTERFACE

(b) Parity types and operation
The parity bit is used to detect a bit error in the communication data. Normally, the same kind of parity
bitis used on the transmitting side and the receiving side. With even parity and odd parity, a one-bit (odd
number) error can be detected. With O parity and no parity, an error cannot be detected.

(i) Even parity
* Transmission

The number of bits with a value of “17, including the parity bit, in the transmit data is controlled to
be even.

The vaiue of the parity bit is as foliows:

Number of bits with a value of “1” in transmit data is odd: 1
Number of bits with a value of “1” in transmit data is even: 0

* Reception

The number of bits with a value of “17, including the parity bit, in the receive data is counted. If
it is odd, a parity error occurs.

(ii) Odd parity
+ Transmission
Conversely 1o the situation with even parity, the number of bits with a value of “1”, including the
parity bit, in the transmit data is controlled to be odd. The value of the parity bit is as follows:

Number of bits with a value of “1” in transmit data is odd: O
Number of bits with a value of “1” in transmit data is even: 1

* Reception

The number of bits with a value of “1°, including the parity bit, in the receive data is counted. If
it is even, a parity error occurs.

(iii) O Parity
When transmitting, the parity bit is set to "0" irrespective of the transmit data.

Atreception, a parity bitcheck s not performed. Therefore, a parity erroris not generated, irrespective
of whether the parity bit is set to "0* or “1*.

(iv) No parity
A parity bit is not added to the transmit data. At reception, data is received assuming that there is
no parity bit. Since there is no parity bit, a parity error is not generated.
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(c¢) Transmission
A transmit operation is started by writing transmit data to the transmit shift register (TXSO0n). The start

bit, parity bit and stop bit(s) are added automatically.
When the transmit operation starts, the data in the transmit shift register (TXS0n) is shifted out, and when
the transmit shift register (TXS0n) is empty, a transmission completion interrupt (INTSTn) is generated.

Figure 12-10. Asynchronous Serial Interface Transmission Completion interrupt Timing

(a) Stop bit length: 1

\ / X X X}D(_U_/ "
TxDOn (Output) Do D1 D2 D6 D7 ) Parity

START
INTSTn _]

(b) Stop bit length: 2

TxDOn (Output) \ /DO XD1X DZX}i x D6 x D7 xParity/ STIQP ]

START

INTSTn

Caution Rewriting of the asynchronous serial interface mode register (ASIMOn) should not be
performed during a transmit operation. If rewriting of the ASIMOn register is performed
during transmission, subsequent transmit operations may not be possible (the normai
state is restored by RESET input).

Itis possible to determine whether transmission is in progress by software by using a
transmission completion interrupt (INTSTn) or the interrupt request flag {STIFn) set by
the INTSTh.

Remark n=0,1
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(d) Reception
When the RXEOn bit of the asynchronous serial interface mode register {ASIMOn) is set (1), a receive
operation is enabled and sampling of the RxDOn pin input is performed.
RxDOn pin input sampling is performed using the serial clock specified by ASIMOn.
When the RxDOn pin input becomes low, the 5-bit counter starts counting, and at the time when the half
time determined by specified baud rate has passed, the data sampling start timing signal is output. If
the RxDOn pin input sampled again as a result of this start timing signal is low, it is identified as a start
bit, the 5-bit counter is initialized and starts counting, and data sampling is performed. When character
data, a parity bit and one stop bit are detected after the start bit, reception of one frame of data ends.
When one frame of data has been received, the receive data in the shift register is transferred to the receive
buffer register (RXBOn), and a reception completion interrupt (INTSROn) is generated.
If an error is generated, the receive data in which the error was generated is still transferred to RXBOn,
and INTSRn is generated.
if the RXEON bit is reset (0) during the receive operation, the receive operation is stopped immediately.
In this case, the contents of RXBOn and ASISOn are not changed, and INTSRn and INTSERn are not
generated.

Figure 12-11. Asynchronous Serial Interface Reception Completion Interrupt Timing

\ sTOP
RxDOn (input) / Do X D1X D2 mw D6 X D7 XParity

START
INTSRn H

Caution The receive buffer register (RXB0On) must be read even if a receive error is generated.
If RXBOn is not read, an overrun error will be generated when the next data is received,
and the receive error state will continue indefinitely.

Remark n=0, 1
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{e) Receive errors

Three kinds of errors can occur during a receive operation: a parity error, framing error, or overrun error.
As aresult of data reception, if the error flag is set in the asynchronous serial interface status register
(ASISOn), a receive error interrupt (INTSERN) is generated. The receive error interrupt occurs before a

receive end interrupt (INTSRn). Receive error causes are shown in Table 12-5.

it is possible to determine what kind of error was generated during reception by reading the contents of
the asynchronous serial interface status register (ASISOn) in the reception error interrupt servicing

(INTSERN) (see Figures 12-11 and 12-12).

The contents of ASISOn are reset (0) by reading the receive buffer register (RXBOn) or receiving the next

data (it there is an error in the next data, the corresponding error flag is set).

Table 12-5. Receive Error Causes

Receive Errors

Cause

Parity error

Transmission-time parity specification and reception data parity do not match

Framing error

Stop bit not detected

Overrun error

Reception of next data is completed before data is read from receive butfer register

\ sTOP
RxDOn (Input) / DOX D1X D2X}{X (»]] X D7 ) Parity

INTSRn l—l
INTSERnN ”

INTSERN
(On occurrence of parity error)

Cautions 1. The contents of the ASISOn registerare reset (0) by reading the receive buffer register
(RXBOn) or receiving the next data. To ascertain the error contents, ASIS must be

Figure 12-12. Receive Error Timing

START

read before reading RXBOn. -

2. The receive buffer register (RXBOn) must be read even if a receive error is generated.
I RXBOnis not read, an overrun error will be generated when the next datais received,

and the recelve error state will continue indefinitely.

Remark n=0, 1
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CHAPTER 12 SERIAL INTERFACE

12.4.3 Infrared data transfer (IrDA) mode
Caution The infrared data transfer (IrDA) mode can be used only with UARTO00.

{1) Data format
Figure 12-13 shows the format of the IrDA mode in comparison with the data format in UART mode.
The IR frame corresponds the bit string of the UART frame that consists of 8 data bits and 1 stop bit.
The length of the electrical pulse transmitted or received in the IR frame is 3/16 of a 1-bit cycle. The pulse
3/16 of a 1-bit cycle rises in the middle of the bit cycle (refer to the figure below).

Bit time

e

Pulse width = 3/16 bit time

Figure 12-13. Comparison of Data Formats in IrDA Mode and UART Mode

: UART frame

Data bit
o] H ! 1
Start 1 0 1 0 i o0 T 01 0 Stop
bit Do D1 D2 D3 : D4 D5 : D6 D7 bit

IR frame

o)
Stant Data bit St1op

bit i obit
T T

—H-—

Bit ime Pulse width = 3/16 bit time
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(2) Bit rate and pulse width
Table 12-6 shows the values of the bit rate, permissible bit rate error, and pulse width.

Because the minimum pulse width may be 3/16 of the bit cycle or the minimum pulse width of the signal of

115.2 kbps (permissible error: 1.63 us to 22 us), the value is the same at any bit rate.

The maximum pulse width is the sum of bit time 3/16 and 2.5% of the bit cycle or 1.08 us whichever greater.

Table 12-6. Bit Rate and Pulse Width

Bit Rate Permissible Bit Rate | Minimum Pulse Width | Nominal Value of Pulse | Maximum Pulse
(kbits/s) Error (% of bit rate) (us)Note Width 3/16 (us) Width (us)

24 +~ 0.87 1.41 78.13 88.55

9.6 +/- 0.87 1.41 19.53 22.13

19.2 +/- 0.87 1.41 9.77 11.07

38.4 +/~ 0.87 1.41 4.88 5.96

576 +/- 0.87 1.41 3.26 434

115.2 +/- 0.87 1.41 1.63 2.71

Note Where a digital noise elimination circuit is used with the microcontroller at a frequency of 1.41 MH2z

or higher

The maximum pulse width can be calculated as follows where the bit rate is 2.4 kbps.

1
78.13 + (78.13 x ?6 x 0.025) = 88.55 [us]

{3) Baud rate that can be set in IrDA mode

180

Table 12-7. Baud Rate That Can Be Set in IrDA Mode

System Clock fx (MH2) Baud Rate (bps)
8.386 131031
8.000 125000
7.3728 115200
5.000 78125
4.1943 65536
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(4) VO data and internal signal

= Transmission timing

UART00 Start bit Stop bit
Output data
UARTO0O0 .
(Reverse data)
IrDA | ] ] ]
Enable signal 3

TxDOO0 pin
output signal "
\

* Reception timing
Data reception is delayed by half the set baud rate.

UART00 Start bit / Stop bit
Transmit data D)}
U
RxDo0
Input
Edge detection rl _I l I ’
Sampling clock l_ [— ’— |_ I— l—
) i L

Reception rate

Conversion data

Sampling timing
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CHAPTER 13 INTERRUPT FUNCTIONS

13.1 Types of interrupt Functions
The following three types of interrupt functions are available:

(1) Non-maskable interrupts
This interrupt is unconditionally accepted even in the interrupt disabled status. It is not subject to interrupt
priority control and therefore takes precedence over all interrupt requests.
This interrupt generates a standby release signal.
The non-maskable interrupts have one interrupt from the watchdog timer.

(2) Maskable interrupts
These interrupts are subject to mask control, and can be divided into two groups according to the setting of
the priority specification flag register (PROL, PROH): one with higher priority and the other with lower priority.
Higher-priority interrupts can nest lower-priority interrupts. The priority when two or more interrupt requests
with the same priority occur at the same time is predetermined (refer to Table 13-1).
This interrupt generates a standby release signal.
As the maskable interrupts, four external interrupts and twelve internal interrupts are available.

(3) Software interrupts
This is a vectored interrupt generated when the BRK instruction is executed and can be accepted even in the
interrupt disabled status. This interrupt is not subject to interrupt priority control.

13.2 Interrupt Sources and Configuration

A total of 18 interrupt sources including non-maskable, maskable, and software interrupt sources are available
(refer to Table 13-1).
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CHAPTER 13 INTERRUPT FUNCTIONS

Table 13-1. Interrupt Source List

Interrupt De':::l:  Interrupt Source Internal/ \4:3; r B'ats:‘cm.° :
Type Priority Name Trigger External Address Coni_‘;%:;anon
Non- — INTWDT |Watchdog timer overflow (when non- Internal 0004H (A)

maskable maskable interrupt is selected)
Maskable v} INTWDT |Watchdog timer overflow (when (B)
interval timer mode is selected)
1 INTPO |Pin input edge detection External 0006H (C)
2 INTP1 ooosH
3 INTP2 000AH
4 INTP3 000CH
5 INTTM? |TM7 under flow Intemal | OOOEH (8)
6 INTSERO | UARTOO receive error generation 0010H
7 INTSRO |UARTOO receive termination 0012H
8 INTSTO |[UARTOO transmit termination 0014H
9 INTSER1 JUARTO1 receive error generation 0016H
10 INTSR1 [UARTO1 receive termination 0018H
11 INTST1 |UARTO1 transmit termination 001AH
12 INTTM50 | TM50 and CR50 match signal generation 001CH
13 INTTM51 | TM51 and CR51 match signal generation 001EH
14 INTTM52 | TM52 and CR52 match signal generation 0020H
15 INTADGC |A/D conversion termination 0022H
Software -— BRK Execution of BRK instruction - 003EH (0}

Notes 1. The default priority is the priority applicable when more than one maskable interrupt is generated. C
is the highest priority and 15, the lowest.
2. Basic configuration types (A) to (D) correspond to (A) to (D) on the next pages.
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CHAPTER 13 INTERRUPT FUNCTIONS

Figure 13-1. Basic Configuration of Interrupt Function (1/2)

(A) Internal non-maskable interrupt

S intemal bus
L Vector table
Interrupt Pnongy c?tntrol address
request circui generation circuit

Standby
rolease signal
(B) Internal maskable interrupt
S Internal bus (
l | I |
Y h 4
MK IE PR ISP
| — |
| . Vector table
Interrupt IF Pnorgy °.°t"tr°l address
request L/ irout generation circuit

Standby

(C) External maskable interrupt

release signal

L Internal bus

1 l }

Extemnal interrupt
rising/talling edge MK 1E

PR 1sP

enable register

‘_l

(EGP, EGN) |
<5 !

Interrupt Edge detection Priority control

request circuit L

circuit

generation circuit

Vector table
address

Standby
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Figure 13-1. Basic Configuration of Interrupt Function (2/2)

(D) Software interrupt

S Intemnal bus
interrupt Priority control Veac;g:etzslsb le
request circuit generation circuit
IF :  interrupt request flag
IE : interrupt enable flag
ISP :  in-service priority flag
MK :  interrupt mask flag
PR 1 priority specification flag
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13.3 Registers Controlling Interrupt Function
The following six types of registers control the interrupt function:

* Interrupt request flag registers (IFOL, IFOH)

* Interrupt mask flag registers (MKOL, MKOH)

* Priority specification flag registers (PROL, PROHM)

* External interrupt rising edge enable register (EGP)
* External interrupt falling edge enable register (EGN)
¢ Program status word (PSW)

Table 13-2 shows the names of the interrupt request flags, interrupt mask flags, and priority specification flags
corresponding to the respective interrupt request sources.

Table 13-2. Flags Corresponding to Respective Interrupt Request Sources

Interrupt Request Signal Name | Interrupt Request Flag | Interrupt Mask Flag | Priority Specification Flag
INTPO PIFO PMKO PPRO
INTP1 PIF1 PMK1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTTM7 TMIF7 TMMK7 TMPR7
INTTMS50 TMIF50 TMMKS50 TMPRS0
INTTMS1 TMIF51 TMMKS1 TMPRS51
INTTMS52 TMIF52 TMMKS2 TMPR52
INTWDT WDTIFNote WDTMKNote WDTPRNote
INTSERO SERIFO SERMKO SERPRO
INTSRO SRIFO SRMKO SRPRO
INTSTO STIFO STMKO STPRO
INTSERT1 SERIF1 SERMK1 SERPR1
INTSR1 SRIF1 SRMK1 SRPR1
INTST1 STIF1 STMK1 STPR1
INTADO ADIF ADMK ADPR

Note Interrupt control flag when the watchdog timer is used as an interval timer
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(1) Interrupt request flag registers (IFOL, IFOH)
Aninterrupt requestflagis setto 1 whenthe corresponding interrupt requestis generated or when aninstruction
is executed, and is cleared to 0 when the interrupt request is accepted, when the RESET signal is input, or

when an instruction is executed.
IFOL and IFOH are set by a 1-bit or 8-bit memory manipulation instruction. When using IFOL and IFOH as a

16-bit register IFO, it is set by a 16-bit memory manipulation instruction.
These registers are set to 00H when the RESET signal is input.

Figure 13-2. Format of Interrupt Request Flag Registers

Symbol @ ® & ©@ ® ® (® (@  Address Onreset RW

IFOL |SRIFO|SERIFO|TMIF7| PIF3 | PIF2 | PIF1 | PIFO |WDTIF| FFEOH O0H RW

@ 6® 6 ® & ® © ©

IFOH | ADIF | TMIFS2|{ TMIFS1 | TMIFS0| STIF1 {SRIF1|SERIF1| STIFO| FFE1H 00H RwW
[ ! 1 ] | I | il

I xx|F | interrupt request flag

0 Interrupt request signal is not generated.

Interrupt request signal is generated and interrupt
is requested.

Cautions 1. The WDTIF flag can be read/writien only when the watchdog timer is used as an interval
timer. Clear the WDTIF flag to 0 when the watchdog timer mode 1 is used.

2. Because port 0 is shared with external interrupt inputs, the corresponding interrupt
request flag is set when the output mode iIs specified and output level of a port pin is
changed.

To use the port in the output mode, therefore, set the corresponding interrupt mask flag
to 1 in advance.
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{2) Interrupt mask flag registers (MKoL, MKOH)
An interrupt mask flag enables or disables the corresponding maskable interrupt processing and releasing

the standby mode.

MKOL and MKOH are set by a 1-bit or 8-bit memory manipulation instruction. When using MKOL and MKOH
as a 16-bit register MKO, it is set by a 16-bit memory manipulation instruction.
These registers are reset to FFH when the RESET signal is input.

Figure 13-3. Format of Ihterrupt Mask Flag Register

Sk @ ® ® @ @@ @ © ®

Address Onreset RW

MKOL SF‘:"‘ issg”"‘ TMT'V'K PMK3|PMK2|PMK1| PMKo wotMk|  FFE4H FFH RW
TMMK | TMMK | TMMK | STMK | SRMK |SERMK
MKOH |ADMK| Tl | TRAMKC| THIMIC) STMK | SR \SERMsTmiol  FFESH FFH RW
I 1 | I T T 1 ]
xxMK | Controls interrupt processing.

Enables interrupt processing.

Disables interrupt processing.

Caution Because port 0is shared with external interrupt inputs, the corresponding interrupt request
flag is set when the cutput mode is specified and output level of a port pin is changed.
To use the port in the output mode, therefore, set the corresponding interrupt mask flag to

1 in advance.
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(3) Priority specification flag registers (PROL, PROH)
A priority specification flag sets the priority of the corresponding maskable interrupt.
PROL and PROH are set by a 1-bit or 8-bit memory manipulation instructicn. When using PROL and PROH
as a 16-bit register PRO, it is set by a 16-bit memory manipulation instruction.
These registers are set to FFH when the ﬁ-ES_ETsignal is input.

Figure 13-4. Format of Priority Specification Fiag Register

ok @ ® ® ® @ @ ® ©®

PROL SAPR |SERPR|

0

0

TMPR

7

PPR3

PPR2

PPR1

PPRO

WDTPR]

@

®

®

®©

®

® _®

@

PROH |ADPR

TMPR | TMPR

52

51

TMPR
50

STPR
1

SRPR
1

SERPR

1

STPR

0

L

]

1

I

1

I

1

]

190

Address Onreset RW

FFESH FFH W

FFESH FFH RW

x<PR

Selects priority level.

High priority ievel

Low priority level
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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 P03.
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 input.

Figure 13-5. Formats of External interrupt Rising Edge Enable Register and
External Interrupt Falling Edge Enable Register

Symbol 7 8 5 4 3 2 1 0 Address On reset

RW
EGP | 0O 0 0 0 |EGP3|EGP2|EGP1|EGPO| FF48H 00H RW

Symbol 5 6 5 4 3 2 1 ) Address Onreset RW
EGN o] 0 0 0 |EGN3|EGN2|EGN1|EGNO FF49H ooH R/W
EGPn | EGNn | Valid edge of INTPn pin (n = 0-3)
[+} [+} Interrupt disable
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 that holds the instruction execution result and current status of interrupt

request. An IE flag that enables/disables the maskable interrupts and an ISP flag that controls multiplexed
interrupts processing are mapped to this register.

This register can be read or written in B-bit units. In addition, it can also be manipulated by using a bit
manipulation instruction or dedicated instructions (E! and DI). When a vectored interrupt is accepted, and
when the BRK instruction is executed, PSW is automatically saved to the stack. At this time, the IE flag is
resetto 0. If amaskable interrupt has been accepted the content of the priority flag of thatinterruptis transferred
to ISP flag. The contents of PSW can also be saved to the stack by the PUSH PSW instruction, and restored
trom the stack by RETI, RETB or POP PSW instruction.

PSW is set to 02H when the RESET signal is input.

Figure 13-6. Configuration of Program Status Word

Symbol 7 6 5 4 3 2 1 0 On reset

PSW | IE Z |RBSt1| AC |RBSO{ © ISP | CY 02H

L I l l ] l Used when normal instruction is executed

'——‘ ISP | Priority of interrupt currently processed

Interrupt with higher priority is processed (interrupt

0 with lower priority is disabled).

Interrupt is not accepted, or interrupt with lower
1 priority is processed (all maskable interrupts are
enabled).

[ Enables/disables accepting interrupt.
] Disables.

1 Enables.

13.4 Interrupt Processing Operation

13.4.1 Non-maskable interrupt acceptance operation

The non-maskable interrupt is unconditionally accepted even when interrupts are disabled. It is not subject to
interrupt priority control and takes precedence over all other interrupts.

When the non-maskable interrupt requestis acknowledged, program status word (PSW) and program counter (PC)
are saved to the stack in that order, the IE flag and ISP flag are reset to 0, the contents of the vector table are loaded
to the PC, and then program execution branches.

!f a new non-maskable interrupt request is generated while the non-maskable interrupt service program is
executed, the interrupt request is accepted when the current execution of the non-maskable interrupt service program
has been completed (after the RETI instruction has been executed) and one instruction in the main routine has been
executed. Iftwo or more new non-maskable interrupt requests are generated while the non-maskable interrupt service
program is executed, only one non-maskable interrupt request is accepted after execution of the non-maskable
interrupt service program has been completed.
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CHAPTER 13 INTERRUPT FUNCTIONS

Figure 13-7. Flowchart of Non-Maskable interrupt Acceptance

WDTM4 =1
(watchdog timer mode
is selected)

Interval timer

WDOTM3 =0
(non-maskable interrupt
is selected)

Reset processing

Ilnterrupt request is generated.

WDT interrupt
is not processed.

(interrupt request pending )

Interrupt control
register is not
accessed.

(Interrupt processing is started. )

WDTM : watchdog timer mode register
wDT ¢ watchdog timer

Figure 13-8. Timing of Non-Maskable Interrupt Acceptance

Saving PSW and PC, and

CPU processing Instruction ' Instruction jump to interrupt processing | IMETUD! Drocessing pragram

WDTIF [T 77777777777 \
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CHAPTER 13 INTERRUPT FUNCTIONS

Figure 13-9. Accepting Non-Maskable Interrupt Request

{a) When new non-maskable interrupt request is generated
while non-maskable Interrupt service program is executed

( Mainrutne )

NMI request

— NMI! request —

1 instruction
is executed.

\

/]

NMI request is kept pending.

Pended NMI request is processed.

{b} If two new non-maskable interrupt requests are generated while non-
maskable interrupt service program is executed

C Main routine )

NMI request o 3‘;‘:{ e
instruction qNM|

" :

is executed. request —

194

i

A

Pending

Pending

Although NMI request is generated two or more
times, only one NMI request is accepted.
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CHAPTER 13 INTERRUPT FUNCTIONS

13.4.2 Maskable interrupt acceptance operation

A maskable interrupt can be accepted when the interrupt request flag is set to 1 and the corresponding interrupt
mask flag is cleared to 0. A vectored interrupt is accepted in the interrupt enabled status (when the IE flag is set
to 1). However, an interrupt with a lower priority cannot be accepted while an interrupt with a higher priority is being
processed (when the ISP flag is reset to 0).

_ The time required to start the interrupt processing after a maskable interrupt request has been generated is as
follows:

Table 13-3. Time from Generation of Maskable Interrupt Request to Processing

Minimum Time Maximum TimeNote
When xxPR = 0 7 clocks 32 clocks
When xxPR = 1 8 clocks 33 clocks

Note The wait time is maximum when aninterrupt request is generated
immediately before a division instruction.

Remark 1 clock: 'L (fcru : CPU clock)
cru

When two or more maskable interrupt requests are generated at the same time, they are accepted starting from
the one assigned the highest priority by the priority specification fiag. When interrupts are assigned the same priority,
the detault priority takes precedence.

A pended interrupt is accepted when the status where it can be accepted is set.

Figure 13-10 shows the algorithm of accepting interrupts.

When a maskable interrupt request is accepted, the program status word (PSW) and program counter (PC) are
saved to the stack in that order, IE flag is reset to 0, and the content of the interrupt priority specification flag of the
accepted interrupt is transterred to the ISP flag. In addition, the data in the vector table determined for each interrupt
request is loaded to the PC, and execution branches.

To retum from interrupt processing, use the RETI instruction.
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CHAPTER 13 INTERRUPT FUNCTIONS

Figure 13-10. Interrupt Acceptance Program Algorithm

|
=

(interrupt request

| Yes generated)

. | Yes
(interrupt request pending )
Yes (high priority) xxPR = 0?
l 7 No (low priority)

Two or
more interrupts of
»xxPR = 0 that are generated

intertupt has highest
priority of interrupts of xxPR
= 0 that are generated

Yes

at same time

(interrupt request pending )

(interrupt request pending )
' No | No
No IE=17?
- interrupt has highest
Yes priority of interrupts that

are generated at

(Intarrupt request pending )

same time

Clnterrupt request pending)

Vectored interrupt
processing

No

T Yes (interrupt request pending )

o>

(interrupt request pending )

' Yes

Vectored interrupt
processing
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CHAPTER 13 INTERRUPT FUNCTIONS

Figure 13-11. Interrupt Acceptance Timing (Minimum Time)

€ clocks
- ! L . Saving PSW and PC, jump | _tntermut
CPU processing Instruction Division instruction 10 interrupt procassing | PTOCeSSIng
JL
sodlF INNNNNNNAYEN i
(>xPR =1) i 1 D '
1 8 clocks |
IL
xxIF INNNAYTERENEN) g
(PR = 0) o l " |
! 7 clocks |
Remark 1clock: —— (fecru : CPU clock)
fcru
Figure 13-12. Interrupt Acceptance Timing (Maximum Time)
25 clocks 6 clocks
cPU : . Division i " Saving PSW and PC, jump | _intermupt
processing Instruction vision instruction 1o interrupt processing pr:mng
F J S
xxIF [T TN T \
(xxPR = 1) o R
L |
l 33 clocks l
{L
sodF A NSNNNNEEIAW
(XXPR:O) L I i |
| 32 clocks L

Remark 1clock: — (fcru : CPU clock)
fcpu

13.4.3 Software interrupt acceptance operation
The software interrupt can be accepted when the BRK instruction is executed. This interrupt cannot be disabled.
When the software interrupt is accepted, the program status word (PSW) and program counter (PC) are saved
to the stack in that order, the IE flag is reset to 0, the contents of the vector table {003EH and O03FH) are loaded
to the PC, and execution branches.

To return from the software interrupt processing, use the RETB instruction.

Caution Do not use the RETI instruction to return from the software interrupt.
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CHAPTER 13 INTERRUPT FUNCTIONS

13.4.4 Muitiplexed interrupt processing
Multiplexed interrupt processing in which another interrupt is accepted while an interrupt is processed can be

controlied by priority.

The priority is controfied in two ways: by using the default priority and by using programmabile priority that is set
by the priority specification ftag register (PROL, PROH). When the priority is controlled by the defauit priority and two
or more interrupts are generated at once, interrupt processing is performed according to the priority (default priority)
assigned to each interrupt request in advance (refer to Table 13-1). The programmable priority control divides the
interrupt requests into two groups by the setting of the bit corresponding to PROL, PROH: the one with the higher priority
and the other with the lower priority. The interrupt requests that can be muitiplexed are shown in the table below.

Table 13-4. interrupt Requests that Can Be Multiplexed during Interrupt Processing

Multiplexed Interrupt Maskabie Interrupt Request
Interrunt Request Non-Maskable *xPR = 0 w<PR = 1
P Interrupt Request

being accepted IE=1|IE=0(IE=1|IE=0
Non-maskable interrupt processing X X x x X
Maskable interrupt ISP =0 @) o) x x x
processing ISP = 1 (o} O x o X
Software interrupt processing o} O x (@ x

Remarks 1. O : can be multiplexed.
x : cannot be multiplexed.

2. ISP and IE are flags included in PSW.
ISP = 0 : interrupt with higher priority is processed.
ISP = 1 : interrupt is not accepted or interrupt with lower priority is processed.
IE =0 : accepting interrupt is disabled.
IE =1 : accepting interrupt is enabled.

3. xxPR is flag included in PROL, PROH.
xxPR = 0 : higher priority flag
xxPR = 1: lower priority flag
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CHAPTER 13 INTERRUPT FUNCTIONS

Figure 13-13. Example of Multiplexed Interrupt

Example 1
Main processing INTxx INTyy INTzz
processing processing processing
Example 2
Main processing INTxx INTyy
processing processing
[
axecutec
Example 3
Main processing INTxx INTyy
processing processing

1 instruction
oxecuted

RETI

-—
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CHAPTER 13 INTERRUPT FUNCTIONS

13.4.5 Pending interrupt
Interrupts are temporarily kept pending in between the following instructions and the instruction to be executed

next.

* MOV  PSW, #byte
* MOV A, PSW

*« MOV PSW,A

* MOV1 PSW. bit, CY
* MOV1 CY, PSW. bit
« AND1 CY, PSW. bit
« OR1 CY, PSW. bit
* XOR1 <CY, PSW. bit
* SET1 PSW. bit

» CLR1 PSW. bit

* RETB

* RETI

* PUSH PSW

* POP PSW

e BT PSW. bit, $addr16

e BF PSW. bit, $addr16
* BTCLR PSW. bit, $addr16
* El -

« DI

* Manipulation instruction to IFOL, IFOH, MKOL, MKOH, PROL, PROH, EGP, EGN registers
Caution The software interrupt (by execution of the BRK instruction) clears the IE flag to 0. Therefore,
a maskable interrupt request is not accepted even if generated while the BRK instruction is

executed. However, the non-maskable interrupt request is accepted.

Figure 13-14. Pending Interrupt Request

: . . Saving PSW,PC.and jump Interrupt processing
CPU processing Instruction N instruction M to interrupt processa’ng program

oiFf T\

Remarks 1. Instruction N : instruction that keeps interrupt request pending
2. Instruction M : instruction other than that which keeps interrupt request pending
3. The operation of xx|F is not affected by the value of xxPR.
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

14.1 External Device Extension Function

The external device extension function is to connect an external device to areas other than the internal ROM, RAM,

and SFR areas. To connect an external device, ports 4 to 6 are used. These ports control address/data, read/write
strobe, wait, and address strobe signals. )

Table 14-1. Pin Functions in External Memory Extension Mode

Pin Function when External Device is Connected
Name Function Shared by:
ADO to AD7| Multiplexed address/data bus P40 to P47
AB to A15 | Address bus P50 to P57
RD Read strobe signal P64
WR Wirite strobe signal P65
WAIT | Wait signal P66
ASTB Address strobe signal P87

Table 14-2. Status of Ports 4 to 6 in External Memory Extension Mode

Port Port 4 Pont 5 Port 6
External T === 0 f---ommomomemedeoesceemeeee e mm e
Extension Mode 0-7 0 1 2 3 4 S5 6 7 4 5 6 7
Single-chip mode Port Port Port
256 bytes extension mode | Address/data Port RD, WR, WAIT,ASTB
4 Kbytes extension mode| Address/data Address Port RD, WR, WAIT,ASTB
16 Kbytes extension mode| Address/data Address Port | RD. WR, WAIT,ASTB
Full address mode Address/data Address ‘RD, WR, WAIT, ASTB

Caution When the external wait function is not used, the WAIT pin can be used as a port pin in all the
modes.

M buz27?525 00996E1 453 HE 201

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

The memory map is as follows when the external device extension function is used.

Figure 14-1. Memory Map when External Device Extension Function Is Used (1/2)

(a) Memory map of uPD780921, 780961 (b) Memory map of uPD780922, 780962
FFFFH FFFFH
SFR SFR
FFOOH FFOOH
FEFFH FEFFH

intemal high-speed RAM Internal high-speed RAM

FDOOH FDOOH
FCFFH FCFFH
Reserved Reserved
F800H F800H
F7FFH F7FFH

o Full address mode
Full address mode (when MM2 to MMO = 111)

(when MM2 to MMO = 111)

(
N
)

{(

{l
»
{
N

8000H | ]
7FFFH
:ggg: ____________________________ 4 16KB extension mode
{(when MM2 to MMO = 101)
16KB extension mode
(when MM2 10 MMO = 101) fggg: .............................
4KB extension mode
3000H ;
SFFFM [~--mmmmmmmmmeemmememmmeed {when MM2 to MMO = 100)
. 41004 |
4KB extension mode Q0FFH |-~~~ ""TTTommmmmesmmmeesee-ood
(when MM2 to MMO = 100) 2568 extension mode
2100H 4000H (when MM2 to MMO = 011)
20FFH [[T- - 7 - T T e o T m oo s
2568 extension mode 3FFFH
2000H (when MM2 to MMO = 011)
1FFFH Single-chip mode
Single-chip mode
0000H 0000H
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

Figure 14-1. Memory Map when External Device Extension Function Is Used (2/2)

(c) Memory map of uPD780923, 780963

FFFFH

FFOOH

SFR

FEFFH

FBOOH

Internal high-speed RAM

FAFFH

F800H

Reserved

F7FFH

{{

ACOOH
9FFFH

7000H
6FFFH

6100H
60FFH

6000H

Full address mode

~ (when MM2 to MMO = 111)

16KB extension mode
{when MM2 to MMO = 101)

4KB extension mode
(when MM2 to MMO = 100)

2568 extension mode
(when MM2 to MMO = 011)

{{

5FFFH

0000H

Single-chip mode

{d) Memory map of PD780924, 780964, and
uPD78F0924, 78F0964 with 32 KB flash
memory

FFFFH

FFOOH

SFR

FEFFH

FBOOH

Intemal high-speed RAM

FAFFH

F8OOH

Reserved

F7FFH

¢

CO00H
BFFFH

9000H
8FFFH

8100H
B8OFFH

8000H

Full address mode
(when MM2 to MMO = 111)

)]

16KB extension mode
(when MM2 to MMO = 101)

4KB extansion mods

(when MM2 to MMO = 100)

2568 extension mode
{when MM2 to MMO = 011)

{{

7FFFH

000CH

Single-chip mode
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

14.2 Registers Controlling External Device Extension Function
The external device expansion function is controlled by the following three registers.

* Memory extension mode register (MEM)
* Memory extension wait setting register (MM)
* Memory size select register (IMS)

(1} Memory extension mode register (MEM)
MEM is a register that sets an external expansion area.

MEM is set by using a 1-bit or 8-bit memory manipulation instruction.
Its value is set to 00H at RESET.

Figure 14-2. Format of Memory Extension Mode Register

Symbo! 4 6 5 4 3 2 1 0 Address Onreset R/W

MEM 0 (o] 0 0 0 [ MM2 | MM1 | MMO FF47H O0H AW
Selects single-chip/ Status of P40 to P47, PS0 to P57, P64 to P67 pins
MM2 | MM1 { MMO | memory extension
mode P40 to P47 | P50 to P53 P54, P55 P56, P57 [ P64 to P67
1] 0 0 Single-chip mode Port mode
o | 1 1 2568 Port mode
mode
4KB P64 = RD
1 0 Port mode
0 Memory | mode P65 = WR
extension —
ode oD ADO to AD7 PE6 = WAIT
1 =
0 1 " A8 to A1 Port mode | P67 = ASTB
A12, A13
FutiNote
1 1 1 address Al4, A5
mode
Others Setting prohibited

Note The full address mode is a mode in which the entire area of the 64K address space, except the internal
ROM, RAM, SFR, and unused areas, can be externally extended.
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

(2) Memory extension wait setting register (MM)
MM is a register that sets the number of wait states.
MM is set by using a 1-bit or 8-bit memory manipulation instruction.
Its value is set to 10H at RESET.

Figure 14-3. Format of Memory Extension Wait Setting Register

Symbol 5

o]
(3]
n
(4]
N
-

0 Address Onreset R/W

MM 0 0 |PWiL|PWO| O 0 0 0 FFF8H 10H RW .

PW1| PWO| Controls wait state.
0 0 | No wait
0 1 Wait (1 wait state is inserted)
1 0 | Setting prohibited
1 1 | Wait control by external wait pin
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

(3) Memory size select register (IMS)
This register sets the capacities of the intemal ROM and internal high-speed RAM.
IMS is set by using an 8-bit memory manipulation instruction.
Its value is set to CFH at RESET.

Figure 14-4. Format of Memory Size Select Register

Symbol 7 6 5 4 3 2 1 (o] Address At reset RwW
iMs | Ramz | Ram1 |Ramo| o | Roms | Romz2| Rom1 |romo|  FFFOH CFH RW
i

ROM3 | ROM2 | ROM1 | ROMO | Selects intemal ROM capacity.
8K

24K bytes

0 o
0 1 0 0 16K bytes
0 0

0

32K bytes

Others Setting prohibited

RAM2 | RAM1 | RAMO | Selacts internal high-speed RAM capacity.
0 1 0 | 512 bytes

1 1 0 1024 bytes

Others Setting prohibited

Cautions 1. The value of IMS at reset is the same (CFH) for all the models in the zPD780924 and 780964
subseries, regardiess of the internal memory capacity. Therefore, be sure to set the value
of IMS according to the internal memory capacity of the mode! used.

2. The external memory space can be expanded in a space other than that specified by IMS,
regardless of the internal memory capacity.

Table 14-3. Set Value of Memory Size Select Register

Part Number Set Value of IMS
uPD760921, 780961 42H
uPD780922, 780962 44H
uPD780923, 780963 CéH
uPD780924, 780964 CBH
uPD78F0924, 78F0964 Note

Note Set C8H, C6H, 44H, or 42H, according to the mask ROM model.
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

14.3 Timing of External Device Extension Function
The timing control signal output pins used in the external memory extension mode are as foliows:

(1) RD pin (shared by P84)
This pin outputs a read strobe signal when an instruction is fetched or data is accessed from the external
memory.

When the internal memory is accessed, the read strobe signal is not output (instead, this pin holds the high
level).

(2) WR pin (shared by P65)
This pin outputs a write strobe signal when the external memory is accessed for data.
When the internal memory is accessed, the write strobe signal is not output (this pin holds the high level).

(3) WAIT pin (shared by P66)
This pin inputs an external wait signal.
When the external wait signal is not used, the WAIT pin can be used as an /O port pin.
When the internal memory is accessed, the external wait signal is ignored.

(4) ASTB pin (shared by P67)
This pin outputs an address strobe signal which is always output regardless of instruction fetch or data access
trom the external memory.
The address strobe signal is also output when the internal memory is accessed.

{5) ADO to AD7, A8 to A15 pins (shared by P40 to P47, P50 to P57)

These pins output address and data signals. The valid signals are output or input when instructions are fetched
or data is accessed from the external memory.

The status of the signal also changes when the internal memory is accessed (the output contents are
undefined).

Figures 14-5 to 14-8 show the timing charts.
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

Figure 14-5. Instruction Fetch from External Memory

{a) When no wait state is set (PW1, PW0 =0, 0)

ASTB / \

RD \ /
ADO to AD7 X Lower address X Instruction code X
ABto A15 X Higher address X

(b) When wait state is set (PW1, PW0 =0, 1)

RD T\ /
ADO to AD7 X Loweraddress X instruction code X
A8 to A15 X Higher address X
Intemal wait signal  -===---+--r--sceccoonooooo \ S ikt
(1 clock wait) Neccemem :

(c) When external wait state is set (PW1, PW0 =1, 1)

ASTB ___[—\ I3
RD \ 4 /

ADO to AD7 XLower address >< » Instruction code X

A8 to A15 X « Higher address X

ha  /
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Figure 14-6. Read Timing of External Memory

(a) When no wait state is set (PW1, PW0 = 0, 0)

ASTB / \

RD T\ /
ADO to AD7 X Lower address X Read data X
AB to A15 X Higher address

(b) When wait state is set (PW1, PWO0 = 0, 1)

ASTB / \
RD : A /
ADO to AD7 X e Read data X
A8 1o A15 X Higher address
Intemal wait signal -=--~--===-s=s-scscccaco-. \ JooTmemmmmmemmemees
(1 clock wait) Ncmce—a ’

aste [T\ “
ﬁ \ {( /

{
ADO to AD7 K e b Read data X

A8 to A15 X «  Higher address

WAIT ﬂ_%__/
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Figure 14-7. Write Timing of External Memory

(a) When no wait state is set (PW1, PW0 = 0, 0)

ASTB / \
WA \ /
ADO to AD7 XLM address )- ---------------- < Write data X
A8 to A15 X Higher address X

{b) When wait state is set (PW1, PW0 =0, 1)

Hi-Z
ADO 1o AD7 x s >' ---------- p- S -( Write data )(

ABto A15 X Higher address X
Intemal wait signal  =~~-----=----e---cmccsceccccacorocescccosaann v it ek
{1 clock wait) | P ’

ASTB / \ IG
N
WR \ ,;, /
o Tower Hi-Z % .
ADO to AD? i e < . Write data X
1l
L
AS to A15 X Higher address v . X

WAIT \___S S—J
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Figure 14-8. Read-Modify-Write Timing of External Memory

(@) When no wait state is set (PW1, PWO0 = 0, 0)

ASTB / \

RD \ g
WR \ /
Hi-Z
ADOto AD7 ~ X Lower address X Read data >== Write data ¢
A8to A1S X Highar address X

(b) When wait state is set (PW1, PW0 =0, 1)

ASTB / \
RD \ /
WR \ /
Hi-Z
ADO to AD7 Xower adaress) Read data < Write data X
AB to A15 X Higher address X
Intemal waitsigngg T """ TTTTTTTTesS % 2N \ P

(1 clock watt) Temme- ! temmme- -

{¢) When external wait state is set (PW1, PW0 =1, 1)

ASTB / \ " 'y
) 11}
— )}
RD A / B
L1
— s | —
WR \ %
. Hi-Z 3)
ADQ to AD7 X Lowec aaress X ;: Read data < \.__Write data X
1 {
e 1t
ABto A15 X 1 Higher address = X
WAIT \-——N——J \__n_/
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CHAPTER 14 EXTERNAL DEVICE EXTENSION FUNCTION

14.4 Example of Connection with Memory

Figure 14-9 shows an example of connecting the uPD780924 and external memories. In this application example,
SRAM is connected. in addition, the external device expansion function is used in the full address mode, and 32K
bytes of addre;ses, 0000H to 7FFFH, are allocated to internal ROM; addresses 8000H and higher are allocated to

SRAM.

HPD780924

Figure 14-9. Example of Connecting uyPD780924 and Memories

-

WR

Data bus
uPD43256B
—l Cs
b ol
OE
WE

1O1-1/08

A8 to A14

A0 to A4

ASTB

HPD74HCS573

)

ADO to AD7

212
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CHAPTER 15 STANDBY FUNCTION

15.1 Standby Function and Configuration

15.1.1 Standby function
The standby function is to reduce the power dissipation of the system and can be effected in the following two
modes:

{1) HALT mode
This mode is set when the HALT instruction is executed. The HALT mode stops the operation clock of the
CPU. The system clock oscillation circuit continues oscillating. This mode does not reduce the power
dissipation as much as the STOP mode, but is usefut for resuming processing immediately when an interrupt
request is generated, or for intermittent operations such as a watch operation.

(2) STOP mode
This mode is set when the STOP instruction is executed. The STOP mode stops the system clock oscillation
circuit and stops the entire system. The power dissipation of the CPU can be substantially reduced in this
mode.
The low voltage (Voo = 2.0 V) of the data memory can be retained. Therefore, this mode is useful for retaining
the contents of the data memory at an extremely low current.
The STOP mode can be released by an interrupt request, 5o that this mode can be used for the intermittent
operation. However, certain time is required until the system clock oscillation circuit stabilizes after the STOP
mode has been released. If processing mustbe resumed immediately by using an interrupt request, therefore,
use the HALT mode.

In both modes, the previous contents of the registers, flags, and data memory before setting the standby mode
are all retained. In addition, the statuses of the output latch of the VO ports and output buffer are also retained.

Cautions 1. To set the STOP mode, be sure to stop the operations of the peripheral hardware, and then
execute the STOP instruction.
2. To reduce the power dissipation of the A/D converter, clear bit 7 (ADCSO0) of A/D converter
mode register (ADMO) to 0 to stop the A/D conversion, and then execute the HALT or STOP
instruction.
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CHAPTER 15 STANDBY FUNCTION

15.1.2 Registers controlling standby function
The wait time during which oscillation is stabilized after the STOP mode has been released by an interrupt request -

is controlled by the oscillation stabilization time select register (OSTS).
OSTS is set by an 8-bit memory manipulation instruction.
This register is set to 04H when the RESET signal is input. Therefore, to release the STOP mode by inputting

the RESET signal, the time required to release the mode is 217 /1.

Figure 15-1. Format of Oscillation Stabilization Time Select Register

Symbol 7 6 5 4 3 2 1 0 Address  On reset RW
osts | o o | o 0 | o |osTs2|osTsi|osTso] FFFAH 04H RW
A N—

Selects oscillation stabilization time

0STS2/0STS1/0STSO whaen released the STOP mode.

0 0 | 2'%x(488.8 us)

0 0 1 2%/fx (1.96 ms)

0 1 0 2"%#x (3.91 ms)

0 1 1 2'%ix (7.82 ms)

1 0 0 2"7/fx (15.6 ms)
Others Setting prohibited

Caution The wait time when the STOP mode is released does not include the time required for the clock
oscillation to start after the STOP mode has been released (see "a" in the figure below),
regardiess of whether the mode has been released by the RESET signal or an interrupt request.

STOP mode released

Voltage
waveform

of X1 pin
— a
Vsst e
Remarks 1. fx: system clock oscillation frequency
2. (): atfx = B.38-MHz operation
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CHAPTER 15 STANDBY FUNCTION

15.2 Operation of Standby Function

15.2.1 HALT mode

(1) Setting and operation status of HALT mode
The HALT mode is set by executing the HALT instruction.
The operation status in the HALT mode is shown in the table below.

Table 15-1. Operation Status in HALT Mode

Itermn

Operation Status

Clock generation circuit

Oscitlatable
Supply of clock to CPU is stopped.

CPU

Stops operation

Port (output latch)

Retains previous status before setting HALT mode.

10-bit inverter control timer

8-bit timer/event counter

Watchdog timer

A/D converter

Real-time output port

Serial interface

External interrupt

Operable

Externally

extended bus line

ADO to AD7 High impedance

A8 to A15 Retains previous status before setting HALT mode.
ASTB Low level

WR, RD High level

WAIT High impedance
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CHAPTER 15 STANDBY FUNCTION

(2) Releasing HALT mode
The HALT mode can be released by the following three types of sources:

(a) Releasing by unmasked interrupt request
The HALT mode is released by an unmasked interrupt request. In this case, if the interrupt is enabled
to be accepted, vectored interrupt processing is performed. If the interrupt is disabled, the instruction

at the next address is executed.

Figure 15-2. Releasing HALT Mode by Interrupt

HALT
instruction Wait

r ™
Standby H
release signal H

Operation
mode HALT mode Wait l Operation mode
i
Clock Oscillation

Remarks 1. The dotted line indicates the case where the interrupt request that has released the standby
mode is accepted.
2. The wait time is as follows:
* When vectored interrupt processing is performed : 8to 9 clocks
* When vectored interrupt processing is not performed : 2 to 3 clocks

(b) Releasing by non-maskable interrupt request
The HALT mode is released regardiess of whether the interrupt is enabled or disabled, and vectored
interrupt processing is performed.
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CHAPTER 15 STANDBY FUNCTION

{c¢) Releasing by RESET input
When the HALT mode is released by the RESET signal, execution branches to the reset vector address
in the same manner as the ordinary reset operation, and program execution is started.

Figure 15-3. Releasing HALT Mode by RESET Input

HALT Wait
instruction (2":‘fx: 15.6 ms) |
—— l b1 I
RESET 1§
signal
Oscillation
Operation Reset stabilization Operation
mode . HALT mode period wait status l mode
| Osciliation I
Clock Oscillation stops Oscillation
Remark (): atfx = 8.38 MHz operation
Table 15-2. Operation after Reiease of HALT Mode
Releasing Source MEKxx PRxx IE ISP Operation
Maskable interrupt request 0 0 0 X Executes next address instruction.
o o) 1 x Executes interrupt processing.
0 1 0] 1 Executes next address instruction.
0 1 x 0
0 1 1 1 Executes interrupt processing.
1 x x x Retains HALT mode.
Non-maskable interrupt request - - x X Executes interrupt processing.
RESET input - - x x Resets processing.

Remark x: don'tcare
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CHAPTER 15 STANDBY FUNCTION

15.2.2 STOP mode

(1) Setting and operation status of STOP mode
The STOP mode is set by executing the STOP instruction.

Cautions 1. When the STOP mode is set, X2 pin is internally pulled up circuited to Voo1 to suppress
the current leakage of the crystal oscillation circuit block. Therefore, do not usethe STOP
mode in a system where the external clock is used as the system clock.

Because the standby mode can be released by an interrupt request signal, the standby
mode is released as soon as itis set ifthere is an interrupt source whose interrupt request
flag is set and interrupt mask flag is reset. When the STOP mode is set, therefore, the
HALT mode is set immediately after the STOP instruction has been executed, the wait
times set by the oscillation stabilization time select register (OSTS) elapses, and then

an operation mode is set.

2

.
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CHAPTER 15 STANDBY FUNCTION

The following table shows the operation status in the STOP mode.

" Table 15-3. Operation Status in STOP Mode

ltem Operation Status
Clock generation circuit Oscillation stopped
CPU Stops operation.
Output port (output latch) Retains previous status immediately before STOP instruction execution.

10-bit inverter control timer Stops operation.

8-bit timer/event counter Operable only when TI50, Ti51, or TI52 is selected as count clock

Watchdog timer Stops operation.

A/D converter

Real-time output port Operable when external trigger is used or when TIS1 or TI52 is selected as
count clock of 8-bit timer/event counter.
Serial interface Stops operation.
External interrupt Operable
Externally| ADO to AD7 High impedance
exterrded A8 to A15 Retains previous status immediately before STOP instruction execution.
bus fine ASTB Low leve!
WR, RD High level
WAIT High impedance
I Ly2?525 0099679 93 W 219
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CHAPTER 15 STANDBY FUNCTION

(2) Releasing STOP mode

The STOP mode can be released by the following two types of sources:

(a) Releasing by unmasked iﬁterrupt request

The STOP mode canbe released by an unmasked interrupt request. In this case, if the interrupt is enabled
to be accepted, vectored interrupt processing is performed, after the oscillation stabilization time has
elapsed. If the interrupt is disabled to be accepted, the instruction at the next address is executed.

Figure 15-4. Releasing STOP Mode by Interrupt

Wait
__SToP ( set time by OSTS) |
instruction I
)]
Standby U T
rel signal HE
Operation Oscillation stabilization Operation
mode STOP mode wait status | mode
Oscillation |
Clock Oscillation stops Oscillation

Remark The dotted line indicates the case where the interrupt request that has reléased the standby

mode is accepted.
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CHAPTER 15 STANDBY FUNCTION

(b) Releasing by RESET input
When the STOP mode is released by the RESET signal, the reset operation is performed after the
oscillation stabilization time has elapsed.

Figure 15-5. Releasing STOP Mode by RESET Input

Wait
insstL(Z:o . (27fix: 15.6 ms)

[P— ‘ )
RESET W

signal l l

Oscillation
Operation Reset stabilization Operation
mode STOP mode period wait status mode
Oscillation
Clock Oscillation stops Oscillation

Remark (): atfx = 8.38-MHz operation

Table 15-4. Operation after Release of STOP Mode

Releasing Source MKxx PRxx IE ISP Operation

Maskable interrupt request 0 0 0 x Executes next address instruction.
0 0 1 x Executes interrupt processing.
0 1 0 1 Executes next address instruction.
0 1 x 0
0 1 1 1 Executes interrupt processing.
1 x x X Retains STOP mode.

RESET input - - x x Resets processing.

Remark x: don't care
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CHAPTER 16 RESET FUNCTION

The reset signal can be effected by the following two methods:

(1) External reset input from RESET pin
(2) Intemal reset by inadvertent loop time detection by watchdog timer

There is no functiona! difference between the external reset and internal reset, and execution of the program is
started from addresses written to addresses 0000H and 0001H when the RESET signal is input.

The reset function is effected when a low-level signal is input to the RESET pin or when an overflow oceurs in
the watchdog timer. As a result, each hardware enters the status shown in Table 16-1. Each pin goes into a high-
impedance state while the RESET signal is input, and during the oscillation stabilization time immediately after the
reset function has been released.

When a high-level signal is inputto the RESET pin, the reset function is released, and program execution is started
after oscillation stabilization time (217/fx) has elapsed. The reset function effected by an overflow in the watchdog
timer is automatically released after reset, and program execution is started after the oscillation stabilization time (2'7/
fx) has elapsed (refer to Figures 16-2 to 16-4).

Cautions 1. Input a low-level signal to the RESET pin for 10 us or longer to execute external reset.
2. Osciilation of the system clock is  stopped while the RESET signal is input.
3. To release the STOP mode by the RESET input, the contents in the STOP mode are retained
while the RESET signal is input. However, the port pins go into a high-impedance state.

Figure 16-1. Block Diagram of Reset Function

RESET © ﬂ—\ Reset : Reset
/ control circuit signal
. Overflow Interrupt
Count clock Watchdog timer function
Stop
B Lu2?525 0099643 014 EW 223
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CHAPTER 16 RESET FUNCTION

Figure 16-2. Reset Timing by RESET Input

Xt _/_\_/—\_/_\._./—\ Wﬂ/\ﬂ/\_/—\_/—\J_\_
. illation .
During nomal | Reset period ! sot:b?ililig‘t)i on Normal operation

(reset processing)

operation \ E (oscillation stop) time wait
RESET N /i
1 T ' ]
1 P
intemal : h : '
reset signat ! ! - A
1 ! ]
—i bt
Delay Delay

Hi-Z
Port pin >- -------------------------- e

Figure 16-3. Reset Timing by Overflow in Watchdog Timer

SVAVAVAVA I VAVAVAES

Oscillation

. . Reset period P Normal operation
During normal operation {oscillation stop) —~— :tr::lt'z:jttlon —t— (reset processing)

Overfiow in
watchdog timer

Intemal
reset signal

E

port pin L. - SO ———

Figure 16-4. Reset Timing by RESET Input in STOP Mode

']
STOP instruction execution Reset period Oscillation

. . . AR Normal opération
During normal n__LStop‘sta.tus «le— (oscillation —ele— stabilization —efe— " .
9 operatiol I (oscillation stop) | itop) time wait (reset processing)

'
: —
M 1 i
, ) '

i L R '

i :

intemnal , ] ;

- reset signal H ' ! :
' 1

Port pin >— ------------------- B e

RESET
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CHAPTER 16 RESET FUNCTION

Table 16-1. Status of Each Hardware after Reset (1/2)

Hardware Status after Reset
Program counter (PC)Note 1 Contents of reset vector table
{OO000H, 0001H) are set
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory UndefinedNote 2
General-purpose register _ UndefinedNote 2
Port (output latch) Ports 0 to 3 (PO to P3) O0H
Ports 4 to 6 (P4 to P6) Undefined
Port mode register (PM0, PM2 to PM6) FFH
Puli-up resistor option register (PUD, PU2 to PUS) O0H
Processor clock control register (PCC) 04H
Memory extension mode register (MEM) O0H
Memory extension wait setting register {(MM) 10H
Memory size select register (IMS) CFHNote 3
Oscillation stabilization time select register (OSTS) 04H
Real-time output port Mode register (RTPMO) 00H
Control register (RTPCO) OOH
Buffer register (RTBLO, RTBHO0) O0OH
10-bit inverter contro! timer | Compare register (CMO to CM2) 00H
Compare register (CM3) FFH
Buffer register (BFCMOD to BFCM2) O00H
Buffer register (BFCM3) OFFH
Reload register (DTIME) FFH
Control register (TMC7) 00H
Mode register (TMM7) 00H
8-bit timer/event counter Timer register (TM50 to TM52) 00H
Compare register (CM50 to CM52) Undefined
Clock select register (TCL50 to TCL52) 00H
Mode control register (TMC50 to TMC52) 04H

Notes 1. Only the contents of the PC among hardware become undefined during reset input and oscillation
stabilization time wait. The other status is not different from that after reset as above.

2. The status after reset is retained in the standby mode.

3. The initial value of this register is CFH. Set the following value to this register of each version.

1PD780921, 780961: 42 H
uPD780922, 780962: 44 H
£PD780923, 780963: Cé H
uPD780924, 780964: C8H

uPD78F0924, 78F0964: Value corresponding to those of mask ROM versions
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CHAPTER 16 RESET FUNCTION

Table 16-1. Status of Each Hardware after Reset (2/2)

Hardware Status after Reset
Watchdog timer Clock select register (WDCS) 00H
Mode register (WDTM) 00H
Serial interface Asynchronous serial interface mode register O0H
(ASIM00, ASIMO1)
Asynchronous serial interface status register OOH
(ASIS00, ASIS01) ’
Transmit shift register (TXS00, TXS01) FFH
Receive buffer register (RXB0O, RXB01) FFH
Baud rate generator control register 00H
(BRGCO00, BRGCO1)
A/D converter Mode register (ADMO) O0H
Conversion resuilt register (ADCRO0) Undefined
Analog input channel specification register (ADS0) 00H
Interrupt Request flag register (IFOL, IFOH) 00H
Mask flag register (MKOL, MKOH) FFH
Priority specification flag register (PROL, PROH) FFH
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H

M Ly27525 0099L8L 823 W
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CHAPTER 17 uPD78F0924, 78F0964

Data can be written to the flash memory with the device mounted on the target system (on-board). Write data

to the flash memory by connecting the Flashpro to the host machine and target system.

Remark Flashpro is a product of Naitou Densei Machidaseisakusho Co., Ltd.

17.1 Selecting Communication Mode

Data are written to the flash memory by using the Flashpro and by means of serial communication. Select a
communication mode from those listed in Table 17-1. To select a communication mode, use the format shown in
Figure 17-1. Each communication mode is selected by the number of Vre pulses shown in Table 17-1.

Table 17-1. Communication Modes

P35/RTPS (serial data output)
P36/RTP6 (serial ciock input)

Communication Mode Number of Channels Pins Used Number of Vee Pulses
UART 2 RxD00/P20 8
TxD00/P21
RxD01/P22 9
TxD0O1/P23
Pseudo 3-wire modeNote | 2 P24/TISO/TOS0 (serial data input) 12
P25/T151/TOS51 (serial data output)
P26/TI152/TO52 (serial clock input)
P34/RTP4 (serial data input) 13

Note Serial transfer is executed by controlling the port by software.

Caution Be sure to select a communication mode by specitying the number of Ver pulses shown in Table

17-1.

Vee

RESET

Figure 17-1. Communication Mode Selecting Format

Sl

0V

Voo

Vss

Vss

)|

n

A/ “
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CHAPTER 17 uPD78F0924, 78F0964

17.2 Function of Flash Memory Programming

Data is written to the flash memory by transmitting or receiving commands and data in the selected communication
mode. The major functions are listed in Table 17-2.

Table 17-2. Major Functions of Flash Memory Programming

Function Description
Batch erase Erases all contents of memory.
Batch blank check Checks erased status of entire memory,
Data write Writes data to flash memory based on write start address and number of data (bytes) to be written.
Batch verify Compares all contents of memory with input data.
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CHAPTER 17 uPD78F0924, 78F0964

17.3 Connecting Flashpro

Connection between the Flashpro and uPD78F0924 (or uPD78F0964) differs depending on the communication
mode. Figures 17-2 and 17-3 show the connections in the respective communication modes.

Figure 17-2. Connection of Flashpro in UART Mode (when UARTO00 is used)

Flashpro : uPD78F0924
Vepnhet Vee
Voo Vooo
RESET RESET
SO RxD00
Si TxDOO
Vss Vsso

Note n=1,2

Figure 17-3. Connection of Flashpro in Pseudo 3-Wire Mode (when port 2 is used)

Flashpro u#PD78F0924
Vepn'ot® Vee
Voo Vooo
RESET RESET
SCK P26 (serial clock)
SO P24 (serial input)
S! P25 (serial output)
Vss Vsso

Note n=1,2
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CHAPTER 18 INSTRUCTION SET

This chapter lists the instruction set of the uPD780924 and 780964 subseries. For the details of the operation

and machine language (instruction code) of each instruction, refer to 78K/0 Series User's Manual - instruction (IEU-
1372).
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CHAPTER 18 INSTRUCTION SET

18.1 Legend

18.1.1 Operand representation and description formats

In the operand field of each instruction, an operand is described according to the description format for operand
representation of thatinstruction (for details, refer to the assembler specifications). Some operands may be described
intwo or more description formats. In this case, select one of them. Uppercase characters, #,1, $, and [ ] are keywords
and must be described as is. The meanings of the symbols are as follows:

* # : immediate data e $ : relative address
¢ | : absolute address * []: indirect address

To describe immediate data, also describe an appropriate numeric value or label. To describe a label, be sure

to describe #, 1, $, or [ .
Register description formats r or rp for an operand can be described as a function name (such as X, A, or C)or
absolute name (the name in parentheses in the table below, such as RO, R1, or R2).

Table 18-1. Operand Representation and Description Formats

Representation Description Format
r X (R0). A (R1), C (R2), B (R3), E (R4), D (RS), L (RS), H (R7)
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbolNote
sfrp Special function register symbol (only even address of register that can be manipulated in

16-bit units)Note
saddr FE20H to FF1FH immediate data or label
saddmp FE20H to FF1FH immediate data or label (even address only)
addri16 0000H to FFFFH immediate data or label
(even address only for 16-bit data transfer instruction)
addr11 0800H to OFFFH immediate data or label
addrs 0040H to 007FH immediate data or label (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RB8n RBO to RB3

Note FFDOH to FFDFH cannot be addressed.

Remark For the symbols of the special function registers, refer to Table 3-6 Special Function Register List.
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CHAPTER 18 INSTRUCTION SET

18.1.2 Description of operation column

m-n:comgr'zmoomx:b
vTOoOrmo

PSwW

AC

RBS

NMIS

addr16 :
jdisp8 :

: A register; 8-bit accumulator

: Xregister

. B register

. C register

: D register

: E register

: H register

¢ L register

: AX register pair; 16-bit accumulator

: BC register pair

. DE register pair

. HL register pair

I program counter

. stack pointer

: program status word

: carry flag

: auxiliary carry flag

: zero flag

: register bank select flag

: interrupt request enable flag

: non-maskable interrupt processing flag
: memory contents indicated by contents of address or register in ()
: higher 8 bits and lower B bits of 16-bit register
: logical product (AND)

. logical sum (OR)

. exclusive logical sum (exclusive OR)

: inverted data

16-bit immediate data or label
signed 8-bit data (displacement value)

18.1.3 Description in flag operation column

(Blank) :
0

1
x
R

Power ed by | Cni ner.

not affected

. cleared to 0

: setto1

: seVcleared according to resuilt
: value saved before is restored
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CHAPTER 18 INSTRUCTION SET

18.2 Operation List

Inztt::o::‘t‘i’on Mnemonic Operand Byte -~ ::IO::“ ) Operation 2 ’:::QCY
8-bit data | MOV r, #byte 2 | 4 -  [rebyte
transter saddr, #byte 3 | 6 (saddr) « byte
sfr, #byte 3 - sfr « byte
Ar Note3| 1 2 - Aer
LA Note3| 1 2 - reA
A, saddr 2 4 S A « (saddr)
saddr, A 2 4 5 {saddr) « A
A, sfr 2 - 5 A &« sfr
sfr, A 2 - 5 sfre A
A, laddr16 -3 8 9+n A« (addri6)
laddr16, A 3 8 9+m [(addri6) « A
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 JA « (DE)
[DE], A 1 [ 4 | 5+m [(DE)=A
A, [HL) 1 4 S5+n |Ae (HL)
[HL], A 1 4 I 5+m [(HL) A
A, [HL + byte] 2 | 8 | 9+n |Ae(HL+byte)
{HL + byte], A 2 8 | 9+m |{HL +byte) «= A
A, (HL + B} 1 6 7+n |Ae(HL+B)
[HL+ B}, A 1 6 7+m |(HL+B)e« A
A, [HL + C] 1 6 7+n |Ae(HL+C)
[HL+ C], A 1 6 7+m |(HL+C)e A

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data
is executed
2. When an area other than the internal high-speed RAM area is accessed
3. Exceptr= A

Remarks 1. One clock of an instruction is equal to one CPU clock (fcru) selected by processor clock control
register (PCC).
2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
4. m indicates the number of wait states when the external memory extension area is written.
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CHAPTER 18 INSTRUCTION SET
'"set‘;uo‘f}:f" Mnsmonic Operand Byte Note ::lol‘::to 2 Operation ¥4 FAlanCY
8-bit data | XCH AT Note3] 1 2 - Aer
transfer A, saddr 2 | 4 6 |A o (saddr)
A, sfr 2 - 6 A & sir
A, laddrig 3 8 |10+n+m [ A > (addr16)
A, [DE] 1 4 §+nem |A & (DE)
A, [HL] 1 4 | Genem |A e (HL)
A, [HL + byte] 2 8 [10+n+m |A & (HL + byte)
A, [HL + B} 2 8 [10+n+m |A e (HL +B)
A HL + C] 2 8 |10+n+em |A e (HL + C)
16-bit MOVW rp, #word 3 6 - P « word
data saddrp, #word 4 | 8 | 10 |(saddp) e word
transfer
sfrp, #word 4 - 10 sfrp « word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 [ 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « strp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Note 4| 1 4 - AX « 1p
P, AX Note 4| 1 4 - P « AX
AX, laddr16 3 10 |12 + 2n | AX + (addr16)
laddr16, AX 3 10 (12 + 2m | (addr16) « AX
XCHW AX, rp Note 4| 1 4 - AX & p
8-bit ADD A, #byte 2 4 - A, CY « A + byte x X X
Operation saddr, #byte 3 | s 8 |(saddr). CY « (saddr) + byte x x x
Ar Note3| 2 4 - ACY«—A+r X X X
rA 2 4 - nCYe—r+A X X x
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddrié 3 8 S+n 1A CY « A+ (saddri€) 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 |ACY—A+(HL+B) x x x
A [HL +C) 2 8 g+n [A,CY«A+(HL+C) X X X

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data

is executed

2. When an area other than the internal high-speed RAM area is accessed

3. Exceptr=A

4. Only when rp = BC, DE, HL

Remarks 1. One clock of an instruction is equal to one CPU clock (fcru) selected by processor clock control

register (PCC).

2. The number of clocks shown is when the program is stored in the internal ROM area.
n indicates the number of wait states when the external memory extension area is read.

w

4. m indicates the number of wait states when the external memory extension area is written.
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lnsGtrr':;:::;on Mnemonic Operand Byte Clock Operation Flag
Note 1| Note 2 Z ACCY
8-bit ADDC A, #byte 2 4 - A, CY « A +byte + CY X xX X
operation saddr, #byte 3]s 8 |(saddr), CY « (saddr) + byte + CY x X x
Ar Note3d| 2 4 - ACYe—A+r+CY Thlx o ox ox
r, A 2 4 - LCY«r+A+CY X X x
A, saddr 2 4 5 A, CY « A + (saddr) + CY C|x ox x
A, laddr16é 3 8 9+n [A CY « A+ (addrig) + CY X X X
A, [HL) 1 4 S+n (A, CYe«A+(HL)+CY X 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 X
A, [HL + C] 2 8 9+n |ACY~A+(HL+C)+CY X X X
sus A, #byte 2 | 4 - |A CY —A-byte x x x
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte x x x
Ar Note3d| 2 4 - ACY ~A-T1 X X X
rA 2 4 - nCYer-A X x X
A, saddr 2 4 5 A, CY « A — (saddr) X X x
A, laddri16 3 8 2+n [A CY « A - (addri6) X X X
A, [HL) 1 | 4 | 5+n [ACYeA-(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 CYeA-(HL+B) x X x
A, [HL + C] 2 8 8+n [ACYe« A=-(HL+C) X X x
suBc A, #byte 2 | a - |ACYe—A-byte-CY x x x
saddr, #byte 3 6 8 (saddr), CY « (saddr) - byte — CY X X x
Ar Note3| 2 4 - ACYe«A-r-CY x X x
LA 2 4 - rnCYer-A-CY X X x
A, saddr 2 4 5 A, CY « A — (saddr) - CY X x x
A, laddri6 3 8 9+n |A CY « A~ (addri6) - CY x X X
A, [HL] 1 | 4| 54+n [ACYeA-(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 |ACY«A-(HL+B)-CY x x x
A, [HL + C) 2 8 9+n |[ACY—A-(HL+C)-CY X X X

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data
is executed
2. When an area other than the internal high-speed RAM area is accessed
3. Exceptr= A

Remarks 1. One clock of an instruction is equal to one CPU clock (fcru) selected by processor clock control
register (PCC). ’
2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
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'ng};ﬁ?ﬂ Mnemonic Operand Byte Clock Operation Flag
Note 1} Note 2 Z ACCY
8-bit AND A, #byte 2 4 - A « AAbyte x
operation saddr, #byte 3 | s 8 |(saddr) « (saddr)Abyte x
Ar Note3| 2 4 - A« AAr x
r,A 2 4 - rerAA x
A, saddr 2 4 -1 A « AN (saddr) x
A, laddrié 3 8 9+n [Ae AA(addri6) x
A, {HL] 1 4 5+n |AeAA(HL) b
A, [HL + byte] 2 | 8| 9+n |AeAA(HL +byta) x
A, [HL + B} 2 8 9+n |Ae«AA(HL +B) x
A, [HL + C} 2 8 9+n |Ae& AA(HL +C) x
OR A, #byte 2 | 4 -  |A e AVbyte x
saddr, #byte 3 6 8 (saddr) « (saddr)Vbyte x
Ar Note3| 2 4 - A« AVr x
r, A 2 4 - r e VA x
A, saddr 2 4 5 |A « Av(saddr) x
A, taddr16 3 8 9+n |A+ AV(addri6) x
A, [HL] 1 4 5+n |Ae 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+ () x
XOR A, #byte 2 4 - A « A¥ byte x
saddr, #byte 3 6 8 (saddr) « (saddr) > byte x
Ar Note3| 2 4 - A AT x
rA 2 4 - f %A x
A, saddr 2 4 5 A « A+ (saddr) x
A, laddr16 3 8 9+n A« AV (addri6) x
A, [HL] 1 4 5+n |Ae A (HL) x
A, [HL + byte] 2 8 | 9+n A« AX(HL + byte) x
A, [HL + B] 2 8 9+n |Ae A¥(HL +B) x
A, [HL + C] 2 8 9+n A AMHL+O) x

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data
is executed

2. When an area other than the intemmal high-speed RAM area is accessed
3. Exceptr=A

Remarks 1. One clock of an instruction is equal to one CPU clock (fcru) selected by processor clock control
register (PCC).

2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
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Instruction . Clock . Flag
Group Mnemonic Operand Byte P Operation 7 ACGY
8-bit cme A, #byte 2 4 - A - byte X X x
operation saddr, #byte 3| s 8 |(saddr) - byte X X x
A Note3} 2 4 - A-r X X x
A 2 4 - r-A x X X
A, saddr 2 4 5 A ~ (saddr) x x X
A, laddri€ 3 8 9+n [A- (addri6) X X x
A, [HL) 1 4 S5+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
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation |sygw  [AX, #word 3 | s - |AX CY « AX - word X x x
CMPW AX, #word 3 ] - AX -~ word X x x
Multiply/ [ MULU X 2 16 - AX & Ax X
divide DIVUW |C 2 | 25 - JAX (quotient), C (remainder) « AX + C
Increment/ | INC r 1 2 - re-r+1 x x
decrement saddr 2 | 4 6 |(saddr) « (saddr) + 1 x x
DEC r 1 2 - rer=1 x x
saddr 2 4 ] (saddr) « (saddr) ~ 1 X X
INCW P 1 4 - permp+t
DECW p 1 4 - m«rtp—1
Rotate ROR A1 1 2 - (CY. A7 « Ao, Am-1 & Am) x 1 time x
ROL A1l 1 2 - {CY, Ao — A7, Am.+1 & Am) x 1 time x
RORC A1 1 2 - (CY & Ao, A7 & CY, Am-1 ¢« Am) x 1 time x
ROLC A1 1 2 - (CY « A7, Ao «~ CY, Ame1r «— Am) x 1 time x
ROR4 HL 2 | 10 [12snem |As-0 e« (HL)3-0, (HL)?-4 &« As-o0,
(HL)3-0 « (HL)7-«
ROL4 {HL] 2 | 10 | 124n+m |As-0 « (HL)r-4, (HU)3-0 « A3-q,
(HL)7 -4 & (HL)3-0

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data

is executed

2. When an area other than the internal high-speed RAM area is accessed
3. Exceptr=A

Remarks 1.
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register (PCC).

2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
4. m indicates the number of wait states when the external memory extension area is written.
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CH‘APTER 18 INSTRUCTION SET

Inztl;uotl:’t;on Mnemonic Operand Byte Clock Oparation ‘Flag
. Note 1| Note 2 Z ACCY
BCD ADJBA 2 4 - Decimal Adjust Accumulator after X X x
adjustment Addition
ADJBS 2 4 - Decimal Adjust Accumulator after X X X
Subtract
Bit MOV1 CY. saddr.bit 3 6" 7 CY « (saddr.bit) x
manipulation CY, sfr.bit 3| - | 7 loYestbi x
CY, A.bit 2 4 - CY « A.bit x
CY, PSW.bit 3 - 7 CY « PSW.bit x
CY, [HL].bit 2 6 | 7+n [CY « (HL).bit x
saddr.bit, CY 3 6 8 (saddr.bit) « CY
stfr.bit, CY 3 - 8 sfr.bit « CY
A.bit, CY 2 4 - A.bit « CY
PSW.bit, CY 3 - 8 PSW.bit « CY X x
{HL).bit, CY 2 6 | 8enem |(HL).Dit « CY
ANDM CY, saddr.bit 3 6 7 CY « CY A(saddr.bit) x
CY, sfr.bit 3 - 7 CY « CY Asfr.bit x
CY, A.bit 2 4 - CY « CY AA.bit x
CY, PSW.bit 3 - 7 CY « CY APSW.bit x
Cv, [HL].bit 2 6 7+n |CY « CYA(HL).bit x
OR1 CY, saddr.bit 3 6 7 CY « CYV(saddr.bit) x
CY, sfr.bit 3 - 7 CY « CYVsfr.bit x
CY, A.bit 2 4 - CY « CYVA.bit x
CY, PSW.bit 3 - 7 CY « CYVPSW.bit x
CY, {HL].bit 2 6 7+n |CY « CYV(HL).bit x
XOR1 CY, saddr.bit 3 6 7 CY « CY %+ (saddr.bit) x
' CY, sfr.bit 3 4 - 7 |CY « CY -~ sirbit x
CY, A.bit 2 4 - CY « CY » A.bit x
CY, PSW. bit 3 - 7 CY « CY » PSW.bit x
CY, [HL).bit 2 ] 7+n |CY « CY & (HL).bit : x

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data
is executed

2. When an area other than the internal high-speed RAM area is accessed

Remarks 1. One clock of an instruction is equal to one CPU clock (fcpu) selected by processor clock control
register (PCC).
2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
4. m indicates the number of wait states when the external memory extension area is written.
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Instruction Clock . Flag
Mnemonic Operand Byta Operation
Group P Ve ote 1 Note 2 Z AccY
Bit SET1 saddr.bit 2 4 6 {saddr.bit) « 1
manipulation sfr.bit 3 | - 8 |sfrbite 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
(HL].bit 2 Bsnem |(HL).bit « 1
CLR1 saddr.bit 2 ] (saddr.bit} « 0
sfr.bit 3 - 8 sfr.bit e 0
A.bit 2 4 - A.bit <0
PSW.bit 2 - 6 PSW.bit <0 X X X
{HL].bit 2 6 8+n+m |(HL).bit «— O
SET1 (o4 4 1 2 - CYe1 1
CLR1 CcY 1 2 - CY «0 0
NOT1 cY 1 2 - Jeye«<CY x
Call/return | CALL taddr16 3|7 ~  |(S8P=1) « (PC « 3)n, (SP - 2) « (PC + 3)..
PC « addr16, SP <SP -2
CALLF  |laddri1 2 | s -  [{SP=1) « (PC + 2, (SP = 2) « (PC + 2)1,
PCis-11 « 00001, PCio-0 « addrit,
SP < SP-2
CALLT [addrs] 1 6 - (SP~1) e (PC+ 1), (SP = 2) - (PC + 1),
PCh « (00000000, addr5 + 1),
PCt « (00000000, addr5),
SPe5P-2
BRK 1] 86 - [(SP~1) « PSW, (SP = 2) « (PC + 1)n,
(SP — 3) « (PC + 1), PCn « (003FH).
PCL « (003EH), SP«— SP -3, IE&« 0
RET 1 6 - PCn « (SP + 1), PCL « (SP),
SPe—SP+2
RETI 1 6 - PCH « (SP + 1), PCL « (5P), R R R
PSW « (SP + 2), SP « SP + 3,
NMIS « 0
RETB 1 6 - PCh « (SP + 1), PCL « (SP), R R R
PSW e (SP+2),SP <SP+ 3

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data
is executed _
2. When an area other than the internal high-speed RAM area is accessed

Remarks 1. One clock of an instruction is equal to one CPU clock (fcru) selected by processor clock control
register (PCC).
2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
4. m indicates the number of wait states when the external memory extension area is written.
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CHAPTER 18 INSTRUCTION SET

I"sGt:uoit:)on Mnemonic Operand Byte Clock Operation Flag
Note 1| Note 2 Z ACCY
Stack PUSH PSW 1 2 - (SP-1) «PSW,SP « SP~1
manipulation ® 1| a| - |P-D)ermu(SP-2)m.
SP e SP-2 }
POP PSwW 1 2 - PSW & (SP), SP « SP + 1 R R R
p 1 4 - pH « (SP + 1), rpL « (SP),
SP«SP+2
MOVW SP, #word 4 - 10 SP « word
SP, AX 2 - SP « AX
AX, SP 2 - 8 AX « SP
Unconditionall| BR laddr16 3 6 - PC « addri6
branch Saddr16 2 | 6 -~ |PC« PC+24+jdisps
AX 2 8 - PCr « A, PCL+~ X
Conditional| BC Saddr16 2 6 - PC « PC + 2 +disp8 if CY = 1
branch  igne Saddri6 2 | s - |PCe«PC+2+jdisp8if CY =0
B8z Saddrib 2 [ - PC« PC+2+|disp8ifZ=1
BNZ Saddr16 2 6 - PC &« PC+2+|disp8ifZ=0
BT saddr.bit, Saddr1é 3 8 9 PC « PC + 3 + jdisp8 if (saddr.bit) = 1
str.bit, $addr16 4 - 11 PC « PC + 4 + [disp8 if sfr.bit = 1
A.bit, $Saddr16 3 8 - PC « PC + 3 + jdisp8 if A.bit = 1
PSW.bit, Saddr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL).bit, Saddr16 3 10 | 11 +n |PC « PC + 3 + jdisp8 if (HL).bit=1
BF saddr.bit, Saddri6 4 10 11 PC « PC + 4 + disp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 - 1 PC « PC + 4 + jdisp8 if sfrbit= 0
A bit. Saddr16 3 8 - PC « PC + 3 + jdisp8 if A.bit=0
PSW.bit. Saddri6 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

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data
is executed

2. When an area other than the internal high-speed RAM area is accessed

Remarks 1. One clock of an instruction is equal to one CPU clock (fcru) selected by processor clock control
register (PCC).
2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
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Instruction Clock i Flag
Mnemonic Operand Byte Operation
Group P " Note 1| Note 2 Z ACCY
Conditional| BTCLR saddr.bit, $addr16 4 10 12 PC « PC + 4 + jdisp8 if (saddr.bit) = 1
branch then reset (saddr.bit)
sfr.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit= 1
then reset A.bit
PSW.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if PSW.bit = 1 X xX x
then reset PSW.bit
[HL].bit, $addr16 3 10 | 12¢+nem |PC « PC + 3 + jdisp8 it (HL).bit=1
then reset (HL).bit
DBNZ B, $addr16 2 6 - B « B -1, then
PCe—PC+2+idisp8ifB=0
C, Saddr16 2 [ - C « C -1, then
PC«—PC+2+idispBifC=20
saddr, $addr16 3 8 10 (saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) # 0
cPU SEL RBn 2 | s - |RBS1,0en '
control NOP 1 2 - No operation
El 2 - 6 IE « 1 (Enable interrupt)
DI 2 - 6 IE « 0 (Disable interrupt)
HALT 2 6 - Set HALT mode
STOP 2 6 - Set STOP mode

Notes 1. When the internal high-speed RAM area is accessed or when an instruction that does not access data
is executed
2. When an area other than the internal high-speed RAM area is accessed

Remarks 1. One clock of an instruction is equal to one CPU clock (fcru) selected by processor clock control
register (PCC).
2. The number of clocks shown is when the program is stored in the internal ROM area.
3. nindicates the number of wait states when the external memory extension area is read.
4. mindicates the number of wait states when the external memory extension area is written.

18.3 instruction List by Addressing

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ

2
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CHAPTER 18 INSTRUCTION SET

2nd Operand [HL + byte] :
#byte| A | Not® | str |saddrlladdri6| PSW | [DE] | [HL] ([HL+B]Saddr16] 1 | None
1st Operand [HL + C] i
A ADD MOV [MOV |[MOV MOV |MOV [MOV |MOV |MOV ROR
ADDC XCH {XCH |XCH {XCH XCH |XCH |XCH ROL
suB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC|ADDC ADDC|ADDC ROLC
AND suB SuB |sus SUB |SuB
OR sSuBC SUBC;SUBC SUBC;{SUBC
XOR AND AND |AND AND |AND
CMP OR OR |OR OR |OR
XOR XOR |XOR XOR |XOR
CMP CMP |CMP CMP |CMP
r MOV |MOV INC
ADD DEC
ADDC
suB
SuUBC
AND
OR
XOR
CcMmP
B, C ‘ DBNZ
sfr MOV |MOV
saddr MOV |MoV ' DBNZ INC
ADD DEC
ADDC
suB
sSuBC
AND
OR
XOR
CMP
taddr16 MOV
PsSw MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
¢ oIvVUW
Note Exceptforr=A
243
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{2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

2nd Operand
pe #word AX rpNote sfrp saddrp | laddri6 SP None
1st Operand
AX ADDW MOvVW MOVW MOVW MOvVw MOVW
susw XCHW
CMPW
p MOVW  |MOVWNote INCW
DECW
PUSH
POP
strp MOvw MOVW
saddrp MOvVwW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Oniy when rp = BC, DE, HL
{3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
2nd Operand
A.bit str.bit saddr.bit | PSW.bit | [HL].bit CcY $addr16 None
1st Operand '
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sir.bit MOV1 BT SET1
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLRt
BTCLR
PSW.bit MOV1 BT SET1
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
) BF CLR1
BTCLR
cY MOoV1 MOV1 MOV1 MoV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
244
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(4) Call/branch instructions

CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

2nd Operand
1st Operand

AX

laddr16

laddr11

[addr5]

$addri6

Basic instruction

BR

CALL
BR

CALLF

CALLT

BR
B8C
BNC
BZ
BNZ

Compound
instruction

8T

BF
BTCLR
DBNZ

{5) Other instructions

ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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[MEMO]

PAGE (S) INTENTIONALLY BLANK
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for development of systems using the #PD780924 and 780964
subseries.

Figure A-1 shows development tools.
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Figure A-1. Development Tool Configuration
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A.1 Language Processing Software

RA78K/0 ' Program that converts program written in mnemonic into object codes that
Assembler package can be executed by microcontroller.

In addition, automatic functions to generate symbol table and optimize
branch instructions are aiso provided.

Used in combination with optional device file (DF780964).

Part number: uSxxxxRA78K0

CC78K/0 Program that converts program written in C language into object codes that
C compiler package can be executed by microcontroller.

Used in combination with optional assembler package {RA78K/0) and
device file (DF780964).

Pant number: uS>xocxCC78K0

DF780964Note 1, 2 File containing information peculiar to the device.

Device file Used in combination with optional RA78K/0, CC78K/0, SM78KO0, or ID78KO0.
Part number: uSxocxDF780964

CC78K/0-L Source program of functions for generating object library included in C

C library source file compiler package (CC78K/0).

Necessary for changing object library included in CC78K/0 according to
customer’s specifications.

Part number: uSxxooxCC78K0-L

Notes 1. DF7B0S64 is a common file that can be used with RA78K/0, CC78K/0, SM78K0, and ID78K0.
2. Under development

Remark oo in part number differs depending on the host machine and OS used.

USxooxXRA78KO
HS>oxxCCT7BKO
1uSxoxDF780964
USx0xCC78K0-L

000K Host Machine os Supply Media
5A13 | PC-9800 Series MS-DOS™ 3.5" 2HD
Ver.3.30 to

5A10 Ver.5.2Note §" 2HD

7B13 | IBM PC/AT™ and Refer 1o A.4 3.5 2HC

7810 compatible machines 5 2HC

3H15 | HP9000 Series 300T™ HP-UX™™ (re].7.05B) Cartridge tape
(QIC-24)

3P16 HPY000 Series 700T™ HP-UX (rel.9.01) Digital audio tape
(DAT)

3K15 | SPARCstation™ SunOS™ (rel.4.1.1) Cartridge tape

3M15 | EWS4800 Series (RISC) | EWS-UX/V (rel.4.0) (QIC-24)

Note Although MS-DOS Ver. 5.0 and above have a task swap function, this function
cannot be used with this software.
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A.2 Flash Memory Writing Tools

Flash writer dedicated to microcontroller with flash memory.

Flash memory writing adapter

Flashpro
Flash writer This is a product of Naitou Densei Machidaseisakusho Co., Ltd.
FA-64CWNote Flash memory writing adaptar for the uPD780924 and 780964 subseries and is

connected to the Flashpro. This adapter is for a 64-pin plastic shrink DIP (CW

type).
This is a product of Naitou Densei Machidaseisakusho Co., Ltd.

FA-64GCNote
Flash memory writing adapter

Flash memory writing adapter for the uPD780924 and 780964 subseries and is
connected to the Flashpro. This adapter is for a 64-pin plastic QFP (GC-ABS type).
This is a product of Naitou Densei Machidaseisakusho Co., Ltd.

Note Under development
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A.3 Debugging Tools

A.3.1 Hardware

1E-780000-SNote
in-circuit emulator

This in-circuit emulator is used to debug hardware and software when an
application 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. For connection with EWS, 10Base-T and 10Base-5 are
supported as Ethernet™,

IE-70000-98-IF-B
interface adapter

Adapter necessary when using the PC-9800 series (except the notebook
type) as the host machine of the IE-780000-SL.

IE-70000-98N-IF
interface adapter

Adapter and cable necessary when using the notebook type PC-9800 series
as the host machine of the IE-780000-SL.

This adapter cannot be connected to a notebook type computer unless
the connector of the expansion bus is of 110-pin type.

1E-70000-PC-IF-8
interface adapter

Adapter necessary when using IBM PC/AT and compatible machines as the
host machine of the IE-780000-SL.

|E-78K0-SL-EMmNote
CPU core board

This board is used in combination with an in-circuit emulator, I/0 board, and
probe board, to emulate the CPU of the 78K/0 series.

IE-780964-S|_-EM1Note
probe board

This board is used to set mask options and convert pin connection.

EP-64Cw-S_Note
emulation probe

This is a probe to connect an in-circuit emulator and target system.
It is for a 64-pin plastic shrink DIP (CW type).

EP-64GC-S| Note
emulation probe

This is a probe to connect an in-circuit emulator and target system.

It is for 64-pin plastic QFP (GC-ABS type).

One 64-pin conversion socket, TQPACKO064SA, which facilitates develop-
ment of the target system is supplied as an accessory.

TQPACKO064SA
conversion socket

This conversion socket connects the board of the target system created
for mounting 64-pin plastic QFP (GC-ABS type) and the EP-64GC-SL.

The TQPACKO064SA is made by TOKYO ELETECH CORPORATION (Tokyo
(03)5295-1661). Contact an authorized NEC distributor to purchase this product.

Note Under development
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A.3.2 Software (1/2) -

SM78K0 This simulator simulates the operation of the target system on the host
system simulator machine and is used to debug the target system at C source level or
assembler level.

The SM78KO operates in Windows™,

By using the SM78KO0, the logic and performance of the application can be
verified independently of hardware development even if an in-circuit emu-
lator is not used, so that the development efficiency can be enhanced and
software quality can be improved.

This simulator is used in combination with an optional device filte (DF780964).

Part number: uS>xoaxxSM78K0

Remark >oocxin the part number differs depending on the host machine and OS used.

USx0xSM78K0
000K Host Machine 0s Supply Media

AA13 | PC-9800 series MS-DOS (Ver.3.30 to Ver.6.2Not) | 3.5 2HD
AA10 Windows (VerTS.O to Ver.3.1) | 6" 2HD

| AB13 | IBM PC/AT and compatible Refer to A.4. 3.5" 2HC
AB10 | machines (Japanese Windows) 5" 2HC
BB13 | IBM PC/AT and compatible 3.5" 2HC
BB10 machines (English Windows) §" 2HC

Note Although M3-DOS Ver.5.0 and above have a task swap function, this function
cannot be used with this software.
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A.3.2 Software (2/2)

ID78K0 This is a control program that is used to debug the 78K/0 series.
integrated debugger It uses Windows on a personal computer and OSF/Motif™ on EWS as a
graphical user interface, and has the appearance and operability conform-
ing to these interfaces. Moreover, debugging functions supporting C
language are reinforced, 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 debuggeris used in combination with an optional device file (DF780964).

Part number: uSxxoxID78K0

DF780964Note 1, 2 File storing information peculiar to the device.
device file Used in combination with optional RA78K/0, CC78K/0, SM78KO0, or ID78KO0.

Part number: uSxoxDF780964

Notes 1. The DF780964 is a common file that can be used with RA78K/0, CC78K/0, SM78K0, and ID78KO0.
2. Under development

Remark >c00< in the part number differs depending on the host machine and OS used.

HS>o0xID78K0
uSxooxxDF780964
300K Host Machine os Supply Media
AA13 | PC-9800 series MS-DOS (Ver.3.30 to Ver6.2No%) | 3 5« opyp
AA10 Windows (Ve:3.1) 5" 2HD
AB13 | IBM PC/AT and compatible Refer to A.4. 3.5" 2HC
AB10 machines (Japanese Windows) 5" 2HC
8813 | IBM PC/AT and compatible 3.5" 2HC
BB10 | machines (English Windows) 5" 2HC
3P16 HP9000 Series 700 HP-UX (rel.9.01) Digital audio tape
(DAT)
3K15 SPARCstation SunOS (rel.4.1.1) Cartridge tape
(QlC-24)
3K13 3.5" 2HC
3R16 | NEWS™ (RISC) NEWS-0OS™ (6.1x) 1/4* CGMT
3R13 3.5" 2HC
3M15 | EWS4800 series (RISC) EWS-UX/V (rel.4.0) Cartridge tape
(QIC-24)

Note Although MS-DOS Ver.5.0 and above have a task swap function, this function
cannot be used with this software.
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A.4 OS for IBM PC

The following OSs for the IBM PC are supported.
To operate SM78K0, ID78K0, and FES200 (refer to B.2 Fuzzy Inference Development Support System),

Windows (Ver. 3.0 to Ver. 3.1) is necessary.

0s Version
PC DOS™ Ver. 5.02 to Ver. 6.3
[ J6.17vMete 1o Jg.aryNote |
IBM DOS™ J5.02/yNote
MS-DOS Ver. 5.0 to Ver. 6.22
[ 5.0/vNote o g ppyote T

Note Only English mode is supported.

Caution Although Ver. 5.0 and above have a task swap function, this function cannot be used with this
software.
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A.5 Changing Other In-Circuit Emulators to In-Circuit Emulator for 78K/0 Series

It you have an in-circuit emulator for the 78K series or 75X/XL series, your in-circuit emulator can be upgraded
to be equivalent to the in-circuit emulator I1E-780000-SL for the 78K/0 series by exchanging the break board with the
1E-78000-R-BK and connecting interface board |E-78000-R-IF. CPU core board IE-78K0-SL-EM is not necessary.

Table A-1. Changing Other In-Circuit Emulators to |E-780000-SL

Series Name Your In-Circuit Emulator Necessary Board
78K/0 series IE-78000-R, |IE-78000-R-A IE-78000-R-BK
75X/XL. series IE-75000-RNote_ |E.75001-R IE-78000-R-IF
78K/ series IE-78130-R, IE-78140-R
78K/ series IE-78230-RNote, |E-78230-R-A,

IE-78240-RNote, |E.78240-R-A
78K series IE-78320-RNote, |E-78327-R,

IE-78330-R, |E-78350-R
78K/IV series IE-784000-R

Note Maintenance parts
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For efficient program development and maintenance of uPD780924 and 780964 subseries, the following
embedded softwares are available.
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B.1 Real-Time OS (1/2)

RX78K/0
Real-time OS

RX78K/0 is real-time OS conforming to ulTRON specifications.

Tool (configurator) that creates nucleus of RX78K/0 and plural information tables is supplied.
Used in combination with an optional assembler package (RA78K/0) and device file (DF780964).

Part number: uSxoxRX78013-AAAA

Caution When purchasing the RX78K/0, fill an application form and conclude the contract for use
permission in advance.

Remark oo and AAAA in the part number differ depending on the host machine and OS used.

4 S0RXTB01SALAL
AAAA Product outline Upper limit of quantity for mass production
001 Evaluation object Do not use for mass-produced product.
100K 0.1 million units
Object for mass- -~ -
001M produced product 1 million units
010M 10 million units
So1 Source program Source program for mass-produced object
SO Host machine os Supply media
5A13 MS-DOS 3.5° 2HD
PC-9800 series (ver.3.30 to
5A10 Ver.5.2 Nots) 5" 2HD
7813 IBM PC/AT and 3.5" 2HC
. . Referto A4
7810 compatible machines 5° 2HC
3H15 HP9000 series 300 HP-UX (rel.7.05B) Cartridge tape
(QiC-24)
3P16 HPZ000 series 700 HP-UX (rel.9.01) Digital audio tape
(DAT)
3K18 SPARCstation SunOS (rel.4.1.1) Cartridge tape
aMm1s EWS4800 series | EWS-UXV (rel.4.0) (@ic-24)
(RISC)

Note

Although MS-DOS Ver. 5.0 and above have a task swap function, this

function cannot be used with this software.
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B.1 Real-Time OS (2/2)

MX78K0 uITRON-specification subset OS. Nucleus of MX78KO0 is supplied.
0Ss 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: uS>xoooxMX78K0-AAA

Remark ooc and AAA in the part number differ depending on the host machine and OS used.

4 SooxMXT7BKO- AA A
FAVAVAY Product outline Note
o1 Evaluation object Use for trial product
xx Object for mass- Use for mass-produced product
produced product
S0 Source program Can be purchased only when object for mass-
produced product is purchased
HOOOK Host machine (1] Supply media
5A13 MS-DOS 3.5" 2HD
PC-9800 series (Ver.3.30 to
5A10 Ver.6.2 Nots) 5" 2HD
7B13 3.5°2HC
18M PC/AT and Refer to A.4
7810 compatible machines 5* 2HC
3H15 HPS000 series 300 HP-UX (rel.7.058) Cartridge tape
(QIC-24)
3P16 HPZ000 series 700 HP-UX (rel.9.01) Digital audio tape
(DAT)
3K18 SPARCstation Sun0S (rel.4.1.1) Cartridge tape
(QIC-24)
3M15 EWS4800 series EWS-UXNV (rel.4.0)
(RISC)

Note Although MS-DOS Ver. 5.0 and above have a task swap function, this
function cannot be used with this software.
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B.2 Fuzzy Inference Development Support System

FEQ000/FE9200 Program that supports input, edit, and evaluation (simulation) of fuzzy
Fuzzy knowledge data creation | knowledge data (fuzzy rule and membership function).
tool FE9200 works on Windows.
Part number: pSaoo«FEQOOO (PC-9800 series)
LSxoxFES200 (IBM PC/AT and compatible machines)
FT9080/FT9085 Program that translates fuzzy knowledge data obtained by using fuzzy knowl-
Translator edge data creation tool into assembler source program for RA78K/0.
Part number: uS>ooxFT9080 (PC-9800 series)
uSxxxFT8085 (IBM PC/AT and compatible machines)
FI78K0 Program that executes fuzzy inference. Executes fuzzy inference when linked

with fuzzy knowledge data translated by translator.

Part number: pSxoxFI78K0 (PC-9800 series, 1BM PC/AT and compatible
machines)

Fuzzy inference module

FD78K0
Fuzzy interence debugger

Support software for evaluation and adjustment of fuzzy knowiedge data by
using in-circuit emulator and at hardware level.

Part number: uS>xoxxFD78KO0 (PC-9800 series, IBM PC/AT and compatible
machines)

Remark >oocx in the part number differs depending on the host machine and OS used.

H SocxxFEQ000

1 SoxxFT9080

H SooxxFI78K0

4 S0oxFD78K0
SO0K Host machine os Supply media
5A13 MS-008 3.5" 2HD

PC-9800 series (Ver. 3.30 to

SA10 Ver. §.2Mts) 5" 2HD

Note Although MS-DOS Ver. 5.0 and above have a task swap function, this function
cannot be used with this software.

# SoocxFES200
; S00ccFT9085
# SooxFI78KO
I SﬁFD?BKO
300X Host machine . oS Supply media
7813 IBM PC/AT and 3.5 2HC
! - Referto A.4
7B10 compatible machines 5" 2HC
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APPENDIX C REGISTER INDEX

C.1 Register index (In Alphabetical Order with Respect to the Register Name)

[A]
A/D converter mode register 0 (ADMOQ) ... 130, 144
A/D conversion result register (ADCRO) ... 129, 143
Analog input channel specification register 0 {ADSO0) ... 132, 146
Asynchronous serial interface mode register 0 (ASIMOO) ... 159, 166, 167
Asynchronous serial interface mode register 1 (ASIMO1) ... 159, 166, 167
Asynchronous serial interface status register 0 {ASIS00) ... 162, 169
Asynchronous serial interface status register 1 (ASIS01) ... 162, 169

(8]
Baud rate generator control register 0 (BRGCO0) ... 163, 170
Baud rate generator control register 1 (BRGCO1) ... 163, 170
[D]
Dead time reload register (DTIME) ... 86
[E]

8-bit compare register 50 (CR50) ... 101

8-bit compare register 51 (CR51) ... 101

8-bit compare register 52 (CR52) ... 101

8-bit timer counter 50 (TM50) ... 101

B8-bit timer counter 51 (TM51) ... 101

8-bit timer counter 52 (TM52) ... 101

8-bit timer mode control register 50 (TMCS50) ... 102

8-bit timer mode control register 51 (TMC51) ... 102

8-bit timer mode control register 52 (TMC52) ... 102
External interrupt falling edge enable register (EGN) ... 191
External interrupt rising edge enable register (EGP) ... 191

i
Interrupt mask flag register OH {MKOH) ... 189
Interrupt mask ﬂag' register OL (MKOL) ...189
Interrupt request flag register OH (IFOH) ...188
Interrupt request flag register oL (IFOL) ...188
Inverter timer control register 7 (TMC7) ... 87
Inverter timer mode register 7 {TMM7) ... 89

M]

Memory extension mode register (MEM) ... 204
Memory extension wait setting register (MM) ... 205
Memory size select register (IMS) ... 206
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[O]
Oscillation stabilization time select register (OSTS) ... 123, 214

[Pl
Port O (PO) ... 57
Port 1 (P1) ... 58
Port 2 (P2) ... 59
Port 3 (P3) ... 60
Port 4 (P4) ... 61
Port 5 (P5) ... 62
Port 6 (P6) ... 63
Port mode register 0 (PM0) ... 64
Port mode register 2 (PM2) ... 64
Port mode register 3 (PM3) ... 64
Port mode register 4 (PM4) ... 64
Port mode register 5 (PM5) ... 64
Port mode register 6 (PMS6) ... 64
Priority specification flag register OH (PROH) ... 190
Priority specification flag register OL (PROL) ... 190
Processor clock control register (PCC) ... 68
Pull-up resistor option register 0 (PUO) ... 65
Pull-up resistor option register 2 (PU2) ... 65
Pull-up resistor option register 3 (PU3) ... 65
Puli-up resistor option register 4 (PU4) ... 65
Pull-up resistor option register 5 (PUS) ... 65
Pull-up resistor option register 6 (PUS) ... 65

[R]
Real-time output buffer register H (RTBHO0) ... 77
Real-time output buffer register L (RTBLO) ... 77
Real-time output port control register (RTPCO) ... 79
Real-time output port mode register (RTPMO) ... 78
Receive butfer register 0 (RXB0O) ... 158
Receive butfer register 1 (RXB01) ... 158

[T

10-bit butfer register 0 (BFCMO0) ... 85

10-bit buffer register 1 (BFCM1) ... 85

10-bit buffer register 2 (BFCM2) ... 85

10-bit buffer register 3 (BFCM3) ... 85

10-bit compare register 0 (CMO) ... 85

10-bit compare register 1 (CM1) ... 85

10-bit compare register 2 (CM2) ... 85

10-bit compare register 3 (CM3) ... 85

Timer clock select register 50 (TCL50) ... 106
Timer clock select register 51 (TCL51) ... 106
Timer clock select register 52 (TCL52) ... 106
Transmit shift register 0 (TXS00) ... 158
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Transmit shift register 1 (TXS01) ... 158

w]
Watchdog timer clock select register (WDCS) ... 121
Watchdog timer mode register (WDTM) ... 122
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C.2 Register Index (In Alphabetical Order with Respect to the Register Symbol)

[A]
ADCRO: A/D conversion result register ... 129, 143
ADSO:  Analog input channel specification register O ... 132, 146
ADMO:  A/D converter mode register 0 ... 130, 144
ASIMOO: Asynchronous serial interface mode register 0 ... 159, 166, 167
ASIMO1: Asynchronous serial interface mode register 1 ... 159, 166, 167
ASIS00: Asynchronous serial interface status register 0 ... 162, 169
ASIS01: Asynchronous serial interface status register 1 ... 162, 169

[B]
BFCMO: 10-bit buffer register 0 ... 85
BFCM1: 10-bit buffer register 1 ... 85
BFCM2: 10-bit buffer register 2 ... 85
BFCM3: 10-bit buffer register 3 ... 85
BRGCO00: Baud rate generator control register 0 ... 163, 170
BRGCO1: Baud rate generator control register 1 ... 163, 170

€]
CMO: 10-bit compare register 0 ... 85
CM1: 10-bit compare register 1 ... 85
CM2: 10-bit compare register 2 ... 85
CM3: 10-bit compare register 3 ... 85
CR50:  8-bit compare register 50 ... 101
CRS51:  8-bit compare register 51 ... 101
CR52:  8-bit compare register 52 ... 101

[D]
DTIME: Dead time reload register ... 86
(E]
EGN: External interrupt falling edge enable register ... 191
EGP: External interrupt rising edge enable register ... 191
Mm
IFOH: Interrupt request flag register OH ... 188
IFOL: Interrupt request flag register OL ... 188
IMS: Memory size select register ... 206
M)

MEM: Memory extension mode register ... 204
MKOH:  Interrupt mask flag register OH ... 189

MKOL:  Interrupt mask flag register OL ... 189

MM: Memory extension wait setting register ... 205

[0)
OSTS: Oscillation stabilization time select register ... 123, 214
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P}

PO:
P1:
P2:
P3:
P4:
PS:
P6:
PCC:
PMO:
PM2:
PM3:
PM4:
PMS:
PME&:
PROH:
PROL:
PUO:
PU2:
PU3;
PUA4:
PUS:
PUE:

[R]

RTBHO:

RTBLO:

RTPCO:
RTPMQ:

RXB00:

RXBO1:

[7]
TCLSs0:
TCLS1:
TCLS2:
TM50:
TM51:
TM52;
TMC7:

TMCS50:
TMC51:
TMC52:

TMM7:
TXS00:
TXS01:

Port 0 ... 57
Port 1 ... 58
Port 2 ... 59
Port 3 ... 60
Port 4 ... 61
Port 5 ... 62
Port 6 ... 63

Processor clock control register ... 68

Port mode register 0 ... 64
Port mode register 2 ... 64
Port mode register 3 ... 64
Port mode register 4 ... 64
Port mode register 5 ... 64
Port mode register 6 ... 64

Priority specification flag register OH ... 190
Priority specification flag register OL ... 190

Pull-up resistor option register 0 ...
Pull-up resistor option register 2 ...
Pull-up resistor option register 3 ...
Pull-up resistor option register 4 ...
Puli-up resistor option register 5 ...
Pull-up resistor option register 6 ...

Real-time output buffer register H ... 77
Real-time output buffer register L ... 77
Real-time output port control register ... 79
Real-time output port mode register ... 78

Receive buffer register 0 ... 158
Receive buffer register 1 ... 158

€5
65
65
65
65
65

Timer clock select register 50 ... 106
Timer clock select register 51 ... 106
Timer clock select register 52 ... 106

8-bit timer counter 50 ... 101
8-bit timer counter 51 ... 101
8-bit timer counter 52 ... 101

Inverter timer control register 7 ... 87

8-bit timer mode control register 50 ... 102
8-bit timer mode control register 51 ... 102
8-bit timer mode control register 52 ... 102

Inverter timer mode register 7 ... 89

Transmit shift register 0 ... 1568
Transmit shift register 1 ... 158
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