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pPD7821x

Advanced, 8-Bit

Real-Time Control Microcomputers
With A/D Converter

Description

The wPD78213, LPD78214, and nPD78P214 are high-per-
formance, 8-bit, single-chip microcomputers. They con-
tain extended addressing capabilities for up to 1M byte of
external memory. The devices also integrate sophisticated
analog and digital peripherals as well as two low-power
standby modes that make them ideal for low-power/bat-
tery backup applications.

The p.PD7821x family focuses on embedded control with
features like hardware multiply and divide, two levels of
interrupt response, four banks of main registers for multi-
tasking, and macroservice for processor-independent
peripheral and memory DMA. Augmenting this high-per-
formance core are advanced components like a high-pre-
cision A/D converter, two independent serial interfaces,
several counter/timers for PWM outputs as well as a real-
time output port. On board memory includes 512 bytes of
RAM and 16K bytes of mask ROM, EPROM, 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 1o
be performed. Both features combined with powerful on-
chip peripherals make this part ideal for a wide variety of
embedded control applications.

Features

O Complete single-chip microcomputer
— 8-bit ALU
— 16K ROM
— 512 bytes RAM
— Both 1-bit and 8-bit logic

O Instruction prefetch queue
O Hardware multiply and divide

7 Memory expansion
— 8085 bus-compatible
— 64K program address space
— 1M data address space

[J Large I/0O capacity: up to 54 /0 port lines
O Software pullup options

[ Extensive timer/counter functions
— One 16-bit timer/counter/event counter
— Three 8-bit timer/counter/event counter
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0 Four timer-controlled PWM channels
O Two 4-bit real-time output ports

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

0O Two independent serial ports
O Refresh output for pseudostatic RAM

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

0O CMOS silicon gate technology
O 5-volt power supply

Ordering Information

Part Number g ROM Package
wPD78213CW —~ - ROMiess 64-pin plastic shrink DIP
pPD78213GQ-36- 64-pin plastic QUIP
uPD78213Gd .- 74-pin plastic QFP
uPD78213L 1~ 68-pin PLCC
uPD78214CW 16K Mask 64-pin plastic shrink DIP
wPD7821 4eoy ROM 64-plastic QUIP
wPD7821 4GJ/ 74-pin plastic QFP
pPD78214L 68-pin PLCC
uwPD78P214CW \,// 16KOTP 64-pin plastic shrink DIP
rPD78P214GQ-36 ~ ROM 64-pin plastic QUIP
wPD78P214GJ . 74-pin plastic QFP
pPD78P214L 68-pin PLCC
uPD78P214DW — 16K UV 64-pin shrink cerdip
wPD78P214R — EPROM 64-pin ceramic QUIP

Note:
A 74-pin plastic QFP that can be reflow soldered will be availabile.
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Pin Identification Pin Configurations
Symbol Function 64-Pin Shrink DIP and QUIP (Plastic or Ceramic)
P0y-PO; Qutputport0
P2o/NMI Input port 2/Non-maskable interrupt input Po5 ] 1 \_ a3 PO,
; P ; Poy ]2 63 [P0y
P24-P25/INTPO-INTP1  Inputport 2/External interrupt input/timer
trigger Pog]3 62 11 POg
Pog O] 4 613 P37/T03
P23/INTP2/CI Input port 2/External interrupt input/ Po; s 60 [ P3g/TO2
Clockinput Pe7/AEFRQ/AN? O] 6 59 [1 P35/TO1
P24/INTP3 Input port 2/External interrupt input/timer P65/ WAIT/ANG T 7 58 [1P3,4/T00
trigger Ps5/WR L] 8 57 11 P70/ANO
- - Ps4/RD ] 9 56 [1 P74/AN1
P25/INTP4/ASCK Input port 2/Extern.al interruptinput/ P63/A1g [] 10 55 1 P72/AN2
Asynchronous serial clock P6o/A1 ] 11 54 [1P74/AN3
P2g/INTP5 Input port 2/External interrupt input P64tAy7 O] 12 53 L1 P74/AN4
— Pegiasg ] 13 52 [1P75/ANS
P24/SI Input port 2/Serial input RESET O 14 510 AVRer
P3y/RxD 110 port 3/Serial receive input x21s 50 {1 AVgg
X . x1 16 49 O Vpp
P34/TxD 1/O port 3/Serial transmit output Ves O} 17 D EA
P35/SCK 1/0 port 3/Serial clock input/output P5,/A15 ] 18 47 J P33/ SO/SBO
; . P5g/A14 C] 19 46 [1 P3,/5CK
P33/50/8BO 1/O port 3/Serial output/Seriatbus 1/O N P 4sPayTe0
P34-P37/TO0-TO3 1/0 port 3/Timer output P54/A12 O] 21 44 [ P3¢/RxD
P54/A¢1 22 43 [AP24/81
P4q-P47/ADg-AD 1/0 port 4/Lower address byte/data bus 3™ 7
o-P47/ADg-ADy P ch P5,/A10 O] 23 42 [1P2g/INTPS
P5q-P57/Ag-A1s 1/0 port 5/Upper address byte P54/Ag [} 24 41[3 P25/INTP4/ASCK
P6g-P63/A1s-A1g Output port 6/Extended address nibble PSo/Ag L 25 40 H1P24/INTP3
— P47/AD7 ] 26 39 [J P25/INTP2/CI
P64/RD 1/0 port 6/Read strobe output Pag/ADg (] 27 38 [ P2,/INTP1
P65/WR 1/0 port 6/Write strobe output P45/ADg [] 28 37 P P24/INTPO
—— — - P44/AD4 £ 29 36 {1 P2o/NMI
P6g/WAIT/ANG 1/0 port 6/Wait input/A/D converter input P44/AD5 [] 20 35 [1 ASTB
P67/REFRQ/AN7 1/0O port 6/Refresh output/A/D converter input P4o/AD, [ 31 34 L1P4g/ADg
vgs ] 32 33 [d P44/AD
P70-P75/ANO-AN5 Input port 7/A/D converter input s it
4JTB-495A
ASTB Address strobe output
RESET External resetinput
EA External memory access controlinput
X1,X2 External crystal ar external clock input
AVREF A/D converter reference voltage
AVgg Analog ground
Vpp Positive power supply input
Vss Power return; normally ground
NC No connection
6-4
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68-Pin PLCC
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74-Pin Plastic QFP
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Pin Functions

P0g-PO7. 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.

P2y-P27. Port 2 is an 8-bit input port with the programma-
ble pullup option except for P2g and P2;.

NMI. Non-maskable interrupt input.

INTPO-INTPS. 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.

P3-P37. Port 3 is an 8-bit tristate 1/0 port with the pro-
grammable pullup option.

RxD. Receive serial data input.

TxD. Transmit serial data output.

SCK. Serial shift clock output.

S0. Serial data output for three-wire serial /O mode.
SBO. I/0 bus for the clocked serial interface.
TOO0-TO3. Timer flip-flop outputs.

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

ADo:ﬁ7.%ultiplexed 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.

Aa-Aig;)Upper-order address bus used with external
“memory or expanded 1/0.

P6y-P63.-Pins P6-P63 of port 6 are outputs.
A1s-A1g":§xtended-order address bus used with external

. /LO
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P64-P67. Pins P64-P67 of port 6 are tristate 1/Os with the
programmable 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.

ANG, AN7. Analog voltage inputs to A/D converter.
P7¢-P7s. Port 7 is a 6-bit input port.
ANO-ANS. Analog voltage inputs to A/D converter.

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 P2p/NMI, sets the p.PD78P214 in the PROM program-
ming mode.

EA. Control signal input that selects external memory (EA
low) or internat ROM (EA high) as the program memory.
When EA is low, nPD78214 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.
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wPD7821x
wPD7821x Block Diagram
Bus Control
] AygAgg/
SFR Address/Data Bus :> 167118
P2g/NMI *1 Programmable ] PSo-PB3
ol?\terrup! C> Ajdo=B N :> Ag-Agg/
s
P24 - P2g/ E:> Controller — rssEd V) P5g-PS7
INTPO-INTP5 . N : ADg -ADy/
P3p/RxD — o] UART ] ’_—“; P4gy-P4,
P34/TxD <+ S A <—_>
aud Rate
P25/Ih‘l\'g%:(l Generator
Pe2ISCK Clocked Serial Internal Poalil
P33/SO/SBO *—*1 " nterface <:> :5233’;‘ — P65/WR
P2,/S| —»
7 Local (16K Bytes) le— PBe/WAIT
INTP3 Data Bus T AN6
Timer/Counter (‘ P67 /REFRQY
P34/TO0 = (16 Bits) - > AN7
P35/TO1 <—f )| — ASTB
Micro ROM
Timer/Caunter ] -
INTPO —] Channel-3 <:> Micro System Control
(PS + 8 Bits) Sequencer
Tempoarary ]
Registers re— X1
INTP1 Timer/Counter ‘J spP
P23/INTP2/CI — Channel-2 C> T‘\—/ j — X2
P3g/TO2 <— (PS + 8 Bits) PSW AESET
P3,/TO8 - r—
EA
Timer/Counter 4 |
Cramars. K Boolean U
(PS + 8 Bits) VDo
- vss
Pay-PO Real-Time RAM
073 Output Port <:> General
P04-PO; {4 Bits x 2) Regi
\1/‘: <:> gisters :>
ANO-AN7 Macroservice
Channels
AVRep —» AD <:>
AVgg —| Converter (256 Bytes) L L
INTP5 — L/
Internal Data Bus ]
Internal Data .
Memory @L@ < Data Bus
256 Bytes) —
¢ Y @ Peripheral Bus UF
l Port J
POp P29 P3g P4p PSgp Peg P64 P7p
-P0O; -P2; -P3; -P4; -PS; -Pez -P67 -P7g
B3IML-60798
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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 wPD7821x 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 I/O port 4, an 8-bit multi-
plexed address/data bus. The memory mapping register
controls the size of external memory as weli 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 wPD78214 has on-chip mask ROM occupying the
space from 00000H to O3FFFH. When the ROM is used
and no other program or data space is required, ports 4, 5,
and 6 are available as additional I/O ports.

00000H

On-Chip ROM
16,384 Bytes

w (Must be external ey
memory
in uPD78213)

%Sjalzi
4000H
~

o2 External Memory J

s

00000H Interrupt Vector
0003FH Address Table Area
00040H
CALLT Table Area
0007FH
00080H
Program Area
007FFH
00800H
N CALLF Entry
R Area R
00FFFH
01000H

¥R ProgramArea Ry

PR 03FFFH
OFCFFH
OFDOOH OFDOOH
On-Chip RAM On-Chip
512 Bytes RAM
OFEFFH OFEDFH
OFFOOH Special Function GFEEOR K
Register (SFR) Ge”;'e‘;’i::r’g"“
OFFFFH Area OFEFFH
10000H
External
Memory .
R (Extended A
Address
Area)
FFREFH
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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 RBS0O 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 18-Bit
Processing Processing
4 -
L lT@®yAajroyx (RPO) AX | OFEF8H
o (R3)B | (R2)C -(RP1) BC | OFEFAH
OFEFFH (RS)D | (R4)E (RP2) DE | OFEFCH
“\ (R7)H | (RE) L (RP3) HL. | OFEFEH
( )= Absolute Name
B83ML-6082A
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Special Registers

There are three different special registers. The first is 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:

[ €]z [mBs1| ac[mBso| o [isp |y |

cY Carry flag

ISP Interrupt priority status flag
RBS0, RBS1 Register bank selection flags
AC Auxitiary carry flag

z Zero flag

IE Interrupt request enable flag
Special Function Registers

These registers are assigned to special functions such as
the mode and control registers for on-chip peripheral
hardware. They are mapped into the 256-byte memory
space from OFFO0H to OFFFFH. Table 1 is a list of special
function registers.

Copyrighted By Its Respective Manufacturer
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Table 1. Special Function Registers

Handleable
Bit Unit
1 8 16

Address Special Function Register (SFR) Name Symbot R/W Bit Bit Bit On Reset
OFFOOH Port0 PO R/W o o - Indeterminate
OFFO02H Port2 - P2 R 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
OFFOSH Port6 Pé R/W o o - x0H
OFFO7H Port7 P7 R/W o o - Indeterminate
OFFOAH Port O buffer register (low) POL RW o o - Indeterminate
OFFOBH Port 0 buffer register (high) POH R/W o o - Indeterminate
OFFOCH Real-time output port control register RTPC RW o o - O0H
OFF10H, 16-bit compare register 0 (16-bit timer/counter) CROO R/W - - 0 Indeterminate
OFFttH
OFF12H, 16-bit compare register 1 (16-bit timer/counter) CRO1 RW - - 0o Indeterminate
OFF13H
OFF14H 8-bitcompare register (8-bit timer/counter 1) CR10 R/W - o - Indeterminate
OFF15H 8-bitcompare register (8-bittimer/counter 2) CR20 RW - o - Indeterminate
OFF16H 8-bitcompare register (8-bit timer/counter 2) CR21 RW - o - Indeterminate
OFF17H 8-bit compare register (8-bit timer/counter 3) CR30 RW - o - Indeterminate
OFF18H, 16-bit capture register (16-bit timer/counter) CRO02 R - - o Indeterminate
OFF19H
OFF1AH 8-bit capture register (8-bittimer/counter 2) CR22 R - o0 -~ 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
OFF23H Port 3 mode register PM3 w - 0o - FFH
OFF25H Port 5 mode register PMS5 w - o - FFH
OFF26H Port 6 mode register PM6 R/W - 0o - FxH
OFF30H Capture/compare control register 0 CRCO w - o - 10H
OFF31H Timer output control register TOC w - o - 00H
OFF32H Capture/compare control register t CRC1 w - o - 00H
OFF34H Capture/compare control register 2 CRC2 w - o - 00H
OFF40H Pull-up option register PUO R/W o o -~ 00H
OFF43H Port 3 mode control register PMC3 R/W o o - 00H
OFF50H, 16-bit timer register 0 T™O R - - o 0000H
OFFS1H
OFF52H 8-bit timer register 1 ™1 R - o - 00H

6-11
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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 Bit On Reset
OFFS54H 8-bittimer register 2 ™2 R - o - 00H
OFF56H 8-bittimer register 3 TM3 R - o - 00H
OFF5CH Prescaler mode register 0 PRMO w - o - 00H
OFFSDH Timer contro! register 0 TMCO R/W - o - 00H
OFFS5EH Prescaler mode register 1 PRM1 w - o - 00H
OFFSFH Timer control register 1 TMC1 R/W - o - 00H
OFF68H A/D converter mode register ADM RW o o - 00H
OFF6AH A/D conversion result register ADCR R o o - Indeterminate
OFF80H Clocked serial interface mode register CSIM R/W o o - O0H
OFF82H Serial bus interface control register SBIC RW o o - 00H
OFF86H Serial shift register S]e] RW - 0o - Indeterminate
OFF88H Asynchronous serial interface mode register ASIM RW o o - 80H
OFF8AH Asynchronous serial interface status register ASIS R o - 00H
OFF8CH Serial receive buffer: UART RxB R - o - Indeterminate
OFF8EH Serial send shiftregister: UART xS w - o - Indeterminate
OFF90H Baud rate generator controlregister BRGC w - 0o - 0O0H
OFFCOH Standby control register STBC R/W - o - 0000 x 000B
OFFC4H Memory expansion mode register MM R/W o o - 20H
OFFC5H Programmable wait control register PW RW o o - 80H
OFFCéH Refresh mode register RFM RW o o - 00H
OFFEOH Interruptrequest fiag register L IFOL  IFO RW o o o D000H
OFFEtH Interruptrequest flag register H IFOH RW o o 0000H
OFFE4H Interrupt mask flag register L MKOL MKO RW a o o FFFFH
OFFESH Interrupt mask flag register H MKOH RW o o FFFFH
OFFESH Priority specification flag registerL PROL PRO RW o o o FFFFH
OFFESH Priority specification flag register H PROH RW o o FFFFH
OFFECH Interrupt service mode specification fiag register L ISMOL  ISMO RW o o o 0000H
OFFEDH Interrupt service mode specification flag register H ISMOH RW o o 0000H
OFFF4H Externalinterrupt mode register 0 INTMO RW o o - O0H
OFFF5H Externalinterrupt mode register 1 INTM1 RW o o - 00H
OFFF8H Interrupt status register IST RW o o - 00H
6-12
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Input/Output Ports

Port 0 is a byte programmable tristate output port. Port 2 is
bit selectable as input or control pins. Port 3 is bit pro-
grammabile 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 programmable as I/O or the upper
address byte. Port 6 is bit programmable as 1/O, controi
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-
faorehand 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 patterns at pre-
programmed variable time intervals.

Figure 3. Real-Time Output Port

A/D Converter

The wPD7821x A/D converter (figure 4) uses the succes-
sive-approximation method of converting any or all of the
eight muitiplexed analog inputs into 8-bit digital data. This
data is stored in a result register that can be accessed at
any time. The conversion time is 30 s at 12-MHz opera-
tion. Quantization error is =1/2 LSB; maximum full-scale
error is 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 nPD7821x 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.

2 Internal Bus e
RTPCI BYTE l POMH ] EXTR | POML I @ @
‘ i * * Buffer Register
, POH ! PoL
INTC11 Byte  4-Bit 1
Real-Time
Output (POH)
POMH )
INTPO 4-Bit Real-Time B
INTC10 —¢ Output (POL)
Selector Sel 4 4
8-Bit Real-Time
1 POML Output (PO)
EXTR A4
Output Latch <———

ST V7Y

P07 POg P05 PO4 P03 PO, POy POg

83ML-60838
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Figure 4. Analog-to-Digital Converter

Resistor String
[nfhadl il
ANO —> ! 1
AN1 —> \ . ; AVREF
' f R/2 I
AN2 —>| B SampleA and ) . |
AN3 —>] § ,_Hfld_cl'cﬂu_‘ X ' . |
AN4 —>| @ 1 . 1 : 1 :
i
ANS —> é’ ! R Voltage [N ! !
ANG —» | I ] Comparator 18 1 : [
AN7 —> ! ! 13 Lo
Lo d a1 I
& 1
T e , 1
Approximation 1 | | 1
Register [SAR] 1 1 ) |
I 1 1 I
?— | 1
INTP5 > Edge Conversion Trigger INTAD ' 1 R2 |
Detector Control | — 1 } i AV
Circuit ' ! ss
R J
Trigger Enable L
Selector — Interrupt Request
Ll
A/D Converter Mode A/D Corwersion Resuit
Register [ADM] Register [ADCR]
8
S Internal Bus e
49TB-4968

§erial Interface

'i'he wPD7821x has two independent serial interfaces.
e Asynchronous serial interface (UART) (figure 5)

e Clock-synchronized serial interface (figure 6)

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
wPD7821x 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 generat-
ed by 8-bit timer counter 3.

6-14

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

e Three-line serial I/0O 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 SI). This mode is convenient when the
wPD7821x is connected to peripheral I/Os and display
controllers that have the conventional clock-
synchronized serial interface.

e Serial bus interface mode (SBI).

In this mode the pPD7821x can communicate data with
several devices using the serial clock (SCK) and the se-
rial data bus (SBO) 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.
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Figure 5. Asynchronous Serial Interface
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Figure 6. Clock-Synchronized Serial Interface
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Timer/Counters

The wPD7821X has four timer/counters: one 16-bit and
three B-bit. The 16-bit timer/counter (figure 7) has the
basic functionality of an interval timer, a programmable
square-wave output, and a pulse width measurer. These
functions can provide a digitai delayed one-shot output, a
pulse width modulated output, and a cycle measurer.

Figure 7. 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 8, 9, and 10.

This Materia
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Figure 8. 8-Bit Timer/Counter 1
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Figure 9. 8-Bit Timer/Counter 2
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Interrupts

There are 20 interrupt request sources; each sourceis 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 Dl 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.

This Materia

There are default priorities associated with each maskable
interrupt and these can be assigned to either of two pro-
grammabile priority levels. Interrupts may be serviced by
the vectored interrupt method where a branch to a desired
service program s executed. Interrupts may also be handled
by the macroservice function where a preassigned proc-
ess is performed without program intervention.
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Figure 10. 8-Bit Timer/Counter 3
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Table 2. Interrupt Sources and Vector Addresses
Interrupt Vector
Request Defaul Macroservice Table
Type Priority Interrupt Request Generation Source Mode Address
Software None BRKinstruction execution - O03EH
Non-maskable None NMI (pin input edge detection) - 0002H
Maskable ] 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 INTCO00 (TMO-CROQ coincidence signal generation) Yes 0014H
5 INTC01 (TM0-CRO1 coincidence signal generation) Yes 0016H
6 INTC10 (TM1-CR10 coincidence signal generation) Yes 0018H
7 INTC11 (TM1-CR11 coincidence signal generation) Yes O01AH
8 INTC21 (TM2-CR21 coincidence signal generation) Yes 001CH
9 INTP4 (pin input edge detection)/INTC30 (TM3-CR30 coincidence signal generation) Yes OOOEH
10 INTPS5 (pininput edge detection)/INTAD {end of A/D conversion) Yes 0010H
11 INTC20 (TM2-CR20 coincidence signal generation) Yes 0012H
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
6-20
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Macroservice Figure 11. Macroservice Control Word Map
The macroservice function can be programmed to transfer
data from a special function register to memory or from OFEDFH | Channel Pointer NTSR
memory to a special function register. Transfer events are OFEDEH Mode Register
triggered by interrupt requests and take place without soft- OFEDDH { Channel Pointer
i ; i INTST
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. . . . i
tion is controlled by the macroservice mode register and onne’ Tomter INTCSI
the macroservice channel pointer. The macroservice OFEDAH |  Mode Register
mode register assigns the macroservicing mode and the OFED9H |  Channel Painter INTC10
macroservice channel pointer indicates the address of the OFEDSH Mode Register !
memory location pointers. The location of each register oFeD7H | Chanmel Pointer
i ingi i in fi INTC11
and its corresponding interrupt is shown in figure 11. OFEDEH Mode Register
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Refresh - INTP4/INTC30
. ) . R OFED4H Mode Register
The refresh signal is used with a pseudostatic RAM. The -
fresh cycl be set to one of four intervals rangin OFED3H | Channel Pointer
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from 2.6 to 21.3 pus. The refresh is timed to follow a read or OFED2H |  Mode Register
write operation so there is no interference. OFED1H | Channel Pointer TG
00
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. ST INT
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an unmasked interrupt request, an NMI, or a RESET orEcen | Chawe: Poior
. J
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BIML-6087A
6-21

This Material Copyrighted By Its Respective Manufacturer



wPD7821x N E C

ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings

Ta = +25°C.
Item Symbol Conditions Rating Unit
Operating voltage Voo -05t0+7.0 v
AVRer -0.5to Vpp v
AVgg —0.510+0.5 v
Input voltage Vit Note 1 -0.5toVpp + 0.5 \
Vi2 Note 2 ~0.5t0 AVRer + 0.5 Vv
Vis Note 3; for nPD78P214 —0.5t0 +13.5 \Y
Output voltage Vo -0.5t0Vpp + 0.5 v
Low-level output current loy One output pin 30 (peak) mA
15 (mean value) mA
All output pins total 150 (peak)
100 (mean value) mA
High-level output current loH One output pin -2
Alloutput pins total -50 mA
Operating temperature TopT —40to +85 °C
Storage temperature Tsta —6510 +150 °C
Notes:

(1) Pins P7,-P75/AN0-ANS5, P6g/WAIT/ANG, and P67;/REFRQ/AN7
except when Note 2 is applicable.

(2) Pin used as the A/D converter input or pin selected by bits ANIO-
ANi2 of the ADM register when the A/D converter is not in operation.

(3) P2y/NMI, EA/Vpp, and P2{/INTPO/Ag pins in the PROM program-

ming mode.

Operating Frequency Capacitance

Osclilation Frequency Ta Vop Ta = +25°C,Vpp = Vgs =0V.

fxx = 4to 12MHz —40to +85°C +5V = 10% Hem Symbol Typ Max Unit Conditions
Input capacitance Cy 20 pF f=1MHz;pinsnot

y used for measure-

Output capacitance Co 20 pF mentare atdV
Input/output capacitance Cio 20 pF
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DC Characteristics
Ta =-4010 +85°C; Vpp = +5V £10%; Vgg =0 V.

Item Symbol Conditions Min Typ Max Unit
Low-levelinput voltage ViL 0 0.8 \4
High-levelinput voltage ViH1 Except the specified pins (Notes 1, 2) 22 Vpp v

ViHz Specified pins (Note 1) 22 AVREfF v

ViH3 Specified pins (Note 2) 0.8Vpp Voo v

Low-level output voltage VoL 1 loL=2.0mA 0.45 \4
VoLz loL = 8.0mA (Note 3) 1.0 v

High-level output voitage VOH1 lon=-1.0mA Vpp-1.0 v
VoHz2 lop=-100 pA Vop-0.5 v

VoHa loH = —5.0mA (Note 4) 20 \'

inputleakage current Iy V=V, =Vpp *10 pA
Outputieakage current ILo oV=Vg=Vpp *=10 wA
AVRgF current AlRer Operating mode, fyx = 12 MHz 15 5.0 mA
Vpp power supply current Ipp1 QOperating mode, fxx = 12 MHz 20 7 40 mA
Ibp2 HALT mode, fxx = 12MHz 7 20 mA

Data retention voltage VbDDR STOP mode 25 5.5 v
Data retention current IboDR STOPmode Vpppr=2.5V 2 20 pA
Vppor = 5V £10% 5 50 A

Pullup resistor RL Vi=0V 15 40 80 kQ

Notes:

(1) Pins P75-P75/ANO-AN5, P6g/WAIT/ANG, and P6;/REFRQ/AN7 (3) Pins P4g-P47/ADg-AD7 and P5g-P57/Ag-A+s.
when the pin is used as the A/D converter input or is seiected by bits (4) Pins POy-PO7.

ANIO-ANI2 of the ADM register when the A/D converter is not in

operation. .

X1, X2, RESET, P2y/NMI, P24/INTPO, P25/INTP1, P23/INTP2/CI,

P24/INTP3, P25/INTP4/ASCK, P2g/INTPS, P2;/SI, P35/SCK,

P33/S0/SBO, and EA pins.

@

Figure 12. Voltage Thresholds for Timing Measurements
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B3ML-6089A
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Read/Write Operation
Ta = —4010 +85°C; Vpp = +5 V * 10%; Vgg = 0 V; txx = 12 MHz; C_ = 100 pF.
Hem Symbol Conditions Min Max Unit
X1 inputclock cycle time tcyx 82 250 ns
Address setup time to ASTB ¢ tsasT 52 ns
Address hold time from ASTB | (Note 1) tHsTA RL=5kQ,C =50pF 25 ns
Address to RD ¢ delaytime tpAR 129 ns
Address float time from RD | teaR 11 ns
Address to data inputtime tDAID 228 ns
ASTB { todatainputtime tpsTID 181 ns
RD ! todata inputtime torID 99 ns
ASTB | toRD ! delaytime tpsTR 52 ns
Data hold time from RD 1 tHRID 0 ns
RO 1 to address active time tORA 124 ns
RD t to ASTB t delaytime toRsT 124 ns
RD low-level width twRL 124 ns
ASTB high-level width twsTH 52 ns
AddresstoWR | delay time tpaw 129 ns
ASTB | todataoutputtime tpsTOD 142 ns
WR | to data outputtime towop 60 ns
ASTB L toWR ¢ delay time tpsTwWi 52 ns
tosTw?2 Refreshmode 129 ns
DatasetuptimeioWR t tsoown 146 ns
Data setup time to WR I (Note 1) tSODWF Refresh mode 22 ns
Data hotd time from WRt tHwobD 20 ns
WR 1 to ASTB 1 delaytime towsT 42 ns
WR low-level width twwiL1 196 ns
twwiz Refresh mode 114 ns
Addressto WAIT | inputtime toawT 146 ns
ASTB 4 to WAIT ! inputtime toSTWT 84 ns
WAIT hold time from X1 1 tHWTX 0 ns
WAIT setuptimeto X1 t tswTx 0 ns
Notes:

(1) The hold time includes the time during which Vg, and Vg, are
retained under the following load conditions: C; = 100 pF and
R.=2kQ.

6-24

This Material Copyrighted By Its Respective Manufacturer



N E C nPD7821x

Figure 13. Read Operation Timing
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Figure 14. Write Operation Timing
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Figure 15. External WAIT Input Timing
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Serial Port Operation
Ta =—401t0 +B5°C; Vpp = +5 V = 10%; Vgg = 0 V; fxx = 12 MHz; C_ = 100 pF.

ltem Symbol Conditions Min Max Unit
Serial clock cycle time tovsk Input External clock 1.0 us
Output Internalclock/16 1.3 us
Internal clock/64 53 ns
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 us
Sl, SBO setuptime to SCK tsssk 150 ns
S1, SBO hold time from SCK 4 tHssk 400 ns
SO/SBO outputdelay time from SCK t tpsBSK! CMOS push-puli output 0 300 ns
(8-line serial I/0 mode)
tpsesk2 Open-drain output 0 800 ns
(SBImode}, R =1k
SBO high, hoid time fromSCK 1 - tHsBSK SBimode 4 tovx
SBO low, setup time to SCK ¢ tssBSK SBImode 4 toyx
SBO low-level width twsBL 4 tovx
SBOhigh-level width twsBH 4 toyx
RxD setup time to SCK {SRXSK 80 ns
RxD hold time after SCK t tHSKRX 80 ns
SCK 1 to TxD delay time tDsSKTX 210 ns
6-27

This Material Copyrighted By Its Respective Manufacturer



wWPD7821x N E C

Figure 16. Three-Line Serlal I/O Timing
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Figure 17. Asynchronous Mode Timing
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A/D Converter Operation
Ta =—401t0 +85°C; Vpp = + 5V = 10%; Vgg = AVgg =0 V.
Hem Symbol Condlitions Min Typ Max Unit
Resolution 8 Bit
Full-scale error AVRer = 4.0VtoVpp; Ta = —10to +70°C 0.4 %
AVRer = 3.4 Vio Vpp; Ta =—10t0 +70°C 0.8 %
AVRgfF = 4.0VioVpp 0.8 %
Quantization error *1/2 LsB
Conversiontime tcony 82ns =tcyx =125ns 360 toyx
125ns = toyx =250 ns 240 toyx
Sampling time tsamp 82ns =tcyx =125ns 72 toyx
125ns = toyx = 250 ns 48 tovx
Analog input voltage Vian o AVRgp v
Inputimpedance Ran 1000 MQ
Analog reference voltage AVREF 34 Voo v
AVReF current AlRer Operating mode, fxx = 12 MHz 15 5.0 mA
STOP mode 0.2 15 mA
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Interrupt Timing Operation

Figure 18. Interrupt Input Timing

Item Symbol Conditions Min Max Unit
NMI low-level width twhIL 10 pns
NMI high-level width twNIH 10 us -
INTPO-INTP5 low-level width  twT 24 teyx
INTPO-INTPS high-levelwidth  twTH 24 toyx
RESET low-level width twRSL 10 us
RESET high-level width twRSH 10 ps
INTPO-
INTPS
BIML-5990A
Figure 19. Reset Input Timing
RESET
BINL-59N A
Data Retention Characteristics
tem Symbol Conditions Min Typ Max Unht
Dataretention voltage VpoDR STOP mode 25 55 v
Dataretentioncurrent lppbR Voppr =25V 2 15 A
Vpopr =5V =10% 5 20 pA
Vpprise time tavp 200 ns
Vpp falltime trvD 200 us
Vpp retentiontime thvD 0 ms
(for STOP mode setting)
STOP release signal inputtime tDREL 0 ms
Oscillation stabilization wait time twair Crystal oscillator 30 ms
Ceramic resonator 5 ms
Low-level input voltage ViL Specified pins (Note 1) 0 0.1VppoR \4
High-levelinput voltage VIH 0.9 VpppR VpooR v

Notes:

(1) RESET, P2y/NMI, P2;/INTPO, P2,/INTP1, P2;/INTP2/Cl, P2,/
INTP3, P25/INTP4/ASCK, P25/INTP5, P2,/Sl, P3,/SCK, P3;/S0/

SBO0, and EA pins.
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Figure 20. Data Retention Characteristics
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Timing Dependent on tcyx

tem Symbol Calculation Formula Min/Max 12MHz Unit
X1 input clock cycle time tovx Min 82 ns
Address setup time to ASTB { tsasT tcyx—30 Min 52 ns
AddresstoRD ¢ delaytime tbAR 2toyx—35 Min 129 ns
Address float time from RD 1 trAR tocyx/2-30 Min 11 ns
Address to datainputtime tpaID (4+2n)toyx—100 Max 228 ns
ASTB ! to datainputtime tosTiD (3+2nM)tcyx—65 Max 181 ns
RD ! to data input time toAID (2+2n)tcyx—65 Max 99 ns
ASTB | toRD | delay time tosTR tcyx—30 Min 52 ns
RD 1 to address active time toRA 2cyx—40 Min 124 ns
RD 1 to ASTB 1 delaytime tpRST 2cyx—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
AddresstoWR ! delay time tbaw . 2tcyx—35 Min 129 ns
ASTB | todataoutputtime tbsTOD toyx + 60 Max 142 ns
ASTB | toWR | delay time tDsTWA1 tcyx—30 Min 52 ns
tosTw2 2tcyx—35 Min 129 ns
(refresh mode)
Data setup time toWR tsobwr (3+2n)toyx— 100 Min 146 ns
Data setup time to WR 1 ISODWF toyx—60 Min 22 ns
(refresh mode)
WR 1 to ASTB 1 delaytime towsT toyx—40 Min 42 ns
WR low-level width twwiL1 (3+2n)tcyx—50 Min 196 ns
twwiz (2+2n)tcyx—50 Min 114 ns
(refresh mode)
Addressto WAIT { inputtime toAWT 3teyx— 100 Max 146 ns
ASTB | toWAIT ! inputtime tOSTWT 2cyx—80 Max 84 ns
Notes:

(1) nindicates the number of wait states.
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Figure 21. Recommended Oscillator Circuit External Clock Operation
Item Symbol Conditions Min Max Unit
c1 X1 X1 inputlow-level width WL 30 130 ns
15 pF X1 inputhigh-level width twxH 30 130 ns
i = HPD7821X X1 inputrise time txr 0 30 ns
15(;;% | o X1inputfalltime txF 0 30 ns
X1 inputclock cycle time tovx 82 250 ns

Crystal frequency fxx = 4 to 12 MHz

83ML-6033R Figure 23. External Clock Timing

Figure 22. Recommended External Clock Circuit tWXH——»]
Clock X1
HCMOS t
Invertars pPD7821X XF
Twxr
X2 1
BIML-59954

Clock frequency fxx =410 12 MHz

B3IML-5994A
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NEC

pPD78P214 PROGRAMMING

In the 78P214, the mask ROM of 78214 is replaced by a
one-time programmable ROM (OTP ROM) or a repro-
grammable, ultraviolet erasable ROM (UV EPROM). The
ROM is 16,384 x 8 bits and can be programmed using a
general-purpose PROM writer with a WPD27C256A pro-
gramming mode.

The PA-78P214CW/GJ/GQ/L are the socket adaptors
used for configuring the pPD78P214 to fit a standard
PROM socket.

Table 3. Pin Functions During EPROM Programming

Pin Function

P0g-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/A10-A1a  Aqp-Ats  Inputpins for PROM write/verify

operations

P4q-P47/ADg-AD7 Dg-D7 Data pins for PROM write/verify

operations

Refer to tables 3 through 6 and figures 24 and 25 for spe-  P6s/WR CE Strobe data into the PROM
cial information applicable to PROM programming. P64/RD OE Enable a data read from the PROM
P2o/NMI NMI PROM programming mode is entered by
applying a high voltage to this pin
RESET RESET  PROM programming mode requires
applying a iow voltage to this pin
EA Vpp High voltage applied to this pin for
program write/verify
Vbp Voo Positive power supply pin
Vss Vss Ground
Table 4. Summary of Operation Modes for PROM Programming
Mode NMI RESET CE OE Vop Vbp Dg-D;
Program write +125V L L H +125V +6V Datainput
Program verify +12.5V L H L +12.5V +6V Data output
Program inhibit +12.5V L H H +125V +6V HighZ
Read out +12.5V L L L +5V +5V Data output
Qutputdisable +12.5V L L H +5V +5V HighZ
Standby +12.5V L H L/H +5V +5V HighZ
Notes:

When +12.5V is applied to V; and +6 V to Vpp, both CE and OE cannot
be set to low level (L) simultaneously.
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Table 5. DC Programming Characteristics
Ta =25 £5°C, Vip = 12.5 + 0.5 V applied to NMI pin, Vgs = O V.

Parameter Symbol Symbol* Condition Min Typ Max Unit
High-tevetinput voltage Vi ViH 24 Vppp +0.3 v
Low-tevel input voltage ViL ViL -0.3 0.8 v
Inputleakage current VLip VLI 0=Vy=Vppp 10 A
High-levei output voltage VoH1 VoH loq = —400 A 2.4 \4

VoHz Vo2 loH=—-100uA Vop-07 v
Low-level output voltage VoL Voo lop=2.1mA 0.45 \'A
Outputleakage current Lo 0=<Vp = Vppp. OE = Viy 10 nA
NM I pin high-voltage input current hp +10 pA
Vppp power voltage Vpoe Vee Program memory write mode 5.75 6.0 6.25 v
Program memory read mode 45 5.0 5.5 v
Vpp power voltage Vpp Vpp Program memory write mode 12.2 125 128 v
Program memory read mode Vep = Vppp - v
Vppp Power current Ibp ice Program memory write mode 5 Qg(.l// mA
Program memory read mode 5 30 mA
CE=Vi. Vi=ViH
Vpp power current Ipp lpp Program memory write mode 5 30 mA
CE =V),0E =V
Program memory read mode 1 100 nA
* Corresponding symbols of the uPD27C256A.
Table 6. AC Programming Characteristics
Ta = 25 £5°C, Vip = 12.5 = 0.5 V applied to NMi pin, Vgs = 0V, Vpp = 6 +0.25 V, Vpp = 12.5 0.3 V.

Parameter Symbol Symbol* Condition Min Typ Max Unit
Address setuptime to CE ¢ tsac tas 2 ps
Datato OE ! delay time tbboo toes 2 us
Input data setup time to CE 4 tsipc tps 2 ps
Address holdtime from CE 1 tHcA tAH 2 us
Input data hold time from CE t tHCID toH 2 us
Output data hold time to OE t tHooD tor o] 130 ns
Vpp setuptimeto CE ¢ tsvPc typs 1 ms
Vppp setuptime to CE | tsvpc tvps 1 ms
Initial program pulse width twii tpw 0.95 1.0 1.05 ms
Additional program pulse width twie topw 2.85 78.75 ms
NMI high-voitage input setup time tspc 2 us
(vs.CE 1)

Address to data output time tpaOD tace CE=0E= Vi 200 ns
CE ! todata outputtime tbcon tce OE= ViL 200 ns
OE | todataoutputtime toooD toe CE=Vj_ 75 ns
Data hold time from OE 1 tHcoD toF CE= ViL o] 60 ns
Data hold time from address tHAOD toH CE=0E=V_ [ ns
* Corresponding symbols of the uPD27C256A.
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Figure 24. PROM Write Mode Timing
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vViL
Notes:

(1)  Vppp must be applied before applying Vpp. It should be removed after removing Vpp.
{2) Vpp mustnot exceed +13 V, including overshoot.

83ML-5996B
Figure 25. PROM Read Mode Timing
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PROM Write Procedure

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

(2) Apply +6 V to the Vpp pin and +12.5 V to the Vpp pin.
(3) Provide the initial address.

(4) Provide write data.

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

(6) 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.

(7) Classify as defective and stop write operation.

(8) Provide write data and supply program pulse (for
additional writing) for 3 ms times the number of
repeats performed between steps 4 t0 6.

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

PROM Read Procedure

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

(2) Apply +5 Vto the Vpp and Vpp pins.
(3) Inputthe address of the data to be read to pins Ag-A14.

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

(5) Data is output to the Dg to D7 pins.

This Materia

EPROM Erasure

Data in an EPROM is erased by exposing the quartz win-
dow in the ceramic package to light having a wavelength
shorter than 400 nm, including uitraviolet rays, direct sun-
light, and fluorescent light. To prevent unintentional era-
sure, mask the window.

Typically, datais erased by 254-nm ultraviotet rays. A mini-
mum lighting level of 15 W+ s/cm? (ultraviolet ray intensity
X exposure time) is required to completely erase written
data. Erasure by an ultraviolet lamp rated at 12 mW/cm?
takes approximately 15 to 20 minutes. Remove any fiiter
on the lamp and place the device within 2.5 cm of the
lamp tubes.
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INSTRUCTION SET

All microcomputers in the n.PD7821x family have a t-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 |/0 port.

The advantage of the pipeline is that one instruction can be
executed while another is being fetched, virtually halving
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
following modifiers: +,—, #,1,$,/,[ ], and & Symbolsrand
rp can be described in both the function name and absolute
name.

Table 7. Operands

Symbol Meaning
+ Autoincrement

- Autodecrement

# Immediate data

! Absolute address

$ Relative address

/ Bitinversion

[ 1] Indirect addressing

& Subbank

r Register

Functionname: X,A,C,B,E,D,L,H
Absolute name: RO to R7

1 Registergroup1:C, B

p Register pair
Function name: AX, BC, DE, HL
Absolute name: RPOto RP3

sfr Special function register:
PO, P2-P7, POH, POL, RTPC, CR10, CR11, CR20, CR21, CR22,
CR30, PMO, PM3, PM5, PM6, PMC3, PUQ, CRC0-CRC2, TOC,
TM1-TM3, TMCO, TMC1, PRMO, PRM1, ADM, ADCR, CSIM,
SBIC, S10, ASIM, ASIS, RxB, TxS, BRGC, STBC (dedicated in-
struction only), MM, PW, RFM, IFOL, IFOH, MKOL, MKOH, PROL,
PROH, ISMOL, ISMOH, INTMO, INTM1, IST
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Table 7. Operands (cont)
Symbol

Meaning

sfrp Special function register pair:
CR00-CR02, TMG, IF0, MKO, PRO, ISMG

mem  Memory addressindirectly 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-FF1FHimmediate data or label

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

addri6  16-bit address: 0000H-FEFFH immediate data or label
addri1  11-bit address: 800H-FFFH immediate data or label
addr5  5-bitaddress: 40H-7EH immediate data or label

word  16-bitdata: 16-bitimmediate data or labet

byte 8-bit data: 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: RBO-RB3

mem1

saddr

Table 8. Registers and Flags

Symbol Meaning

A A register; 8-bit accumulator

X Xregister

B Bregister

Cc Cregister

D Dregister

E E register

H Hregister

L L register

RO-R7 Registers 0 to 7 (absolute names)
AX Register pair (AX); 16-bit accumulator
BC Register pair (BC)

DE Register pair (DE)

HL Register pair (HL)

RPO-RP3 Register pairs 0 to 3 (absolute names)
PC Program counter

SP Stack pointer

PSW Program status word

cY Carryflag

AC Auxiliary flag

z Zeroflag

RBS1-RBSO Register bank selectflags

|E Interrupt enable flag

STBC Standby control register
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Table 8. Registers and Flags (cont)

Symbol Meaning

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

xxH Hexadecimal number

XH, X 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 Program in internal ROM is executed.

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

Program in external ROM is executed and special
function register is accessed.

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

SFR

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 coiumn 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

o] Clearedto 0

1 Setto 1

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

This Materi al

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 shown in
figure 26. For example, 001 as bits RzR;Rg (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 AL instruction
(transfer L register contents to register A), the second byte
of the opcode is obtained from figure 26 as shown below.

Instruction  Opcode, Bytes 1 and 2
MOVr,r 0010 0100
0 RgRsRs 0 R2RRp
MOVAL 60010 0100
0001 0110

Memory Addressing Modes. The 3-bit mem code and the
5-bit mod code are selected from figure 27 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 26. Opcodes for Registers (r, r1, rp)

r r p
Ra Ry Rp Rg [ reg Py Pp
reg
Re Rs Ry o c Py Py reg-pair
1 B
© o o |Ro|X Ps Ps
o o 1 R1 | A
o 1 0 R2 | ¢ o o RPO | AX
0o 1 1 R3 | B [ RP1 | BC
1 0o o |Rs|E 1 0 | RP2| DE
10 1 R5 | D 11 RP3 | HL
1 1 0 Re6 L
1 1 1 R7 H
83ML-50984
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Figure 27. Opcodes for Memory Addressing Modes

{mem, mod)
Mod 1 0110 |0 0110 |0 1010
Register

Mem Indirect Mode ’Base Mode | Index Mode
000 [DE+] [DE+byte] word [DE]
00 1 [HL+] [SP+byte] | word [A]
010 [DE-} [HL+byte] word [HL]
o 1 1 [HL-} - word [B]
1 0 0 [DE] -7 -
10 1 [HL) -

B3ML-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 HL] [HL] [HL + byte] [SP + byte] word[HL]
Bytes mem 172" 112" 3 3 4
&mem 23" 2/3" 4 4 5
Clock MOV A, mem 6/8 6/8 8-11 9-12 8-11
Cycles mem, A
A, &mem 8/10 8/10 10-13 11-14 10-13
&mem, A
XCH A, mem 11-15 9-13 10-156 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 11/14 12-15 11-14
XOR, CMP

* When internal RAM is accessed with an instruction having a mem When the external memory (including the SFR area) is accessed, the
operand, the number of bytes is the number before the symbol (/). number of bytes is the number after the symbol (/).
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Table 10. Bytes and Clocks for Instructions With “mem” and “&@mem” Operands; Externail 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 g/11 6/8 11/13 12/14 14/16
Cycles mem. A
A, &mem 12/14 9/11 14/16 15/17 17119
&mem, A
XCH A, mem 14/18 12/16 13/17 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 15/17
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 8-bit offset data of 16-bit address corresponding
tosaddr

Sfr-offset Lower 8-bit offset data of 16-bit address of special
function register (sfr)

Low/HighOffset 16-bit offset data corresponding to word in indexed
addressing

Low/HighAddr  16-bitimmediate data corresponding to addr16

jdisp Signed 2's complement data (B bits) indicating relative
address distance between first address of next
instruction and branch destination address

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

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

8-Bit Data Transfer
MOV r,#byte r « byte 2 2 6 1011 1RRRy
Data
saddr, #byte (saddr) « byte 3 3/6 9 9 12 00 11 1010
Saddr-offset

Data
sfr, #byte sfr « byte 3 5 9 12 0010 10 11

Str-offset

Data
0010 0100
0 RgRsRsy 0 RaRyRg
1
0

nr Ter 2 2 6

Ar Aer 1 2
A,saddr A « (saddr) 2 2/4 6 6 9

1 01 O0RRiRy
010 0000
Saddr-offset
saddr,A (saddr) « A 2 3/5 6 8 0010 0010

Saddr-offset
saddr, saddr {saddr) « (saddr) 3 3-7 9 0011 1000
Saddr-offset
Saddr-offset
A sfr A « sfr 2 4 6 0001 0 00O
Sfr-oftset
sfr,A sfr« A 2 5 6 0001 0010
Sfr-offset
101 1 mem
00 mod
mem 00 00O
Low Offset
High Offset
0o 0001
1 1 mem
0 000 1
mod

A,mem A + (mem) i-4 6-12 614 B8-16 8-16 *

(=]

(=}

A,&mem A « (&mem) 2-5 8-14 917 11419 1119 *

o|lo|=|©
o|e|o|o

o|lojojo|O

mem 00O0O0
Low Offset
High Offset

Note:

i [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 Flags Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru BS
8-Bit Data Transfer (cont)
MOV mem,A (mem) « A 1-4 6-12 6-14 8-16 8-16 *01 01 0 mem
G 00 mod
1 mem 0000
Low Offset
High Offset
&mem,A (&mem) « A 2-5 814 917 1119 11-19 *0000 00O 1
a1 01 0 mem
0 a0 0001
0 0 mod
1  mem 0 000
Low Offset
High Offset
A laddri6 A « (laddr16) 4 6/8 14 16 00060 1001
111 00O00OC
Low Addr
High Addr
A&laddr16 A « (&laddr16) 5 8/10 19 0000 O0OO 1
000 1001
1111 0000
Low Addr
High Addr
laddr16, A {laddr16) « A 4 6/8 14 17 0000 1001
11 11 0001
Low Addr
High Addr
&laddr16,A (&laddr16) « A 5 8/10 20 000 00O 1
0000 1001
111 00 01
Low Addr
High Addr
PSW, #byte PSW « byte 3 3 9 9 9 x x x 0010 101
11 1 1 1110
Data
PSW,A PSW « A 2 2 6 6 6 Xx x x 0001 0010
Tt 111 1110
A,PSW A+« PSW 2 2 6 6 6 0001 0O0O0CO0
11 11 11t 10
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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

8-Bit Data Transfer (cont)
XCH Ar Aerr 1 4 4 1101 1RRyRg

rr rer 2 3 6 o010 0101
RgRsRsy 0 RaR1 Ry
00 mod
mem 0100
Low Offset
High Offset
A,&mem A «— (&mem) 35 11-18 15-19 18-23 0000 OOO 1
00 mod
0 mem o100
Low Offset
High Offset
A,saddr A > (saddr) 2 4/8 6 0010 0O0O0C1
Saddr-offset
A sfr A > sfr 3 6/10 13 0000 0O0O01
0010 0O0O01
Sfr-offset
saddr,saddr (saddr) +— (saddr) 3 6-14 10 00 11 1 0 01
Saddr-offset
Saddr-offset

[=]

A,mem A +— (mem) 2-4 9-16 12-16 16-20

oo

16-Bit Data Transfer
MOVW p,#word p « word 3 3 9 0110 0PPO
Low Byte
High Byte
saddrp, #word (saddrp) « word 4 4/8 12 12 18 oo00O0 1100
Saddr-offset
Low Byte
High Byte
sfrp,#word sfrp « word 4 8 12 0000 10t 1
Saddr-offset

Low Byte
High Byte
P,rp p«1p 2 4 6 a010 010
0 PgPs 0 1 PP O
AX,saddrp AX + {saddrp) 2 6/10 8 12 0001 110
Saddr-offset
saddrp,AX (saddrp) « AX 2 5/9 8 12 0 0 01 1010
Saddr-offset
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Instruction Set (cont)

Clocks Flags  gporation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
16-Bit Data Transfer (cont)
MOVW AX,sfrp AX « sfrp 2 10 12 001 000 1
Sfr-offset
sfrp,AX sfrp « AX 2 9 12 000 1 001 1
Sfr-offset
AX,memt AX « (mem1) 2 9-15 12 16 16 0 00O0C O10 1
1110 00 1Ry
AX,&mem1 AX « (&memt) 3 1117 15 19 19 000Q0 OO0OOT
G000 0101
1110 00 1R
memt, AX {mem1) « AX 2 8-14 11 15 15 0000 010t
1110 01 1Ry
&mem1,AX {&mem1) « AX 3 10-16 14 18 18 0000 0001
0000 0101
1110 01 1Ry
8-Bit Operation
ADD A, #byte ACY « A +byte 2 2 6 x x x 1010 1000
Data
saddr, #byte (saddr},CY + (saddr) + byte 3 3/7 9 11 Xx x x 0110 1000
Saddr-offset
Data
sfr, #byte sfr,CY « sfr+ byte 4 9 14 X x x 0000 O0O0O0O
110 1000
Sfr-offset
Data
e rCY «r+r 2 3 7 x x x 1000 1000
0 RgRsRs 0 RaRy Ry
A,saddr ACY « A + (saddr) 2 3/5 6 7 8 x x x 1001 1000
Saddr-offset
A.sfr ACY € A +sfr 3 7 10 X x x 0000 00O 1
i 00 1 1 000
Sfr-offset
saddr,saddr (saddr),CY * (saddr) + (saddr) 3 3-9 9 11 x x x 0111 1000
Saddr-offset
Saddr-offset
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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

8-Bit Operation (cont)

ADD A,mem A.CY « A+ (mem) 2-4 8-13 1115 1317 1317 x x x 0 0 O mod
0 mem 1000

Low Offset

High Offset
A,&mem A,CY « A + (&mem) 35 1015 14-18 #6& 1620 x x x 0 0 0 0 O O O 1

00 mod
0 mem 1 000

Low Offset

High Offset
ADDC A, #byte ACY « A+byte +CY 2 2 6 x x x 1010 1 00 1

o

saddr,#byte (saddr),CY « (saddr) + byte 3 317 9 1" x x x 0110 1001

+CY Saddr-offset
Data

00 0001

110 1001

sfr, #byte str,CY « sfr+ byte + CY 4 9 14 X x X 0

o

Sfr-oftset
Data
nr rCY «r+r+CY 2 3 7 x x x t 001 1 00 1
0 RgAsRs 0 RaRyRp
A,saddr A,CY « A+ (saddr) + CY 2 2/5 (] 7 8 x x x 1001 1001
Saddr-offset
Asfr ACY « A+sfr+CY 3 7 10 x x x 0000 O0OO1
1001 1001
Sfr-offset
saddr,saddr (saddr),CY + (saddr) + (saddr) 3 3-9 g 11 x x x 01 114 10 0 1
+eoy Saddr-offset
Saddr-offset
A,mem A CY « A+ (mem)+CY 24 813 1115 1317 1317 x x x 0 0 O mod
mem 1001
Low Offset
High Offset
000 0O0O01
00O mod
0 mem 1000
Low Oftset
High Oftset

o

A,&mem A CY « A+ (&mem) + CY 35 10-15 14-18 160D 1620 x x X
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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)
SuUB A, #byte A,CY « A-byte 2 2 6 x x x 1010 1010
Data
saddr, #byte (saddr),CY « (saddr)— (byte) 3 37 g 11 x x x 0110 1010
Saddr-offset
Data
sfr, #byte sfr,CY « sfr—byte 4 9 14 x x x 0000 00O 1
0110 1010
Sfr-offset
Data
nr rCY « r—r 2 3 7 X x x 10006 1010
0 RgRsRy 0 RaRyRg
A,saddr A,CY « A—(saddr) 2 3/5 6 7 8 X x x 1001 1010
Saddr-offset
Astr ACY « A-sfr 3 7 10 X x x 00 0Q O0O0OA1
100 1 1010

Sfr-offset
saddr,saddr (saddr),CY « (saddr) — (saddr) 3 3-9 9 1 x x x 0111 1010

Saddr-offset
Saddr-offset
A,mem ACY « A—(&mem) 2-4 813 1115 1317 13177 x x x 0 0 O mod
0 mem 1010
¢ Low Offset
High Offset
A &mem A CY « A—(&mem) 35 1015 14-18 B2 1620 x x x 0 0 0 0 O O 0O 1
00 mod
mem 1010
Low Offset
High Offset
SUBC A, #byte A CY « A—byte—CY 2 2 6 X x x 1010 1011
Data
saddr, #byte (saddr),CY « (saddr)—byte—CY 3 377 9 1" X x x 0110 1011
Saddr-offset
Data
sfr, #byte sfr,CY « sfr—byte—CY 4 9 14 X x x 0000 O0OO0O 1
110 1011
Sir-offset
Data
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Instruction Set (cont)

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

8-Bit Operation (cont)
SuUBC Tr rnCY « r—r-CY 2 3 7 x x x 1000 1011
0 RgRsRsy 0 RaRyRp
A,saddr A,CY + A—(saddr)-CY 2 3/5 6 7 8 x x x 1 00 1 1011
Saddr-offset
Asfr ACY « A-sfr-CY 3 7 10 X x x 0000 ©0O00O01

100 1 1011
Sfr-offset
saddr,saddr (saddr),CY « (saddr) —(saddr) 3 3-9 9 11 x x x 01 11 10 11
-cY Saddr-offset
Saddr-offset
A,mem A CY « A—(mem)-CY 2-4 8-13 11-15 1317 13177 x x x 0 0 O mod

0 mem 10 11
Low Offset
High Offset
A,&mem ACY « A—(&mem)—-CY 35 10-15 1418 1620 1620 x x x 0 0 0 0 0 O O 1
o0 mod
0 mem 1011
Low Offset
) High Offset
AND A, #byte A « AAbyte 2 2 6 X 1010 t100

Data
saddr, #byte (saddr) «+ (saddr) Abyte 3 37 9 11 x 011 041100

Saddr-offset
Data
sfr,#byte sir + sfrAbyte 4 9 14 X 000O0G OO

(o]
-

110 1100

Sfr-offset

Data
nr r+ rAr 2 3 7 X 1000 1100
0 RgRsRy 0 RaRyRp
A,saddr A « A (saddr) 2 3/5 6 7 B X 10 0 1 1t 100

Saddr-offset
A sfr A « AA(sfr) 3 7 10 x 000 00O

10061 1100

Sfr-offset
saddr,saddr (saddr) « (saddr)A (saddr) 3 3-9 9 11 x 01 1 1 1100

Saddr-offset
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 B5

8-Bit Operation (cont)
AND A,mem A « AA(mem) 2-4 8-13 1115 1317 13-17 x 000 mod
0 mem 1100
Low Offset
High Offset
A,&mem A « AA(&mem) 3-5 10-15 14-18 1620 16-20 x 0000 0O0O01
00 mod
0 mem 1100
Low Offset
High Offset
OR A, #byte A « AVbyte 2 2 6 x 1010 1110
Data
saddr, #byte (saddr) « (saddr) V byte 3 37 <] 1 X 0110 11 1t0
Saddr-offset
Data
sfr, #byte sfr « sfrVbyte 4 9 14 X 0000 O0O0O0H"1
110 111
Sfr-offset
Data
nr rervr 2 3 7 x 1000 1110
0 RgRsRy O RyRy Ry
A,saddr A « AV (saddr) 2 3/5 6 7 8 X 100t i 110
Saddr-offset
A,sfr A« AVsfr 3 7 10 X 0000 O0O0OO0OH1
100 1 1110
Sfr-offset
saddr,saddr (saddr) « (saddr)V (saddr) 3 3-9 9 11 X 01 11 11 10
Saddr-offset
Saddr-offset
A,mem A « AV{(mem) 2-4 8-13 11-15 1317 1317 x 00O mod
0 mem 1110
Low Offset
High Oftset
A&mem A « AV (&mem) 35 10-15 1418 1620 16-20 x 0000 00O 1
00 mod
mem 1110
Low Offset
High Ofiset

o

o

o

6-49

This Material Copyrighted By Its Respective Manufacturer



wPD7821x 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)
XOR A, #byte A « A¥byte 2 2 6 X 1010 1101
Data
saddr, #byte {saddr) « (saddr)¥byte 3 3/5 9 1 x 0110 1101
Saddr-offset
Data
sfr, #byte sfr « sfribyte 4 7 14 X 0 00O 0001

110 i1t 01t
Sfr-offset
Data

rr r« r¥fr 2 3 7 X 1000 1101
0 RgRsRy 0 RaRyRp
A,saddr A « A¥(saddr) 2 3/5 6 7 8 b3 10 0 1 1101

Saddr-offset
Asfr A« AV(sfr) 3 7 10 x 0000 O0O0O0 1
0 01 1101
Sfr-offset
saddr,saddr (saddr) + (saddr)¥(saddr) 3 39 9 11 X o1t 11 110 1
Saddr-offset
Saddr-offset
00 mod
0 mem 11 0 1
Low Offset
High Offset
A.&mem A « A¥(&mem) 3-5 10-15 14-18 1620 16-20 X 0000 O0O0CO1
o0 mod
0 mem 1101t
Low Offset
High Oftset
CMP A, #byte A—byte 2 2 6 x x x 1 0160 11 11
Data
saddr, #byte (saddr) —byte 3 3/5 9 11 x x x 0110 11 11
Saddr-offset
Data
sfr, #byte sfr—byte 4 7 14 x x x 0000 O0DO0O1
110 11 1 1
Sfr-offset
Data

-

A,mem A « A¥(mem) 2-4 8-13 11-15 1317 13-17 x

o
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Instruction Set (cont)

Clocks Flages  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z AC CY Bytes B1 thru B5

8-Bit Operation (cont)
CMP rr r—r 2 3 7 x x x 1 000 t t 1 1
0 RgRsRy 0 RyRy Ry
A,saddr A~—(saddr) 2 3/5 6 7 8 X x x 100 1 1111
Saddr-offset
A,sfr A-sfr 3 7 10 X X x 0000 0O0O 1
1001 1111
Sfr-offset
saddr,saddr (saddr) - (saddr) 3 3-7 9 11 X x x 01 11 11 1 1
Saddr-offset
Saddr-offset
A,mem A—{mem) 2-4 813 11-15 1317 1317 x x x 0 0 0 mod

mem Tt1 11
Low Offset
High Offset

A.&mem A-—{&mem) 36 10-15 1418 1620 1620 x x x 0 0 0 0 0 O 0 1
00 mod

mem 11 11
Low Offset
High Offset

16-Bit Operation
ADDW AX,#word AX,CY « AX + word 3 4 9 x x x 0010 1101

Low Byte
High Byte
AX,rp AX,.CY « AX +1p 2 6 8 x x x 1000 1000
0000 1PPy O
AX,saddrp AX,CY « AX + (saddrp) 2 711 9 13 X x x 0001 110 1
Saddr-offset
AX,sfrp AX,CY « AX + sfip 3 13 16 X x x 0 00 00O 1
0001 1101
Sfr-offset
SuBwW AX, #word AX,CY + AX-word 3 4 9 x x x 0010 11160
Low Byte
High Byte
AX,rp AX,CY « AX-rmp 2 6 8 x x x 1000 1010
0 00 1PyPyPy
AX,saddrp AX,CY « AX—(saddrp) 2 711 9 13 X X x 000 1 1110
Saddr-offset

(=]
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NEC

Instruction Set (cont)

Clocks Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru B5
16-Bit Operation (cont)
sSuBwW AXsfrp AX,CY « AX-sfrp 3 13 16 0000 O0OOO 1
00 1 1110
Sfr-offset
CMPW AX,#word AX—word 3 3 9 0010 11 11
Low Byte
High Byte
AX,rp AX-rp 2 5 7 1000 1111
000 1PP O
AX,saddrp AX —(saddrp) 2 610 8 12 co0o1 1111
Saddr-offset
AX,sfrp AX-—sfrp 3 12 15 000G OOOH1
0 0 0 1 11 11
Sfr-offset
Muttiplication/Division
MULU r AX « Axr 2 22 24 0000 0101
0000 1RyR Ry
DIVUW r AX{(quotient), r (remainder) « 2 71 76 0000 0101
AX =1 0001 1RyR(Ry
Increment/Decrement
INC r rer+1 1 2 3 110 0 0RxRiRg
saddr (saddr) + (saddr) + 1 2 2/6 6 7 0010 011%0
Saddr-offset
DEC r rer—1 1 2 1100 1RRyRy
saddr (saddr) « (saddr)-1 2 2/6 7 o010 0111
Saddr-offset
INCW n rpermp+1 1 3 100 0 1P Py
DECW P rp«rmp-1 1 3 0100 1 1PP
Shift/Rotate
ROR nn (CY.\f7 « 10, -1 < Tm) 2 3+2n 5+2n 0011 0000
xntimes, n=0-7 0 1 NaN; NoRpRyRg
ROL rn (CY,Ig « 17, m+1 + 'm) 2 3+2n 5+2n 0011 00O0A1
xntimes, n=0-7 0 1 NaNy NoRaRyRp
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Instruction Set (cont)

Clocks Flags  Gperation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
Shift/Rotate (cont)
RORC nn (CY «r10,r7 «CY,fp1 + ) 2 3+2n 5+2n x 00t 1 O00O00O0
xntimes, n=0-7 0 0 NaN; NoRgRyRp
ROLC nn (CY «r7.10+CY,Im4q + 1) 2 3+2n 5+2n x 0011 0001
xntimes, n=0-7 0 0 NaN; NgRpR;Rg
SHR rn (CY «rg,17+ 0,11 1) 2 3+2n 5+2n x 0 x 60011 00O00O0
xntimes, n=0-7 10 NaN; NgRy Ry Rg
SHL rn (CY « 17,10 « 0,rp41 & 1) 2 3+2n 5+2n x 0 x 0011 0001
xntimes,n=0-7 10 NaN; NgRpRy R
SHRW p,n (CY « g, rpys + O, 1p, - 2 3+3n 5+3n x 0 x 0011 0O0O00O0
Po: P15 m—1
Pm) xntimes, n=0-7 1 1 NaNqy NgPRg Ry Ry
SHLW p,n (CY « 15, 1Py « 0, P41 + 2 3+3n 5+3n x 0 x 0011 00O0O01
Pm) xntimes, n=0-7 1 1 NaN; NoRg Ry Ry
ROR4 mem1 Ag.o + (mem1)3_g, (Memi)7_4 2 24 26 34 34 0000 0101
+ Az g,(mem1)z.g « (memi)yy 1000 1 1R 0
&mem1 Az g + (&mem1)z o, (&memt)7 4 3 26 29 37 37 0000 0O0O01
+ Az g, (&memi)z o «
(&momi)7.4 0000 010
000 11RO
ROL4 mem1 Ag.g + (mem1)7.4, (memi)z_o 2 25 27 3 35 000 0101
+ Ag g,(mem1)y.4 « (memilsg 10 0 1 1 1RO
&mem1 Agg « (&mem1);.4, (&mem1)g o 3 27 30 38 38 0000 00O 1
« Az.0, (&mem1)7_4 «
@memi)s.o 0000 0101
1001 11RO
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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
BCD Adjustment
ADJBA Decimal adjust accumulator after 1 3 3 x x x 0000 1110
addition
ADJBS Decimal adjust accumulator after -1 3 3 x x x 0000 1111
addition
Bit Manipulation
MOV1 CY,saddr.bit CY « (saddrbit) 3 57 9 9 1 x 0000 1000
0000 0ByByBy
Saddr-offset
CY,sfr.bit CY « sfr.bit 3 7 9 x 0000 1 0O0O0
0000 1BxBiBy
Sfr-offset
CY,A.bit CY « A.bit 2 5 7 x 0000 0011
00 0O0 1BxByBg
CY,X.bit CY « X.bit 2 5 7 x 0000 0O 11
00 00 O0BxByBy
Sfr-offset
CY,PSW.bit CY « PSW.bit 2 5 7 x 0000 0O0110O0
0 00O D0B;By By
saddr.bit,CY (saddr bit) « CY 3 8/12 12 14 14 000G 1000
0001 0ByB;Bg
Saddr-offset
sfr.bit,CY sfr.bit « CY 3 12 14 0000 1000
0001 1BxBiBg
Sfr-offset
A.bit,CY Abit + CY 2 8 10 0000 OO0 11
0001 1ByByBg
X.bit,CY X.bit + CY 2 8 10 0000 OO0 11
000t 0BxBy By
Sfr-offset
PSW.bit,CY PSW.bit « CY 2 7 9 X X 0000 ©0O0O10
0 001 0B83B1Bg
AND1 CY,saddr.bit CY « CY A(saddr.bit) 3 57 9 11 x 0000 1000
0010 0BByBg
Saddr-offset
6-54

This Material Copyrighted By Its Respective Manufacturer



N E C pPD7821x

Instruction Set (cont)

Clocks Flags Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
Bit Manipulation (cont)
AND1 CY,/saddr.bit CY « CY A(saddr.bit) 3 57 9 11 x 0000 1000
0 11 0ByByBy
Sfr-offset
CY,sir.bit CY « CY Asir.bit 3 7 1 x 0000 1000
0010 1ByBBy
Sfr-offset
CY,/sfr.bit CY « CYAstrbit 3 7 1 x 0000 1000
0011 1ByByBy
CY,A.bit CY « CYAADit 2 5 7 x 0000 001 1
0010 1tByByBy
CY,/A.bit CY « CYAADit 2 5 7 x 0000 0011
0011 1ByB;By
CY, X.bit CY « CYAX.bit 2 5 7 x 0000 00 11
0010 0ByByBy
CY,/X.bit CY « CYAXDbit 2 5 7 x 0000 0011
0011 0ByBBy
CY,PSW.bit CY « CY APSW.bit 2 5 7 x 0000 00O0T1O
0010 O0ByBBy
CY,/PSW.bit CY « CY APSW.bit 2 5 7 x 0000 0010
0011 0ByB By
OR1 CY,saddr.hit CY « CY V (saddr.bit) 3 517 9 1 X 0000 1000
0100 0ByByBy
Saddr-offset
CY /saddr.bit CY « CY V (saddr.bit) 3 5/7 9 1 x 0000 1000
0101 0ByByBy
Sfr-offset
CY,sfr.bit CY « CY Vsfr.bit) 3 7 11 x 0000 1000
101 1ByB8g
Sfr-offset
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Instruction Set (cont)

Clocks Flags Operation Code (Bits 7-0)
Mn lc Operand Operati Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru BS
Bit Manipuiation (cont)
OR1 CY/str.bit CY « CY Vsir.bit 3 7 11 x 6000 1000
0101 1ByByBg
CY,Abit CY « CYVA.bit 2 5 7 x 0000 0011
0100 1ByByBy
CY,/Abit CY « CYVADit 2 5 7 x 0000 0011
0101 1ByByBg
CY, X.bit CY « CY VX.bit 2 5 7 x 0000 0011
0100 0ByByBg
CY,/X.bit CY « CYVXbit 2 5 7 x 0000 0011
0101 0ByByBg
CY,PSW.bit CY « CYVPSW.bit 2 5 7 x 0000 0010
0100 0ByB;Bg
CY,/PSW.bit CY + CYVPSW.bit 2 5 7 x 0000 0010
0101 0ByByBy
XOR1 CY,saddr.bit CY « CY¥(saddr.bit) 3 5/7 9 11 x 0000 1000
0110 0B;ByBy
Saddr-oftset
CY,sfr.bit CY « CY¥sfr.bit 3 7 1 x 000G 1000
0110 1ByB;By
Sfr-ofset
CY,A.bit CY « CY¥ADit 2 5 7 x 0000 0011
0110 1B3ByBg
CY.X.bit CY « CY¥Xbit 2 5 7 x 000G 00 11
0110 0ByByBg
CY,PSW.bit CY « CY¥PSW.bit 2 5 7 x 0000 0010
0110 0ByBBg
SET1 saddr.bit (saddr.bit) « 1 2 377 6 1 011 0ByByBg
Saddr-offset
sfr.bit sfr.bit « 1 3 10 14 0000 1000
0 00 1ByByBg
Sfr-offset
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Instruction Set (cont)
Clocks Flags  gperation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru B5
Bit Manlipulation (cont)
SET4 Abit A.bit « 1 2 6 8 00600 0011
1000 1ByB By
X.bit X bit « 1 2 6 8 0000 0011
1000 0ByB By
PSW.bit PSW.bit « 1 2 5 7 X X x 0000 0010
1000 0ByByBy
CLR1 saddr.bit (saddr.bit) « 0 2 610 6 1010 0ByBBg
Saddr-oftset
sfr.bit sfr.bit « 0 3 10 14 0000 1000
1 00 1 1ByBBg
Sfr-offset
A.bit Abit + 0 2 6 8 0000 0011
1001 1ByByBy
X bit X.bit « 0 2 6 8 0000 0011
1601 0ByByBy
PSW.bit PSW.bit + 0 2 5 7 X X x 0000 0010
1001 0B;BBg
NOT1 saddr.bit (saddr.bit) « O (saddr bit) 3 6/10 10 14 0000 1000
111 0ByB; By
Saddr-offset
sfr.pit sfr.bit « sfr.bit 3 10 14 000 1000
01 1 1 1ByB,B
Sfr-offset
A.bit Abit « Abit 2 6 8 0000 0011
0111 1ByB;By
X.bit X.bit « X.bit 2 6 ] 0000 0011
0111 0ByBBy
PSW.bit PSW.bit « PSW.bit 2 5 7 X x x 0000 0010
0111 0ByBBy
SET1 cy CY « 1 1 2 3 1 0100 000 1
CLR1 cy CY«0 1 2 3 0 0100 0O0O0GO
NOT1 cY CY «CY 1 2 3 x 0100 0010
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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
Call/Return
CALL laddri6 (SP-1) « (PC + 3)y, 3 1015 17 21 0010 1000
(SP—2) « (PC+3),,
PG « laddr16, SP + SP—2 Low Adar
High Addr
P {SP—1) « (PC + 2), 2 1217 15 19 0000 0101
{SP-2) « (PC +2),PCH «
tpr, PCL + 1oy, SP « SP—2 0101 1PP0
CALLF laddr11 (SP—1) « (PC+ 2)y4, (SP~2) « 2 1015 14 18 1t 001 0 «
(PC + 2), PCy54 11 + 00001, fa -
PC1p—g + laddr11,SP « SP-2
CALLT [addr5) (SP—1) « (PC + 1), (SP-2) « 1 1420 20 24 111 « ta =
(PC + 1), PCH + (00000000,
addr5 + 1), PC_ « (00000000,
addr5), SP + SP-2
BRK (SP-1) « PSW, (SP-2) « 1 16-26 22 28 0101 1110
(PC + 1),(SP-3) « (PC + 1),
PCy « (003FH), PCyy +
(003FH), SP « SP-3,IE « 0
RET PCL « (SP),PCyy « (SP + 1), 1 10-15 11 15 0101 0110
SP «SP+2
RETI PCL + (SP),PCy « (SP + 1), 1 1220 15 21 RRR 0101 0111
PSW « (SP +2),SP + SP +3,
NMIS « 0
RETB PCL « (SP),PCy + (SP + 1), 1 12-20 13 19 RRR 0101t 1111
PSW « (SP +2),SP «SP +3
Stack Manlpulation
PUSH PSW (SP—1) « PSW,SP « SP—1 1 4-8 5 7 0100 1001
sfr (SP—1) « sfr, SP « SP~1 2 7-9 9 12 0010 1001
Sfr-offset
P (SP—1) « rpy (SP-2) « 1 8-13 8 12 0011 11P P
pL. SP « SP-2
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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 B5
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 0O 1t
Sfr-offset
P pL « (SP),ipy « (SP +1), 1 10-15 11 15 0011 01PP
SP « SP +2
MOVW SP,#word SP «+ word 4 8 12 0000 1011
1111 1100
Low Byte
High Byte
SP,AX SP « AX 2 9 11 0001 0011
1111 1100
AX,SP AX « SP 2 10 12 0001t 0001
1111 1100
INCW sp SP « SP +1 2 5 7 6000 0101
1100 1000
DECW sSP SP « SP-1 2 5 7 0000 0101
1100 1001
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instruction Set (cont)

Clocks Operation Code (Bits 7-0)
Mnemonlc Op d Operati Bytes IntROM Branch NoBranch Z AC CY Bytes B1 thru B5
Unconditional Branch
BR laddr1é PC « laddrt6 3 5 11 0010 1100
Low Addr
p PCH & rpy, PCp « L 2 6 10 00O 0101
100 1PP 0
$addri6 PC + $addr16 2 4 9 6 0 1 01060
jdisp
Conditional Branch
BC $addr16 PC « $addri16if CY =1 2 2/4 9 6 1000 0O 11
BL jdisp
BNC $addr16 PC + $addr16if CY =0 2 2/4 9 6 1000 O0O0TODO
BNL jdisp
BZ $addr16 PC + $addri6if Z=1 2 2/4 9 6 1000 GOO1
BE jdisp
BNZ $addri6 PC «+ $addr16if 2=0 2 2/4 9 6 1000 00O
BNE jdisp
BT saddr.bit, $addr16 PC + $addr16if (saddr.bit) = 1 3 5-9 12 ] 01 11 0 BBy By
Saddr-offset
jdisp
sfr.bit, $addr16 PC « $addr16if sfr.bit = 1 4 7/9 16 13 0000 1 000
101 1 1ByB;Bg
Sfr-offset
jdisp
A.bit,$addr16 PC « $addri6if A.bit=1 3 5/7 12 9 0000 0OT11
1011 1ByByBg
jdisp
X.bit,$addr16 PC « $addr16if X.bit= 1 3 5/7 12 9 0000 00 11
1011 0ByBy8g
jdisp
PSW.bit,$addr16 PC « $addr16if PSW.bit = 1 3 5/7 12 8 0000 0010
1011 0ByByBy
jdisp
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Instruction Set (cont)

Clocks Flags o "

P Code (Bits 7-0)
Mnemonic Operand Operation Bytes IntROM Branch NoBranch Z ACCY Bytes B1 thru BS
Conditional Branch (cont)
BF saddr.bit,$addr16 PC « $addr16if (saddr.bit) = 0 4 59 15 12 0000 1000
1010 1ByByBy
Saddr-offset
idisp
sfr.bit,$addr16 PC « $addr16if sfr.bit=0 4 719 16 13 000 1000
1010 18B,ByBy
Sfr-offset
jdisp
A.bit,$addr16 PC « $addr16if A.bit =0 3 57 12 9 0000 0011
010 1ByByBy
jdisp
X.bit,$addr16 PC « $addr16if X.bit=0 3 57 12 9 0000 00 11
1010 0ByByBy
idisp
PSW.bit,$addr16 PC « $addri6if PSW.bit=0 3 57 12 9 0000 OO0OT1O0
101 0 0B2ByBg
jdisp
BTCLR saddr.bit,$addr16 PC « $addr16 if (saddr.bit) = 1 4 5-13 15 12 0000 tO0O0O
then reset (saddr.bit) 110 1 1 By By Bg
Saddr-offset
jdisp
sfr.bit,$addr16 PC + $addr16ifsfr.bit = 1 4 713 18 13 0000 1000
then reset sfr.bit 110 1 1 By By Bp
Str-offset
jdisp
A.bit,$addr16 PC « $addri6if A.bit = 1 3 5/9 12 9 0000 0011
thenreset A.bit 1101 1ByB By
idisp
X.bit,$addr16 PC + $addr16if X.bit = 1 3 5/9 12 ] 0000 00 11
then reset X.bit 1101 0ByB, By
jdisp
PSW.bit,$addri6  PC « $addri6if PSW.bit = 1 3 5/8 12 9 X x x 0000 O0O010
then reset PSW.bit 1101 0ByBBy
jdisp
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Instruction Set (cont)
Clocks Flags Operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IntROM Branch NoBranch Z ACCY Bytes B1 thru BS
Conditional Branch (cont)
DBNZ t,.$addr16 fl+«rl—1,tenPC *+ 2 3/5 9 6 o011 0 0 1 Rg
$addri6ifri=0 idisp
saddr,$addr16 (saddr) « (saddr)—1, then 3 4-10 12 9 0011 1011
PC « $addr16if (saddr) = 0 Saddr-offset
jdisp
CPU Control
MOV STBC,#byte STBC + byte 4 10 15 0000 1
00 0 00O
Data
Data
SEL RBn RBS1-0 +n,n=0-3 2 2 6 0000 0101
1010 1 0N;yNg
NOP No Operation 1 2 6000 O0O0ODO
El |IE « 1 (Enable Interrupt) 1 2 6100 1011
Di |IE « 0 (Disable Interrupt) 1 2 0oto0oo0 1010
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