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Description

The pPD78220, pPD78224, and w.PD78P224 are high-
performance, 8-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 pPD7822x family focuses on embedded control with
features such as hardware multiply and divide, two levels
of interrupt response, four banks of main registers for muiti-
tasking, and macroservice for processor-independent
peripheral and memory DMA. Augmenting this high-per-
formance core are advanced components; for example,
eight analog voltage comparators, two independent serial
interfaces, several counter/timers for PWM outputs, and a
real-time output port. On board memory includes 640
bytes of RAM and 16K 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
— 8-bit ALU
— 16K ROM
— 640 bytes RAM
— Both 1-bit and 8-bit logic

O Instruction prefetch queue
0 Hardware multiply and divide
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O Memory expansion
— 8085 bus-compatible
— 64K program address space
— 1M data address space

O Large /O capagity: up to 71 1/O port lines

O Extensive timer/counter functions
— One 16-bit timer/counter/event counter
— Two 8-bit timer/counter/event counter

1 Four timer-controlled PWM channels
[ Two 4-bit real-time output ports

O Extensive interrupt handler
— Vectored interrupt handling
— Programmable priority
— Magcroservice mode

O Two independent serial ports
O Refresh output for pseudostatic RAM

0O On-chip clock generator
— 12-MHz maximum CPU clock frequency
— 0.33- s instruction cycle

O CMOS silicon gate technology
01 5-volt power supply

Ordering Information

Part Number ROM Package
nPD78220L ROMless 84-pin PLCC
nPD78220GJ 94-pin plastic QFP
nPD78224L 16K Mask ROM 84-pin PLCC
pPD78224GJ 94-plastic QFP
wPD78P224L 16KOTP ROM 84-pin PLCC
wPD78P224GJ 94.pin plastic QFP

6-63




N E ¢ ELECTRONICS INC 30E D WM b427525 0026109 7 MM

nPD7822x N EC

T-49-19-07

Pin Identification T-49-19-59
Symbol Function : Symbol Function
P0y-PO; Outputport 0 P5g-P5;/Ag-Ats /0O port 5/Upper address byte
P1g-P17 {/Oport1 P6qy-P63/A16-A1g Output port 6/Extended address nibble
P2o/NMI Input port 2/Non-maskable interruptinput P64/RD 1/0 port 6/Read strobe output
P24-P2,/INTPO-INTP1  Inputport 2/Extinterruptinput/timer trigger P65/WR 1/O port 6/Write strobe output
P23/INTP2/CI Input port 2/Extinterruptinput/Clock Input P6g/WAIT 170 port 6/Wait input
P24/INTP3 Input port 2/Extinterruptinput/timer trigger P67/REFRQ 1/0 port 6/Refresh output
P25/INTP4 Input port 2/External interrupt input P70-P7¢ 1/Oport7
P2g/INTPS input port 2/External interruptinput PT0-PT7 Port T analog inputs to voltage comparators
P27/INTP6/SI Input port2/Ext interrupt input/Serial input ASTB Address strobe output
P3g/RxD 1/0 port 3/Serial recelve input RESET External resetinput
P34/TXD 1/0 port 3/Serial transmit output EA External memory access controlinput
P3,/SCK 1/0 port3/Serial clock input/output X1,X2 External crystal or external clockinput
P33/S0/880 1/0 port 3/Serial output/Serial bus I/0 Vbp Positive power supply input
P34-P3;7/TO0-TO3 170 port3/Timer output Vss Power return; normally ground
P4g-P47/ADg-AD7 /O port 4/Lower address byte/databus NC No connection
IC Internal connection; connectio Vgg
Pin Configurations
84-Pin PLCC
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94-Pin Plastic QFP
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Pin Functions

PQy-P0;. Port 0 is an 8-bit, tristate output port. Port 0
can also be configured as two 4-bit, real-time (timer-
controlled) output ports.

P1y-P17. Port 1 is an 8-bit bidirectional tristate port. Bits
are individually programmable as input/output. Each pinis
capable of driving an LED dirsctly {8 mA).

P2y-P27. Port 2 is an 8-bit input port.
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.
Sl. Serial data input for three-line serial I/0 mode.

P3;-P37. Port 3 is an 8-bit tristate 1/0 port, each bit pro-
grammable as input/output.

RxD. Receive serial data input.

TxD. Transmit serial data output.

SCK. Serial shift clock output/input.

$0. Serial data output for three-line serial /0O mode.
SBO. I/0 bus for the clocked serial intetface.
TO0-TO3. Timer flip-flop outputs.

P4y-P45. Port 4 is an 8-bit, bidirectional tristate port.

ADg-AD7. Multiplexed address/data bus used with
oxternal memory or expanded I/0.

P5y-P57. Port 5 is an 8-bit, tristate output port.

Ag-Aqs. Upper-order address bus used with externat
memory or expanded |/0.

P6g-P63. Pins P6y-P63 of port 6 are outputs.

Aqg-Aqg. Extended-order address bus used with external
memory.
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P64-P67. Pins P64-P67 of port 6 are individually pro-
grammabile tristate input/output pins.

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 1/0 bus during a write
operation.

WAIT. Wait signal input.

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

P74-P7¢. Port 7 has seven individually programmable tri-
state 1/0O pins.

PTO-PT7. Port Tis an eight-line input port. The analog vol-
tage on each line is compared continuously with a pro-
grammable threshold voltage.

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 P2o/NMI, sets the nPD78P224 in the PROM program-
ming mode.

EA. Control signal input that selects external memory or
internal ROM as the program memory. When EA is low,
ROMIess mode is initiated and external memory is
accessed.

X1, X2, For frequency contro!l 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.




N E C ELECTRONICS INC 30E D MM L427525 002bll2 7 M

N E C wPD7822x

uPD7822x Block Diagram T-49-19-59
Bus Control
SFR Addrass/Data Bus F
N P50-P5 7/
P2GINMI — > o u — Address Bus ) Ag-Asg
Interrupt
P24-P27/ Controller <:> P4 g-Paz/
INTPO-INTPS ADO AD7
0AY7
P3¢/RxD —] T
U,
P3{MxD <— ART U :> P6qg-Pé3/
Baud Rate <:> Aig-A 19
Generator Internal
P35/SCK <—» Program —_—
< Clocked Serlat <:> Memory > PB4/RD
P33/SO/SBO Interface Local (16 K Byte)
P27/INTP&/SI —» Data Bus -
> 3
INTP3 —»]
Timer/Counter
P34/MOg <—1"" (g any <:> [«—— P6g/WAIT
P35/TO| -«—
INTP{ —» Temporary R
INTP2 Timet/Counter Reglsters & —— P67/REFRQ
Channel-2 C> N
P3g /TO2 (PS + 8 Bit) V PSW
Pa7/T0g <—] N :> j) AsTB
SP |
Timer/Counter
INTPo —»] Channel-1 <:> AV4 Sy Contral
(PS + 8 Bit) Boolean Micro ROM M
s Processar Micro X
P0g-PO <:: Realtime Sequencer I
Output Port <:>
Pog-po; C 4Bix2) A p—
Ragisters _
<:> <:> Ma%rosen{Ice 3 f———— EA
Channels
PTO-PT7 [:> Comparators <:> (256 Byles) v
_— A DD
Internal Data Bus ] Vss
Internal Data -
Memory <:> )
(384 Bytes) 4 Data Bus

HEREEUE0
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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 nPD7822x has 1M bytes of address space. This
address space is partitioned into 64K bytes of program

Figure 1. Memory Map

7-49-19-59

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 1/0 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 pPD78224 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 I/O ports.

000QCH

On-Chip ROM
16,384 Bytes

L
P2

3 {Must be external 3
memory
in uPD78220)

03FFFH
04000H

£
T

~ External Memory

(¢
r2j

00000H Interrupt Vector
\l
0003FH Address Table Area
00040H
CALLT Table Area
0007FH
00080H
Program Area
007FFH
00800H
J CALLF Entry
" Area £
00FFFH

01000H
¥}  Program Area

£

LL
¥

~ {Extended 3
Address
Area)

FFFFFH

03FFFH
QFC7FH
O0FC80H . OFC8CH
On-Chip RAM On-Chip
640 Bytes RAM
OFEFFH OFEDFH
QFFoOH Special Function OFEECH General-Purose
Register (SFR) Hegisle:g
OFFFFH Area OFEFFH
10000H
External
Memory

83IRD-63508
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General-Purpose Registers Special Registers T-49-19-59

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 Far 16-Bit
Processing Processing
1
Z{ (R A | (RO)X (RP0) AX | OFEF8H
0 {(R3)B | (R2)C {RP1)BC | OFEFAH
OFEFFH (R5)D | (R4 E (RP2)} DE | OFEFCH
\\ (R7}H | (R8) L (RP3) HL | oFEFEH
( ) =Absolute Name
83ML-6082A

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 resuits of instruction execu-
tion. The program status word format is as follows:

7 0
[ ]z [mesi| ac | mBso | o [isp | oy |

cY Carry flag

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

Z Zero flag

IE Interrupt request enable fiag

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 OFFOOH to OFFFFH. Table 1 is a list of special
function registers.
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Table 1. Special Function Registers T-49-19-59
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 o - Indeterminate
OFF02H Port2 P2 R o o - Indeterminate
OFFO3H Port3 P3 R/W o o - Indeterminate
OFFO4H Port4 P4 R/W o o - Indeterminate
OFFO5H Port§ P5 Aaw o o - Indeterminate
O0FF06H Port6 P& RW o o - xOH
OFFO7H Port7 P7 R/W c 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 control register RTPC RW o o - 00H
OFF10H, 16-bit compare register 0 (16-bit timer/counter) CR00 RW - - 0 Indeferminate
OFF11H
OFF12H, 16-bit compare register 1 (16-bit timer/counter) CRO1 RwW - - 0 Indeterminate
OFF13H
OFF14H 8-bit compare register (8-bit timer/cbunter 1) CR10 RW - 0 - Indeterminate
OFF15H 8-bit compare register (8-bittimer/counter 2) CR20 RW - 0 - Indeterminate
OFF16H 8-bitcompare register (8-bit timer/counter 2) CR21 RW - 0 - Indeterminate
OFF17H BRG 8-bit compare register CR30 RW - 0o - Indeterminate
OFF18H, 16-bit capture register (16-bittimer/counter) CRo02 R - =0 Indeterminate
OFF19H
OFF1AH 8-bit capture register (8-bittimer/counter 2) CR22 R - 0 - Indeterminate
OFF1CH 8-bit capture/compare register (8-bit timer/counter 1) CR11 R/W - 0 - Indeterminate
OFF20H Port0 mode register PMO w - 0 - FFH
OFF21H Port 1 mode register PM1 w - 0 - FFH
OFF23H Port3 mode register PM3 w - 0o - FFH
OFF25H Port 5 mode register PM5 w - 0o - FFH
OFF26H Port 6 mode register PM6 R/W - 0 - FFH
OFF27H Port 7 mode register PM7 w - 0 - 7FH
OFF30H Capture/compare control register 0 CRCO w - 0o - 10H
OFF31H Timer output control register TOC w ~ 0 - 00H
OFF32H Capture/compare control register 1 CRC1 w - 0 - 00H
OFF34H Capture/compare control register 2 CRC2 w - 0 - 00H
OFF43H Port3 mode control register PMC3 R/W c o - 00H
OFFS0H, 16-bittimer register 0 T™MO R - - 0 CG000H
OFF51H
OFF52H 8-bittimerregister; CH-1 ™1 R - 0 - 00H
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Table 1. Special Function Registers (cont) T-49-19-59
Handleable
Bit Unit
1 8 18
Address Speclal Function Register (SFR) Name Symbol R/W Bit Bit Bt On Reset
OFF54H 8-bittimer register: CH-2 TM2 R - 0o - 00H
OFF56H BRG 8-bittimer register T™M3 R - 0o ~ 00H
OFF5CH Prescaler mode register 0 PRMO w - 0 -~ 00H
OFF5DH Timer control register 0 TMCO RIW - 0o - 00H
OFFSEH Prescaler mode register 1 PRM1 w - 0o - 00H
OFFSFH Timer control register 1 TMC1 R/W - 0 = 00H
OFF6EH Port T mode register PMT RW o o - 00H
OFF6FH PortT PT R o o - Indeterminate
OFF80H Clocked serialinterface mode register CSIM R/W o o - 00H
OFF82H Serial bus interface control register SBIC RW o o - 00H
OFFasH Serial shift register Slo RW - 0 - Indeterminate
OFF8sH Asynchronous serialinterface mode register ASIM RW o 0o - 80H
OFF8AH Asynchronous serial interface stalus register ASIS R o o - O0H
OFF8CH Serialrecelve buffer:  UART RxB R - 0o - Indeterminate
OFF8EH Serial send shiftregister: UART TxS w - 0 - Indeterminate
OFFCOH Standby control register STBC R/IW - 0o - 0000x000B
OFFC4H Memory expansion mode register . - MM R/W o o - 20H
OFFCSH Programmable wait control register . PW RW o o - 80H
OFFC6H Refreshmoderegister RFM RW o o - 00H
OFFEOH Interruptrequest flag register L IFOL IFO RW o o o Indeterminate
OFFE1H Interrupt request flag register H IFOH RW o o Indeterminate
OFFE4H Interrupt mask flag register L MKOL MKO RW o o o FFFFH
OFFESH Interrupt mask flag register H MKOH RW o o FFFFH
OFFESH Priority specification flag register L PROL. PRO RW o o0 o FFFFH
OFFE9H Priority specification flag register H PROH RW o o FFFFH
OFFECH Interrupt service mode specification flag register L ISMOL 1SMO RW o o o 0000H
OFFEDH Interrupt service mode specification flag register H ISMOH W o o 0000H
OFFF4H Externalinterrupt mode register 0 INTMO RW o o - 00H
OFFF5H Externalinterrupt mode register 1 INTM1 RW o o0 - O00H
OFFF8H Interrupt status register IST RW o o - OOH
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Input/Output Ports

Functions of ports P0-P7 and PT are explained below. All
ports are 8 bits wide except P7, which is 7 bits wide.

Port Function

PO 8-bit output port or two 4-bit real time output
ports

P1 Bit programmable for input or output; large
current capacity

P2 Input

P3 Bit programmable forinput or output

P4 Input or output

P5 Output

P6g-P63 Output

P64-P6;7 Bitprogrammable for input or output

P7 Bit programmable for input or output

PT Inputs to eight voltage comparators

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

Figure 3. Real-Time Output Port

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.

PortT

As shown in figure 4, the analog input voltage on each fine
of port T is compared with a programmable threshold vol-
tage. The comparator output is 1 if the input voltage is
higher than the threshold or 0 if it is lower.

Four bits from the PTM register are decoded to set the
threshold voltage at one of 15 steps: Vpp X 1/16 through
Vop X 15/16. Each comparator operates continuously as
follows.

(1) Threshold voltage is set by writing the PTM register.

(2) As each comparison is completed, the result is
latched in port T and the next comparison begins.

(3) Unless the PTM register is rewritten, the threshold
voltage is not changed.

Two bits from the PTM register specify the connection of
pull-up resistors in 4-bit units. When PTM is set to 00H, the
resistor ladder is released and threshold voltage is not sup-
plied to the comparators. This can be done in the standby
mode to eliminate unnecessary current drain.

2 Internal Bus e
N
RTPCI BYTE l POMH I EXTR | POML |
‘ ‘ * J Buffer Flleglster
" POH PoL
Cc11 Byte 4-Bit
INT Real-Time |
l Cutput (POH)
POMH >
INTPO —:D__ 4-Bit Real-Time 8
INTC10 —9 Output (PoL)
Selector Selector 4 4
> 8-Bit Real-Time
t POML Qutput (P0) -
EXTR A4
Output Lateh <;

STV IY7Y

P07 POg P05 P04 P03 POy POy POg

83ML-60233
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Figure 4. Comparator Port T Serial Interface T-49-19-59
Pull-Up The nPD7822x has two independent serial interfaces.
Rosistors nternal e Asynchronous serial interface (UART) (figure 5)
%‘ Comparators PorT Bf_’,: ® Clock-synchronized serial interface (figure 6)
FT0 © \-g\ * PTO A universal asynchronous receiver transmitter (UART) is
L —1> used as an asynchronous serial interface. This interface
2 transfers one byte of data following a start bit. The
PTH o ] wPD7822x contains a baud rate generator. This allows
v\ > PT1 data to be transferred over a wide range of transfer rates.
3 The clock-synchronized serial interface has two different
) modes of operation:
PT2 o— n
AN > P72 e Three-line serial I/0 mode.
< In this mode, data 8 bits long is transferred along three
1 lines: a serial clock (SCK) line and two serial bus lines
PT3 \_\ + P13 (SO and Sl). This mode is convenient when the
1 wPD7822x is connected to peripheral |/Os and display
EE controllers that have the conventional clock-
synchronized serial interface.
PT4 © h
> PT4 o Serlal bus interface mode (SBI).
3 In this mode the 1.PD7822x can communicate data with
) several devices using the serial clock (SCK) and the se-
PT5 o— \.‘\_‘ + PTS rial data bus (SBO) lines. This mode conforms to NEC's
- serial bus format. In SBl mode, addresses that select a
b3 device to communicate with, commands that direct the
PT6 o device, and actual data are output to the serial data bus.
\&4 >— PTS > A handshake line, which was required for connecting
1 1 several devices in the conventional clock-synchronized
E3 serial interface, is not needed.
PT7 © h
\‘\_4 PT7
PUPH
PUPL
~ e/’hho;sho!d 0
V. o |_J Vollage
DD o
)
> MT3
Resistar Decoder <: MT2
Ladder 4
(16 Sections) MT1
i MTO
)
Port T Mode
Register
PTM
83ML-6084A
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Figure 5. Asynchronous Serial Interface ' T-49-19-59

S Internal Bus

1 w -0 AL

Compare
Rig | Recalve RxE| PS1[Psa] oL | sL [sck Ragister PRMO

- 1
: 1
I
i |(cR30) I
|
1} I .
P3g/RxD I Ass - :
p Shit TS | snin Coincidence
™! Register PE |FE |OVE Reglster 1 v !
2 |
1
I
[

-
I
R I
P34/TxD A A | [ &
INTSER J | Clear
Reception ‘ Transmisslon (
Cantral \ Control
™1 Pary D" Parity [ INTST : 8-it Timer Prescaler (
(TM3, (8) * CLK
Check [ INTSR Check [ )
T ]
i :
N 1 | |
16 16 |
1 | TransmitRecelve Baud
L L«—! Rate Generator Output !
Selector | — — — = = — — — = — — =

83R0D-63518
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-
5 Internal Bus S
VAN
8
CSIM SBIC
CTxE I CRxE I wup I MOD1 | CLS1 | CLSo 8 RELTI CMDTI RELD ICMDDI ACKT | ACKE | ACKD| BSYE
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Timer/Counters

The pPD7822x has three timer/counters: one 16-bit and
two 8-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 digital delayed one-shot output, a pulse
width modulated output, and a cycle measurer.

Figure 7. 16-Bit Timer/Counter

T-49-19-07
; T-49-19-59

The two 8-bit timer/counters can provide the basic func-
tions 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. See
figures 8 and 9.
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Figure 8. 8-Bit Timer/Counter 1 T-49-19-59
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Figure 9. 8-Bit Timer/Counter 2 T-49-19-59
5 Internal Bus ) 9
Capture/ Timer Output
g:‘tp;!eg 8 Contral Register | 8
External (CRC2) (roc)
|Esa1|Eseo|Es11|ES1o Effé:’ﬁlgxsm rocmee o | s |cr.nzz|cm21| IENTOSl ALV3 |ENT02| ALV2 |
(INTMQ) +
8
{ Coincldence Cutput
e \/< > %qntrg;l 0 P3g/TO2
- ge frcull
INTP1 © Detestar T—— INTP1
Compare
=
Colncidence g:“!)r[r])tl
1 n 0 P37/TO3
INTP2 o o] pEdge INTP2 Clrcuit ?
8 |
Clear = INTC21
toLk /512 —» RESET
f 1256 —»
fCLane —> | eBitTimer | Overfiow
CLK Selector ‘l {TM2) I
toLk /64 —* |
tok/32 —* Capture Trigger
tok/16 Caplure
1 Reglster (CR22) . Timer
Prescal ! ' 1 ! I cE2 l 0VF2—| cmpz | Gankel
Mode Register | PRS23 I PRS22 l PRS21 ‘ PRS20 | 8 : eﬁéﬁr
{PRM1)
8 NS
Internal Bus S
8IML-£078B
Interrupts

There are 18 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 17
Interrupts is non-maskable. The software interrupt and the
non-maskable interrupt are unconditionally received even
in the D1 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.

6-78

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 programis executed. Interrupts may also be handled
by the macroservice function where a preassigned proc-
ess is performed without program intervention.
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Table 2. Interrupt Sources and Vector Addresses T-49-19-59
Interrupt Vector

Request Default Macroservice Table
Type Priority Interrupt Request Source Handling Address

Software None BRK instruction execution - 003EH

Non-maskable None NMI {pininput edge detection) - 0002H

Maskable 4] INTPO (pin input edge detection) - 0006H

1 INTP1 (pininput edge detection) - 0008H

2 INTP2 (pininput edge detection) - 000AH

3 INTP3 (pin input edge detection) - 000CH

4 INTC00 (TMO-CRO00 coincidence signal generation) - 0014H

5 INTCO1 (TM0-CR01 coincidence signal generation) - 0016H

6 INTC10 (TM1-CR10 coincidence signal generation) Yes 0018H

7 INTC11 (TM1-CR11 coincidence signal gensration) Yes 001AH

8 INTC21 (TM2-CR21 coincidence signal generation) - 001CH

9 INTP4 (pin input edge detection) Yes 000EH

10 INTPS5 (pininput edge detection) - 0010H

H INTP6 (pin input edge detection) - 0012H

12 INTSER (generation of asynchranous serial intérface 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 serlal interface transfer) Yes 0026H

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 six interrupt requests where
macrosetrvicing can be executed. The macroservice func-
tion is controlled 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 10.

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 p.s. The refresh is timed to follow aread 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 NM! input or a
RESET input.

Figure 10. Macroservice Control Word Map
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ELECTRICAL SPECIFICATIONS T-49-19-59
Absolute Maximum Ratings
Ty = +25°C.
tem Symbol Conditions Rating Unit
Operating voltage Vop -0.6t0 +7.0 \'
Inputvoltage \ -0.5t0Vpp + 0.5 \
Qutputvoltage Vo -0.5toVpp + 0.5 A
Low-level output current loL One outputpin 30 (peak) mA
15 (mean valus) mA
Alloutput pins total 150 (peak) mA
100 (mean value) mA
High-level output current loH One outputpin -2 mA
Alloutput pins total -50 mA
Operating temperature TopT —-40to +85 °C
Storage temperature Tsta ~-65t0 +150 °C
Operating Frequency Capacitance
Osclllation Frequency T Voo Ta = +25%Ci Vop = Vss = OV.
fxx = 410 12 MHz 4010 +85°C L5V 5% item Symbol Typ Max Unit Conditions
_1010 +70°C £5V £10% Input capacita.nce []] 20 pF L :e:j ,:'g:-z.e pai:jrr;c_)t
Qutput capacitance Co 20 pF mentare atoV
Input/outputcapacitance  Cyo 20 pF
DC Characteristics
Ta = ~40to +85°C; Vpp = +5 V £10%; Vgg =0 V.
item Symbol Conditions Min Typ Max Unit
Low-level input voltage ViL Except PT pins 0 0.8 Vv
High-levelinput voitage Vi1 Except PT pins and pins in Note 1 22 Vop \
Vilz2 Pinsin Note 1 0.8Vpp Vbp \'
Low-level output voltage Voui loL=2.0mA 0.45 \
Voiz loL = 8.0mA (Port Pl pins) 1.0 v
High-level output voltage Vo1 loH=-1.0mA Vpp-1.0 A
VoHz lon=-100pA Vpp~0.5 v
Inputleakage current I Vi=0toVpp +10 pA
Outputleakage current Lo Vo=0toVpp =10 pA
Pull-up current lipT Vi=0V;PTpins -150 -400 pA
Vpp power supply current lop1 Operating mode, fxx = 12MHz 16 40 mA
Ibp2 HALT mode, fyx = 12 MHz 7 20 mA
Data retention voltage VppoR STOP mode 25 5.5 v
Dataretention current lboor STOPmode Vpppr=2.5V 2 20 pA
Voppr =5V £10% ) 50 pA
Notes:

(1) X1, X2, RESET, P2/NMI, P24/INTPO, P2,/INTP1, P24/INTP2/CI,
P24/INTP3, P25/INTP4, P2g/INTP5, P27/INTP6/SI, P3,/SCK,

P33/S0O/SBO0, and EA pins.
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Figure 11. Voltage Thresholds for Timing © T-49-19-59
Measurements
Vpp-1
08Vppor22V
08V
045V
3ML-6083A
Read/Write Operation
Ta = -401t0 +85°C; Vpp = +5 V = 10%; Vgg = 0 V; fy = 12 MHz; C_ = 100 pF.
ltem Symbol Conditions Min Max Unit
X1inputclock cycletime toyx 82 250 ns
Address setuptime to ASTB { tsasT 52 ns
Address hold time from ASTB | (Note 2) tHSTA R =5kQ,CL=50pF 25 ) ns
AddresstoRD ¢ delaytime toAR 129 ns
Address floattime from RD | trAR 11 ns
Address to data inputtime tpaip 228 ns
ASTB | todatainputtime tbsTiD - 181 ns
RD | todatainputtime tbaiD . 99 ns
ASTB | 1oRD | delaytime tDSTR - 52 ' ns
Dataholdtime from RD t tHRID ' 0 ns
fAD t to address active time {DRA 124 . ns
AD t toASTB t delaytime toRsT 124 ns
D low-level width twaL 124 ns
ASTB high-level width tWSTH 52 ns
AddresstoWR ¢ delay time toaw 129 ns
ASTB | todata output time tosToD 142 ns
WR | todata outputtime towop 60 ns
ASTB | toWR ¢ delaytime tosTwi 52 ns
tbsTwe Refreshmode 129 ns
Datasetup {imetoWR t tsopWR 146 ns
Datasetuptime toWR ¢ (Note 1) tsopwr Refresh mode 22 ns
Datahald time from WR t {Note 2) tHwoD 20 ns
WH t toASTB 1 delaytime towsT 42 ns
WR low-lavel width twwit 196 ns
twwie Refresh mode 114 ns
AddresstoWAIT ¢ inputtime tDAWT 146 ns
ASTB } toWAIT | inputtime toSTWT 84 ns
WAIT holdtime from X1 | tHWTX o ns
WAIT setup timeto X1 1 tswTx 0 ns
Notes:
(1) When accessing a pseudostatic RAM (1PD4168, etc.) that clocks in
data at the falling edge of WR, use tsopwr Instead of tsopwi as the
data setup time.
(2) The hold time includes the time during which Vgy and Vg are
retained under the following load conditions: C_ = 100 pF and
R =2kQ.
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Figure 12. Read Operation Timing T-49-19-59
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Figure 13. Write Operation Timing T—49f] 9_—59
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Figure 14. External WAIT Input Timing
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TS'Ae:LﬂOZOI:S%P\?J:EEQV = 10%; Vgg = 0 V; fxx = 12 MHz; C_ = 100 pF. : T_49_] 9-59
tem Symbol Conditions Min Max Unit
Serial clock cycle time toysk Input  External clock 1.0 ps
Output internal clock/16 1.3 1s
Internal clock/64 5.3 s
Serial clock low-level width twsKL Input  External clock 420 ns
Output Internalclock/16 556 ns
Internal clock/64 25 s
Serial clack high-level width twskH Input  External clock 420 ns
Output  Internal clock/16 556 ns
Internal clock/64 25 1S
S, SBO setup time to SCK tsssk 150 ns
81, B0 hotd time from SCK | tHsSK 400 ns
S0/SBO outputdelay time from SCK ¢ tbseski CMOS push-pull output 0 300 ns
(3-line serial I/O mode)
tpseske Open-drain output o] 800 ns
(SBImode), R = 1k
SBO high, hold time from SCK t tHsBSK SBlmode 4 tovx
$B0low, setup time to SCK 4 tssasK SBimode 4 tovx
SBO low-level width twsBL 4 toyx
SBO high-level width twsBH 4 toyx
RxD setuptimeto SCK tsaxsK 80 ns
RxD hold time after SCK t tHSKAX 80 ns
8CK | to TxD delay time toskTX 210 ns

Figure 15. Clock-Synchronized Serial Interface Timing; Three-Line 1/0 Mode
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Figure 16. Clock-Synchronized Serial interface Timing; SBI Mode T-49-19-59
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Figure 17. Asynchronous Mode Timing
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Comparator Port Operation

Figure 18. Interrupt Input Timing T-49-19-59

Item Symbol Conditions Min Max Unit
Comparison accuracy Vacomp 100 mv
wPD78P224 100 mv M
Comparisan time tcomp 128 256 toyx
Samplingtime tsampP 62 toyx
PT Inputvoltage VieT 0 Vpp V
Interrupt Timing Operation
Item Symbol Conditions Min Max Unit
NMilow-level width twNIL 10 ps a3AD-6355A
NM! high-level width tWNIH 10 us
INTPO-INTPG low-levelwidth  twiTL 24 icyx  Flgure 19. Reset Input Timing
INTPO-INTP6 high-level width  twTH 24 toyx
RESET low-level width twRsL 10 us
RESET high-level width twhsH 10 us RESET
B3ML-5991A
Data Retention Characteristics
ftem Symbol Conditions Min Typ Max Unit
Dataretention voltage B Vbobr STOP mode 25 6.5 v
Dataretention current lboDR Voopr =256V 20 pA
Vbppr=5V £10% 50 pA
Vpprise time tavD 200 us
Vop falttime tevD 200 s
Vop etentiontime tHvD 0 ms
(for STOP mode setting)
STOP release signalinputtime tbREL 0 ms
Oscillation stabilization wait time tWAIT Crystal resonator 30 ms
Ceramic resonator 5 ms
Low-level input voltage ViL Note 1 0 0.1 Vpppr A
High-levelinput voltage VIH Note 1 0.9VpppR VbobR \

Notes:

(1) RESET, P2o/NMI, P2/INTPO, P2,/INTP1, P2,/INTP2/CI, P2,/
INTP3, P25/INTP4, P25/INTPS, P2,/INTP6/SI, P3,/SCK, P3;/SO/

SBO, and EA pins.
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Figure 20, Data Retention Characteristics T- 49'_'1 9-59
Set STOP Mode
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edge Input)
Lo8y
83ML-59928
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Timing Dependent on tcyx T-49-19-59
Item N Symbol Calculation Formula Min/Max 12 MHz Unit
X1 inputclock cycle time toyx Min 82 ns
Address setuplimeto ASTB } tsasT teyx—30 Min 52 ns
AddresstoRD ¢ delaytime tbAR 2tgyx—35 Min 129 ns
Address floattime from AD | trAR toyx/2—30 Min 11 ns
Address to data inputtime tpAID (4-+2n)tcyx—100 Max 228 ns
ASTB | todatainputtime tosTID (3+2n)toyx—65 Max 181 ns
RD | todatainputtime tDRID (2+2n)toyx—65 Max 99 ns
ASTB | toRD ! delaytime tpsTR toyx—30 Min 52 ns
RD t toaddress active time tDRA 2toyx~40 Min 124 ns
AD 1 to ASTB 1 delay time toRsT 2toyx—40 Min 124 ns
RD low-level width twaL (2+2n) toyx—40 Min 124 ns
ASTB high-level width twsTH toyx—30 Min 52 ns
AddresstoWR ! delay time toaw 2toyx—35 Min 129 ns
ASTB | todata outputtime tosToD toyx + 60 Max 142 ns
ASTB | 1o WR | delaytime tosTW1 toyx~30 Min 52 ns
tosTwe vx—35 Min 129 ns
(refresh mode)
Datasetuptime toWR t tsoowr (3+2n) toyx—100 Min 146 ns
Datasetuptimeto WR | tsopwF toyx—60 Min 22 ns
(refresh mode)
WR t to ASTB 1 delaytime towsT toyx—40 Min 42 ns
WR low-level width twwL1 (3+2n)tgyx—50 Min 196 ns
twwie (2+2n)tgyx~50 Min 114 ns
{refresh mode)
Address to WAIT 4 inputtime toawT Btoyx—100 Max 146 ns
ASTB | toWAIT 4 inputtime tosTWT 2toyx—80 Max 84 ns

Notes:
(1) nindicates the number of wait states.
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Figure 21. Recommended Oscillator Circuit External Clock Operation T-49-19-59
Item Symbol Conditions Min Max Unit

ct X1 X1inputlow-level width twxL 30 130 ns

15 pF X1inputhigh-level width twxH 30 130 ns

L = HPD7822x X1 inputrise time xR 0 3 ns

15 ‘;,3 %2 X1inputfalitime (% 0 30 ns

X1 inputclock cycle time toyx 82 250 ns

Crystal frequency fxx =4to 12 MHz
sansss | Figure 23, External Clock Timing

twixH:

Figure 22. Recommended External Clock Circuit

Clock X1

HCMOS

Inverters HPD7822x

teyx i

X2 I
83ML-50954

Clock frequency fxy =4 to 12 MHz
BIRD-6357A
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wPD78P224 PROGRAMMING Table 3. Pin Functions During PROM Programming

in the 78P224, the mask ROM of 78224 is replaced bya  Pin Function

one-time programmable ROM (OTP ROM. The ROM is  P0g-P0; Ag-A7 Input pins for PROM write/verify

16,384 X 8 bits and can be programmed using a general- operations

purpose PROM writer with a pPD27C256A programming  psgiAg Ag Input pin for PROM wirite/verify operation

mode. P2,/INTPO Ag Input pin for PROM write/verify aperation

The PA-78P224GJ/L are the socket adaptors used for
conflguring the wPD78P224 to fit a standard PROM socket.

Refer to tables 3 through 6 and figures 24 and 25 for spe-
cial information applicable to PROM programming.

P55-P5g/A10-A1sa  Atg-Ayg  Inputpins for PROM write/verify
operations

P4g-P47/ADg-AD7 Dg-D7 Data pins for PROM write/verify
operations

P65/WR CE Strobe data into the PROM
P64/BD OE Enable a dataread from the PROM
P2o/NMI NMI PROM programming mode is entered by
applying a high voitage to this pin
RESET RESET  PROM programming mode requires
applying alow voltage to this pin
EA Vpp High voitage applied to this pin for
program write/verify
Vop Vobp Positive power supply pin
Vss Vss Ground
Table 4. Summary of Operation Modes for PROM Programming
Mode NMI RESET CE OE Vop Voo Dg-D;
Programwrite +12.5V L L H +12.5V +6V Datainput
Program verify +12.5V L H L +12.5V +6V Data output
Program Inhibit +125V L H H +12.5V +8V HighZ
Readout +12.5V L L L +5V +5V Data output
Outputdisable +12.5V L L H +5V +5V HighZ
Standby +125V L H L/ +5V +5V HighZ
Notes:

When +12.5 Vs 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 Characterl;tics T-49-19-59
Ta =25 £5°C, Vjp = 12.5 £ 0.5 V applied to NM! pin, Vgg =0 V.

Parameter Symbol Symbol* Condition Min Typ Max Unit
High-levelinput voltage ViK ViH 24 Vpop +0.3 v
Low-levelinputvoitage ViL ViL -0.3 0.8 \
Inputleakage current VLip Vu V) =0toVppp 10 A
High-level output voitage Vo1 Vou loH =—400 pA 2.4 \

VoHz Vor2 lop=-100pA Vop-07 v
Low-level output voltage VoL VoL loH=2.1mA 0.45 \4
Outputleakage current ILo Vo =010 Vppp; OE = Vin 10 pA
NMI pin high-voltage input current lip +10 pA
Vbpp power voltage Vbop Vec Program memory write mode 5.75 6.0 6.25 v
Program memory read mode 45 5.0 5.5 \'
Vpp power voltage Vep Vep Programmemory write mode 122 125 128 \4
Program memory read mode Vpp = Vppp v
Vppp power current Iop lcc Program memory write mode 5 30 mA
Program memory read mode 5 30 mA
CE=Vi,Vi=ViH
Vpp power current lpp Ipp Program memory write mode 5 30 mA
CE =V, OE =V
Program memory read mode 1 100 pA
* Corresponding symbals of the nPD27C256A.
Table 6. AC Programming Characterlistics
Ta = 25 £5°C, Vip = 12.5 £ 0.5 V applied to NMi pin, Vg = 0V, Vpp = 6 £0.25 V, Vpp = 12.56 =0.3 V.

Parameter Symbol Symbol* Condition Min Typ Max Unit
Address setuptime o CE ¢ tsac tas 2 ps
DatatoOE | delaytime DDoo toEs 2 s
Input data setup time to CE tsinc tbs 2 [1L]
Address hold time from CE t tHeA tan 2 s
Inputdata hold time from CE t tHeiD toH 2 us
Output data hold time from OE t tHooD tor 1] 130 ns
Vppsetuptime to CE 1 tsvro typs 1 ms
Vppp setuplime to CE ¢ tsvbc tvDs 1 ms
Initial program pulse width twi1 tew 0.95 1.0 1.05 ms
Additional program pulse width twie topw 2.85 78.75 ms
NMI high-voltage input setup time tspo 2 JTe]
toCE ¢
Address to data outputtime tpAOD tace CE=0E=V, 200 ns
CE | todata outputtime tocop tce OE=Vy_ 200 ns
OE | todataoutput time toooo tog CE=V_ 75 ns
Data hold time from OE t tHeoD toF CE=V 0 60 ns
Data hold time from address tHAOD toH CE=0E=Vy 0 ns
* Corrasponding symbols of the wPD27C256A.
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Figure 24. PROM Write Mode Timing T-49-19-59
-
Apg-Aqa Effective Address
N
- [« tsac —-»| |« tHooD
Da-D ¢ Data X ' Dpaa ¢ Data
oH7 —@( Input 7H( Output s——§‘ Input
'sibc 'HeiD .
—{ — [— SIDC —» je— —
Vip r
NMI /
Vi .
SPC
>
Vep
s
vpp /
Vpop
tsvec
- tet—
VDDP +1 r
Voop /
Vobp ¢
SVDC
- [
_ Vi —— b— §5—
CE
'Dpoo
Vi -
t twiz
DOOD
[—
L b5
OE
VIL -
Notes:
(1)  Vppp must be applied before applying Vpp. It should be remaved after removing V pp.
(2} Vpp mustnot exceed +13 V, including overshoot.
83ML-59268
Figure 25. PROM Read Mode Timing
) Y
Ag-Aqy >a( Effective Address 2(
N 7
_ 4
CE 72
tpcop —»
¥
OE ;[
tpooD —» tHcop
le————1DAOD ————» tHACD —»| e
H-Z
DgD7 e m e m— - - - ~{ Data Output E%E ————————————————
83ML-59978
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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 Vto the Vpp pin and +12.5 V to the Vpp pin.
(3) Provide the initial address.

(4) Provide write data.

{(6) Provide t-ms program pulse (active low) to the CE pin.

(6) This blt Is now verified with a pulse (active low) to the
OE pin. Ifthe 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 to 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 +12.5Vto
the NMI pin.

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

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

(5) Datalis output to the Dg to Dy pins.

INSTRUCTION SET

All microcomputers in the pPD7822x 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 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.

T-49-19-07

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

When describing immediate data as a iabel, use one of the
following modifiers: +, -, #, 1,$,/,[ ], and & Symbols rand
rp can be described in both the function name and absolute
name.

Table 7. Operands
Symbot

Meaning

+ Autoincrement

- Autodecrement

# Immediate data

! Absolute address

$ Relative address

/ Bitinversion

[1] Indirect addressing

& Subbank; 1M-byte expansion space

r Register
Functionname: X, A, C, B E.D,LH
Absolute name: RO to R7

m Registergroup 1:C, B

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

sfr Special function register:
PO, P2-P7, POH, POL, RTPC, CR10, CR11, CR20, CR21, CR22,
CR30, PMO, PM3, PMS5, PM6, PMC3, PUO, GRC0-CRC2, TOC,
TM1-TM3, TMCO, TMC1, PRMO, PRM1, ADM, ADCR, CSIM,
SBIC, SIO, 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) Table 8. Registers and Flags T-49-1 9-59
Symbol Meaning Symbol Meaning
sfrp Speclal function register pair: A Aregister; 8-bit accumulator
CRO00-CR02, TMO, IF0, MKO, PRO, ISMO X X register
mem  Memory gdc!ress indirectly addressed B Bregister
Reglster indirectmode: [DE}, {HL], [DE+], [HL+], [DE-], [HL-]
Base mode: [DE +byte], [HL + byte], [SP + byte] C Cregister
Indexed mode: wordfA], word[B}], word[DE}, word{HL] D Dregister
mem{ 1;231:?: gﬂg]r'elﬁad by means of Indirect addressing E Eregister
saddr Memory address indirectly addressed: H Hregister
FE20H-FF1FH Iimmediate data orlabel L Lregister
saddrp Memory address addressed by means of direct addressing pair: R0-R7 Registers 0to 7 {absolute names)
FE20H-FF1EH immediate data (LSB=0; odd address) or label AX Register pair (AX); 16-bitaccumulator
addr16 16-bitaddress: 0000H-FEFFH immediate data or label 8C Register pair (BC)
addrii 11-bitaddress: 800H-FFFHimmediate data orlabe! DE Register pair (DE)
addr5  5-bitaddress: 40H-7EH immediate data or label HL Register pair (HL)
word  16-bitdata: 16-bitimmediate data or label APO-RP3 Register pairs 0t 3 (absolute names)
byte  8-bitdata: 8-bitimmediate data or label PG Program countter
bit 3-bitdata: 3-bitimmediate data or label sp Stack pointer
n Number of shift bits: 3-bitimmediate data (0-7) PSW Program status word
RBn Register bank: RBO-RB3 oY Carryflag
AC Auxiliary flag
4 Zeroflag
RBS1-RBSO  Registerbank selectflags
IE Interrupt enable flag
STBC Standby control register
() :\A?mory contents indicated by address or register contents
n( )
xxH Hexadecimal number
XHs XL Higher 8 bits and lower 8 bits of 16-bit register pair
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Clocks

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

IROM Programininternal ROM s executed.

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

SFR  Programin external ROM s 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 sither 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 SFR is accessed with FFOOH
to FFFFH described as saddr or saddrp Is shown after the
symbol (/).

Bytes and Clocks

The number of bytes and clacks 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 clack 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 Cleared to 0

1 Setto 1
X Set or cleared depending on the result
R Value previously saved is restored

T-49-19-59
Table 11 defines the symbols used in the operation code
field.

Operation Codes

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 R2R{Rg (or RgRs5Ry)
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 26 as shown below.

Instruction  Opcode, Bytes 1 and 2
MOV« r 00100100
0 RgRsR4 0 RoR¢Rg
MOVAL o0 0100100
00010110

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 1 p
R2 Ry Rg Rg | reg Py Pg
reg
Rg Rg Ry olc Py Py reg-pair
1{8
0 0 o [Ro|x Ps Ps
o o 1 R1 A .
0 1 o R2 | ¢ 0 0 RPO | AX
o 1 1 Rs | B 0 1 RP1 | BC
i 0 o R4 | E 1 0 RP2 | DE
i 0 1 R5 | D t 1 | RAP3 | HL
i 1 o0 R6 | L
1 1 1 R7 [ H
&IML-5992A
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Figure 27. Opcodes for Memory Addressing Modes
{mem, mod) T-49-1 9-59
Mod |1 01100 o110 )0 1010
Ragist

Mem Ind! r:%ltsl\:cr)d o| BaseMode | Index Mode
000 {DE+] [DE+byte] | word [DE]
00 1 {HL+] [SP+byte] | word (A]
010 [DE [Hi+byte] | word (HL}
01 1 (HL - word B}
100 [DE] - -
101 [HY) - -

83ML-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 12" w2 3 3 4
&mem 2/3* 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 10-15 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 11/14 12-156 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; 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* 8" 4 4 5
Clock MoV A,mem 9/11 6/8 11113 12/14 14116
Cycles mem, A
A, &mem 12/14 9/11 14/16 1517 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 14116 15117 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

Symbo! Meaning

Bn nthbit ofimmediate data B

Nn nthbit of immediate dataN

Data 8-bitimmediate data corresponding to byte

Low/HighByte  16-bitimmediate data corresponding to word

Saddr-offset Lower 8-bit offset data of 16-bitaddress corresponding
tosaddr

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

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

Low/HighAddr  16-bitimmediate data corresponding to addri6

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 addri1
ta Lower 5 bits ofimmediate data corresponding to
(addrbxdis)
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Instruction Set ' T-49-19-59
. Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM® SFR EMEM Z ACCY Bytes B1 thru BS
8-Bit Data Transfer
MOV r.#byte r « byte 2 2 6 1011 1RRRy
Data
saddr, #byte {saddr) « byte 3 35 9 9 12 0011 1010
Saddr-offset
Data
sfr, #byte sir « byte 3 5 9 12 0010 1011
’ Sfr-offset
Data
010 0100
RsRsRs 0 Ry Ry Rg
101 0RyR Ry
01t0 00O0O0

) Saddr-offset
saddr.A (saddr) « A 2 35 6 8 0010 0010

e ter 2 2 6

Ar Aer 1 2 3

oj~=|OfO

Asaddr A « (saddr) 2 24 6 6 9

Saddr-offset
saddr, saddr (saddr) « (saddr) 3 3-7 9 001 1 1000

Saddr-offset
Saddr-offset
Asfr A +sir 2 4 6 0001 0000

Sfr-offset
sfr.A sfr« A 2 5 6 0001 0010
Sfr-offset
A,mem A + (mem) 1-4 6-12 6-14 8-16 8-16 *0101 1 mem
000 mod
mem 0000
Low Offset
High Offset
6 00O0 4
1 1 mem
0 0001
mod
mem 0000
Low Offset
High Offset

A,&mem A + (&mem) 25 814 917 1119 11-19 *

olo|=|Oo
ojo|oio

olo|lojo o

Note:

] {DE], [HL}, [DE +], [DE-], [HL+] or [HL-)is described as mem, these
instructions are used as dedicaled 1-byle 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) T-49-19~59
Clocks Flags  gperation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM JRAM SFR EMEM ZACCY Bytes B1 thru B5
8-Bit Data Transfer (cont)
MOV mem,A (mem) « A 14 612 614 8-16 B8-16 *01 01 0 mem
000 mod
1 mem 0000
Low Offset
High Offset
000 00O 1
1t 01 0 mem
000 0O0O0 1
00 mod
mem 0000
Low Offset
High Offset
A,laddri6 A « (laddr16) 4 6/8 14 16 0000 1001
111 0000
Low Addr
High Addr
A.&laddr16 A + (&laddr16) s 8/10 19 0000 0O0O0FT1
0000 tO0O01
1111 0000
Low Addr
High Addr
laddr16, A {laddri16) « A 4 6/8 14 17 0000 10O 1
111 0001t
Low Addr
High Addr
* &laddri6,A (&laddr16) « A 5 8/10 20 0000 O0O0O 1
0000 1001
11+ 000t
Low Addr
High Addr
PSW., #byte PSW « byte 3 3 9 9 9 X x x 00 1t0 1011
11 111
Data
1

1
P

&mem,A (&mem) « A 25 814 917 1119 11-19 .

- |lo|Jlojo|O

P
-
o

PSW.A PSW « A 2 2 6 6 6 x x x

A,PSW A « PSW 2 2 6 6 6

~ o |=1]0O
“ 1O 1= 10
“lo|=|O
- O|=|O
= lOol-|O
- -

ojojo|o
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Instruction Set (cont)

Mnemonic Operand

Operation

Bytes

Clocks

Flags

IROM

IRAM SFR EMEM Z ACCY

NEC

T-49-19-07
T-49-19-59

Operation Code (Bits 7-0)

Bytes Bi thru BS

8-Bit Data Transfer {cont)

XCH Ar

Aer

1

101 1RaR Ry

nr

[ e

0

0t ¥ 0101

A,mem

A +— {(mem)

2-4

9-16

12-16

16-20

o0 mod

[~ N =]

mem 0100

Low Offset

High Offset

A.&mem

A = (&mem)

3-5

11-18

15-19

19-23

0000 000O01

000 mod

mem 0100

Low Offset

High Offset

A,saddr

A +— (saddr)

4.8

010 0001

Saddr-offset

Astr

A —» sir

6i10

o

000 0001

o

010 0001

Sfr-offset

saddr,saddr

(saddr) = (saddr)

6-14

10

011 1001

Saddr-offset

Saddr-offset

16-BIt Data Transfer

MOVW rp, #word

p + word

110 0PP 0

Low Byte

High Byte

saddrp, #word

(saddrp) « word

000 t100

Saddr-offset

Low Byte

High Byte

sfrp,#word

sfrp + word

12

600 1011

Saddr-offset

Low Byte

High Byte

1P

p +rp

010 0t1toOoO

0PgPs 0 1PPy 0

AX,saddrp

AX + (saddrp)

6/10

8

12

o001 1100

Saddr-offset

saddp.AX

(saddrp) « AX

5/9

8

12

o001 1010

Saddr-offset
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Instruction Set (cont) T-49-19-59
Clocks Flags_ oparation Code (Bits 7-0)
Mnemonle Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes Bt thru BS
16-Bit Data Transfer (cont)
MOVW AX sfrp AX « strp 2 10 12 0001 0O0O01
Sfr-offset
sfrp,AX sfrp « AX 2 9 12 0001 0O0T11
Sfr-offset
AX,mem1 AX + (memt) 2 9-15 12 16 16 0000 0101
1110 00 1Ry
AX.&mem1 AX + (&memft) 3 11-17 i5 19 19 0000 0O0OTH
0000 0101
1110 00 1R
mem1, AX {mem1) « AX 2 8-14 1" 15 15 0000 0101
1110 01 1Ry
&mem1,AX (&mem1) « AX 3 10-16 14 18 18 0000 00O
0000 O101
1110 01 1Ry
8-Bit Operation
ADD A, #byte ACY « A +byle 2 2 6 X 1010 100
Data
saddr, #byte (saddr),CY + (saddr) + byte 3 37 9 11 X 0110 1000
Saddr-offset
Data
sir, #byte sfr,CY « sfr + byte 4 9 14 X 0000 O0O00O0
110 1000
Sfr-offset
Data
nr rCY «r+r 2 3 7 X 1000 1t 000
0 RgRsRy 0 RaR{Rp
A,saddr ALY « A + (saddr) 2 35 6 7 8 X 1001 1000
Saddr-offset
Asft ACY * A+sir 3 7 10 X 0 000 00O
1.0 0 1 1 000
Sfr-ofiset
saddr,saddr (saddr),CY * (saddr) + (saddr) 3 39 9 11 X 0111 1000
Saddr-offset
Saddr-offset
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Mnemonic Operand Operation

Bytes

Clocks Flags

IROM

IRAM SFR EMEM ZACCY

NEC

T-49-19-07
T-49-19-59

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

8-Bit Operation (cont)

+

ADD A,mem ACY « A+ (mem)

2.4

8-13

11415 1347 1317 x x x

000 mod

0 mem 1000

Low Offset

High Offset

A.&mem A.CY « A + (&mem)

3-5

10-15

14-18 16 1620 x x X

0000 0001

000 mod

mem 1000

Low Offget

High Offset

ADDC A.#byte ACY « A +byte +CY

1010 1001

Data

saddr, #byte (saddr),CY « (saddr) + byte

+CY

0110 1001

Saddr-offset

Data

sir.#byte sfr,CY « sir + byte + CY

0000 O0O0O1

o

110 1001

Sfr-offset

Data

nr rCY «r+r+CY

1001t 1001

0 RgRsRs O RyRyRgy

A.saddr A.CY « A+ (saddr) +CY

25

-

001 1001

Saddr-offset

Asfr ACY « A+sfr+CY

10 X X X

o

000 0O0O0I1

1001 1001

Sir-offset

saddr,saddr (saddr),CY « (saddr) + (saddr)

+CY

3-9

111 1001

Saddr-offset

Saddr-offset

A,mem ACY « A+ {mem)+CY

111§ 13497

13-17 x x X

o

00 mod

0 mem 1001

Low Offset

High Offset

A &mem ACY « A+ (&mem) +CY

3-5

10-16

14-18 16 1620 x x X

0000 00O 1

o

00 mod

mem 1000

Low Offset

High Offset
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Instruction Set (cont) T-49-19-59

Clacks Flags  gperation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru BS
8-Bit Oparation (cont)

suBs A, #byte ACY « A-byte 2 2 6 x x x 1010 1010

Data
saddr,#byte (saddr).CY « (saddr) - (byte) 3 37 9 11 x x x 0110 1010
Saddr-offset
Data
sfr, #byte sfr.CY « sfr-byte 4 9 14 X x x 0000 0O0CO1
o110 1010
Sfr-offset
Data
nr tCY = r=r 2 3 7 Xx x x 1000 1010
0 RgRsRy 0 Ry Ry Ry
A,saddr ACY « A-(saddr) 2 3i5 6 7 8 x x x 1001 1010

Saddr-offset
Asir ACY « A-str 3 7 10 X x x 0000 O0OO0OI"1
1001 1010

Sfr-ofiset
3-9 9 1 x x x 0111 1010

Saddr-offset

Saddr-offset

A.mem ACY & A-(&mem) 2-4 8-13 1116 1317 1317 x x x 0 0 O mod

saddr,saddr (saddr),CY « (saddr) — (saddr)

w0

mem 1010
Low Offset
High Offset
A.&mem A.CY + A-{&mem) 35 1015 1418 1620 1620 x x x 0 0 0 0 O O O 1
000 mod
mem 1010
Low Offset

High Offset
suBc A, #byte ACY « A-byte-CY 2 2 [} x x x 1010 1011

Data
saddr, #byte (saddr).CY + (saddr)~byte-CY 3 37 9 11 x x x 0110 1011
Saddr-offset
Data
sir,. #byte sfr,CY « sfr—byte-~CY 4 9 14 x x x 0000 0O0O0I1
6110 1011
Sfr-offset
Data
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NEC

T-49-19-07
T-49-19-59

Mnemonic Operand

Operation

Bytes

Clocks

Flags

IROM

IRAM -SFR EMEM Z ACCY

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

8-Bit Operation (cont)

suBC nr

r.CY & r-r-CY

-

Q00 1011

o

AgRsAs 0 Ry Ry Ry

A,saddr

A,CY « A-(saddr)-CY

35

-

061 1011

Saddr-offset

Asir

ACY « A-sfr-CY

0000 00O

1001 1011

Sfr-offset

saddr,saddr

(saddn),CY « (saddr) -{saddr)
~-CY

3

39

o111 1011

Saddr-offsat

Saddr-offset

A,mem

ACY « A~(mem)-CY

2-4

8-13

11-15

1347

13-17

[=}

00 mod

0 mem 1011

Low Offset

High Offset

A&mem

ALCY «+ A-(&mem)-CY

3-5

10-15

14-18

1620

16-20

0000 0001

000 mod

mem i01 1

Low Ofiset

High Offset

AND A.#byte

A« AAbyte

1010 t100

Data

saddr, #byte

(saddr) + (saddr) Abyte

a7

11

0110 1100

Saddr-offset

Data

sir. #byte

sfr + sfr Abyte

14

0000 00O 1

110 1100

Sfr-offset

Data

nr

rerAr

1000 1100

o

RgRs Ry 0 Ry Ry Ag

A,saddr

A + AA(saddr)

35

-

001 1100

Saddr-offset

A.sfr

A+~ AA(sfr)

(=]

000 00O 1

-

o01 110

(=]

Str-offset

saddr,saddr

(saddr) + (saddr)A (saddr)

3-9

0ot11 1100

Saddr-offset

Saddr-offset
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Instruction Set {cont)

T-49-19-07
T-49-19-59

Mnemonic Operand

Operation

Clocks Flags

Operation Code (Bits 7-0)
Bytes IROM IRAM SFR EMEM Z ACCY

Bytes B1 thru BS

8-Bit Operation (cont)

AND A,mem

A+ AA(mem)

244 813 1118 1317 1317 x 000 mod
0 mem 1100
Low Ofiset

High Offset

A.&mem

A « AA(&mem)

3-5 10-15 14-18 1620 16-20 x 0000 0OOH1
00 mod
mem 1100
Low Offset
High Offset

o

OR A.#byte

A +~ AVbyte

2 2 6 X 1010 1110
Data

saddr, #byte

(saddr) « (saddr} Vbyte

3 37 9 11 X 0ot10 1110
Saddr-offset
Data

sfr,#byte

sfr « sfrVbyte

4 9 14 X 0000 OO0OCT
110 1110

Sir-offset

Data

nr

rervr

2 3 7 X 1000 1110
0 RgRsRy 0 RyRy{Rg

A.saddr

A « AV (saddr)

2 3/5 [} 7 8 X 1001 i1 10
Saddr-offset

Asir

A« AVsir

3 7 10 X 0000 O0OO 1
i001 1110
Sfr-offset

saddr,saddr

(saddr) + (saddr)V (saddr)

3 3-9 9 11 X 6111 1110
Saddr-offset
Saddr-offset

Amem

A +« AV{mem)

2-4 813 11156 1317 13417 x

o

00 mod
0 mem t 110
Low Offset
High Oftset

A&mem

A « AV (&mem)

3-5 10-15 14-18 1620 16-20 x

o

000 00O 1
00 mod
mem 1110
Low Offset
High Offset

[=]
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Instruction Set (cont)

NEC

T-49-19-07
T-49-19-59

Mnemonic Operand

Operation

Clocks

Bytes IROM

IRAM SFR EMEM ZACCY

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

8-Bit Operation (cont)

XOR A, #byte

A « A¥byte

1010 1101

Data

saddr, #byte

(saddr) + (saddr)¥byte

11

o110 1101

Saddr-offset

Data

sfr,#byte

sfr « sfrivbyte

0000 0001

110 1101

Sfr-offset

Data

nr

T+ 1%

-

000 1101

0 RgRsRs4 0 RaRy Ry

A,saddr

A + A¥-(saddr)

[y

001 1101

Saddr-offset

Asfr

A + A¥(sfr)

o

000 00O 1

1001 1101

Sfr-offset

saddr,saddr

(saddr) « (saddr)¥(saddr)

3-9

i

0111 11014

Saddr-offset

Saddr-offset

Amem

A « A¥(mem)

2.4

8-13

11-15

1317 13-17

o

00 mod

0 mem 1101

Low Offset

High Offset

A.&mem

A + A¥-(&mem)

3-5

10-15

14-18

160 16-20

0000 0001

000 mod

mem 1101

Low Offset

High Offset

cMP A.#byte

A-byte

1010 1111

Data

saddr, #byte

(saddr)-byte

¢g110 t 111

Saddr-offset

Data

sfr. #byte

sfr—byte

0000 0001

110 1111

Sfr-offset

Data
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Instruction Set (cont) T-49-19-59
Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1i thru B5
8.-BIt Operation (cont) ’
CMP nr r—t 2 3 7 x x 1000 11t 11t
0 RgRsRy 0 Rz Ry Ry
A,saddr A~ (saddr) 2 3i5 6 7 8 x x 1001 1111
Saddr-offset
Asfr A-sfr 3 7 10 X x 0000 00O 1
001 1111
Sfr-offset
saddr,saddr (saddr) - (saddr) 3 3-7 9 11 x x 01 11 11 11
Saddr-offset
Saddr-offset
A.mem A-(mem) 2-4 813 11-15 1317 13417 x x 000 mod
mem 1111
Low Offset
High Offset
A.&mem A—(&mem} 3-5 10-15 14-18 1620 16-20 Xx x 0000 O0O0O01
000 mod
mem 1111
Low Ofiset
High Offset
16-Bit Operation
ADDW AX, #word AX.CY « AX + word 3 4 9 x x 0010 1101
Low Byte
High Byte
AX,ip AX.CY « AX ~tp 2 6 8 x x 1000 1O0O0O
000 1PyP O
AX,saddrp AX,CY « AX + (saddrp) 2 7M1 9 13 X X 001t 1101
Saddr-ofiset
AX,sfrp AX.CY « AX + sfrp 3 13 16 Xx x 0000 00O 1
0001 1101
Sfr-ofiset
susw AX,#word AX,CY « AX-word 3 4 9 x x 0010 1110
Low Byte
High Byte
AX.rp AX,CY & AX-rp 2 6 8 x x 1000 1010
0000 1PyP Py
AX,saddrp AX,CY « AX - (saddrp) 2 711 9 13 X x 000 1 1110
Saddr-offset
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Instruction Set (cont)

NEC

T-49-19-07
T-49-19-59

Mnemonic Operand

Operation

Clocks

Bytes IROM

IRAM SFR EMEM Z ACCY

Operation Cods (Blts 7-0)
Bytes B1 thru BS

16-Bit Operation (cont)

susw AX,sfrp AX,CY « AX-sirp 3 13 16 000 00O
0001 1t t1O0
Sfr-offset
CMPW AX, #word AX -word 3 3 9 0010 1111
Low Byte
High Byte
AX,rp AX-mp 2 5 7 1t 000 1111
000 1PP O
AX,saddrp AX ~(saddrp) 2 6/10 8 12 001 11 11
Saddr-offset
AX.sfrp AX -sfrp 3 12 15 0000 0O0O0 1
cooo0o1 1111
Sfr-offset
Multiplicatlon/Dlvision
MULU r AX + Axr 2 22 24 0000 0101
0000 1RyRRy
DIVUW r AX(quotient), r (remainder) « 2 71 76 0000 0101
AX=r 0001 1RyR;Ay
Increment/Decrement
INC r rer+1 1 2 1100 0RRRY
saddr (saddr) + (saddr) + 1 2 2/6 7 0010 0110
Saddr-offset
DEC r rer-1 1 2 3 1100 1RR A
saddr {saddr) + (saddr)-1 2 26 7 0010 01 11
Saddr-offset
INCW p pep+i 1 3 100 0 1PPg
DECW p P +rp-—1 1 3 0100 1 1PP
Shift/Rotate
ROR nn (CY.\t7 & 10 tmt * 'm) 2 3+2n 5+2n 0011 00O0CO
xntimes,n=0-7 0 1 NaNy NgPRaRyRg
ROL nn (CY.rg ¢ 17, Tm+1 + fm) 2 3+2n 5+2n 0011 0001
xntimes,n=0-7 0 1 NaN; NgPRz PRy Ro
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Instruction Set (cont) T-49-19-59
Clocks Flags  gperation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes 81 thru BS
Shift/Rotate (cont)
RORC N (CY + 19,17 « CY, It & m) 2 3+2n 5+2n x 0011 0000
xntimes, n=0-7 0 0 NaN; NPz Ry Rg
ROLC r.n (CY « 17,19 = CY,Im+q & Im) 2 3+2n 5+2n x 0011 000O01
xntimes, n=0-7 0 0 NaN; NgRz2PRqRg
SHR rLn (CY 19,17 « 0.fm~t + I'm) 2 3+2n 5+2n ' x 0 x 0011 0000
xntimes, n=0-7 1 0 NaN; N Rz Ry Rg
SHL rn (CY 17,70 « 0.fmaq 4= Im) 2 3+2n 5+2n x 0 x 00t1 00O01
xntimes, n=0-7 1 0 NaN; NoRa Ry Rg
SHRW p.n (CY + pg. P15 + 0,Pm-1 + 2 3+3n 5+3n x 0 x 0011 00O0OTCOC
. Pm) xn times, n=0-7 1 1 NaN; NgRa Ry Rg
SHLW p.n (CY « P15, fpg + 0,1Pm+1 + 2 3+3n 5+3n x 0 x 0011 0O0O01
Mm) Xntimes, n=0-7 1 NaN; NoRg Ry Rg
ROR4 mem1 Aa.g + (mem1i)a.q. (memi)7.4 2 24 26 34 34 0000 O1O01
« Az g,(memi)z.q + (Memi)yy 1000 1 1RO
&memt Agg « (Bmeml)gg, (Bmemi)zy 3 26 20 37 a7 0000 0001
(2:?33'1()26"1”3'0* 0000 0101
1000 1 1RO
ROL4 mem1 Ag.q + (memi}y.4, (mem1)z.o 2 25 27 3 3 0000 0101
+ Az.g.(mem1)z.4 « (memilag 1001 11RO
&memi Agg « (Bmem1)y.4 (&memt)sg 3 27 30 38 38 0000 000 1
&rﬁgg‘(gf?m”"“‘ 0000 01
1001t 1 1RO
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Instruction Set (cont) T-49-19-59
: Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes [ROM |RAM SFR EMEM ZACCY 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 11 X 000 tO0O0O
000 O08ByBBy
Saddr-offset
CY .sir.bit CY « sfr.bit 3 7 9 x 0000 1000
0000 1ByByBy
Sfr-offset
CY A.bit CY « A.bit 2 5 7 x 0000 0011
0000 1888y
CY.X.bit CY « X.bit 2 5 7 x 0000 O0O011
0000 0B;88
Str-offset
CY,PSW.bit CY « PSW.oit 2 5 7 x 0000 00190
0000 O0B38,8
saddr.bit,CY (saddrbit) + CY 3 8:12 12 14 14 0000 1000
0001 0ByBBy
Saddr-offset
sfr.pit.CY sfr.bit « CY 3 - 12 14 0000 1000
0001 1ByBBg
Sfr-offset
Abit.CY Abit « CY 2 8 10 0000 0011
0001 1ByB By
X.bit.CY X.bit + CY 2 8 10 0000 0O 1 1
0001 0ByB8g
Sfr-ofiset
PSW.bit,.CY PSW.bit « CY 2 7 9 X X 0000 O0O0T10
0001 0ByB;By
AND1 CY,saddr.bit CY + CY A(saddr.bit) k] 67 9 1 x 0000 1000
0010 0ByByBy
Saddr-offset
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T-49-19-07
Instruction Set (cont) T-49-19-59
Clocks Flags  operation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes B1 thru B5
Bit Manipulation (cont)
AND1 CY./saddrbit CY « CY A (saddr.bit) 3 57 9 1 Xx 0000 1000
0011 0ByBBy
Sfr-offset
CY.sfr.bit CY « CY Asfr.bit 3 7 11 x 0000 t10O00C0C
0010 1ByB;B
Str-offset
CY./sfr.bit CY « CY Asfrbit 3 7 11 x 0000 1000
0011 1888
CY.A.bit CY « CYAAbit 2 5 7 x 0000 0011
0010 1ByBBy
CY./Abit CY « CYAADIt 2 5 7 Xx 0000 0011
0011 1ByBBy
CY.X.bit CY « CYAXubit 2 5 7 x 0000 001 1
0010 0ByBBy
CY.X.bit CY + CYAXbit 2 5 7 Xx 0000 001 1
0011 088B
CY,PSW.bit GY « CY APSW.bit 2 5 7 X 0000 0010
0010 0ByByBy
CY, PSW.bit CY « CYAPSW.bIL 2 5 7 x 0000 0010
06011 0ByBBy
ORf1 CY,saddr.bit CY « YV (saddr.bit) 3 57 g 11 Xx 0000 1000
0100 0888
Saddr-offset
CY,:saddr.bit CY « CY V(saddr.bit) 3 517 9 1 x 0000 1000
101 08B;B8;Bg
Sir-offset
CY.str.bit CY + CYVsfrbit) 3 7 1 Xx 0000 1000

101 1 B2By By
Sfr-offset
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Instruction Set (cont) T-49-19-59
Clocks Flags_ gperation Code (Bits 7-0)
Mnemonic Operand Operatlon Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru B5
Bit Manipulation (cont)
OR1 CY:sir.bit CY + CYVsirbit 3 7 1 x 0000 1000
0101 1ByBBy
CY,A.bit CY « CYVAbit 2 5 7 x 0000 0011
0100 1ByBy8B
CY,/A.bit CY « CYVADit 2 5 7 x 0000 001 1
0101 1ByBBg
CY.X.bit CY « CYVX.bit 2 5 7 x 0000 0011
0100 0ByByB
CY,-X.bit CY + CYVXpbit 2 5 7 x 0000 0011
0101 08B2ByByg
CY,PSW.bit CY « GYVPSW.bit 2 5 7 x 0000 0010
0100 0ByBBy
CY./PSW.bit CY « CYVPSW.it 2 5 7 Xx 0000 0010
0101 0ByBBg
XOR1 CY.saddr.bit CY « CY*{saddr.bit) 3 57 9 " x 0000 1000
0110 0B3By8;
Saddr-oftset
CVY.sfr.bit CY « CY*¥¢sirbit 3 7 1 x 0000 1000
0110 1ByBB
Sfr-offset
CY.A.bit CY « CY#Abit 2 5 7 x 0000 001 1
0110 1B3ByBg
CY,X.bit CY « CY¥X.bit 2 5 7 x 0000 001 1
0110 0ByBBy
CY,PSW.bit CY « CY¥PSW.bit 2 5 7 x 0000 0010
0110 0ByBBy
SET1 saddr.bit (saddr.bit) + 1 2 a7 6 1011 0By8(8
Saddr-offset
sfr.bit sfe.bit « 1 3 10 14 0000 1OOO
1000 1B;8Bg
Sfr-offset
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T-49-19-07
Instruction Set (cont) T-49-19-59
Clacks Flags Opaeration Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM |IRAM SFR EMEM Z ACCY Bytes B thru BS
Bit Manipulation (cont)
SETH Abit Abit e 1 2 6 8 0000 001 1
1000 1ByBiB
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 08381Bg
Saddr-offset
sfr.bit sfr.bit « 0 3 10 14 0000 1000
’ 1001 183BBg
Sfr-offset
Abit Abit + 0 2 6 8 0000 00 11
1001 1ByByBy
X.bit X.it « 0 2 6 8 0000 0011
1001 0ByB B
PSW.bit PSW.bit + 0 2 5 7 Xx x x 0000 0010
_ 1001 0ByBiBy
NOT1 saddr.bit (saddr.bit) « 0 (saddr.bit) 3 610 10 14 0000 1000
0111 0ByB;Bg
Saddr-offset
sfr.bit sfr.bit « Sfrbit : 3 10 14 0000 1000
0111 18388
Sfr-offset
Abit Abit « Abit 2 6 8 0000 0011
0111 1ByB;Bg
X.bit X.bit « X.bit 2 6 8 0000 0011
0111 0ByB;By
PSW.bit PSW.bit « PSW.bit 2 5 7 X x x 0000 0010
0111 08ByB;8y
SETH cY CY «1 1 2 3 1 0100 0001
CLR1 cY CY«0 1 2 3 0 0100 00COCO
NOT1 cy CY«CY 1 2 3 X 0100 0010
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Instruction Set (cont) T-49-19-59
Clacks Fliags  gparation Code (Bits 7-0)
Mnemonic Operand Operation Bytes IROM IRAM SFR EMEM ZACCY Bytes B1 thru BS
Call/Return
CALL laddr16 (SP=1) + (PC + )y, 3 1015 17 21 0010 1000
(SP-2) « (PC +3),
PC + laddr16, SP « SP-2 Low Addr
High Addr
rp (SP=1) « (PC + 2}y, 2 1247 1§ 19 0000 0101
(SP-2) « (PC +2),PCl +
tpH, PCL + Py, SP = SP—2 01 1PP0
CALLF laddr11 (SP=1) « (PC + 2}, (SP-2) « 2 1015 14 18 1001 0 «
(PC + 2)1..PCy5+11 + 00001, fa -
PCig-g + laddr11,SP « SP-2
CALLT {addrs) (SP=1) « (PG + 1), (SP-2) « 1 1420 20 24 111« ta -
(PC + 1) PC + (00000000,
addrs + 1), PC_ « (00000000,
addrs), 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),PCy + (SP+ 1), 11015 14 15 0101 0110
SP+SP+2
RETI PCL + (SP).PCy « {SP + 1), 1 1220 15 21 RARAR 0101 0111
PSW « (SP +2),SP + SP +3,
NMIS « 0
RETB PCL « (SP), PCy + (SP + 1), 1 1220 13 19 RRR 0101 1111
PSW « (SP+2),SP « SP + 3
Stack Manipulation
PUSH PSW (SP-1) « PSW,SP « SP-1 1 4-8 5 7 100 100 1%
sfr {SP~1) «sIr, SP « SP~1 2 79 9 12 010 1001
Sfr-offset
P (SP—1) « rpy(SP-2) « 1 813 8 12 0011 1 1PP
pL. SP « 8P -2
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Instruction Set (cont) T-49-19-59
Clocks FI8gs  gperation Code (Bits 7-0)
Mnemonle Operand Operation Bytes IROM IRAM SFR EMEM Z ACCY Bytes Bt thru BS
Stack Manipulation (cont)
POP PSW PSW + (SP),SP + SP +1 1 4-8 6 8 RAR 0100 1000
sfr sfr + (SP), SP + SP +1 2 g1 9 12 0100 0011
Sfr-offset
m tpL + (SP),rpyy + (SP + 1), 1 10-15 11 15 0011 0 1PPg
SP « SP +2
MOVW SP,#word SP « word 4 8 12 0000 1011
111 1100
Low Byte
High Byte
SP.AX SP « AX 2 9 1 0001 001 1
111 1 1100
AX,SP AX + SP 2 10 12 000t 000O01
1 11 1100
INCW spP SP « SP +1 2 5 7 0000 0101
1 00 1000
DECW SP SP « SP-1 2 5 7 0000 0101
1100 1001
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Instruction Set (cont) T-49-19-59
Clocks Operation Cods (Blts 7.0)
Mnemonic Operand Operation Bytes IntROM Branch NoBranch Z ACCY Bytes B1 thru BS
Unconditional Branch .
B8R laddr16 PC ¢ laddr16 3 5 11 0010 1100
Low Addr
™ PCH + rpw, PCL « 1oL 2 6 10 0000 0101t
100 1PPO
$addr16 PC « $addr16 2 4 9 6001 0100
jdisp
Conditional Branch
BC $addri6 PC + $addr16if CY =1 2 2/4 9 8 t000 0011
BL jdisp
BNC $addri6 PC + $addr18if CY =0 2 2/4 9 ] 1t 000 0010
B8NL idisp
BZ $addri6 PC + $addri6ifZ=1 2 274 9 6 1000 0001
BE jdisp
BNZ $addr16 PC « $addr16itZ=0 2 24 9 6 1000 00O00O
BNE jdisp
BT saddr.bit, $addri6 PC +« $addr16if (saddr.bit) = 1 3 5-9 12 ] o1 i1 0 B3 By By
Saddr-offset
jdisp
sfr.bit, $addri6 PC « $addr6if str.bit=1 4 79 16 13 0000 1000
1011 1ByBBy
Sfr-offset
jdisp
A.bit.Saddr16 PC « $addri6if A.bit = 1 3 57 12 9 0000 O0O01 1
1011 1ByBBy
jdisp
X.bit,$addr16 PC + $addr16if X.bit =1 3 87 12 9 0000 O0O011
01t 0ByBiBHy
idisp
PSW.bit,$addr16 PC « $addri6if PSW.bit =1 3 57 12 9 0000 0010
1011 0ByBiBy
jdisp
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Instruction Set (cont)

Mnemonic Operand

Operation

Clocks

Flags

Bytes IntROM Branch NoBranch ZACCY

Bytes B1 thru BS

T-49-19-07
T-49-19-59

Oparation Code (Bits 7-0)

Conditional Branch (cont)

BF

saddr.bit,$addr16

PC « $addr16if (saddr.bit) =0 4 5-8 15 12 0000 1000
1010 1888
Saddr-offset
jdisp
sfr.bit.$addri6 PG « $addr16if sfr.bit=0 4 7/9 16 13 0000 1000
1 010 1B2BBg
Sfr-offset
jdisp
A.bit,$addr16 PC « $addr16if A.bit=0 3 817 12 9 00060 0011
1 010 183818
jdisp
X.bit, $addr16 PC « $addri6ifX.bit=0 3 57 12 9 0000 001 1
’ 1010 0ByB By
jdisp
PSW.bit,$addr1i6  PC + Saddr16if PSW.bit=0 3 57 12 9 0000 0O0T1 OO
1010 0ByByBg
idisp
BTCLR saddr.bit,.Saddr16 ;PC0-Saddr16if(saddr.bil)=1 4 5-13 15 12 0000 10O00O
then reset {saddr.bit) 1101 18,88
Saddr-offset
idisp
str.bit.$addr16 PG « $addri16if sfr.bit=1 4 713 18 13 0000 1000
then reset sfr.bit 1101 1ByBBg
Sfr-offset
idisp
A.bit,Saddr16 PC + Saddr16if A.bit=1 3 5/9 12 9 0000 00Tt 1
thenreset A.bit 1101 1ByB By
jdisp
X.bit,$addr16 PC « $addr16if X.bit = 1 3 5/9 12 9 0000 001t 1
then reset X.bit 1101 0B8yByBy
jdisp
PSW.bit.$addr16  PC « Saddri6if PSW.hit = 1 3 5/8 12 9 b3 0000 0O0TO
then raset PSW.bit 1101 0ByByBy
jdisp
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Instruction Set (cont)

Mnemonic Operand

Operation

Clocks

Flags

Bytn IntROM Branch No8ranch Z ACCY

NEC

T-49-19-07
T-49-19-59

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

Conditlonal Branch (cont)

0011

DBNZ rl,$addri6 fl e rl-1,thenPC + 2 a5 9 00 1Ry
$addriBifrie 0 idisp
saddr,$addr16 (saddr) « (saddr)-1,then 3 4-10 i2 00 11 1011
PC + $addr16if (saddr) =» 0 Saddroffset
idisp
CPU Control
MOV STBC,#byte STBC « byte 4 10 15 0000 10
1 00 O 0
Data
Data
SEL ABn RBS1~0 ¢ n,n=0-3 2 2 6 0000 0101
1010 10NN
NOP No Operation 1 2 0000 0O0CO0O
El |E « 1 (Enable Interrupt) 1 2 0100 1011
DI |E « 0(Disable Interrupt) 1 2 3 0100 1010
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