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Description

The wPD78233, nPD78234, and n.PD78P238 are high-
performance, B-bit, single-chip microcomputers. They
contain extended addressing capabilities for up to 1M byte
of external memory. The devices also integrate sophisti-
cated analog and digital peripherals as well as two low-
power standby modes that make them ideal for low-power/
battery backup applications.

The wPD7823x family focuses on embedded control with
features like hardware multiply and divide, two levets of
interrupt response, four banks of main registers for multi-
tasking, and macroservice for processor-independent
peripheral and memory DMA. Augmenting this high-
performance core are advanced components like high-
precision A/D and D/A converters, two independent serial
interfaces, several counter/timers, PWM outputs as well
as areal-time output port. On board memory includes up to
1K bytes of RAM and 32K bytes of mask ROM or OTP ROM.

The macroservice routine allows data to be transferred
between any combination of memory and peripherals inde-
pendent of the current program execution. The four banks
of processor registers allow simplified context switching to
be performed. Both features combined with powerful on-
chip peripherals make this part ideal for a wide variety of
embedded control applications.

Features

[0 Complete single-chip microcomputer
— B-bit ALU
— 16K ROM
— 640 bytes RAM
— Both 1-bit and 8-bit logic

O Instruction prefetch queue
0 Hardware multiply and divide

[0 Memory expansion
— B085 bus-compatible
— B4K program address space
— 1M data address space

O Large 1/O capacity: up to 64 1/0 port lines
[0 Two 12-bit PWM outputs

[ Eight-input 8-bit A/D converters

C] Two-output 8-bit D/A converters

(] Extensive timer/counter functions
— One 16-bit timer/counter/event counter
— Three 8-bit timer/counter/event counter

O Four timer-controlied PWM channels
O Two 4-bit real-time output ports

O Extensive interrupt handier
— Vectored interrupt handling
— Programmable priority
— Macroservice mode

O Two independent serial ports
O Software pullup options
O Refresh output for pseudostatic RAM

O On-chip clock generator
— 12-MHz maximum CPU clock frequency
— 0.33-ps instruction cycle

[J CMOS silicon gate technology
1 5-volt power supply

Ordering Information

Part Number ROM Package
wPD78233GC-3B9 ROMless 80-pin plastic QFP
pPD78233L 84-pinPLCC
pPD78233GJ-5B6 94-pin plastic QFP
wPD78234GC-3B9 16K Mask ROM 80-pin plastic QFP
wPD78234L 84-pin PLCC
uPD78234GJ-5B6 94-pinplastic QFP
nPD78P238GC-3B9 32K OTP ROM 80-pin plastic QFP
nPD78P238L 84-pin PLCC

nPD78P238GJ-586 94-pin plastic QFP
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Pin Identification

Symbol Function Symbol Function
P0Og-PO, Outputport0 P5q-P57/Ag-Aqs /O port5/Upper address byte
P1g-P11/PWMO-PWM1  1/O port 1/Pulse-width modulated outputs PBp-P63/A15-A1g Output port 6/Extended address nibble
P15-P1; I/Oport 1 P64/RD I/0 port 6/Read strobe output
P2o/NMI Input port 2/Non-maskable interrupt input P65lWﬁ 1/Q port 6/Write strobe output
P2,-P25/INTPO-INTP1  Inputport 2/External interruptinput/timer Psst 1/Q port 6/Waitinput

trigger P67/ REFRQ 1/0 port 6/Refresh output
P23/INTP2/CI 'C"m‘i’:gu":’ Externalinterruptinput/ P70-P77/ANIO-ANI7  Inputport 7/A/D converter inputs
P2,/INTP3 Input port 2/External interrupt input/timer ANOO-ANO1 DiAconverter autput

trigger ASTB Address strobe output
P25/INTP4/ASCK Input port 2/External interrupt input/ RESET External resetinput

Asynchronous serial clock MODE External memory access control input
P2g/INTPS Input port 2/External interrupt input X1, X2 External crystal or external clock input
P27/Si Input port 2/Serial input AVREF/ A/D converter referance voltage
P3o/RxD /O port 3/Serial receive input AVREF2: AVREF3 D/A converter reference voltages
P34 /I)g 1O port 3/Serial transmit output AVgs Analog ground
P3,/SCK 1/0O port 3/Seria! clock input/output Voo Positive power supply input
P33/S0O/SBO 1/0 port 3/Serial output/Serial bus 1/QO AVpp Positive power supply input; analog section
P34-P37/TO0-TO3 1/Q port 3/Timer output Vss Power return; normally ground
P4q-P4;/ADg-AD7 1/0 port4/Lower address byte/data bus NC No connection
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igurations

Pin Conf

80-Pin Plastic QFP
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84-Pin PLCC (Plastic Leaded Chip Carrier)
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Pin Functions

P0g-PO5. Port 0 is an 8-bit, tristate output port with direct
transistor drive capability. Port 0 can also be configured as
two 4-bit, real-time (timer-controlled) output ports.

P1p-P1;. Port 1 is an 8-bit input/output port with the pro-
grammable pullup option. Port 1 has direct LED drive
capability.

PWMO-PWMI1. These are pulse-width modulated outputs
for dc motor control.

P2y-P24. Port 2 is an 8-bit input port with the programma-
ble puliup option except for P2y and P2,.

NMI. Non-maskable interrupt input.

INTPO-INTP5. External interrupt inputs. INTPO, INTP1,
and INTP3 are timer capture trigger inputs.

Cl. External clock input to the timer.
ASCK. Asynchronous serial clock input.
Sl. Serial data input for three-wire serial 1/0 mode.

P3y-P3;. Port 3 is an 8-bit tristate 1/0O port with the pro-
grammable pullup option.

RxD. Receive serial data input.

TxD. Transmit serial data output.

SCK. Serial shift clock output.

SO0. Serial data output for three-wire serial |/0O mode.
SBO. I/0 bus for the clocked serial interface.
TO0-TO3. Timer flip-flop outputs.

P4y-P4;. Port 4 is an 8-bit, bidirectional tristate port with
the programmable pullup option. Port 4 has direct LED
drive capability.

ADy-AD5. Multiplexed address/data bus used with exter-
nal memory or expanded 1/0.

P5q-P57. Port 5 is an 8-bit, bidirectional tristate port with
the programmable pullup option. Port 5 has direct LED
drive capability.

Ag-A45. Upper-order address bus used with external
memory or expanded I/0.

P6q-P63. Pins P6y-P63 of port 6 are outputs.

Aqg-A1g. Extended-order address bus used with external
memory.

P64-P6+. Pins P64-P67 of port 6 are tristate 1/Os with the
programmabie pullup option.

RD. Read strobe output used by external memory (or data
registers) to place data on the 1/O bus during a read
operation.

WR. Write strobe output used by external memory (or data
registers) to latch data from the 1/O bus during a write
operation.

WAIT. Wait signal input.

REFRQ. Refresh pulse output used by external pseudo-
static memory.

P7o-P75. Port 7 is an 8-bit input port.
ANIO-ANI7. Analog voltage inputs to A/D converter.
ANO1, ANO2. Analog voltage outputs from D/A converters.

ASTB. Address strobe output used by external circuitry to
latch the low-order 8 address bits during the first part of a
read or write cycle.

RESET. A low level on this external reset input sets all re-
gisters to their specified reset values. This pin, together
with P2¢/NMI, sets the pPD78P234 in the PROM program-
ming mode.

MODE. Control signal input that selects external memory
or internal ROM as the program memory. When MODE is
low, nPD78234 is set in ROMless mode and external
memory is accessed.

X1, X2. For frequency control of the internal clock oscil-
lator, a crystal is connected to X1 and X2. If the clock is
supplied by an external source, the clock signal is con-
nected to X1 and the inverted clock signal is connected
to X2.

AVREeri- A/D converter reference voltage.
AVREer2, AVRers- D/A converter reference voltage.
AVpp. A/D converter supply voltage.

AVgs. A/D converter ground.
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nPD7823x Block Diagram
Bus Control
SFR Address/Data Bua :> AjgA1g/
P25 /NMI — B Péo-PB3
0 Programmabile An-Accl
Interrupt Address Bus > 515
P2y - P2g/ Controller <:> — ') :> PSg-P57
INTPO-INTPS ) N ADg-AD/
P3g/RD —sl o 4 v @ P4g-Pay
P3,/mOD Baud Rate -
PZS%% Generator
P3,/SCK <« - Ps,;lﬁ
y Clocked Serial pternal _
S LR rovn e o
P2,/51 —»
Local (16K Bytes) «—— P6g/WAIT
INTP3 » Data Bus T
Timer/Counter A L . —
prm— /REF|
P34/TO0 (16 Blits) C> N P67/REFRQ
P35 /TO1 <— __> | ASTB
Micro ROM
Timer/Counter -
INTP0 —»{ Channel-1 C> &mw System Control
(PS + 8 Bits) Temporary —
Reglsters f-——— X1
INTP1 *1 Timer/Counter \ sP
P2yINTP2ICI —| ' Chramnel2 [ \L:> — -— X2
P36/T02 <~ (PS + 8 Bits) PSW RESET
P37/TO3 ~— -
¢ MODE
Timer/Counter Vs Boolean |
Channel-3 C> Processor
(PS + 8 Bits) —— VpD
—— Vss
P0°~P03 < Real-Time RAM
Output Port
PO -PO C (4:;;5,{2) <:> General
o S I =
ANIO-ANI7 Macroservice
AVREF) — AD Channels
AVpp —»
Avgg —>] Converter <:> (256 Bytes)
INTPS » —
Ayt D/A
ANO1 a—
AVREpa —»| Converter @
AVREF3 —]
PWMO <—1 Pulse Width
PWM1 Madulator c>
\/
5 Internal Data Bus
internal Data .
ooy KL KALK D B
tes| oy
O Peripheral Bus VF
P1° P2¢ P40 PSQ P6g P64 P7°
-Po7 -P1; P2, -Pa-, -P4; -P5; P63 -PE; -PTy
S3RD-6433B
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FUNCTIONAL DESCRIPTION
Timing

The maximum clock frequency is 12 MHz. The clock is de-
rived from an external crystal or an external oscillator. The
internal processor clock is two-phase and the machine
states are executed at a rate of 6 MHz. The shortest in-
structions require two states (333 ns). The CPU contains a
one-byte instruction prefetch. This allows a subsequent
instruction to be fetched during the execution of an instruc-
tion that does not reference memory.

Memory Map

The uPD7823x has 1M byte of address space. This
address space is partitioned into 64K bytes of program

Figure 1. Memory Map

memory starting at address 00000H. (See figure 1.) The
remainder of the 1M bytes can be accessed as data mem-
ory space.

External memory is supported by /0O port 4, an 8-bit multi-
plexed address/data bus. The memory mapping register
controls the size of external memory as well as the number
of added wait states. The upper address byte is derived
from port 5, and the extended address nibble is derived
from port 6.

The wPD78234 has on-chip mask ROM occupying the
space from 00000H to 03FFFH. When the ROM is used
and no other program or data space is required, ports 4, 5,
and 6 are available as additional 1/0 ports.

00000H

On-Chip ROM
16,834 Bytes

e
7

3 (Must be external 3
memory
in pPD78233)

03FFFH
04000H

v External Memory

00000H Interrupt Vector
0003FH Address Table Area
00040H
CALLT Table Area
0007FH
00080H
Program Area
007FFH

00800H
J CALLF Entry

Area e

2T

O0OFFFH
01000H

*r ProgramArea o

7

-~
“‘F 03FFFH
OFC7FH
OFC80H
On-Chip RAM OFCaoH On-Chip
640 Bytes RAM
OFEFFH OFEDFH
0FFOOH Special Function OFEECH General-Purpose
Register (SFR) Registers
OFFFFH Area OFEFFH
10000H .
External
Memory J
R (Extended R
Address
. Area)
FFFFFH

S&3RD-54308
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General-Purpose Registers

The general-purpose registers are mapped into specific
addresses in data memory. They are made up of four
banks, each bank consisting of eight 8-bit or four 16-bit
registers. The register bank used is specified by a CPU
instruction. This can be checked by reading RBSO and
RBS1 in the program status word {PSW).The general-
purpose register configuration is shown in figure 2.

Figure 2. Register Mapping

OFEEOH [ Register
Bank
3
2
For 8-Bit For 16-Bit
Processing Processing
1
7| (R1)A | (RO) X (RP0) AX | OFEF8H
0 (R3)B | (R)C [(RP1) BG | OFEFAH
OFEFFH (RS)D | (RHE (RP2) DE | OFEFCH
\\ (RH | (R6)L (RP3) HL. | OFEFEH
{ ) =Absalute Name
83ML-6062A

Special Registers

There are three different special registers. The firstis a 16-
bit binary counter that holds the next program address to
be executed and is named the program counter. The stack
pointer is the second special 16-bit register. The stack
pointer holds the address of the stack area (a last in, first
out system). The third special register is an 8-bit program
status word. This register contains various flags that are
set or reset depending on the results of instruction execu-
tion. The program status word format is as follows:

7 0
| iE |z |mBs1| Ac | mBso |0 [IsP | oY |

CcY Carry flag

ISP Interrupt priority status flag
RBSO0, RBS1 Register bank selection flags
AC Aunxiliary carry flag

Z Zero flag

IE Interrupt request enable flag

Special Function Registers

These registers are assigned to speciai functions such as
the mode and control registers for on-chip peripheral
hardware. They are mapped into the 256-byte memory
space from OFFOOH to OFFFFH. Table 1 is a list of special
function registers.



wPD7823x

NEC

Table 1. Special Function Registers

Handleable
Bit Unit

1 8 16
Address Special Function Register (SFR) Name Symbol R/W Bit Bit Bit OnReset
OFFOOH Port0 PO R/W o o - Indeterminate
OFFO1H Port 1 P1 R/W o o0 - Indeterminate
OFF02H Port2 P2 A o o - Indeterminate
OFFO3H Port3 P3 R/W o o - Indeterminate
OFF04H Port4 P4 R/W o o - Indeterminate
OFFO5H Port5 P5 RW o o - Indeterminate
OFFO6H Porté Pé RW o o - xOH
OFFO7H Port7 P7 R o o - Indeterminate
OFFOAH Port 0 buffer register (low) POL RW o o - Indeterminate
OFFOBH Port 0 buffer register (high) POH RW o o - Indeterminate
OFFOCH Real-time output port controiregister RTPC RW o o - OOH
OFF10H, 16-bit compare register 0 (16-bit timer/counter) CRO0 R/W - - 0 Indeterminate
OFF11H
OFF12H, 16-bit compare register 1 (16-bit timer/counter) CRoO1 RW - -0 indeterminate
OFF13H
OFF14H 8-bit compare register (8-bit timer/counter 1) CR10 RW - o - Indeterminate
OFF15H 8-bit compare register (8-bittimer/counter 2) CR20 RW - o - Indeterminate
OFF16H 8-bit compare register (8-bit timer/counter 2) CR21 RW - 0 - Indeterminate
OFF17H 8-bit compare register (8-bit timer/counter 3) CR30 RW - 0o - Indeterminate
OFF18H, 16-bit capture register {16-bittimer/counter) CRo2 R - - o Indeterminate
OFF19H
OFF1AH 8-bit capture register (8-bit timer/counter 2) CR22 R - 0o - Indeterminate
OFF1CH 8-bit capture/compare register (8-bit timer/counter 1) CR11 R/W - o - Indeterminate
OFF20H Port 0 mode register PMO w - o - FFH
OFF21H Port 1 mode register PM1 R - 0o - FFH
OFF23H Port 3 mode register PM3 w - o - FFH
OFF25H Port 5 mode register PM5 w - 0 - FFH
OFF26H Port 6 mode register PMé6 R/W - 0o - FxH
OFF30H Capture/compare control register 0 CRCO W - o0 - 10H
OFF31H Timer output control register TOC W - o - 00H
OFF32H Capture/compare control register 1 CRC1 w - o - O0H
OFF34H Capture/compare control register 2 CRC2 W - 0o - 00H
OFF40H Pull-up option register PUO R/W a o0 - OOH
OFF43H Port 3 mode control register PMC3 R/W o o - 0OH
OFF50H, 16-bittimer register 0 T™MQO R - - o0 0000H
OFF51H
OFF52H 8-bit fimer register 1 T™1 R - o - 00H

10
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Table 1. Special Function Registers (cont)
Handleable
Bit Unit
1 8 16

Address Special Function Register (SFR) Name Symbol R/W Bit Bit BIit OnReset
OFF54H 8-bittimer register 2 ™2 R - 0o - 00H
OFF56H 8-bittimer register 3 T™3 R - o - OOH
OFF5CH Prescaler mode register 0 PRMO - 0 - 00H
OFF5DH Timer controi register 0 TMCO RW - o - 00H
OFFS5EH Prescaler mode register 1 PRM1 w - o - 00H
OFF5FH Timer control register 1 TMC1 RW - o - O00H
OFF60H D/A converter value setting register 0 DACSO RW - o0 - 00H
OFF61H D/A converter value setting register 1 DACS1 R/wW - o - OOH
OFF68H A/D converter mode register ADM R/W o o - O0H
OFF6AH A/D conversion result register ADCR R - 0 - Indeterminate
OFF70 PWM control register PWMC R/W - 0 - 05H
OFF72H, PWM moduloregister 0 PWMO W - - o Indeterminate
OFF73H
OFF74H, PWM moduloregister 1 PWM1 w - - o Indeterminate
OFF75H
OFF7DH One-shot pulse output cantrol register OSPC RW o o - 00H
OFF80H Clocked serial interface mode register CSIM R/W o 0 - OCH
OFF82H Serial bus interface control register SBIC RW o o0 - 00H
OFF86H Serial shift register SIO R/W - 0o - Indeterminate
OFF88H Asynchronous serial interface mode register ASIM RW o o - 80H
OFF8AH Asynchronous serial interface status register ASIS R o o - 00H
OFF8CH Serialreceive buffer: UART RxB R - 0 - Indeterminate
OFF8EH Serial send shiftregister: UART TS W - o - Indeterminate
OFF90H Baud rate generator control register BRGC w - 0o - 00H
OFFCOH Standby control register STBC R/W - 0o - 0000 x 000B
OFFC4H Memory expansion mode register MM R/W o o - 20H
OFFCS5H Programmable wait control register PW R/W o o - B8OH
OFFC6H Refresh mode register RFM AW o o - O0H
OFFCFH Memory size contral register IMS w - o0 - Indeterminate
OFFEOH Interrupt request flag register L IFOL  IFO RW o o o 0000H
OFFE1H Interrupt request flag register H IFOH RW a o 0000H
OFFE4H Interrupt mask flag register L MKOL MKO RW o o o FFFFH
OFFESH Interrupt mask flag register H MKOH RW o o FFFFH
OFFE8H Priority specification flag register L PROL PRO RW o o o FFFFH
OFFE9H Priority specification flag register H PROH AW o o FFFFH
OFFECH Interrupt service mode specification flag register L ISMOL ISMO AW o o o 0000H
OFFECH Interrupt service mode specification flag register L ISMOL 1SMO RW o o 0000H
OFFEDH Interrupt service mode specification flag register H ISMOH AW o 0 0000H
OFFF4H Externalinterrupt mode register 0 INTMO RW o o - O00H
OFFF5H External interrupt mode register 1 INTM1 R/W a o - O0H
OFFF8H Interrupt status register IST RW o o - 00H

1k
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Input/Output Ports

Port 0 is a byte programmable tristate output port. Port 1 is
hit programmable as input or output pins. Port 2 is bit select-
able as input or control pins. Port 3 is bit programmable as
input, output, or control pins. Port 4 is byte programmable
as an |/O port or as the external address/data bus. Port 5 is
bit programmabie as |/O or the upper address byte. Port 6
is bit programmable as /O, control pins, or the extended
address nibble. Port 7 is an input only port.

Real-Time Output Port

The real-time output port (figure 3) shares pins with port 0.
The high and low nibbles may be treated separately or to-
gether. In the real-time output function, data stored be-
forehand in the buffer register is transferred to the output
latch simultaneously with the generation of either a timer
interrupt or external interrupt. Using the real-time output
function in conjunction with the macroservice function
enables port 0 to output preprogrammed pattems at pre-
programmed variable time intervals.

Figure 3. Real-Time Output Port

A/D Converter

The wPD7823x A/D converter (figure 4) uses the succes-
sive-approximation method of converting any or all of the
eight multiplexed analog inputs inte 8-bit digital data. This
data is stored in a result register that can be accessed at
any time. The conversion time is 30 ps at 12-MHz opera-
tion. Quantization error is +1/2 LSB; maximum full-scale
erroris 0.4%.

There are two methods for starting the A/D conversion
operation. Conversion may be started by hardware by
using an external interrupt as a trigger. The second method
of starting conversion is with a software command.

There are also two methods by which the nPD7823x will
operate after conversion has begun. The first, the scan
method, selects several analog input signals sequentially
and obtains data from each pin producing an interrupt with
each conversion. The converted data can be successively
transferred to memory by using the macroservice function.
The second, the select mode, chooses any one input
and the result is updated continuously, with or without in-
terrupt generation depending on the chosen start method.

a Internal Bus 3
arPc | BYTE | pomd | EXTR | PomL @ @
‘ * ‘ | Butfer Flteglsner
POH PaL
INTCA11 Byte 4-Bit
NT Real-Time :
l Output (POH)
POMH -
INTPO 4-Bit Real-Time 8
INTC10 —¢ Output (POL}
Selector Selector 4 4
»> 8-Bit Real-Time
t POML Output (P0) J
EXTR \Z
QOutput Latch -
N——

TIVY VTTY

P07 PO0g Pag P04 P03 POo POy POg

83ML-6083B

12



NEC

pnPD7823x
Figure 4. Analog-to-Digital Converter
Resistor String
r-r----- |
ANIQ — 1 ) AVREF
ANIt —-> I B !
a2 — 5 Samplo and Lo !
ANI3 —> gl Lo as !
ANI4 —> ;;E A N : : :
ANIS —»>] _E' - - 1 Voltas '
AN — o oo L IR
ANI7 —> ! ! 1 g Yo
Lewewmd t'g 1 Yo
4 I : I
Successive Approximation | ! 1 X |
Register [SAR] ! ] . t
1 ] \ i
! t
INTPS —»| Edge | Convaersion Trigger INTAD | : Rr2 % 1
Detector Control — | 1 I
FD Circuit (I AvVss
| SRR VAU U Jd
Trigger Enable
o Selector {— Interrupt Request
8
A/D Converter Mode A/D Corwersion Result
Register {ADM) Register [ADCR]
8
/.
L Internal Bus X
BIRD-84298
D/A Converter Flgure 5. Digital-to-Analog Converter
The nPD7823x has two D/Aconverters asshowninfigure5. |  ________ ==
The 8-bit digital input, written to the DACSn register AVREF20 : Lo
(n = 0, 1), selects one of 256 taps on a resistor ladder be- ' me N
tween reference voltages AVrepo and AVRers. The selected 1 : :
voltage becomes the analog output at the ANOR pin. ' R i ]
i 1
Because of the high impedance at ANOR, an external buf- : roo
fer is required to drive a low-impedance load. ! ' ! Tap !
s : ! ‘Sel?ct' 9 ANOn
The ANORN pin is high impedance also while the RESET . ! ! !
signal is active. After reset clears, the DACSn register is : : :
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: 1 '
\ R2 1 |
) 1 ]
AVREF30— i 1 1
. - o - - I__
Other
D/A Converter
3 DACSn
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PWM Output

The two pulse-width modulators of the pPD7823x (figure 6)
have 12-bit resolution. Designed for dc motor speed con-
trol, the outputs at PWMn (n = 0, 1) are selectable inde-
pendently as active low or high.

Figure 6. Pulse-Width Modulator
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Serial Interface

The nPD7823x has two independent serial interfaces.
e Asynchronous serial interface (UART) (figure 7)

e Clock-synchronized serial interface (figure 8)

A universal asynchronous receiver transmitter {UART) is
used as an asynchronous serial interface. This interface
transfers one byte of data following a start bit. The
wPD7823x contains a baud rate generator. This allows
data to be transferred over a wide range of transfer rates.
Transfer rates may also be defined by dividing the clock
input to the ASCK pin. Transfer rates may also be gener-
ated by 8-bit timer counter 3.

The clock-synchronized serial interface has two different
modes of operation:

o Three-line serial /0 mode.
in this mode, data 8 bits long is transferred along three
lines: a serial clock (SCK) line and two serial bus lines
(SO and Sl). This mode is convenient when the
wPD7823x is connected to peripheral 1/0Os and dis-
play controllers that have the conventional clock-
synchronized serial interface.

e Serial bus interface mode (SBI).

In this mode the WPD7823x can communicate data with
several devices using the serial clock (SCK) and the se-
rial data bus (SBOQ) lines. This mode conforms to NEC's
serial bus format. In SBI mode, addresses that select a
device to communicate with, commands that direct the
device, and actual data are output to the serial data bus.
A handshake line, which was required for connecting
several devices in the conventional clock-synchronized
serial interface, is not needed.



NEC

wPD7823x

Figure 7. Asynchronous Serial Interface
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Figure 8. Clock-Synchronized Serlal Interface
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Timer/Counters

The wPD7823x has four timer/counters: one 16-bit and
three 8-bit. The 16-bit timer/counter (figure 9) has the
basic functionality of an interval timer, a programmable
square-wave output, and a pulse width measurer. These
functions can provide a digital delayed one-shot output, a
pulse width modulated output, and a cycle measurer.

Figure 8. 16-Bit Timer/Counter

The first two 8-bit timer/counters can provide the basic
functions of an interval timer and a pulse width measurer.
Timer/counter 1 can also be used as a timer for output
trigger generation for the real-time output port. Timer/
counter 2 can also provide an external event counter, a
one-shot timer, a programmable square-wave output, a
pulse-width modulated output, and a cycle measurer.
Timer/counter 3 can operate as an internal timer or as a
counter to generate clocks for a baud rate generator. See
figures 10, 11, and 12.
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Figure 10. 8-Bit Timer/Counter 1
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Figure 11. 8-Bit Timer/Counter 2
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Interrupts

There are 20 interrupt request sources; each source is allo-
cated a location in the vector table. (See table 2.) There is
one software interrupt request and one of the remaining 19
interrupts is non-maskable. The software interrupt and the
non-maskable interrupt are unconditionally received even
in the DI state. These two interrupts possess the maximum
priority. The maskable interrupt requests are subject to
mask control by the setting of the interrupt mask flag.

There are default priorities associated with each maskable
interrupt and these can be assigned to either of two pro-
grammable priority levels. Interrupts may be serviced by
the vectored interrupt method where a branch to a desired
service program is executed. Interrupts may also be handled
by the macroservice function where a preassigned proc-
ess is performed without program intervention.

19



wPD7823x

NEC

Figure 12. 8-Bit Timer/Counter 3
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Table 2. Interrupt Sources and Vector Addresses
Interrupt Vector
Request Default Macroservice Table
Type Priority Interrupt Request Generation Source Mode Address
Software None BRK instruction execution - 003EH
Non-maskable None NMI (pininput edge detection) - 0002H
Maskable 0 INTPO (pin input edge detection) Yes 0006H
1 INTP1 (pininput edge detection) Yes 0008H
2 INTP2 (pin input edge detection) Yes 000AH
3 INTP3 (pin input edge detection) Yes 000CH
4 INTC00 (TMO-CRO00 coincidence signal generation) Yes 0014H
5 INTCO1 (TMO-CRO1 coincidence signal generation) Yes 0016H
6 INTC10 (TM1-CR10 coincidence signal generation) Yes 0018H
7 INTC11 (TM1-CR11 coincidence signal generation) Yes 001AH
8 INTC21 (TM2-CR21 coincidence signai generation) Yes D01CH
9 INTP4 (pin input edge detection)/INTC30 (TM3-CR30 coincidence signal generation) Yes 00CEH
10 INTPS (pin input edge detection)/INTAD (end of A/D conversion) Yes 0010H
1 INTC20 (TM2-CR20 coincidence signal generation) Yes Q012H
12 INTSER (generation of asynchronous serial interface receive error) - 0020H
13 INTSR (end of asynchronous serial interface reception) Yes 0022H
14 INTST (end of asynchronous serial interface transmission) Yes 0024H
15 INTCSI (end of clocked serial interface transmission) Yes 0026H
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Macroservice

The macroservice function can be programmed to transfer
data from a special function register to memory or from
memory to a special function register. Transfer events are
triggered by interrupt requests and take place without soft-
ware intervention. There are 17 interrupt requests where
macroservicing can be executed. The macroservice func-
tion is controllied by the macroservice mode register and
the macroservice channel pointer. The macroservice
mode register assigns the macroservicing mode and the
macroservice channel pointer indicates the address of the
memory location pointers. The location of each register
and its corresponding interrupt is shown in figure 13.

Refresh

The refresh signal is used with a pseudostatic RAM. The
refresh cycle can be set to one of four intervals ranging
from 2.6 to 21.3 us. The refresh is timed to follow a read or
write operation so there is no interference.

Standby Modes

Halt and stop functions reduce system power consump-
tion. In the halt mode, the CPU stops and the system clock
continues to run. A release of the halt mode is initiated by
an unmasked interrupt request, an NMI, or a RESET
input. In the stop mode, the CPU and system clock are
both stopped, reducing the power consumption even
further. The stop mode is released by an NMI input or a
RESET input.

Figure 13. Macroservice Control Word Map
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ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings

T, = +25°C.
item Symbol Conditions Rating Unit
Power supply voltages Vob -0.5t0 +7.0 v
AVpp AVggtoVpp + 0.5 Vv
AVsg -0.5t0+0.5 v
Input voltage Viv —0.5t0 AVRgpq + 0.5 Vv
Qutputvoltage Vo —0.5t0Vpp + 0.5 A
Low-level output current loL One output pin 15 mA
Ali output pins total 100 mA
High-level output current loH One output pin -10 mA
All output pins total -50 mA
A/Dconverter reference AVREFY -0.5t0 Avpp +0.3 \
. inputvoltage
D/A converter reference AVREF2 -0.5toVpp + 0.3 v
input voltage AVREF3 ~0.5t0Vpp + 0.3 v
Operating temperature TopT -40to +85 °C
Storage temperature Ts1G —B5to +150 °C
Operating Frequency Capacitance
Oscillation Frequency Ta Vop Ta = +25°C; Vop = Vgs = OV
fxx = 410 12 MHz -401t0 +85°C +5V + 10% ftem Symbol Typ Max Unit Conditions
Input capacitance 20 pF f=1MHz;pinsnot
Output capacitance 20 pF ;s:;itfao::;?gscre-
Input/output capacitance  Cjg 20 pF
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DC Characteristics
Ta =-40t0 +85°C; Vpp = +5V £10%; Vgg = AVgg =0 V.

Item Symbol Conditions Min Typ Max Unit
Low-levelinput voltage ViL 0 08 \
High-levelinput voltage VIH1 Except pinsin Note 1 2.2 Voo \

ViH2 Pinsin Note 1 0.8Vpp Vbo v
Low-level output voltage VoL loL=2.0mA 0.45 '

VoL2 loL = 8.0 mA (pinsin Note 2) 10 v
High-level output voltage VoH1 loy=-1.0mA Vpp=1.0 v

VoHz loH=-100 pA Vpp—0.5 v

VoHs loH =—5.0 mA (pins in Note 3) 2.0 \
Input leakage current I ovV=V=Vpp +10 nA
Outputleakage current Lo oV=Vo=Vpp =10 pA
AVRgF current Alggr Operatingmode, fxx = 12MHz 1.5 5.0 mA
Vpp power supply current Ipp1 Operating mode, fxx = 12MHz 20 40 mA

Iop2 HALT mode, fxx = 12MHz 7 20 mA
Data retention voltage VDDDR STOP mode 25 55 v
Dataretention current Ippor STOPmode Vpppr=2.5V 20

VpppR =5V +10% 50 pA

Pullup resistor RL Vi=0V 15 40 80 kQ
Notes:

(1) X1, X2, RESET, P2o/NMI, P2,/INTPO, P2,/INTP1, P23/INTP2/CI,
P24/INTP3, P25/INTP4/ASCK, P2g/INTP5, P2/S1, P3,/SCK,

P33/S0/SBO, and EA pins.

Figure 14. Voltage Thresholds for Timing Measurements

Vpp-1

08Vppor22V
a8V

045V

(2) Pins P1y-P17, P4g-P47/ADg-AD7 and P5q-P57/Ag-A1s.
(3) Pins POy-PO0;.
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Read/Write Operation
Ta =401t +85°C; Vpp = +5V £10%; Vgg = 0 V; fxx = 12 MHz; C| = 100 pF. See figures 15, 16, and 17.
item Symbol Conditions Min Max Unit
X1input clock cycletime toyx 82 250 ns
Address setup time 1o ASTB | tsAsT 52 ns
Address hold time from ASTB | (Note 1) tHsTA R =5kQ,CL=50pF 25 ns
Addressto RD ! delaytime toAR 129 ns
Address float time from RD | tFAR 1 ns
Address to data inputtime tpaiD 228 ns
ASTB ! todatainput time tpsTiD 181 ns
RD | todatainput time oRID 99 ns
ASTB | toRD ! delaytime tosTR 52 ns
Data hold time from RD 1 tHRID 0 ns
RD 1 to address active time toRA 124 ns
RD 1 to ASTB t delay time IDRST 124 ns
RD low-level width twRL 124 ns
ASTB high-level width tWsTH 52 ns
AddresstoWR ! delay time toaw 129 ns
ASTB | to dataoutputtime tosTOD 142 ns
WR | todata output time towoDp 60 ns
ASTB ! toWR ! delaytime tosTWi 52 ns
tpsTwe Refresh mode 129 ns
Datasetuptimeto WR t tsopwR 146 ns
Datasetuptime to WR | (Note 1) tSODWF Refresh mode 22 ns
Datahold time from WR 1 thwobp 20 ns
WR 1 10ASTB t delay time towsT 42 ns
WR low-level width twwii 196 ns
twwio Refresh mode 114 ns
AddresstoWAIT 1 inputtime tOAWT 146 ns
ASTB | toWAIT | inputtime tosTWT 84 ns
WAIT hold time from X1 tHWTX 0 ns
WAIT setup time to X1 1 tswTx 0 ns
Notes:

(1) The hold time includes the time during which Vo and Vp, are
retained under the following load conditions: C, = 100 pF and
HL = 2k(}.
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Figure 15. Read Operation Timing
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Figure 16. Write Operation Timing
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Figure 17. External WAIT Input Timing
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Serial Port Operation
Ta =-4010 +85°C; Vpp = +5V = 10%; Vgg = 0V, fyx = 12 MHz; C|_ = 100 pF. See figures 18, 19, and 20.
item Symbol Conditions Min Max Unit
Serial clock cycle time feysk Input  External clock 1.0 us
Output Internal clock/16 1.3 us
Internal clock/64 53 s
Serial clock low-level width twskL Input  External clock 420 ns
Output Internal clock/16 556 ns
Internal clock/64 25 us
Serial clock high-level width twsKH Input  External clock 420 ns
Output  Internal clock/16 556 ns
Internal clock/64 25 ns
S, SBOsetup time to SCK 1 tsssk 150 ns
S1, SBO hold time from SCK 1 tHssK 400 ns
SO/SBO output delay time from SCK § tDsBSKi CMOS push-pull output 0 300 ns
(3-line serial I/0 mode)
tpsBsk2 Open-drain output 0 800 ns
{SBimode), R = 1 kQ
SBO high, hold time from SCK t tHSBSK SBImode 4 toyx
SBO low, setup time to SCK | tSSBSK SBlmode 4 toyx
SBO low-level width twsBL 4 toyx
SBO high-level width WSBH 4 toyx
RxD setup time to SCK 1 tSRXSK 80 ns
RxD hold time after SCK t tHSKAX 80 ns
SCK ! to TxD delay time tDSKTX 210 ns

Figure 18. Clock-Synchronized Serial Interface Timing; Three-Line I/0 Mode

twskKL

twskH

3

s . )—

1cysk >

—

tsssK

Yol

tpsBSK1

input Data

tHssK

/N
—__ )

°_ X

X

27



wWPD7823x N E C

Figure 19. Clock-Synchronized Serial interface Timing; SBI Mode
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A/D Converter Operation
Ty =~401t0 +85°C; Vpp = + 5V +10%; Vgg = AVgg =0 V.
em Symbol Conditions Min Typ Max Unit
Resolution 8 Bit
Full-scale error AVRer = 40VioVpp; Ta =—10t0 +70°C 0.4 %
AVREf = 3.4 VioVpp; Ta=~1010 +70°C 0.8 %
AVREF = 4.0VioVpp 08 %
Quantization error +1/2 LsB
Conversiontime tconv 83ns=toyx=125ns 360 toyx
125 ns = toyx =250 ns 240 teyx
Sampling time tsamp 83ns=tcyx=125ns 72 toyx
125 ns = toyx = 250 ns 48 tovx
Analog input voltage ViaN 0 AVREp \
Inputimpedance Ran 1000 MQ
Analog reference voltage AVRer 34 Voo \'
AVREgr current AlRer Operating mode, fxx = 12MHz 1.5 5.0 mA
STOP mode 0.2 1.5 mA

D/A Converter Operation
T, =-40to +85°C; AVRgrp = Vpp = +5 V £10%; AVRgr3 = Vgg = O V.

Item Symbol Conditions Min Typ Max Unit
Resolution 8 Bit
Absolute accuracy AVREF2 = Vpp=5V; 1 LSB

AVRers = Vgs =0V,
Load conditions: 2 M(2, 30 pF

AVReF2 = 0.75Vpp; LSB
AVREr3 = 0.25 Vpp;
Load conditions: 2 M2, 30 pF

Settling time Undefined 10 ps
Analog reference voltage VAVREF2 0.75Vpp Voo \%
Analog reference voltage VAVREF3 0 0.25Vpp v
Reterence power input current Alger2 0 5 mA
Reference power input current Algers -5.0 0 mA
Qutputresistance Ro 24 k2




wWPD7823x

NEC

Interrupt Timing Operation

Figure 21. Interrupt Input Timing

tem Symbol Conditions Min Max Unit

NMI low-level width twIL 10 ns WL
NMI high-level width twWNIH 10 1S -
INTPO-INTP5 low-level width  twri 24 tovx
INTPO-INTPS5 high-level width  twTH 24 toyx
RESET low-level width tWRSL 10 s
RESET high-level width twRSH 10 ps
Note: See figures 21 and 22.

INTPO-

INTP5

Figure 22. Reset Input Timing
tWRSH je— 'WRSL
RESET 0.8 Vpp
08V
A3ML-5001A

Data Retention Characteristics
Tp =—40 to +85°C.

Item Symbol Conditions Min Typ Max Unit
Dataretention voltage VopoR STOP mode 25 55 \
Data retention current lpopR Vbppr=25V 2 15 nA

Vopbpr =5V +10% 5 20 pA
Vpp rise time tRvD 200 ns
Vpp falltime trvD 200 us
Vpp retention time tHvD 0 ms
(for STOP mode setup)
STOP release signal inputtime tDREL 0 ms
Oscillation stabilization wait time twaIT Crystal oscillator 30 ms

Ceramic resonator 5 ms
Low-levelinput voltage ViL Specified pins (Note 1) 0 0.1 VpppR \"
High-levelinputvoltage Vin 0.9VpppR VDDDR \

Notes:

(1) RESET, P2y/NMI, P2,/INTPO, P2,/INTP1, P2,/INTP2/Cl, P2,/
INTP3, P25/INTP4/ASCK, P25/INTPS, P2;/Si, P3,/SCK, P3;/S0/

SBO, and EA pins.
(2) See figure 23.
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Figure 23. Data Retention Characteristics

Set STOP Mode

'

vbD

VDDDR

tHvDb

t
RESET \

FVD

VDDDR

tAVD

!DREL

NMI N\
(Releasa by falling

VDDDR

0.8Vpp

edge input)

NMI
(Release by rising
edge input)

0.8 Vpp

/w0
/——s

08V

TWAIT

08V

o8V

31




wPD7823x N E C

Timing Dependent on tcyy

Item Symbol Calculation Formula Min/Max 12MHz Unit

X1 input clock cycle time tovx Min 82 ns
Address setuptimeto ASTB | tsasT tcyx—30 Min 52 ns
AddresstoRD | delay time DAR 2toyx—35 Min 129 ns
Address float time from RD ¢ tFAR tcyx/2-30 Min 1 ns
Address to datainputtime tpAaD (4+2n}icyx—100 Max 228 ns
ASTB { todatainputtime tosTiD (3+2n)tcyx—65 Max 181 ns
RD ! todata inputtime tORID (2+2n)tcyx—65 Max 99 ns
ASTB ! toRD ! delaytime tosTR toyx—30 Min 52 ns
RD 1 to address active time tbRA 2icyx—40 Min 124 ns
RD t to ASTB 1 delaytime toRsT 2tcyx—40 Min 124 ns
RD low-level width twRL (2+2n)tcyx—40 Min 124 ns
ASTB high-level width twsTH tcyx—30 Min 52 ns
Address toWR | delay time toAw 2teyx—35 Min 129 ns
ASTB ! todata outputtime tbsTOD tcyx + 60 Max 142 ns
ASTB  toWR ! delaytime tDsTWA toyx—30 Min 52 ns
tosTwe 2tcyx—35 Min 129 ns

(refresh mode)
Data setuptime to WR t tsopwR (3+2n)tcyx—100 Min 146 ns
Data setup time to WR | tSODWF toyx—60 Min 22 ns

(refresh mode)
WR 1 to ASTB t delay time towsT toyx—40 Min 42 ns
WRlow-level width twwii (3+2n) toyx—50 Min 196 ns
twwiz (2+2n)toyx—50 Min 114 ns

(refresh mode)
Address to WAIT | inputtime toawT 3tcyx— 100 Max 146 ns
ASTB | toWAIT ! inputtime tosSTWT 2tcyx-80 Max 84 ns

Notes:
(1) nindicates the number of wait states.
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Figure 24. Recommended Oscillator Circuit External Clock Operation
ltem Symbol Conditions Min Max Unit
ci X1 X1 input low-level width twxy 30 130 ns
15 pF X1input high-level width twxH 30 130 ns
' = WPD7823x X1inputrise time txR 0 30 ns
1 5(;,3 2 X1inputfalitime IxrF 0 30 ns
X1inputclock cycle time tovx 82 250 ns

Crystal frequency f xx =4 1o 12 MHz
BIRD-6431A Figure 26. External Clock Timing

Figure 25. Recommended External Clock Circuit -~
Clock [ X1 X1 /—
N 7
HCMOS
inverters HPD7828x e— 1XF
——— twxL —»
X2 tevx -

BIML-5095A

Clock frequency f xx =4 to 12 MHz

83RD-642A
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pPD78P238 PROGRAMMING

In the 78P238, the mask ROM of 78234 is replaced by a
one-time programmable ROM (OTP ROM). The ROM is
32K x 8 bits and can be programmed using a general-
purpose PROM writer with a wnPD27C256A programming
mode.

The PA-78P238GC/GJ/L are the socket adaptors used for
configuring the LPD78P238 to fit a standard PROM socket.

Refer to tables 3 through 6 and figures 27 and 28 for spe-
cial information applicable to PROM programming.

Table 3. Pin Functions During EPROM Programming

Pin Function

P0y-PO7 Ag-Az Input pins for PROM write/verify
operations

P5g/Ag Ag Input pin for PROM write/verify operation

P24/INTPO Ag Input pin for PROM write/verify operation

P55-P5g/A15-A1q4  Aqg-A44  Inputpins for PROM write/verify
operations

P44-P47/ADg-AD7 Dg-D7 Data pins for PROM write/verify
operations

P65/ WR CE Strobe data into the PROM
P64/RD OE Enable a data read from the PROM
P2/NMI NMI PROM programming mode is entered by
applying a high voltage to this pin
RESET RESET  PROM programming mode requires
applying a low voltage to this pin
EA Vpp High voltage applied to this pin for
program write/verify
Vpbp Vpp Positive power supply pin
Vss Ves Ground
Table 4. Summary of Operation Modes for PROM Programming
Mode NMI RESET CE OE Vop Vbp Dg-D7
Program write +12.5V L L H +12.5V +6V Data input
Program verify +12.5V L H L +12.5V +6V Data output
Program inhibit +125V L H H +125V +6V High 2
Read out +12.5V L L L +5V +5V Data output
Outputdisable +12.5V L L H +5V +5V HighZ
Standby +12.5V L H L/H +5V +5V High2
Notes:

When +12.5 V is applied to V,,, and +86 V 10 Vpp, both CE and OE cannot
be set to low leve! (L) simultaneously.
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Table 5. DC Programming Characteristics
Ta = 25 =5°C, Vjp = 12.5 0.5 V applied to NMi pin, Vge = 0 V.

Parameter Symbol Symbol* Condition Min Typ Max Unit
High-level input voltage ViH Viy 24 Vppp +0.3 \
Low-levelinput voltage ViL ViL -0.3 0.8 v
Input leakage current Vup Vi 0=V =Vppp 10 nA
High-level output voltage VoH1 Vo lop =-400 pA 24 v
VoHz VoHz lon=-100 pA Vbp-0.7
Low-level output voltage VoL Vou lop=2.1mA 0.45 Vv
Outputleakage current o 0 =< Vg = Vppp, OE = Viy 10 pA
NMI pin high-voltage input current lp +10 pA
Vppp power voltage Voor Vee Program memory write mode 5.75 6.0 6.25 \
Program memory read mode 4.5 5.0 5.5 A
Vpp power voltage Vpp Vpp Program memory write mode 12.2 125 128 Vv
Program memory read mode Vpp = Vppp A
Vppp power current Ipp Ice Program memory write mode 5 30 mA
Program memory read mode 5 30 mA
CE =V, Vj=Viy
Vpp power current Ipp lpp Program memory write mode 5 30 mA
CE=V,OE=V|y
Program memory read mode 1 100 pA

* Corresponding symbols of the WPD27C256A.

Table 6. AC Programming Characteristics
Ta = 26 5°C, Vjp = 12.5 0.5 V applied to NMI pin, Vss = 0V, Vpp = 6 20.25 V, Vpp = 12.5 0.3 V.

Parameter Symbol Symbol* Condition Min Tvp Max Unit
Address setuptime to CE 4 tsac tas 2 WS
Datato OE ! delay time tbooo toes 2 us
Inputdata setup time to CE | tsiDc tos 2 ps
Address hold time from CE 1 tHCA tan 2 s
Input data hold time from CE t tHCID toH 2 ps
Output data hold time to OE t tHooD tor 0 130 ns
Vpp setup time to CE | tsvPe tvps 1 ms
Vppp setuptimeto CE | tsvbe tvps 1 ms
Initial program pulse width twi1 tpw 0.95 1.0 1.05 ms
Additional program pulse width twiz topw 2.85 78.75 ms
NMI high-voltage input setup time tspc 2 us
(vs.CE 1)
Address to data output time DAOD tace CE=0E=V, 200 ns
CE ! todata outputtime tocop tce OE=V_ 200 ns
OE ! todataoutput time tpooD toE CE=V 75 ns
Data hold time from OE t thcon toF CE=V 0 60 ns
Data hold time from address tHAOD ton CE=0E=V_ 0 ns

* Corresponding symbols of the pPD27C256A.
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Figure 27. PROM Write Mode Timing

Ag-Aq4 Effective Address 8
7
le— 1SAC —» |<~ tHoop tHea
Da-D Data b ;‘ Data r Data
o7 Input £ X Ouput "_g‘ Input
t
SIDC tHCID
l— _T — isipc —» F— — L— thcip
Vie
NMI
v
L tspc
‘_
Vep
vep
Vpop tsvpe
ht—
VDDP +1
Vpop
v
poP tsvpc
—
VM — / =55 # r
CE
v DDOO
L —
w2
tpooD
VM e
OE
viL
Notes:

(1) Vppp must be applied before applying Vpp. it should be removed after removing V pp.
(2) Vpp mustnotexceed +13 V, Including avershoot.

B3IML-50068
Figure 28. PROM Read Mode Timing
Ag-Aa XF Effeciive Address Xﬁ
N ),
CE Q( Jﬂ
le——1pcop —
4
oE \ /
l“oooo—— tHcoo
{e—'pacD —7 'HACD —]
Dg-Dy ____.._*ﬁz_.__.___g Data Output ?_____.___}.i'i___..__.__
‘ /
63ML-50978
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PROM Write Procedure

M

@
@)
(4)
(5)
(6)

@)
(8)

©

Connect the RESET pin to a low level and apply
+12.5 V to the NMI pin.

Apply +6 V to the Vpp pin and +12.5 V to the Vy, pin.
Provide the initial address.

Provide write data.

Provide 1-ms program pulse (active low) to the CE pin.

This bit is now verified with a pulse (active low) to the
OE pin. If the data has been written, proceed to step 8;
if not, repeat steps 4 to 6. If the data cannot be cor-
rectly written after 25 attempts, go to step 7.

Classify as defective and stop write operation.

Provide write data and supply program pulse (for
additional writing) for 3 ms times the number of
repeats performed between steps 4 to 6.

Increment the address.

(10) Repeat steps 4 to 9 until the end address.

PROM Read Procedure

1)

@
3)
(4)

(5)

Fix the RESET pin to a low level and apply +12.5V to
the NMI pin.

Apply +5 V to the Vpp and Vp,, pins.
Input the address of the data to be read to pins Ag-A44.

Read mode is entered with a pulse (active low) onboth
the CE and OE pins.

Data is output to the Dg to D7 pins.
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INSTRUCTION SET

All microcomputers in the pPD7823x family have a 1-byte
instruction lookahead buffer. This allows the first byte of
the next opcode in program memory to be fetched while the
current opcode is being executed. This pipeline architec-
ture allows instruction fetch and excute cycles to overlap.
An instruction can be fetched from program memory while
data is being read from or written to RAM or an 1/0 port.

The advantage of the pipeline is that one instruction can be
executed while another is being fetched, virtually haiving
the time required for these two operations and thereby
reducing overall program execution time.

Operands and Operations

Refer to tables 7 and 8 for the meanings of symbols in the
operand and operations columns of the Instruction Set
table.

Specify operands in accordance with the rules of operand
representation; for details, refer to the assembler specifi-
cations. If two or more description methods are available,
select one. The symbols +, —, #, 1, $,/,[ ], and & are
keywords and must be used in conjunction with each
instruction.

When describing immediate data as a label, use one of the

Table 7. Operands (cont)
Symbal

Meaning

sfrp Special function register pair:
CRO0-CR02, TMO, IF0, MKO, PRO, ISMO

mem  Memory address indirectly addressed
Register indirect mode: [DE), {HL], [DE +], [HL+], [DE-], {HL~]
Base mode: [DE +byte], [HL + byte], [SP+byte]
Indexed mode: word[A], word{B], word[DE], word [HL]

Memory address addressed by means of indirect addressing
group 1: [DE], [HL]

Memory address indirectly addressed:
FE20H-FF1FH immediate data oriabel

saddrp Memory address addressed by means of direct addressing pair:
FE20H-FF1EH immediate data (LSB=0; odd address) or label

addr16 16-bit address: 0000H-FEFFH immediate data or label
addr11 11-bitaddress: 800H-FFFH immediate dataor label
addr5 5-bitaddress: 40H-7EH immediate data or label

word  16-bitdata: 16-bitimmediate data or label

byte 8-bitdata: 8-bitimmediate data or label

bit 3-bitdata: 3-bitimmediate data or label

n Number of shift bits: 3-bitimmediate data (0-7)

RBn  Register bank: RB0-RB3

memi

saddr

Table 8. Registers and Flags

following modifiers: +, —, #, 1, $,/,[ ], and & Symbols rand Symbol Meaning

rp can be described in both the function name and absolute Aregister; 8-bit accumulator

name. R

X Xregister

Table 7. Operands B Bregister

Symbol Meaning C Cregister

+ Autoincrement D Dregister

- Autodecrement E Eregister

# Immediate data H Hregister

! Absolute address L L register

$ Relative address RO-R7 Registers 0 to 7 (absolute names)

/ Bitinversion AX Register pair (AX); 16-bitaccumulator

[ 1] Indirect addressing BC Register pair (BC)

& Subbank DE Register pair (DE)

r Register HL Register pair (HL)
Functionname:X,A,C,B,E,D, L, H RPO-AP3  Register pairs 0to 3 (absolute names)
Absolute name: RO to R7

- PC Program counter

n Registergroup 1:C, B

- - SP Stack pointer

p Register pair
Function name: AX, BC, DE, HL PSW Program status word
Absolute name: RP0 to RP3 cY Carryfiag

sfr Special function register: AC Auxiliary flag
PO, P2-P7, POH, POL, RTPC, CR10, CR11, CR20, CR21,CR22,

CR30, PMO, PM3, PM5, PM6, PMC3, PUO, CRC0-CRC2,TOC, £ Zeroftag

TM1-TM3, TMCO, TMC1, PRMO, PRM1, ADM, ADCR, CSIM, RBS1-ABSO Registerbank select flags
SBIC, SIO, ASIM, ASIS, RxB, TxS, BRGC, STBC (dedicated in- E nt tenable fi
struction only), MM, PW, RFM, IFOL, IFOH, MKOL, MKOH, PROL, nterrupt enable flag
PROH, ISMOL, ISMOH, INTMQ, INTM1, IST STBC Standby contro! register
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Table 8. Registers and Flags (cont)

Symbol Meaning

{) Memory conients indicated by address or register contents
in( )

xxH Hexadecimal number

X XL Higher 8 bits and lower 8 bits of 16-bit register pair

Clocks

The clock field specifies the number of clocks required
under the conditions defined by the four column headings
as follows:

IROM Programininternal ROM is executed.

IRAM  Program in external ROM is executed and internal
RAMis accessed.

SFR  Programin external ROM is executed and special

function register is accessed.

EMEM Program in external ROM is executed and external
memory is accessed.

In a shift/rotate instruction, n in the clock field indicates the
number of bits by which data is shifted.

The hyphen (-) indicates a range of values; for example
10-13 means 10, 11, 12, or 13.

The virgule symbol (/) means either/or; for example, a/b
means either a or b.

The number of clocks when execution is branched by a
conditional branch instruction is shown after the symbol (/).

The number of clocks for instruction having the saddr or
saddrp operand and when an SFRis accessed with FFOOH
to FFFFH described as saddr or saddrp is shown after the
symbol (/).

Bytes and Clocks

The number of bytes and clocks for instructions with a mem
or &mem operand depends on the particular instruction
and the memory addressing mode (register indirect, base,
or indexed). Table 9 is applicable when the program in
internal ROM is executed (ROM clock column of the In-
struction Set table). Table 10 is applicable when the pro-
gram in external ROM is executed (IRAM, SFR, and
EMEM clock columns).

Flags
The symbols in the flag field have the following meanings.

Blank No change

0 Clearedto 0

1 Setto 1

X Set or cleared depending on the result
R Value previously saved is restored

Operation Codes

Table 11 defines the symbols used in the operation code
field.

Registers and Register Pairs. The r, rl, and rp operands
are specified in the opcode by one or more bits as shownin
figure 29. For example, 001 as bits RoR1Rg (or RgRsR4)
specifies register A.

In the first and second operands are registers or register
pairs; the higher 4 bits of the register specification byte
define the first operand and the lower 4 bits define the sec-
ond operand. For example, in the MOV A,L instruction
(transfer L register contents to register A), the second byte
of the opcode is obtained from figure 29 as shown below.

Instruction Opcode, Bytes 1 and 2
MOV r,r 0 0100100

0 RgRsR4 0 RoR Ry
MOV A,L 0 0100100

00010110

Memory Addressing Modes. The 3-bit mem code and the
5-bit mod code are selected from figure 30 according to the
description of mem in the operand field (table 7).

A MOV instruction with register indirect mode specified for
mem is a special 1-byte instruction. When base mode or
indexed mode is specified for mem, the 8-bit or 16-bit
offset data corresponding to byte and word, respectively, is
added from the third byte onward.

The opcode for an &mem or &mem1 operand is modified
by inserting a 01H code as the first byte preceding the first-
byte code listed in the Instruction Set table. Subsequent
bytes are as shown in the table.

Figure 29. Opcodes for Registers (r, r1, rp)

r "1 P
Rz Ry Ry Ro|reg| | P4 Po

reg
Re Rs Ry 01 C}|P2 P1| regpair

1]8
0 0o o {mo|x Ps Ps
0 0 1 [RI|A
o 1 o lrelc o o | RPO | AX
o 1 1 |rals o 1 |RPi| BC
1 o o |rale 1 o | RP2| DE
1 o 1 lrslo 1 1 |RP3| H
1 1 0 |Rs|L
1 1 1 |R7|H
83ML-5998A
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Figure 30. Opcodes for Memory Addressing Modes

{(mem, mod)
Mod 1 0110 0 0110 |0 1010
Register
Mem \ndirect Mode Base Mode | Index Mode
000 [DE+] [DE+byte] | word [DE]
00 1 [HL+) [SP+byte} | word [A]
010 [DE-) [HL+byte] | word [HL]
g 1 1 [HL-] - word [B]
100 [DE) - -
1 0 1 [HL] - -
B8IML-5999A

Table 9. Bytes and Clocks for Instructions With “mem” and “&mem” Operands; Internal ROM (IROM)

Register Indirect Indexed
Mode Base Mode Mode
[DE+] word[A]
[HL+] word{[B]
[DE-] [DE] [DE + byte] word[DE]
Instruction [Ht-] [HL] [HL + byte] [SP +byte] word[HL]
Bytes mem 1/2* 12" 3 3 4
&mem 2/3* 213" 4 4 5
Clock MOV A, mem 6/8 6/8 8-11 9-12 8-11
Cycles mem, A
A, &mem B8/10 8/10 10-13 11-14 10-13
&mem, A
XCH A, mem 11-15 9-13 10-15 11-16 10-15
A, &mem 13-17 11-15 12-17 13-18 12-17
ADD, ADDC, A, mem 10/12 8/12 9/12 10-13 9-12
SUB, SUBC,
AND, OR. A, &mem 12/14 10/14 11714 12-15 11-14
XOR, CMP

* When internal RAM is accessed with an instruction having a mem
operand, the number of bytes is the number before the symbol (/).

40
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Table 10. Bytes and Clocks for Instructions With “mem” and “&mem” Operands; External ROM

(IRAM, SFR, EMEM)
Register indirect Indexed
Mode Base Mode Mode
[DE+] word[A]
[HL +] word[B]
[DE] [DE] [DE + byte] word|DE]
Instruction [HL-] [HL] [HL + byte} [SP + byte] word[HL]
Bytes mem 2" 2* 3 3 4
&mem 3" 3" 4 4 5
Clock MOV A, mem 9/11 6/8 11/13 12/14 14/16
Cycles mem, A
A, &mem 12/14 9/11 14/16 15/17 17/19
&mem, A
XCH A, mem 14/18 12/16 1317 14/18 16/20
A, &mem 17/21 15/19 16/20 17/21 19/23
ADD, ADDC, A, mem 13/15 11/13 12/14 13/15 1517
SUB, SUBC,
AND. OR, A, &mem 16/18 14/16 15/17 16/18 18/20
XOR, CMP

* When [DE], [HL], [DE+], [HL+], [DE-], or [HL-]} is specified as the mem
operand of a MOV instruction, the instruction is used as a dedicated
1-byte type. When the operand is &mem, the instruction is 2-byte.

Table 11. Opcode Symbols

Symbol Meaning

Bn Immediate data corresponding to bit

Nn Immediate data corresponding ton

Data 8-bitimmediate data corresponding to byte

Low/HighByte  16-bitimmediate data corresponding to word
Saddr-offset Lower B-bit offset data of 16-bit address corresponding

to saddr

Sfr-offset Lower B-bit offset data of 16-bit address of special
function register (sfr)

Low/High Offset 16-bit offset data corresponding to word inindexed
addressing

Low/High Addr  16-bitimmediate data corresponding to addr16

jdisp Signed 2's complement data (8 bits) indicating relative

address distance between first address of next
instruction and branch destination address

fa Lower 11 bits of immediate data corresponding to addr11
ta Lower 5 bits ofimmediate data corresponding to
(addr5xdis)
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Instruction Set

Mnemonic Operand

Operation

Bytes IROM

Clocks

Flags

IRAM SFR EMEM Z ACCY

Operation Code (Bits 7-0)

Bytes 81 thru BS

8-Bit Data Transfer

MoV r,#byte

r « byte

011 1 R2R{Rg

Data

saddr, #byte

(saddr) « byte

3/5

12

o011 1010

Saddr-offset

Data

sfr, #byte

sfr « byte

12

010 1011

Sfr-offset

Data

nr

fer

010 0100

0 R Ry Ay

Ar

Aer

1 01 0RyRRy

A,saddr

A « (saddr)

2/4

010 00O00O

Saddr-offset

saddr,A

(saddr) « A

35

010 0010

Saddr-offset

saddr, saddr

{saddr) « (saddr)

3-7

011 1000

Saddr-offset

Saddr-offset

A sfr

A « sfr

001 0000

Sfr-offset

sfr A

sfr « A

001 0010

Str-offset

A,mem

A « (mem)

1-4

6-12

614

8-16

8-16

101 1 mem

00 mod

mem 0000

Low Offset

High Offset

A &mem

A + (&mem)

1119

11-19

00 0O0O01

01 1 mem

60 0O0O0"1

ojo|=|0O

0 mod

QOO0 |0 |0

mem 0000

Low Offset

High Offset

Note:

Wl [DE), [HL], [DE +), [DE-], [HL+] or [HL-] is described as mem, these
instructions are used as dedicated 1-byte codes. If the register name is
described as &mem, the instructions are used as dedicated 2-byte

codes.
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Instruction Set (cont)
Clocks Fiag® _ operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
8-Bit Data Transfer (cont)
MOV mem,A {mem) « A 14 612 6-14 8-16° 8-16 *01 01 0 mem
000 mod
1 mem 0000O
Low Offset
High Offset
&mem,A (&mem) « A 2-5 8-14 9-17 1119 11-19 *000O0 0O0OCH1
0101 0 mem
0000 O0O0O1
o000 mod
1  mem 00CGODO
Low Offset
High Offset
A, laddr16 A + (laddr16) 4 6/8 14 16 0000 1001
111 0000
Low Addr
High Addr
A &laddr16 A « (&laddr16) 5 8/10 19 000 OOCO 1
000 100
11t 0000O0
Low Addr
High Addr
laddr18, A (laddri6) « A 4 6/8 14 17 0000 1001
1111 0001
Low Addr
High Addr
&laddr16,A (&laddr16) « A 5 8/10 20 000 O0O0O01
000 1001
1 ' 0001
Low Addr
High Addr
PSW, #byte PSW + byte 3 3 9 9 9 X o010 101 1
1111 1110
Data
PSW.A PSW « A 2 2 6 6 6 X o000t 0010
11 11 1110
A PSW A « PSW 2 2 6 6 6 0o001Y O0O0O0O0
t 1t 11 1110
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Instruction Set (cont)

Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru B5

8-Bit Data Transfer (cont)

XCH Ar A=t 1 4 4 1101t 1PRaRRy
rr T er 2 3 6 o012 0101
0 RgRsRy 0 Ry RAyRy

A,mem A +«— (mem) 2-4 9-16 12416 16-20 a0a mod
0 mem 0100

Low Offset

High Offset
A&mem A «— (&mem) 35 11-18 15-19 19-23 0000 OO0O0O 1

0oo06O0 mod
0 mem 0100

Low Offset

High Offset
A,saddr A+« (saddr) 2 4/8 6 0010 0001

Saddr-offset
A,sir A > sfr 3 6/10 13 0000 O0OCGO1
0010 0001

Sfr-offset
saddr,saddr (saddr) « (saddr) 3 B6-14 10 0011 1001

Saddr-offset

Saddr-offset

16-Bit Data Transfer
MOVW m, #word rp « word 3 3 9 0110 0PPy O
Low Byte
High Byte
saddm, #word (saddrp) < word 4 4/8 12 12 18 0000 1100
Saddr-offset
Low Byte
High Byte
strp, #word sfrp + word 4 8 12 0000 t O 11
Saddr-offset
Low Byte
High Byte
m.p P+ 2 4 6 co0o10 0100
0PgPs 0 1 PPy
AX,saddrp AX « (saddrmp) 2 6/10 8 12 0001 110
Saddr-offset
saddmp,AX (saddrp) « AX 2 5/9 8 12 0001 1010
Saddr-offset

L=

[=)
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Instruction Set (cont)
Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru BS
16-Bit Data Transfer (cont)
MOVW AX,sfrp AX « sfrp 2 10 12 0001t 00O0CI1
Sfr-offset
sfrp,AX sfrp « AX 2 9 12 0001 0011
Str-offset
AX,mem1 AX « (mem1) 2 9-15 12 16 16 0000 0101
1110 00 1R
AX,&mem1 AX « (&mem1) 3 1117 15 19 19 0000 ©0O0O"
0000 O101
1110 00 1Ry
mem1, AX (mem1) « AX 2 8-14 1 15 15 0000 O101
1110 01 1Ry
&mem1,AX (&mem1) « AX 3 10-16 14 18 18 000O0C O0O0O0OT1
0000 O1t1O01
1110 01 1Ry
8-Bit Operation
ADD A, #byte ACY « A+ byte 2 2 6 X 1010 1000
Data
saddr, #byte {saddr),CY « (saddr) + byte 3 37 9 11 X 0110 1000
Saddr-offset
Data
sfr,#byte sfr,CY « sfr + byte 4 9 14 X 0000 O0O0OH1
110 1000
Sfr-offset
Data
rr CY «r+r 2 3 7 X 1000 1000
0 RgRsRs @ RaRyRy
A,saddr ACY « A + (saddr) 2 35 6 7 8 x 1001 1000
Saddr-ofiset
A,sfr ACY + A +sfr 3 7 10 X 0 000 0O0O01
1 001 1 000
Str-offset
saddr,saddr (saddr),CY * (saddr) + (saddr) 3 3-9 9 1 X 0111 1000
Saddr-ofiset
Saddr-offset
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Instruction Set (cont)

Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS

8-Bit Operation {cont)
ADD A,mem ACY « A+ (mem) 2-4 813 1115 1347 1317 x x x 0 0 O mod
0 mem 1000
Low Offset
High Offset
A.&mem ACY « A+ (&mem) 35 10-15 1418 6D 1620 x x x 0 0 0 0 0 O O 1
000 mod
mem 1000
Low Offset
High Offset
ADODC A, #byte ACY « A+byte + CY 2 2 6 x x x 1010 1001
Data
saddr, #byte (saddr),CY « (saddr) + byte 3 37 9 " x x x 0110 1001
+ev Saddr-offset
Data
sir.#byte sfr,CY « sir + byte + CY 4 9 14 X x x 0000 0O0O0HT1
110 t 001
Sfr-offset
Data
n CY «r+r+CY 2 3 7 x x x 1 001 t 001
0 RgRsRs 0 RaRy Ry
A,saddr ACY « A + (saddr) + CY 2 2/5 6 7 8 x x x 100 1 t 001
Saddr-offset
Asfr ACY « A+sft+CY 3 7 10 X x x 0000 0O00O
o1 100
Str-offset
saddr,saddr (saddr),CY + (saddr) + (saddr) 3 3-9 9 11 Xx x x 011t 1t 1001
*+ oY Saddr-offset
Saddr-offset
A,mem ACY « A+ (mem) + CY 2-4 8-13 1115 1317 1317 x x x 0 0 O mod
0 mem 100 1
Low Offset
High Offset
A&mem ALCY +« A+ (&mem) + CY 35 1015 1418 B 1620 x x x 0 0 0 0 O O O 1
0 0 mod
mem 1000
Low Offset
High Offset

-

-

[«
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NEC

wPD7823x

Instruction Set (cont)

Mnemonic Operand

Operation

Bytes

Clocks

Flags

IROM

IRAM SFR EMEM

ZACCY

Operation Code (Bits 7-0)
Bytes B1 thru BS

8-Bit Operation {(cont)

suB A #byte

ACY « A-byte

saddr, #byte

(saddr),CY + (saddr) - (byte)

10 1

01

Saddr-offset

Data

sfr, #byte

sfr,CY « sfr—byte

14

00 000

-

10 1

01

Sfr-offset

Data

e

rrCY e r—r

10

00 1

01

0

0 RgRs Ry

0 Ry Ry Ay

A,saddr

A,CY « A—(saddr)

10

01 1

01

0

Saddr-offset

Asfr

ACY « A-sfr

10

00

00 00O

10

01 1

01

Sfr-offset

saddr,saddr

(saddr),CY « (saddr) — (saddr)

39

01

11 1

01

Saddr-offset

Saddr-offset

A,mem

ACY « A-{&mem)

2-4

8-13

11-15 1347

13-17

0 Q

0 mod

mem 1

01

Low Offset

High Offset

A &mem

ACY « A-(&mem)

3-5

10-15

14-18 1620

16-20

00

00 000

00

0 mod

mem 1

01

Low Oftset

High Offset

SUBC A, #byte

ACY « A-byte—CY

10 1

[

Data

saddr,#byte

(saddr),CY « (saddr)-byte—CY

3

10 1

01

Saddr-offset

Data

sfr, #byte

sfr,CY « str—byte-CY

14

(=)

00 00O

-t

10 1

01

Sfr-offset

Data
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wPD7823x N E C

Instruction Set (cont)

Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru BS

8-Bit Operation (cont)
SUBC nr rCY « r-r-CY 2 3 7 X X X

-

oo0oo0 1011
0 RgRsRy 0 RpR{ Ry
A saddr A CY « A—(saddr)-CY 2 3/5 6 7 8 x x x 1001 1011
Saddr-offset
A sfr ACY « A-sfr-CY 3 7 10 x x x 0000 00O 1
G 01 1011
Sfr-oftset
saddr,saddr (saddr),CY « (saddr)—(saddr) 3 3-8 9 1 X x x 01 11 101t 1
-cyY Saddr-offset
Saddr-offset
A,mem ACY « A-(mem)-CY 24 813 1115 1317 1317 x x x 0 0 O mod
mem 1011
Low Offset
High Offset
A.&mem ACY « A-(&mem)-CY 35 1015 14-18 162 1620 x x x 0 0 0 0 0 0 O
000 mod
0 mem 101 1
Low Offset
High Offset
AND A #byte A« AAbyte 2 2 6 X 1010 t 100
Data
saddr,#byte {saddr) « (saddr) Abyte 3 37 9 11 X 0110 1100
Saddr-offset
Data
sfr,#byte sfr « sfr Abyte 4 9 14 X 0000 OOO
0110 1100
Sfr-offset
Data
e r+ rAr 2 3 7 X 1000 1100
0 RgRsRy 0 R2 At Ry
0 01 1 1t00
Saddr-offset
000 O0O0O 1
001 1100
Sfr-offset
saddr,saddr (saddr) « (saddr)A (saddr) 3 3-9 9 11 X 0111 1100
Saddr-oftset
Saddr-offset

—_

—

A,saddr A +« A A(saddr) 2 3/5 6 7 8 x

-

A,sfr A« AA(st) 3 7 10 X

o

—




NEC

nPD7823x

Instruction Set (cont)

Mnemonic Operand

Operation

Bytes

Clocks

Flags

IROM

IRAM SFR EMEM

ZACCY

Operation Code (Bits 7-0)
Bytes B1 thru B5

8-BIt Operation (cont)

AND A,mem

A « AA(mem)

24

8-13

11-15 1397 13-17

000 mod

0 mem 1100

Low Offset

High Offset

A,&mem

A « AA(&mem)

3-5

10-15

14-18 1620 16-20

¢ 000 0O0O0T1

000 mod

0 mem 1100

Low Offset

High Offset

OR A, #byte

A « AVbyte

1010 1110

Data

saddr,#byte

(saddr) « {saddr) V byte

0110 1110

Saddr-offset

Data

sfr,.#byte

sfr « sfrVbyte

14

0000 0O00O

-

0110 1110

Sfr-offset

Data

nr

rervr

1000 1110

o

RgRsRsy 0 R2R{ Ry

A,saddr

A « AV(saddr)

3/5

1001 1110

Saddr-offset

Asfr

A« AVsir

000 0O00O0

(=}
-

1001 1110

Str-offset

saddr,saddr

(saddr) + (saddr)V (saddr)

3-9

o111 1110

Saddr-oftset

Saddr-offset

A mem

A « AV (mem)

2-4

8-13

11-156 1317 1317

600 mod

0 mem 1 t 10

Low Offset

High Offset

A.&mem

A « AV (&mem)

3-5

10-15

14-18 1620 16-20

000 000O01

[«

o

00 mod

0 mem 1110

Low Offset

High Offset
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wPD7823x N E C

Instruction Set (cont)

Clacks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru B5

8-Bit Operation (cont)
XOR A #byte A « A¥byte 2 2 6 x 1010 1101

saddr, #byte (saddr) « (saddr)¥byte 3 35 9 11 X 0110 1101
Saddr-offset
Data
sfr,#byte sfr « sfrtbyte 4 7 14 X 0000 O0O0O01
110 1101
Sfr-offset
Data
rr T+ rfr 2 3 7 X 1000 1101
0 RgRsRy 0 RyRy Ry
A,saddr A « A¥(saddr) 2 3/5 6 7 8 X 1001 1101
Saddr-offset
A sfr A « AV(sfr) 3 7 10 b3 0 00 0001
1 001 1101
Sfr-offset
saddr,saddr (saddr) « (saddr)¥(saddr) 3 3-8 9 1 X o111 1101
Saddr-offset
Saddr-oftset
A mam A « A¥(mem) 24 813 1115 137 1317 «x 000 mod
mem 1101
Low Offset
High Offset
A.&mem A « AW(&mem) 35 10-15 14-18 1620 16-20 «x 0000 OO0O 1
000 mod
mem 1101
Low Oftset
High Offset
CcMP A, #byte A-byte 2 2 6 x x x 1010 1111
Data
saddr,#byte (saddr) -byte 3 3/5 9 11 x x x 014140 1111
Saddr-oftset
Data
sfr, #byte sfr—byte 4 7 14 X x x 0 00 00O0O01
o110 t 1t 11
Sir-oftset
Data

(=]

o
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NEC

nPD7823x
Instruction Set (cont)
Clocks Flags  Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru BS
8-Bit Operation {cont)
CMP rr T—r 2 3 7 X X X 000 11t 1 1
RsRs Ry 0 Ry Ry Ry
A, saddr A—{saddr) 2 3/5 6 7 8 X X X 0 01 171 1 1
Saddr-offset
Asfr A-—sfr 3 7 10 X X X 000 000D
0 0 1t 11 1 1
Sfr-offset
saddr,saddr (saddr)—(saddr) 3 37 9 11 X X X 111 1111
Saddr-oftset
Saddr-offset
A,mem A—{mem) 24 B-13 1115 1317 1317 x x X 00 mod
mem 1111
Low Offset
High Offset
A&mem A—{&mem) 35 1015 1418 1620 1620 x x x 0 0 0 0 0 O O 1
¢ 00 mod
mem 1111
Low Offset
High Offset
16-Bit Operation
ADDW AX,#word AX,CY « AX + word 3 4 9 X X Xx 010 t101
Low Byte
High Byte
AX,rp AX,CY « AX +rp 2 6 8 X X X 000G 100O0
000 1PPy O
AX,saddrp AX,CY « AX + (saddrp} 2 711 9 13 X X X 00 1 1 101
Saddr-offset
AX,sfrp AX,CY « AX + sfrp 3 13 16 X X X 000 O0O0O1
001 1101
Sfr-offset
suBw AX,#word AX,CY « AX-word 3 4 9 X X X ¢c10 1110
Low Byte
High Byte
AX,rp AX,CY « AX-rp 2 6 8 X X X 6000 1010
000 1PP#P
AX,saddrp AX,CY « AX - (saddrp) 2 711 9 13 X X X 001 1110
Saddr-offset
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nPD7823x

NEC

Instruction Set (cont)

Mnemonic Operand

Operation

Bytes IROM IRAM SFR EMEM Z ACCY

Operation Code (Bits 7-0)
Bytes B1 thru BS

16-Bit Operation (cont)

SuBw AXstrp

AX.CY « AX—sfrp

0000 00O

0001 111240

Sfr-offset
CMPW AX,#word AX—word o010 1111
Low Byte
High Byte
AX,rp AX-mp 1000 1111
0000 1PPO
AX,saddrp AX ~(saddrp) 0001 1t 1 11
Saddr-offset
AX,sfrp AX-sfrp 0000 0O0O01
0 01 Tt 111
Sfr-oftset
Muttiplication/Division
MULU r AX « Axr 0000 0101
0000 1RyRyR
DIVUW r AX(quotient), r (remainder) « 0000 O1O01
AX =1 0001 1RyRRg
Increment/Decrement
INC r ter+1 1t 00 O0RzR{Rg
saddr {saddr) « (saddr) + 1 0010 0110
Saddr-offset
DEC r rer-1 110 0 1RRRg
saddr (saddr) « (saddr)—1 0010 0111
Saddr-offset
INCW P e+ 0100 01PPg
DECW P M« rp-1 0100 1 1P Py
Shift! Rotate
ROR r.n (CY.r7 «10.fm=1 + m) 0011 00O00O
xntimes, n=0-7 G 1 NaNy; NoRaRqRo
ROL nn (CY,rg « 17, Tm+1 + ') 0011 00O
xn times, n=0-7 0 1 NaN; NoRyRq Ro
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NEC

wPD7823x
Instruction Set (cont)
Clocks Flags Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
Shift/Rotate (cont)
RORC rn (CY « 19,17 « CY,rp—q + I'm) 2 3+2n 5+2n x 0011 0000
xntimes, n=0-7 0 0 NzN, NoRgz Ry R
ROLC N (CY 17,15 « CY, 41 + ) 2 3+2n 5+2n x 0011 00O 1
xntimes,n=0-7 0 0 NaNy NoRj PRy Rg
SHR rn (CY « 19,17 ¢ 0,Im—q + Ty} 2 3+2n 5+2n x 0 x 001t 0000
Antimes, n=0-7 1 0 NaN; NgRa Ry Ry
SHL rLn (CY « 172,70+ 0,Tm+1 & m) 2 3+2n 5+2n x 0 x 0011 00901
xntimes, n=0-7 1 0 NaN; NoRp Ry Ry
SHRW rp,n (CY « 1pg, P15 + 0, 1Py + 2 3+3n 5+3n x 0 x 0011 0000
Pm) Xntimes, n=0-7 1 1 NaNy; No Ry Ry Fg
SHLW rp,n (CY « D15, TPg + O, Pm+1 « 2 3+3n 5+3n Xx 0 x 0011 0001
™) Xntimes, n=0-7 1 NaN; NoRa Ry R
ROR4 mem1 Ag_g + (mem1)3 g, (Mem1)y_4 2 24 26 34 34 0000 O101
+ Ag.p. (memi)s.p « (memi)y4 600 11RO
&memi Aag + (&mem1)ap, (&mem1)7 4 3 26 29 37 37 0000 00O
(En?e“rﬁﬁ(;:emns'" 0000 010 1
1000 1 1RO
ROL4 mem1 Az.g + (mem1)y_4, (mem1)s.g 2 25 27 35 35 0000 0101
« Az.g.(mem1)7_4 « (Mmemi)zg 1001 11RO
&mem1 Az.g + (&mem1)7.4,(&mem1)a.g 3 27 30 38 38 0000 00O 1
&ngc):zem)ru- 0000 010t
1001 1 1RO
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NEC

nPD7823x
Instruction Set (cont)
Clooks Flags  Operation Code (Blts 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru BS
BCD Adjustment
ADJBA Decimal adjust accumulator after 3 3 0000 1110
addition
ADJBS Decimal adjust accumulator after 3 3 0000 11 11
addition
Bit Manipulation
MOV1 CY,saddr.bit CY « (saddr bit) 517 9 9 1 000 1000
0 00 0ByByBg
Saddr-offset
CY,str.bit CY « sfr.bit 7 9 000 tOoO0OO
0000 1ByByBy
Str-offset
CY,A.bit CY « Abit 5 7 0000 0O 11
0000 18B38B,Bg
CY,X.bit CY « X.bit 5 7 0000 0011
0000 0ByByBy
Sfr-offset
CY,PSW.bit CY « PSW.bit 5 7 0000 0010
0 00O 0ByBBg
saddr.bit,CY (saddrbit) «~ CY 812 12 14 14 0000 1000
0001 0ByByBy
Saddr-offset
sir.bit,CY sfr.bit «+ CY 12 14 000 1000
0001 1BByBy
Sfr-offset
Abit,CY Abit « CY 8 10 0000 0011
0001t 1ByByBy
X.bit,CY X.bit « CY 8 10 0000 0011
0001 0ByBBy
Sfr-offset
PSW.bit,CY PSW.bit « CY 7 9 00006 0O010
0 001 0ByBBy
AND1 CY,saddr.bit CY « CY A(saddr.bit) 517 9 1 0000 1000
0010 0ByBjBg

Saddr-offset
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NEC

wPD7823x
Instruction Set (cont)
Clacks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru B5
Bit Manipulation (cont)
AND1 CY,/saddr.bit CY « CY A(saddr bit) 3 57 9 N Xx 00060 1000
0011 0ByBBy
Sfr-offset
CY,sfr.bit CY « CY Astr.bit 3 7 11 x 0000 1000
0010 18,BBg
Str-offset
CY /sfr.bit CY « CY Astr.bit 3 7 b x 0000 1000
0011 1ByByBy
CY,A bit CY « CYAADit 2 5 7 Xx 0000 0011
0010 1ByBy8y
CY/Abit CY « CYAADIt 2 5 7 x 0000 001 1
0011 1ByByBy
CY,X.bit CY « CYAX.bit 2 5 7 x 0000 00 11
0010 0ByByBy
CY,/X.bit CY « CYAXobit 2 5 7 x 0000 0011
0011 0ByByBy
CY,PSW.bit CY « CY APSW.bit 2 5 7 X 0000 0010
0010 0ByBBy
CY./PSW.bit CY « CYAPSW.bit 2 5 7 x 0000 0010
00 1 0 By By By
OR1 CY,saddr.bit CY « CY V (saddr.bit) 3 57 9 11 x 000 1000
0100 08B;ByBy
Saddr-offset
CY./saddr.bit CY « CY V(saddr.bit) 3 57 9 11 x 0000 1000
01t 0ByByBy
Sfr-oftset
CY,sfr.bit CY « CYVsir.bit) 3 7 1 x 0000 1 0O0O0
0101 1ByByBy
Sir-offset
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wPD7823x

NEC

instruction Set (cont)

Clocks Fiag®  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
Bit Manipulation (cont)
OR1 CYistr bit CY « CY Vsirbit 3 7 1 x 000 1000
010 1 By By By
CY,Abit CY « CYVADt 2 5 7 x 0000 0011
0100 1ByByBy
CY,/A.bit CY « CYVADit 2 5 7 x 0000 00 11
0101 1tByBBy
CY.X.bit CY « CYVXbit 2 5 7 x 0000 0011
0100 0By;ByBy
CY,/X bit CY « CYVXbit 2 5 7 Xx 0000 0011
0101 0ByB By
CY,PSW.bit CY « CYVPSWbit 2 5 7 Xx 0000 0010
0100 0BxBBy
CY./PSW.bit CY « CYVPSW.bit 2 5 7 Xx 0000 0010
D101 0ByByBy
XOR1 CY,saddr.bit CY + CY¥(saddr.bit) 3 517 9 1 x 0000 1000
0t 10 0ByByBy
Saddr-offset
CY,sfr.bit CY + CY¥sfr.bit 3 7 1 Xx 0000 t+000
0110 1ByBiBy
Sfr-ofset
CY,Abit CY « CY¥Abit 2 5 7 x 0000 0011
0110 1ByByBy
CY,X.bit CY « CY¥X.bit 2 5 7 x 0000 0011
0110 0ByByBy
CY,PSW bit CY « CYV¥-PSW.bit 2 5 7 x 0000 0010
0110 0ByBBy
SET4 saddr.bit (saddr.bit) « 1 2 a7 6 1011 0ByBBy
Saddr-offset
sfr.bit str.bit « 1 3 10 14 0000 1000
1000 1ByBiBy
Str-offset
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NEC

wPD7823x
instruction Set (cont)
Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z AC CY Bytes B1 thru BS
Bit Manipulation (cont)
SET1 Abit Abit « 1 2 6 8 0000 001 1
1000 1ByByBy
X.bit X.bit + 1 2 6 8 P0COO 0011
1000 0B;B,Bg
PSW.bit PSWbit « 1 2 5 7 x D000 0010
100 0 0ByB;Bg
CLR1 saddr.bit (saddr.bit) « 0 2 610 6 1010 0ByBBg
Saddr-offset
sir.bit str.bit « 0 3 10 14 000 1000
1001 1ByByBy
Sfr-offset
A.bit Abit « 0 2 6 8 00DO0 0O 11
1001 1ByByBy
X.bit X.bit + 0 2 6 8 0000 00 11
1001 0ByB;By
PSW.bit PSW.bit « 0 2 5 7 x 00DO0 0010
1001 0ByByBy
NOT1 saddr.bit (saddr.bit) + 0 (saddr.bit) 3 610 10 14 0000 1000
0+ 11 0BByByg
Saddr-offset
sir.bit sfr.bit « sfr.bit 3 10 14 0000 1000
0t 11 1ByB 8y
Str-offset
A.bit Abit « Abit 2 6 8 0000 0011
0111 18,88
X.bit X.bit « Xbit 2 6 8 0000 0011
0111 0ByBiBy
PSW.bit PSW.bit + PSW.bit 2 5 7 x 0000 0010
0111 0ByB By
SET1 cY CY +1 1 0100 0001
CLR1 cY CY+«0 1 0100 00C0CO
NOT1 cy CY «CY 1 0100 0010
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NEC

pnPD7823x
Instruction Set (cont)
Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
Call/Return
CALL laddr16 (SP-1} « (PC + 3)y, 3 1015 17 21 0010 1000
(SP-2) « (PC +3),.
PC « 1addr16, SP « SP-2 Low Addr
High Addr
P (SP-1) « (PC + 2}, 2 1217 15 19 000 0101
(SP-2) + (PC +2)_,PCH +
rps, PCL + P, SP + SP-2 06101 1PPO
CALLF laddr11 (SP-1) « (PC + 2}, (SP-2) « 2 1015 14 18 1001 0 «
(PC + 2}, PC15+11 « 00001, fa S
PCio-g + 'addr11,SP « SP-2
CALLT [addrs) (SP—1) « (PC + 1), (SP-2) + 1 14-20 20 24 111 « ta -
(PC + 1), PCy + (00000000,
addr5 + 1), PCy_ + (00000000,
addr5), SP « SP-2
BRK (SP-1) « PSW, (SP-2) « 1 1626 22 28 0101 1110
(PC + 1), (SP-3) + (PC + 1),
PCy + (003FH),PCy +
(003FH),SP « SP-3,IE « 0
RET PC_ + (SP),PCH « (SP + 1), 1 1015 11 15 0101 0110
SP «SP+2
RETI PCL « (SP),PCy « (SP + 1), 1 1220 15 20 RRR 0101 0111
PSW « (SP +2),SP “ SP + 3,
NMIS « 0
RETB PC_ « (SP),PCH + (SP + 1), 1 1220 13 9 RRR 0101 1111
PSW « (SP+2),SP«+SP+3
Stack Manipulation
PUSH PSW (SP—1) + PSW, 5P « SP-1 1 4-8 7 0100 1001
sfr (SP—-1) + sfr, SP + SP-1 2 7-9 9 12 0010 1001
Str-offset
P (SP~1) « py(SP-2) « 1 8-13 8 12 0011 1 1PP

pL, SP « SP-2
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N E C wPD7823x

Instruction Set (cont)
Clocks Flags Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes (ROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
Stack Manipulation (cont)
POP PSW PSW + (SP),SP « SP +1 1 4-8 6 8 RRR 0100 1000
sfr sfr « {SP),SP « SP + 1 2 9-11 9 12 0100 001
Sfr-offset
) L + (SP), rpy « (SP +1), 1 10115 11 15 0011 01PP
SP « SP +2
MOVW SP,#word SP « word 4 8 12 0000 tOo11
’ 1141 1100
Low Byte
High Byte
SP,AX SP « AX 2 9 1" 0001 0011
1111 1100
AX,SP AX « SP 2 10 12 0001 00O 1
t1 11 1100
INCW sP SP « SP +1 2 5 7 0000 010t
1100 1000
DECW SP SP « SP-1 2 5 7 0000 O10O01
1 00 1001
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wPD7823x N E C

Instruction Set (cont)
Clocks Flags Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IntROM Branch NoBranch ZACCY Bytes B1 thru BS
Unconditional Branch
BR laddr16 PC + laddr16 3 5 11 0010 1100
Low Addr
P PCy « oy, PCL « o 2 6 10 0000 0101
100 1PP 0O
$addrt6 PC « $addr16 2 4 9 0001 0100
jdisp
Conditional Branch
BC $addr16 PC + $addr16if CY =1 2 2/4 9 6 1000 O0O0T11
BL jdisp
BNC $addr16 PC « $addr16if CY =0 2 2/4 9 6 1000 OOT1T1TO
BNL jdisp
BZ $addr16 PC « $addr16if Z=1 2 2/4 9 6 1000 O0O0O01
BE jdisp
BNZ $addr16 PC « $addr16ifZ=0 2 2/4 9 6 1000 ©0000
BNE idisp
BT saddr.bit, $addr16 PC « $addr16if (saddr.bit) =1 3 5-9 12 9 0111 08B3;B¢Byg
Saddr-offset
jdisp
sfr.bit, $addr16 PC « $addr16if sfr.bit = 1 4 7/9 16 13 0000 1 0D00O0
1011 1ByByBy
Sfr-offset
idisp
A bit,$addr16 PC « $addri6if A.bit=1 3 57 12 9 0000 0O0 11
101 1 1ByBBy
idisp
X.bit,$addr16 PC « $addr16if X.bit = 1 3 5/7 12 9 000CO0 OO0 11
1011 0ByBBy
jdisp
PSW.bit,$addri6 PC « $addr16 it PSW.bit =1 3 57 12 9 0000 0O0C10
1011 0ByBBy
jdisp




N E C pPD7823x

Instruction Set (cont)

Clocks Fiags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IntROM Branch NoBranch Z ACCY Bytes B1 thru BS
Conditional Branch {cont)
BF saddr.bit,$addri6 PC « $addr16 if (saddr.bit) = 0 4 5-9 15 12 0000 1t O0O0O
010 1BB(Bg
Saddr-offset
idisp
sfr.bit,$addr16 PC « $addr16if sfr.bit=0 4 7/9 16 13 0000 10C0CO
1 01 0 1ByB;By
Sfr-offset
jdisp
A.bit,$addr16 PC + $addr16ifAbit=0 3 87 12 9 0o00CO0O OO0 T 1
1010 1BBBy
jdisp
X.bit,$addr16 PC + $addr16if X.bit=0 3 57 12 9 0000 OO0T11
1010 0B85y
jdisp
PSW.bit,$addri6 PC + $addr16if PSW.bit=0 3 87 12 ] 0000 OO010
1010 0B;ByBy
jdisp
BTCLR saddr.bit,paddri6 PC + $addr16if (saddr.bit) = 1 4 5-13 15 12 0000 1000
then reset (saddr.bit) 1101 1ByB 8
Saddr-offset
jdisp
sfr.bit,$addr16 PC + $addr16if str.bit = 1 4 7/13 18 13 0000 10O0OO
then reset sfr.bit 0 1 1 By By Bg
Sfr-offset
jdisp
A.bit,$addr16 PC « $addr16if A.bit = 1 3 5/9 12 9 0000 0011
then reset A.bit 1101 18,88y
jdisp
X.bit,$addr16 PC + $addri6if X.bit = 1 3 5/9 12 9 0000 0011
then reset X.bit 1101 0ByByBy
jdisp
PSW.bit,$addr16 PC + $addr16if PSW.bit = 1 3 5/8 12 9 x x x 0000 0010
then reset PSW.bit 1101 08,8 8
jdisp
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wPD7823x N E C

Instruction Set (cont)
Clocks Flags Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IntROM Branch NoBranch ZACCY Bytes B1 thru BS
Conditional Branch (cont)
DBNZ . $addr16 f«ri-1,thenPC ¢ 2 35 9 6 0011 00 1R
$addrigifri=0 idisp
saddr,$addr16 (saddr) « (saddr)—1,then 3 4-10 12 9 0011 1011
PC « $addri6if (saddr) = 0 Saddr-offset
jdisp
CPU Control
MOV STBC,#byte STBC « byte 4 10 15 0000 100
00 00
Data
Data
SEL RBn RBS1-0 « n,n=0-3 2 2 6 0000 O101
1010 1 0NNy
NOP No Operation 1 0000 OOCOCO
El IE « 1 (Enable Interrupt) 1 0100 1011
DI IE + 0(Disable Interrupt) 1 0100 1010
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PACKAGE DRAWINGS
80-Pin Piastic QFP
ftom _ Millimeters Inches ' A

A 17.2 £0.4 677 £ 016 < B

+.009
8 14.0 +0.2 551 7 ons

+.009
c 14.0 0.2 551 e
o) 17.2 £0.4 677 %.016
F 0.8 031
G 0.8 031 37, é 7/

+.004 D
H 0.30 £0.10 012 * oo
! 0.13 005
J 065 (TP) {026 (IP)
K 1.6 £0.2 D63 +.008

+.009
L 0.8 £0.2 031 T oos

+0.10 +.004
M 015 % os 006 * 003
N 0.15 .006
P 27 106
Q 0.1 0.1 .004 + 004
a 21 201 004 % 0o Enlarged detail of lead end
S 3.0 max .119 max -
s|P
3 (1)
Q R
2 4SNR-591B {9780




wPD7823x N E C

84-Pin PLCC
o A
B
nnooononondonoannnoonn
tem Millimeters Inches
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94-Pin Plastic QFP
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