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Real Time Control Microcomputer
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Description

The uPD7832x (78320, 78322) is a single-chip microcom-
puter designed for process control. it features a 16-bit
CPU, an 8-bit external data bus, and a powerful set of
on-chip peripherals including counters and timers, an
A/D converter, two serial ports, and a maximum of 55
input/output lines,

An advanced interrupt handling facility includes a
three-level program-controlled hardware priority inter-
rupt controller and three separate methods of handling
interrupt requests. It is manufactured of 1.2¢ CMOS
process, operates from a single 5V power supply, and
has a maximum oscillator frequency of 16 MHz.

The uPD7832x has 16K bytes of on-chip mask-
programmed ROM, and the uPD78320 is a ROM-less
version. Both chips have 640 bytes of on-chip RAM and
are supplied in a 68-pin PLLCC or 74-pin plastic QFP
package.

The uPD7832x has an interface for a special dedicated
memory chip, the yPD71P301. The uPD71P301 includes
memory, interface circuitry, and an instruction prefetch
pointer. This makes it possible to fetch instructions from
external memory at the same high speed at which they
can be fetched from on-chip ROM.

The primary applications of the uPD7832x inciude au-
tomotive engine control, antilock braking control, and
control of computer disks and tapes. Its speed and
powerful on-chip peripherals, however, make it suitable
for all of the mare demanding types of process control.

Features

@ Complete single-chip microcomputer
— 16-bit ALU
— 16K bytes of ROM (uPD78322 only)
— 640 bytes RAM

DO Powerful instruction set
— 16-bit multiply and divide
— 1-bit and 8-bit logic instructions
— String instructions

O Minimum instruction time
— 250 ns @ 16-MHz input

0 3-byte instruction prefetch queue

O Memory expansion
— 8085 bus compatible
— 64K-byte address space
— High-speed fetch from external memory

0 Large I/O capacity
— Up to 55 I/O port lines

O Special interface for turbo access manager (TAM)
HPD71P301

g Memory-mapped on-chip peripherals
{special function registers)

O Multipurpose pulse input/output unit
— 16-/18-bit free-running timer
— 16-bit timer/event counter
— Six 16-bit compare registers
— Four 18-bit capture registers
— Two 18-bit capture/compare registers
— Six external interrupt/capture lines
— One external event counter/interrupt line
— Six timer-controlled output lines

O 10-bit, 8-channel analog to digital converter
— On-chip sample and hold amplifier
O Two-channel serial communication interface
— Asynchronous serial interface (UART)
— Serial bus interface
— Dedicated baud rate generator
O Programmable priority interrupt controller (3 levels)

O Three methods of interrupt service
— Vectored interrupts
— Context switching with hardware save of all
general registers
— Nine macroservice functions

O Watchdog timer with dedicated output
0 STOP and HALT standby functions
O Single 5-volt power supply

Ordering information

Part Number On-Chip ROM Package Type
pPD78320L No 68-pin PLCC
pPD78320GJ-5BJ No 74-pin plastic QFP
pPD783221 -300¢ Yes 68-pin PLCC
pPD78322GJ-xac¢-5BJ Yes 74-pin plastic QFP

xxx is the mask code number
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Pin Configurations

68-Pin PLCC
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Pin Configuration (cont)

74-Pin Plastic QFP
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Pin Function

External address latch strobae

Symbol First Function Symbol Second Function

POg-PO7 Port 0; 8-bit, bit selectable |/O port RATPy-RTP7 Bit selectable, timer-controlled, realtime output
port

P2y Port 2; 8-bit input port NMI External nonmaskable interrupt

P24 INTPO Maskable external interrupts; edge-selectable

P2, INTP1

P23 INTP2

P24 INTP3

P25 INTP4

P2g INTPS

P2; INTP8/T1 External interrupt or timer input

P3p Port 3; 5-bit, bit selectable /O port ™D Asynchronous serial transmit

P34 RxD Asysnchronous serial receive

P3p SO/SBO Synchronous serial line

P33 S1/SB1 Synchronous serial line

P34 SCK Serial clock input or output

P4g-P4; Port 4; 8-bit, byte selactable VO port ADg-AD, Low-order byte of external address/data bus

PSq-P57 Port 5; 8-bit, bit selectable /O port Ag-As High-order byte of external address bus

P7-P77 Port 7; 8-bit input port ANO-AN7 inputs tor A/D converter

P8p Port 8; 6-bit, bit selectable /O port TOO0O Timer (RPU) output lines

P34 TOO1

P8> TO02

P83 TOO3

P8y TO10

P85’ TOMN

Pgg Port 9; 4-bit, bit-selectable /O port RD External read strobe

P94 WR External write strobe

P9s TAS TAM strobe.

P95 TNMD TAM control

ASTB

EA

External access control; a high level enables
access to on-chip ROM; a low level is applied if
all pregram memeory is external. Must be tied
low for the yPD78320.

RESET External system reset input

WDTO Watchdog timer cutput

X1, X2 For frequency control of the internal clock
oscillator, a crystal is connacted to X1 and X2,
If the clock is supplied by an external source,
the clock signal is connected to X1 and the
inverted clock signal is connected to X2.

AVger A/D converter reference voltage input

App A/D converter +5-volt power input

Alsgg A/D converter ground

Voo + 5-volt power input

Vgs Ground
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pPD7832x Block Diagram
Execution Memory Control
jot——
NMI (P2g) —— General o
Programmable Registars x2
Interrupt j———
INTPO - INTPS Controlier 128 Bytes RESET
& ——» ASTB
(P24-P2g) Data System —
Memory ROM Control [ RD (P3q)
128 By®s 16K Bytes B& —— WR(P9{)
& us —
RAM Control * TAS (Pag)
384 Byles & ——— TMD
By Prefetch — (Pe)
TOO00 (P8g) ~+— Control [+ EA
TOO01 (P84) ] Timer/Counter M'“%omenw :> Ag-Ag
TOO2 (P8, +—] (Re‘;,'fﬁme {P5q-P57)
T003 {P8y) *— Puise Uniy (> ADa-AD7
TO10 (P8y) ] (P4g- P47)
TO11 (P8g) ~—]
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]
'SCK (P34) +—] O O
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RXD (P3¢) ——=
<: P7g- P77
WoTo o) <:::> PSq- P57
AND - AN7 (P7) — ] : : Pdo-Péz
I;‘JPS A/D Converter <:> P3g- P3,
DD —=|  (19BiY
AVgg ———p] (8 Channels) <:’ P2g- P24
AVREF —
KD pog-p1y
Vpop —»
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FUNCTIONAL DESCRIPTION
Central Processing Unit

The Central Processing Unit (CPU) of the pPD7832x
features 16-bit arithmetic including 16-by-16 bit multiply,
both signed and unsigned, and 32-by-16 bit divide {pro-
ducing a 32-bit quotient and 16-bit remainder). String
instructions and both 8-bit and 1-bit logic instructions
are included.

Instructions range in length from one to five bytes,
depending on the instruction and addressing mode. A
1-byte call instruction can access up to 32 addresses
specified in the CALLT vector table in lower memory. A
2-byte call instruction can access any routine beginning
in a specific CALLF area. A single instruction can test
individual bits both in a portion of on-chip RAM and in
the special function registers.

A 3-byte instruction prefetch queue makes it possible to
fetch instruction bytes on a separate bus during execu-
tion cycles. Instructions are fetched from on-chip ROM at
a rate of one byte per cycle. An interface is provided for
the uPD71P301 memory chip, called the Turbo Access
Manager (TAM). TAM makes possible similar fetch rates
from external memory.

The CPU clock is generated by dividing the oscillator
frequency by two. Therefore, when the oscillator fre-
quency is 16 MHz, the clock is 8 MHz. Some instructions
execute in two cycles, and the minimum instruction time
is 250 ns.

Addressing

The pPD7832x features 1-byte addressing of both the
special function registers and a portion of the on-chip
RAM. The 1-byte sfr addressing accesses the entire SFR
area, while the 1-byte saddr addressing accesses 32
bytes of the SFR area and 224 bytes of the on-chip RAM.
Nine modes for addressing main memory include index-
ing, double indexing, autoincrement, and autodecre-
ment. Main memory addressing can be used to access
the entire 64K address space including the SFR area and
RAM. There are also both 8-bit and 16-bit immediate
operands.

External Memory

The external memory bus is 8 bits wide, and external
memory can be used to fill up the 64K-bit address space.
Either ROM or RAM (or both) can be used as required.
The low order 8 bits of the address/data bus are multi-
plexed, and are supplied by /O port 4. High-order
address bits are taken from port 5 as required. Address
latch, read, and write strobes are provided. Two special
control lines provide access to the TAM. The memory
mode register controls the size of the external memory
and the number of additional wait states. The high-order
address uses 0, 4, 6, or 8 bits from port 5, depending on
the amount of external memory required. Any remaining
port 5 bits can be used for I/O. Figure 1 shows the
memory map of the uPD7832x.

General Registers

Sixteen 8-bit general registers can be used in pairs to
function as 16-bit registers. A complete set of 16 regis-
ters is mapped into each of eight program selectable
register banks stored in RAM. Three bits in the PSW
(figure 2) specity which of the register banks is active at
any time. Registers have both functional names (A, AX,
C, DE, etc.) and absolute names (R1, RP0, R2, RPS, etc.).
Each instruction determines whether a register is re-
ferred to by functional or absolute name and whether it
is 8 or 16 bits.

Two possible relationships may exist between the abso-
lute and functional names of the first four register pairs.
The RSS bhit in the PSW determines which of these is
active at any time. The effect is that the accumulator and
counter registers can be saved, and a new set can be
specified by toggling the RSS bit. Figure 3 illustrates the
general register configuration.
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Figure 1. uPD7832x Memory Map
0000H
-Chip RO Interrupt
On-Chip M Vectar Table
64 Byles
000CH General ROM (32 Addresses)
AddressSpace @/ @2 |-————————
64K Bytes 0800H CALLF Area 003FH
————————— 0040H
C000H 1000H
On-Chip ROM CALLT
16K Bytes Vector Table
(LPD78322) 64 Bytes
(32 Addresses)
External Memory
(LPD78320) General ROM
007FH
3FFFH _
4000H
3FFFH
saddr Addressing
FE20H
FC8oH
Imﬁggj General RAM
Area G ol
ener:
48,256 Bytes oo FE7FH
512 yi0s /Fm
_ . Register
T ;el_ - ; - Storage
M 128 Byt
FEFFH gister RA ytes Area
Special Function FEFFH}
Register Area — - T
— — —_ 32 Bytes of SFR Area
FFFFH| - — — — —— ——™ FFFFH FF1FH
23AD-67338
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Figure 2. Program Status Word
15 14 13 12 1" 10 8 7 6 5 4 3 2 1 0
UF RBS2 | RBS1 | RBSO 0 0 4] S z RSS AC IE PN LT CY
UF User flag
RBS2 - RBS0O Active register bank selector
S Sign flag
Z Zero flag
RSS Register set selection flag
AC Auxilliary carry flag
IE Interrupt Enable flag
PN Parity or Overflow flag
LT In-service priority level transition flag
CcY Carry bit
83RD-6735B
Figure 3. Register Configuration and Storage
Register Storage RSS =0
1H oH
FESOH ]
A(RY) X {RO) RSS = 1
Bank 7 — — — —_—— e I
AX (RPD) R1 RO
]
B (R3) l C (R2) RPO
Bank 6 - — — — — — T
BC (RP1) R2
I —
RS I R4 RP1
Bank 5 IR
RP2 A (RS5) I x {R4)
R7 I Ré AX (RP2)
Bank 4 ] !
RP3 B (R7) C(R8)
IR R
VP (R9) I VP (R8) BC (RP3)
Bark 3 — — — R —
VP (RP4)
UPH(R11) ! UP (R10)
Bank 2 - — — —— —
UP (RP5)
D (R13) | E(R12)
Bank 1 - — — —
DE (RP6)
FEFOH I
H (R15) L (R14)
Bank 0 — — —_—— ]
HL (RP7)
FEFFH
FH EH
8IAD-67MB
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Input/Output

Eight IfO ports range in size from 4 to 8 bits, providing a
total of 55 I/O lines. All I/O lines have alternate control
functions which can be specified under program control.
All except ports 2, 4, and 7 can be specified for input or
output on an individual bit basis. Ports 2 and 7 are input
(or control input) only. Port 4 is byte selectable for input,
output, or control.

Real-Time Output Port

Port 0 can function on a bit-selectable basis as a real-
time output port. Realtime port bits can be directly
written under program control, or they can be set or
cleared under control of timing signals generated by the
real-time pulse unit. This provides output timing that is
independent of interrupt latency.

External Interrupts

One nonmaskable and 7 maskable external interrupts
share pins with port 2. The maskable interrupts can also
be used to trigger capture events in the real-time pulse
unit. Any masked interrupt automatically becomes an
input line. INTP6 is also used as the counter input for
timer TM1 when TM1 is used as an external event
counter.

Serial Ports

The pPD7832x has two serial ports. The first is a stan-
dard asynchronous serial port that shares pins with P3g
(TxD) and P34 (RxD). it generates three interrupts INTST
(transmit complete), INTSR (receive buffer full), and
INTSER (receive error).

The second serial port can be used in one of two medes.
The first mode is a 3-wire 1/O interface mode with send,
receive, and clock lines. Data are sent and received most
significant bit first, and the clock line can be driven
either internally or externally. The second mode is the
2-wire NEC serial bus interface (SBI) mode. SBI features
wake-up signals and distinction between commands,
addresses, and data, all decoded by hardware.

The synchronous serial port shares I/O pins with port 3
bits 2-4 and generates a single interrupt, INTCSI. A
dedicated baud rate generator is included so that all of
the commonly used baud rates can be generated when
the oscillator frequency is correctly chosen.

Analog to Digital Converter

An B-channel 10-bit A/D converter provides a relative
accuracy of 0.2% full scale. An on-chip sample-and-hold
amplifier is included, and the eight input channels share

pins with port 7. The A/D converter can be operated in
either the scan mode (where either channels 0-3 or 4-7
are repeatedly scanned) or the select mode (where a
specific channel is selected and converted repeatedly).
The conversion can be started either by software or by
an external signal on INTPS5.

Real-Time Pulse Unit

The real-time pulse unit (RPU, figure 4) consists of an
18-bit free-running timer, TM0, 16-bit timer/counter, TM1,
six 16-bit compare registers, four 18-bit capture regis-
ters, two 18-bit registers which can be used for either
capture or compare, and six timed output latches. TMO
always counts the system clock (divided by either 4 or 8)
and can be reset by external RESET only. TM1 can count
either the system clock (divided by either 8 or 16) or
external events. TM1 can be reset by either a compare
event (@ match between a timer and an associated
compare register} or by an external signal in INTPO.

Capture events can be triggered by external maskable
interrupts INTPQ-INTP5, and compare events can be
used to generate interrupts, control timed output pins, or
both. In addition, two of them, INTCM03 and INTCCXO0,
can be used to control the real-time output port. The
timed output latches share pins with port 8. Four of them
can be toggled or set and reset by compare events, and
the remaining two can be toggled. These¢ latches, with
the macroservice facility, can be used to generate up to
four pulse-width modulated outputs.

Standby Modes

HALT and STOP modes conserve power when CPU
action is not required. In HALT mode, the CPU is stopped
and the clock continues to run. Any unmasked interrupt
can then restart the CPU. In STOP mode, the CPU and
clock are both stopped. Either an external RESET pulse
or an external nonmaskable interrupt is required to
restart them. The standby control register (STBC) is a
protected location and can be written to only by a
special instruction.

Watchdog Timer

The watchdog timer protects against inadvertent pro-
gram loops. A nonmaskable interrupt occurs if the timer
is not reset before it overflows. Three program selectable
intervals are available: 8.19, 32.7, and 131.0 msec for a
system clock frequency of 8 MHz. An output line is
provided, which can be connected to the RESET pin or
used to control external circuitry. Once started, the
timer can be stopped by external RESET only. In addi-
tion, the watchdog timer mode register, WDM, is a
protected location and can be written to only by a
special instruction.

9
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Figure 4. Real-Time Pulse Unit

T™MO TM1
INTOV INTPOO
(Opposite Edge)
oot 14 10, INTPS/TI
CLK l—)[ L)I 1618 Bit F. R. Timer foL/16 [ 16-Bit Timer/Counter '»—-—) Overfiow (QVF1)
fo'® foLk/8
Overfiow (OVF0)
Compare Reg. CMCQ | INTCMOO Compare Reg. CM10 » INTCM10
Compare Reg. CM01 | 5= INTCMO1 Compare Reg. CM11 INTCM11
Compare Reg. CM02 |~ INTCMO2
1
Compare Reg. CM03 INTCMO3 o TO10
o TO03
INTPO . 1 R
INTP1 j—» Capture Register CT01
INTP2 ———> Capture Register CT02 _.__—. o TO11
INTP3 i
R
INTCCXO Capture Register CT03
INTCMOO
__ © TO00
INTP5 —)vr Capture/Comp. Reg. CCO1 |—) INTCCoe1 [
R
Mode 0 o_Mode 1 INTCMo1
o o TOO1
INTCMO2 S
INTCMO3 [ R
— Capture Reg. CTX0
INTPO P eg — o TOD2
INTP4 —» Capture/Comp. Reg. CGX0 ’ S
INTCCG1 i
INTCCX0
B3RD-67368

Interrupt Handling

The uPD7832x has three different methods of handling
maskable interrupt requests, standard vectoring, con-
text switching, and macroservice. The programmer can
choose the mode that is most advantageous in any given
situation. The uPD7832x has 19 maskable hardware
interrupt sources: 7 external and 12 internal. In addition,
there are two nonmaskable interrupts, two software
interrupts, and a RESET. See table 1.

interrupt Priority

The two nonmaskable interrupts, NMi and INTWDT, take
priority over all others. Their priority relative to each
other is under program control.

10

Three hardware controlled priority levels are available for
the maskable interrupts. Any one of the three levels can
be assigned by software to each of the maskable inter-
rupt lines. Interrupt requests of a priority equal to or
higher than the processor’'s current priority level are
accepted. Requests of lower priority are pending until
the processor’s priority state is lowered by a return
instruction from the current service routine. Interrupt
requests programmed to be handled by macroservice
have priority over all software interrupt service regard-
less of the assigned priority level. See figure 5.

Software interrupts, the BRK and BRKCS instruction,
and operation code trap, are executed regardless of the
processor’'s priority level and do not alter the priority
level.
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Figure 5. Interrupt Service Sequence
Interrupt Request MKxx =1 (Interrupt Masked) Interrupt Pending.
T MKxx = 0 (Unmasked)
ISMxx = 1 Macro Service.
ISMxx = 0 Software Service.
DI Software Interrupt Pending.
El
CSExx = 0 Vectored Interrupt.
CSExx = 1 Context Switch,
83RD-6737A
Table 1. iInterrupt Sources
Default Vector Control

Request Priority Mnemonic Source Address Macroservice Word*
Software — BRK Break instruction O03EH N -
Software — TRAP Opcode trap DO3CH N -
Nonmaskable — NMI External NMI 0002H N -
Nonmaskable — INTWDT Watchdog timer 0004H N -
Maskable a INTOV RPU 0006H Y FEOBH
Maskable 1 INTPO RPU/External 0008H Y FEOBH
Maskable 2 INTP1 RPU/External 000AH Y FEOAH
Maskable 3 INTP2 RPU/External 000CH Y FEOCH
Maskable 4 INTP3 RPU/External 000EH Y FEOEH
Maskable 5 INTP4ANTC CXO RPU/External 0010H Y FE10H
Maskable 6 INTPS/INTC CO1 RPU/External 0012H Y FE12H
Maskable 7 INTP6 External 0014H Y FE14H
Maskable 8 INTCMOD RPU 0016H Y FE 16H
Maskable 9 INTCMOY RPU 0018H Y FE18H
Maskable 10 INTCMO2 RPU Q01AH Y FE1AH
Maskable 1 INTCMO3 RPU Q01CH Y FE1CH
Maskable 12 INTCM10 RPU Q001EH Y FE1EH
Maskable 13 INTCM 11 RPU 002CH Y FE20H
Maskable 14 INTSER UART 0022H N —
Maskable 15 INTSR UART 0024H Y FE24H
Maskable 16 INTST UART 0026H Y FE26H
Maskable 17 INTCSI Clocked serial interface 0028H Y FE28H
Maskable 18 INTAD A/D Converter 002AH Y FE2AH
RESET - RESET External reset 0000H N —

*Address of macroservice control word in on-chip RAM.

11
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Vectored Interrupt

When vectored interrupt is specified for a given interrupt
request, the program status word and the program
counter are saved on the stack, the processor’s priority
is raised to that specified for the interrupt, and the
routine whose address is in the interrupt vector table is
entered. At the completion of the service routine, the
RETI instruction {or RETB instruction for software inter-
rupts) reverses the process.

Context Switch

When context switching (figure 6) is specified for a given
interrupt, the active register bank is changed to the
register bank specified by the three low-order bits of the
word in the interrupt vector table. The program counter
is loaded from RP2 of the new register bank, and the
program counter and program status word are saved in
RP2 and RP3 of the new register bank. At the completion
of the service routine, the RETCS instruction for routines
entered from hardware requests, orthe RETCSB instruc-
tion for routines entered from the BRKCS instruction,
reverses the process. These instructions have a 16-bit
immediate operand which must be set to the entry
address of the service routine.

Macroservice

When macroservice is specified for a given interrupt, the
macroservice hardware performs any one of nine func-
tions during cycles “stolen” from the executing program.
Control is then returned to the executing program, and
the operation is therefore completely transparent. Mac-
roservice significantly improves response time and
makes it unnecessary to save any registers.

12

For each request on the interrupt line, one operation is
performed, and a counter is decremented. When the
counter reaches zero (or when some other completion
condition is met), a software service routine is entered.
Either vectored interrupt or context switch can be spec-
ified for entry to the compiletion routine, and the routine
is entered according to the specified priority.

Macroservice is provided for all but ore of the maskable
interrupt requests, and each has a specific macroser-
vice control word stored in on-chip RAM. The function to
be perfarmed is specified in the control word.

The nine macroservice functions are as follows:

Function Description

EVTCNT Event counter

DTACMP Data compare

BITSHT Bit shift

BITLOG Bit logic

ADCBUF A/D converter buffering
BLKTRS Block transfer

DTADIF Data difference
DTADIF-P Data difference-pointer
DTADD Data addition

The BLKTRS function moves either a byte or word of data
in either direction between a specified special function
register and a specified memory location. It therefore
has an effect similar to that of a DMA channel.
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Figure 6. Context Switching and Return
Context Switch Return From Context Switch
Current Active New Active Current Active Former Active
Register Bank Register Bank Register Bank Ragister Bank
AX AX AX AX
Immediate
Data, 16 Bits
BC BC BC BC
PC PC
AP2 Save Area Save Area RP2
PSW PSW

RP3 Save Area Save Area RP3
vP VP VP VP
(914 upP up up
DE DE DE DE
HL HL HL HL

Program p— Program

Counter Counter

Program Program

Status Word Status Word
83AD-67388

Special-Function Registers

The special-function registers (table 2) include the 1/O
ports, the counters and timers, all registers associated
with peripherals, and all of the control and mode regis-

addresses and can be addressed either by main memory
addressing or by the special one byte sfr addressing.
Most can be either read or written, and individual bits
within them can be modified or tested with a single

ters. They are memory mapped in the top 256 memory instruction.
Table 2. Special-Function Registers

Access Unit (Bits)
Address Register Symbol R/W 1 8 16 State after RESET
FFOOH Port 0 PO RW X X — Undefined
FFO2H Port 2 P2 R - X - Undefined
FFO3H Port 3 P3 RW X X — Undefined
FFQo4H Port 4 Pa RW X X — Undefined
FFOsH Port 5 Ps RW X X — Undefined
FFO7H Port 7 P7 R - X — Undefined
FFogH Port 8 P8 RAW X X - Undefined
FFOoH Port 9 P9 RW X X - Undefined
FFOAH-FFOBH Free-running counter (lower 16 bits)* TMOLW R - — X 0O00H
FF10H-FF11H Capture register X0 (lower 16 bits)* CTXoW R — — X Undefined
FF12H-FF13H Capture register 01 (lower 16 bits)* CTo1wW R — — X Undefined
FF 14H-FF 15H Capture register 02 {lower 16 bits)* CTo2W R - — X Undefined

13
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Table 2. Special-Function Registers (cont)

Access Unit (Bits)

Address Register Symbol R/W 1 8 16 State after RESET
FF16H-FF17H Capture register 03 (lower 16 bits)* CTo3lwW R — - X Undefined
FF18H-FF 19H Capture/compare register X0 (lower CCXolW R/W - - X Undefined
16 bitg)*
FF1AH-FF1BH Capture/compare register 01 (lower Cconw R/W — - X Undefined
16 bits)*
FF20H Port 0 mode register PMO w — X - FFH
FF23H Port 3 mode register PM3 w — X - xx1 1111B
FF25H Port 5 mode register PM5 w - X — FFH
FF28H Port 8 mode register PM8 w - X — xx11 1111B
FF29H Port 9 mode register PMS w — X - xox 1111B
FF2AH-FF2BH Free running counter (high 16 bits)* TMOUW R — - X 00C0H
FF2CH-FF2DH Timer register 1 (lower 16 bits)* ™1 R - - X 0000H
FF30H-FF31H Capture register X0 (High 16 bits)* CTXouwW R - - X Undefined
FF32H-FF33H Capture register 01 (High 16 bits)* CTo1UW R - - X Undefined
FF34H-FF35H Capture register 02 {High 16 bits)* CTo2UW R - - X Undefined
FF36H-FF37H Capture register 03 (High 16 bits)* CTO3UW R — — X Undefined
FF38H-FF3gH Capturefcompare register X0 CCXouw  RW - — X Undefined
(high 16 bits)*
FF3AH-FF3BH Gapturefcompare register 01 cCcoiuw - R/W - - X Undefined
(high 16 bits}*
FF40H Port O mode control register PMCO w — X - 0oH
FF41H Real-time output port set register RTPS RW X X - CoH
FF43H Port 3 mode control register PMC3 w - X - 0 00008
FF48H Port 8 mode control register PMC8 w X - *x00 0000B
FF4CH-FF4DH Baud rate generator BRG R/W - - X Undefined
FF60H Real-time output port register RTP RW X X - Undefined
FF&61H Real-time output port reset register RTPR R/W X X - 00H
FF&2H Port read control register PRDC RW X X - 0oH
FF&3H A/D converter mode register ADM R/W X X — 00H
FF8AH A/D converter result register ADCR R - — X Undefined
(16-bit access)
FF6BH A/D converter resuit register ADCRH R —- X - Undefined
{high 8 bits)
FF70H-FF71H Compare register 00 CM0oo AW — — X Undefined
FF72H-FF73H Compare register 01 CMOo1 Aw — — X Undefined
FF74H-FF75H Compare register 02 CMo2 AW — - X Undefined
FF76H-FF77H Compare register 03 CMo3 RW - — X Undefined
FF7CH-FF7DH Compatre register 10 CM10 R/W — — X Undefined
FF7EH-FF7FH Compare register 11 CMN R/W — - X Undefined
FF80H Clock synchranized serial interface CSIM R/W X X — 00H
mode register
FF82H Serial bus irterface control register SBIC R/W X X - 00H

14
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Table 2. Special-Function Registers (cont)
Access Unit (Bits)
Address Register Symbol RW 1 8 16 State after RESET
FF86H Serial VO shift register SO R/W X X - Undefined
FF88H Asynchronous serial interface mode ASIM RW X X — 80H
register
FF8AH Asynchrenous serial interface ASIS R - X - 00H
status register
FF8CH Serial receive buffer: UART RXB R — X - Undefined
FFBEH Serial transmit shift register: UART TXS w - X — Undefined
FFBOH Timer control register T™C RN X X — 00H
FFB1H Baud rate generator mode register BRGM R/W X X — O0H
FFB2H Prescalar mode register PRM R/W X X - 0oH
FFB8H Timer output control register O TOCO RW X X - 00H
FFBSH Timer output control register 1 TOCH R/W X X - 00H
FFBFH Real-time pulse unit mode register RPUM R/W X X - 00H
FFCOH Standby control register STBC RAN*=* X X - 0000 X000B
FFC1H CPU control word CCcw RW X X - 00H
FFC2H Watchdog timer mode register WDM R/AWN** X X - 00H
FFC4H Memory extension mode register MM R/W X X - 00H
FFG&H Programmable wait control register PWQ R/W X . X — 22H
FFG8H Fetch cycle control register FCC R/W X X - O0H
FFDOH-FFDFH External access area R/W X X - Undefined
FFEOH interrupt request flag register OL IFOLAFO R/W X X X 00H
FFE1H Interrupt request flag register OH IFOH R/W X X - 00H
FFE2H Interrupt request flag register 1L IF1L/ R/W X X X Q0H
IF1
FFE4H Interrupt mask flag register OL MKaL/ RW X X X FFH
MKO
FFESH Interrupt mask flag register OH MKOH R/W X - FFH
FFE6H Interrupt mask flag register 1L MK1L/ R/W X X X xxox x111B
MK1
FFE8H Priority selection buffer register OL PBOL/ R/wW X X X 00H
PBO
FFEQH Priority selection butfer register OH PBOH RW X X — 00H
FFEAH Priority selection buffer register 1L PBiL/ R/w X X X 00H
PB1
FFECH Interrupt service mode selection ISMOL./ R/wW X X X 00H"
register OL iSMO
FFEDH Interrupt service mode selection ISMOH RW X X — 00H
register OH
FFEEH Interrupt service mode selection ISM1L/ RAW X X X OCH
register 1L 1SM1
FFFOH Context switch enable register OL CSEOL/ R/W X X X OCH
CSED
FFF1H Context switch enable register OH CSEOH R/W X X - 00H

15
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Table 2. Special-Function Registers (comni)

Access Unlt (Bits)

Address Register Symbol R/W 1 8 16 State after RESET
FFF2H Context switch enable register 1L CSE1L/ R/W X X X O0H
CSE1
FFF4H External interrupt mode register 0 INTMO RW X X -— O0H
FFF5H External interrupt mode register 1 INTMA1 R/W X X — 00H
FFF8H in-service priotity register ISPR R - X - 00H
FFF9H Priority selection tregister PRSL R/W X X — 00H

* Lower or upper 16 bits of an 18-bit register.
** Protected location: special instruction required for write.

ELECTRICAL SPECIFICATIONS
Absolute Maximum Ratings

Operating Conditions
Oscillator Frequency Ta Voo

Ta=25°C 8 MHz < fyy < 16 MHz -10to +70°C +50V * 10%
Supply valtage, Vpp -05t0 +70V
Capacitance

Supply voltage, AV] —-0.5toVpp +05V

upply voltag DD DD Ta = 25°C; Vpp = Vgs = 0V
Suppt ltage, AV. -05t0 +05V

upply voltage, AVss 3 05 Parameter Symbol Max Unit Conditions
Input WV . +0.5V "
nput voltage, Y 05 to Vpp +05 Input pin o} 10 pF f = 1MHz;
Qutput voltage, Vo —05toVpp+05Y capacitance unmeasured pins

- - returnedto O V

Reference input voltage, AVpgr -0.5t0 Avpp +03V Qutput pin Co 20 pF
fyx < 16MHz capacitance
Output current, low; lg_ 110 pin Cio 20 pF

Each output pin 4.0 mA capacitance

Total 90 mA
Cutput eurrent, high; lon

Each output pin ~-1.0 mA

Total -20 mA
Operating temperature, Topt -10to +70°C

Storage temperature, Tsyg

—-65 to +150°C

Exposure to Absolute Maximum Ratings for extended periods may
affect device reliability; exceeding the ratings could cause permanent

damage.
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DC Characteristics
To = -10t0 +70°C; Vpp = +5.0V *+10%; Vgg =0V
Parameter Symbol Min Typ Max Unit Conditions
input voltage, low ViL 0 0.8 A
Input voltage, high ViH1 22 Note 1
ViH2 0.8Vpp v Note 2
Output voltage, low VoL 0.45 v gL = 20 mA
Cutput voltage, high Von Vpp-10 v loy = —400 pA
Input leakage current I *10 BA o0V = Vs Vpp
Output leakage current ho *10 A 0V = Vg < Vpp
Vbp supply current Ibp1 40 mA Operating mode
Ipp2 20 35 mA HALT mode
Data retention voltage VDDDR 25 v STOP mode
Data retention current lopor 2 10 pA STOP mode Vpppp = 25 V
10 50 pA Vpopgr = 5.0 V £10%
Notes:
(1) All except RESET. X1, X2, P2g/NMI, P2,INTPO, P2,/INTP1, P2y (@) RESET, X1, X2, P2g/NMI, P24/INTPQ, P2/INTP1, P23/INTP2, P24/
INTP2, P2,INTP3, P25INTP4, P2g/INTP5, P2;/INTPS/TI, P3y/ INTP3, P25/INTP4, P2gINTP5, P27/INTPE/TI, P3,/SBO/SO, P33/
SBO/SO, P33/SB1/SI, P34/SCK. $B1/S, P34/SCK

AC Characteristics
Ta = -1010 +70°C; Vpp = +5.0V £10%; Vgg = 0V

Parameter Symbol Min Max Unit

Condlitions

Norrmal External Memory Read/Write Operation
Turbo Access Manager Data Read/Write Operation
Turbo Access Manager Branch Operation (Fetch Pointer « address)

System clock cycle time tovk 125 250 ns Twice the crystal or external clock input period
Address setup time to ASTB | tsasT 32 ns tcyk = 126 ns
Address hold after ASTB tHsTA 32 ns

Address to RD ! defay time tpan 85 ns

RD ! to address floating tena o ns

Address to data input toap 222 ns

RD | to data input tpRID 112 ns

ASTB ! to RD { delay time tosTR 42 ns

Data held time fiom RD T tHRID 0 ns

RD T to address active tDRA 37 ns

RD width low twRL 157 ns

ASTB width, high twsSTH 37 ns

Address to WR | delay toAw B5 ns

ASTB ! to data output tosTOD 102 ns

17
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AC Characteristics (cont)
Parameter Symbol Min Max Unit Conditions

Normal External Memory Read/Write Operation
Turbo Access Manager Data Read/Wrife Operation
Turbo Access Manager Branch Operation (Fetch Pointer « address) (coni)

WR to data output towoD 40 ns toyk = 125 ns
ASTB Lto WR | delay tbsTw 42 ns
Data setup time to WR T tsopw 147 ns
Data hoid time after WR 1 tHwoD 32 ns
WR 1 to ASTB 1 delay time towsTt 42 ns
WR width, low twwiL 157 ns

Opcode Fetch with Turbo Access Manager: Branch and Continuous Fetch

TAS width, low twTAL 37 ns
TAS width, high tWIAH 42 ns
TAS Tto data input toTAID 55 ns
TMD Tto TAS T tOTMATA 157 ns
AD ! to data input toriD2 65 ns
TAS setup to ASTB | tsTasT 32 ns
TMD setup to ASTB | tsTmsT 42 ns
TMD ! to TAS 1 delay time tOTMETA 95 ns
ASTB | to TMD { delay time tpsTT™ 85 ns
Data hcid after TAS 7 tHTMID 0 ns

Serial Port Operation
Tp = -10to +70°C; Vpp = +5.0V £10%; Vgg = 0V

Parameter Symbol Min Max Unit Conditions
SCK cycle time toysk 1 s SCK output from internal clock
1 us SCK input from external clock

SCK with low twisKL 420 ns SCK output from internal clock
420 ns SCK input from external claock

SCK width high twskH 420 ns SCK output from internal clock
420 ns SCK input from external clock

$1 setup time to SCK T tsRXSK 80 ns

S1 hold time after SCK T tHSKRX 80 ns

§CK | to SO delay time tpsKTX 210 ns

18
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Timing Dependent on tcyk

Symbol Calculation Formula Min/Max Unit
tsasT 0.5T - 30 Min ns
tHSTA 057 - 30 Min ns
tpaR T-40 Min ns
tbAD 25+mT-90 Max ns
tDRID1 (15+n)T-75 Max ns
tpsTR 0.5T - 20 Min ns
tora 05T -25 Min ns
twaL (1.5+mT-30 Min ns
twsTH 05T - 25 Min ns
tpaw T-40 Min ns
tpsTOD 0.5T + 40 Max ns
tosTw 05T -20 Min ns
tsopw 15T - 40 Min ns
tHwoD 0.5T - 30 Min ns
tOWST 05T -20 Min ns
twwi {1.54+n)T-30 Min ns
twral 05T -25 Min ns
twraH 05T -20 - Min ns
toTAID T-45 Min ns
tDTMRTA 1.5T - 30 Min ns
tbRiD2 T-60 Max ns
ts1AST 0.5T - 30 Min ns
tsTMST 05T - 20 Min ns
tDTMFTA T-30 Min ns
tosTIM T-40 Min ns
Notes:

(1) nis the number of additional wait cycle specified by the PWC

register

@ T =towk = (9).
{3) Parameters not included in this table are not dependent on toyk.

A/D Converter

Tp = —1010 +70°C; Vpp = +5.0 V £10%; AVgg = Vgg = OV;

Vpp -05V = AVpp = Vppi 34V < AVper S Vop

Parameter Symbol  Min Typ Max Unit
Resolution 10 Bit
Relative accuracy 0.2% FSR
Quantization error xi/2 LSB
Conversion time tcony 144 tovk
Sampling time tsamP 24 toyk
Zero offset error *15 LSB

Full scale error +15 LSB

Linearity error *15 LsB

Analog input voltage  Vjan 0 AVREE v
AVREeE current Alger 1.0 3.0 mA
App current Alpp 20 6.0 mA
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Timing Waveforms

Discontinuous Read Cycle

TCYK
Clack

4 4
P57-P5( X Address (High Byte)

X N

-« tpAID >

' y— 4 - High Z

P47-P4g High 2 Address (Low Byte) <<§( Read Data 4E——{K Address 0-74)—9—

K

e——IgAST—— [€—tHSTA THRID — 1

—> 'FRA r&—tpRA—>

ASTB \‘ /—_—-\_~

twsTH——| [*<!psTR—>| [*<—'DRID1—™
e——twRL

(———IDAR"———)

83RD-67398

20



N E C pPD7832x

Timing Waveforms (cont)

Discontinuous Write Cycle

toyk————>

Clock

4
P57P5Q X Address (High Byte)

4
P47-P4g X Address (Low Byle) }( Undefined X Write Data j( Address 0-7 >—
K ¥, A

€——tSAST—| [«€IHSTA ™ [ THWOD
l«———tpgTOD——>

ASTB N

twsTH— [€tpsTw—>{ [*—lowop—>{<isopw™| [<—tpwsT
el

le—————————— Ay ——————— >

B3RD-67400
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Timing Waveforms (cont)

Branch Cycle, TAM Interface

le—IWsTH—>

ASTB x

P50-P57 X Address {High Byte)

tSAST—>| [«lHSTA

i High Z 4 A HighZ
P4g-P47 High 2 Address 0-7 g << Undefined y Read Data Jg—g——

3 DRID >

<—>— 'DTAID
RD
TSTAST > re-tWTAH — HRID
TAS
tSTMST | |[€——tDSTTM—>| [«——'DTMFTA TWTAL — "HTMID
TMD l\l /_
83RD-67418
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Timing Waveforms (cont)

Continuous instruction Fetch Cycle, TAM Interface

ASTB

p

—

TAS

A

IDTMRTA —————>

A

bwWrAH->

=t WTAL->

TMD }

torID2 —€—>

p

High Z 4 i
P4g-P47 9 OPn >< OPn+1 >_I-||th_
K
> IpTAID
83RD-6742B
Data Transmit, Serial Port Data Receive, Serial Port
l«—toysK <——th5»<—>|
TwsKL — 'WSKH — twskKH
oK s _/_\
—> IDSKTX
- X :
SIRD-&7434 SAXSK 1 |4—tstnx
BIRD-6744A
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INSTRUCTION SET

Addressing

On-chip RAM byte location FE20H through FEFFH can
be addressed by saddr addressing, in which the ma-
chine code specifies the low-order byte only. This ad-
dressing mode is also used to address the first 20H
special function registers, those with addresses FF00H
through FF 1FH. Similarly, saddrp addressing is used to
specify 16-bit word locations within the same area. The
saddrp addresses must be even.

When both source and destination are registers, the
destination designation appears in the machine code
before the source designation. Similarity, if source and
destination are both saddr or saddrp, the destination
appears before the source. Both saddr and saddrp
addresses are expressed as offsets from either FEOOH
or FFOOH.

Timing

Access to on-chip ROM and to main RAM (FEOQH-
FEFFH) requires one state per byte. Access 1o on-chip
peripheral RAM (FC80H-FDFFH) and to external mem-
ory requires a minimum of three states per byte unless

the TAM is used. Instructions can be fetched from the
TAM at a rate of one state per byte.

Timing of the PUSH and POP Instructions

The post byte used by the PUSH post, PUSHU post,
POP post, and POPU post instructions has a bit set for
each register pair to be PUSHed or POPped. Bit O
specifies RPO, bit 1 RP1,..., bit 7 RP7. The PUSH (and
PUSHU) and the PCP (and POPU) instructions scan the
post byte to determine which register pairs are to be
PUSHed or POPped. The PUSH (and PUSHU) instruc-
tions begin the scan at the high-order end (bit 7}, while
the POP (and POPU) instructions begin the scan at the
low-order end (bit 0). If the stack is in main RAM
(OFEOQ-OFEFF), the timing formulas are:

PUSH: t= 3+ 4z + 6n states
PUSHU: t= 4 + 4z + 6n states
POP: t= 6 + 4z + 7n states
POPU; t= 8+ 4z + 7n states

where n is the number of register pairs to be PUSHed or
POPped, and z is the number of zero bits scanned
before all remaining bits are zero.

24

Example: PUSH RP2, RP3: the post byte is 00001100B.

PUSH: t= 3+ 4x4+4+ 6x2= 31 states
(4 zeros scanned from
high-order end)

POP: t= 6+ 4x2+ 7x2= 28 states
(2 zeros scanned from
low-order end)

If the stack is in external RAM or peripheral RAM
(OFC80-0FDFF) the farmulas become:

PUSH: t= 3+4z+ (8 + 2w)n states
PUSHU: t= 4 +4z+ (8 + 2w)n states
POP: t= 6+4z + (14 + 2w)n states
POPU: t= 8+4z + (14 + 2w)n states

where w is the number of additional wait states speci-
fied in the PWC register. The timing for the PUSH (and
PUSHU) instructions is worst case, and it will improve if
the external bus is not busy.

Interrupt Service Timing

Operation States

Interrupt service by context switch 12

Vector Interrupt (stack in main RAM) 17
(stack in any other memory) 31+ 4n

Macroservice Timing

States
Operation Normal End Software Interrupt
EVCNT 10 12
DTACMP 15 17
BITSHT 17 19
BITLOG 19 18
ADCBUF 16 26
DTADIF Byte 22 22
Word 23 23
DATADIF-P Byte (1) 24 24
Byte (2) 26+ n 26+ n
Word (1) 25 25
Word (2) 30+2n 30+ 2n
DTADD 24 26
BLKTRS mem — sfr  Byte{l) 20 22
Byte (2) 22+n 24+n
Word (1) 21 23
Word (2) 26+2n 28+2n
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Macroservice Timing (cont) Opcodes for Registers
States ]
r r
Operation Normal End Software Interrupt
BLKTRS sfr — mem Byte (1) 19 21 Rs B2 Ry Rg reg Rz Ry Ro | reg
Byte (2) 19 21 6 0 0 O RO 0 0 o RO
Word o 0 o 1 R1 a [+ 1 R1
or (1) 2 2 o} o} 1 [} R2 [} 1 0 R2
Word (2) 20 22 0 ¢ 1 1 R3 0o 1 1 R3
Notes: 0 1 0 a R4 1 0 0 R4
(1) Destination Is in main RAM (FECOH-FEFFH). o 1 0 1 RS 1 0 1 R5
(2) Destination is anywhere but main RAM. o 1 1 0 R6 L R6
(3 n = number of additional walt states specified in the PWC e 1 11 R? 1 R7
register.
1 0 0 O R3 r2
In the States column of the Instruction Set, the symbol 1 0 0 1 R
“n" stands for a number as follows. 1 0 1 0 R10 Co |ren
1 0 1 1 R11 o | G
Operation Number “n* 1]8
1 1 0 0 R12
Stack Register pairs operated on 1 1 0 1 R13
Shift and rotate  Bits shifted or rotated 1 1 1 0 Ri4
String Characters in the string or the 111 R15
number operated upon before the
condition is satisfied rp rpt
. P, Py P reg- Q reg-
In the States column, a number in parentheses for a 271 70 | par Q2 % % | par
conditional branch instruction is the number of states ©o 0 0 RPO ¢ o 0 RPO
used if the branch is not taken. o 0 1 AP1 0 o 1 RP4
0 1 0 RP2 0 1 [+} RP1
Opcodes for Memory Addressing Modes e 1 1 | AP ¢ 1 1 | RRS
b a o RP4 1 a o RP2
mod 1 01101 o¢111 |0 0110 |0 1010 1 [} 1 RP5 ] [V} 1 RPE
1 1 0 RP6 1 1 0 RP3
Registar
o Inglrsect Base Index Pase Index 111 AP7 11 RP7
o 0 0 | mDEq * DE+A] | [DE+byte] | word [DE] rp2
0 0 1 | [H+] * [HL+A] [SP+byte] | word [A]
o 1 0 | DE-] °* (DE+B] [HL+byte] | word [HL] 8y Sp reg-pair
o1 1 | H [HL+B} {UP+byte] | word [B] " o P
100 |[DE [VP+DE] | [VP+byte] - o 1 up
1.0 1 My [VP+HL] - - 1.0 DE
11 0 | VPl - - - 14 HL
111 | [P - - - I
*One-byte instructions: Defined by special OP Code & mem anly.
B3RD-6984A
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Flag Indicators

Instruction Set Symbols (cont)

Symbol Action Symbol Definition
(blank) No change word 16 bits of immediate date
0 Setto 0 byte 8 bits of immediate data
1 Setto 1 jdisp B-bit two’s complement displacement {immediate
X Set or cleared according to result date)
P P/V indicated parity of result fof1o aEcI’e’::r; bits of immediate data corresponding to
v P/V indicates arithmetic overflow oty Five bits of immediate data corresponding to addrS
R Restored from saved PSW bit 3 bits of immediate data (bit position in byte), or
{abel
Instruction Set Symbols n 3 bits of immediate data
Symbol Definition laddr16 16-bit absolute address specified by an immediate
dd label
r RO, R1, R2, R3, R4, RS, R6, R7, RS, RY, R10, R11, crcToes or ape
R12, R13, R14, R15 $addr16 Relative branch address [(PC)+ jdisp] or label
2l RO, R1, R2, R3, R4, RS, Re, R7 addri6 16-bit address
2 C,B laddri1 11-bit immediate address or label
rp RPO, RP1, RP2, RP3, RP4, RP5, RP6, RP7* addr11 0800H-OF FFH: 0800H + (11-bit immediate
ddi , or label
rpt RPO, RP1, RP2, RP3, RP4, RPS, RP6, RP7* address), or labe
VP UP addrb 0040H-007EH: 0040H + 2 X (5-bit immediate
P2 DE, HL, VP, address), or label
sfr Special function register, 8 bits A A register
sfrp Special function register, 16 bits X X register
post RPO, RP.1, BPZ, FIPS,_ RP4, HPSIPSW RP6, RP7 Bits B B ragister
set to 1 indicate register pairs to be pushed/
popped toffrom stack; RP5 pushed/popped by c C register
PUSH/POP, SP is stack pomteg;. PSw pushf:d/ o D register
popped by PUSHU/POPU, RFS is stack pointer;
E E regi
mem Register indirect: [DE], [HL], [DE+], [HL+], [DE-], register
[RL-], [VP], [UF] H H register
Base Index Mode: [DE+ A], [HL+ A}, [DE+ B], L L register
HL+ B}, {vP+ DE], [VP+HL -
[ 1 v Bl V ] RO-R15 Register O to register 15
Base Mode: [DE+ byte], [HL+ byte], [VP+ byte],
[UP+ byte], [SP+ byte] AX Register pair AX (16-bit accumulator)
Index Mode: word [A}], word [B], word [DE], word BC Register pair BC
[HL] DE Register pair DE
saddr FE20-FF1FH: Immediate byte addresses ane byte - N
in RAM. or label HL Register pair HL
saddrp FE20-FF1FH: Immediate byte (bit 0= 0} addresses

one word in RAM, or label
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Instruction Set Symbols (cont)

Symbol Definition Symbol Definition

RPD-RP7 Register pair 0 to register pair 7 () Contents of the location whose address is within
PC Program counter P oremented ate of decremented aftr i ussdl
SP Stack pointer (n Contents of the memory location defined by the
UpP User stack pointer (RP5) quantity within the sets of parentheses

PSW Program status word xxH Hexadecimal quantity

CY Carry flag X X High-order 8 bits and low-order 8 bits of X

AC Auxiliary carry flag *1p and rp! describe the same registers but generate different
z Zero flag machine code.

P/V Parity/overflow flag

S Sign flag

sSus Subtract flag

TPF Table position flag

RBS Register bank select flag

RSS Register set select flag

IE Interrupt enable flag

STBC Standby control register

WDM Watchdog timer mode register

27
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Instruction Set
Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 0
8-Bit Data Transfer
MOV 1, #byte M « byte 2 2 1 0 1 1 1 Ro Ry Ry
Data
saddr, #byte (saddr) « byte 3 3 0 0 1 1 1 0 1 0
Saddr-offset
Data
sfr**, #byte sfr « byte 3 6 c 0 1 0 1 0 1 A
Sfr-offset
Data
r,ri rer 2 3 0 ¢ 1 0 o1 0 O
Rz R R{ Rp 0 Ry Ry Ry
Al Aen 1 2 11 0 1 0 Ry Ry Rp
A, saddr A « (saddr) 2 3 0D 0O 1 0 0O 0 0 O
Saddr-offset
saddr, A (saddr) « A 2 3 o 0 1t 0 0 0 1 0
Saddr-offset
saddr, saddr (saddr) + (saddr) 3 4 0o 0 1 1 1 0 0 O
Saddr-offset
Saddr-offset
A, sfr A e sfr 3 4 0 0 0 {1 0 0 0 O
Sfr-affset
st A sfr « A 2 6 0 0 0 1 0 0 1 0
Sfr-affset
A, mem* A « (mem) 1 6 0ot 0 1 1 mem
A, mem A + (mem) 2-4 8-10 0 0 ¢ mod
0 mem o 0 0 O
Low Offset
High Offset
mem, A* {mem) « A 1 4 t 0 1 0 mem
mem, A (mem) « A 2-4 6-8 0 0 mod
1 mem 0 0 0 O
Low Offset
High Offset
A, [saddrp] A « ((saddrp)) 2 6 0 0 ¢ 1 i 0 0 O
Saddr-offset
[saddrp], A ({saddrp)) « A 2 4 c 0 0 1 1 0 0 1
Saddr-offset
A, laddr16 A « (addr6) 4 6 o 0 0 0 1 0 0 1
11 1 1 ¢ 0 0 O
Low Addr
High Addr

*  One byte move instruction when [DE], [HL], {DE+], [DE-], [HL+],

or [HL-] is specified for mem.

28

** A gpecial instruction is used to write to STBC and WDM.
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Instruction Set (cont)

Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 0
8-Bit Data Transfer (cont)
MOV laddr16, A (addr16) « A 4 5 a 0o ¢ o 1. 0 0 1
{cont) 1t 111 00 0 1
Low Addr
High Addr
PSWL, #byte  PSW| « byte 3 6 XX X X X 0010 1t 0 1 A
1 1 1 1 1 1 1 Q
Data
PSWH, #byte PSWy « byte 3 6 a 010 10 1 A
1T 1 1 1 11 1 1
Data
PSWL, A PSW « A 2 6 XX X X X 0 0 0 1 o 0 1 a
11 1 1 1 1 1 0
PSWH, A PSWL + A 2 6 g 0 0 1 o0 0 1 0
11 1 1 11 1 1
A, PSWL A « PSW_ 2 6 a 0 0 1 0 0 0 0
11 1 1 i1 1 @
A, PSWH A « PSWy 2 6 0 0 0 1 0 0 0 @
1 1 1 1 11 1 1
XCH A1 Aer 1 4 1 1 0 1 1 R Ry Ry
r,rl ren 2 4 0 0 1 0 o 1 0 1
Rz Ro Ry Rg 0 Ry Ry Ry
A, mem A + (mem) 2-4 9-11 0 0 0 mod
0 mem 01 0 0
Low Offset
High Offset
A, saddr A + (saddr) 2 5 0 01 0 0 0 0 1
Saddr-offset
A, sfr A o sfr 3 13 0 0 0 0 0o 0 0 t
0 01 0 g 0 0 1
Sfr-offset
A, [saddrp] A & ((saddrp)) 2 7 0 0 1 0 0 0 1 1
Saddr-oftset
saddr, saddr (saddr) & (saddr) 3 8 0o 0o 1 1 10 0 1

Saddr-offset
Saddr-offset




pPD7832x

NEC

Instruction Set (cont)

Mnemonic Operand

Operation

Bytes

States

Flags
SZACPVCY 7

Operation Code
5 4 3 2 1 0

16-Bit Data Transfer

MOVW p1, #word

rp1 « word

1 0 0 Q Qy g

Low Byte

High Byte

saddrp, #word

(saddrp) + word

o0 1 1% 0 0

Saddr-offset

Low Byte

High Byte

sfrp, #word

sfrp < word

a o t 0 1 1

Sfr-offset

Low Byte

High Byte

p, rpi

rp « rpl

i1 0 0O t 0 0

Po O 1 QG &

AX, saddrp

AX « (saddrp)

a1 1 1 0 O

Saddr-offset

saddrp, AX

(saddrp) « AX

a1+ 1 0 1 0

Saddr-offset

saddrp, saddrp

{saddrp) « (saddrp)

11 1 1 0 0

Saddr-offset

Saddr-offset

AX, sfrp

AX « sfrp

a1 O 0 0 1

Sfr-cffset

sfrp, AX

sfrp «+ AX

a1 O0 0 1 1

Sfr-offset

rp1, laddr16

rpl1 <« {addr16)

a0 1 0 0 H

00 0 QQ Q

Low Addr

High Addr

laddr16, rp1

(addr16) « rp1

a o 1 0 0 1

0o 1 0 Q Q Q

Low Addr

High Addr

AX, mem

AX « {mem)

2-4

6-10

0 mod

mem 0o 0o 0 t

Low-offset

High-offset

mem, AX

(mem) « AX

2-4

4.8

0 mod

mem 0 0 0 1

Low-ofiset

High-offset

30



NEC

pPD7832x
Instruction Set (cont)
Flags Operation Cade
Mnemonic Operand Qperation Bytes States S ZACPVCY 7 6 5 4 3 21 0
16-8Bit Data Transter (cont)
XCHW AX, saddrp AX & {saddrp) 2 5 o o 0 1 1 0 1 1
Saddr-offset
AX, sfrp AX & sfrp 3 13 0 a 0 0o 0 0o 1
o 0 1 1 0 1 1
Sfr-offset
saddrp, saddrp  (saddrp) « (saddrp) 3 8 o 0 1 0 1 0 1 0
Saddr-offset
Saddr-offset
rp, rpl rp « rpl 2 4 a 0 1 0 o 1 0 1
Ps Py Pp O 1 Q2 Oy Q
AX, mem AX & {mem) 2-4 9-11 00 maod
mem o 1 0 1
Low-ofiset
High-offset
8-Bit Arithmetic
ADD A, #byte A, CY « A+ byte 2 2 XX X Vv 1 0 1 0 10 0 0
Data
saddr, #byte {saddr), CY + (saddr) -+ byte 3 4 XX X VW 0 1 1 0 1 0 0 O
Saddr-offset
Data
sfr, #byte sfr, CY « sfr + byte 4 12 XX X vV 0 0 0 0 0 1
11 0 1 0 0 0O
Sfr-offset
Data
r.rl nCY «r+nrl 2 3 XX X V 1 0 0 O 1 0 0 0
Rz Ra Ry Ry 0 R» Ry Ry
A, saddr A,CY « A+ (saddr) 2 4 XX X V 1 0 0 1 1 0 0 O
Saddr-offset
A, sfr A CY « A+sfr 3 9 XX X V 0 0 0O O 0 0 0 1
1 0 0 1 1 0 0 O
Sfr-offset
saddr, saddr (saddr), CY + (saddr) + (saddr} 3 5 XX X VvV o 1 1 1 1 0 0 O

Saddr-offset

Saddr-offset

31



pPD7832x N E C

Instruction Set (cont)

Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 0
8-Bit Arithmetic (cont)
ADD A, mem A.CY « A+ (mem) 2-4 8-9 XX X v X 0 0 0 mod
(cont) mem 10 0 O
Low Offset
High Offset
mem, A {mem},CY « (mem) + A 2-4 8-9 XX X v X 0 0 0 mod
1 mem i1 0 0 0
Low Offset
High Offset
ADDC A, #byte A, CY « A + byte + CY 2 2 XX X v X 1 ¢ 1 0 1 0 0 1
Data
saddr, #byte (saddr), CY + (saddr) + byte + CY 3 4 XX X v X 0 1 1 0 1 0 0 1
Saddr-offset
Data
sfr, #byte sfr,CY « sfr + byte + CY 4 12 XX X ¥v X 0 0 0 0 0 0 o 1
o 1 1 0 10 0 1
Sfr-offset
Data
r.r LCY «r+r +CY 2 3 XX X v X 1 0 0 0 t 0 0 1
Rz R, Ry Ry O Rz Ry Ry
A, saddr A, CY « A+ (saddr) + CY 2 4 XX X v X 1 0 0 1 1 0 0 1
Saddr-offset
A, sir A,CY « A+sfr+ CY 3 9 XX X Vv X 0 0 ¢ 0 0o 0 0 1
1 0 0 Hf 1 0 0 1
Sfr-offset
saddr, saddr (saddr), CY « (saddr) + (saddr) + CY 3 5 XX X v X 0 1 1 1 1 0 0 1
Saddr-offset
Saddr-offset
A, mem A,CY « A+ (mem)+ CY 2-4 8-9 XX X V. X 0 00 mod
mem 1 0 0 1
Low Offset
High Offset
mem, A {mem),CY « (mem) + A+CY 2-4 B-9 XX X v X 0 0 0 mod
1 mem i 0 0 1t
Low Offset
High Oftset

32



N E C pPD7832x

Instruction Set (cont)

Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 o
8-Bit Arithmetic (cont)
SuB A, #byte A, CY « A—byte 2 2 XX X v X 1 0 10 1 0 1 (o]
Data
saddr, #byte {saddr), CY « (saddr)—byte 3 4 XX X v X 0 1 1 0 1 0 1 0
Saddr-offset
Data
str, #byte sfr, CY + sfr—byte 4 12 XX X v X 0 0 0 0 0 o o0 1
0 1 1 0 1 0 1 0
Sfr-offset
Data
r,r r,CY «r-rl 2 3 XX X VvV X 1 0 0 0 1 0 1 [¢]
R; R Ry Ry 0 Rz Ry Ry
A, saddr A,CY « A—(saddr) 2 4 XX X v X 1 0 0 1 1 0 1 0
Saddr-offset
A, sfr A, CY « A—sfr 3 9 XXX Vv X 0 0 0 O o 0 0o 1
1 0 0 1 1 0 1 0
Sfr-offset
saddr, saddr (saddr), CY « (saddr) —(saddr) 3 5 XX X v X 0 1 1 1 1 0 1 0
Saddr-offset
Saddr-offset
A, mem A CY + A—{mem) 2-4 8-9 XX X VvV X 0 0 0 mod
0 mem i 0 1 0
Low Offset
High Offset
mem, A (mem), CY « (mem)-A 2-4 8-9 XX X v X 0 0 0 mod
1 mem 1 0 1 0
Low Ofiset
High Offset
SuUBC A, #byte A,CY « A-byte-CY 2 2 XX X v X 1 0 1 0 1 0 1 1
Data
saddr, #byte (saddr), CY « (saddr)—byte-CY 3 4 XX X v X 0 1 10 1 0 1 1
Saddr-offset
Data
sfr, #byte sfr, CY « sfr—byte-CY 4 12 XX X V. X 0 0 00 0 0 0 1
1 1 0 1 0 1 1
Sfr-ofiset
Data




pPD7832x N E C

Instruction Set (cont)

Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 o
8-Bit Arithmetic (cont)
sSuBC r,m r,CY «r-r1-CY 2 3 XXX v X 1 0 0 0 i 0 1 1
(cont) Ry Ra R{ Rp 0 Rp Ry Ry
A, saddr A,CY « A-(saddr)-CY 2 4 XX X v X 1 0 0 1 1. 0 1 1
Saddr-offset
A, sfr A,CY « A-sfr—CY 3 9 XXX v X 0 0 0 9 0 0 o 1
1 0 0 1 1 0 1 1
Sfr-offset
saddr, saddr (saddr), CY « (saddr)-(saddr)—-CY 3 5 XX X v X 0 1 1 14 10 1 1
Saddr-offset
Saddr-offset
A, mem A,CY « A-({mem)-CY 2-4 8-9 XX X V X 0 00 mod
mem 1t 0 t 1
Low Offset
High Offset
mem, A (mem),CY + (mem)—~-A-CY 2-4 8-9 XX X v X 0 00 mod
mem t 0 1 1
Low Offset
High Offset
8-Bit Logic
AND A, #byte A « A AND byte 2 2 X X P 1 0 1 0 1 1 0 0
Data
saddr, #byte (saddr) + (saddr) AND byte 3 4 X X P 01 1 0 11 0 0
Saddr-offset
Data
sfr, #byte sfr « sfr AND byte 4 12 X X P 0o 0 0 O o 0 0 1
o1 1 0 11 0 O
Sfr-offset
Data
r,ri rer AND n 2 3 X X P 1 0 0 O 11 0 O
R3; R Ry Ry 0 Rz Ry Rp
A, saddr A « A AND (saddr) 2 4 X X P 1 0 0 1 1 1 0 O
Saddr-offset
A, sfr A « A AND sfr 3 9 XX P 0 0 0 O 0 0 0o 1
1.0 0 1 11 0 0
Sfr-offset




N E C pPD7832x

Instruction Set (cont)

Flags Operation Code
Mnemonic Operand Operation Bytles States S ZACPVCY 7 6 5 4 3 2 1 0

8-8it Logic (cont)
AND saddr, saddr (saddr) « (saddr} AND (saddr) 3 5 X X P 0 1 1 1 1 1+ 0 O

(cont) Saddr-offset
Saddr-offset
A, mem A + A AND (mem) 2-4 8-9 X X P 0 0 0Q mod
mem i1 0 0O
Low Ofiset
High Offset
mem, A (mem)} « (mem) AND A 2-4 8-9 X X P o 0 0 mod
mem i 1 0 O
Low Offset
High Offset
OR A, #byte A « A OR byte 3 4 X X P i 0 1 0 11 1 0
Data
saddr, #byte (saddr) + (saddr) OR byte 3 4 XX P 0 1 1 0 1 1 1 0
Saddr-offset
Data
sfr, #byte sfr + sfr OR byte 4 12 X X P 0 0 0 O 0 0 0
11 0 1 1 1 4}
Sfr-offset
Data
rr r«rORM 2 3 X X P 1 0 0 © 1 1 1 0]
Ry Ra Ry Rg 0 Ry Ry Ry
A, saddr A+ A OR (saddr) 2 4 X X P 1 0 0 1 1 1 1 0
Saddr-offset
A, sfr A+ A OR sir 3 9 X X P 0 0 0 0 0 0 0 1
1 0 0 1 1 1 1 0
Sfr-offset
saddr, saddr {saddr) « (saddr} OR (saddr) 3 5 X X P o 1 1 1t 1 1 1 0O

Saddr-offset
Saddr-offset

A, mem A « A OR (mem) 2-4 8-9 X X P o 00 mod
mem 11 1 ©
Low Offset
High Offset
mem, A (mem) « {(mem) OR A 2-4 8-9 X X P o 00 mod
1 mem 1 1t 1 0
Low Oftset
High Offset




NEC

pPD7832x
Instruction Set {cont)
Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 §5 4 3 21 0
8-Bit Logic (cont)
XOR A, #byte A « A XOR byte 2 2 X X P 1 01 0 1t 0 1
Data
saddr, #byte (saddr) + (saddr) XOR byte 3 4 X X P 0 1 1 0 1t 0 1
Saddr-offset
Data
sfr, #byte sfr + sfr XOR byte 4 12 X X P 0 0 0 O 0 0 0 1
11 0 11 1
Sir-offset
Data
r,rt rer XOR n 2 3 X X P 1 0 0 O 1 1 0 1
Ry Rs R{ Rg 0 Rs Ry Rg
A, saddr A+ A XOR (saddr) 2 4 X X P 1 0 0 1 11 0 1
Saddr-offset
A, sfr A« A XOR sfr 3 9 X X P 0 0 0 O o 0 0 1
1 0 0 1 1 1 0 1
Sir-offset
saddr, saddr {saddr) + (saddr) XOR (saddr) 3 5 X X P 0 1 1 1 1 1 0 1
Saddr-offset
Saddr-offset
A, mem A « A XOR (mem) 2-4 8-9 X X P 0 0 0 mad
0 mem 11 0 1
Low Offset
High Oftset
mem, A (mem) + (mem) XOR A 2-4 8-9 X X P 0 0 O mod
1 mem 11 0 1
Low Offset
High Oftset
CMP A, #byte A—byte 2 2 XX X'v X 1 0 v 0 11 1 1
Data
saddr, #byte {saddr)—byte 3 4 XX X v X 0 1 1 0 1 1 1 1
Saddr-offset
Data
sfr, #byte sfr—byte 4 12 XX X v X 0 0 0 0 o0 0 1
0 1 1 0 1 1 1 1
Sir-offset
Data




NEC

HPD7832x

Instruction Set (cont)

Mnemonic Operand Operation

Bytes

States

Flags

SZACPVCY 7 6 5 4

Operation Code
3 2

1

8-Bit Logic (cont)

CMP r,r r-ri
(cont)

XX X VvV X

1

0o 0 0 1

1

1

1

Rz Ry Ry Rp

A, saddr A—(saddr}

XX X Vv X

1

o0 1 1

1

1

1

Saddr-offset

A, sfr A—sfkr

XX X Vv X

0 0 0

0 0

o0 1 1

1

Sfr-offset

saddr, saddr (saddr) — (saddr)

XX X VvV X

11 1 1

1

Saddr-offset

Saddr-offset

A, mem A—-(mem)

2-4

8-9

XX X Vv X

0 0

mod

mem 1

1

Low Offset

High Offset

mem, A {mem)—A

2-4

8-9

o 0

mod

mem 1

1

Low Offset

High Offset

16-Bit Arithmetic

ADDW AX, #word AX, CY « AX + word

XX X VvV X

o1 0 1

1

Low Byte

High Byte

saddrp, #word  (saddrp), CY « (saddrp} + word

XX X v X

o0 0 1

1

Saddr-offset

Low Byte

High Byte

sfrp, #word sfrp, CY « sfrp + word

10

XX X Vv X

0 00 ©

00 0 1

Sir-offset

Low Byte

High Byte

m, rpt rp, CY «rp + rpt

XX X VvV X

1

c 00 1

a o0

0

P Py Pg O 1

Q: Q1 Qo

AX, saddrp AX,CY « AX + (saddrmp)

XX X VvV X

Q

o 0 1 1

1

0

1

Saddr-offset
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NEC

uPD7832x
Instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 0
16-Bit Arithmetic (cont) .
ADDW AX, sfrp AX,CY « AX + sfip 3 9 XXX V. X 0 0 00 0o 0 0 1
{cont) o1 11 1
Sir-offset
saddrp, saddrp  (saddrp), CY « (saddrp) + {(saddrp) 3 5 XX X v X 0 0 1 1 i 1 0 1
Saddr-offset
Saddr-offset
sSUBwW AX, #word AX,CY «+ AX-word 3 3 XXX VvV X 0 0 10 1 1 1 0
Low Byte
High Byte
saddrp, #word  (saddrp), CY « (saddrp)—word 4 5 XX X v X 0 0 0 ¢ 1 1 1 0
Saddr-offset
Low Byte
High Byte
sfrp, #word sfrp, CY « sfrp—word 5 10 XX X VvV X 0 0 O 0 0 0 1
0 0 O 1 1 1 0
Str-offset
Low Byte
High Byte
rp, el p, CY « rp—rp1 2 3 XX X v X 1 0 0 0 1 0 1 O
P, PiPp0 1 QQy Q
AX, saddrp AX,CY « AX—(saddrp) 2 4 XX X v X 0 0 0 t 1t 1 1 0
Saddr-offset
AX, sfrp AX,CY « AX-sfrp 3 9 XX X Vv X 0 0O 0 0 0 1
0o 0 1 11 1 0
Sfr-offset
saddrp, saddrp  (saddrp), CY <+ (saddrp)— (saddmp) 3 5 XX X Vv X 0 0 1 1 11 1 0
Saddr-offset
Saddr-offset
CMPW AX, #word AX —word 3 3 XX X v X 0 0 1 0 1 1 1 1
Low Byte
High Byte
saddrp, #word {saddrp)—word 4 5 XX X v X 0 000 1 1 1 1
Saddr-offset
Low Byte
High Byte




NEC

puPD7832x
Instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 § 4 3 21 0
16-Bit Arithmetic (cont)
CMPW sfrp, #word sfrp—word 5 10 XX X VvV X ¢ 0 o 0 0 0 1
(cont) 000 1 1 1 f
Sir-offset
Low Byte
High Byte
p, pl rp—rpl 2 3 XX X v X 1. 0 0 0 11t 1 1
P, Py Pg O 1 Qo & Q
AX, saddrp AX —(saddrp) 2 4 XX X v X 0 0 0 i i1t 11
Saddr-offset
AX, sfrp AX-sfrp 3 9 XX X v X 0 00 0 0o 0 0 1
0 6 0 1 1 1 1 1
Sfr-offset
saddrp, saddrp ~ (saddrp)—(saddrp}) 3 5 XX X V. X 0 0 1 1 1 1 1 1
Saddr-offset
Saddr-offset
Multipiication/Division
MULU r1 AX « A X1 2 14 0 0 0 0 ¢t 0 1
0 00 O 1 Re Ry Ry
DIVuw r AX {Quotient), r1 (Remainder) + AX +r1 2 23 ¢ 0 ¢ 0 o 1 0 1
0 0 0 1 1 R Ry Ry
MULUW  rp1 AX {High Order 16 Bits}), rp1 2 22 ¢ 0 0 O o1 0 1
(Low Order 16 Bits), « AX x rp1 0 01 0 1 Qp Qy Qo
DIVUX rp1 AXDE (Quotient), rp1 (Remainder) « 2 43 0 0 0 O o1 0 1
AXDE = rp1 1 11 0 1 Qp Q O
MULW*  rp1 AX {High Order 16 Bits}, rp1 2 24-28 0000 0 1 0 1
(Low Order 16 Bits), « AX x rp1 0 0 1 1 1 Qp Q Qo
Increment!Decrement
INC r Mmert+1 1 XX X V 1 1 00 O R R Ry
saddr (saddr) « (saddr} +1 2 XX X Vv 0 0 1 0 o1 1 0
Saddr-offset
DEC r rer-1 1 XX X V 1 100 1 Ry Ry Ry
saddr (saddr) « (saddr)—1 2 3 XX X V 0 0 1 0 o 1 1 1
Saddr-offset
INCW rp2 p2 «rrp2+1 1 01 0 0 0 1 5 S
saddrp (saddrp) « (saddrp) + 1 3 4 0 0 0 0 o 1 1 i
1 1 1 0 10 0 O

Saddr-offset

* 16-bit signed multiply instruction.



NEC

pHPD7832x
Instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 0
Increment/Decrement (cont)
DECW  rp2 p2 « rp2—1 1 2 01 00 1 1 8 8
saddrp (saddrp) + (saddrp)-1 3 0 0 0 O 0 1 1 1
1 11 0 1 0 0 1
Saddr-offset
Shift/Rotate
ROR r1,n (CY,r17 « 1, 2 6+n P X 0 011 0020 0
Mp—1 « M) X0 0 1 NaN; No Ra Ry Ro
ROL r1,n (CY.rg « rly, 2 B+n P X 0011 00 0 1
Mm+q < Mmkxn 0 1 NNy N Ra Ry Ro
RORC ri,n {CY « rig, r7 «CY, 2 6+n P X 0 0 1 1 0 0 0 O
fm—1 < Mm) 0 0 0 NpN; No Ra Ry Ry
ROLC r,n (CY « 13,115 « CY, 2 6+n P X 0011 000 1
Mm+1 € Mp) XN 0 0 NNy Ng Rs Ry Rg
SHR n,n (CY +rlg,ri7 « 0, 2 6+n XX 0 P X 0 0 1 1 0 0 0 O
M-y + Mm) %N 1 0 NaN; Ny Re Ry Rp
SHL ri,n {CY +rlz,rp « 0, 2 6+n XXo0o P X 0 0 1 1 o Q0 0 1
Mp41 € Mm) XN 1 0 NNy Np Re Ry Rg
SHRW  rpi,n (CY « rpig, iplis « 0, 2 6+n XX 0O P X 0 0 1 1 0 0 0 O
plp—1 « Plgm) XN 1 1 NpNy Np Qo Qp Qo
SHLW rpl,n (CY + 1ply5,mp1g + O, 2 6+n XX O P X 0 0 1 1 0 0 0 1
Pim+1 < MIipkxn 1 1 NpNy Ng Qo @ Qg
ROR4 [rp1] Ag_g + (rpl)a_g, (rP1)7-4 « Asz_p, 2 8 0 00O o1 0 1
{re1)3-0 « (rp1)7-4 1 000 1 QO Q
ROL4 [rpt} Ag_g + (rp1)7—4, (p1)3_0 « A3_ps 2 8 0 0 ¢ O o1 0 1
(rp1)7-4 « (rP1)a—o 1 0 0 1 1 Qp Oy Qp
BCD Adjustment
ADJBA Decimal Adjust Accumulator 2 5 XX X P X 0 0 0 0 o 1 0 1
after add 1111 111 0
ADJBS Decimal Adjust Accumulator 2 5 XXX P X 0 0 00 o1 0 1
after subtract 101 1 4 11 1 1
Data Expansion
cvTBW X« A A5 g« A7 1 3 c 0 0 O o 1 0 O
Bit Manipulation
MOV1 CY, saddr.bit CY « (saddr.bit) 3 6 X 0 1 0 0 O
D 0O 0 By By By
Saddr-offset
CY, sfr.bit CY « sir.bit 3 9 X 0 0 0 O 1 0 0 O
0o 0 0 O 1 By By By
Str-offset




NEC

pPD7832x
instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 0
Bit Manipulation {cont)
MOV1 CY, A.bit CY « Abit 2 6 X 0 0 0 O 0 0 1 i
(cont) 0 000 1 By B By
CY, X.bit CY « X.bit 2 6 X 0 0 0 O o 0 1 1
0 00 0 0 By By By
CY, PSWH_bit CY « PSWy.bit 2 4] X 0 0 0 O o 0 1 0
0 0 0 0 1 By By By
CY, PSWL.bit CY « PSW\ .bit 2 B X 0 0 0 O 0 0 1 0
0 6 00 0 By By By
. saddr.bit, CY (saddr.bit) « CY 3 5 0 0 0 0 1 0 0 O
0 0 0 1 8 By By By
Saddr-offset
sfr.bit, CY sir.bit + CY 3 8 0O 0 0 0O 1 0 0 O
0 0 0 1 t+ By By
Sfr-offset
Abit,CY Abit + CY 2 7 0 0 0 0O 0 0 1 1
0 0 0 1 1 By By By
X.bit,CY X.bit + CY 2 7 0 ¢ 0 Q0 0o 0 1 1
0 0 01 0 By By By
PSWH.bit, CY PSWH.bit « CY 2 8 0 0 0 0 o 0 1 0
0 0 0 1 1 B, By By
PSWL.bit, CY PSW .bit « CY 2 8 XX X X o 0 0 ¢ 0o 0 1 o]
0 0 06 1 0 By By By
AND1 CY, saddr.bit CY « CY AND (saddr.bit) 3 6 X 0 0 0 © 1 0 0 O
G 01 0 0 By By By
Saddr-offset
CY,/saddrbit  CY « CY AND (Saddr.bit) 3 6 X 0 000 1 00 0
0 0 1 1 0 B By
Saddr-offset
CY, sfr.bit CY « CY AND sfr.bit 3 9 X 0 0 O 1 0 0 0
0 01 0 1 By By By
Sfr-offset
CY, /sfr.bit CY « GY AND sfrbit 3 9 X 0 000 100 0
0 0 1 1 1 By By
Sfr-offset
CY, A bit CY « CY AND A.bit 2 6 X 0 0 0 0 o 0 1 1
0 01 0 1 By By B
CY,/Abit CY « CY AND ADit 2 6 X 0000 00 1 1
0 0 1 1 1 By By By
CY, X.bit CY « CY AND X bit 2 6 X 0 0 0 0 a 0o 1 1
0 0 1 By, By By




uPD7832x

NEC

Instruction Set {cont)

Operation Code

Mnemonic Operand Operation SZACPVCY 7 6 5 4 3 2 1 0
Bit Manipulation (cont)
AND1 CY, /X.bit CY « CY AND Xbit 0000 00 1 {1
tcant) 0 01 1 0 B By By
CY.PSWHbit  CY « CY AND PSW,,bit 0000 O0O0T1 O
0 01 0 1 ByB By
CY,/PSWH.bit  CY « CY AND PSWy; bit © 000 001 0
0 01 1 1 By By By
CY,PSWLbit  CY « CY AND PSW_bit 0000 0 0 1 0
0 01 0 0 B B By
CY,/PSWLbit  CY « CY AND PSW__bit 0000 OO0 1 0
0 01 1 0 By B By
OR1 CY,saddrbit  CY « GY OR (saddr.bit) © 000 10 0 O
0 1 0 0 By By B
Saddr-offset
CY,/saddrbit  GY « CY OR (saddrbit} 0 000 10 0 0
101 0 By By By
Saddr-offset
CY, sir bit CY « CY OR sfrbit 0000 1 0G0 O
© 1 0 0 1 ByB; B
Sfr-offset
CY. /sfr bit CY « CY OR sirbit 0000 100 0
0 1 0 1 1 By B B
Sfr-offset
CY, A bit CY « CY OR A.bit 0 000 0 0 1 9
01 00 t BBy B
CY, /A bit CY « CY OR Abit 0000 00 1 1
01 01 1 By By B
CY, X bit CY « CY OR Xbit 0 000 O0 0 1 1
6 1 0 0 0 By By By
CY, /X bit CY « CY OR Xbit 0000 0 0 1 1
6 1t 01 0 By B By
CY,PSWHbit  CY « CY OR PSW,bit 0 000 00 1 0
0 1 00 1 By B By
GY,/PSWHbit CY « CY OR PSW),bit 0 000 00 1 0
0 1 0 1 1 By By By
CY,PSWLbit  CY « CY OR PSW_bit 0 000 00 1 O
6 1 0 0 0 By By By
CY,/PSWLbit  CY « CY OR PSW_ bit 6 000 0 0 1 0O
0 1 01 0 By By By

42



N E C pPD7832x

Instruction Set (cont)

Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 2 1 0O

Bit Manipulation (cont)
XOR1 CY, saddr.bit CY « CY XOR (saddr.bit) 3 6 X 0 0 0 0 1 0 0 O
11 0 0 B By By
Saddr-offset

CY, sfr.bit CY « CY XOR sfr.bit 3 9 X 0 0 0 0 1 0 0 DO
c 1 1 ¢© 1 By By
Sir-offset
CY, A.bit CY « CY XOR A bit 2 6 X 0 0 0 O 0 0 1 A
0o 1 1 0 1 By By By
CY, X.bit CY « CY XOR X.bit 2 6 X 0 0 0 0 0 0 1 1
01 1 0 0 B, By By
CY, PSWH.bit CY « CY XOR PSW.bit 2 6 X 0 0 0O 0 0O 1 O
01 1 0 1 Bs By By
CY, PSWL.bit CY « CY XOR PSW_ .bit 2 6 X 0 0 0 O 0 01 O
01 1 0 0 By By By
SET1 saddr.bit (saddr.bit) « 1 2 4 1 0 1 1 0 B By Bg
Saddr-offset
sfr.bit sfr.bit + 1 3 1 0 0 0 0 i 0 0 0
1 0 00 1 By, By By
Sfr-offset
Abit Abit + 1 2 6 o 0 0 0 0o 0 1 A
1 0 00 1 By By By
X.bit X.bit « 1 2 <] 0 0 0 0 0 0 1 1
1 ¢ 0 O 0 B, By By
PSWH.bit PSWy.bit « 1 2 7 0 ¢ 0 0 0 0 1 O
1 0 00 1 B, By By
PSWL.bit PSW.bit « 1 2 7 XX X X X 0 0 00 0 0 t O
1 0 0 0 0 By By By
CLR1 saddr.bit (saddr.bit) « 0 2 4 1 0 1 Q 0 By By By
Saddr-offset
sfr.bit sfr.bit « 0 3 1 0 0 0 0 1 0 0 O
1 0 0 1 1 Bo By
Sfr-oftset
Abit Abit« 0 2 6 0 0 0 O 0o 0 1 1
_ 1 0 0 H 1 By By By
X bit X.bit+ 0 2 6 a 0 0 0 o 0 1 1
1 0 0 1 0 Bz By By
PSWH.bit PSWy.bit « 0 2 7 g 0 0 © 0 0 1 0
t 0 0 1 1 By By Bp
PSWL hit PSW_.bit « 0 2 7 XX X X X a4 0 0 0 0 6 1 0O
1.0 0 1 0 Bs By By
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Instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operatian States S ZACPVCY 7 6 5 4 3 2 1 0
Bit Manipulation (cont)
NOT1 saddr.bit {saddr.bit) + (saddr bit) 5 0 0 0 0 1 0 0 O
0 1 1 1 ¢ B, By By
Saddr-offset
sfr.bit sfr.bit « sfrbit 11 0 00 100 O
0 1 1 1 1 B; By By
Sfr-offset
A bit A.bit « Abit 6 0 000 0 0 1
c 1 1 1 1 By By By
X bit X.bit « X bit 6 0000 00 1 1
0 1 1 1 0 B, By By
PSWH.bit PSWiy.bit « PSWj.bit 7 0 000 001 0
0o 1 1 1 1 By By By
PSWL.bit PSW|_.bit ~ PSW{_bit 7 XX X X X 0 000 00 1 O
0 1 1 1 0 Bs By By
SETH cY CY &1 2 1 0100 00 0 1
CLR1 cY CY «0 2 0100 00 0 O
NOT1 cY CY « CY 2 X 0100 © & 1 0
Subroutine Linkage
CALL laddr16 (SP—1) « (PC + 3}, {SP-2) « 6 0 0 1 0 10 0 0
(PC + 3),PC « addr16, SP « 8P-2 Low Addr
High Addr
rpl (SP—1) « (PC + 2). (SP-2) « 7 0 0 0 0 1 0
(SPPC: gz:L_F;CH « rply, PCL + rpiy, . ] 1 o O O
[rp1] (SP—1) « (PC + 2}y, (SP-2) « 10 0006 01 0 1
(SPPC:ég_,_F;CH « (rp1+1), PC « (rp1), 11 1 1 Q, Q Qg
CALLF  laddrii (SP—1) « (PC + 2}y, (SP-2) « 6 1 0 0 1 0 fig fo fg
o B T 0 T
CALLT  [addr5] (SP—1) « (PC + 1)y, (SP~2) « 9 11 1 tg 13 b t 1o
(PC + 1), PCy + (TPFx8000H +
2 x addrs + 41H), PC_ +
{TPFx8000H + 2 x addr5 + 40H),
SP « SP-2
BRK {SP—1) « PSWy, (SP—2) « PSW, 12 o 1 ¢ 1 11 1 0

(SP—3) « (PC + 1), (SP—4) «
(PC + 1), PG| « (003EH),
PCyy « (003FH), SP « SP-4.IE « 0
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instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operation States S ZACPVCY 7 6 5 4 3 2 1 0
Subroutine Linkage {cont)
RET PC| « (SP),PCy « (SP + 1), 6 6 1 01 0 10
SP+«SP+2
RETB PCL « (SP),PCq + (SP + 1), 10 RRR RR 0 101 1 11
PSW,_ + (SP + 2),PSWH « (SP +3),
SP«SP+4
RETI PC_ « (SP),PCy « (SP + 1}, 10 RRR RR 0 1 01 0 1 1
PSW,_ « (SP + 2), PSWy « (SP +3),
SP«SP+4
Stack Manipulation
PUSH sfrp (SP—1) « sfry, (8P -2) « sfr, 9 0 0 0 O 0 1 1
SP «SP-2 P ] ] 0 1
Sfr-offset
post { (SP—1) « tppy, (SP—2) « rpp(, g-ot** o 0 1 1 0 0 1
SP « SP—Z} x n* Post Byte
PSW (PS—1) « PSWy, (SP-2) « PSW|, 3 0 1 0 0 1 0o 1
SP « SP-2
PUSHU  post §(UP—1) « rppy, (UP-2) « rppL, 10-52%* 0011 0 11
UP«-UP—-Z} xn* Post Byts
POP sfrp sfrp « (SP), sfry « (8P + 1), 10 0o 0 0 0 1 1
SP«SP+2 PR ] o o
Sfr-offset
post fropL « (SP), rppy « (SP+ 1) 13-62%* 0o 01 1 © 0 o
SP4—SP+2}><n* Post Byte
PSW PSW|_ + (SP),PSWH « (SP + 1) 5 RRR RRAR 0 100 1 0 o
SP«SP+2
POPU  post { rppL + (UP), rppy + (UP + 1), 15-64%* 0 011 © 1 0
UP«-UP+2‘ xn* Post Byte
MOVW 5P, #word SP « word 7 0o 00 0 1 11
11 1 1 1 c 0
Low Byte
High Byte
SP, AX SP « AX 6 0 0 0 1 0 1 1
11 1 1 1 0o ¢
AX,SP AX « SP 6 c ¢ 0 1 0 0o
11 1 1 1 0 0
INCW sP SP «SP+1 3 c 000 0O 0 1
1 1 0 0 1 0o 0
DECW SP SP « SP-1 3 o 0 0 0 0 o 1
11 00 1 o 1

*

rpp refers to register pairs specified in post byte. n is the number
of register pairs specified in post byte.

** The details of the timing are described under “Timing of the PUSH
and POP Instructions.”
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Instruction Set (cont)
Operation Code
Mnemonic Operand Operation States S Z ACPVCY 7 5 4 3 21 0
Pin Level Test
CHKL sfr (Pinlevel}) XOR (internalsignai level) 12 X X 0 0 0 0 1 1 1
1 0 0 1 6 ¢ 0
Sfr-offset
CHKLA sfr A « (Pinlevel) XOR (internal signaltevel) 12 X X 0 0 0 0 1 1 1
1 0 0 i 0 0 A
Sfr-offset
Unconditional Branch
BR laddrié PC « addr16 4 0 1 0 1 1 0 0
Low Addr
High Addr
i PCH « rply, PC « rp1 4 0 0 0 0o 1 0 1
0 0 0 1 G Oy Qo
[rp1] PCH + (rp1 + 1), PC_ « (rp1) 8 0 0 0 0 1 0 1
0 1 0 1 QG Q
$addrié PC « addri6 4 0 0 1 01 0 0
jdisp
Conditional Branch
BC, $addr16 PC + addrt6ifCY =1 4 1 o 0 0 0 1 1
BL e
jdisp
BNC, $addri6 PC « addr16ifCY =0 4 1 0 0 0 0 1 0
BNL e
jdisp
BZ, $addrie PC « addri6ifZ=1 4 1 0 0 0 0 0 1
BE e
jdisp
BNZ, $addr16 PC « addr16ifZ=0 4 1 0 0 0 0 0 O
BNE -
jdisp
BV, $addr16 PC « addr16if P/V = 1 4 1 g 0 0 1 0 1
BPE L
jdisp
BNV, $addri6 PC « addr16if P/V =0 4 1 0 0 c 1 0 0
BPO .
idisp
BN $addr16 PC « addr1gitS =1 4 1 0 0 0 1 1 1
jdisp
B8P $addri6 PG « addrigifS =0 4 1 o 0 0 1 1 0
jdisp
BGT $addr16 PC « addrigif (P/'V XOR 8) OR Z=0 5 0 0 0 0 1 1 1
1 1 1 1 0 1 1
jdisp
BGE $addri6 PC « addrigif P’V XOR S=0 5 4] 0 0 o 1 1 1
1 1 1 t 0 0 A
jdisp
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Instruction Set (cont)
Operation Code
Mnemonic Operand Operation SZACPVCY 7 6 5 4 3 21 0
Conditional Branch (cont)
BLT $addr16 PC « addr16ifP/V XOR S=1 0 0 O o 1 1 1
1 1 1 1 0 0 @
jdisp
BLE $addrig PC « addr16if (P/V XOR 8) OR Z=1 o 0 0 a 1 1 1
11 1 1 0 1 0
jdisp
BH $addrie PC « addrigifZ OR CY =0 0 00 0 1 1 1
1 1 1 1 1 0 1
jdisp
BNH $addrié PC « addr16ifZ OR CY =1 0 0 0 a 1t 1 1
111 1 1 0 O
jdisp
BT saddr.bit, PC « addr16if (saddr.bit) = 1 11 1 0 By By Bg
Fadaré Saddr-offset
jdisp
sfr.bit, faddri6 PC « addri6if sfr.bit = 1 0 0 1 0 0 O
D 1 1 1 By By By
Sir-offset
jdisp
Abit, $addri6 PC « addr16if A.bit= 1 0 0 O 0 0 1 1
0 1 1 1 By By By
idisp
X.bit, $addr16 PC « addri6if X.bit=1 0 0 0 0 0 t 1
0 1 1 B; By By
jdisp
PSWH bit, PC « addr16if PSWyy.bit = 1 0 0 © 0 0 1 0
$addr16 0 1 1 1 B, B, By
jdisp
PSWL.bit, PC « addri16if PSW)_.bit =1 0 0 © 0 0 1 0
$addr16 PR 0 B, By B
jdisp
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Instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operation Bytes Siates S Z ACPV CY 7 5 4 3 21 0
Conditional Branch (cont)
BF saddr.bit, paddri6  PC « addri8if (saddr.bit}) =0 4 7 0 0 0 1 0 0 O
1 1 0 0 By By By
Saddr-offset
jdisp
sfr.bit, $addr16 PC « addrigifsfrbit=0 4 8 0 [E ] 1 0 0 0O
1 1 0 1 By B
Sfr-offset
jdisp
Abit, $addri6 PC « addr18if Abit=0 3 8 0 0 0 0 1 1
1 1 1 B By By
jdisp
X.bit, $addr16 PC + addr18if X.bit =0 3 8 0 0 0 0o 1 1
1 10 0 B, By By
jdisp
PSWHbit, $addrié PC « addri6 if PSW.bit =0 3 8 0 0 0 0 0 1 0
1 1 0 1 By By By
jdisp
PSWL.bit, addri6 PC + addr16if PSW|_.bit =0 3 8 0 0o o 0 0 1 o
1 1 0 B, By Bp
jdisp
BTCLR saddr.bit, faddr16 PG « addr16if (saddr.bit) = 1 4 8/10 0 (4] 1 0 0 O
then reset (saddr.bit) 1 0 1 0 B, By By
Saddr-offset
idisp
sir.bit, addr16 PG « addr1Bif sfr.bit =1 4 8/10 o 0 1 0 0 O
then reset sfr.bit 1 1 1 B, By B
Sfr-offset
jdisp
A.bit, $addr16 PC « addriBif Abit =1 3 8/10 0 0 o 0 1 1
thenreset A bit 1 1 1 B, By By
jdisp
X.bit, $addri6 PC « addr16if X.bit =1 3 8/10 0 0 0 o 1 1
then reset X.bit 1 1 0 B By By
jdisp
PSWH.bit, PC + addrt6if PSW.bit =1 3 8/10 0 0 o 0 1 o
$addri16 thenreset PSWy. bit ; 0 1 1 B, B
jdisp
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Instruction Set (cont)
Flags Operation Code
Mnemonic Operand Operation Bytes States S Z AC P/V CY 6 5 4 3 21 0
Conditional Branch (cont)
BTCLR PSWL.bit, PC « addr16if PSW .bit =1 3 8/10 XX X X X 0 0 o0 0 0 1 0
(cont) $addri6 thenreset PSW|_.bit 1 1 0 B: By
jdisp
BFSET  saddr.bit, PC + addri6if {saddr.bit) =0 4 8/10 0 0 0 i 6 0 0
$addr16 then set (saddr.bit) 1 0 0 0 B, By By
Saddr-offset
jdisp
sfroit, $addrié  PC « addr16ifsfr.bit=0 4 8110 ¢ 00 1 0 0 O
then set sir.bit 1 0 o0 1 B, By Bo
Sfr-offset
jdisp
A.bit, 5addr16 PC « addri6if A.bit =0 3 8/10 0 0 0 1 1
then set A bit 1 1 B, By
jdisp
X bit, $addr16 PC « addr6it X.bit=0 3 8/10 ¢ 0 O 0o 0 1
then set X bit 1 0 B B By
jdisp
PSWH.bit, PC + addr16if PSWy.bit=0 3 8/10 0 0 o o 1 0
$addr16 then set PSW.bit 1 o 1 B, By By
jdisp
PSWL.bit, PC « addri6if PSW .bit=0 3 B/10 XX X X X ¢ 0 0 o 1 0
$addr16 then set PSW_.bit 1 o By By By
jdisp
DBNZ r2, $addr16 r2«r2-1, 2 5/6 0 1 1 0 0 1 Gy
then PC « addrt6ifr2 =0 idisp
saddr, $addr16 (saddr) « (saddr)—1, 3 6/7 0 1 1 10 1 1
then PC « addri6ifsaddr = 0 Saddr-offset
jdisp
Context Switching
BRKCS RBn PCH « R5,PC & R4, 2 7 0 0 o 1 0 1
EES‘;F;SXV r,lggs#«Pg,vlvEL’« 0 o 1 N2 Ny Np
RETCS laddr16 PCy + R5,PC| «+ R4, 3 5 RR R R R 01 0 10 0 1
R5,R4 « addnﬁ, PSWH «R7 Low Addr
PSW|_ + R6 (priority change)
High Addr
RETCSB laddrig PCH + R5,PC) « R4, 4 5 RR R R R c 0 0 1 0 0 1

RS, R4 « addri6, PSWy « R7
PSW,_ « R6 (nopriority change)

10 0 0 0 0

Low Addr

High Addr
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Instruction Set (cont)

Flags Operation Code

Mnemonic Operand Operation Bytes States S ZACPVCY 7 6 5 4 3 21 0
String Manipulation

MOVM  [DE+],A (DE+) « A,C«C—1 2 3+6n 0 0 0 01 0 1

EnditC=0 0 000 0O O D

[DE-], A {DE-} « A,C « C—1 2 3+6n 0o 0 0 1 o1 0 1

EndifC =0 0 001 00 0 O

MOVBK  [DE+],[HL+} (DE+) « (HL+),C « C-1 2 3+9n 0 0 0 1 o1 0 1

EndifC =0 0010 000 O

[DE-], [HL-] (DE-) « (HL-),C +C-1 2 3+49n 0 0 0 1 o 1 0 1

EndifC =0 0011 00 0 0

XCHM [DE+], A (DE+) e A,C«C-1 2 3+10n 0o 0 0 1 0 1 0 1

EndifC =0 0O 000 00 0 1

[DE-). A (DE-) «+ A, C«C-1 2 3+10n 0 a 0 1 0 1 0 1

EndifC =0 0o 001 00 0 1

XCHBK  [DE+], [HL+] {DE+) & (HL+),C « C~1 2 3+16n 0 0 0 1 0o 1 0 1

EnditC =0 o010 000 1

[DE-], [HLH {DE=) 4 (HL-),C « C—1 2 3+16n 0o 001 0 1 0 1

EnditC =0 00 1 0 0 0 1

CMPME [DE+],A (DE+)-A,C «C-1 2 3+10n XX X V X 0 0 0 1 0 1 0 1

EndifC=00rZ=0 0 0 0 O 0 1 0 O

[DE-], A (DE-)~A,C« C-1 2 34fo0n XX X V X 0 0 0 1 o1 0 1

EndifC=0o0rZ=0 0 0 0 1 0 1 0 0

CMPBKE [DE+],[HL+} (DE+)-(HL+),C « C-1 2 3+13n XX X v X 0 0 0 1 o1 0 1

EndifC=00rZ=0 0 0 1 0 0o 1 0 O

{DE-), [HL-] (DE=)=(HLH),C « C—1 2 3413 XX X vV X 0 0 01 O t 0 1

EndifC=00rZ=0 0 011 010 0

CMPMNE [DE+],A {DE+)-A,C «C-1 2 3+10n XX X V. X 0 0 0 1 01 0 1

EndifC=00rZ=1 0 00 O 0 1 0 1

[DE-] A (DE-)—A,C « C-1 2 3+410n XX X vV X 0 0 0 1 0 v 0 1

EndifC=00rZ=1 0 0 0 1 0o 1 0 1

CMPBKNE [DE+), [HL+] (DE+)—{HL+),C «+ C-1 2 3+13n XX X ¥V X 0 0 0 1 c 1 0 1

EndifC=00rZ=1 0 0 1 0 0 1 0 1

[DE-], [HL-] (DE—)—(HL-),C « C—1 2 3+13n XX X V X 0 0 0 1 0 1 0 1

EndifC=00rZ=1 o 0 1 1 0 1 0 1

CMPMC [DE+],A (DE+)-A,C «C-1 2 3+410n XX X V X 0 0 0 1 01 0 1

EndifC=00rCY¥=0 0o 0 0 0 0 1 1 1

[DE-, A (DE-)-A,C « C-1 2 3+10n XX X V X 0 0 0 1 01 0 1

EndifC=00rCY=0 0 0 0 1 0 1 1 1

CMPBKC [DE+],[HL+] (DE+)—(HL+),C « C-1 2 3+13n XX X Vv X 0 0 O 1 o1 0 1

EndifC=00rCY=0 c 0 1 0 0o 1 1 1

IDE-], [HL-] (DE-)-(HL-),C « C-1 2 3+13n XX X V X 0 0 0 1 o1 0 1

EndifC=00rCY=0 o 0 1 1 o 1 1 1
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Instruction Set (cont)

Flags Operation Code
Mnemonic Operand Operation Bytes States S ZACPVYCY 7 6 5 4 3 21 0

String Manipufation (coni)

CMPMNC [DE+], A (DE+)—A,C « C—1 2 3+410n XX X v X 0 0 0 1 0o 1 0 1
EndifC=00rCY=1 0 0 0 0 0 1 1 0
DE-], A (DE-)—A,C «C-1 2 3+10n XX X v X 0 0 0 1 o 1 0 1
EndifC=00rCY =1 o 0 0 1 o 1 1 0
CMPBKNC [DE+], [HL+] {DE+)—(HL+),C « C-1 2 3+413n XX X ¥V X 0 0 0 1 0 1 0 1
EndifC=00rCY =1 0 0 1 0 0 1 1 0
[DE-], [HL-] {DE=)-{HL-),C + C—1 2 3+3n XX X V X 0 0 0 1 0 1 0 1
EndifC =00orCY =1 o 0 1 1 0 1 1 0
CPU Control
MOV STBC, #byte STBC « byte* 4 1 0o 0 0 0 1 0 0 1
1 1 0 0 0
Data
Data
WDM, #byte WDM « byte* 4 11 o coo0 10 0 1
101 0 1 9]
Data
Data
SWRS RSS « RSS 1 2 0100 00 1 1
SEL RBn RSS « 0,RBS, g «+ N 2 3 0 600 DO 1 Q 1
1.0 1 0 1 N»Ni Ng
RBn, ALT RSS « 1,RBSs.g « n 2 3 0O 0 0 O o 1 a 1
10 1 1 1 No Ny Ng
NOP Nao Operation 1 0 0 00 0o 0 0 O
El |IE « 1 (Enable Interrupt} 1 o1 0 0 1 0 1 1
DI IE « 0 (Disable Interrupt) 1 g 1 0 0 1 0 1 0

* Trap if dala bytes are not ones complement.
If trap, then: (SP—1) « PSWy,
(SP-2) « PSW,, (SP-3) « (PC-4)y, (SP-4) « (PC—4);,
PC_ « (003CH), PCy; « (003DH),
SP « SP—4,1E + 0.
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Package Drawings
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Package Drawings {cont)
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