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uPD78233,78234,78237,78238

NEC

8-BIT SINGLE-CHIP MICROCOMPUTER

DESCRIPTION
The uPD78233,78234,78237 and 78238 are 78K/ll series products. The 78K/l is an 8-bit single-chip microcomputer
which can access the memory space of 1M-byte with an external expansion.

Functions are described in detail in the following user’s manuals, which should be read when carrying out design
work.
1PD78234 Series User’'s Manual Hardware Volume : IEU-718
78K/1l Series User’'s Manual Instruction Volume :IEU-754

FEATURES
* High-speed instruction executiong (12 MHz operation) : 333 ns (uPD78234, 78238)
500 ns (uPD78233, 78237)
¢ On-chip memory
+ ROM: 16K bytes (uPD78234)
32K bytes {uPD78238)
Not incorporated (uPD78233, 78237)
+ RAM: 640 bytes (uPD78233, 78234)
1024 bytes (uPD78237, 78238}
¢ |/O pin: 64 pins (uPD78234, 78238)
46 pins (uPD78233, 78237}
¢ A/D converter (analog 8 inputs)
o D/A converter (analog 2 outputs)
¢ PWM output (2 outputs)

APPLICATION
LBP engine, typewriter, HDD, FDD, PPC, FAX, electronic musical instrument, inverter, camera, air-conditioner, %
etc.
The information in this document is subject to change without notice.
Document No. 1C—2476F The mark % shows major revised points.

(0.D.No. 1C—7902F)
Date Published February 1994 P

Printed in Japan © NEC Corporation 1990



NEC uPD78233, 78234, 78237, 78238

ORDERING INFORMATION
Ordering Code Package Internal ROM Internal RAM
pPD78233GC-3B9 80-pin plastic QFP ((J14 mm) None 640
1PD78233GJ-5BG 94-pin plastic QFP (CJ20 mm) None 640
uPD78233LQ 84-pin plastic QFJ {31150 mil) None 640
HPD78234GC-xxx-3B9 80-pin plastic QFP {7114 mm) 16K 640
HPD78234GJ-xxx-5BG 94-pin plastic QFP {120 mm) 16K 640
puPD78234L.Q-xxx 84-pin plastic QFJ {01150 mil) 16K 640
puPD78237GC-3B9 80-pin plastic QFP (C114 mm}) None 1024
uPD78237GJ-5BG 94-pin plastic QFP ((J20 mm) None 1024
uPD78237LQ 84-pin plastic QFJ ((J1150 mil) None 1024
pPD78238GC-xxx-3B9 80-pin plastic QFP ((J14 mm) 32K 1024
pPD78238GJ-xxx-5BG 94-pin plastic QFP ({120 mm) 32K 1024
puPD78238LQ-xxx 84-pin plastic QFJ ({11150 mil) 32K 1024

Remarks “xxx"” is a ROM code number.

QUALITY GRADE
Standard

Please refer to “Quality grade on NEC Semicondcutor Devices” (Document number IEI-1209) published by
NEC Carporation to know the specification of quality grade on the devices and its recommended applications.

78K/l Product Development

uPD78234 Series

puPD78244 Series

A/D Converter -
D/A Converter } On-Chip
PWM Output Function Added
Macro Service } Enhanced
Timer/Counter

Comparator Deleted

/\

. EEPROM Added uPD78218A Series
D/A Converter On-Chip Macro Service } Enhanced
PWM Output Function Added Timer/Counter

Macro Service } Enh d
Timer/Counter J =""ance

On-Chip Memory Capacity Expansion

. Macro Service }
uPD78214 Series Timer/Counter Enhanced

nPD78224 Series

A/D Converter On-Chip

Timer/Counter } Enh g
Baud Rate Generator Function nhance

Comparator Deleted
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uPD78233, 78234, 78237, 78238

FUNCTION LIST

ftem uPD78233 uPD78234 uPD78237 uPD78238
No. of basic instructions (Mnemonic) 65
Minimum instruction execution
500 ns 333 ns 500 ns 333 ns
time (at 12 MHz operation)
On-chip memory ROM None 16K bytes None 32K bytes
capacity RAM 640 bytes 1024 bytes
Memory space Program memory: 64K bytes, data memory: 1M bytes
Input 16
. Output 12
/O pins
Input/output 18 36 18 36
Total 46 64 46 64
Pins | Pin with pull-up
24 42 24 42
with | resistor
addi- | LED direct drive
8 24 8 24
tional [ output
func- | Transister direct 8
tion* | drive output

4 bits x 2 or 8 bits x 1
8 bits x 8 bits x 4 banks {(memory mapping)

Real-time output port

General register

Pulse output enabled
{ Toggle output ]

Timer register x 1

16-bit timer/counter Capture register x 1

PWM/PPG output

Compare register x 2 One-shot pulse output

Timer register x 1 Pulse output enabled

Real-time output:]
4 bits x 2

8-bit timer/counter 1

Timer/counter Capture/compare register x 1 {

Compare register x 1

Timer register x 1 Pulse output enabled

Capture register x 1 [ Toggle output ]

8;bit timer/counter 2 {
PWM/PPG output

Compare register x 2

Timer register x 1
8-bit timer/counter 3 {

Compare register x 1
12-bit resolution x 2 channels (PWM frequency: 23.4 kHz)
UART
CSl (3-wire serial |/O, SBI:1 channel

8-bit resolution x 8 channels

PWM output function

:1 channel (specialized baud rate generator incorporated)
Serial interface

A/D converter

D/A converter 8-bit resolution x 2 channels

19 sources {external 7, internal 12} + BRK instruction
Interrrupt Priority order of 2 levels (programmable)

2 types of sevicing {vectored interrupt, macro service)

16-bit operation

R Multiplication/division (8 bits x 8 bits, 16 bits + 8bits)
Instruction set

Bit manipulation

BCD adjustment, others
80-pin plastic QFP (3014 mm)
94-pin plastic QFP ((J20 mm)

84-pin plastic QFJ (11150 mil)

Package

* Pins with additional function included in the I/O pin.



1PD78233, 78234, 78237, 78238

NEC

PIN CONFIGURATION (TOP VIEW)

80-Pin Plastic QFP ((J14 mm)
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NEC

94-Pin Plastic QFP ((J20 mm)
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NEC uPD78233, 78234, 78237, 78238

84-Pin Plastic QFJ ((J1150 mil)

O N = Q9 § g o —
$3%% iy o 2 2
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uPD78233, 78234, 78237, 78238

P00 to PO7
P10 to P17
P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P77
TOO0to TO3
Ci

RxD

TxD

SCK

ASCK

SBO

Sl

SO

PWMO, PWM1
NMI

ADO to AD7

: Port0

: Port1

: Port2

: Port3

. Port 4

: Portb

: Port6

: Port7

: Timer Output

: Clock Input

: Receive Data

: Transmit Data

: Serial Clock

1 Asynchronous Serial Clock

. Serial Bus

: Serial Input

: Serial Output

. Pulse Width Modulation Output
: Non-maskable Interrupt

INTPO to INTP5 :
: Address/Data Bus

Interrupt From Peripherals

A8to A19

ANIO to ANI7
ANOQO, ANO1
AVRer1 to AVRers
AVop

AVss

Voo

Vss

NC

: Address Bus

: Read Strobe

: Write Strobe

: Wait

: Address Strobe

: Refresh Request
: Reset

: Crystal

: Mode

: Analog Input

: Analog Output

: Reference Voltage
: Analog Power Supply
: Analog Ground

: Power Supply

: Ground

: Non-connection
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Port > Motor Driver b Main Motor
Various Sensors Port
Port e Motor Driver > Polygon Motor
High Voltage Unit<¢———— Port
Meagnetic Clutch
>["] Paper Feed
Port > Driver
>[| I] Transport
::[l u Counter
L—————#= Discharged LED
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Fan Motor
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NM——»1  PROGRAMMABLE
INTERRUPT
INTPOINTPS l:> CONTROLLER
RD —— UART
TxD -———
BAUD RATE
ASCK ———=1 GENERATOR
SCK «—} CLOCKED
SO/SBO «—»] SERIAL
S INTERFACE
INTP3 ——»
TO0 <——1  TIMER/COUNTER
To1 (16 BITS)
TIMER/COUNTER
INTPQ ——— CHANNEL-1
{PS + 8 BITS)
INTP} ———»
TIMER/COUNTER
|N;rgz ’ CHANNEL-2
2 (PS + 8 BITS)
TO3 <—ri
TIMER/COUNTER
CHANNEL-3
{PS + 8 BITS)
PWMO <———
PWM
PWM1T +——]
POO-PO3 ¢ ‘ REAL-TIME
OUTPUT PORT
PO4-P07 { @4 BITSx 2)
ANIOANI7
AVrerr
Pl AD CONVERTER
AVss
INTPG ———|
ANOD +——
ANOT = D/A CONVERTER
AVrer2
AVrers

SN8 Viva/SS3Haav Y4s

ADDRESS BUS

A16-A19 (Expansion}
AB-A15

I

TEMPORARY

REGISTERS
\6 SP
PSW

PC

SN2

ROM

l

K > ADO-AD7

| ———» RD

—— WR

JOYLINOD Sna

fa—— WAIT

L » REFRQ

——» ASTB

BOOLEAN
PROCESSOR

* RAM (256 Bytes)

* GR
<:> * MACRO
SERVICE

CHANNEL

4/18nd

(8) SN8 v1vaQ

)

[

INTERNALDATABUS ]

4

* MICRO ROM
* MICRO-
SEQUENCER

.

!

X2
|«——— RESET

[<«—— MODE

I TOHLINOD WILSAS l l

Voo

Vss

Note Internal ROM/RAM capacity varies depending on the product.
* The uPD78233 /78237 cannot use P40 to P47, P50 to P57, P64 and P65

as ports.
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NEC uPD78233, 78234, 78237, 78238

1. PIN FUNCTIONS

1.1 PORTS
. Dual- .
Pin Name I/0 Function
Function Pin
Port 0 (PO):
P00 to P07 | Output — Can be used as a real-time output port (4 bits x 2)
Transistor drive capability.
P10 PWMO Port 1 (P1):
The input/output specifiable bit-wise.
P11 Input/ PWM1
output Input mode pins specifiable for on-chip pull-up resistor connection as a batch by
software.
P12 to P17 —
LED drive capability.
P20 NMI
P21 INTPO
Port 2 (P2):
P22 INTP1
P20 cannot be used as a general-purpose port. (Non-maskable interrupt)
However, the input level can be confirmed in the interrupt routine.
P24 INTP3
The connection of the on-chip pull-up resistor can be specified as a 6-bit unit for
P25 INTP4/ASCK
P22 to P27 by software.
P26 INTPS
P27 Sl
P30 RxD
Port 3 (P3):
P31 TxD
Input/ The input/output specifiable bit-wise.
P32 output SCK . . .
Input mode pins specifiable for on-chip pull-up resistor connection as a batch by
P33 S0/SB0
software,
P34 to P37 TOO to TO3
Port 4 (P4):
Input/ The input/output specifiable as an 8-bit unit.
P40 to P47* | . iout ADO to AD7 .
p The connection of the on-chip pull-up resistor
specifiable as a 8-bit unit by software.
LED drive capability
Port 5 (P5):
input/ The input/output specifiable bit-wise.
P50 to P57* A8 to A15
output Input mode pins specifiable for on-chip pull-up
resistor connection as a batch by software.
Output
P80 to P63 utpu A1610_A19 Port 6 (P6):
%
P64 E P64 to P67 enables to specify the input/output bit-wise.
* Input
Pes put/ WR The connection of the on-chip puli-up resistor can be specified as a batch for P64
Pes | OUPU | WaAm
to P67 by software.
P67 REFRQ
P70 to P77 | input | ANIO to ANI7 | Port7 (P7)

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.
1"
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1.2 OTHERPORTS

Dual-
Pin Name 110 Function Function Pin
TOOto TO3 | Output | Timer output P34 to P37
Cl Input Count clock input to 8-bit timer/counter 2 P23 /INTP2
RxD Input Serial data input {(UART) P30
TxD Output | Serial data output {UART) P31
ASCK Input Baud rate clock input (UART) P25/INTP4
$BO Jopttyt | Serial data inputioutput (SBI) P33/S0
Si Input Serial data input (3-wire serial 1/0) P27
SO Output Serial data output (3-wire serial |/O) P33/SB0
SCK }gﬁtu;ut Serial clock input/output (SBI, 3-wire serial i/0) P32
NMI P20
INTPO P21
INTP1 paz2
INTP2 Input External interrupt request P23/Cl
INTP3 P24
INTP4 P25/ASCK
INTP5 P2s
ADO to AD7 }ggt‘gut Time multiplexing address/data bus (external memory connection) P40 to P47*
AB to A15 Output Upper address bus (external memory connection) P50 to P57#
Al16to A19 | Output | Upper address when extending address (external memory connection) P60 to P63
RD Output | Read strobe into external memory Pe4*
WR Output | Write strobe into external memory Ps5*
WATT Input Wait insertion P66
Time muitiplexing address (A0 to A7) fatch timing output (at external memory
ASTB Output —
accessed)
REFRQ Output Refresh pulse output into external pseudo-static memory Pe7
RESET Input Chip reset -
X1 Input
Crystal connection for system clock oscillation (capability of clock input to X1) —
X2 -
ROM-iess operating specification (external access of the same space as internal ROM).
MODE Input —
This is used by high level in uPD78233, uPD78237 and by low level in uPD78234, uPD78238.
ANIO to ANI7 | Input Analog voitage input for A/D converter P70 to P77
ANOO, ANO1 | Output | Analog voltage output for D/A converter ——
AVREF1 Reference voltage apply for A/D converter
AVREF2, AVREF3 Reference voltage apply for D/A converter
AVbD Positive power supply for A/D converter
AVss —— GND for A/D converter —_
VDD Positive power supply
Vss GND
NC Not connected internally

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.
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1.3 PINI/O CIRCUITS AND RECOMMENDED CONNECTION OF UNUSED PINS
The input/output circuit type of each pin and recommended connection of unused pins are shown in Table 1-1.
For the input/output circuit configuration of each type, see Fig. 1-1.

Table 1-1 Input/Output Circuit Type of Each Pin and Recommended Connection of Unused Pins

Pin Name Input{Output I/0 Recommended Connection when not Used
Circuit Type
P00 to PO7 4 Output Leave open.
Input : Connected to VoD.
P10 to P17 5-A Input/output | output : Leave open.
P20/NMI 2 Connected to Vbp or Vss.
P21/INTPO
P22/INTP1
P23/INTP2/CI Input
P24/INTP3 Connected to Vop.
2-A
P25/INTP4/ASCK
P26/INTPS
P27/sl
P30/RxD
5-A
P31/TxD
P32/SCK 8-A
Input/output Input : Connected to Vob.
P33/SB0/SO 10-A
Output : Leave open.
P34/TO0 to P37/TO3
P40/ADO to P47/AD7 5-A
P50/A8 to P57/A15
P60/A16 to P63/A19 4 Output Leave open.
P64/RD
P65/WR 5A Input/output Input : Connected to VpD.
P66/WAIT Output : Leave open.
P67/REFRQ
P70/ANIO to P77/ANI7 9 Input Connected to Vss.
ANOO, ANO1 12
: Output Leave open.
ASTB 4
RESET 2
MODE 1
Input
AVREF1 to AVREF3
AVen o Connected to Vss.
AVDD Connected to Vop.

Remarks The type numbers are standardized by 78K series, therefore they are not always consecutive numbers
in each product. {Some circuit is not incorporated.)

Note If the input and output modes are not stable on the pin which has an input/output dual-function, connect %

to Vooviatens of kQresistor. (Especially, if theresetinput pin exceeds thelow-level input voltage at power-
on or in case of change the input/output by software.)

13
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Fig. 1-1 Pin Input/Output Circuits

14
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—| N IN -
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data
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output disable
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2. INTERNAL BLOCK FUNCTION

2.1 MEMORY SPACE
The uPD78233,78234,78237 and 78238 can access a 1M-byte memory space. Figs. 2-1and 2-2 showthat memory
space. The program memory mapping depends on the MODE pin status.

(1) pPD78233 (MODE = H)

The program memory is mapped into the external memory(64640 bytes: 00000H to OFC7FH). This area is
shareable with a data memory,

The data memory hasbeen mappedinto the internal RAM (640 bytes: 0FC80H to OFEFFH). Inthe 1M-byte extended
mode, the external memory (360K bytes: 10000H to FFFFFH) is mapped as the expansion data memory.

{2} pPD78234 (MODE = L)

The program memory has been mapped onto the internal ROM (16K bytes: 00000H to 03FFFH) and the external
memory (48256 bytes: 04000H to OFC7FH). The external memory is accessed by the external memory expansion
mode. The mapping area into the external memory is shareable with the data memory.

The data memory has been mapped into the internal RAM (640 bytes: OFC80H to OFEFFH). In the 1M-byte
expansion mode, the external memory (960K bytes: 10000H to FFFFFH) is mapped as a expansion data memory.

{3) ©PD78237 (MODE = H)

The program memory is mapped onto the external memory (64256 bytes: 00000H to OFAFFH). This area is
shareable with a data memory.

The data memory has been mapped onto the internal RAM (1024 bytes: 0FBOOH to OFEFFH). In the 1TM-byte
extended mode, the external memory (960K bytes: 10000H to FFFFFH) is mapped as an expansion data memory.

{4) LPD78238 (MODE = L)

The program memory has been mapped onto the internal ROM (32K bytes: 00000H to 07FFFH) and the external
memory (31488 bytes: 08000H to OFAFFH). The external memory is accessed by the external memory expansion
mode. The mapping area into the external memory is shareable with the data memory.

The data memory has been mapped onto the internal RAM (1024 bytes: OFBOOH to OFEFFH). In the 1M-byte
extended mode, the external memory (960K bytes: 10000H to FFFFFH) is mapped as an expansion data memory.

15
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Fig. 2-1 1PD78233/78234 Memory Map

MODE = L MODE = H (ROM-less Mode)
A * * FFFFFH
2 =
i S
3 £
g 2
kS = —_ External Memory *1 =2 = » =L
e g (960K Bytes)
& OFEFFH _
General Registers
¢ 10000H OFEEOH (32 Bytes)
OFFFFH OFEDFH Macro Service Control
OFFDFH Word (30 Bytes)
OFFDOH OFEC2H
OFFOOH
2 OFEFFH K= =
‘qi 5 g Data Area
; g g (640 Bytes)
= V= oFceoH OFCBOH
[0
© —
£ 7 b orcren
L x 2 03FFFH —L
g ~ g == Program Area o
£ 3 2 (12K Bytes) 5
2 2 = External Memory *3 01000H £
s 8 (48256 Bytes) 00FFFH External M p-
3 S L yies =L =L  CALLFEntry Area L A emal Memory L 3
S s8¢ ™ = {2K Bytes) T {64640 Bytes) T =
£ 85 00800H 2
g ©= 007FFH z
Z Program Area g
+ 04000H 00080H (1920 Bytes) §
O3FFFH 00FFFH £
\A = 0007FH CALLT Table Area %
§, g © g - 00040H (64 Bytes) &
[o I I =7}
e 0003FH Vector Table Area
Y % 00000H 00000H (64 Bytes)

*

1. Accessed by 1M-byte extended mode.

2. Accessed by external memory expansion mode.

3. uPD78233 onily when MODE = H

Shaded area denotes internal memory.
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MODE =L

Fig. 2-2 yPD78237/78238 Memory Map

MODE = H (ROM-less Mode)

2. Accessed by external memory expansion mode.
3. uPD78237 only when MODE = H

A * * FFFFFH
2 2
s 2
=2 ]
< 3
3 © - External Memory *1 o = *q =~
28 (960K Bytes)
3 OFEFFH
i General Registers
* 10000H OFEEOQH (32 Bytes)
OFFFFH OFEDFH Macro Service Control
OFFDFH Word (30 Bytes)
OFFDOH OFEC2H
OFFOOH
] ‘ > OFEFFH -+ Data Area T
> ]
e & £ (1024 Bytes)
= a s
= v OFBOOH OFBOOH
g -
) 4 OFAFFH
- 07FFFH‘L _L
g v g = Program Area == J
§ & ¢ (12K Bytes) 2
Z 3 o External Memory *3 01000H £
- (31488 Bytes) OOFFFH External M b
3 o o~~~ ytes - =~ CALLF Entry Area =L L ernal Memory L =
E 8 5 - =~ (2K Bytes) T (64256 Bytes) ~ 8
£ 85 00800H Q
E 85 >
§ & 007FFH Program Area g
07FFFH 00FFFH £
* 0007FH CALLT Table Area 5
£ = o
6 © 00040H (64 Bytes) £
g5gs P = 0003FH
AsA4s Vector Table Area
Y * 00000H 00000H {64 Bytes)
* 1. Accessed by 1M-byte extended mode. Shaded area denotes internal memory.
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2.2 PORT

The uPD78233, 78234, 78237 and 78238 are equipped with ports as Fig. 2-3, operable for various controls. The
function of each port describes Table 2-1. The port 1 to port 6 can be specified to use the internal pull-up resistor
by software at input.

Fig. 2-3 Port Configuration

POO-PC7} 8 Port 0

~

P10

2 Port 1

P17

0}

P20-P27 Port 2
P30
Port 3
P37
P40-P47 <]\E> Port 4*
P50
+ Port 5*
P57
P60-P63| 4
P? 4 r Port 6*
P67
P70-P77K 8 Port7

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.
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Table 2-1 Port Function

Designation of Software
Name Pin Name Function Pull-Up
Outputs or high-impedance specifiable as an
8-bit unit.
Port O POO to P07 Also operable as 4-bit real-time output (P00
to P03, P04 to PO7).
Transistor drive capability.
Input or output specifiable bit-wise. Input mode pins specifi-
Port 1 P10 to P17 . N
LED drive capability. able as a batch
Port 2 P20 to P27 Input port 6-bit unit (P22 to P27)
Input mode pins specifi-
Port 3 P30 to P37 Input or output specifiable bit-wise.
able as a batch
Input or output specifiable as an 8-bit unit.
Port 4* P40 to P47 . . 8-bit unit
LED drive capability.
input or output specifiable bit-wise. Input mode pins specifi-
Port 5* P50 to P57
LED drive capability. able as a batch
P60 to P63 Output port
Port 6* Input mode pins specifi-
P64 to P67 Input or output specifiable bit-wise.
able as a batch
Port 7 P70 to P77 Input port

* The uPD78233/78237 cannot use P40 to P47, P50 to P57, P64 and P65 as ports.
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2.3 REAL-TIME OUTPUT PORT

The real-time output port outputs the data stored in the buffer in synchronization with a timer match interrupt
or external interrupt. Therefore, a pulse output without jitter can be acquired.

Accordingly, this is suitable for the application (open loop control of a stepping motor etc.) which outputs any
pattern at any interval.

As Fig. 2-4, the port 0 and buffer register are the core of the configuration.

Fig. 2-4 Real-Time Output Port Block Diagram

8 Internal Bus

8 4 4
Real-Time Output Port Buffer POH POL 8
Control Register Register
INTPO (From Outside} 4 4
INTC10 (From Timer) Qutput Trigger —
INTC11 (From Timer) ~ ~
Output Latch (PO)

%ﬁﬁﬁf
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2.4 TIMER/COUNTERUNIT

The PD78233, 78234, 78237 and 78238 incorporate one channel of a 16-bit timer/ counter unit and 3 channels

of an 8-bit timer/counter unit.

Table 2-2 Types and Functions for Timer/Counter

Unit

16-Bit Timer/ 8-Bit Timer/ 8-Bit Timer/ 8-Bit Timer/
Type & Function Counter Counter 1 Counter 2 Counter 3
Interval timer 2¢ch 2ch 2ch 1ch
é External event counter —_ — O —
One-shot timer _ — O —_—
Timer output 2ch _ 2ch —
Toggle output O — O —
g PWM/PPG output O —_ O —
g One-shot pulse output O — —_ —
- Real-time output — O —_— —
Pulse amplitude measurement O O O —
Number of interrupt requests 2 2 2 1
Clock source of serial interface — —_ — O

As 7 interrupt requests are supported in total, this functions as the timer of the 7 channels.
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Fig. 2-5 Timer/Counter Unit Block Diagram

16-bit timer/counter unit

Software Trigger
fokp ———w Timer Register TMO '[ OVF
Match -
Compare Register CR0O0 ae 3 »O TOO
50
i %
2O
Compare Register CRO1 Mateh g =0 TO1
T l} ~——[NTCOO
INTP3O— Detection L Capture Register CR02 L = INTCO1
INTP3
8-bit timer/counter unit 1
feukng—=4  Prescaler Timer Register TM1 |-+~ OVF
Compare Register | Match
U } To Real-Time
l: Qutput Port
Edge Capture/Compare
INTPOO— v L Register CR11 Match INTC11
INTPO
8-bit timer/counter unit 2
feLkie—=1  Prescaler . .
Timer Register TM2 OVF
o -] Edge Event Input U 1
INTP2/Cl Detection L Compare Register | Match 5 =0 TO2
INTP2 CR20 g5
Iy i
85
Compare Register |Match| 15
CRoY & =0 TO3
Edi Capniﬂ}egister INTC20
ge
INTP1O— Detection L CR22 ———=|NTC21
INTP1
8-bit timer/counter unit 3
I
feukm Prescaler Timer Register TM3 ~C ear

U +—= UART

Compare Register = CSl
CR30

Match™ | INTP4/
INTP4/ O—| _ B0 | INTC30
ASCK etection

OVF : Overflow Flag
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25 PWM OUTPUT (PWMO, PWM1)

’ The pPD78233, 78234, 78237 and 78238 have an on-chip 12-bit resolution PWM (Puise Width Modulation) with
23.4 kHz repeat frequency (fox = 6 MHz) output circuit for two channels. The active level of these channels can be
selected independently as high or low level. This output is perfect for DC motor speed control.

Fig. 2-6 PWM Output Unit Block Diagram (n =0, 1)

J Internal Bus 2

{(Module Register) 16

11T T T T 11 L PMWC
PWMn 115 8|7 413 0 (PMW Control Register)
g A
_ e Reload
Control
\ s
S Pulse Control D o
. uise Contro Output PWMn
fork—{ 8-Bit Down Counter Circuit Control (Output Pin)
4-Bit Counter 1

fek/256
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26 A/DCONVERTER

An analog/digital (A/D) converter with 8 multiplexed analog inputs (ANI0 to ANI7)} is incorporated.
The conversion is a successive approximation and the conversion result is stored in the 8-bit A/D conversion

result register (ADCR). Therefore, the conversion can be executed at high speed and accuracy (converting time:
approximately 20 us at 12 MHz operation).

This prepares the following modes to start the A/D converting operation.

O Hardware start: Starts the conversion with a trigger input (INTP5).
O Software start : Starts the conversion by setting a bit of A/D converter mode register (ADM).

Also, the following modes are prepared for the operation after started.
O Scan mode : Selects analog inputs one after another and acquires the converted data from all pins.
O Select mode: Fixes analog inputs to one pin and acquires the continuous conversion value.

When stopping the above modes and the converting operation, all of them are specified by ADM.
The interrupt request (INTAD) occurs when the converted result is sent to ADCR (except for software start select

mode). Therefore, by a macro service, the converted values can be sent into the memory continuously.

24
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Fig. 2-7 A/D Converter Block Diagram

ANID O——— Series Resistor String
ANt = Sample & Hold Circuit | _= '
8 P MEAm S w— —
ANI2 O———— 2 i | | | A2 |
ANI3 O] 2 | I ' l |
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2.7 D/ACONVERTER

Two 8-bit resolution voltage output type digital/analog (D/A) converters are incorporated.

The conversion method is resistance string. The value to be output is written in 8-bit D/A conversion value setting
register DACSn and the analog value is output to the ANOR pin. The voltage applied to the AVrer2 pin and AVaers pin
determines the output voltage range.

Since the outputimpedanceis high, a current cannot be taken from the output. When the load impedance is low,
use by inserting a buffer amp between the output and the load.

The ANOnR pin becomes high impedance during the period the RESET signal is low level. After reset is cleared,
the DACSn register becomes 0.

Fig. 2-8 D/A Converter Block Diagram (n = 0, 1)

[ T ™I
AVaer2 i [ |
| R o
A L
| I s
1
| : I @ b—————0 ANOn
| | gl
| ! L2
| | e
l ! i |
| R L
| i |
] R | |
AVRers : !

DACSn

2 Internal Bus 2
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2.8 SERIALINTERFACE
The uPD78233, 78234, 78237 and 78238 are equipped with 2 independent channels for serial interfaces.

O Asynchronous serial interface (UART)
O Clocked serial interface

¢ 3-wire serial 1/O
» Serial bus interface (SBl)

This enables both a communication with the external system and a local communication in the system
simultaneously (see Fig. 2-9).

Fig. 2-9 Example of Serial interface

{a) UART + SBI

uPD78234 (Master) Voo
HPDAT11A g UPD75402A (Slave)
UAR [SBI]
! L RxD SBO SBO
RS-232-C ™0 SCK SCK
Driver
} Port
uPD75328 (Slave)
SBO
— LCD
SCK
{b) UART + 3-wire serial 1/0
uPD78234 (Master) #PD78C11A (Slave)
uPD4711A [3-Wire Serial I/O]
SO Sl
[UART)
RxD St SO
RS-232-C ™D SCK " SCK
Driver } . INTPm (" Port
ort Port | INT
#PD78C14 (Slave)
sl
SO
SCK
»*
INTPn (f‘ Port
Port |\, INT

* Handshake line
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2.8.1 Asynchronous Serial Interface
A UART (Universal Asynchronous Receiver Transmitter) has been incorporated as an asynchronous serial

interface. This is the method to transmit the one byte data following the start bit.

As UART dedicated baud rate generator is incorporated, communications are possible with a wide range of any
baud rate.

Also, the baud rate can be defined by dividing the input clock for the ASCK pin.

Moreover, a baud rate can be generated with 8-bit timer/ counter 3,

If the UART dedicated baud rate generator is used, the baud rate {31.25 kbps) of the MIDI specification can be

acquired.

Fig. 2-10 Asynchronous Serial Interface Block Diagram

S Internal Bus e

ﬁ

Receive Buffer | RXB

il

N Receive Shift Transmit Shift
A0 O |V Register Register T*S
XD 0—4
| INTSR
Receive Control Transmit Control t—» INTST

Parity Check | INTSER Party Addition

116 116

UART Dedicated Baud Rate Generator

|
!
[ — l
I 8 -—'\e|
[ — » 3 Hm: 3 H
[ _‘/ﬂ)l
wn w
|
|
b |

ASCK O——‘b—:—
I s
e e 81—
[}]
w
TM3 Qutput ——1 1/2
fax @ Internal system clock frequency (system clock frequency / 2)

28



NEC uPD78233, 78234, 78237, 78238

2.8.2 Clocked Serial Interface
This is a method to communicate one byte data in synchronization with the serial clock which is activated by

master device and starts to transmit.

Fig. 2-11 Clocked Serial Interface Block Diagram

S Internal Bus S

Set Clear

S| S0 b

. . Output
Shift Register Latch

SO/SBO
Acknowledge
Generator

Selector

( Bus
v/
L
N-ch Open-Drain QOutput
also Possible {SBO: SBI)
Bus Release
Command/
Acknowledge
Detector
R l D Serial Clock interrupt
SCK O Counter Generator INTCSI
fe—- TM3 Output/2
Serial Clock -
Controller % feu/8
—Q g b fc14/32
fax : Internal system clock frequency (system clock frequency / 2)

{1) 3-wireserial I/O
This is a interface to communicate with a device which incorporates a conventional clocked serial interface.

Basically, the communication is made through 3 wires of serial clock {(SCK) and serial data (S|, SO). In case of
connecting with multiple device, the handshake line is required.

(2) sBI
This can communicate with a multiple device through 2 wires of serial clock {SCK) and serial bus (SB0) and this

is a NEC standard serial interface.
The master device outputs "address” from the SBO pin and selects the communicated slave device. Then,

“command” and *data" are transmitted and received between the master and slave.
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3. INTERNAL/EXTERNAL CONTROL FUNCTION

3.1 INTERRUPT
The interrupt request servicing can be selected from 2 service modes in the following table.

Table 3-1 Interrupt Request Servicing

Service Mode Servicing Subject Service PC, PSW Contents

Branches to service routine, and executes (any
Vectored interrupt Software With save and return
service contents)

Data transmission etc. between memory and I/
Macro service Firmware Hold
O (fixed service contents)
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3.1.1 Interrupt Source

The interrupt source includes the 19 types and a BRK instruction execution as shown in Table 3-2.

The priority of the interrupt servicing can be setto 2levels (high and low priority levels). Therefore, it can separate
the levels ofthe nest control which the interruptis in progress and the interrupt request which occurs simultaneously
(see Figs. 3-1, 3-2). But the nesting advances certainly in the macro service (not held).

The default priority is the priority level (fixed) to service the interrupt requests which occur at the same level
simultaneously (see Fig. 3-2).

Table 3-2 Interrupt Source

Default Source Internal/ Macro
Type Priority Name Trigger External Service
Software BRK Instruction execution —
Non- NMi Pin input edge detection
maskable
0 (highest) INTPO Pin input edge detection (TM1 capture trigger) External
1 INTP1 Pin input edge detection (TM2 capture trigger)
2 INTP2 Pin input edge detection (TM2 event counter input)
3 INTP3 Pin input edge detection (TMO capture trigger)
4 INTC00 TMO to CR0OO match signal generation
5 INTCO1 TMO to CRO1 match signal generation
6 INTC10 TM1 to CR10 match signal generation Internal
7 INTC11 TM1 to CR11 match signal generation O
Maskable 8 INTC21 TM2 to CR21 match signal generation
INTP4 Pin input edge detection External
9 INTC30 TM3 to CR30 match signal generation internal
INTP5 Pin input edge detection External
10 INTAD A/D converter conversion termination {transfer to ADCR)
11 INTC20 TM2 to CR20 match signal generation Internal
12 INTSER ASI receive error generation —
13 INTSR ASI receive termination
14 INTST AS| transmit termination O
15 (lowest) INTCSI CSl transfer termination
T™MO 16-bit timer AS| Asynchronous serial interface
TM1to TM3 : 8-bittimer Csl Clocked serial interface
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Fig. 3-1 Servicing Example fer Another Interrupt Request Occurrence while an Interrupt Servicing

{ Main Routine )

Vectored Interrupt Request a —»
{Low Priority Level)

Vectored Interrupt Request e —»
{(High Priority Level)

Servici

Macro Service
Request b —

N Vectored
Interrupt
Request ¢ —»
{High Priority

Level) R

Servici

Macro Service
Request f »

[Nesting 1]

[Nesting 2] [Nesting 3]

ng of a
Servicing of b

— |

Servicing of ¢

Macro Service Serviging of d

Requestd —»

ng of e

Servicing of f

P———
\

Request h —

« Vectored Interrupt Request g (Low Priority
A : ) Servicing Servicing of h Level Pending)
Macro Service | of

\

Fig. 3-2 Servicing Example for Simultaneous Occurred Interrupt Request

( Main Routine )

¢ Vectored Interrupt Request a
{Low Priority Level)
* Macro Service Request b
{High Priority Level)
¢ Macro Service Request ¢
{Low Priority Level)
o Vectored Interrupt Request d
{High Priority Level)
Default Priority;:a>b>c¢>d
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3.1.2 Vectored Interrupt

The memory contents of the vector table address, which corresponds to the interrupt source, is branched into

the processing routine as a destination address.

As the CPU executes the interrupt servicing, the following operations occur.

O When branch: Saving the CPU status (PC, PSW contents) to the stack.

O When return : Returning the CPU status (PC, PSW contents) from the stack.

The RET! instruction executes returning to the main routine from the processing routine.

Table 3-3 Vector Table Address

Vector Table Vector Table
interrupt Source Interrupt Source
Address Address

BRK 003EH INTC21 001CH
NMI 0002H INTP4 000EH
INTPO 0006H INTC30
INTP1 0008H INTPS

0010H
INTP2 000AH INTAD
INTP3 000CH INTC20 0012H
INTC00 0014H INTSER 0020H
INTCO1 0016H INTSR 0022H
INTC10 0018H INTST 0024H
INTC11 001AH INTCSI 0026H

3.1.3 Macro Service

This is a function to transfer the data between the memory special functional registers {(SFR) without CPU
operation. The macro servicecontroller accessesthememoryand SFR during the sametransfercycle, andtransfers

directly without data collection.

The high-speed data transfer is enabled because no data is saved, returned nor fetched.

CPU

T

Fig. 3-3 Macro Service

Memory

Read

Macro Service

Write

S Internal Bus

Write

Controller

Read

SFR
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3.1.4 Macro Service Application Example

(1) Transmit operation of serial interface

Transmit Data Storage Buffer (Memory)

Data n
Data n-1
= =
Data 2
Data 1
Internal Bus

)

)

TxD O—Q—————[Transmit Shift Register] TXS (SFR)

Transmission Control

— INTST

Whenever the macro service request INTST is generated, the next send data is transferred to TXS from the
memory. When the data n {last byte) is transferred to TXS (The transmit data storage buffer becomes empty.), a

vectored interrupt request INTST is generated.

(2} Receive operation of serial interface

Receive Data Storage Buffer (Memory)

Data n

Data n-1

1)
«
)]
«

Data 2

Data 1

ﬁ

Internal Bus

ﬁ

| Receive Buffer |RXB (SFR)

1T

Receive Shift Register]

RxD o——D——l

Receive Control  |——= INTSR

Wheneverthe macro service request INTSRis generated, the receive dataistransferred tothe memory from RXB.
When the data n (last byte) is transferred to the memory (The receive data storage buffer becomes empty.), the

vectored interrupt request INTSR is generated.
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{3} Real-time output port
The INTC10 and INTC11 become output triggers of the real-time output port. In the macro service to them, the
next output pattern and interval can be set simultaneously. Therefore, the INTC10 and INTC11 can control 2 system

stepping motor independently. Also, it can be applied to control a PWM or DC motor, etc.

Output Pattern Profile (Memory) Output Timing Profile {Memory)
Pa Tn
Pn-1 Tt
_= = = =
P2 T2
Ps Ts
% Internal Bus S S Internal Bus g
{} 1 Match I U
(SFR) | PoL [ l { CR10 | sFmy
INTC10 ‘.l/}
Output Latch T™1

P00-PO3 ¢

Wheneverthe macro service requestINTC10is generated, the pattern and timing aretransferred to POL and CR10
respectively. When the contents of the TM1 match with the contents of the CR10, the next INTC10 is generated and
thecontents ofthe POL is senttothe outputlatch. If Tn (last byte) issentto CR10, a vectored interrupt requestINTC10

is generated.
The same operation is available for INTC11 (different point: CR10 - CR11, POL — POH, P00 to P03 — P04 to P07).
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3.2 LOCALBUSINTERFACE
A memory and an /O {memory mapped I/0) can be connected externally and the TM-byte memory space is
supported {see Figs. 2-1, 2-2).

Fig. 3-4 Local Bus Interface Example

uPD78234
3
A16-A19 8
— = ]
RD |——-
e PROM Kanji-Character
WR }— Pseudo SRAM uPD27C256A Generator
REFRQ a® uPD24C1000
v
ADO-AD7 < Data Bus S
\L
ASTB Latch
ABATS Address Bus

Gate Array
|/O Extension
Centronics I/F, etc.

3.21 MemoryExpansion
The following modes have been prepared as a memory expansion function.
O External memory expansion mode:
Expands the program memory and data memory to 48256 bytes externally. But this area can be used
unconditionally under the ROM-less mode (MODE=H).
O 1M-byte expansion mode:
Expands the data memory by 960K bytes and become a 1M-byte memory space.

3.2.2 Programmable Wait

Awaitcanbeindependently inserted tothe memory mapped on both anormal address (uPD78233, 78234: 00000H
to OFC7FH, uPD78237, 78238: 00000H to OFAFFH) and an extended address (10000H to FFFFFH). Therefore, the
efficiency of the entire system is not decreased.

3.2.3 Pseudo-Static RAM Refresh Function
The refresh operations are as follows.
O Pulse refresh:
Outputs the refresh pulse to REFRQ pin in synchronization with a bus cycle.
O Power-down self refresh:
Outputs a low-level to the REFRQ pin in the standby mode and holds the contents of pseudo-static RAM.
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3.3 STANDBY
This is a function to reduce the power consumption of the chip. The following modes have been prepared.

O HALT mode: Stopstheoperationciockofthe CPU. The average powerconsumptionisreducedbythe normal
operation and the intermittent operation during normal operations.

O STOP mode: Stopsthe oscillator. This stops all operation in the chip and makes the minute power consump-
tion status only with leakage current.

These modes are programmable.
Also, the macro service is started from the HALT mode.

Fig. 3-5 Standby Status Flow

Program
Operation

B
g
g s|E
{Standby) & 8|EY
ol £ BB
(” [
~| |Gle3
2| [B|88]
I| >

{Standby)

Interrupt Request
at Interrupt Disable Vectored Interrupt Request *1

* 1. Incaseavectoredinterruptrequestisalow priority level (statusto disable interrupt of alow priority sequence

under the HALT setting).
2. Incase a vectored interrupt request is a high priority level or the status to enable interrupt of a low priority

sequence under the HALT setting.
3. Incase a macro service is a low priority level (status to disable interrupt of a low priority sequence under the

HALT setting).
4. Incaseamacroserviceis ahigh prioritylevel orthe statusto enable interrupt of a low priority sequence under

the HALT setting.
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3.4 RESET
When a low level is input to the RESET pin, the internal hardware is initialized (reset state).

When the RESET input becomes from a low level to a high level, the following data is set in the program counter
(PC).

O Lower 8 bits of PC: Contents of 0000H address
O Upper 8 bits of PC: Contents of 0001H address

The contents of the PC set the destination address and the program starts to be executed from the address.
Therefore, it can start from any address by reset start.

Please set the program for the contents of each register as required.

A noise eliminator has been incorporated the RESET input circuit to prevent any error from noise. This noise
eliminator circuit is a sampling circuit based on analog delay.

Fig. 3-6 Reset Acknowledge

Dela Dela Dela PC Initialization ~ Instruction Execution
Y Y Y , of Reset Start Address
-

RESET

{Input) q <)¥\0

Internal
Reset Signal { D

l l

Reset Start Reset End

Set the RESET signal active in the reset operation at power-on until oscillator stabilization time (approx. 40 ms)
elapses.

Fig. 3-7 Reset Operation at Power-On

Oscillator Stabilization Time | Delay PC Initialization | Instruction Execution of Reset Start Address
1 T

Voo

RESET

{Input)
Internal

Reset Signal

Reset End
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4. INSTRUCTION SET

{1) 8-bit instructions

MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC, ROLC,

SHR, SHL, ROR4, ROL4, DBNZ, PUSH, POP

Table 4-1 8-Bit Instructions Classified by Addressing

2nd
perand r saddr
#byte A sfr mem | & mem | laddr16 [&!addr16] PSW n None*2
1st r saddr’
Operand
MOV MoV MOV MoV MOV
A ADD*1 XCH XCH XCH XCH XCH MoV MoV Mov
ADD*1 | ADD*1 | ADD*1 | ADD*1
ROL
on | onvuw
r MoV XCH RORC IN
ADD*1 ¢
SHR DEC
SHL
r1 DBNZ
dd MoV Mov r\)?gl-lv DIBNI\CI:Z
sadar ADD*1
ADD*1 DEC
sfr MoV MOV PUSH
ADD*1 POP
mem MOV
& mem
mem1 ROR4
& mem1 ROL4
laddr16 MoV
&!addr16 MOV
PSW MoV MoV PUSH
PoP
STBC MoV

* 1. ADDC, SUB, SUBC, AND, OR, XOR and CMP are the same as ADD.
2. There is no 2nd operand or the 2nd operand is not an operand address.
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(2) 16-bitinstructions
MOVW, ADDW, SUBW, CMPW, INCW, DECW, SHRW, SHLW, PUSH, POP

Table 4-2 16-Bit Instructions Classified by Addressing

2nd
1st Qperand #word AX rr:' saddrp sfrp mem1 & mem1 SP n None
Operand
ADDW aoow | oo | Apow
AX SUBW suBw SUBW SUBW MOVW [ MOVW | MOVW
CMPW CMPW
CMPW CMPW
INCW
rp Movw MOVwW SHLW DECW
SHRW PUSH
POP
saddrp MOVW Movw
sfrp MOVW | MOVW
mem1 MOovw
& mem1
SP MOovw MOVW INCW
DECW
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{3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR

Table 4-3 Bit Manipulation Instructions Classified by Addressing

2nd
perand
1st
Operand

(9 4

Abit

/A.bit

X.bit

/X.bit

saddr.bit

/saddr.
bit

sfr.bit

/sfr.bit

PSW.bit

/PSW
bit

None*

(4

MOV1
AND1
OR1
XOR1

AND1
OR1

MOV1
AND1
OR1
XOR1

AND1
OR1

MOV

AND1
OR1

XOR1

AND1
OR1

MOV1

AND1
OR1

XOR1

AND1
OR1

MOV1
AND1
OR1
XOR1

AND1
OR1

SET1
CLR1
NOT1

A.bit

MOV

SET1
CLR1
NOT1
BT
BF
BTCLR

X.bit

MOv1

SET1
CLR1
NOT1
BT
BF
BTCLR

saddr.bit

Mov1

SET1
CLR1
NOT1
8T
BF
BTCLR

sfr.bit

MOV1

SET1
CLR1
NOT1
BT
BF
BTCLR

PSW.bit

MOV1

SET1
CLR1
NOT1
BT
BF
BTCLR

* There is no 2nd operand or the 2nd operand is not an operand address.
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{4) Call/branch instructions
CALL, CALLF, CALLT, BR, BC, BT, BF, BTCLR, DBNZ, BL, BNC, BNL, BZ, BE, BNZ, BNE

Table 4-4 Call/Branch Instructions Ciassified by Addressing

Instruction
Addressing $addriée laddr16 rp taddr11 {addr5]
Operand
Basic instruction BR CALL CALL CALLF CALLT
BC#* BR BR
BT
Compound BF
instruction BTCLR
DBNZ

* BL, BNC, BNL, BZ, BE, BNZ and BNE are the same as BC.

{5) Otherinstructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, NOP, Ef, Di, SEL
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5. ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (Ta = 25 °C})

PARAMETER SYMBOL TEST CONDITIONS RATING UNIT
Voo -0.5 to +7.0 \
Supply voltage
pply vollag AVoo AVss to Voo +0.5 v
AVss -0.5to +0.5 v
Input voltage Vi -0.5 to Voo +0.5 Vv
Output voltage Vo -0.5 to Voo +0.5 \
1 pin 15 mA
Output current fow lou
All output pins total 100 mA
1 pin -10
Output current high loH P mA
All output pins total -50 mA
A/D converter reference
input voltage AVaer -0.5 to Voo +0.3 v
D/A converter reference AVhrer2 -0.5 to Voo +0.3 Y
input voltage AVrers -0.5 to Voo +0.3 v
Operating temperature Topt ~40 to +85 °oC
Storage temperature Tste -65 to +150 °C

Note Product quality may suffer if the absolute maximum rating is exceeded for even a single param-
eter, or even momentarily. In other words, the absolute maximum ratings are rated values at
which the product is on the verge of suffering physical damage, and therefore the product must
be used under conditions which ensure that the absolute ratings are not exceeded.

OPERATING CONDITIONS

CLOCK FREQUENCY

OPERATING TEMPERATURE (Topt)

SUPPLY VOLTAGE (Voo)

4 MHz < fxx< 12 MHz

~40 to +85 °C

+5.0V 10 %

CAPACITANCE (Ta=25°C, Voo = Vss = 0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. MAX. UNIT
Input capacitance Ci f=1MHz 20 pF
Output capacitance Co unmeasured pins 20 pF
/O capacitance Cio returned to 0 V. 20 pF
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OSCILLATOR CHARACTERISTICS (Ta = -40 to +85 °C, Voo = 45V £10 %, Vss =0 V)

RESONATOR RECOMMENDED PARAMETER MIN. MAX. UNIT
CIRCUIT
Ceramic . Vss X1 X2 -
resonator ' !
I
or : | E Oscillator frequency (fxx) 4 12 MHz
crystal ' !
resonator | 1 C2:
i i
' '
) ]
} 4 1
| AU VAU O U gy 4
resa
X1 input frequency {(fx) 4 12 MHz
X1 X2
External
clock ) D X1i ising/falling ti
input rising/falling time 0 30 ns
(txr, txr)
HCMOS
Inverter
X1 input high/low level width 30 130 ns
(twxH , twxi)

Note When the clock oscillator is used, the following should be noted concerning wiring in the area in

the figure enclosed by a dotted line to prevent the influence of wiring capacitance, etc.

¢ The wiring should be kept as short as possible.

+ No other signal lines should be crossed.

» Keep away from lines carrying a high fluctuating current.

« The oscillator capacitor grounding point should always be at the same potential as Vss. Do not
connect to a ground pattern carrying a high current.

¢ A signal should not be taken from the oscillator.
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RECOMMENDED OSCILLATION CIRCUIT CONSTANTS

(1) uPD78233,78234

CERAMIC RESONATOR
RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
[MHz] C1 [pF] C2 [pF]

CSA12.0MT 30 30
Murata Mfg. Co., Ltd. 12

CST12.0MT* Built-in capacitor type
Kyocera Corporation 12 KBR12.0M 33 33
Matsushita Electronics 12 EFOGC1205C4 Builti .
Component Co., Ltd. EFOEC1205C4 uilt-in capacitor type

*  Production discontinued.

CRYSTALRRESONATOR
RECOMMENDED CONSTANTS
MANUFACTURER FREQUENCY PRODUCT NAME
[MHz] C1 [pFl C2 [pF]
Kinseki, Ltd. 12 HC-49/U 18 18
{2) uPD78238
CERAMIC OSCILLATOR
FREQUENCY RECOMMENDED CONSTANTS
MANUFACTURER PRODUCT NAME
[MHz] C1 [pF] C2 [pF]
CSA12.0MT 30 30
Murata Mfg. Co., Ltd. 12
CST12.0MTW Built-in capacitor type
Matsushita Electronics EFOGC1205C4 . .
12 Built-in capacitor type
Component Co., Ltd. EFOEC1205C4
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DC CHARACTERISTICS {Ta = -40 to +85 °C, Voo = AVoo = #5 V £10 %, Vss = AVss = 0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. | MAX. | UNIT
Input voltage low Vi 0 0.8 \
ViH1 Pins except for *1 2.2 Voo
Input voltage high -
ViHz Pin of *1 0.8Voo Voo
Vori loL = 2.0 mA 0.45 \Y
Output voltage low
Vo2 loL = 8.0 mA *2 1.0 v
Vou1 lon = ~1.0 mA Voo-1.0 A
Output voltage high Vou2 low = -100 pA Voo-0.5 \Y%
Vons lon = ~5.0 mA *3 2.0 \
Input leakage current fu 0V<Vi<Voo +10 UA
Output leakage current lo 0 V< Vo< Voo 10 HA
X1 input current low I OVsVigVu -100 HA
X1 input current high I Vinz £ Vi < Voo 100 A
lop1 Operating mode fxx = 12 MHz 20 40 mA
Vob supply current
loo2 HALT mode fxx = 12 MHz 7 20 mA
Data retention voltage Vooor STOP mode 25 5.5 \
STOP Vooor = 2.5V 10 A
Data retention current looDR
mode | vooon =5V 10 % 20 Py
Pull-up resistor R Vi=0V 15 40 80 k€2

* 1. X1, X2, RESET, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2/CI, P24/INTP3, P25/INTP4/ASCK, P26/
INTPS, P27/S1, P32/SCK, P33/SO/SB0, MODE pins
2. P10 to P17, P40/ADO to P47/AD7, P50/A8 to P57/A15 pins
3. P00 to P07 pins
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AC CHARACTERISTICS (Ta = 40 to +85 °C, Voo = #5 V £10 %, Vss =0 V)
READ/WRITE OPERATION {1/2)

PARAMETER SYMBOL| TEST CONDITIONS MIN. MAX. UNIT

X1 input clock cycle time tevx 82 250 ns
Address setup time (to ASTBJ) tsasT ¢ 52 ns
Address hold time {from ASTB!)* tHsTA 25 ns
Address hold time {from RDT) tHRA 30 ns
Address hold time (from WRT) tHwa 30 ns
RD{ delay time from address tDAR 129 ns
Address float time (from RD{) traR @ " ns
Data input time from address toap ¢ No. of waits = 0 228 ns
Data input time from ASTBJ tostoe | No. of waits = 0 181 ns
Data input time from RD toRiD * No. of waits = 0 100 ns
RDI delay time from ASTB! tosta ¢ 52 ns
Data hold time (from RDT) tHRiD 0 ns
Address active time from RDT toRa * 124 ns
ASTBT delay time from RDT toRsT * 124 ns
RD low-level width twaL * No. of waits = 0 124 ns
ASTB high-level width twsTH ® 52 ns
WRL delay time from address toaw ¢ 129 ns
Data output time from ASTBl tosToD ® 142 ns
Data output time from WR{ towop 60 ns
WRL delay time from ASTBL tosTw1 ¢ Refreshing disabled 52 ns

tosTwz ¢ Refreshing enabled 129 ns
Data setup time (to WRT) tsoowae | No. of waits = 0 146 ns
Data setup time (to M.L) tsoowr ® Refreshing enabled 22 ns
Data hold time (from WRT) * tHwop 20 ns
ASTBT delay time from WRT towsT 42 ns

Refreshing disabled

. twws © No. of waits = 0 196 ns
WR low-level width Refreshing enabled

iz * No. of waits = 0 e ns
WAIT! input time from address toawr ¢ 146 ns
WAITL input time from ASTB! tosTwr * 84 ns

* The hold time includes the time to hold the Vos and Vo under the load conditions of C. = 100 pF and R. = 2 kQ.
Remarks 1. The values in the above table are based on “fxx = 12 MHz and C. = 100 pF”.

2. For a parameter with a dot () in the SYMBOL column, refer to DEFINITION OF tcvx DEPENDENT
BUS TIMINGS as well.
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READ/WRITE OPERATION (2/2}

PARAMETER SYMBOL TEST CONDITIONS MiIN. MAX. UNIT

WAIT hold time from ASTB. tistwre | No. of external waits = 1 174 ns
WAITT delay time from ASTBI tDSTWTH © No. of external waits = 1 273 ns
WAIT! input time from RD{ toRWTL * 22 ns
WAIT hold time from RD{ tHRWT © No. of external waits = 1 87 ns
WAITT delay time from RD{ LORWTH * No. of external waits = 1 186 ns
Data input time from WAIT? towTio * 62 ns
WRT delay time from WAITT towTw ¢ 154 ns
RDT delay time from WAITT towTA ¢ 72 ns
WAIT input time from WR{

(Refreshing disabled) towwr ¢ 22 ns
WAIT hold time Refreshing disabled{  thwwrie No. of external waits = 1 87 ns
from WR{ Refreshing enabled tHwwrz ® No. of external waits = 1 5 ns
WAITT delay Refreshing disabled| towwrH1e No. of external waits = 1 186 ns
time from WR! | Refreshing enabled | towwrnze | No. of external waits = 1 104 ns
REFRQ! delay time from RDT torFa * 154 ns
REFRQJ delay time from WRT townra 72 ns
REFRQ low-level width twarraL ¢ 120 ns
ASTBT delay time from REFRQT torFasT ¢ 280 ns

Remarks 1. The values in the above table are based on "fxx = 12 MHz and C. = 100 pF".
2. For a parameter with a dot (s} in the SYMBOL column, refer to DEFINITION OF tcvx DBEPENDENT
BUS TIMINGS as well.
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SERIAL OPERATION
PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
input External clock 1.0 us
Serial clock cycle time toysk Internally divided by 16 1.3 us
Output
Internally divided by 64 5.3 us
Input External clock 420 ns
Serial clock low-level width twsk Internally divided by 16 556 ns
Output
P Internally divided by 64 25 us
Input External clock 420 ns
Serial clock high-level width twskH Internally divided by 16 556 ns
Output
P Internally divided by 64 25 us
Sl, SBO setup time ({to SCKT) tsssk 150 ns
S, SBO hold time (from SCKT) tHssk 400 ns
CMOS push-pull output
toseski 0 300 ns
SO/SBO output delay time (3-wire serial I/O mode)
{from SCKJ) Open-drain output (SBI mode),
tosBsk2 0 800 ns
Ru=1kQ
SBO high hold time (from SCKT) | tusssx 4 tovx
SBI mode
SBO low setup time (to SCKI) tssBsK 4 tevx
SBO low-level width twssL 4 tevx
S$BO high-level width twsBH 4 teyx

Remarks The values in the above table are based on "fxx = 12 MHz and C. = 100 pF".

OTHER OPERATIONS

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
NMI low-level width twiit 10 us
NM! high-level width TWNIH 10 us
INTPO to INTP5 low-level width twitL 24 tevx
INTPO to INTP5 high-level width twiTH 24 teyx
RESET low-level width twrsL 10 us
RESET high-level width twRsH 10 us
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EXTERNAL CLOCK TIMING

PARAMETER SYMBOL TEST CONDITIONS MIN. MAX. UNIT
X1 input low-level width twxi 30 130 ns
X1 input high-level width twxH 30 130 ns
X1 input rise time txa 0 30 ns
X1 input falt time txF 0 30 ns
X1 input clock cycle time teyx 82 250 ns

A/D CONVERTER CHARACTERISTICS {Ta = 40 to +85 °C, Voo = AVoo = 5 V +10 %, Vs = AVas = 0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. | MAX. | UNIT
Resolution 8 bit
< <
40V < AVererr < AVop 0.4 %
Ta =-10 to +70°C
Overall error #1
3.4V < AVaerr € AVop ; 0.8 o
4.0V < AVrer1 £ AVbo 0.6 %
Quantization error +1/2 LSB
The FR bit of ADM is to be "0" 360 tovx
Conversion time teconv
The FR bit of ADM is to be "1" 240 tevx
The FR bit of ADM is to be “0" 72 tevx
Sampling time tsamp
The FR bit of ADM is to be "1" 48 tovx
AVREr
Analog input voltage Vian -0.3 \
+0.3
Analog input Raw 1000 MQ
impedance
Reference voltage AVrert 3.4 AVoo \
fxx = 12 MHz 1.6 3.0 mA
AVrer current Alngrt
.2 0.7 15 mA
Aloo1 fxx = 12 MHz 1.4 3.0 mA
AVop power current
Alpp2 *3 10 20 HA

* 1. Quantization error is not included. Represented by the ratio to full-scale value.
2. When ADM register CS bitis 0
3. When ADM register CS bit is 0 and STOP mode is set
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D/A CONVERTER CHARACTERISTICS (Ta = —40 to +85 °C, AVrer2 = Voo + 5 V £10 %, AVrers = Vss = 0 V)

PARAMETER SYMBOL TEST CONDITIONS MIN. TYP. | MAX. | UNIT
Resolution 8 BIT
Load conditions: 4 MQ, 30 pF 0.4 %
Load conditions: 2 MQ, 30 pF 0.6 %
AVger2 = 0.75 Voo
Overall error
AVeera = 0.25 Voo 0.6 %
Load conditions: 4 MQ, 30 pF
AVger2 = 0.75 Voo
AVrera = 0.25 Voo 0.8 %
Load conditions: 2 MQ, 30 pF
Settling time Load conditions: 2 MQ, 30 pF 10 us
Output resistor Ro * 20 kQ
Analog reference 0.75
voltage AVrerz Voo Voo v
Analog reference 0.25
voltage AVrera 0 Voo \
Reference power
input current Alrerz 0 5 mA
Reference power
input current Alrers -5 o mA

* When DACSO, 1=7FH
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DEFINITION OF tcvx DEPENDENT BUS TIMINGS (1/2)

PARAMETER SYMBOL | CALCULATION FOMULA | MIN./MAX. 12 MHz UNIT
X1 input clock cycle time tevx MIN. 82 ns
Address setup time {to ASTBI) tsast tevx - 30 MIN. 52 ns
RD! delay time from address toar 2tcvx — 35 MIN. 129 ns
Address float time (from RD{) tran tcyx/2 - 30 MiIN. 11 ns
Data input time from address toaip (4 + 2n) teyx -~ 100 MAX. 228 * ns
Data input time from ASTB! tosTiD (3 + 2n) tcvx — 65 MAX. 181 * ns
Data input time from RD{ foAD (2 + 2n) tevx — 64 MAX. 100 # ns
RD! delay time from ASTB! 1osTR tevx - 30 MIN. 52 ns
Address active time from RDT torA 2tcyx — 40 MIN. 124 ns
ASTBT delay time from RDT tonst 2tcvx — 40 MIN, 124 ns
RD low-level width twaL (2 + 2n) tevx — 40 MIN. 124 * ns
ASTB high-level width twsTH tcyx - 30 MIN. 52 ns
WR\! delay time from address toaw 2tcyx - 35 k MIN. 129 ns
Data output time from ASTBJ tosTop tevx + 60 MAX. 142 ns
teyx - 30 :
tosTwi1 MIN. 52 ns
* o (Refreshing disabled)
WRI delay time from ASTB!
2teyx — 35
tosTwz2 MIN. 129 ns
(Refreshing enabled)
Data setup time (to WRT tsoowa (3 + 2n) tevx ~ 100 MIN. 146 * ns
- tcyx — 60
Daia setup time (to WR{) tsoDwE MIN. 22 ns
(Refreshing enabled)
ASTBT delay time from WR?T towst | tcvx — 40 MIN. 42 ns
{3 + 2n) tevx — B0
twwit MiN. 196 * ns
* (Refreshing disabled)

WR low-level width
{2 + 2n) tcyx — 50
twwiz MIN. 114 % ns
(Refreshing enabled)

WAIT! input time from address toawr 3tcyx - 100 MAX. 146 ns

WAIT! input time from ASTBL tosTwr 2teyx — 80 MAX. 84 ns

Remarks “n” indicates the number of waits.

* Whenn=0
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DEFINITION OF tcvx DEPENDENT BUS TIMINGS (2/2)

PARAMETER SYMBOL CALCULATION FOMULA MIN./MAX. 12 MHz UNIT

WAIT hold time from ASTB{ tierwr | 2Xtevx + 10 MIN. 174 ns
WAITT delay time from ASTBJ toswri | 2(1 + XMtevx — 55 MAX. 273 * ns
WAIT! input time from RDJ toawTL tevx - 60 MAX., 22 ns
WAIT hold time from RD{ tHAWT (2X - Ntevx + 6 MIN. 87 ns
WATTT delay time from RD{ tDRWTH {2X + 1)tcyx ~ 60 MAX. 186 * ns
Data input time from WAITT towTip tevx — 20 MAX. 62 ns
WRT delay time from WAITT towrw 2teyx - 10 MIN. 154 ns
RDT delay time from WAITT towTh tevx - 10 MIN. 72 ns
WAIT input time from WR{

(Refreshing disabled) towwrtL teyx — 60 MAX. 22 ns
WAIT hold time| Refreshing disabled|  twwwr [ (2X = )tevx+ & MIN. 87 * ns
from WR{ Refreshing enabled tHwwr2 2{X - tcyx+ 5 MiIN. 5* ns
WAITT delay | Refreshing disabled| towwmsr | (2X + 1)tevx - 60 MAX, 186 * ns
time from WRJ | Refreshing enabled | towwrwz | 2Xtevx - 60 MAX. 104 * ns
REFRQJ! delay time from RDT toRRFa 2tcyx ~ 10 MIN, 154 ns
REFRQY! delay time from WRT towrra tevx — 10 MIN. 72 ns
REFRQ low-level width twrraL 2tcvx — 44 MIN. 120 ns
ASTBT delay time from REFRQT torrasT dtevx - 48 MIN. 280 ns

Remarks 1.

2. tcyx =82 ns (fxx = 12 MHz)
3. “n"indicates the number of waits.

* When X =1

X: The number of the external wait. {1, 2, ...}
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DATA RETENTION CHARACTERISTICS (Ta = -40 to +85 °C)

PARAMETER SYMBOL TEST CONDITIONS MIN, TYP. MAX. UNIT
Data retention voltage VoDDR STOP mode 2.5 5.5 Y
Vooor = 2.5 V 10 HA
Data retention current IoooR
Vooor =5V 10 % 20 LA
Voo rise time trvD 200 us
Voo fall time trvo 200 us
Voo hold time (from
thvo 0 ms
STOP mode setting)
STOP release signal -
toreL 0 ms
input time
Oscillation stabilization Crystal resonator 30 ms
twair
wait time Ceramic resonator 5 ms
Low-level i t volt Vie 0 0.1V \Y
ow-level input voltage Specified pin® DDDR
High-level input voltage VH 0.9 Vooor Vooor \

* RESET, MODE, P20/NMI, P21/INTPO, P22/INTP1, P23/INTP2/CI, P24/INTP3, P25/INTP4/ASCK, P26/INTP5, P27/
Si, P32/SCK, P33/SO/SBO pins

AC Timing Test Point

Voo-1V

0.8Vopor2.2V 0.8Vooor2.2V
> Test Points <:
08V 08V

0.45V
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Timing Waveform

Read operation

A\ S\

AB-A15
P60-P63

ADO-AD7

ASTB

XX

X

< toaD » [—— tuaa
l———— tpAR ]
( »‘ 3 X f X
/ X s
tHRID
{sast  tHsTA trAR i
-t <>} > _ 1orA
-t tDSTID e ]
| / \
twstH 9| [ tpstp — P [ tpaip ——P] [ tpRsT — W
o twAL
!S 4
N

Write operation

S\

A8-A15
P60-P63

WR

tsast  thsTA

D " | [—— tosron L tsopwr ———————P>|

_towoo, | _tSoDwr

ASTB 1 N o
— » .
twsTH twwis
- w2~
|- -=---- .

N i

N A y,

X

A

[— tHwA —Pl

—X

55



NEC uPD78233, 78234, 78237, 78238

External WAIT Signal Input Timing

Read operation

|
) @ XX
pooror —_ R ) [ —(X

e}

towTio
ASTB / \ / \
tDSTWTH i
m tHSTWT
tDRWTH I
— tHRWT
RD \ fl
tosTwr oL l— towTR
toawrt

WAIT \ Z

Write operation
soores KN XX
over < ——(X —(X

towwTtH
ASTB / s - tHwwr / \
tosTwTH
tHsTWT
V_Vﬁ [te————tOWWTH2
------- \ THwWwT2
\ ) /
l—{DSTWT -
W toawr towrw
e tOWWTL ’1
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Refresh Timing Waveform

Refresh after read

ASTB

tDRAFO wt——— tDRFQST ——=1

REFRQ
twhFat

Refresh after write

ASTB /

/

towrra torrast

REFRQ
twrraL
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Serial Operation

3-wire serial /0 mode

Twski twskH

o \ / \ / \ 7 \__/

tsssk | | tHssk
tovsk o

y

#o|—t— 1{DSBSK1

y
SO X X Output Data x X

SBI Mode

Bus release signal transfer

tHSBSK | |et—— twsBL twsBH tssesk
s /~ X X

Command signal transfer

twskL twskH

SCK _L Mr / \ / \ /
thsask—m{ |we—— tssask
[a——— tcvsk ot —pn] t——— tHsSK ——]
: P
SBO \ f >( VO Data );(
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Interrupt Input Timing

twiiH twaiL
NMI 0.8 Voo
08V
twitH - twitL !
0.8 Voo
INTPO-INTPS 08V

Reset Input Timing

twasH twASL
—_— 0.8 Voo
RESET 0.8V

59



NEC 1PD78233, 78234, 78237, 78238

External Clock Timing

———— twxH ——— ]

0.8 Vop 4~ )S /
X1 08V 72 N y,

—— et — ol th
-t twxi
-t tevx —
Data Retention Characteristics
STOP Mode Setting
L
J)
Voo VbopA
S toREL
tHvo TWAIT ———m~1
trvp tAvp

RESET N\ // 0.8 Voo )

K08V (’_/
NMmI \ / 0.8Voo N

(Release by Falling Edge)

e~ S

\0.8 \ (¢
))
((
0.8 Voo [ >
NMI
(Release by Rising Edge) 7 08V
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6. PACKAGE INFORMATION

80 PIN PLASTIC QFP (J14)

=16

detail of lead end

NOTE

Each lead centerline is located within 0.13
mm (0.005 inch) of its true position (T.P.} at
maximum material condition.

w
)
E:
w
S80GC-65-389-3
ITEM| MILLIMETERS INCHES
A 17.2+0.4 0.677+0.016
B 14.0%0.2 0.55178:058
C 14.0£0.2 0.551*3:008
D 17.20.4 0.677£0.016
F 0.8 0.031
G 0.8 0.031
H 0.30%0.10 0.012:5:35%
[ 0.13 0.005
J 0.65 (T.P.) 0.026 (T.P.)
K 1.6£0.2 0.0630.008
L 0.8+0.2 0.031:33%8
M 0.15*542 0.006*3:9%
N 0.10 0.004
P 2.7 0.106
Q 0.1£0.1 0.004+0.004
S 3.0 MAX. 0.119 MAX.
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94 PIN PLASTIC QFP ((J20)

A

JRARRRUBRRBARARAARRRIY
72 47|

o
detail of lead end
+ o [a «
T g
° 4
o
i |941 A
uHHHHHHH;HHTHHHHHHHHHﬂHL
< i Gz
K e
= 2
L
S94GJ-80-5BG-2
EI::::Elead centerline is located within 0.15 TEM MILLIVETERS INCTE:,
mm (0.006 inch) of its true position (T.P.) at A 23.220.4 0.913 5016
maximum material condition. B 20.0£0.2 0.787:5:5%8
C 20.0£0.2 0.787+3:358
D 23.210.4 0.913:981%
Fi 1.6 0.063
F2 0.8 0.031
G1 1.6 0.063
G2 0.8 0.031
H 0.35%0.10 0.01475.56
I 0.15 0.006
J 0.8 (T.P.) 0.031 (T.P.)
K 1.6+0.2 0.063+0.008
L 0.8£0.2 0.031:5:5%
M 0.153:08 0.00673:953
N 0.12 0.005
P 3.7 0.146
Q 0.120.1 0.004+0.004
S 4.0 MAX. 0.158 MAX.
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84 PIN PLASTIC QFJ (011150 mil)

| A
|
1]
1
1
84 E
S + o |lo
- R-E-E-E-A-N-B-B-m-u-
- _.l_:,_ ' _.E
© I‘»_ W A1 ! ! =i::
f o e R A s ) I
S T ) e
1
P84L-50A3-2
NOTE ITEM|{ MILLIMETERS INCHES
Each lead centerline is located within 0.12
mm (0.005 inch) of its true position (T.P.) at A 30.2%0.2 1.189+0.008
maximum material condition. B 29.28 1.153
¢ 29.28 1.153
D 30.2£0.2 1.189+0.008
E 1.94%0.15 0.076+3:38¢
F 0.6 0.024
G 4.4%0.2 0.173:33%
H 2.8%0.2 0.110:38%8
| 0.9 MIN, 0.035 MIN.
J 34 0.134
K 1.27 (T.P) 0.050 (T.P.)
M 0.40£0.10 0.016:3:5%%
N 0.12 0.005
p 28.20%0.20 1.110*3:358
Q 0.15 0.006
T RO.8 R 0.031
U 0.20*3:42 0.008*3:3%
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* 80 PIN CERAMIC QFP (14 x 14) (FOR ES) (uPD78234GC->xxx-3B9 ONLY)

A
B
"a[lo
—=e=aif| Y ———]
= —
—
———
| map—— |
[ e ————a
[ ~————— ——
| e ———
| ———— 0
= + = o |o
=== ———— |
—— ——
= m———— ]
— r——
" ——
[ ———— ————
| — e
e
—w-‘” 21
bt T ,, 2
4
G H [:J]
K
1. |
o
...... S — 4
¥
=
{Bottom View)
X80B-65A-1
ITEM MILLIMETERS INCHES
° A 19.7+0.4 0.77679:819
B 16.0 0.591
C 15.0 0.591
= - D 19.7£0.4 0.776+3:318
T Heu F 1.3 0.051
v G 1.3 0.051
H 0.2 0.008
J 0.65 (T.P.) 0.026 {T.P.)
K 2.35+0.15 0.09378:3%
M 0.15 0.006
Q 3.1 MAX. 0.123 MAX.
T 0.45 0.018
v 0.7 0.028
v 1.0 0.039
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7. RECOMMENDED SOLDERING CONDITIONS

This product should be soldered and mounted under the condition recommended in the table below.
For details of recommended soldering conditions referto the information document “Surface Mount Technology

Manual” (IEI-1207).

For soldering methods and conditions other than those recommended below, contact our sales personnel.

(1) uPD78233GC-3B9

Table 7-1 Soldering Conditions for Surface Mounting Type

: 80-pin plastic QFP (J14 mm)

1PD78234GC-xxx-3B9 : 80-pin plastic QFP {{114 mm)

1PD78237GC-3B9

: 80-pin plastic QFP ({114 mm)

1PD78238GC-xxx-3B9 : 80-pin plastic QFP ({114 mm)

Soldering Method

Soldering Condition

Recommended
Condition Symbol

Infrared reflow

Package peak temperature : 230 °C

Duration : 30 sec. max. (at 210 °C or above)
Number of times : Once, Time limit: 2 days*
(Thereafter 16 hours prebaking requires 125 °C)

IR30-162-1

Infrared reflow

Package peak temperature : 235 °C

Duration : 30 sec. max. (at 210 °C or above)
Number of times ; Once, Time limit : 2 days*
{Thereafter 20 hours prebaking requires 125 °C)

1R35-202-1

VPS

Package peak temperature : 215 °C

Duration : 40 sec. max. (at 200 °C or above)
Number of times : Once, Time limit : 2 days*
(Thereafter 16 hours prebaking requires 125 °C)

VP15-162-1

VPS

Package peak temperature : 215 °C

Duration : 40 sec. max. (at 200 °C or above)
Number of times : Once, Time limit : 2 days*
(Thereafter 20 hours prebaking requires 125 °C)

VP16-202-1

Wave soldering

Solder bath temperature : 260 °C max.

Duration : 10 sec. max., Number of times : Once
Preheating temperature : 120 °C max.

(package surface temperature)

Time limit : 2 days*

{Thereafter 16 hours prebaking requires 125 °C)

WS60-162-1

Pin part heating

Pin part temperature : 300 °C max.
Duration : 3 sec. max. (per device side)
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(2) PD78233GJ-5BG

: 94-pin plastic QFP ((J20 mm)

UPD78234GJ-xxx-5BG : 94-pin plastic QFP ((J20 mm)

UPD78237GJ-5BG

: 94-pin plastic QFP ((J20 mm)

uPD78238GJ-xxx-5BG : 94-pin plastic QFP ({120 mm)

Soldering Method

Soldering Condition

Recommended
Condition Symbol

Infrared reflow

Package peak temperature : 230 °C

" Duration : 30 sec. max. (at 210 °C or above)

Number of times : Once, Time limit: 7 days*
(Thereafter 10 hours prebaking required at 125 °C)

IR30-107-1

VPS

Package peak temperature : 215 °C

Duration : 40 sec. max. {at 200 °C or above)
Number of times : Once, Time limit : 7 days*
(Thereafter 10 hours prebaking required at 125 °C)

VP15-107-1

Wave soldering

Solder bath temperature : 260 °C

Duration : 10 sec. max., Number of times : Once
Preheating temperature : 120 °C max.

{package surface temperature)

Time limit : 7 days*

{Thereafter 10 hours prebaking required at 125 °C)

WS60-107-1

Pin part heating

Pin part temperature : 300 °C max.
Duration : 3 sec. max. (per device side)

(3) uPD78233LQ
pPD78234LQ-xxx :
nPD78237LQ
HPD78238LQ-xxx :

: 84-pin plastic QFJ (11150 mil)

84-pin plastic QFJ {11150 mil)

: 84-pin plastic QFJ {{J1150 mil)

84-pin plastic QFJ ({11150 mil)

Soldering Method

Soldering Condition

Recommended
Condition Symbol

VPS

Package peak temperature : 215 °C

Duration : 40 sec. max. (at 200 °C or above)
Number of times : Once, Time limit: 7 days*
{Thereafter 10 hours prebaking required at 125 °C)

VP15-107-1

Pin part heating

Pin part temperature : 300 °C max.
Duration : 3 sec. max. {per device side}

* For the storage period after dry-packdecapsulation,storage conditions are max. 25 °C, 65% PH.

Note Use of more than one soldering method should be avoided (except in the case of pin part heating).

Notice

A version of this product with improved recommended soldering conditions is available. For details
{improvements such as infrared reflow peak temperature extension (235 °C), number of times: twice,
relaxation of time limit, etc.), contact NEC sales personnel.
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APPENDIX A. DEVELOPMENT TOOLS

The following development tools are available for system development using the uPD78233, 78234, 78237 and

78238.

Language Processing Software

RA78K/I1*1,2

78K/ll series common assembler package

CC78K/lI*1,2

78K/l series common C compiler package

CC78K/I1-L*1,2

78K/l series common C compiler library source file

PROM Write Tools

PG-1500

PROM programmer

PA-78P238GC
PA-78P238GJ
PA-78P238KF
PA-78P238LQ

Programmer adapter connected to PG-1500

PG-1500 Controlter*1

PG-1500 control program

Debugging Tools

|E-78200-R-EM*3

IE-78230-R-A uPD78234 series common in-circuit emulator
|E-78230-R*3

IE-78200-R-BK 78K/Il series common break board
IE-78230-R-EM

uPD78234 series common emulation board

EP-78230GC-R
EP-78230GJ-R
EP-78230LQ-R

uPD78234 series common emulation probe

EV-9200G-94 Socket to be mounted on user system board created for the 94-pin plastic QFP and
EV-9200GC-80 the 80-pin plastic QFP

EV-9900 Jig to be used for removing uPD78P238KF from EV-9200G-94

SD78K/iI*1 |E-78230-R-A screen debugger

DF78230*1 uPD78234 series device file

Real-Time OS

[ RX78K/II*1,2

78K/ series common real-time OS
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Fuzzy Inference Development Support System

FE9000*1 Fuzzy knowledge data creation tool
FT9080*1 Translator

FI78K/11*1 Fuzzy inference module
FD78K/1i*1,4 Fuzzy inference debugger

* 1. PC-9800 series (MS-DOS™) based, IBM PC/AT™ (PC DOS™) based
2. HP9000 series 300™ (HP-UX™) based, SPARCstation™ (Sun OS™) based, EWS-4800 series™ (EWS-UX/V™™)

based

3. No longer manufactured and not available for purchase.

4. Under development

Remarks For development tools manufactured by a third party, see “78K/ll Series Development Tools Selection

Guide (FE-231)".
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APPENDIX B. RELATED DOCUMENTS

Device Related Documents

Document Name

Document No.

uPD78234 Series User's Manual Hardware Volume

78K/Il Series User’s Manual Instruction Volume

78K/Il Series Application Note

Introductory Volume

Application Volume

Floating Point Operation Program Volume

78K/li Series Selection Guide

78K/l Series Instruction Application Table

78K/Il Series Instruction Set

uPD78234 Series Special Function Register Application Table

Development Tools Related Documents (User’s Manual)

Document Name

Document No.

RA78K Series Assembler Package

Operation Volume

Language Volume

RA78K Series Structured Assembler Preprocessor

CC78K Series C Compiler

Operation Volume

Language Volume

CC78K Series Library Source File

PG-1500 PROM Programmer

PG-1500 Controller

|E-78230-R-A In-Circuit Emulator

IE-78230-R In-Circuit Emulator

Hardware Volume

Software Volume

SD78K/ll Screen Debugger

Primer Volume

Reference Volume

78K/l Series Development Tools Selection Guide

Note The contents of the above related documents are subject to change without notice. The latest document

should be used for design, etc.
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Built-In Related Software Documents (User’s Manual)

Document Name . Document No.

Introductory Volume

Installation Volume

RX78K/ll Series Real-Time OS
Debugger Volume

Technical Volume

Fuzzy Knowledge Data Creation Too!

78K/0, 78K/il , 87AD Series
Fuzzy Inference Development Support System

Translator

78K/l Series Fuzzy Inference Development Support System Fuzzy Inference Module

78K/ Series Fuzzy Inference Debugger

Other Documents

Document Name Document No.

QTOP Microcomputer Brochure

Package Manual

Surface Mount Technology Manual

Quality Grade on NEC Semiconductor Devices

NEC Semiconductor Device Reliability & Quality Control

Electrostatic Discharge (ESD) Test

Semiconductor Devices Quality Guarantee Guide

Microcomputer Related Products Guide Other Manufactures Volume

Note The contents of the above related documents are subject to change without notice. The latest document
should be used for design, etc.
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[MEMO]

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.
NEC Corporation does not assume any liability for infringement of patents, copyrights or other intelflectual
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.
The devices listed in this document are not suitable for use in aerospace equipment, submarine cables, nuclear
reactor control systems and life support systems. If customers intend to use NEC devices for above applications
or they intend to use "Standard" quality grade NEC devices for applications not intended by NEC, please contact
our sales people in advance.
Application examples recommended by NEC Corporation
Standard: Computer, Office equipment, Communication equipment, Test and Measurement equipment,
Machine tools, Industrial robots, Audio and Visual equipment, Other consumer products, etc.
Special: Automotive and Transportation equipment, Traffic control systems, Antidisaster systems, Anticrime
systems, etc.

M4 92.6
EWS-4800 series and EWS-UX/V are trademarks of NEC Corporation.

MS-DOS is a trademark of Microsoft Corporation.

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

SPARCstation is a trademark of SPARC International, Inc.

Sun OS is a trademark of Sun Microsystems Corporation.

HP3000 series 300 and HP-UX are trademarks of Hewlett Packard Company.
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